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SVVAMP

[image: https://badge.fury.io/py/svvamp.png]
 [http://badge.fury.io/py/svvamp][image: https://pypip.in/d/svvamp/badge.png]
 [https://pypi.python.org/pypi/svvamp]Simulator of Various Voting Algorithms in Manipulating Populations


	Free software: GNU General Public License version 3.

	Code: https://github.com/francois-durand/svvamp.

	Documentation: https://svvamp.readthedocs.org.

	Installation: https://svvamp.readthedocs.org/en/latest/installation.html.




Features


	Define populations of voters with preferences over a set of candidates.
Preferences can be generated by several probabilistic models,
entered manually or imported from an external file.

	Compute the result of several voting systems (ballots, winner, scores,
etc.).

	Decide Condorcet notions.

	Decide Independence of Irrelevant Alternatives.

	Decide Individual Manipulation.

	Decide Coalitional Manipulation and variants:
Ignorant-Coalition Manipulation, Trivial Manipulation
and Unison Manipulation.
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Installation

SVVAMP is written in Python 3.4.1. It needs Python 3.

At the command line:

$ easy_install svvamp





Or:

$ pip install svvamp





Or, if you have virtualenvwrapper installed:

$ mkvirtualenv svvamp
$ pip install svvamp
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Usage

First steps

To use SVVAMP in a project:

import svvamp





Create a population of 10 voters with preferences over 5 candidates,
using the Spheroid model (extending Impartial Culture to utilities):

pop = svvamp.PopulationSpheroid(V=10, C=5)





Demonstrate the functions of superclass Population:

pop.demo()





Create an election, using Approval voting:

election = svvamp.Approval(pop)





Demonstrate the functions of superclass Election:

election.demo()





Tutorials



	Tutorial 1: Population

	Tutorial 2: Election

	Tutorial 3: Manipulation
	Coalitional Manipulation

	Other notions of coalitional manipulation

	Individual Manipulation

	Independence of Irrelevant Alternatives





	Tutorial 4: Population models
	Plot a population

	Impartial culture

	Neutral culture with weak orders

	Polarized cultures

	Political spectrum
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Tutorial 1: Population

Create a population of 9 voters with preferences over 5 candidates,
using the Spheroid model (extending Impartial Culture to utilities):

import svvamp
pop = svvamp.PopulationSpheroid(V=9, C=5)





You can give a label to each candidate:

pop.labels_candidates = ['Alice', 'Bob', 'Catherine', 'Dave', 'Ellen']





Print basic info about the population:

print(pop.V)
print(pop.C)
print(pop.labels_candidates)





Print voters’ preferences:

print(pop.preferences_ut)
print(pop.preferences_rk)
print(pop.preferences_borda_ut)





Sort voters by their order of preference:

pop.ensure_voters_sorted_by_rk()





And check the result of the sort:

print(pop.preferences_ut)
print(pop.preferences_rk)
print(pop.preferences_borda_ut)





Print the Plurality score, Borda score and total utility of each candidate:

print(pop.plurality_scores_ut)
print(pop.borda_score_c_ut)
print(pop.total_utility_c)





Print the matrix of duels and the matrix of victories:

print(pop.matrix_duels_ut)
print(pop.matrix_victories_ut_abs)





Print the Condorcet winner:

print(pop.condorcet_winner_ut_abs)





If there is no Condorcet winner, then by convention,
SVVAMP returns numpy.nan.
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Tutorial 2: Election

Create a population of 9 voters with preferences over 5 candidates,
using the Spheroid model (extending Impartial Culture to utilities):

import svvamp
pop = svvamp.PopulationSpheroid(V=9, C=5)





Print the preference rankings of the population:

pop.ensure_voters_sorted_by_rk()
print(pop.preferences_rk)





Create an election, using Plurality:

election = svvamp.Plurality(pop)





Print the ballots:

print(election.ballots)





Print the scores of the candidates:

print(election.scores)





Print the ordering of candidates according to their scores:

print(election.candidates_by_scores_best_to_worst)
print(election.scores_best_to_worst)





Print the winner, her score and her total utility:

print(election.w)
print(election.score_w)
print(election.total_utility_w)





Print whether the winner of the election is a Condorcet winner:

print(election.w_is_condorcet_winner_ut_abs)
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Tutorial 3: Manipulation

Create a population of 9 voters with preferences over 5 candidates,
using the Spheroid model (extending Impartial Culture to utilities):

import svvamp
pop = svvamp.PopulationSpheroid(V=9, C=5)





Create an election, using Instant-Runoff Voting:

election = svvamp.IRV(pop)





Ask SVVAMP whether the voting system meets the Condorcet criterion (in
general, not for this particular population):

print(election.meets_Condorcet_c_rk)






Coalitional Manipulation

Cf. CM_full() for a definition of this notion.

Check Coalitional Manipulation (CM):

print(election.CM())





SVVAMP returns a pair (is_CM, log_CM).

For each voting system, SVVAMP uses by default its most precise algorithm
running in polynomial time. For IRV, the decision problem is
NP-complete, so this polynomial algorithm is not exact. For that reason,
is_CM can be a boolean (whether the election is manipulable or not), or
the conventional value numpy.nan meaning that the algorithm was not able
to decide.

log_CM is a string representing the options used to compute CM. Check the
possible options:

print(election.options_parameters)





The main option is CM_option. Change it and compute CM again:

election.CM_option = 'exact'
print(election.CM())





Now, the return value is_CM is necessarily a boolean.

You could have set the option as soon as you created the election with the
following syntax:

election = svvamp.IRV(pop, CM_option='exact')





Print more details about CM:

print(election.CM_with_candidates())





Now, SVVAMP also return candidates_CM, an array of boolean indicating
which candidates can benefit from CM.

SVVAMP is clever enough: 1. not to do obviously useless computation and 2. not
to do the same computation twice.



	In this example, when calling CM(), SVVAMP may decide that CM
is impossible for candidates 0 and 1, but possible for candidate 2.
SVVAMP stops computation and decides is_CM = True.

	In that case, when calling CM_full(), SVVAMP does not perform the
computation again for candidates 0, 1 and 2.









Other notions of coalitional manipulation

Check Ignorant-Coalition Manipulation (cf. ICM_full()):

print(election.ICM())
print(election.ICM_with_candidates())





Check Trivial Manipulation (cf. TM_full()):

print(election.TM())
print(election.TM_with_candidates())





Check Unison Manipulation (cf. UM_full()):

election.UM_option = 'exact'
print(election.UM())
print(election.UM_with_candidates())








Individual Manipulation

Cf. IM_full() for a definition of this notion.

Check Individual Manipulation (IM):

election.IM_option = 'exact'
print(election.IM())





SVVAMP returns a boolean is_IM (whether the election is manipulable by a
single manipulator or not) and a string log_IM (the option used to compute
IM).

Print more details about IM:

print(election.IM_full())





Now, SVVAMP returns (is_IM, log_IM, candidates_IM, voters_IM
and v_IM_for_c). candidates_IM indicates which candidates can benefit
from IM. voters_IM indicates which voters can and want to perform IM.
v_IM_for_c indicates, for each voter v and each candidate c,
whether v can and want to manipulate for c.




Independence of Irrelevant Alternatives

Cf. not_IIA_full() for a definition of this notion.

Modify the option in order to compute IIA with an exact (non-polynomial)
algorithm:

import numpy
election.IIA_subset_maximum_size = numpy.inf





Check Independence of Irrelevant Alternatives (IIA):

print(election.not_IIA())





SVVAMP returns a boolean (whether the election violates IIA) and a string
(the options used to do the computation).

You can ask more information about IIA:

print(election.not_IIA_full())





If the election violates IIA, then SVVAMP provides an example of subset of
candidates violating IIA and the corresponding winner.
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Tutorial 4: Population models


Note

In this tutorial, we present the probabilistic models that can be used in
SVVAMP to generate a population. It is also possible to enter
a population manually (Population) or to import a
population from a file (PopulationFromFile).




Plot a population

Create a population of 100 voters with preferences over 5 candidates,
using the Von-Mises Fisher model, which represents a polarized culture:

import svvamp
pop = svvamp.PopulationVMFHypersphere(V=100, C=5, vmf_concentration=10)
pop.labels_candidates = ['Alice', 'Bob', 'Catherine', 'Dave', 'Ellen']





Plot the restriction of the population to 3 candidates, for example [0, 2,
3] (Alice, Catherine and Dave), in the utility space:

pop.plot3(indexes=[0, 2, 3])





Cf. plot3() for more information about this
representation.

Plot the restriction of the population to 4 candidates, for example [0, 1,
2, 4] (Alice, Bob, Catherine and Ellen), in the utility space:

pop.plot4(indexes=[0, 1, 2, 4])





Cf. plot4() for more information about this
representation.




Impartial culture

The Spheroid model is an extension of the Impartial Culture to utilities:

pop = svvamp.PopulationSpheroid(V=100, C=5)
pop.plot3()
pop.plot4()





The Cubic Uniform model is another one:

pop = svvamp.PopulationCubicUniform(V=5000, C=3)
pop.plot3(normalize=False)
pop = svvamp.PopulationCubicUniform(V=5000, C=4)
pop.plot4(normalize=False)





Cf. PopulationSpheroid,
PopulationCubicUniform.




Neutral culture with weak orders

The Ladder model is also neutral (it treats all candidates equally) and voters
are also independent, like in Impartial Culture, but weak orders are possible.

pop = svvamp.PopulationLadder(V=1000, C=3, n_rungs=5)
pop.plot3(normalize=False)





pop = svvamp.PopulationLadder(V=1000, C=4, n_rungs=5)
pop.plot4(normalize=False)





Cf. PopulationLadder.




Polarized cultures

In the beginning of this tutorial, we have already met the Von-Mises Fisher
model on the hypersphere. A variant is the VMF model on the hypercircle.

Cf. PopulationVMFHypersphere,
PopulationVMFHypercircle.




Political spectrum

In these models, voters and candidates draw independent positions in a
Euclidean space (the ‘political spectrum’). The utility of a voter v for a
candidate c is a decreasing function of the distance between their
positions. If the dimension of the political spectrum is 1,
then the population is necessarily single-peaked (cf. ‘The theory of
committees and elections’, Duncan Black, 1958).

Gaussian Well model:

pop = svvamp.PopulationGaussianWell(V=1000, C=4, sigma=[1], shift=[0])
pop.plot3()
pop.plot4()





Euclidean Box model:

pop = svvamp.PopulationEuclideanBox(V=1000, C=4, box_dimensions=[1])
pop.plot3()
pop.plot4()





Cf. PopulationEuclideanBox,
PopulationGaussianWell.
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Reference
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Population


	
class svvamp.Population(preferences_ut=None, preferences_rk=None, log_creation=None, labels_candidates=None)[source]

	Create a population with preferences.





	Parameters:	
	preferences_ut – 2d array of floats.
preferences_ut[v, c] is the utility of candidate c
as seen by voter v.

	preferences_rk – 2d array of integers.
preferences_rk[v, k] is the candidate at rank k for
voter v.

	log_creation – Any type (string, list...). Some comments.

	labels_candidates – List of strings. Names of the candidates.









You may enter preferences_ut, preferences_rk or both
to define the preferences of the population.

If you provide preferences_rk only,
then preferences_ut is set to the corresponding Borda
scores (preferences_borda_rk).

If you provide preferences_ut only, then preferences_rk is
naturally derived from utilities. If voter v has a greater utility
for candidate c than for candidate d, then she ranks c
before d. If voter v attributes the same utility to several
candidates, then the first time the attribute preferences_rk is
called, a random ranking will be decided for these tied candidates
(once and for all).

If you provide both, then SVVAMP checks that they are coherent,
in the sense that if v ranks c before d, then she her
utility for c must be at least equal to her utility for d. If
it is not the case, an error is raised.

preferences_rk will be used for sincere voting when a voting
system accepts only strict orders.

In contrast, preferences_ut is always used for manipulation
purposes, which means that indifference is taken
into account as such to determine the interest in manipulation. If
voter v attributes the same utility to candidates w and
c, and if w is the sincere winner in an election, then v
is not interested in a manipulation for c.

If all voters have a strict order of preference (in the sense of ut),
then for functions below having variants with suffix _ut or
_rk, the two variants are equivalent.

In some voting systems and in some of the attributes below,
we use a process referred as candidate tie-breaking or CTB in
SVVAMP. It means that lowest-index candidates are favored. When using
CTB, if candidates c and d are tied (for example,
in an election using Plurality), then c is favored over d
iff c < d.

Implications between majority favorite and Condorcet criteria (cf.
corresponding attributes below).

majority_favorite_ut          ==>         majority_favorite_ut_ctb
||              ||                                ||            ||
V               ||                                ||            ||
Resistant Cond. V                                 V             ||
||       majority_favorite_rk ==> majority_favorite_rk_ctb      ||
||                     ||                ||                     ||
V                      ||                ||                     V
Condorcet_ut_abs              ==>             Condorcet_ut_abs_ctb
||      ||             ||                ||            ||       ||
||      V              V                 V             V        ||
V         Condorcet_rk        ==>        Condorcet_rk_ctb       V
Condorcet_ut_rel              ==>             Condorcet_ut_rel_ctb
||
V
Weak Condorcet
||
V
Condorcet-admissible





If all voters have strict orders of preference (in the sense of
ut) and if there is an odd number of voters, then:



	majority_favorite_ut, majority_favorite_rk,
majority_favorite_ut_ctb and majority_favorite_rk_ctb
are equivalent,

	Condorcet_ut_abs, Condorcet_ut_abs_ctb,
Condorcet_rk, Condorcet_rk_ctb,
Condorcet_ut_rel, Condorcet_ut_rel_ctb,
Weak Condorcet and Condorcet-admissible are equivalent.







	
C

	Integer (number of candidates).






	
V

	Integer (number of voters).






	
borda_score_c_rk

	1d array of integers. borda_score_c_rk[c] is the total Borda
score of candidate c (using
preferences_borda_rk, i.e. strict
preferences).






	
borda_score_c_ut

	1d array of integers. borda_score_c_ut[c] is the total Borda
score of candidate c (using
preferences_borda_ut, i.e. weak
preferences).






	
candidates_by_decreasing_borda_score_rk

	1d array of integers.
candidates_by_decreasing_borda_score_rk[k] is
the candidate ranked kth by decreasing Borda score
(using borda_score_c_rk, i.e. strict
preferences).

For example, candidates_by_decreasing_borda_score_rk[0] is the
candidate with highest Borda score (rk).






	
candidates_by_decreasing_borda_score_ut

	1d array of integers.
candidates_by_decreasing_borda_score_ut[k]
is the candidate ranked kth by decreasing Borda score
(using borda_score_c_ut, i.e. weak
preferences).

For example, candidates_by_decreasing_borda_score_ut[0] is the
candidate with highest Borda score (ut).






	
condorcet_admissible_candidates

	1d array of booleans. condorcet_admissible_candidates[c] is
True iff candidate c is Condorcet-admissible, i.e. iff no
candidate d has an absolute victory against c (in
the sense of matrix_victories_ut_abs).


See also

nb_condorcet_admissible,
exists_condorcet_admissible,
not_exists_condorcet_admissible.








	
condorcet_winner_rk

	Integer or NaN. Candidate who has only victories in
matrix_victories_rk. If there is no such
candidate, then NaN.


See also

exists_condorcet_winner_rk,
not_exists_condorcet_winner_rk.








	
condorcet_winner_rk_ctb

	Integer or NaN. Candidate who has only victories in
matrix_victories_rk_ctb. If there is no
such candidate, then NaN.


See also

exists_condorcet_winner_rk_ctb,
not_exists_condorcet_winner_rk_ctb.








	
condorcet_winner_ut_abs

	Integer or NaN. Candidate who has only victories in
matrix_victories_ut_abs. If there is no such
candidate, then NaN.


See also

exists_condorcet_winner_ut_abs,
not_exists_condorcet_winner_ut_abs.








	
condorcet_winner_ut_abs_ctb

	Integer or NaN.
Candidate who has only victories in
matrix_victories_ut_abs_ctb. If there is no
such candidate, then NaN.


See also

exists_condorcet_winner_ut_abs_ctb,
not_exists_condorcet_winner_ut_abs_ctb








	
condorcet_winner_ut_rel

	Integer or NaN. Candidate who has only victories in
matrix_victories_ut_rel. If there is no such
candidate, then NaN.


See also

exists_condorcet_winner_ut_rel,
not_exists_condorcet_winner_ut_rel.








	
condorcet_winner_ut_rel_ctb

	Integer or NaN.
Candidate who has only victories in
matrix_victories_ut_rel_ctb. If there is no
such candidate, then NaN.


See also

exists_condorcet_winner_ut_rel_ctb,
not_exists_condorcet_winner_ut_rel_ctb.








	
decreasing_borda_scores_rk

	1d array of integers. decreasing_borda_scores_rk[k] is the
kth Borda score (using
borda_score_c_rk, i.e. strict
preferences) by decreasing order.

For example, decreasing_borda_scores_rk[0] is the highest
Borda score for a candidate (rk).






	
decreasing_borda_scores_ut

	1d array of integers. decreasing_borda_scores_ut[k] is the
kth Borda score (using
borda_score_c_ut, i.e. weak
preferences) by decreasing order.

For example, decreasing_borda_scores_ut[0] is the highest
Borda score for a candidate (rk).






	
demo(log_depth=1)

	Demonstrate the methods of Population class.





	Parameters:	log_depth – Integer from 0 (basic info) to 3 (verbose).










	
ensure_voters_sorted_by_rk()

	Ensure that voters are sorted.

This function sorts voters first by their strict order of preference
(their row in preferences_rk), then
by their weak order of preference (their row in
preferences_borda_ut). Note
that two voters having the same strict order may have different weak
orders, and vice versa.

This function will be called automatically when creating an election,
because it allows to accelerate some algorithms (typically  Individual 
Manipulation).

This function actually performs the sort only when it is called on a
Population object for the first time.






	
exists_condorcet_admissible

	Boolean (True iff there is at least one Condorcet-admissible
candidate, condorcet_admissible_candidates).






	
exists_condorcet_order_rk

	Boolean. True iff in matrix
matrix_victories_rk, there is a candidate
with C-1 victories, a candidate with C-2 victories, etc.


See also

not_exists_condorcet_order_rk.








	
exists_condorcet_order_rk_ctb

	Boolean. True iff in matrix
matrix_victories_rk_ctb, there is a candidate
with C-1 victories, a candidate with C-2 victories, etc.


See also

not_exists_condorcet_order_rk_ctb.








	
exists_condorcet_order_ut_abs

	Boolean. True iff in matrix
matrix_victories_ut_abs, there is a candidate
with C-1 victories, a candidate with C-2 victories, etc.


See also

not_exists_condorcet_order_ut_abs.








	
exists_condorcet_order_ut_abs_ctb

	Boolean. True iff in matrix
matrix_victories_ut_abs_ctb, there is a candidate
with C-1 victories, a candidate with C-2 victories, etc.


See also

not_exists_condorcet_order_ut_abs_ctb.








	
exists_condorcet_order_ut_rel

	Boolean. True iff in matrix
matrix_victories_ut_rel, there is a candidate
with C-1 victories, a candidate with C-2 victories, etc.


See also

not_exists_condorcet_order_ut_rel.








	
exists_condorcet_order_ut_rel_ctb

	Boolean. True iff in matrix
matrix_victories_ut_rel_ctb, there is a candidate
with C-1 victories, a candidate with C-2 victories, etc.


See also

not_exists_condorcet_order_ut_rel_ctb.








	
exists_condorcet_winner_rk

	Boolean (True iff there is a
condorcet_winner_rk).






	
exists_condorcet_winner_rk_ctb

	Boolean (True iff there is a
condorcet_winner_rk_ctb).






	
exists_condorcet_winner_ut_abs

	Boolean (True iff there is a
condorcet_winner_ut_abs).






	
exists_condorcet_winner_ut_abs_ctb

	Boolean (True iff there is a
condorcet_winner_ut_abs_ctb).






	
exists_condorcet_winner_ut_rel

	Boolean (True iff there is a
condorcet_winner_ut_rel).






	
exists_condorcet_winner_ut_rel_ctb

	Boolean (True iff there is a
condorcet_winner_ut_rel_ctb).






	
exists_majority_favorite_rk

	Boolean (True iff there is a
majority_favorite_rk).






	
exists_majority_favorite_rk_ctb

	Boolean (True iff there is a
majority_favorite_rk_ctb).






	
exists_majority_favorite_ut

	Boolean (True iff there is a
majority_favorite_ut).






	
exists_majority_favorite_ut_ctb

	Boolean (True iff there is a
majority_favorite_ut_ctb).






	
exists_resistant_condorcet_winner

	Boolean (True iff there is a
resistant_condorcet_winner).






	
exists_weak_condorcet_winner

	Boolean (True iff there is at least one weak Condorcet winner,
weak_condorcet_winners).






	
labels_candidates

	List of C strings (names of the
candidates).






	
majority_favorite_rk

	Integer or NaN. Candidate who has stricly more than V/2 in 
plurality_scores_rk. If there is no such 
candidate, then NaN.


See also

exists_majority_favorite_rk,
not_exists_majority_favorite_rk.








	
majority_favorite_rk_ctb

	Integer or NaN. Candidate who has stricly more than V/2 in 
plurality_scores_rk. Can also be candidate 0
with exactly V/2. If there is no such candidate, then NaN.


See also

exists_majority_favorite_rk_ctb,
not_exists_majority_favorite_rk_ctb.








	
majority_favorite_ut

	Integer or NaN. Candidate who has stricly more than V/2 in 
plurality_scores_ut. If there is no such 
candidate, then NaN.


See also

exists_majority_favorite_ut,
not_exists_majority_favorite_ut.








	
majority_favorite_ut_ctb

	Integer or NaN. Candidate who has stricly more than V/2 in 
plurality_scores_ut. Can also be candidate 0
with exactly V/2. If there is no such candidate, then NaN.


See also

exists_majority_favorite_ut_ctb,
not_exists_majority_favorite_ut_ctb.








	
matrix_duels_rk

	2d array of integers. matrix_duels_rk[c, d] is the number of
voters who rank candidate c before d (in the sense of
preferences_rk). By convention,
diagonal coefficients are set to 0.






	
matrix_duels_ut

	2d array of integers. matrix_duels_ut[c, d] is the number of
voters who have a strictly greater utility for c than for d.
By convention, diagonal coefficients are set to 0.






	
matrix_victories_rk

	2d array of values in {0, 0.5, 1}. Matrix of victories
based on matrix_duels_rk.

matrix_victories_rk[c, d] is:



	1   iff matrix_duels_rk[c, d] > matrix_duels_rk[d, c],
i.e. iff matrix_duels_rk[c, d] > V / 2.

	0.5 iff matrix_duels_rk[c, d] = matrix_duels_rk[d, c],
i.e. iff matrix_duels_rk[c, d] = V / 2.

	0   iff matrix_duels_rk[c, d] < matrix_duels_rk[d, c],
i.e. iff matrix_duels_rk[c, d] < V / 2.






By convention, diagonal coefficients are set to 0.






	
matrix_victories_rk_ctb

	2d array of values in {0, 1}. Matrix of victories based on
matrix_duels_rk,
with tie-breaks on candidates.

matrix_victories_rk_ctb[c, d] is:



	1   iff matrix_duels_rk[c, d] > matrix_duels_rk[d, c], or
matrix_duels_rk[c, d] = matrix_duels_rk[d, c] and
c < d.

	0   iff matrix_duels_rk[c, d] < matrix_duels_rk[d, c], or
matrix_duels_rk[c, d] = matrix_duels_rk[d, c] and
d < c.






By convention, diagonal coefficients are set to 0.






	
matrix_victories_ut_abs

	2d array of values in {0, 0.5, 1}. Matrix of absolute victories
based on matrix_duels_ut.

matrix_victories_ut_abs[c, d] is:



	1   iff matrix_duels_ut[c, d] > V / 2.

	0.5 iff matrix_duels_ut[c, d] = V / 2.

	0   iff matrix_duels_ut[c, d] < V / 2.






By convention, diagonal coefficients are set to 0.






	
matrix_victories_ut_abs_ctb

	2d array of values in {0, 1}. Matrix of absolute victories
based on matrix_duels_ut, with tie-breaks on
candidates.

matrix_victories_ut_abs_ctb[c, d] is:



	1   iff matrix_duels_ut[c, d] > V / 2, or
matrix_duels_ut[c, d] = V / 2 and c < d.

	0   iff matrix_duels_ut[c, d] < V / 2, or
matrix_duels_ut[c, d] = V / 2 and d < c.






By convention, diagonal coefficients are set to 0.






	
matrix_victories_ut_rel

	2d array of values in {0, 0.5, 1}. Matrix of relative victories
based on matrix_duels_ut.

matrix_victories_ut_rel[c, d] is:



	1   iff matrix_duels_ut[c, d] > matrix_duels_ut[d, c].

	0.5 iff matrix_duels_ut[c, d] = matrix_duels_ut[d, c].

	0   iff matrix_duels_ut[c, d] < matrix_duels_ut[d, c].






By convention, diagonal coefficients are set to 0.






	
matrix_victories_ut_rel_ctb

	2d array of values in {0, 1}. Matrix of relative victories
based on matrix_duels_ut, with tie-breaks on
candidates.

matrix_victories_ut_rel_ctb[c, d] is:



	1   iff matrix_duels_ut[c, d] > matrix_duels_ut[d, c], or
matrix_duels_ut[c, d] = matrix_duels_ut[d, c] and c < d.

	0   iff matrix_duels_ut[c, d] < matrix_duels_ut[d, c], or
matrix_duels_ut[c, d] = matrix_duels_ut[d, c] and d < c.






By convention, diagonal coefficients are set to 0.






	
mean_utility_c

	1d array of floats. mean_utility_c[c] is the mean utility for
candidate c (i.e. the mean of c‘s column in matrix
preferences_ut).






	
mean_utility_max

	Float. mean_utility_max is the maximum of
mean_utility_c.






	
mean_utility_mean

	Float. mean_utility_mean is the mean of
mean_utility_c.






	
mean_utility_min

	Float. mean_utility_min is the minimum of
mean_utility_c.






	
mean_utility_std

	Float. mean_utility_std is the standard deviation of
mean_utility_c.






	
nb_condorcet_admissible

	Integer (number of Condorcet-admissible candidates,
condorcet_admissible_candidates).






	
nb_weak_condorcet_winners

	Integer (number of weak Condorcet winners,
weak_condorcet_winners).






	
not_exists_condorcet_admissible

	Boolean (True iff there is no Condorcet-admissible candidate,
condorcet_admissible_candidates).






	
not_exists_condorcet_order_rk

	Boolean. Cf. exists_condorcet_order_rk.






	
not_exists_condorcet_order_rk_ctb

	Boolean. Cf. exists_condorcet_order_rk_ctb.






	
not_exists_condorcet_order_ut_abs

	Boolean. Cf. exists_condorcet_order_ut_abs.






	
not_exists_condorcet_order_ut_abs_ctb

	Boolean. Cf. exists_condorcet_order_ut_abs_ctb.






	
not_exists_condorcet_order_ut_rel

	Boolean. Cf. exists_condorcet_order_ut_rel.






	
not_exists_condorcet_order_ut_rel_ctb

	Boolean. Cf. exists_condorcet_order_ut_rel_ctb.






	
not_exists_condorcet_winner_rk

	Boolean (True iff there is no
condorcet_winner_rk).






	
not_exists_condorcet_winner_rk_ctb

	Boolean (True iff there is no
condorcet_winner_rk_ctb).






	
not_exists_condorcet_winner_ut_abs

	Boolean (True iff there is no
condorcet_winner_ut_abs).






	
not_exists_condorcet_winner_ut_abs_ctb

	Boolean (True iff there is no
condorcet_winner_ut_abs_ctb).






	
not_exists_condorcet_winner_ut_rel

	Boolean (True iff there is no
condorcet_winner_ut_rel).






	
not_exists_condorcet_winner_ut_rel_ctb

	Boolean (True iff there is no
condorcet_winner_ut_rel_ctb).






	
not_exists_majority_favorite_rk

	Boolean (True iff there is no
majority_favorite_rk).






	
not_exists_majority_favorite_rk_ctb

	Boolean (True iff there is no
majority_favorite_rk_ctb).






	
not_exists_majority_favorite_ut

	Boolean (True iff there is no
majority_favorite_ut).






	
not_exists_majority_favorite_ut_ctb

	Boolean (True iff there is no
majority_favorite_ut_ctb).






	
not_exists_resistant_condorcet_winner

	Boolean (True iff there is no
resistant_condorcet_winner).






	
not_exists_weak_condorcet_winner

	Boolean (True iff there is no weak Condorcet winner,
weak_condorcet_winners).






	
plot3(indexes=None, normalize=True, use_labels=True)

	Plot utilities for 3 candidates (with approval limit).





	Parameters:	
	indexes – List of 3 candidates. If None, defaults to [0, 1, 2].

	normalize – Boolean. Cf. below.

	use_labels – Boolean. If True, then
labels_candidates is
used to label the plot. Otherwise, candidates are simply
represented by their index.









Each red point of the plot represents a voter v. Its position is
preferences_ut[v, indexes]. If
normalize is True, then each position is normalized before
plotting so that its Euclidean norm is equal to 1.

The equator (in blue) is the set of points \(\mathbf{u}\) such
that
\(\sum {u_i}^2 = 1\) and
\(\sum u_i = 0\),
i.e. the unit circle of the plan that is orthogonal to the main
diagonal [1, 1, 1].

Other blue circles are the frontiers between the 6 different strict
total orders on the candidates.

Cf. working paper by Durand et al., ‘Geometry on the Utility
Space’.






	
plot4(indexes=None, normalize=True, use_labels=True)

	Plot utilities for 4 candidates (without approval limit).





	Parameters:	
	indexes – List of 4 candidates. If None, defaults to
[0, 1, 2, 3].

	normalize – Boolean. Cf. below.

	use_labels – Boolean. If True, then
labels_candidates is
used to label the plot. Otherwise, candidates are simply
represented by their index.









Each red point of the plot represents a voter v.



	preferences_ut[v, indexes]
is sent to the hyperplane that
is orthogonal to [1, 1, 1, 1] (by orthogonal projection),
which discards information related to approval limit and keeps
only the relative preferences between candidates.

	The plot is done in this 3d hyperplane. In practice, we use a
mirror symmetry that exchanges [1, 1, 1, 1] and [0, 0, 0, 1].
This way, the image vector is orthogonal to [0, 0, 0, 1] and
can be plotted in the first 3 dimensions.

	If normalize is True, then the image vector is normalized
before plotting so that its Euclidean norm is equal to 1.






Blue lines are the frontiers between the 24 different strict
total orders on the candidates (‘permutohedron’).

Cf. working paper by Durand et al., ‘Geometry on the Utility Space’.






	
plurality_scores_rk

	1d array of booleans. plurality_scores_rk[c] is the number of
voters for whom c is the top-ranked candidate (with voter
tie-breaking).






	
plurality_scores_ut

	1d array of booleans. plurality_scores_ut[c] is the number of
voters who strictly prefer c to all other candidates.

If a voter has several candidates with maximal utility,
then none of them receives any point.






	
preferences_borda_rk

	2d array of integers. preferences_borda_rk[v, c] gains 1 point
for each candidate d such that voter v ranks c before
d.

So, these Borda scores are between 0 and C - 1.






	
preferences_borda_ut

	2d array of integers. preferences_borda_ut[v, c] gains 1
point for each d such that v strictly prefers c to d
(in the sense of utilities), and 0.5 point for each d such that
v is indifferent between c and d.

So, these Borda scores are between 0 and C - 1.






	
preferences_rk

	2d array of integers. preferences_rk[v, k] is the
candidate at rank k for voter v.

For example, preferences_rk[v, 0] is v‘s preferred
candidate.






	
preferences_ut

	2d array of floats. preferences_ut[v, c] is the utility
of  candidate c as seen by voter v.






	
resistant_condorcet_winner

	Integer or NaN. Resistant Condorcet Winner. If there is no such
candidate, then NaN.

A Condorcet winner w (in the sense of
condorcet_winner_ut_abs) is resistant iff
in any Condorcet voting system (in the same sense), the profile is not
manipulable (cf.
Durand et al., working paper 2014).
This is equivalent to say that for any pair (c, d) of other
distinct candidates, there is a strict majority of voters who
simultaneously:



	Do not prefer c to w,

	And prefer w to d.







See also

exists_resistant_condorcet_winner,
not_exists_resistant_condorcet_winner.








	
threshold_c_prevents_w_Condorcet_ut_abs

	2d array of integers. Threshold for c-manipulators to prevent
w from being a Condorcet winner (in the sense of
condorcet_winner_ut_abs).

Intuitively, the question is the following: in an election where w
is the winner, how many c-manipulators are needed to prevent w
from  being a Condorcet winner?

We start with the sub-population of \(n_s\) ‘sincere’ voters,
i.e. not preferring c to w. The precise question is: how many
c-manipulators \(n_m\) must we add in order to create a
non-victory for
w against some candidate d \(\neq\) w (possibly c
herself)?

In the following, \(| c > d |\) denotes the number of voters who
strictly prefer candidate c to d. We need:


\[\begin{split}| \text{sincere voters for whom } w > d |
\leq \frac{n_s + n_m}{2}.\end{split}\]

I.e.:


\[\begin{split}| \text{non } c > w \text{ and } w > d | \leq
\frac{| \text{non } c > w | + n_m}{2}.\end{split}\]

I.e.:


\[\begin{split}n_m \geq 2 \cdot | \text{non } c > w \text{ and } w > d |
- | \text{non } c > w |.\end{split}\]

One candidate d is enough, so:

threshold_c_prevents_w_Condorcet_ut_abs[c, w] \(=
2 \cdot \min_{d \neq w} |w \geq c \text{ and } w > d|
- |w \geq c|\).

If this result is negative, it means that even without
c-manipulators, w is not a Condorcet winner. In that case,
threshold is set to 0 instead.






	
total_utility_c

	1d array of floats. total_utility_c[c] is the total utility for
candidate c (i.e. the sum of c‘s column in matrix
preferences_ut).






	
total_utility_max

	Float. total_utility_max is the maximum of
total_utility_c.






	
total_utility_mean

	Float. total_utility_mean is the mean of
total_utility_c.






	
total_utility_min

	Float. total_utility_min is the minimum of
total_utility_c.






	
total_utility_std

	Float. total_utility_std is the standard deviation of
total_utility_c.






	
v_has_same_ordinal_preferences_as_previous_voter

	1d array of booleans.
v_has_same_ordinal_preferences_as_previous_voter[v] is
True iff voter v has the same preference strict order (row in
preferences_rk) and the same
preference weak order (row in
preferences_borda_ut) as voter v-1.

By convention, it is False for voter 0.






	
weak_condorcet_winners

	1d array of booleans. weak_condorcet_winners[c] is True iff
candidate c is a weak Condorcet winner, i.e. iff no candidate
d has a relative victory against c (in the sense of
matrix_victories_ut_rel).













          

      

      

    


    
         Copyright 2015, François Durand.
      Created using Sphinx 1.3.4.
    

  

    
      Navigation

      
        	
          index

        	
          next |

        	
          previous |

        	SVVAMP 0.0.4 documentation 

          	Reference 
 
      

    


    
      
          
            
  
PopulationCubicUniform


	
class svvamp.PopulationCubicUniform(V, C)[source]

	Population with ‘Cubic uniform’ model.





	Parameters:	
	V – Integer. Number of voters.

	C – Integer. Number of candidates.






	Returns:	A Population object.







Each coefficient preferences_ut[v, c] is drawn independently
and uniformly in the interval [-1, 1].

The ordinal part of this distribution is the Impartial Culture.
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PopulationEuclideanBox


	
class svvamp.PopulationEuclideanBox(V, C, box_dimensions, shift=None)[source]

	Population with ‘Euclidean box’ model.





	Parameters:	
	V – Integer. Number of voters.

	C – Integer. Number of candidates.

	box_dimensions – 1d array of numbers. The length of the
Euclidean box along each axis.

	shift – 1d array of numbers, same dimension as
box_dimensions. Shift for the mean position of the candidates.






	Returns:	A Population object.







Let us note n_dim the number of elements in sigma.
For each voter and each candidate, a position is independently and
uniformly drawn in a rectangular box of dimensions
box_dimensions[0],... , box_dimensions[n_dim - 1]. If
shift is used, the distribution of positions for candidates is
displaced by this vector.

Let d[v, c] denote the Euclidean distance between voter v and
candidate c. Then
preferences_ut[v, c] = A - d[v, c],
where A is such that the average utility is 0 over the whole
population.

If ndim = 1, the population is single-peaked.
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PopulationGaussianWell


	
class svvamp.PopulationGaussianWell(V, C, sigma, shift=None)[source]

	Population with ‘Gaussian well’ model.





	Parameters:	
	V – Integer. Number of voters.

	C – Integer. Number of candidates.

	sigma – 1d array of numbers. The variance of the gaussian law
along each dimension.

	shift – 1d array of numbers, same dimension as sigma. Shift
for the mean position of the candidates.






	Returns:	A Population object.







Let us note n_dim the number of elements in sigma.
For voter v (resp. each candidate c) and each axis i in
range(n_dim), a position x_i[v] (resp. y_i[c]) is
independently drawn according to a normal law of mean 0 and variance
sigma[i]. If shift is used, the distribution of positions
for candidates is displaced by this vector.

Let d[v, c] denote the Euclidean distance between voter v‘s
position x[v] and candidate c‘s position y[c]. Then
preferences_ut[v, c] = A - d[v, c],
where A is such that the average utility is 0 over the whole
population.

If ndim = 1, the population is single-peaked.
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PopulationLadder


	
class svvamp.PopulationLadder(V, C, n_rungs)[source]

	Population with ‘Ladder’ model.





	Parameters:	
	V – Integer. Number of voters.

	C – Integer. Number of candidates.

	n_rungs – Integer. Number of rungs of the ladder.






	Returns:	A Population object.







Each utility preferences_ut[v, c] is drawn independently and
equiprobably between n_rungs values that divide the interval
[-1, 1] equally. For example, if n_rungs = 21, then values in
{-1, -0.9, ..., 1} are used.

The ordinal part of this distribution is not the Impartial Culture.
Indeed, weak orders of preference come with non-zero probability.
This model is interesting the study the effect of voters’ ties.
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PopulationSpheroid


	
class svvamp.PopulationSpheroid(V, C, stretching=1)[source]

	Population with ‘Spheroid’ model.





	Parameters:	
	V – Integer. Number of voters.

	C – Integer. Number of candidates.

	stretching – Number between 0 and numpy.inf (both included).






	Returns:	A Population object.







The utility vector of each voter is drawn independently and uniformly
on a sphere in \(\mathbb{R}^C\). Then, it is sent on the spheroid
that is the image of the sphere by a dilatation of factor
stretching in direction [1, ..., 1]. Cf. working paper Durand et
al. ‘Geometry on the Utility Sphere’.

The ordinal part of this distribution is the Impartial Culture.

The parameter stretching has only influence on voting systems
based on utilities, especially Approval voting.



	stretching = 0: pure Von Neumann-Morgenstern utility,
normalized to \(\sum_c u_v(c) = 0\) (spherical model
with C-2 dimensions).

	stretching = 1: spherical model with C-1 dimensions.

	stretching = inf: axial/cylindrical model with only two
possible values, all-approval [1, ..., 1] and all-reject
[-1, ..., -1].






N.B.: This model gives the same probability distribution as a Von
Mises-Fisher with concentration = 0.
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PopulationVMFHypercircle


	
class svvamp.PopulationVMFHypercircle(V, C, vmf_concentration, vmf_probability=None, vmf_pole=None)[source]

	Population drawn with Von Mises-Fisher distributions on the
C-2-sphere





	Parameters:	
	V – Integer. Number of voters.

	C – Integer. Number of candidates.

	vmf_concentration – 1d array. Let us note k its size (number
of ‘groups’). vmf_concentration[i] is the VMF concentration of
group i.

	vmf_probability – 1d array of size k. vmf_probability[i] is
the probability, for a voter, to be in group i (up to
normalization). If None, then groups have equal probabilities.

	vmf_pole – 2d array of size (k, C). vmf_pole[i, :] is the
pole of the VMF distribution for group i.






	Returns:	A Population object.







We work on the C-2-sphere: vectors of \(\mathbb{R}^C\) with
Euclidean norm equal to 1 and that are orthogonal to
[1, ...,  1]. It is a representation of the classical Von
Neumann-Morgenstern utility space. Cf. working paper Durand et al.
‘Geometry on the Utility Sphere’.

Before all computations, the poles are projected onto the hyperplane
and normalized. So, the only source of concentration for group i is
vmf_concentration[i], not the norm of vmf_pole[i]. If pole
is None, then each pole is drawn independently and uniformly on the
C-2-sphere.

For each voter c, we draw a group i at random, according to
vmf_probability (normalized beforehand if necessary). Then, v‘s
utility vector is drawn according to a Von Mises-Fisher distribution
of pole vmf_pole[i, :] and concentration vmf_concentration[i],
using Ulrich’s method modified by Wood.

Once group i is chosen, then up to a normalization constant, the
density of probability for a unit vector x is
exp(vmf_concentration[i] vmf.pole[i, :].x),
where vmf.pole[i, :].x is a dot product.

References:


Ulrich (1984) - Computer Generation of Distributions on the m-Sphere

Wood (1994) - Simulation of the von Mises Fisher distribution
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PopulationVMFHypersphere


	
class svvamp.PopulationVMFHypersphere(V, C, vmf_concentration, vmf_probability=None, vmf_pole=None, stretching=1)[source]

	Population drawn with Von Mises-Fisher distributions on the
C-1-sphere





	Parameters:	
	V – Integer. Number of voters.

	C – Integer. Number of candidates.

	stretching – Number between 0 and numpy.inf (both included).

	vmf_concentration – 1d array. Let us note k its size (number
of ‘groups’). vmf_concentration[i] is the VMF concentration of
group i.

	vmf_probability – 1d array. vmf_probability[i] is the
probability, for a voter, to be in group i (up to
normalization). If None, then groups have equal probabilities.

	vmf_pole – 2d array of size (k, C). vmf_pole[i, :] is the
pole of the VMF distribution for group i.






	Returns:	A Population object.







For each voter c, we draw a group i at random, according to
vmf_probability (normalized beforehand if necessary). Then, v‘s
utility vector is drawn according to a Von Mises-Fisher distribution
of pole vmf_pole[i, :] and concentration vmf_concentration[i],
using Ulrich’s method modified by Wood.

Once group i is chosen, then up to a normalization constant, the
density of probability for a unit vector x is
exp(vmf_concentration[i] vmf.pole[i, :].x),
where vmf.pole[i, :].x is a dot product.

Then, v‘s utility vector is sent onto the spheroid that is the
image of the sphere by a dilatation of factor stretching along the
direction [1, ..., 1]. For example, if stretching = 1, we stay on
the unit sphere of \(\mathbb{R}^C\). Cf. working paper Durand et
al. ‘Geometry on the Utility Sphere’.

N.B.: if stretching != 1, it amounts to move the poles. For
example, if the pole [1, 0, 0, 0] is given and stretching = 0,
then the actual pole will be [0.75, - 0.25, - 0.25, - 0.25]
(up to a multiplicative constant).

poles are normalized before being used. So, the only source of
concentration for group i is vmf_concentration[i], not the
norm of vmf_pole[i]. If vmf_pole is None, then each pole
is drawn independently and uniformly on the sphere.

References:


Ulrich (1984) - Computer Generation of Distributions on the m-Sphere

Wood (1994) - Simulation of the von Mises Fisher distribution
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PopulationFromFile


	
class svvamp.PopulationFromFile(file_name, relative_noise=0.0, absolute_noise=0.0)[source]

	Population from a file.





	Parameters:	
	file_name – – String. The name of the file.

	relative_noise – – Number.

	absolute_noise – – Number.






	Returns:	A Population object.







If the file name ends with ‘.t.csv’ (t = transposed format): simple
table of utilities with candidates declared in the first column and
voters declared in the first row.

If the file name ends with ‘.csv’ (but not ‘.t.csv’), candidates
must be declared in the first row and voters in the first column.

Otherwise, the file is considered as a PrefLib file. In that case,
since information is ordinal only,
preferences_ut[v, c] is set to the Borda score
(with no vtb) minus (C - 1) / 2. This way, utilities are between
- (C - 1) / 2 and (C - 1) / 2.

To each preferences_ut[v, c], a random noise is added which
is drawn independently and uniformly in the interval
[- relative_noise * amplitude, relative_noise * amplitude],
where amplitude is the difference between the lowest and the
highest utility.

Another random noise is added, which is drawn independently and
uniformly in the interval [-absolute_noise, absolute_noise].
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ElectionResult


	
class svvamp.ElectionResult(population, **kwargs)[source]

	Create a simple election (without manipulation).

This is an ‘abstract’ class. As an end-user, you should always use its
subclasses Approval, Plurality, etc.





	Parameters:	
	population – A Population object.

	kwargs – additional keyword parameters. See
options_parameters.









>>> import svvamp
>>> pop = svvamp.PopulationSpheroid(V=100, C=5)
>>> election = svvamp.Approval(pop, approval_comparator='>=')






	
ballots

	Ballots cast by the voters.


	Default type in superclass ElectionResult:

	2d array of integers.

	Default behavior in superclass ElectionResult:

	ballots[v, k] =
preferences_rk[v, k].








	
candidates_by_scores_best_to_worst

	1d array of integers. All candidates, sorted from the winner to
the last candidate in the result of the election.


	Default behavior in superclass ElectionResult:

	candidates_by_scores_best_to_worst[k] is the
candidate with kth highest value in
scores.



By definition, candidates_by_scores_best_to_worst[0] =
w.






	
demo(log_depth=1)

	Demonstrate the methods of ElectionResult class.
s






	param log_depth:

		Integer from 0 (basic info) to 3 (verbose).













	
mean_utility_w

	Float. The mean utility for the sincere winner
w. Be careful, this
makes sense only if interpersonal comparison of utilities makes sense.






	
options_parameters

	Display options.

Display a overview of available options, their default values and a
minimal indication about what values are allowed for each option. For
more details about a specific option, see its documentation.






	
pop

	A Population object. The population running the
election.






	
score_w

	Score of the sincere winner.


	Default type in superclass ElectionResult:

	Number or 1d array.

	Default behavior in superclass ElectionResult:

	If scores is a 1d array,
then score_w is
w‘s numerical score:
score_w = scores[w].

If scores is a 2d array, then
score_w is w‘s score vector:
score_w = scores[:, w].










	
scores

	Scores of the candidates in the election.

This function is not implemented in the superclass
ElectionResult. See specific documentation for each
voting system.


	Typical type in most subclasses:

	1d or 2d array.

	Typical behavior in most subclasses:

	If scores is a 1d array, then scores[c] is the numerical
score for candidate c.

If scores is a 2d array, then scores[:, c] is the score
vector for candidate c.










	
scores_best_to_worst

	Scores of the candidates, from the winner to the last candidate
of the election.


	Default type in superclass ElectionResult:

	1d or 2d array.

	Default behavior in superclass ElectionResult:

	scores_best_to_worst is derived from
scores and
candidates_by_scores_best_to_worst.

If scores is a 1d array, then so is
scores_best_to_worst. It is defined by
scores_best_to_worst =
scores[candidates_by_scores_best_to_worst].
Then by definition, scores_best_to_worst[0] =
score_w.

If scores is a 2d array, then so is
scores_best_to_worst. It is defined by
scores_best_to_worst =
scores[:, candidates_by_scores_best_to_worst].
Then by definition, scores_best_to_worst[:, 0] =
score_w.










	
total_utility_w

	Float. The total utility for the sincere winner
w. Be careful, this
makes sense only if interpersonal comparison of utilities makes sense.






	
w

	Integer (winning candidate).


	Default behavior in superclass ElectionResult:

	The candidate with highest value in vector
scores is declared the
winner. In case of a tie, the tied candidate with lowest index
wins.








	
w_is_condorcet_admissible

	Boolean. True iff the sincere winner
w is Condorcet-admissible.
Cf. condorcet_admissible_candidates.






	
w_is_condorcet_winner_rk

	Boolean. True iff the sincere winner
w is a
condorcet_winner_rk.






	
w_is_condorcet_winner_rk_ctb

	Boolean. True iff the sincere winner
w is a
condorcet_winner_rk_ctb.






	
w_is_condorcet_winner_ut_abs

	Boolean. True iff the sincere winner
w is a
condorcet_winner_ut_abs.






	
w_is_condorcet_winner_ut_abs_ctb

	Boolean. True iff the sincere winner
w is a
condorcet_winner_ut_abs_ctb.






	
w_is_condorcet_winner_ut_rel

	Boolean. True iff the sincere winner
w is a
condorcet_winner_ut_rel.






	
w_is_condorcet_winner_ut_rel_ctb

	Boolean. True iff the sincere winner
w is a
condorcet_winner_ut_abs_ctb.






	
w_is_not_condorcet_admissible

	Boolean. True iff the sincere winner
w is not a Condorcet-admissible
candidate (whether some exist or not).
Cf. condorcet_admissible_candidates.






	
w_is_not_condorcet_winner_rk

	Boolean. True iff the sincere winner
w is not a
condorcet_winner_rk
(whether one exists or not).






	
w_is_not_condorcet_winner_rk_ctb

	Boolean. True iff the sincere winner
w is not a
condorcet_winner_rk_ctb
(whether one exists or not).






	
w_is_not_condorcet_winner_ut_abs

	Boolean. True iff the sincere winner
w is not a
condorcet_winner_ut_abs
(whether one exists or not).






	
w_is_not_condorcet_winner_ut_abs_ctb

	Boolean. True iff the sincere winner
w is not a
condorcet_winner_ut_abs_ctb
(whether one exists or not).






	
w_is_not_condorcet_winner_ut_rel

	Boolean. True iff the sincere winner
w is not a
condorcet_winner_ut_rel
(whether one exists or not).






	
w_is_not_condorcet_winner_ut_rel_ctb

	Boolean. True iff the sincere winner
w is not a
condorcet_winner_ut_abs_ctb
(whether one exists or not).






	
w_is_not_resistant_condorcet_winner

	Boolean. True iff the sincere winner
w is not a
resistant_condorcet_winner
(whether one exists or not).






	
w_is_not_weak_condorcet_winner

	Boolean. True iff the sincere winner
w is not a Weak Condorcet
winner (whether some exist or not).
Cf. weak_condorcet_winners.






	
w_is_resistant_condorcet_winner

	Boolean. True iff the sincere winner
w is a
resistant_condorcet_winner.






	
w_is_weak_condorcet_winner

	Boolean. True iff the sincere winner
w is a Weak Condorcet winner.
Cf. weak_condorcet_winners.






	
w_missed_condorcet_admissible

	Boolean. True iff the sincere winner
w is not a
Condorcet-admissible candidate, despite the fact that at least one
exists.
Cf. condorcet_admissible_candidates.






	
w_missed_condorcet_winner_rk

	Boolean. True iff the sincere winner
w is not the
condorcet_winner_rk,
despite the fact that she exists.






	
w_missed_condorcet_winner_rk_ctb

	Boolean. True iff the sincere winner
w is not the
condorcet_winner_rk_ctb,
despite the fact that she exists.






	
w_missed_condorcet_winner_ut_abs

	Boolean. True iff the sincere winner
w is not the
condorcet_winner_ut_abs,
despite the fact that she exists.






	
w_missed_condorcet_winner_ut_abs_ctb

	Boolean. True iff the sincere winner
w is not the
condorcet_winner_ut_abs_ctb,
despite the fact that she exists.






	
w_missed_condorcet_winner_ut_rel

	Boolean. True iff the sincere winner
w is not the
condorcet_winner_ut_rel,
despite the fact that she exists.






	
w_missed_condorcet_winner_ut_rel_ctb

	Boolean. True iff the sincere winner
w is not the
condorcet_winner_ut_abs_ctb,
despite the fact that she exists.






	
w_missed_resistant_condorcet_winner

	Boolean. True iff the sincere winner
w is not the
resistant_condorcet_winner,
despite the fact that she exists.






	
w_missed_weak_condorcet_winner

	Boolean. True iff the sincere winner
w is not a Weak Condorcet
winner, despite the fact that at least one exists.
Cf. weak_condorcet_winners.
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Election


	
class svvamp.Election(population, **kwargs)[source]

	Create an election with possibilities of manipulation.

Inherits functions from superclass ElectionResult.

This is an ‘abstract’ class. As an end-user, you should always use its
subclasses Approval, Plurality, etc.





	Parameters:	
	population – A Population object.

	kwargs – additional keyword parameters. See
options_parameters.






	Example:	





>>> import svvamp
>>> pop = svvamp.PopulationSpheroid(V=100, C=5)
>>> election = svvamp.IRV(pop, CM_option='exact')





This class and its subclasses are suitable for voting systems that
are deterministic and anonymous (treating all voters equally).
As a consequence, they are not neutral (because they need to break
ties in totally symmetric situations). As of now, SVVAMP does not
support other kinds of voting systems.

Ties in a voter’s utilities

When a sincere voter v must provide a strict order
in a specific voting system, she uses
preferences_rk[v, :]
(which breaks possible ties in her utilities).

In contrast, to know if a voter v wants to manipulate for a
candidate c against w, we always use her utilities
preferences_ut[v, :]. If she
attributes the same utility to w and c, she is not interested
in this manipulation.

Some ordinal voting systems in SVVAMP may be adapted to accept weak
orders of preferences as ballots. This is future work.

Ties in the result of an election

The voting system itself may need to break ties, for example if
candidates c and d have the same score in a score-based
system. The standard tie-breaking in SVVAMP, referred to as
Candidate Tie-Breaking (CTB), consists of breaking ties by
lowest index: c is favored over d if c < d.
This tie-breaking rule is used for example in ‘A note on
manipulability of large voting schemes’ (Peleg, 1979). Future
voting systems implemented as a subclass of Election may
use another tie-breaking rule.

Options for manipulation

Attributes allow to choose the algorithm used to compute different
kinds of manipulation:
CM_option,
ICM_option,
IM_option,
TM_option and
UM_option.

To know what options are accepted for a given voting system, use
options_parameters.





	Example:	





import svvamp
pop = svvamp.PopulationSpheroid(V=100, C=5)
election = svvamp.IRV(pop, CM_option='exact')
print(election.CM())
print(election.options_parameters)
election.CM_option = 'fast'
print(election.CM())





Here is a non-exhaustive list of typical values for these options.



	'exact': Exact algorithm. Can always decide
manipulation: it answers True or False. Other
algorithms may also answer numpy.nan, which is the
SVVAMP convention meaning that the algorithm was not able to
decide. For a given voting system, if the exact algorithm
runs in polynomial time, then it is the only accepted option.

	'slow': Non-polynomial algorithm, but not exact. For
voting systems accepting this option, it is however
faster than ‘exact’ (in a little-o sense) and more
precise than ‘fast’.

	'fast': Polynomial algorithm, not exact. If the exact
algorithm runs in polynomial time, this option is not
available.

	'lazy': Perform only some preliminary checks. Run in
polynomial time (unless deciding the winner of the election
is not polynomial, like for Kemeny). Like
other non-exact algorithms, it can decide manipulation to
True, False or return numpy.nan (undecided).






For a given voting system, the default option is the most precise
algorithm running in polynomial time.

Option for Independence of Irrelevant Alternatives (IIA)

The default algorithm for not_IIA first
performs some preliminary checks based on the known properties of the
voting system under study. For example, if it meets the Condorcet
criterion, then the algorithm exploits if. If it meets the majority
favorite criterion (see below) and if w
is a majority favorite, then it decides IIA immediately.

If the preliminary checks do not allow to decide, the default algorithm
then uses brute force to test subsets of candidates including
the sincere winner w. This can be
non-polynomial or non-exact, depending on the attribute
IIA_subset_maximum_size.

Implication diagram between criteria

Cf. corresponding attributes below for the definition of these
criteria. See working paper, Durand et al. (2014):
‘Condorcet Criterion and Reduction in Coalitional Manipulability’.

Condorcet_c_ut_rel_ctb            ==>            Condorcet_c_ut_rel
||             Condorcet_c_rk_ctb ==>      Condorcet_c_rk       ||
||           ||        ||                   ||         ||       ||
V            V         ||                   ||         V        V
Condorcet_c_ut_abs_ctb            ==>            Condorcet_c_ut_abs
||                     ||                   ||                  ||
||                     V                    V                   ||
||     majority_favorite_c_rk_ctb ==> majority_favorite_c_rk    ||
||            ||                                  ||            ||
V             V                                   V             V
majority_favorite_c_ut_ctb        ==>        majority_favorite_ut_c
||                                                              ||
V                                                               V
IgnMC_c_ctb                       ==>                       IgnMC_c
||                                                              ||
V                                                               V
InfMC_c_ctb                       ==>                       InfMC_c






	
CM()

	Coalition Manipulation.





	Returns:	(is_CM, log_CM).





Cf. CM_full().






	
CM_c(c)

	Coalition Manipulation, focus on one candidate.





	Parameters:	c – Integer (candidate).


	Returns:	(candidates_CM[c], log_CM).





Cf. CM_full().






	
CM_c_with_bounds(c)

	Coalition Manipulation, focus on one candidate, with bounds.





	Parameters:	c – Integer (candidate).


	Returns:	(candidates_CM[c], log_CM,
necessary_coalition_size_CM[c],
sufficient_coalition_size_CM[c]).





Cf. CM_full().






	
CM_full()

	Coalition Manipulation, full mode.

We say that a situation is Coalitionaly Manipulable (CM) for
c != w iff voters who prefer
c to w can cast ballots so that
c is elected (while other voters still vote sincerely).

Internally, to decide the problem, SVVAMP studies the following
question. When considering the sub-population of voters who do not
prefer c to w (sincere voters),
what is the minimal number \(x_c\) of c-manipulators needed to
perform CM? For all voting system currently implemented in SVVAMP,
it means that CM is possible iff there are \(x_c\) voters or
more who prefer c to w. (A
sufficient condition on the voting system is that, if a population
elects c, then an additional voter may always cast a ballot so that
c stays elected)

For information only, the result of SVVAMP’s computations about
\(x_c\) is given in outputs necessary_coalition_size_CM and
sufficient_coalition_size_CM (cf. below). By definition, we have
necessary_coalition_size_CM[c] \(\leq x_c \leq\)
sufficient_coalition_size_CM[c].

When CM_option = 'exact', the exactness
concerns the CM decision problems (boolean results below),
not the numerical evaluation of \(x_c\). It means that for all
boolean answers below, SVVAMP will not answer numpy.nan (
undecided). But it is possible that
necessary_coalition_size_CM[c] <
sufficient_coalition_size_CM[c].





	Returns:	(is_CM, log_CM, candidates_CM,
necessary_coalition_size_CM,
sufficient_coalition_size_CM).





is_CM: Boolean (or numpy.nan). True if a CM is possible,
False otherwise. If the algorithm cannot decide,
then numpy.nan.

log_CM: String. Parameters used to compute CM.

candidates_CM: 1d array of booleans (or numpy.nan).
candidates_CM[c] is True if CM for candidate c is
possible, False otherwise. If the algorithm cannot decide, then
numpy.nan. For the sincere winner
w, we have by convention
candidates_CM[w] = False.

necessary_coalition_size_CM: Integer.
necessary_coalition_size_CM[c] is the lower bound found by the
algorithm for \(x_c\). For the sincere winner
w, we have by convention
necessary_coalition_size_CM[w] = 0.

sufficient_coalition_size_CM: Integer or numpy.inf.
sufficient_coalition_size_CM[c] is the upper bound found by the
algorithm for \(x_c\). For the sincere winner
w, we have by convention
sufficient_coalition_size_CM[w] = 0.


See also

CM(),
CM_c(),
CM_c_with_bounds(),
CM_with_candidates().








	
CM_option

	String. Option used to compute CM() and
related methods.

To know what options are accepted for a given voting system, use
options_parameters.






	
CM_with_candidates()

	Coalition Manipulation, with candidates.





	Returns:	(is_CM, log_CM, candidates_CM).





Cf. CM_full().






	
ICM()

	Ignorant-Coalition Manipulation.





	Returns:	(is_ICM, log_ICM).





Cf. ICM_full().






	
ICM_c(c)

	Ignorant-Coalition Manipulation, focus on one candidate.





	Parameters:	c – Integer (candidate).


	Returns:	(candidates_ICM[c], log_ICM).





Cf. ICM_full().






	
ICM_c_with_bounds(c)

	Ignorant-Coalition Manipulation, focus on one candidate, with
bounds.





	Parameters:	c – Integer (candidate).


	Returns:	(candidates_ICM[c], log_ICM,
necessary_coalition_size_ICM[c],
sufficient_coalition_size_ICM[c]).





Cf. ICM_full().






	
ICM_full()

	Ignorant-Coalition Manipulation, full mode.

We say that a situation is Ignorant-Coalition Manipulable (ICM) for
c != w iff voters who prefer
c to w can cast ballots so that,
whatever the other voters do, c is elected, .

Internally, to decide the problem, SVVAMP studies the following
question. When considering the sub-population of voters who do not
prefer c to w (sincere voters),
what is the minimal number \(x_c\) of c-manipulators needed to
perform ICM? For all voting system currently implemented in SVVAMP,
it means that ICM is possible iff there are \(x_c\) voters or
more who prefer c to w.

For information only, the result of SVVAMP’s computations about
\(x_c\) is given in outputs necessary_coalition_size_ICM and
sufficient_coalition_size_ICM (cf. below). By definition, we have
necessary_coalition_size_ICM[c] \(\leq x_c \leq\)
sufficient_coalition_size_ICM[c].

When ICM_option = 'exact', the exactness
concerns the ICM decision problems (boolean results below),
not the numerical evaluation of \(x_c\). It means that for all
boolean answers below, SVVAMP will not answer numpy.nan (
undecided). But it is possible that
necessary_coalition_size_ICM[c] <
sufficient_coalition_size_ICM[c].





	Returns:	(is_ICM, log_ICM, candidates_ICM,
necessary_coalition_size_ICM,
sufficient_coalition_size_ICM).





is_ICM: Boolean (or numpy.nan). True if a ICM is possible,
False otherwise. If the algorithm cannot decide,
then numpy.nan.

log_ICM: String. Parameters used to compute ICM.

candidates_ICM: 1d array of booleans (or numpy.nan).
candidates_ICM[c] is True if ICM for candidate c is
possible, False otherwise. If the algorithm cannot decide, then
numpy.nan. For the sincere winner
w, we have by convention
candidates_ICM[w] = False.

necessary_coalition_size_ICM: Integer.
necessary_coalition_size_ICM[c] is the lower bound found by the
algorithm for \(x_c\). For the sincere winner
w, we have by convention
necessary_coalition_size_ICM[w] = 0.

sufficient_coalition_size_ICM: Integer or numpy.inf.
sufficient_coalition_size_ICM[c] is the upper bound found by the
algorithm for \(x_c\). For the sincere winner
w, we have by convention
sufficient_coalition_size_ICM[w] = 0.


See also

ICM(),
ICM_c(),
ICM_c_with_bounds(),
ICM_with_candidates().








	
ICM_option

	String. Option used to compute ICM() and
related methods.

To know what options are accepted for a given voting system, use
options_parameters.






	
ICM_with_candidates()

	Ignorant-Coalition Manipulation, with candidates.





	Returns:	(is_ICM, log_ICM, candidates_ICM).





Cf. ICM_full().






	
IIA_subset_maximum_size

	Integer or numpy.inf. Maximum size of any subset of candidates
that is used to compute not_IIA() (and
related methods). For a given voting system, this attribute has no
effect if there is an exact algorithm running in polynomial time
implemented in SVVAMP.






	
IM()

	Individual manipulation.





	Returns:	(is_IM, log_IM).





Cf. IM_full().






	
IM_c(c)

	Individual manipulation, focus on one candidate.





	Parameters:	c – Integer (candidate).


	Returns:	(candidates_IM[c], log_IM).





Cf. IM_full().






	
IM_c_with_voters(c)

	Individual manipulation, focus on one candidate, with details.





	Parameters:	c – Integer (candidate).


	Returns:	(candidates_IM[c], log_IM, v_IM_for_c[:, c]).





Cf. IM_full().






	
IM_full()

	Individual manipulation, full mode.

Voter v can and wants to manipulate for candidate c iff:



	v strictly prefers c to
w (in the sense of
preferences_ut).

	And by changing her vote, she can make c win instead of
w.










	Returns:	(is_IM, log_IM, candidates_IM, voters_IM,
v_IM_for_c).





is_IM: Boolean. True if there exists a voter who can
and wants to manipulate, False otherwise. If the algorithm cannot
decide, then numpy.nan.

log_IM: String. Parameters used to compute IM.

candidates_IM: 1d array of booleans (or numpy.nan).
candidates_IM[c] is True if there exists a voter who can
manipulate for candidate c, False otherwise. If the
algorithm cannot decide, then numpy.nan. For the sincere winner
w, we have by convention
candidates_IM[w] = False.

voters_IM: 1d array of booleans (or numpy.nan).
voters_IM[v] is True if voter v can and wants to
manipulate for at least one candidate, False otherwise. If the
algorithm cannot decide, then numpy.nan.

v_IM_for_c: 2d array of booleans. v_IM_for_c[v, c] is True
if voter v can manipulate for candidate c, False otherwise.
If the algorithm cannot decide, then numpy.nan. For the sincere
winner w, we have by convention
v_IM_for_c[v, w] = False.


See also

IM(),
IM_c(),
IM_c_with_voters(),
IM_v(),
IM_v_with_candidates(),
IM_with_candidates(),
IM_with_voters().








	
IM_option

	String. Option used to compute IM() and
related methods.

To know what options are accepted for a given voting system, use
options_parameters.






	
IM_v(v)

	Individual manipulation, focus on one voter.





	Parameters:	v – Integer (voter).


	Returns:	(voters_IM[v], log_IM).





Cf. IM_full().






	
IM_v_with_candidates(v)

	Individual manipulation, focus on one voter, with details.





	Parameters:	v – Integer (voter).


	Returns:	(voters_IM[v], log_IM, v_IM_for_c[v, :]).





Cf. IM_full().






	
IM_with_candidates()

	Individual manipulation, focus on candidates.





	Returns:	(is_IM, log_IM, candidates_IM).





Cf. IM_full().






	
IM_with_voters()

	Individual manipulation, focus on voters.





	Returns:	(is_IM, log_IM, voters_IM).





Cf. IM_full().






	
TM()

	Trivial manipulation.





	Returns:	(is_TM, log_TM).





Cf. TM_with_candidates().






	
TM_c(c)

	Trivial manipulation, focus on one candidate.





	Parameters:	c – Integer (candidate).


	Returns:	(candidates_TM[c], log_TM).





Cf. TM_with_candidates().






	
TM_option

	String. Option used to compute TM() and
related methods.

To know what options are accepted for a given voting system, use
options_parameters.






	
TM_with_candidates()

	Trivial manipulation, full mode.

For ordinal voting systems, we call trivial manipulation for
candidate c against w the fact of
putting c on top (compromising), w
at bottom (burying), while keeping a sincere order on other candidates.

For cardinal voting systems, we call trivial manipulation for c
(against w) the fact of putting the
maximum grade for c and the minimum grade for other candidates.

In both cases, the intuitive idea is the following: if I want to 
make c win and I only know that candidate
w is ‘dangerous’ (but I know
nothing else), then trivial manipulation is my ‘best’ strategy.

We say that a situation is trivially manipulable for c
(implicitly: by coalition) iff, when all voters preferring c to
the sincere winner w use trivial
manipulation, candidate c wins.





	Returns:	(is_TM, log_TM, candidates_TM).





is_TM: Boolean (or numpy.nan). True if TM is possible,
False otherwise. If the algorithm cannot decide,
then numpy.nan (but as of now, this value is never used for TM).

log_TM: String. Parameters used to compute TM.

candidates_TM: 1d array of booleans (or numpy.nan).
candidates_TM[c] is True if a TM for candidate c is
possible, False otherwise. If the algorithm cannot decide, then
numpy.nan (but as of now, this value is not never for TM). For the
sincere winner w, we have by convention
candidates_TM[w] = False.


See also

TM(),
TM_c().








	
UM()

	Unison manipulation.





	Returns:	(is_UM, log_UM).





Cf. UM_with_candidates().






	
UM_c(c)

	Unison manipulation, focus on one candidate.





	Parameters:	c – Integer (candidate).


	Returns:	(candidates_UM[c], log_UM).





Cf. UM_with_candidates().






	
UM_option

	String. Option used to compute UM() and
related methods.

To know what options are accepted for a given voting system, use
options_parameters.






	
UM_with_candidates()

	Unison manipulation, full mode.

We say that a situation is unison-manipulable for a candidate
c != w iff all voters who
prefer c to the sincere winner w
can cast the same ballot so that c is elected (while other
voters still vote sincerely).





	Returns:	(is_UM, log_UM, candidates_UM).





is_UM: Boolean (or numpy.nan). True if UM is possible,
False otherwise. If the algorithm cannot decide,
then numpy.nan.

log_UM: String. Parameters used to compute UM.

candidates_UM: 1d array of booleans (or numpy.nan).
candidates_UM[c] is True if UM for candidate c is
possible, False otherwise. If the algorithm cannot decide, then
numpy.nan. For the sincere winner
w, we have by convention
candidates_UM[w] = False.


See also

UM(),
UM_c().








	
c_has_supporters

	1d array of booleans. c_has_supporters[c] is True iff at
least one voter prefers candidate c to the sincere winner
w.






	
demo(log_depth=1)

	Demonstrate the methods of Election class.





	Parameters:	log_depth – Integer from 0 (basic info) to 3 (verbose).










	
is_based_on_rk

	Boolean. True iff this voting system is based only on
strict rankings (no cardinal information, indifference not allowed).






	
is_based_on_ut_minus1_1

	Boolean. True iff:


	This voting system is based only on utilities (not
rankings, i.e. does not depend on how voters break
ties in their own preferences),

	And for a c-manipulator (IM or CM), it is optimal to
pretend that c has utility 1 and other candidates have
utility -1.








	
log_CM

	String. Parameters used to compute CM()
and related methods.






	
log_ICM

	String. Parameters used to compute ICM()
and related methods.






	
log_IIA

	String. Parameters used to compute not_IIA()
and related methods.






	
log_IM

	String. Parameters used to compute IM()
and related methods.






	
log_TM

	String. Parameters used to compute TM()
and related methods.






	
log_UM

	String. Parameters used to compute UM()
and related methods.






	
losing_candidates

	1d of Integers. List of losing candidates, in an arbitrary order.

This attribute is mostly for SVVAMP developers. It is used in
manipulation algorithms.






	
meets_Condorcet_c_rk

	Boolean. True iff the voting system meets
the Condorcet criterion (rk). I.e. if a candidate is a
condorcet_winner_rk, then she wins.

Is implied by:
meets_Condorcet_c_rk_ctb.

Implies:
meets_Condorcet_c_ut_abs,
meets_majority_favorite_c_rk.






	
meets_Condorcet_c_rk_ctb

	Boolean. True iff the voting system meets
the ‘Condorcet criterion (rk) with ctb’. I.e.: if a candidate is
a condorcet_winner_rk_ctb, she wins.

Implies:
meets_Condorcet_c_rk,
meets_Condorcet_c_ut_abs_ctb,
meets_majority_favorite_c_rk_ctb.






	
meets_Condorcet_c_ut_abs

	Boolean. True iff the voting system meets
the absolute Condorcet criterion. I.e. if a candidate is a
condorcet_winner_ut_abs, then she wins.

Is implied by:
meets_Condorcet_c_rk,
meets_Condorcet_c_ut_rel,
meets_Condorcet_c_ut_abs_ctb.

Implies:
meets_majority_favorite_c_ut.






	
meets_Condorcet_c_ut_abs_ctb

	Boolean. True iff the voting system meets
the ‘absolute Condorcet criterion with ctb’. I.e.: if a candidate is
a condorcet_winner_ut_abs_ctb, she wins.

Is implied by:
meets_Condorcet_c_rk_ctb,
meets_Condorcet_c_ut_rel_ctb.

Implies:
meets_Condorcet_c_ut_abs,
meets_majority_favorite_c_ut_ctb.






	
meets_Condorcet_c_ut_rel

	Boolean. True iff the voting system meets
the relative Condorcet criterion. I.e. if a candidate is a
condorcet_winner_ut_rel, then she wins.

Is implied by:
meets_Condorcet_c_ut_rel_ctb.

Implies:
meets_Condorcet_c_ut_abs.






	
meets_Condorcet_c_ut_rel_ctb

	Boolean. True iff the voting system meets
the ‘relative Condorcet criterion with ctb’. I.e.: if a
candidate is a condorcet_winner_ut_rel_ctb,
she wins.

Implies:
meets_Condorcet_c_ut_rel,
meets_Condorcet_c_ut_abs_ctb.






	
meets_IIA

	Boolean. True iff this voting system meets Independence of
Irrelevant Alternatives.






	
meets_IgnMC_c

	Boolean. True iff the voting system meets
the ignorant majority coalition criterion. I.e. any ignorant coalition 
of size strictly more than V/2 can make
any candidate win. See working paper, Durand et al. (2014):
‘Condorcet Criterion and Reduction in Coalitional Manipulability’.

Ignorant means that they can choose their ballot without knowing
what other voters will do.

Is implied by:
meets_majority_favorite_c_ut,
meets_IgnMC_c_ctb.

Implies:
meets_InfMC_c.






	
meets_IgnMC_c_ctb

	Boolean. True iff the voting system meets
the ‘ignorant majority coalition criterion with ctb’. I.e.:



	It meets_IgnMC_c,

	And any ignorant coalition of size
V/2 can make candidate 0 win.






Is implied by:
meets_majority_favorite_c_ut_ctb.

Implies:
meets_InfMC_c_ctb,
meets_IgnMC_c.






	
meets_InfMC_c

	Boolean. True iff the voting system meets
the informed majority coalition criterion. I.e. any informed coalition 
of size strictly more than V/2 can make
any candidate win. See working paper, Durand et al. (2014):
‘Condorcet Criterion and Reduction in Coalitional Manipulability’.

Informed means that they know other voters’ ballots before
choosing their own.

Is implied by:
meets_IgnMC_c,
meets_InfMC_c_ctb.






	
meets_InfMC_c_ctb

	Boolean. True iff the voting system meets
the ‘informed majority coalition criterion with ctb’. I.e.:



	It meets_InfMC_c,

	And any informed coalition of size
V/2 can make candidate 0 win.






Is implied by:
meets_IgnMC_c_ctb.

Implies:
meets_InfMC_c.






	
meets_majority_favorite_c_rk

	Boolean. True iff the voting system meets
the majority favorite criterion (rk). I.e. if strictly more than
V/2 voters rank a candidate first (rk),
then she wins.

Is implied by:
meets_Condorcet_c_rk,
meets_majority_favorite_c_rk_ctb.

Implies:
_meets_majority_favorite_c_ut.






	
meets_majority_favorite_c_rk_ctb

	Boolean. True iff the voting system meets
the ‘majority favorite criterion (rk) with ctb’. I.e.:



	It meets_majority_favorite_c_rk,

	And if V/2 voters rank candidate 0
first (rk), she wins.






Is implied by:
meets_Condorcet_c_rk_ctb.

Implies:
meets_majority_favorite_c_ut_ctb,
meets_majority_favorite_c_rk.






	
meets_majority_favorite_c_ut

	Boolean. True iff the voting system meets
the majority favorite criterion (ut). I.e. if strictly more than
V/2 voters strictly prefer a candidate to
all others (ut), she wins.

Is implied by:
meets_Condorcet_c_ut_abs,
meets_majority_favorite_c_ut_ctb,
meets_majority_favorite_c_rk.

Implies:
meets_IgnMC_c.






	
meets_majority_favorite_c_ut_ctb

	Boolean. True iff the voting system meets
the ‘majority favorite criterion (ut) with ctb’. I.e.:



	It meets_majority_favorite_c_ut,

	And if V/2 voters strictly prefer
candidate 0 to all other candidates, she wins.






Is implied by:
meets_Condorcet_c_ut_abs_ctb,
meets_majority_favorite_c_rk_ctb.

Implies:
meets_IgnMC_c_ctb,
meets_majority_favorite_c_ut.






	
not_IIA()

	Independence of Irrelevant Alternatives, incomplete mode.





	Returns:	(is_not_IIA, log_IIA).





Cf. not_IIA_full() for more details.






	
not_IIA_full()

	Independence of Irrelevant Alternatives, complete mode.





	Returns:	(is_not_IIA, log_IIA, example_subset_IIA,
example_winner_IIA).





is_not_IIA: Boolean. True if there exists a subset of
candidates including the sincere winner
w, such that if the election is held
with this subset of candidates, then
w is not the winner anymore.
If the algorithm cannot decide, then the result is numpy.nan.

log_IIA: String. Parameters used to compute IIA.

example_subset_IIA: 1d array of booleans. If the election is
not IIA, example_subset_IIA provides a subset of candidates
breaking IIA. example_subset_IIA[c] is True iff candidate
c belongs to the subset. If the election is IIA (or if the
algorithm cannot decide), then example_subset_IIA = numpy.nan.

example_winner_IIA: Integer (candidate). If the election is
not IIA, example_winner_IIA is the winner corresponding to the
counter-example example_subset_IIA. If the election is IIA (or
if the algorithm cannot decide), then
example_winner_IIA = numpy.nan.


See also

not_IIA().








	
v_wants_to_help_c

	2d array of booleans. v_wants_to_help_c[v, c] is True iff
voter v strictly prefers candidate c to the sincere winner
w. If v attributes
the same utility for c and w, then v is not interested.






	
with_two_candidates_reduces_to_plurality

	Boolean. True iff, when using this voting system with only
two candidates, it amounts to Plurality (with voter and candidate
tie-breaking).
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Approval


	
class svvamp.Approval(population, **kwargs)[source]

	Approval voting.

Inherits functions and optional parameters from superclasses
ElectionResult and Election.





	Parameters:	
	approval_comparator – See attribute
approval_comparator.

	approval_threshold – See attribute
approval_threshold.






	Example:	





>>> import svvamp
>>> pop = svvamp.PopulationSpheroid(V=100, C=5)
>>> election = svvamp.Approval(pop, approval_comparator='>', approval_threshold=0)





Each voter may vote for any number of candidates. The candidate with most
votes is declared the winner. In case of a tie, the tied candidate with
lowest index wins.

Default behavior of sincere voters: sincere voter v
approves candidate c iff
preferences_ut[v, c] > 0.
To modify this behavior, use attributes
approval_comparator and
approval_threshold.

not_IIA(): With our assumptions, Approval
voting always meets IIA.

CM(),
ICM(),
IM(),
TM(),
UM(): Exact in polynomial time.

References:


‘Approval voting’, Steven Brams and Peter Fishburn. In: American
Political Science Review 72 (3 1978), pp. 831–847.



	
approval_comparator

	String. Can be '>' (default) or '>='.

When approval_comparator is '>', sincere voter
v approves candidates c iff
preferences_ut[v, c] >
approval_threshold.

When approval_comparator is '>=', previous relation is modified
accordingly.






	
approval_threshold

	Number (default 0). Utility above which a sincere voter approves a
candidate.
See also approval_comparator.






	
ballots

	2d array of values in {0, 1}. ballots[v, c] = 1 iff voter v
votes for candidates c.


See also

approval_comparator,
approval_threshold.








	
scores

	1d array of integers. scores[c] is the number of voters who vote
for candidate c.






	
w

	Integer (winning candidate).


	Default behavior in superclass ElectionResult:

	The candidate with highest value in vector
scores is declared the
winner. In case of a tie, the tied candidate with lowest index
wins.
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Baldwin


	
class svvamp.Baldwin(population, **kwargs)[source]

	Baldwin method.

Inherits functions and optional parameters from superclasses
ElectionResult and Election.





	Example:	





>>> import svvamp
>>> pop = svvamp.PopulationSpheroid(V=100, C=5)
>>> election = svvamp.Baldwin(pop)





Each voter provides a strict order of preference. The candidate with
lowest Borda score is eliminated. Then the new Borda scores are computed.
Etc. Ties are broken in favor of lower-index candidates: in case of a tie,
the candidate with highest index is eliminated.

Since a Condorcet winner has always a Borda score higher than average,
Baldwin method meets the Condorcet criterion.

CM(): Non-polynomial or non-exact algorithms
from superclass Election.

ICM(): Exact in polynomial time.

IM(): Deciding IM is NP-complete. Non-polynomial
or non-exact algorithms from superclass Election.

not_IIA(): Exact in polynomial time.

TM(): Exact in polynomial time.

UM(): Non-polynomial or non-exact algorithms from
superclass Election.

References:


‘Complexity of and algorithms for the manipulation of Borda,
Nanson’s and Baldwin’s voting rules’, Jessica Davies,
George Katsirelos, Nina Narodytska, Toby Walsh and Lirong Xia, 2014.



	
candidates_by_scores_best_to_worst

	1d array of integers. candidates_by_scores_best_to_worst[-r]
is the candidate eliminated at elimination round r.

By definition / convention,
candidates_by_scores_best_to_worst[0] = w.






	
scores

	2d array of integers. scores[r, c] is the Borda score of
candidate c at elimination round r.

By convention, if candidate c does not participate to round r,
then scores[r, c] = numpy.inf.






	
w

	Integer (winning candidate).
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Borda


	
class svvamp.Borda(population, **kwargs)[source]

	Borda rule.

Inherits functions and optional parameters from superclasses
ElectionResult and Election.





	Example:	





>>> import svvamp
>>> pop = svvamp.PopulationSpheroid(V=100, C=5)
>>> election = svvamp.Borda(pop)





Voter v gives
(C - 1) points to her top-ranked candidate,
(C - 2) to the second, ...,
0 to the last.
Ties are broken by natural order on the candidates (lower index wins).

CM(): Deciding CM is NP-complete.



	CM_option = 'fast':
Zuckerman et al. (2009). This approximation algorithm is
polynomial and has a window of error of 1 manipulator.

	CM_option = 'exact':
Non-polynomial algorithm from superclass Election.






ICM(): Algorithm is polynomial and has a window of
error of 1 manipulator.

IM(): Exact in polynomial time.

not_IIA(): Exact in polynomial time.

TM(): Exact in polynomial time.

UM(): Exact in polynomial time.

References:


‘Algorithms for the coalitional manipulation problem’,
M. Zuckerman, A. Procaccia and J. Rosenschein, 2009.

‘Unweighted Coalitional Manipulation Under the Borda Rule is NP-Hard’,
Nadja Betzler, Rolf Niedermeier and Gerhard Woeginger, 2011.

‘Complexity of and algorithms for the manipulation of Borda,
Nanson’s and Baldwin’s voting rules’, Jessica Davies,
George Katsirelos, Nina Narodytska, Toby Walsh and Lirong Xia, 2014.





	
scores

	1d array of integers. scores[c] is the total Borda score for
candidate c.






	
w

	Integer (winning candidate).


	Default behavior in superclass ElectionResult:

	The candidate with highest value in vector
scores is declared the
winner. In case of a tie, the tied candidate with lowest index
wins.
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Bucklin


	
class svvamp.Bucklin(population, **kwargs)[source]

	Bucklin method.

Inherits functions and optional parameters from superclasses
ElectionResult and Election.





	Example:	





>>> import svvamp
>>> pop = svvamp.PopulationSpheroid(V=100, C=5)
>>> election = svvamp.Bucklin(pop)





At counting round r, all voters who rank candidate c in
rth position gives her an additional vote. As soon as at
least one candidate has more than V/2 votes
(accrued with previous rounds), the candidate with most votes is
declared the winner. In case of a tie, the candidate with lowest index
wins.

CM(): Exact in polynomial time.

ICM(): Exact in polynomial time.

IM(): Exact in polynomial time.

not_IIA(): Non-polynomial
or non-exact algorithms from superclass Election.

TM(): Exact in polynomial time.

UM(): Exact in polynomial time.

References:


‘The Majoritarian Compromise in large societies’, Arkadii Slinko, 2002.

‘Complexity of Unweighted Coalitional Manipulation under Some Common
Voting Rules’, Lirong Xia, Michael Zuckerman, Ariel D. Procaccia,
Vincent Conitzer and Jeffrey S. Rosenschein, 2009.





	
candidates_by_scores_best_to_worst

	1d array of integers. Candidates are sorted according to their
scores during the counting round during which at least one candidate
reaches majority.

By definition, candidates_by_scores_best_to_worst[0] =
w.






	
scores

	2d array of integers. scores[r, c] is the accrued score of
candidate c at elimination round r. It is the number of voters
who rank c between 0th and rth rank on
their ballot.

For information, ballot are still counted after the round where the
decision is made (it is used for manipulation algorithms).






	
w

	Integer (winning candidate). When at least one candidate has more 
than V/2 votes, the candidate with most
votes gets elected. In case of a tie, the candidate with highest index
wins.
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CondorcetAbsIRV


	
class svvamp.CondorcetAbsIRV(population, **kwargs)[source]

	Absolute-Condorcet Instant Runoff Voting.

Inherits functions and optional parameters from superclasses
ElectionResult and Election.





	Example:	





>>> import svvamp
>>> pop = svvamp.PopulationSpheroid(V=100, C=5)
>>> election = svvamp.CondorcetAbsIRV(pop)






Note

When in doubt between CondorcetAbsIRV and
CondorcetVtbIRV, we suggest to use
CondorcetVtbIRV.



Each voter must provide a weak order, and a strict total order that is
coherent with this weak order (i.e., is a tie-breaking of this weak order).

If there is a Condorcet winner (computed with the weak orders, i.e. in
the sense of matrix_victories_ut_abs),
then she is elected. Otherwise, IRV is used (with the
strict total orders).

If sincere preferences are strict total orders, then this voting system is
equivalent to CondorcetVtbIRV for sincere voting, but
manipulators have more possibilities (they can pretend to have ties in
their preferences). In that case especially, it is a more ‘natural’
framework to use CondorcetVtbIRV.

CM():



	CM_option = 'fast':
Rely on IRV‘s fast algorithm.
Polynomial heuristic. Can prove CM but unable to decide non-CM
(except in rare obvious cases).

	CM_option = 'slow':
Rely on ExhaustiveBallot‘s
exact algorithm.
Non-polynomial heuristic (\(2^C\)). Quite efficient to prove CM
or non-CM.

	CM_option = 'almost_exact':
Rely on IRV‘s exact algorithm.
Non-polynomial heuristic (\(C!\)). Very efficient to prove CM
or non-CM.

	CM_option = 'exact':
Non-polynomial algorithm from superclass Election.



Each algorithm above exploits the faster ones. For example,
if CM_option = 'almost_exact', SVVAMP
tries the fast algorithm first, then the slow one, then the
‘almost exact’ one. As soon as it reaches a decision, computation
stops.




ICM(): Exact in polynomial time.

IM(): Non-polynomial
or non-exact algorithms from superclass Election.

not_IIA(): Non-polynomial
or non-exact algorithms from superclass Election.

TM(): Exact in polynomial time.

UM(): Non-polynomial or non-exact algorithms from
superclass Election.

References:


‘Condorcet criterion, ordinality and reduction of coalitional
manipulability’, François Durand, Fabien Mathieu and Ludovic Noirie,
working paper, 2014.



See also

ExhaustiveBallot,
IRV,
IRVDuels,
ICRV,
CondorcetVtbIRV.




	
candidates_by_scores_best_to_worst

	1d array of integers. 
If there is a Condorcet winner, candidates are sorted according to 
their (scalar) score.

Otherwise, candidates_by_scores_best_to_worst is the
list of all candidates in the reverse order of their IRV elimination.

By definition, candidates_by_scores_best_to_worst[0] =
w.






	
scores

	1d or 2d array.

If there is a Condorcet winner, then scores[c] is the number of
victories for c in matrix_victories_ut_abs.

Otherwise, scores[r, c] is defined like in
IRV: it is the number of
voters who vote for candidate c at round r.
For eliminated candidates, scores[r, c] = numpy.nan. At the
opposite, scores[r, c] = 0 means that c is
present at round r but no voter votes for c.






	
w

	Integer (winning candidate).
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CondorcetSumDefeats


	
class svvamp.CondorcetSumDefeats(population, **kwargs)[source]

	Condorcet with sum of defeats.

Inherits functions and optional parameters from superclasses
ElectionResult and Election.





	Example:	





>>> import svvamp
>>> pop = svvamp.PopulationSpheroid(V=100, C=5)
>>> election = svvamp.CondorcetSumDefeats(pop)





An elementary move consists of reversing a voter’s preference about a
pair of candidate (c, d) (without demanding that her whole relation of
preference stays transitive). The score for candidate c is minus the
number of elementary moves needed so that c becomes a Condorcet
winner.

It is the same principle as Dodgson’s method, but without looking
for a transitive profile.

In practice:


\[\texttt{scores}[c] = - \sum_{c \text{ does not beat } d}\left(
\left\lfloor\frac{V}{2}\right\rfloor
+ 1 - \texttt{matrix_duels_rk}[c, d]
\right)\]

In particular, for V odd:


\[\texttt{scores}[c] = - \sum_{c \text{ does not beat } d}\left(
\left\lceil\frac{V}{2}\right\rceil
- \texttt{matrix_duels_rk}[c, d]
\right)\]

CM(): Non-polynomial or non-exact algorithms
from superclass Election.

ICM(): Algorithm from superclass
Election. It is polynomial and has a window of error of 1
manipulator.

IM(): Non-polynomial
or non-exact algorithms from superclass Election.

not_IIA(): Non-polynomial
or non-exact algorithms from superclass Election.
If IIA_subset_maximum_size = 2, it runs in
polynomial time and is exact up to ties (which can occur only if
V is even).

TM(): Exact in polynomial time.

UM(): Non-polynomial or non-exact algorithms from
superclass Election.


	
scores

	1d array of integers.


\[\texttt{scores}[c] = - \sum_{c \text{ does not beat } d}\left(
\left\lfloor\frac{V}{2}\right\rfloor
+ 1 - \texttt{matrix_duels_rk}[c, d]
\right)\]






	
w

	Integer (winning candidate).


	Default behavior in superclass ElectionResult:

	The candidate with highest value in vector
scores is declared the
winner. In case of a tie, the tied candidate with lowest index
wins.















          

      

      

    


    
         Copyright 2015, François Durand.
      Created using Sphinx 1.3.4.
    

  

    
      Navigation

      
        	
          index

        	
          next |

        	
          previous |

        	SVVAMP 0.0.4 documentation 

          	Reference 
 
      

    


    
      
          
            
  
CondorcetVtbIRV


	
class svvamp.CondorcetVtbIRV(population, **kwargs)[source]

	Condorcet Instant Runoff Voting

Inherits functions and optional parameters from superclasses
ElectionResult and Election.





	Example:	





>>> import svvamp
>>> pop = svvamp.PopulationSpheroid(V=100, C=5)
>>> election = svvamp.CondorcetVtbIRV(pop)





Each voter must provide a strict total order.
If there is a Condorcet winner (in the sense of
matrix_victories_rk), then
she is elected. Otherwise, IRV is used.

If sincere preferences are strict total orders, then this voting system is
equivalent to CondorcetAbsIRV for sincere voting,
but manipulators have less possibilities (they are forced to provide
strict total orders).

CM():



	CM_option = 'fast':
Rely on IRV‘s fast algorithm.
Polynomial heuristic. Can prove CM but unable to decide non-CM
(except in rare obvious cases).

	CM_option = 'slow':
Rely on ExhaustiveBallot‘s
exact algorithm.
Non-polynomial heuristic (\(2^C\)). Quite efficient to prove CM
or non-CM.

	CM_option = 'almost_exact':
Rely on IRV‘s exact algorithm.
Non-polynomial heuristic (\(C!\)). Very efficient to prove CM
or non-CM.

	CM_option = 'exact':
Non-polynomial algorithm from superclass Election.



Each algorithm above exploits the faster ones. For example,
if CM_option = 'almost_exact', SVVAMP
tries the fast algorithm first, then the slow one, then the
‘almost exact’ one. As soon as it reaches a decision, computation
stops.




ICM(): Exact in polynomial time.

IM(): Non-polynomial
or non-exact algorithms from superclass Election.

not_IIA(): Non-polynomial
or non-exact algorithms from superclass Election.
If IIA_subset_maximum_size = 2, it runs in
polynomial time and is exact up to ties (which can occur only if
V is even).

TM(): Exact in polynomial time.

UM(): Non-polynomial or non-exact algorithms from
superclass Election.

References:


‘Condorcet criterion, ordinality and reduction of coalitional
manipulability’, François Durand, Fabien Mathieu and Ludovic Noirie,
working paper, 2014.



See also

ExhaustiveBallot,
IRV,
IRVDuels,
ICRV,
CondorcetAbsIRV.




	
candidates_by_scores_best_to_worst

	1d array of integers.

If there is a Condorcet winner, candidates are sorted according to 
their (scalar) score.

Otherwise, candidates_by_scores_best_to_worst is the
list of all candidates in the reverse order of their IRV elimination.

By definition, candidates_by_scores_best_to_worst[0] =
w.






	
scores

	1d or 2d array.

If there is a Condorcet winner, then scores[c] is the number of
victories for c in matrix_duels_rk.

Otherwise, scores[r, c] is defined like in
IRV: it is the number of
voters who vote for candidate c at round r. For eliminated
candidates, scores[r, c] = numpy.nan. At the opposite,
scores[r, c] = 0 means that c is present at round r but no
voter votes for c.






	
w

	Integer (winning candidate).
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Coombs


	
class svvamp.Coombs(population, **kwargs)[source]

	Coombs method.

Inherits functions and optional parameters from superclasses
ElectionResult and Election.





	Example:	





>>> import svvamp
>>> pop = svvamp.PopulationSpheroid(V=100, C=5)
>>> election = svvamp.Coombs(pop)





The candidate who is ranked last by most voters is eliminated. Then
we iterate. Ties are broken in favor of lower-index candidates: in case
of a tie, the tied candidate with highest index is eliminated.

CM():



	CM_option = 'fast':
Polynomial heuristic. Can prove CM but unable to decide non-CM
(except in rare obvious cases).

	CM_option = 'exact':
Non-polynomial (\(C!\)).






ICM(): Exact in polynomial time.

IM():



	IM_option = 'fast':
Polynomial heuristic. Can prove CM but unable to decide non-IM
(except in rare obvious cases).

	IM_option = 'exact':
Non-polynomial (\(C!\)).






not_IIA(): Non-polynomial
or non-exact algorithms from superclass Election.

TM(): Exact in polynomial time.

UM(): For this voting system, UM and CM are
equivalent. For this reason, UM_option and
CM_option are linked to each other: modifying one
modifies the other accordingly.

References:


‘On The Complexity of Manipulating Elections’, Tom Coleman
and Vanessa Teague, 2007.



	
candidates_by_scores_best_to_worst

	1d array of integers. Candidates are sorted according to their 
order of elimination.

By definition / convention, candidates_by_scores_best_to_worst[0] =
w.






	
scores

	2d array of integers. scores[r, c] is minus the number of voters
who vote against candidate c at elimination round r.






	
w

	Integer (winning candidate).
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ExhaustiveBallot


	
class svvamp.ExhaustiveBallot(population, freeze_options=False, **kwargs)[source]

	Exhaustive Ballot.

Inherits functions and optional parameters from superclasses
ElectionResult and Election.





	Example:	





>>> import svvamp
>>> pop = svvamp.PopulationSpheroid(V=100, C=5)
>>> election = svvamp.ExhaustiveBallot(pop)





At each round, voters vote for one non-eliminated candidate. The candidate
with least votes is eliminated. Then the next round is held. Unlike
IRV, voters actually vote at each round. This does not
change anything for sincere voting, but offers a bit more possibilities
for the manipulators. In case of a tie, the candidate with highest index
is eliminated.

CM():



	CM_option = 'fast':
Polynomial heuristic. Can prove CM but unable to decide non-CM
(except in rare obvious cases).

	CM_option = 'exact':
Non-polynomial algorithm (\(2^C\)) adapted from Walsh, 2010.






ICM(): Exact in polynomial time.

IM():



	IM_option = 'lazy':
Lazy algorithm from superclass Election.

	IM_option = 'exact':
Non-polynomial algorithm (\(2^C\)) adapted from Walsh, 2010.






not_IIA(): Non-polynomial
or non-exact algorithms from superclass Election.

TM(): Exact in polynomial time.

UM():



	UM_option = 'fast':
Polynomial heuristic. Can prove UM but unable to decide non-UM
(except in rare obvious cases).

	UM_option = 'exact':
Non-polynomial algorithm (\(2^C\)) adapted from Walsh, 2010.






References:


‘Single transferable vote resists strategic voting’, John J. Bartholdi
and James B. Orlin, 1991.

‘On The Complexity of Manipulating Elections’, Tom Coleman and Vanessa
Teague, 2007.

‘Manipulability of Single Transferable Vote’, Toby Walsh, 2010.





See also

IRV,
IRVDuels,
ICRV,
CondorcetAbsIRV.
CondorcetVtbIRV.




	
ballots

	2d array of integers. ballots[v, r] is the candidate for which
voter v votes at round r.






	
candidates_by_scores_best_to_worst

	1d array of integers. candidates_by_scores_best_to_worst is the
list of all candidates in the reverse order of their elimination.

By definition, candidates_by_scores_best_to_worst[0] =
w.






	
elimination_path

	1d array of integers. Same as
candidates_by_scores_best_to_worst,
but in the reverse order.






	
margins

	2d array. margins[r, c] is the number of votes that c must
lose to be eliminated at round r (all other things being equal).
The candidate who is eliminated at round r is the only one for
which margins[r, c] = 0.

For eliminated candidates, margins[r, c] = numpy.nan.






	
scores

	2d array. scores[r, c] is the number of voters who vote for
candidate c at round r.

For eliminated candidates, scores[r, c] = numpy.nan.
At the opposite, scores[r, c] = 0 means that c is present at
round r but no voter votes for c.






	
w

	Integer (winning candidate).
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ICRV


	
class svvamp.ICRV(population, **kwargs)[source]

	Instant-Condorcet Runoff Voting (ICRV).

Inherits functions and optional parameters from superclasses
ElectionResult and Election.





	Example:	





>>> import svvamp
>>> pop = svvamp.PopulationSpheroid(V=100, C=5)
>>> election = svvamp.ICRV(pop)





Principle: eliminate candidates as in IRV; stop as soon as there is a
Condorcet winner.

Even round r (including round 0): if a candidate w has only
victories against all other non-eliminated candidates (i.e. is a Condorcet
winner in this subset, in the sense of
matrix_victories_rk), then w is
declared the winner.

Odd round r: the candidate who is ranked first (among non-eliminated
candidates) by least voters is eliminated, like in IRV.

This method meets the Condorcet criterion.

CM(): Non-polynomial or non-exact algorithms
from superclass Election.

ICM(): Exact in polynomial time.

IM(): Non-polynomial
or non-exact algorithms from superclass Election.

not_IIA(): Exact in polynomial time.

TM(): Exact in polynomial time.

UM(): Non-polynomial or non-exact algorithms from
superclass Election.

References:


‘Four Condorcet-Hare Hybrid Methods for Single-Winner Elections’,
James Green-Armytage, 2011.



See also

ExhaustiveBallot,
IRV,
IRVDuels,
CondorcetAbsIRV.
CondorcetVtbIRV.




	
candidates_by_scores_best_to_worst

	1d array of integers.

Candidates that are not eliminated at the moment a Condorcet winner
is detected are sorted by their number of victories in
matrix_victories_rk (restricted to
candidates that are not eliminated at that time).

Other candidates are sorted in the reverse order of their IRV
elimination.

By definition, candidates_by_scores_best_to_worst[0] =
w.






	
scores

	2d array.

For even rounds r (including round 0), scores[r, c] is the
number of victories for c in
matrix_victories_rk (restricted to
non-eliminated candidates). Ties count for 0.5.

For odd rounds r, scores[r, c] is the number of voters who
rank c first (among non-eliminated candidates).






	
w

	Integer (winning candidate).
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IRV


	
class svvamp.IRV(population, freeze_options=False, **kwargs)[source]

	Instant-Runoff Voting (IRV). Also known as Single Transferable Voting,
Alternative Vote, Hare method.

Inherits functions and optional parameters from superclasses
ElectionResult and Election.





	Example:	>>> import svvamp
>>> pop = svvamp.PopulationSpheroid(V=100, C=5)
>>> election = svvamp.IRV(pop)











The candidate who is ranked first by least voters is eliminated. Then
we iterate. Ties are broken in favor of lower-index candidates: in case
of a tie, the tied candidate with highest index is eliminated.

CM(): Deciding CM is NP-complete.



	CM_option = 'fast':
Polynomial heuristic. Can prove CM but unable to decide non-CM
(except in rare obvious cases).

	CM_option = 'slow':
Rely on ExhaustiveBallot‘s
exact algorithm.
Non-polynomial heuristic (\(2^C\)). Quite efficient to prove CM
or non-CM.

	CM_option = 'exact':
Non-polynomial algorithm (\(C!\)) adapted from Walsh, 2010.






ICM(): Exact in polynomial time.

IM(): Deciding IM is NP-complete.



	IM_option = 'lazy':
Lazy algorithm from superclass Election.

	IM_option = 'exact':
Non-polynomial algorithm (\(C!\)) adapted from Walsh, 2010.






not_IIA(): Non-polynomial
or non-exact algorithms from superclass Election.

TM(): Exact in polynomial time.

UM(): Deciding UM is NP-complete.



	UM_option = 'fast':
Polynomial heuristic. Can prove UM but unable to decide non-UM
(except in rare obvious cases).

	UM_option = 'exact':
Non-polynomial algorithm (\(C!\)) adapted from Walsh, 2010.






References:


‘Single transferable vote resists strategic voting’, John J. Bartholdi
and James B. Orlin, 1991.

‘On The Complexity of Manipulating Elections’, Tom Coleman and Vanessa
Teague, 2007.

‘Manipulability of Single Transferable Vote’, Toby Walsh, 2010.





See also

ExhaustiveBallot,
IRVDuels,
ICRV,
CondorcetAbsIRV.
CondorcetVtbIRV.




	
ballots

	2d array of integers. ballots[v, r] is the candidate for which
voter v votes at round r.






	
candidates_by_scores_best_to_worst

	1d array of integers. candidates_by_scores_best_to_worst is the
list of all candidates in the reverse order of their elimination.

By definition, candidates_by_scores_best_to_worst[0] =
w.






	
elimination_path

	1d array of integers. Same as
candidates_by_scores_best_to_worst,
but in the reverse order.






	
margins

	2d array. margins[r, c] is the number of votes that c must
lose to be eliminated at round r (all other things being equal).
The candidate who is eliminated at round r is the only one for
which margins[r, c] = 0.

For eliminated candidates, margins[r, c] = numpy.nan.






	
scores

	2d array. scores[r, c] is the number of voters who vote for
candidate c at round r.

For eliminated candidates, scores[r, c] = numpy.nan.
At the opposite, scores[r, c] = 0 means that c is present at
round r but no voter votes for c.






	
w

	Integer (winning candidate).
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IRVDuels


	
class svvamp.IRVDuels(population, **kwargs)[source]

	IRV with elimination duels.

Inherits functions and optional parameters from superclasses
ElectionResult and Election.





	Example:	





>>> import svvamp
>>> pop = svvamp.PopulationSpheroid(V=100, C=5)
>>> election = svvamp.IRVDuels(pop)





Principle: each round, perform a duel between the two least-favorite
candidates and eliminate the loser of this duel.

Even round r (including round 0): the two non-eliminated candidates
who are ranked first (among the non-eliminated candidates) by least voters
are selected for the elimination duels that is held in round r+1.

Odd round r: voters vote for the selected candidate they like most in
the duel. The candidate with least votes is eliminated.

This method meets the Condorcet criterion.

We thank Laurent Viennot for the idea of this voting system.

CM(): Non-polynomial or non-exact algorithms
from superclass Election.

ICM(): Exact in polynomial time.

IM(): Non-polynomial
or non-exact algorithms from superclass Election.

not_IIA(): Exact in polynomial time.

TM(): Exact in polynomial time.

UM(): Non-polynomial or non-exact algorithms from
superclass Election.


See also

ExhaustiveBallot,
IRV,
ICRV,
CondorcetAbsIRV.
CondorcetVtbIRV.




	
candidates_by_scores_best_to_worst

	1d array of integers.
Candidates are sorted in the reverse order of their elimination.

By definition, candidates_by_scores_best_to_worst[0] =
w.






	
scores

	2d array.

For even rounds r (including round 0), scores[r, c] is the
number of voters who rank c first (among non-eliminated
candidates).

For odd rounds r, only the two candidates who are selected for the
elimination duels get scores. scores[r, c] is the number of voters
who vote for c in this elimination duel.






	
w

	Integer (winning candidate).
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IteratedBucklin


	
class svvamp.IteratedBucklin(population, **kwargs)[source]

	Iterated Bucklin method.

Inherits functions and optional parameters from superclasses
ElectionResult and Election.





	Example:	





>>> import svvamp
>>> pop = svvamp.PopulationSpheroid(V=100, C=5)
>>> election = svvamp.IteratedBucklin(pop)





The candidate with least adjusted median Borda score (cf. below) is
eliminated. Then the new Borda scores are computed. Etc. Ties are broken
in favor of lower-index candidates: in case of a tie, the candidate with
highest index is eliminated.

Adjusted median Borda score:


Let med_c be the median Borda score for candidate c. Let
x_c the number of voters who put a lower Borda score to c.
Then c‘s adjusted median is med_c - x_c / (V + 1).

If med_c > med_d, then it is also true for the adjusted median.
If med_c = med_d, then c has a better adjusted median iff
x_c < x_d, i.e. if more voters give to c the Borda score
med_c or higher.

So, the best candidate by adjusted median is the
Bucklin winner. Here, at each round, we eliminate the
candidate with lowest adjusted median Borda score, which justifies the
name of “Iterated Bucklin method”.




Unlike Baldwin method (= Iterated Borda), Iterated Bucklin does
not meet the Condorcet criterion. Indeed, a Condorcet winner may have the
(strictly) worst median ranking.

CM(): Non-polynomial or non-exact algorithms
from superclass Election.

ICM(): The algorithm from
superclass Election is polynomial and has a window of
error of 1 manipulator.

IM(): Non-polynomial
or non-exact algorithms from superclass Election.

not_IIA(): Non-polynomial
or non-exact algorithms from superclass Election.

TM(): Exact in polynomial time.

UM(): Non-polynomial or non-exact algorithms from
superclass Election.


	
candidates_by_scores_best_to_worst

	1d array of integers. Candidates are sorted according to their 
order of elimination.

By definition / convention, candidates_by_scores_best_to_worst[0] =
w.






	
scores

	2d array of integers. scores[r, c] is the adjusted median Borda
score of candidate c at elimination round r.






	
w

	Integer (winning candidate).
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Kemeny


	
class svvamp.Kemeny(population, **kwargs)[source]

	Kemeny method.

Inherits functions and optional parameters from superclasses
ElectionResult and Election.





	Example:	





>>> import svvamp
>>> pop = svvamp.PopulationSpheroid(V=100, C=5)
>>> election = svvamp.Kemeny(pop)





We find the order on candidates whose total Kendall tau distance to the
voters is minimal. The top element of this order is declared the winner.

In case several orders are optimal, the first one by lexicographic
order is given. This implies that if several winners are possible,
the one with lowest index is declared the winner.

For this voting system, even deciding the sincere winner is NP-hard.

CM(): Non-polynomial or non-exact algorithms
from superclass Election.

ICM(): Exact in polynomial time
(once the sincere winner is computed).

IM(): Non-polynomial
or non-exact algorithms from superclass Election.

not_IIA(): Exact in polynomial time
(once the sincere winner is computed).

TM(): Exact in the time needed to decide the winner
of one election, multiplied by C.

UM(): Non-polynomial or non-exact algorithms from
superclass Election.

References:


‘Mathematics without numbers’, J. G. Kemeny, 1959.

‘A Consistent Extension of Condorcet’s Election Principle’,
H. P. Young and A. Levenglick, 1978.

‘On the approximability of Dodgson and Young elections’,
Ioannis Caragiannis et al., 2009.

‘Comparing and aggregating partial orders with Kendall tau distances’,
Franz J. Brandenburg, Andreas Gleißner and Andreas Hofmeier, 2013.





	
candidates_by_scores_best_to_worst

	1d array of integers. This is an optimal Kemeny order.

In case several orders are optimal, the first one by lexicographic
order is given. This implies that if several winners are possible,
the one with lowest index is declared the winner.

By definition, candidates_by_scores_best_to_worst[0] =
w.






	
scores

	1d array of integers. By convention, scores are integers from 1 to
C, with C for
the winner and 1 for the last candidate in Kemeny optimal order.






	
w

	Integer (winning candidate).
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MajorityJudgment


	
class svvamp.MajorityJudgment(population, **kwargs)[source]

	Majority Judgment.

Inherits functions and optional parameters from superclasses
ElectionResult and Election.





	Parameters:	
	min_grade – See attribute
min_grade.

	max_grade – See attribute
max_grade.

	step_grade – See attribute
step_grade.

	rescale_grades – See attribute
rescale_grades.






	Example:	





>>> import svvamp
>>> pop = svvamp.PopulationSpheroid(V=100, C=5)
>>> election = svvamp.MajorityJudgment(pop, min_grade=0, max_grade=1, step_grade=0, rescale_grades=True)





Each voter attributes a grade to each candidate. By default, authorized
grades are all numbers in the interval
[min_grade,
max_grade]. To use a discrete set of
notes, modify attribute step_grade.


Note

Majority Judgement, as promoted by its authors, uses a
discrete set of non-numerical grades. For our purpose, using a
discrete set of numerical grades
(step_grade > 0)
is isomorphic to this voting system.
In contrast, using a continuous set of grades
(step_grade = 0)
is a variant of this voting system, which has the advantage of being
canonical, in the sense that there is no need to choose the number
of authorized grades more or less arbitrarily.



The candidate with highest median grade wins. For the tie-breaking rule,
see scores.

Default behavior of sincere voters: voter v applies an affine
transformation to her utilities
preferences_ut[v, :]
to get her grades, such that her least-liked candidate receives
min_grade and her most-liked candidate
receives max_grade.
To modify this behavior, use attribute
rescale_grades.
For more details about the behavior of sincere voters, see
ballots.

not_IIA():



	If rescale_grades = False,
then Majority Judgment always meets IIA.

	If rescale_grades = True, then
then non-polynomial or non-exact algorithms from superclass
Election are used.






CM(),
ICM(),
IM(),
TM(),
UM(): Exact in polynomial time.

References:


Majority Judgment : Measuring, Ranking, and Electing. Michel
Balinski and Rida Laraki, 2010.



	
ballots

	2d array of integers. ballots[v, c] is the grade attributed by
voter v to candidate c (when voting sincerely). The
following process is used.


	Convert utilities into grades in interval
[min_grade,
max_grade].


	If rescale_grades =
True, then each voter v applies an affine
transformation to
preferences_ut[v, :]
such that her least-liked candidate receives
min_grade and her
most-liked candidate receives
max_grade.

Exception: if she is indifferent between all candidates,
then she attributes
(min_grade +
max_grade) / 2 to all of
them.



	If rescale_grades =
False, then each voter v clips her utilities into the
interval [min_grade,
max_grade]:
each utility greater than
max_grade (resp. lower than
min_grade) becomes
max_grade (resp.
min_grade).







	If step_grades > 0 (discrete
set of grades), round each grade to the closest authorized grade.










	
max_grade

	Number. Maximal grade allowed.






	
min_grade

	Number. Minimal grade allowed.






	
rescale_grades

	Boolean. Whether sincere voters rescale their utilities to produce
grades.

If rescale_grades = True, then each sincere voter v
applies an affine transformation to send her utilities into the
interval [min_grade,
max_grade].

If rescale_grades = False, then each sincere voter v
clips her utilities into the interval
[min_grade,
max_grade].

See ballots for more details.






	
scores

	2d array of integers.

scores[0, c] is the median grade of candidate c.

Let us note p (resp. q) the number of voter who attribute to
c a grade higher (resp. lower) than the median. If p > q,
then scores[1, c] = p. Otherwise, scores[1, c] = -q.






	
step_grade

	Number. Interval between two consecutive allowed grades.

If step_grade = 0, all grades
in the interval [min_grade,
max_grade] are allowed
(‘continuous’ set of grades).

If step_grade > 0, authorized grades are the multiples of
step_grade lying in
the interval [min_grade,
max_grade]. In addition, the grades
min_grade and
max_grade are always authorized,
even if they are not multiples of
step_grade.






	
w

	Integer (winning candidate).

Candidates are sorted lexicographically by their median
(scores[0, c]) then their
p or -q (scores[1, c]).
If there is still a tie, the tied candidate with lower index is
declared the winner.
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Maximin


	
class svvamp.Maximin(population, **kwargs)[source]

	Maximin method.

Inherits functions and optional parameters from superclasses
ElectionResult and Election.





	Example:	





>>> import svvamp
>>> pop = svvamp.PopulationSpheroid(V=100, C=5)
>>> election = svvamp.Maximin(pop)





Candidate c‘s score is the minimum of the row
matrix_duels_rk[c, :] (except the
diagonal term), i.e. the result of candidate c for her worst duel.
The candidate with highest score is declared the winner. In case of a tie,
the candidate with lowest index wins.

This method meets the Condorcet criterion.

CM(): Deciding CM is NP-complete, even for 2
manipulators.



	CM_option = 'fast':
Zuckerman et al. (2011). This approximation algorithm is
polynomial and has a multiplicative factor of error of 5/3 on the
number of manipulators needed.

	CM_option = 'exact':
Non-polynomial algorithm from superclass Election.






ICM(): Exact in polynomial time.

IM(): Exact in polynomial time.

not_IIA(): Exact in polynomial time.

TM(): Exact in polynomial time.

UM(): Exact in polynomial time.

References:


‘Complexity of Unweighted Coalitional Manipulation under Some Common
Voting Rules’, Lirong Xia et al., 2009.

‘An algorithm for the coalitional manipulation problem under Maximin’,
Michael Zuckerman, Omer Lev and Jeffrey S. Rosenschein, 2011.





	
scores

	1d array of integers. scores[c] is the minimum of the row
matrix_duels_rk[c, :] (except the
diagonal term), i.e. the result of candidate c for her worst duel.






	
w

	Integer (winning candidate).


	Default behavior in superclass ElectionResult:

	The candidate with highest value in vector
scores is declared the
winner. In case of a tie, the tied candidate with lowest index
wins.
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Nanson


	
class svvamp.Nanson(population, **kwargs)[source]

	Nanson method.

Inherits functions and optional parameters from superclasses
ElectionResult and Election.





	Example:	





>>> import svvamp
>>> pop = svvamp.PopulationSpheroid(V=100, C=5)
>>> election = svvamp.Nanson(pop)





At each round, all candidates with a Borda score strictly lower than
average are simultaneously eliminated. When all remaining candidates have
the same Borda score, it means that the matrix of duels (for this subset
of candidates) has only ties. Then the candidate with lowest index is
declared the winner.

Since a Condorcet winner has always a Borda score higher than average,
Nanson method meets the Condorcet criterion.

CM(): Deciding CM is NP-complete. Non-polynomial
or non-exact algorithms from superclass Election.

ICM(): Exact in polynomial time.

IM(): Deciding IM is NP-complete. Non-polynomial
or non-exact algorithms from superclass Election.

not_IIA(): Exact in polynomial time.

TM(): Exact in polynomial time.

UM(): Non-polynomial or non-exact algorithms from
superclass Election.

References:


‘Complexity of and algorithms for the manipulation of Borda,
Nanson’s and Baldwin’s voting rules’, Jessica Davies,
George Katsirelos, Nina Narodytska, Toby Walsh and Lirong Xia, 2014.



	
candidates_by_scores_best_to_worst

	1d array of integers. Candidates are sorted according to their
order of elimination. When several candidates are eliminated during
the same round, they are sorted by Borda score at that round and,
in case of a tie, by their index (highest indexes are eliminated 
first).

By definition / convention,
candidates_by_scores_best_to_worst[0] = w.






	
scores

	2d array of integers. scores[r, c] is the Borda score of
candidate c at elimination round r.

By convention, if candidate c does not participate to round r,
then scores[r, c] = numpy.inf.






	
w

	Integer (winning candidate).
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Plurality


	
class svvamp.Plurality(population, **kwargs)[source]

	Plurality.

Inherits functions and optional parameters from superclasses
ElectionResult and Election.





	Example:	





>>> import svvamp
>>> pop = svvamp.PopulationSpheroid(V=100, C=5)
>>> election = svvamp.Plurality(pop)





Each voter votes for one candidate. The candidate with most
votes is declared the winner. In case of a tie, the tied candidate with
lowest index wins.

Sincere voters vote for their top-ranked candidate.

not_IIA(): Non-polynomial
or non-exact algorithms from superclass Election.

CM(),
ICM(),
IM(),
TM(),
UM(): Exact in polynomial time.


	
ballots

	1d array of integers. ballots[v] is the candidate on voter
v‘s ballot.






	
scores

	1d array of integers. scores[c] is the number of voters who vote
for candidate c.






	
w

	Integer (winning candidate).


	Default behavior in superclass ElectionResult:

	The candidate with highest value in vector
scores is declared the
winner. In case of a tie, the tied candidate with lowest index
wins.
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RangeVotingAverage


	
class svvamp.RangeVotingAverage(population, **kwargs)[source]

	Range Voting with Average.

Inherits functions and optional parameters from superclasses
ElectionResult and Election.





	Parameters:	
	min_grade – See attribute
min_grade.

	max_grade – See attribute
max_grade.

	step_grade – See attribute
step_grade.

	rescale_grades – See attribute
rescale_grades.






	Example:	





>>> import svvamp
>>> pop = svvamp.PopulationSpheroid(V=100, C=5)
>>> election = svvamp.RangeVotingAverage(pop, min_grade=0, max_grade=1, step_grade=0, rescale_grades=True)





Each voter attributes a grade to each candidate. By default, authorized
grades are all numbers in the interval
[min_grade,
max_grade]. To use a discrete set of
notes, modify attribute step_grade.

The candidate with highest average grade wins. In case of a tie, the tied
candidate with lowest index is declared the winner.

Default behavior of sincere voters: voter v applies an affine
transformation to her utilities
preferences_ut[v, :]
to get her grades, such that her least-liked candidate receives
min_grade and her most-liked candidate
receives max_grade.
To modify this behavior, use attribute
rescale_grades.
For more details about the behavior of sincere voters, see
ballots.

not_IIA():



	If rescale_grades = False,
then Range voting always meets IIA.

	If rescale_grades = True, then
then non-polynomial or non-exact algorithms from superclass
Election are used.






CM(),
ICM(),
IM(),
TM(),
UM(): Exact in polynomial time.


	
ballots

	2d array of integers. ballots[v, c] is the grade attributed by
voter v to candidate c (when voting sincerely). The
following process is used.


	Convert utilities into grades in interval
[min_grade,
max_grade].


	If rescale_grades =
True, then each voter v applies an affine
transformation to
preferences_ut[v, :]
such that her least-liked candidate receives
min_grade and her
most-liked candidate receives
max_grade.

Exception: if she is indifferent between all candidates,
then she attributes
(min_grade +
max_grade) / 2 to all of
them.



	If rescale_grades =
False, then each voter v clips her utilities into the
interval [min_grade,
max_grade]:
each utility greater than
max_grade (resp. lower than
min_grade) becomes
max_grade (resp.
min_grade).







	If step_grades > 0 (discrete
set of grades), round each grade to the closest authorized grade.










	
max_grade

	Number. Maximal grade allowed.






	
min_grade

	Number. Minimal grade allowed.






	
rescale_grades

	Boolean. Whether sincere voters rescale their utilities to produce
grades.

If rescale_grades = True, then each sincere voter v
applies an affine transformation to send her utilities into the
interval [min_grade,
max_grade].

If rescale_grades = False, then each sincere voter v
clips her utilities into the interval
[min_grade,
max_grade].

See ballots for more details.






	
scores

	1d array of integers. scores[c] is the average grade of
candidate c.






	
step_grade

	Number. Interval between two consecutive allowed grades.

If step_grade = 0, all grades
in the interval [min_grade,
max_grade] are allowed
(‘continuous’ set of grades).

If step_grade > 0, authorized grades are the multiples of
step_grade lying in
the interval [min_grade,
max_grade]. In addition, the grades
min_grade and
max_grade are always authorized,
even if they are not multiples of
step_grade.






	
w

	Integer (winning candidate).


	Default behavior in superclass ElectionResult:

	The candidate with highest value in vector
scores is declared the
winner. In case of a tie, the tied candidate with lowest index
wins.
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RankedPairs


	
class svvamp.RankedPairs(population, **kwargs)[source]

	Tideman’s Ranked Pairs.

Inherits functions and optional parameters from superclasses
ElectionResult and Election.





	Example:	





>>> import svvamp
>>> pop = svvamp.PopulationSpheroid(V=100, C=5)
>>> election = svvamp.RankedPairs(pop)





In the matrix of duels matrix_duels_rk,
victories (and ties) are sorted by decreasing amplitude. If two duels
have the same score, we take first the one where the winner has the
smallest index; if there is still a choice to make, we take first the
duel where the loser has the highest index.

Starting with the largest victory, we build a directed graph whose 
nodes are the candidates and edges are victories. But if a victory
creates a cycle in the graph, it is not validated and the edge is not
added.

At the end, we has a transitive connected directed graph, whose adjacency
relation is included in the relation of victories (with ties broken), 
matrix_victories_rk_ctb. The maximal node of
this graph (by topological order) is declared the winner.

This method meets the Condorcet criterion.

CM(): Deciding CM is NP-complete. Non-polynomial
or non-exact algorithms from superclass Election.

ICM(): Exact in polynomial time.

IM(): Deciding IM is NP-complete. Non-polynomial
or non-exact algorithms from superclass Election.

not_IIA(): Exact in polynomial time.

TM(): Exact in polynomial time.

UM(): Non-polynomial or non-exact algorithms from
superclass Election.

References:


‘Independence of clones as a criterion for voting rules’, Nicolaus
Tideman, 1987.

‘Complexity of Unweighted Coalitional Manipulation under Some Common
Voting Rules’, Lirong Xia et al., 2009.

‘Schulze and Ranked-Pairs Voting are Fixed-Parameter Tractable to
Bribe, Manipulate, and Control’, Lane A. Hemaspaandra, Rahman Lavaee
and Curtis Menton, 2012.

‘A Complexity-of-Strategic-Behavior Comparison between Schulze’s Rule
and Ranked Pairs’, David Parkes and Lirong Xia, 2012.





	
candidates_by_scores_best_to_worst

	1d array of integers. candidates_by_scores_best_to_worst[k] is
the kth candidate by topological order on the graph
generated by Ranked Pairs.

By definition, candidates_by_scores_best_to_worst[0] =
w.






	
score_w

	1d array. score_w is w‘s score
vector: score_w =
scores[w, :].






	
scores

	2d array of integers. scores[c, d] is equal to
matrix_duels_rk[c, d] iff this
duel was validated in Ranked Pairs, 0 otherwise.


Note

Unlike for most other voting systems, scores matrix must be
read in rows, in order to comply with our convention for the
matrix of duels: c‘s score vector is scores[c, :].








	
scores_best_to_worst

	2d array. scores_best_to_worst is the scores of the candidates,
from the winner to the last candidate of the election.

scores_best_to_worst[k, j] is the score of the kth
best candidate of the election against the jth. It is
the result in matrix_duels_rk if this
duels was validated by Ranked Pairs, 0 otherwise.






	
w

	Integer (winning candidate).
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Schulze


	
class svvamp.Schulze(population, **kwargs)[source]

	Schulze method.

Inherits functions and optional parameters from superclasses
ElectionResult and Election.





	Example:	





>>> import svvamp
>>> pop = svvamp.PopulationSpheroid(V=100, C=5)
>>> election = svvamp.Schulze(pop)





scores[c, d] is equal to the width of the
widest path from candidate c to candidate d in the capacited graph
defined by matrix_duels_rk. We say that c
is better than d if scores[c, d] > scores[d, c]. Candidate
c is a potential winner if no candidate d is better than c.

Among the potential winners, the candidate with lowest index is declared
the winner.


Note

In the original Schulze method, ties are broken at random. However,
this feature is not supported by SVVAMP because it leads to
difficulties for the definition of manipulation itself
(and all the more for its implementation).



CM():



	CM_option = 'fast':
Gaspers et al. (2013). This algorithm is polynomial and has a
window of error of 1 manipulator (due to the tie-breaking rule).

	CM_option = 'exact':
Non-polynomial algorithm from superclass Election.






ICM(): Exact in polynomial time.

IM():



	IM_option = 'fast':
Gaspers et al. (2013). This algorithm is polynomial and may not be
able to decide IM (due to the tie-breaking rule).

	IM_option = 'exact':
Non-polynomial algorithm from superclass Election.






not_IIA(): Exact in polynomial time.

TM(): Exact in polynomial time.

UM():



	UM_option = 'fast':
Gaspers et al. (2013). This algorithm is polynomial and has a
window of error of 1 manipulator (due to the tie-breaking rule).

	UM_option = 'exact':
Non-polynomial algorithm from superclass Election.






References:


‘A new monotonic, clone-independent, reversal symmetric, and
Condorcet-consistent single-winner election method ‘, Markus Schulze,
2011.

‘Schulze and Ranked-Pairs Voting are Fixed-Parameter Tractable to
Bribe, Manipulate, and Control’, Lane A. Hemaspaandra, Rahman Lavaee
and Curtis Menton, 2012.

‘Manipulation and Control Complexity of Schulze Voting’, Curtis Menton
and Preetjot Singh, 2012.

‘A Complexity-of-Strategic-Behavior Comparison between Schulze’s Rule
and Ranked Pairs’, David Parkes and Lirong Xia, 2012.

‘Coalitional Manipulation for Schulze’s Rule’, Serge Gaspers, Thomas
Kalinowski, Nina Narodytska and Toby Walsh, 2013.





	
candidates_by_scores_best_to_worst

	1d array of integers. candidates_by_scores_best_to_worst[k] is
the kth candidate by number of Schulze-victories, i.e.
the number of candidates d such that c is better than d.

By definition, candidates_by_scores_best_to_worst[0] =
w.






	
score_w

	1d array. score_w is w‘s score
vector: score_w =
scores[w, :].






	
scores

	2d array of integers. scores[c, d] is equal to the width of the
widest path from c to d.


Note

Unlike for most other voting systems, scores matrix must be
read in rows, in order to comply with our convention for the
matrix of duels: c‘s score vector is scores[c, :].








	
scores_best_to_worst

	2d array. scores_best_to_worst is the scores of the candidates,
from the winner to the last candidate of the election.

scores_best_to_worst[k, j] is the width of the widest path from the
kth best candidate of the election to the
jth.






	
w

	Integer (winning candidate).
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TwoRound


	
class svvamp.TwoRound(population, **kwargs)[source]

	Two Round System.

Inherits functions and optional parameters from superclasses
ElectionResult and Election.





	Example:	





>>> import svvamp
>>> pop = svvamp.PopulationSpheroid(V=100, C=5)
>>> election = svvamp.TwoRound(pop)





Two rounds are actually held, which means that manipulators can change
their vote between the first and second round. Hence for
C = 3, this voting system is equivalent to
ExhaustiveBallot (not IRV).

In case of a tie, candidates with lowest index are privileged.

not_IIA(): Non-polynomial
or non-exact algorithms from superclass Election.

CM(),
ICM(),
IM(),
TM(),
UM(): Exact in polynomial time.


	
ballots

	2d array of integers. ballots[v, r] is the candidate for which
voter v votes at round r, where r = 0 (first round) or
r = 1 (second round).






	
candidates_by_scores_best_to_worst

	1d array of integers. candidates_by_scores_best_to_worst[k] is
the candidate with kth best score. Finalists are sorted by
their score at second round. Other candidates are sorted by their
score at first round.

By definition, candidates_by_scores_best_to_worst[0] =
w.






	
scores

	2d array. scores[r, c] is the number of voters who vote for
candidate c at round r, where r = 0 (first round) or
r = 1 (second round).






	
selected_one

	Integer. The candidate with highest score at first round.






	
selected_two

	Integer. The candidate with second highest score at first round.






	
w

	Integer (winning candidate).
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Veto


	
class svvamp.Veto(population, **kwargs)[source]

	Veto. Also called Antiplurality.

Inherits functions and optional parameters from superclasses
ElectionResult and Election.





	Example:	





>>> import svvamp
>>> pop = svvamp.PopulationSpheroid(V=100, C=5)
>>> election = svvamp.Veto(pop)





Each voter votes against one candidate (veto). The candidate with least
vetos is declared the winner. In case of a tie, the tied candidate with
lowest index wins.

Sincere voters vote against their least-liked candidate.

not_IIA(): Non-polynomial
or non-exact algorithms from superclass Election.

CM(),
ICM(),
IM(),
TM(),
UM(): Exact in polynomial time.


	
ballots

	1d array of integers. ballots[v] is the candidate on voter
v‘s ballot.






	
scores

	1d array of integers. scores[c] is minus one times the number of
vetos against candidate c.






	
w

	Integer (winning candidate).


	Default behavior in superclass ElectionResult:

	The candidate with highest value in vector
scores is declared the
winner. In case of a tie, the tied candidate with lowest index
wins.
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Contributing

Contributions are welcome, and they are greatly appreciated! Every
little bit helps, and credit will always be given.

You can contribute in many ways:


Types of Contributions


Report Bugs

Report bugs at https://github.com/francois-durand/svvamp/issues.

If you are reporting a bug, please include:


	Your operating system name and version.

	Any details about your local setup that might be helpful in troubleshooting.

	Detailed steps to reproduce the bug.






Fix Bugs

Look through the GitHub issues for bugs. Anything tagged with “bug”
is open to whoever wants to implement it.




Implement Features

Look through the GitHub issues for features. Anything tagged with “feature”
is open to whoever wants to implement it.




Write Documentation

SVVAMP could always use more documentation, whether as part of the
official SVVAMP docs, in docstrings, or even on the web in blog posts,
articles, and such.




Submit Feedback

The best way to send feedback is to file an issue at https://github.com/francois-durand/svvamp/issues.

If you are proposing a feature:


	Explain in detail how it would work.

	Keep the scope as narrow as possible, to make it easier to implement.

	Remember that this is a volunteer-driven project, and that contributions
are welcome :)








Get Started!

Ready to contribute? Here’s how to set up svvamp for local development.


	Fork the svvamp repo on GitHub.



	Clone your fork locally:

$ git clone git@github.com:your_name_here/svvamp.git







	Install your local copy into a virtualenv. Assuming you have virtualenvwrapper installed, this is how you set up your fork for local development:

$ mkvirtualenv svvamp
$ cd svvamp/
$ python setup.py develop







	Create a branch for local development:

$ git checkout -b name-of-your-bugfix-or-feature





Now you can make your changes locally.



	When you’re done making changes, check that your changes pass flake8 and the tests, including testing other Python versions with tox:

$ flake8 svvamp tests
$ python setup.py test
$ tox





To get flake8 and tox, just pip install them into your virtualenv.



	Commit your changes and push your branch to GitHub:

$ git add .
$ git commit -m "Your detailed description of your changes."
$ git push origin name-of-your-bugfix-or-feature







	Submit a pull request through the GitHub website.








Pull Request Guidelines

Before you submit a pull request, check that it meets these guidelines:


	The pull request should include tests.

	If the pull request adds functionality, the docs should be updated. Put
your new functionality into a function with a docstring, and add the
feature to the list in README.rst.

	The pull request should work for Python 2.6, 2.7, 3.3, and 3.4, and for PyPy. Check
https://travis-ci.org/francois-durand/svvamp/pull_requests
and make sure that the tests pass for all supported Python versions.






Tips

To run a subset of tests:

$ python -m unittest tests.test_svvamp
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History


0.0.4 (2015-03-10)


	Correct a minor bug in Plurality.IM (voters_IM is now updated).






0.0.3 (2015-02-28)


	Rename functions and attributes with suffix _vtb to _rk.

	Allow to define a population by both utilities and rankings.

	Add shift to Euclidean box model.

	Range voting / Majority Judgment: with a discrete set of grades, send to closest authorized grades.






0.0.2 (2015-02-16)


	8 population models and 23 voting systems.






0.0.1 (2015-02-14)


	First release on PyPI.
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# -*- coding: utf-8 -*-
"""
Created on Fri Sep 26 14:48:07 2014
Copyright François Durand 2014, 2015
fradurand@gmail.com

This file is part of SVVAMP.

    SVVAMP is free software: you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation, either version 3 of the License, or
    (at your option) any later version.

    SVVAMP is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License
    along with SVVAMP.  If not, see <http://www.gnu.org/licenses/>.
"""

import numpy as np

from svvamp.VotingSystems.Election import Election
from svvamp.VotingSystems.PluralityResult import PluralityResult
from svvamp.Preferences.Population import Population


[docs]class Plurality(PluralityResult, Election):
    """Plurality.

    Inherits functions and optional parameters from superclasses
    :class:`~svvamp.ElectionResult` and :class:`~svvamp.Election`.

    :Example:

    >>> import svvamp
    >>> pop = svvamp.PopulationSpheroid(V=100, C=5)
    >>> election = svvamp.Plurality(pop)

    Each voter votes for one candidate. The candidate with most
    votes is declared the winner. In case of a tie, the tied candidate with
    lowest index wins.

    Sincere voters vote for their top-ranked candidate.

    :meth:`~svvamp.Election.not_IIA`: Non-polynomial
    or non-exact algorithms from superclass :class:`~svvamp.Election`.

    :meth:`~svvamp.Election.CM`,
    :meth:`~svvamp.Election.ICM`,
    :meth:`~svvamp.Election.IM`,
    :meth:`~svvamp.Election.TM`,
    :meth:`~svvamp.Election.UM`: Exact in polynomial time.
    """

    _layout_name = 'Plurality'
    _options_parameters = Election._options_parameters.copy()
    _options_parameters.update(PluralityResult._options_parameters)
    _options_parameters['IM_option'] = {'allowed': ['exact'],
                                        'default': 'exact'}
    _options_parameters['TM_option'] = {'allowed': ['exact'],
                                        'default': 'exact'}
    _options_parameters['UM_option'] = {'allowed': ['exact'],
                                        'default': 'exact'}
    _options_parameters['ICM_option'] = {'allowed': ['exact'],
                                           'default': 'exact'}
    _options_parameters['CM_option'] = {'allowed': ['exact'],
                                        'default': 'exact'}

    def __init__(self, population, **kwargs):
        super().__init__(population, **kwargs)
        self._log_identity = "PLURALITY"
        self._class_result = PluralityResult
        self._with_two_candidates_reduces_to_plurality = True
        self._is_based_on_rk = True
        self._meets_majority_favorite_c_rk_ctb = True
        self._precheck_ICM = False
        self._precheck_TM = False
        self._precheck_UM = False

    #%% Independence of Irrelevant Alternatives (IIA)

    def _compute_winner_of_subset(self, candidates_r):
        self._mylogv("IIA: Compute winner of subset ", candidates_r, 3)
        scores_r = np.bincount(
            np.argmax(self.pop.preferences_borda_rk[:, candidates_r], 1),
            minlength=candidates_r.shape[0])
        index_w_r_in_subset = np.argmax(scores_r)
        w_r = candidates_r[index_w_r_in_subset]
        self._mylogv("IIA: Winner =", w_r, 3)
        return w_r

    #%% Individual manipulation (IM)

    def _compute_IM(self, mode, c=None):
        """Compute IM: is_IM, candidates_IM.

        For Plurality, since calculation is quite cheap, we calculate
        everything directly, even if complete_mode is False.
        """
        self._mylog("Compute IM", 1)
        self._IM_was_computed_with_candidates = True
        self._IM_was_computed_with_voters = True
        self._IM_was_computed_full = True

        close_races = np.zeros(self.pop.C, dtype=bool)
         # Case 1 : w wins by only one ballot over c_test < w.
        for c_test in range(0, self.w):
            if self.scores[c_test] == self.score_w - 1:
                close_races[c_test] = True
        # Case 2 : w is tied with c_test > w (and benefits for the tie-breaking
        # rule).
        for c_test in range(self.w + 1, self.pop.C):
            if self.scores[c_test] == self.score_w:
                close_races[c_test] = True

        # Voter v can manipulate for c_test iif:
        # * c_test is in close race,
        # * And v wants to manipulate for c_test,
        # * And v does not already for for c_test,
        self._v_IM_for_c = np.logical_and(
            close_races[np.newaxis, :],
            np.logical_and(
                self.v_wants_to_help_c,
                self.pop.preferences_borda_rk != self.pop.C - 1
            )
        )

        self._candidates_IM = np.any(self._v_IM_for_c, 0)
        self._voters_IM = np.any(self._v_IM_for_c, 1)
        self._is_IM = np.any(self._candidates_IM)

    def _compute_IM_v(self, v, c_is_wanted, stop_if_true):
        self._compute_IM(mode='', c=None)

    #%% Trivial Manipulation (TM)

    def TM(self):
        """Trivial manipulation, incomplete mode.

        Returns:
        is_TM -- Boolean (or NaN). True if TM is possible, False otherwise. If
            the algorithm cannot decide, then NaN.
        log_TM -- String. Parameters used to compute TM.
        """
        return self.CM()

    def TM_c(self, c):
        """Trivial manipulation, focus on one candidate.

        Arguments:
        c -- Integer. The candidate for whom we want to manipulate.

        Returns:
        is_TM_c -- Boolean (or NaN). True if TM for candidate c is possible,
            False otherwise. If the algorithm cannot decide, then NaN.
        log_TM -- String. Parameters used to compute TM.
        """
        return self.CM_c(c)

    def TM_with_candidates(self):
        """Trivial manipulation, complete mode.

        For ordinal voting systems, we call 'trivial manipulation' for
        candidate c against w the fact of putting c on top (compromising), w
        at bottom (burying), while keeping a sincere order on other candidates.

        For cardinal voting systems, we call 'trivial manipulation' for c
        (against w) the fact of putting the maximum grade for c and the
        minimum grade for other candidates.

        In both cases, the intuitive idea is the following: if I want to
        make c win and I only know that candidate w is 'dangerous' (but I know
        nothing else), then trivial manipulation is my 'best' strategy.

        We say that a situation is "trivially manipulable" for c (implicitly:
        by coalition) iff, when all voters preferring c to the sincere winner w
        use trivial manipulation, candidate c wins.

        Returns:
        is_TM -- Boolean (or NaN). True if TM is possible, False otherwise. If
            the algorithm cannot decide, then NaN.
        log_TM -- String. Parameters used to compute TM.
        candidates_TM -- 1d array of booleans (or NaN). candidates_TM[c]
            is True if a TM for candidate c is possible, False otherwise. If
            the algorithm cannot decide, then NaN. By convention,
            candidates_TM[w] = False.
        """
        return self.CM_with_candidates()

    #%% Unison Manipulation (UM)

    def UM(self):
        """Unison manipulation, incomplete mode.

        Returns:
        is_UM -- Boolean (or NaN). True if UM is possible, False otherwise. If
            the algorithm cannot decide, then NaN.
        log_UM -- String. Parameters used to compute UM.
        """
        return self.CM()

    def UM_c(self, c):
        """Unison manipulation, focus on one candidate.

        Arguments:
        c -- Integer. The candidate for whom we want to manipulate.

        Returns:
        is_UM_c -- Boolean (or NaN). True if UM for candidate c is possible,
            False otherwise. If the algorithm cannot decide, then NaN.
        log_UM -- String. Parameters used to compute UM.
        """
        return self.CM_c(c)

    def UM_with_candidates(self):
        """Unison manipulation, complete mode.

        We say that a situation is unison-manipulable for a candidate c != w
        iff all voters who prefer c to the sincere winner w can cast the SAME
        ballot so that c is elected (while other voters still vote sincerely).

        Returns:
        is_UM -- Boolean (or NaN). True if UM is possible, False otherwise. If
            the algorithm cannot decide, then NaN.
        log_UM -- String. Parameters used to compute UM.
        candidates_UM -- 1d array of booleans (or NaN). candidates_UM[c]
            is True if UM for candidate c is possible, False otherwise. If
            the algorithm cannot decide, then NaN. By convention,
            candidates_UM[w] = False.
        """
        return self.CM_with_candidates()

    #%% Ignorant-Coalition Manipulation (ICM)

    # The voting system meets IgnMC_c_ctb: hence, general methods are exact.

    #%% Coalition Manipulation (CM)

    def _CM_main_work_c_exact(self, c, optimize_bounds):
        scores_s = np.bincount(
            self.pop.preferences_rk[np.logical_not(
                self.v_wants_to_help_c[:, c]), 0],
            minlength=self.pop.C)
        # We need as many manipulators as scores_s[w] - scores_s[c],
        # plus one if c > w (because in this case, c is disadvantaged by
        # the tie-breaking rule). N.B.: this value cannot be negative,
        # so it is not necessary to use max(..., 0).
        self._sufficient_coalition_size_CM[c] = (
            scores_s[self.w] - scores_s[c] + (c > self.w))
        self._necessary_coalition_size_CM[c] = (
            self._sufficient_coalition_size_CM[c])



if __name__ == '__main__':
    # A quick demo
    preferences_utilities = np.random.randint(-5, 5, (10, 5))
    pop = Population(preferences_utilities)
    election = Plurality(pop)
    election.demo(log_depth=3)
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  Source code for svvamp.VotingSystems.ICRV

# -*- coding: utf-8 -*-
"""
Created on Wed Oct 15 17:46:00 2014
Copyright François Durand 2014, 2015
fradurand@gmail.com

This file is part of SVVAMP.

    SVVAMP is free software: you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation, either version 3 of the License, or
    (at your option) any later version.

    SVVAMP is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License
    along with SVVAMP.  If not, see <http://www.gnu.org/licenses/>.
"""

from svvamp.VotingSystems.Election import Election
from svvamp.VotingSystems.ICRVResult import ICRVResult
from svvamp.Preferences.Population import Population


[docs]class ICRV(ICRVResult, Election):
    """Instant-Condorcet Runoff Voting (ICRV).

    Inherits functions and optional parameters from superclasses
    :class:`~svvamp.ElectionResult` and :class:`~svvamp.Election`.

    :Example:

    >>> import svvamp
    >>> pop = svvamp.PopulationSpheroid(V=100, C=5)
    >>> election = svvamp.ICRV(pop)

    Principle: eliminate candidates as in IRV; stop as soon as there is a
    Condorcet winner.

    Even round ``r`` (including round 0): if a candidate ``w`` has only
    victories against all other non-eliminated candidates (i.e. is a Condorcet
    winner in this subset, in the sense of
    :attr:`~svvamp.Population.matrix_victories_rk`), then ``w`` is
    declared the winner.

    Odd round ``r``: the candidate who is ranked first (among non-eliminated
    candidates) by least voters is eliminated, like in :class:`~svvamp.IRV`.

    This method meets the Condorcet criterion.

    :meth:`~svvamp.Election.CM`: Non-polynomial or non-exact algorithms
    from superclass :class:`~svvamp.Election`.

    :meth:`~svvamp.Election.ICM`: Exact in polynomial time.

    :meth:`~svvamp.Election.IM`: Non-polynomial
    or non-exact algorithms from superclass :class:`~svvamp.Election`.

    :meth:`~svvamp.Election.not_IIA`: Exact in polynomial time.

    :meth:`~svvamp.Election.TM`: Exact in polynomial time.

    :meth:`~svvamp.Election.UM`: Non-polynomial or non-exact algorithms from
    superclass :class:`~svvamp.Election`.

    References:

        'Four Condorcet-Hare Hybrid Methods for Single-Winner Elections',
        James Green-Armytage, 2011.

    .. seealso:: :class:`~svvamp.ExhaustiveBallot`,
                 :class:`~svvamp.IRV`,
                 :class:`~svvamp.IRVDuels`,
                 :class:`~svvamp.CondorcetAbsIRV`.
                 :class:`~svvamp.CondorcetVtbIRV`.
    """
    
    _layout_name = 'ICRV'
    _options_parameters = Election._options_parameters.copy()
    _options_parameters.update(ICRVResult._options_parameters)
    _options_parameters['ICM_option'] = {'allowed': ['exact'],
                                           'default': 'exact'}

    def __init__(self, population, **kwargs):
        super().__init__(population, **kwargs)
        self._log_identity = "ICRV"
        self._class_result = ICRVResult
        self._with_two_candidates_reduces_to_plurality = True
        self._is_based_on_rk = True
        self._meets_majority_favorite_c_rk_ctb = True
        self._meets_Condorcet_c_rk = True
        self._precheck_ICM = False



if __name__ == '__main__':
    # A quick demo
    import numpy as np

    preferences_utilities = np.random.randint(-5, 5, (10, 5))
    pop = Population(preferences_utilities)
    election = ICRV(pop)
    election.demo(log_depth=3)
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  Source code for svvamp.VotingSystems.Approval

# -*- coding: utf-8 -*-
"""
Created on Mon Sep 29 18:32:45 2014
Copyright François Durand 2014, 2015
fradurand@gmail.com

This file is part of SVVAMP.

    SVVAMP is free software: you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation, either version 3 of the License, or
    (at your option) any later version.

    SVVAMP is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License
    along with SVVAMP.  If not, see <http://www.gnu.org/licenses/>.
"""

import numpy as np

from svvamp.VotingSystems.Election import Election
from svvamp.VotingSystems.ApprovalResult import ApprovalResult
from svvamp.Preferences.Population import Population


[docs]class Approval(ApprovalResult, Election):
    """Approval voting.

    Inherits functions and optional parameters from superclasses
    :class:`~svvamp.ElectionResult` and :class:`~svvamp.Election`.

    :param approval_comparator: See attribute
        :attr:`~svvamp.Approval.approval_comparator`.
    :param approval_threshold: See attribute
        :attr:`~svvamp.Approval.approval_threshold`.

    :Example:

    >>> import svvamp
    >>> pop = svvamp.PopulationSpheroid(V=100, C=5)
    >>> election = svvamp.Approval(pop, approval_comparator='>', approval_threshold=0)

    Each voter may vote for any number of candidates. The candidate with most
    votes is declared the winner. In case of a tie, the tied candidate with
    lowest index wins.

    Default behavior of sincere voters: sincere voter ``v``
    approves candidate ``c`` iff
    :attr:`~svvamp.Population.preferences_ut`\ ``[v, c]`` > 0.
    To modify this behavior, use attributes
    :attr:`~svvamp.Approval.approval_comparator` and
    :attr:`~svvamp.Approval.approval_threshold`.

    :meth:`~svvamp.Election.not_IIA`: With our assumptions, Approval
    voting always meets IIA.

    :meth:`~svvamp.Election.CM`,
    :meth:`~svvamp.Election.ICM`,
    :meth:`~svvamp.Election.IM`,
    :meth:`~svvamp.Election.TM`,
    :meth:`~svvamp.Election.UM`: Exact in polynomial time.

    References:

        'Approval voting', Steven Brams and Peter Fishburn. In: American
        Political Science Review 72 (3 1978), pp. 831–847.
    """

    _layout_name = 'Approval'
    _options_parameters = Election._options_parameters.copy()
    _options_parameters.update(ApprovalResult._options_parameters)
    _options_parameters['IM_option'] = {'allowed': ['exact'],
                                        'default': 'exact'}
    _options_parameters['TM_option'] = {'allowed': ['exact'],
                                        'default': 'exact'}
    _options_parameters['UM_option'] = {'allowed': ['exact'],
                                        'default': 'exact'}
    _options_parameters['ICM_option'] = {'allowed': ['exact'],
                                           'default': 'exact'}
    _options_parameters['CM_option'] = {'allowed': ['exact'],
                                        'default': 'exact'}

    def __init__(self, population, **kwargs):
        super().__init__(population, **kwargs)
        self._log_identity = "APPROVAL"
        self._class_result = ApprovalResult
        self._log_depth = 0
        self._with_two_candidates_reduces_to_plurality = False
        self._is_based_on_rk = False
        self._is_based_on_ut_minus1_1 = True
        self._meets_IIA = True
        self._meets_IgnMC_c_ctb = True
        self._precheck_ICM = False
        self._precheck_TM = False
        self._precheck_UM = False

    def _create_result(self, pop_test):
        result_test = ApprovalResult(
            pop_test, approval_threshold=self.approval_threshold,
            approval_comparator=self.approval_comparator)
        return result_test

    #%% Independence of Irrelevant Alternatives (IIA)

    # Defined in the superclass.

    #%% Individual manipulation (IM)

    def _IM_main_work_v(self, v, c_is_wanted,
                        nb_wanted_undecided, stop_if_true):
        # self._mylogv('scores =', self.scores)
        # self._mylogv('ballots[v, :] =', self.ballots[v, :])
        scores_test = self.scores - self.ballots[v, :]
        w_test = np.argmax(scores_test)
        # Best strategy: vote only for c
        for c in range(w_test + 1):  # c <= w_test
            if not c_is_wanted[c]:
                continue
            if not np.isneginf(self._v_IM_for_c[v, c]):
                continue
            nb_wanted_undecided -= 1
            if scores_test[c] + 1 >= scores_test[w_test]:
                self._v_IM_for_c[v, c] = True
                self._candidates_IM[c] = True
                self._voters_IM[v] = True
                self._is_IM = True
                self._mylog("IM found", 3)
                if stop_if_true:
                    return
            else:
                self._v_IM_for_c[v, c] = False
            if nb_wanted_undecided == 0:
                return
        for c in range(w_test + 1, self.pop.C):  # c > w_test
            if not c_is_wanted[c]:
                continue
            if not np.isneginf(self._v_IM_for_c[v, c]):
                continue
            nb_wanted_undecided -= 1
            if scores_test[c] + 1 > scores_test[w_test]:
                self._v_IM_for_c[v, c] = True
                self._candidates_IM[c] = True
                self._voters_IM[v] = True
                self._is_IM = True
                self._mylog("IM found", 3)
                if stop_if_true:
                    return
            else:
                self._v_IM_for_c[v, c] = False
            if nb_wanted_undecided == 0:
                return

    #%% Coalition Manipulation (CM)

    def _CM_main_work_c_exact(self, c, optimize_bounds):
        scores_test = np.sum(
            self.ballots[np.logical_not(self.v_wants_to_help_c[:, c]), :],
            0)
        w_test = np.argmax(scores_test)
        self._sufficient_coalition_size_CM[c] = (
            scores_test[w_test] - scores_test[c] + (c > w_test))
        self._necessary_coalition_size_CM[c] = \
            self._sufficient_coalition_size_CM[c]

    #%% Trivial Manipulation (TM)

    def TM(self):
        return self.CM()

    def TM_c(self, c):
        return self.CM_c(c)

    def TM_with_candidates(self):
        return self.CM_with_candidates()

    #%% Unison Manipulation (UM)

    def UM(self):
        return self.CM()

    def UM_c(self, c):
        return self.CM_c(c)

    def UM_with_candidates(self):
        return self.CM_with_candidates()


    #%% Ignorant-Coalition Manipulation (ICM)

    # Defined in the superclass.


if __name__ == '__main__':
    # A quick demo
    preferences_utilities = np.random.randint(-5, 5, (10, 5))
    pop = Population(preferences_utilities)
    election = Approval(pop)
    election.demo(log_depth=3)
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  Source code for svvamp.VotingSystems.IRVDuels

# -*- coding: utf-8 -*-
"""
Created on oct. 16, 2014, 11:35 
Copyright François Durand 2014, 2015
fradurand@gmail.com

This file is part of SVVAMP.

    SVVAMP is free software: you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation, either version 3 of the License, or
    (at your option) any later version.

    SVVAMP is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License
    along with SVVAMP.  If not, see <http://www.gnu.org/licenses/>.
"""

from svvamp.VotingSystems.Election import Election
from svvamp.VotingSystems.IRVDuelsResult import IRVDuelsResult
from svvamp.Preferences.Population import Population


[docs]class IRVDuels(IRVDuelsResult, Election):
    """IRV with elimination duels.

    Inherits functions and optional parameters from superclasses
    :class:`~svvamp.ElectionResult` and :class:`~svvamp.Election`.

    :Example:

    >>> import svvamp
    >>> pop = svvamp.PopulationSpheroid(V=100, C=5)
    >>> election = svvamp.IRVDuels(pop)

    Principle: each round, perform a duel between the two least-favorite
    candidates and eliminate the loser of this duel.

    Even round ``r`` (including round 0): the two non-eliminated candidates
    who are ranked first (among the non-eliminated candidates) by least voters
    are selected for the elimination duels that is held in round ``r+1``.

    Odd round ``r``: voters vote for the selected candidate they like most in
    the duel. The candidate with least votes is eliminated.

    This method meets the Condorcet criterion.

    We thank Laurent Viennot for the idea of this voting system.

    :meth:`~svvamp.Election.CM`: Non-polynomial or non-exact algorithms
    from superclass :class:`~svvamp.Election`.

    :meth:`~svvamp.Election.ICM`: Exact in polynomial time.

    :meth:`~svvamp.Election.IM`: Non-polynomial
    or non-exact algorithms from superclass :class:`~svvamp.Election`.

    :meth:`~svvamp.Election.not_IIA`: Exact in polynomial time.

    :meth:`~svvamp.Election.TM`: Exact in polynomial time.

    :meth:`~svvamp.Election.UM`: Non-polynomial or non-exact algorithms from
    superclass :class:`~svvamp.Election`.

    .. seealso:: :class:`~svvamp.ExhaustiveBallot`,
                 :class:`~svvamp.IRV`,
                 :class:`~svvamp.ICRV`,
                 :class:`~svvamp.CondorcetAbsIRV`.
                 :class:`~svvamp.CondorcetVtbIRV`.
    """
    
    _layout_name = 'IRV Duels'
    _options_parameters = Election._options_parameters.copy()
    _options_parameters.update(IRVDuelsResult._options_parameters)
    _options_parameters['ICM_option'] = {'allowed': ['exact'],
                                           'default': 'exact'}

    def __init__(self, population, **kwargs):
        super().__init__(population, **kwargs)
        self._log_identity = "IRV_DUELS"
        self._class_result = IRVDuelsResult
        self._with_two_candidates_reduces_to_plurality = True
        self._is_based_on_rk = True
        self._meets_Condorcet_c_rk_ctb = True
        self._precheck_ICM = False



if __name__ == '__main__':
    # A quick demo
    import numpy as np

    preferences_utilities = np.random.randint(-5, 5, (10, 5))
    pop = Population(preferences_utilities)
    election = IRVDuels(pop)
    election.demo(log_depth=3)
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  Source code for svvamp.VotingSystems.Maximin

# -*- coding: utf-8 -*-
"""
Created on Sat Oct  4 19:11:12 2014
Copyright François Durand 2014, 2015
fradurand@gmail.com

This file is part of SVVAMP.

    SVVAMP is free software: you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation, either version 3 of the License, or
    (at your option) any later version.

    SVVAMP is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License
    along with SVVAMP.  If not, see <http://www.gnu.org/licenses/>.
"""

import numpy as np
import networkx as nx

from svvamp.VotingSystems.Election import Election
from svvamp.VotingSystems.MaximinResult import MaximinResult
from svvamp.Preferences.Population import Population
from svvamp.Preferences.Population import preferences_ut_to_matrix_duels_ut


[docs]class Maximin(MaximinResult, Election):
    """Maximin method.

    Inherits functions and optional parameters from superclasses
    :class:`~svvamp.ElectionResult` and :class:`~svvamp.Election`.

    :Example:

    >>> import svvamp
    >>> pop = svvamp.PopulationSpheroid(V=100, C=5)
    >>> election = svvamp.Maximin(pop)

    Candidate ``c``'s score is the minimum of the row
    :attr:`~svvamp.Population.matrix_duels_rk`\ ``[c, :]`` (except the
    diagonal term), i.e. the result of candidate ``c`` for her worst duel.
    The candidate with highest score is declared the winner. In case of a tie,
    the candidate with lowest index wins.

    This method meets the Condorcet criterion.

    :meth:`~svvamp.Election.CM`: Deciding CM is NP-complete, even for 2
    manipulators.

        * :attr:`~svvamp.Election.CM_option` = ``'fast'``:
          Zuckerman et al. (2011). This approximation algorithm is
          polynomial and has a multiplicative factor of error of 5/3 on the
          number of manipulators needed.
        * :attr:`~svvamp.Election.CM_option` = ``'exact'``:
          Non-polynomial algorithm from superclass :class:`~svvamp.Election`.

    :meth:`~svvamp.Election.ICM`: Exact in polynomial time.

    :meth:`~svvamp.Election.IM`: Exact in polynomial time.

    :meth:`~svvamp.Election.not_IIA`: Exact in polynomial time.

    :meth:`~svvamp.Election.TM`: Exact in polynomial time.

    :meth:`~svvamp.Election.UM`: Exact in polynomial time.

    References:

        'Complexity of Unweighted Coalitional Manipulation under Some Common
        Voting Rules', Lirong Xia et al., 2009.

        'An algorithm for the coalitional manipulation problem under Maximin',
        Michael Zuckerman, Omer Lev and Jeffrey S. Rosenschein, 2011.
    """

    _layout_name = 'Maximin'
    _options_parameters = Election._options_parameters.copy()
    _options_parameters.update(MaximinResult._options_parameters)
    _options_parameters['IM_option'] = {'allowed': ['exact'],
                                        'default': 'exact'}
    _options_parameters['TM_option'] = {'allowed': ['exact'],
                                        'default': 'exact'}
    _options_parameters['UM_option'] = {'allowed': ['exact'],
                                        'default': 'exact'}
    _options_parameters['ICM_option'] = {'allowed': ['exact'],
                                           'default': 'exact'}
    _options_parameters['CM_option'] = {'allowed': ['fast', 'exact'],
                                        'default': 'fast'}

    def __init__(self, population, **kwargs):
        super().__init__(population, **kwargs)
        self._log_identity = "MAXIMIN"
        self._class_result = Maximin
        self._with_two_candidates_reduces_to_plurality = True
        self._is_based_on_rk = True
        self._meets_Condorcet_c_rk_ctb = True
        self._precheck_ICM = False

    def _vote_strategically(self, matrix_duels_r, scores_r, c, weight=1):
        """Strategic vote by one elector, in favor of candidate c.
        
        Modifies matrix_duels_r and scores_r IN PLACE.
        
        Arguments:
        matrix_duels_r -- 2d array of integers. Diagonal coefficients must 
        have an arbitrary value that is greater than all the other ones (+inf
        is a good idea).
        scores_r -- 1d array of integers. Scores corresponding to 
        matrix_duels_r.
        c -- Integer (candidate).
        weight -- Integer. Weight of the voter (used for UM, 1 otherwise).
        
        Algorithm from Zuckerman et al. : An Algorithm for the Coalitional 
        Manipulation Problem under Maximin. For only one elector (or unison
        manipulation), this algorithm is optimal.
        """    
        self._mylogv("AUX: c =", c, 3)
        self._mylogm("AUX: matrix_duels_r =", matrix_duels_r, 3)
        self._mylogv("AUX: scores_r =", scores_r, 3)
        # Manipulator's vote (denoted P_i in the paper) is represented in 
        # Borda format.
        strategic_ballot = np.zeros(self.pop.C)
        strategic_ballot[c] = self.pop.C
        next_borda_score_to_add = self.pop.C - 1
        has_been_sent_to_stacks = np.zeros(self.pop.C)
        candidates = np.array(range(self.pop.C))
        stacks_Q = StackFamily()
        
        # Building the directed graph (cf. paper).
        digraph = np.zeros((self.pop.C, self.pop.C))
        for x in range(self.pop.C):
            if x == c:
                continue
            if matrix_duels_r[x, c] == scores_r[x]:
                continue
            for y in range(self.pop.C):
                if y == c or y == x:
                    continue
                if matrix_duels_r[x, y] == scores_r[x]:
                    digraph[x, y] = True

        while next_borda_score_to_add > 0:
            self._mylogm("AUX: digraph =", digraph, 3)
            self._mylogv("AUX: strategic_ballot =", strategic_ballot, 3)
            # candidates_not_dangerous = set A in the paper
            candidates_not_dangerous = np.logical_and(
                np.logical_not(np.any(digraph, 1)),
                np.logical_not(strategic_ballot))
            self._mylogv("AUX: candidates_not_dangerous =",
                         candidates_not_dangerous, 3)
            if np.any(candidates_not_dangerous):
                # Transfer these candidates into the stacks
                for score, candidate in zip(
                        scores_r[candidates_not_dangerous],
                        candidates[candidates_not_dangerous]):
                    if not has_been_sent_to_stacks[candidate]:
                        stacks_Q.push_front(score, candidate)
                        has_been_sent_to_stacks[candidate] = True
                self._mylogv("AUX: stacks_Q =", stacks_Q.data, 3)
                # Put a non-dangerous candidate in the ballot
                b = stacks_Q.pop_front()
                self._mylogv("AUX: Found non-dangerous candidate b =", b, 3)
                self._mylogv("AUX: stacks_Q =", stacks_Q.data, 3)
                strategic_ballot[b] = next_borda_score_to_add
                next_borda_score_to_add -= 1
            else:
                s = np.min(scores_r[np.logical_not(strategic_ballot)])
                b_have_s = np.logical_and(
                    np.logical_not(strategic_ballot),
                    scores_r == s)
                self._mylogv("AUX: s =", s, 3)
                self._mylogv("AUX: b_have_s =", b_have_s, 3)
                # In the general case, we take any b with least score.
                # We choose the one with highest index.
                b = np.where(b_have_s)[0][-1]
                self._mylogv("AUX: First guess b =", b, 3)
                # But there might be a particular case (special cycle)...
                if sum(b_have_s) > 1:
                    found_special_b = False
                    G = nx.DiGraph(digraph)
                    self._mylogv("AUX: G.node = ", G.node, 3)
                    self._mylogv("AUX: G.edge = ", G.edge, 3)
                    # We look for b in reverse order of index. This way,
                    # if several candidates meet the condition, the one with 
                    # highest index is chosen.
                    for b_test in candidates[b_have_s][::-1]:
                        possible_cs = np.where(np.logical_and(
                            digraph[:, b_test],
                            b_have_s))
                        for c_test in possible_cs[0]:
                            self._mylogv("AUX: b_test = ", b_test, 3)
                            self._mylogv("AUX: c_test = ", c_test, 3)
                            if nx.has_path(G, b_test, c_test):
                                self._mylogv(
                                    "AUX: Found special b =", b_test, 3)
                                b = b_test
                                found_special_b = True
                                break
                        if found_special_b:
                            break
                # We put b in the ballot
                strategic_ballot[b] = next_borda_score_to_add
                next_borda_score_to_add -= 1
            # Now update the digraph
            self._mylogm("AUX: digraph =", digraph, 3)
            for y in candidates[np.logical_not(strategic_ballot)]:
                if digraph[y, b] and not has_been_sent_to_stacks[y]:
                    self._mylogv("AUX: y =", y, 3)
                    self._mylogv("AUX: b =", b, 3)
                    self._mylogv(
                        "AUX: Transfer from digraph to stack: y =", y, 3)
                    digraph[y, :] = False
                    stacks_Q.push_front(scores_r[y], y)
                    has_been_sent_to_stacks[y] = True
                    self._mylogv("AUX: stacks_Q =", stacks_Q.data, 3)
        # Finally, update matrix_duels_r and scores_r
        self._mylogm("AUX: matrix_duels_r =", matrix_duels_r, 3)
        self._mylogv("AUX: scores_r =", scores_r, 3)
        self._mylogv("AUX: strategic_ballot =", strategic_ballot, 3)
        for x in range(self.pop.C):
            for y in range(x+1, self.pop.C):
                if strategic_ballot[x] > strategic_ballot[y]:
                    matrix_duels_r[x, y] += weight
                else:
                    matrix_duels_r[y, x] += weight
        # The ugly thing below (instead of scores_r = 
        # np.min(matrix_duels_r, 1)) is made so that scores_r is modified
        # in place.
        scores_r_temp = np.min(matrix_duels_r, 1)
        for x in range(self.pop.C):
            scores_r[x] = scores_r_temp[x]
        self._mylogm("AUX: matrix_duels_r =", matrix_duels_r, 3)
        self._mylogv("AUX: scores_r =", scores_r, 3)

    #%% Individual manipulation (IM)

    def _IM_main_work_v(self, v, c_is_wanted,
                        nb_wanted_undecided, stop_if_true):
        for c in self.losing_candidates:
            if not c_is_wanted[c]:
                continue
            if not np.isneginf(self._v_IM_for_c[v, c]):
                continue
            self._mylogv("IM: c =", c, 3)
            nb_wanted_undecided -= 1
            
            matrix_duels_r = np.copy(self.pop.matrix_duels_ut).astype(np.float)
            for x in range(self.pop.C):
                matrix_duels_r[x, x] = np.inf
                for y in range(x+1, self.pop.C):
                    if (self.pop.preferences_borda_rk[v, x] >
                            self.pop.preferences_borda_rk[v, y]):
                        matrix_duels_r[x, y] -= 1
                    else:
                        matrix_duels_r[y, x] -= 1
            scores_r = np.min(matrix_duels_r, 1)
            
            w_temp = np.argmax(scores_r)
            if w_temp == c:
                self._mylogv("IM: scores_r =", scores_r, 3)
                self._mylog("IM: Manipulation easy "
                            "(c wins without manipulator's vote)", 3)
                self._v_IM_for_c[v, c] = True
                self._candidates_IM[c] = True
                self._voters_IM[v] = True
                self._is_IM = True
                self._mylog("IM found", 3)
                if stop_if_true or nb_wanted_undecided == 0:
                    return
                continue
            # Best we can do: improve c by one, do not move the others
            if scores_r[w_temp] > scores_r[c] + 1 or (
                    scores_r[w_temp] >= scores_r[c] + 1 and w_temp < c):
                self._mylogv("IM: scores_r =", scores_r, 3)
                self._mylog(
                    "IM: Manipulation impossible (score difference is too "
                    "high)", 3)
                self._v_IM_for_c[v, c] = False
                if nb_wanted_undecided == 0:
                    return
                continue
            
            self._vote_strategically(matrix_duels_r, scores_r, c, 1)
            w_r = np.argmax(scores_r)
            self._mylogv("IM: w_r =", w_r, 3)
            if w_r == c:
                self._mylog("IM: Manipulation worked!", 3)
            else:
                self._mylog("IM: Manipulation failed...", 3)

            # We can conclude.
            self._v_IM_for_c[v, c] = (w_r == c)
            if self._v_IM_for_c[v, c] == True:
                self._candidates_IM[c] = True
                self._voters_IM[v] = True
                self._is_IM = True
                self._mylog("IM found", 3)
                if stop_if_true:
                    return
            if nb_wanted_undecided == 0:
                return

    #%% Trivial Manipulation (TM)

    # Use the general methods.

    #%% Ignorant-Coalition Manipulation (ICM)

    # Use the general methods.

    #%% Unison manipulation (UM)

    def _UM_main_work_c(self, c):
        matrix_duels_temp = preferences_ut_to_matrix_duels_ut(
            self.pop.preferences_borda_rk[
                np.logical_not(self.v_wants_to_help_c[:, c]), :]
        ).astype(float)
        for x in range(self.pop.C):
            matrix_duels_temp[x, x] = np.inf
        scores_temp = np.min(matrix_duels_temp, 1)
        n_m = self.pop.matrix_duels_ut[c, self.w]
                
        w_temp = np.argmax(scores_temp)
        if w_temp == c:
            self._mylogv("UM: scores_temp =", scores_temp, 3)
            self._mylog("UM: Manipulation easy "
                        "(c wins without manipulators' votes)", 3)
            self._candidates_UM[c] = True
            return
        # Best we can do: improve c by n_m, do not move the others
        if scores_temp[w_temp] > scores_temp[c] + n_m or (
                scores_temp[w_temp] >= scores_temp[c] + n_m and w_temp < c):
            self._mylogv("UM: scores_temp =", scores_temp, 3)
            self._mylog("UM: Manipulation impossible (score " +
                        "difference is too high)", 3)
            self._candidates_UM[c] = False
            return
        
        self._vote_strategically(matrix_duels_temp, scores_temp, c, n_m)
        w_temp = np.argmax(scores_temp)
        self._mylogv("UM: w_temp =", w_temp, 3)
        self._candidates_UM[c] = (w_temp == c)

    #%% Coalition Manipulation (CM)

    def _CM_main_work_c_fast(self, c, optimize_bounds):
        matrix_duels_temp = preferences_ut_to_matrix_duels_ut(
            self.pop.preferences_borda_rk[
                np.logical_not(self.v_wants_to_help_c[:, c]), :]
        ).astype(float)
        for x in range(self.pop.C):
            matrix_duels_temp[x, x] = np.inf
        scores_temp = np.min(matrix_duels_temp, 1)
        w_temp = np.argmax(scores_temp)
        n_manipulators_used = 0
        
        # Easy lower bound: for each manipulator, c's score can at best 
        # increase by one, and w_temp's score cannot decrease.
        self._update_necessary(
            self._necessary_coalition_size_CM, c,
            scores_temp[w_temp] - scores_temp[c] + (c > w_temp),
            'CM: Update necessary_coalition_size_CM = '
            'scores_s[w_s] - scores_s[c] + (c > w_s) =')
        if not optimize_bounds and (self._necessary_coalition_size_CM[c] >
                                    self.pop.matrix_duels_ut[c, self.w]):
            return True  # is_quick_escape

        while w_temp != c:
            self._mylogv("CM: w_temp =", w_temp, 3)
            self._mylogv("CM: c =", c, 3)
            n_manipulators_used += 1
            if n_manipulators_used >= self._sufficient_coalition_size_CM[c]:
                self._mylog("CM: I already know a strategy that works " +
                            "with n_manipulators_used (TM, UM, etc.).")
                self._update_necessary(
                    self._necessary_coalition_size_CM, c,
                    np.ceil(n_manipulators_used * 3 / 5),
                    'CM: Update necessary_coalition_size_CM =')
                break
            self._vote_strategically(matrix_duels_temp, scores_temp, c, 1)
            w_temp = np.argmax(scores_temp)
        else:
            self._mylogm("CM: matrix_duels_temp =", matrix_duels_temp, 3)
            self._mylogv("CM: scores_temp =", scores_temp, 3)
            self._mylogv("CM: w_temp =", w_temp, 3)
            self._update_sufficient(
                self._sufficient_coalition_size_CM, c, n_manipulators_used,
                'CM: Update sufficient_coalition_size_CM =')
            # For the 3/5 ratio, see Zuckerman et al.
            self._update_necessary(
                self._necessary_coalition_size_CM, c,
                np.ceil(n_manipulators_used * 3 / 5),
                'CM: Update necessary_coalition_size_CM =')
        return False

    def _CM_main_work_c(self, c, optimize_bounds):
        is_quick_escape_fast = self._CM_main_work_c_fast(c, optimize_bounds)
        if not self.CM_option == "exact":
            # With 'fast' option, we stop here anyway.
            return is_quick_escape_fast

        # From this point, we have necessarily the 'exact' option (which is,
        #  in fact, only an exhaustive exploration with = n_m manipulators).
        is_quick_escape_exact = self._CM_main_work_c_exact(c, optimize_bounds)
        return is_quick_escape_fast or is_quick_escape_exact



class StackFamily:
    """Family of stacks. Used for the manipulation of Maximin.

    A StackFamily looks like {42:[4, 2, 3], 51:[0]}, i.e. a dictionary
    whose keys are numbers and values are lists.
    """

    def __init__(self):
        self.data = {}

    def push_front(self, score, candidate):
        """Push a value to the appropriate stack (given by 'score').

        self.push_front(42, 7)
        :>>> Current state: {42:[4, 2, 3, 7], 51:[0]}

        self.push_front(46, 6)
        :>>> Current state: {42:[4, 2, 3, 7], 46:[6], 51:[0]}
        """
        if score in self.data.keys():
            self.data[score].append(candidate)
        else:
            self.data[score] = [candidate]

    def pop_front(self):
        """Pops a value: choose the stack with minimum score, and pop the most
        recent item in this stack.

        c = self.pop_front()
        :>>> c = 7
        :>>> Current state: {42:[4, 2, 3], 46:[6], 51:[0]}

        When the object is empty, returns None.
        """
        if len(self.data) == 0:
            return None
        lowest_score = min(self.data.keys())
        c = self.data[lowest_score].pop()
        if len(self.data[lowest_score]) == 0:
            del self.data[lowest_score]
        return c


if __name__ == '__main__':
    # A quick demo
    preferences_utilities = np.random.randint(-5, 5, (10, 5))
    pop = Population(preferences_utilities)
    election = Maximin(pop)
    election.demo(log_depth=3)
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  Source code for svvamp.VotingSystems.Kemeny

# -*- coding: utf-8 -*-
"""
Created on Sat Oct  4 17:28:18 2014
Copyright François Durand 2014, 2015
fradurand@gmail.com

This file is part of SVVAMP.

    SVVAMP is free software: you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation, either version 3 of the License, or
    (at your option) any later version.

    SVVAMP is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License
    along with SVVAMP.  If not, see <http://www.gnu.org/licenses/>.
"""

from svvamp.VotingSystems.Election import Election
from svvamp.VotingSystems.KemenyResult import KemenyResult
from svvamp.Preferences.Population import Population


[docs]class Kemeny(KemenyResult, Election):
    """Kemeny method.
    
    Inherits functions and optional parameters from superclasses
    :class:`~svvamp.ElectionResult` and :class:`~svvamp.Election`.

    :Example:

    >>> import svvamp
    >>> pop = svvamp.PopulationSpheroid(V=100, C=5)
    >>> election = svvamp.Kemeny(pop)

    We find the order on candidates whose total Kendall tau distance to the
    voters is minimal. The top element of this order is declared the winner.
    
    In case several orders are optimal, the first one by lexicographic
    order is given. This implies that if several winners are possible,
    the one with lowest index is declared the winner.

    For this voting system, even deciding the sincere winner is NP-hard.

    :meth:`~svvamp.Election.CM`: Non-polynomial or non-exact algorithms
    from superclass :class:`~svvamp.Election`.

    :meth:`~svvamp.Election.ICM`: Exact in polynomial time
    (once the sincere winner is computed).

    :meth:`~svvamp.Election.IM`: Non-polynomial
    or non-exact algorithms from superclass :class:`~svvamp.Election`.

    :meth:`~svvamp.Election.not_IIA`: Exact in polynomial time
    (once the sincere winner is computed).

    :meth:`~svvamp.Election.TM`: Exact in the time needed to decide the winner
    of one election, multiplied by :attr:`~svvamp.Population.C`.

    :meth:`~svvamp.Election.UM`: Non-polynomial or non-exact algorithms from
    superclass :class:`~svvamp.Election`.

    References:

        'Mathematics without numbers', J. G. Kemeny, 1959.

        'A Consistent Extension of Condorcet’s Election Principle',
        H. P. Young and A. Levenglick, 1978.

        'On the approximability of Dodgson and Young elections',
        Ioannis Caragiannis et al., 2009.

        'Comparing and aggregating partial orders with Kendall tau distances',
        Franz J. Brandenburg, Andreas Gleißner and Andreas Hofmeier, 2013.
    """
    
    _layout_name = 'Kemeny'
    _options_parameters = Election._options_parameters.copy()
    _options_parameters.update(KemenyResult._options_parameters)
    _options_parameters['ICM_option'] = {'allowed': ['exact'],
                                           'default': 'exact'}

    def __init__(self, population, **kwargs):
        super().__init__(population, **kwargs)
        self._log_identity = "KEMENY"
        self._class_result = KemenyResult
        self._with_two_candidates_reduces_to_plurality = True
        self._is_based_on_rk = True
        self._meets_Condorcet_c_rk_ctb = True
        self._precheck_ICM = False



if __name__ == '__main__':
    # A quick demo
    import numpy as np

    preferences_utilities = np.random.randint(-5, 5, (10, 5))
    pop = Population(preferences_utilities)
    election = Kemeny(pop)
    election.demo(log_depth=3)
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  Source code for svvamp.VotingSystems.CondorcetAbsIRV

# -*- coding: utf-8 -*-
"""
Created on Tue Oct 14 13:43:27 2014
Copyright François Durand 2014, 2015
fradurand@gmail.com

This file is part of SVVAMP.

    SVVAMP is free software: you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation, either version 3 of the License, or
    (at your option) any later version.

    SVVAMP is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License
    along with SVVAMP.  If not, see <http://www.gnu.org/licenses/>.
"""

import numpy as np

from svvamp.Preferences.Population import Population
from svvamp.Preferences.Population import preferences_ut_to_matrix_duels_ut
from svvamp.VotingSystems.Election import Election
from svvamp.VotingSystems.CondorcetAbsIRVResult import CondorcetAbsIRVResult
from svvamp.VotingSystems.IRV import IRV


[docs]class CondorcetAbsIRV(CondorcetAbsIRVResult, Election):
    """Absolute-Condorcet Instant Runoff Voting.

    Inherits functions and optional parameters from superclasses
    :class:`~svvamp.ElectionResult` and :class:`~svvamp.Election`.

    :Example:

    >>> import svvamp
    >>> pop = svvamp.PopulationSpheroid(V=100, C=5)
    >>> election = svvamp.CondorcetAbsIRV(pop)

    .. note::

        When in doubt between ``CondorcetAbsIRV`` and
        :class:`~svvamp.CondorcetVtbIRV`, we suggest to use
        :class:`~svvamp.CondorcetVtbIRV`.

    Each voter must provide a weak order, and a strict total order that is
    coherent with this weak order (i.e., is a tie-breaking of this weak order).

    If there is a Condorcet winner (computed with the weak orders, i.e. in
    the sense of :attr:`~svvamp.Population.matrix_victories_ut_abs`),
    then she is elected. Otherwise, :class:`~svvamp.IRV` is used (with the
    strict total orders).

    If sincere preferences are strict total orders, then this voting system is
    equivalent to :class:`~svvamp.CondorcetVtbIRV` for sincere voting, but
    manipulators have more possibilities (they can pretend to have ties in
    their preferences). In that case especially, it is a more 'natural'
    framework to use :class:`~svvamp.CondorcetVtbIRV`.

    :meth:`~svvamp.Election.CM`:

        * :attr:`~svvamp.Election.CM_option` = ``'fast'``:
          Rely on :class:`~svvamp.IRV`'s fast algorithm.
          Polynomial heuristic. Can prove CM but unable to decide non-CM
          (except in rare obvious cases).
        * :attr:`~svvamp.Election.CM_option` = ``'slow'``:
          Rely on :class:`~svvamp.ExhaustiveBallot`'s
          exact algorithm.
          Non-polynomial heuristic (:math:`2^C`). Quite efficient to prove CM
          or non-CM.
        * :attr:`~svvamp.Election.CM_option` = ``'almost_exact'``:
          Rely on :class:`~svvamp.IRV`'s exact algorithm.
          Non-polynomial heuristic (:math:`C!`). Very efficient to prove CM
          or non-CM.
        * :attr:`~svvamp.Election.CM_option` = ``'exact'``:
          Non-polynomial algorithm from superclass :class:`~svvamp.Election`.

        Each algorithm above exploits the faster ones. For example,
        if :attr:`~svvamp.Election.CM_option` = ``'almost_exact'``, SVVAMP
        tries the fast algorithm first, then the slow one, then the
        'almost exact' one. As soon as it reaches a decision, computation
        stops.

    :meth:`~svvamp.Election.ICM`: Exact in polynomial time.

    :meth:`~svvamp.Election.IM`: Non-polynomial
    or non-exact algorithms from superclass :class:`~svvamp.Election`.

    :meth:`~svvamp.Election.not_IIA`: Non-polynomial
    or non-exact algorithms from superclass :class:`~svvamp.Election`.

    :meth:`~svvamp.Election.TM`: Exact in polynomial time.

    :meth:`~svvamp.Election.UM`: Non-polynomial or non-exact algorithms from
    superclass :class:`~svvamp.Election`.

    References:

        'Condorcet criterion, ordinality and reduction of coalitional
        manipulability', François Durand, Fabien Mathieu and Ludovic Noirie,
        working paper, 2014.

    .. seealso:: :class:`~svvamp.ExhaustiveBallot`,
                 :class:`~svvamp.IRV`,
                 :class:`~svvamp.IRVDuels`,
                 :class:`~svvamp.ICRV`,
                 :class:`~svvamp.CondorcetVtbIRV`.
    """

    _layout_name = 'Absolute-Condorcet IRV'
    _options_parameters = Election._options_parameters.copy()
    _options_parameters.update(CondorcetAbsIRVResult._options_parameters)
    _options_parameters['CM_option'] = {'allowed': {'fast', 'slow',
                                                    'almost_exact', 'exact'},
                                        'default': 'fast'}
    _options_parameters['TM_option'] = {'allowed': ['exact'],
                                        'default': 'exact'}
    _options_parameters['ICM_option'] = {'allowed': {'exact'},
                                           'default': 'exact'}

    def __init__(self, population, **kwargs):
        self.IRV = IRV(population, freeze_options=True)
        super().__init__(population, **kwargs)
        self._log_identity = "CONDORCET_ABS_IRV"
        self._class_result = CondorcetAbsIRVResult
        self._with_two_candidates_reduces_to_plurality = True
        self._is_based_on_rk = True
        self._meets_majority_favorite_c_rk_ctb = True
        self._meets_Condorcet_c_ut_abs = True
        self._precheck_UM = False
        self._precheck_ICM = False

    #%% Individual manipulation (IM)

    # TODO: should be implemented.

    #%% Trivial Manipulation (TM)

    # Use the general methods from class Election.

    #%% Unison manipulation (UM)

    # TODO: should be implemented .

    #%% Ignorant-Coalition Manipulation (ICM)

    # Use the general methods from class Election.

    #%% Coalition Manipulation (CM)

    @property
    def losing_candidates(self):
        """If IRV.w does not win, then we put her first. Other losers are
        sorted as usual. (scores in matrix_duels_ut).
        """
        if self._losing_candidates is None:
            self._mylog("Compute ordered list of losing candidates", 1)
            if self.w == self.IRV.w:
                # As usual
                self._losing_candidates = np.concatenate((
                    np.array(range(0, self.w), dtype=int),
                    np.array(range(self.w+1, self.pop.C), dtype=int)
                ))
                self._losing_candidates = self._losing_candidates[np.argsort(
                    -self.pop.matrix_duels_ut[self._losing_candidates, self.w],
                    kind='mergesort')]
            else:
                # Put IRV.w first.
                self._losing_candidates = np.array(
                    [c for c in range(self.pop.C)
                     if c != self.w and c != self.IRV.w]
                ).astype(np.int)
                self._losing_candidates = self._losing_candidates[np.argsort(
                    -self.pop.matrix_duels_ut[self._losing_candidates, self.w],
                    kind='mergesort')]
                self._losing_candidates = np.concatenate((
                    [self.IRV.w], self._losing_candidates))
        return self._losing_candidates

    def _CM_preliminary_checks_general_subclass(self):
        # We check IRV first.
        if self.w != self.IRV.w:
            # Then IRV is manipulable anyway (for w, so a precheck on IRV
            # would give us no information).
            return
        if self.CM_option != "fast":
            if self.CM_option == "slow":
                self.IRV.CM_option = "slow"
            else:
                self.IRV.CM_option = "exact"
            if self.IRV.CM()[0] == False:
                # Condorcification theorem apply.
                self._mylog("CM impossible (since it is impossible for " +
                            "IRV)", 2)
                self._is_CM = False
                self._candidates_CM[:] = False
                self._CM_was_computed_with_candidates = True

    def _CM_main_work_c(self, c, optimize_bounds):
        # Decondorcification is independent from what we will do for IRV.
        # It just gives a necessary coalition size.
        # 1) If IRV.w is Condorcet:
        #   Manipulate IRV --> use IRV, we know.
        #   Prevent w from being a Condorcet winner --> we know.
        #   * If incomplete: we need IRV.CM (incomplete). But if IRV works
        # for c and Cond-IRV does not, we might need IRV.CM.complete (we
        # will know after).
        # 2) If IRV.w != CondIRV.w (which is Condorcet):
        #   a) If c = IRV.w:
        #       Make w win: easy, and we have suff = n_m (nec can be less)
        #       Prevent CondIRV.w from being Condorcet --> we know.
        #   b) If c != IRV.w:
        #       Make c win: complicated. We can use the elimination path we
        #       know, but it might not succeed.
        #       Prevent CondIRV.w from being Condorcet --> we know.
        #   * If incomplete: we do not even need IRV.CM. But we need to make
        # sure that we try w first in losing_candidates. However,
        # if it fails, we will need to try other c's. What do we do then?
        # Use a fast IRV on the fly? Or simply try the elimination path
        # suggested by IRV? Etc.  Maybe the first is better (cheap and
        # likely to be more efficient).
        # 3) If there is no Condorcet winner:
        #   Manipulate IRV --> use IRV, we know.
        #   Prevent a Condorcet winner --> trivial.
        #   * If incomplete: cf. 1), in fact it is the same.
        # When do we calculate IRV? It can be after we examine IRV.w; so,
        # not at the very beginning
        n_m = self.pop.matrix_duels_ut[c, self.w]
        n_s = self.pop.V - n_m
        candidates = np.array(range(self.pop.C))
        preferences_utilities_s = self.pop.preferences_ut[
            np.logical_not(self.v_wants_to_help_c[:, c]), :]
        matrix_duels_temp = (
            preferences_ut_to_matrix_duels_ut(preferences_utilities_s))
        self._mylogm("CM: matrix_duels_temp =", matrix_duels_temp, 3)
        # More preliminary checks
        # It's more convenient to put them in that method, because we need
        # preferences_utilities_s and matrix_duels_temp.
        # min_d(matrix_duels_temp[c, d]) + n_m > (n_s + n_m) / 2, i.e.:
        # n_m >= n_s + 1 - 2 * min_d(matrix_duels_temp[c, d])
        d_neq_c = (np.array(range(self.pop.C)) != c)
        n_manip_becomes_cond = np.maximum(
            n_s + 1 - 2 * np.min(matrix_duels_temp[c, d_neq_c]),
            0)
        self._mylogv("CM: n_manip_becomes_cond =", n_manip_becomes_cond, 3)
        self._update_sufficient(
            self._sufficient_coalition_size_CM, c,
            n_manip_becomes_cond,
            'CM: Update sufficient_coalition_size_CM[c] = '
            'n_manip_becomes_cond =')
        if not optimize_bounds and (
                n_m >= self._sufficient_coalition_size_CM[c]):
            return True
        # Prevent another cond. Look at the weakest duel for d, she has
        # matrix_duels_temp[d, e]. We simply need that:
        # matrix_duels_temp[d, e] <= (n_s + n_m) / 2
        # 2 * max_d(min_e(matrix_duels_temp[d, e])) - n_s <= n_m
        n_manip_prevent_cond = 0
        for d in candidates[d_neq_c]:
            e_neq_d = (np.array(range(self.pop.C)) != d)
            n_prevent_d = np.maximum(
                2 * np.min(matrix_duels_temp[d, e_neq_d]) - n_s, 0)
            n_manip_prevent_cond = max(n_manip_prevent_cond, n_prevent_d)
        self._mylogv("CM: n_manip_prevent_cond =", n_manip_prevent_cond, 3)
        self._update_necessary(
            self._necessary_coalition_size_CM, c,
            n_manip_prevent_cond,
            'CM: Update necessary_coalition_size_CM[c] = '
            'n_manip_prevent_cond =')
        if not optimize_bounds and (
                self._necessary_coalition_size_CM[c] > n_m):
            return True

        is_quick_escape_one = False
        if self.w == self.IRV.w:
            if self.CM_option == "fast":
                self.IRV.CM_option = "fast"
            elif self.CM_option == "slow":
                self.IRV.CM_option = "slow"
            else:
                self.IRV.CM_option = "exact"
            if optimize_bounds:
                self.IRV.CM_c_with_bounds(c)
            else:
                self.IRV.CM_c(c)
                is_quick_escape_one = True
            self._mylog('CM: c != self.IRV.w == self.w', 3)
            self._mylogv("CM: self.IRV._sufficient_coalition_size_CM[c] =",
                         self.IRV._sufficient_coalition_size_CM[c], 3)
            self._update_sufficient(
                self._sufficient_coalition_size_CM, c,
                max(self.IRV._sufficient_coalition_size_CM[c],
                    n_manip_prevent_cond),
                'CM: Update sufficient_coalition_size[c] =')
            self._mylogv("CM: self.IRV._necessary_coalition_size_CM[c] =",
                         self.IRV._necessary_coalition_size_CM[c], 3)
            self._update_necessary(
                self._necessary_coalition_size_CM, c,
                min(n_manip_becomes_cond,
                    max(self.IRV._necessary_coalition_size_CM[c],
                        n_manip_prevent_cond)),
                'CM: Update necessary_coalition_size[c] =')
        else:
            if c == self.IRV.w:
                self._mylog('CM: c == self.IRV.w != self.w', 3)
                self._mylogv("CM: sufficient size for IRV (sincere IRV) =",
                             n_m, 3)
                self._update_sufficient(
                    self._sufficient_coalition_size_CM, c,
                    max(n_m, n_manip_prevent_cond),
                    'CM: Update sufficient_coalition_size[c] =')
            else:
                self._mylog('CM: c, self.w, self.IRV.w all distinct', 3)
                # We do not know how many manipulators can make c win in IRV
                # (note that it would not be the same set of manipulators in
                # IRV and here)
        # self._mylogv("CM: Preliminary checks.2: " +
        #              "necessary_coalition_size_CM[c] =",
        #              self._necessary_coalition_size_CM[c], 3)
        # self._mylogv("CM: Preliminary checks.2: " +
        #              "sufficient_coalition_size_CM[c] =",
        #              self._sufficient_coalition_size_CM[c], 3)
        # self._mylogv("CM: Preliminary checks.2: " +
        #              "n_m =", self.pop.matrix_duels_ut[c, self.w], 3)
        # if self._necessary_coalition_size_CM[c] > n_m:
        #     self._mylogv("CM: Preliminary checks.2: CM is False for c =",
        #                  c, 2)
        # elif self._sufficient_coalition_size_CM[c] <= n_m:
        #     self._mylogv("CM: Preliminary checks.2: CM is True for c =",
        #                  c, 2)
        # else:
        #     self._mylogv("CM: Preliminary checks.2: CM is unknown for c =",
        #                  c, 2)
        # Real work
        is_quick_escape_two = False
        if self.CM_option == 'exact':
            is_quick_escape_two = self._CM_main_work_c_exact(
                c, optimize_bounds)
        return is_quick_escape_one or is_quick_escape_two



if __name__ == '__main__':
    # A quick demo
    preferences_utilities = np.random.randint(-5, 5, (10, 5))
    pop = Population(preferences_utilities)
    election = CondorcetAbsIRV(pop)
    election.CM_option = 'slow'
    election.demo(log_depth=3)
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  Source code for svvamp.Preferences.PopulationGaussianWell

# -*- coding: utf-8 -*-
"""
Created on oct. 30, 2014, 18:25 
Copyright François Durand 2014, 2015
fradurand@gmail.com

This file is part of SVVAMP.

    SVVAMP is free software: you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation, either version 3 of the License, or
    (at your option) any later version.

    SVVAMP is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License
    along with SVVAMP.  If not, see <http://www.gnu.org/licenses/>.
"""

import itertools

import numpy as np
from scipy.spatial import distance

from svvamp.Preferences.Population import Population


[docs]class PopulationGaussianWell(Population):


    _layout_name = 'Gaussian well'

    def __init__(self, V, C, sigma, shift=None):
        """Population with 'Gaussian well' model.

        :param V: Integer. Number of voters.
        :param C: Integer. Number of candidates.
        :param sigma: 1d array of numbers. The variance of the gaussian law
            along each dimension.
        :param shift: 1d array of numbers, same dimension as ``sigma``. Shift
            for the mean position of the candidates.

        :return: A :class:`~svvamp.Population` object.

        Let us note ``n_dim`` the number of elements in ``sigma``.
        For voter ``v`` (resp. each candidate ``c``) and each axis ``i`` in
        ``range(n_dim)``, a position ``x_i[v]`` (resp. ``y_i[c]``) is
        independently drawn according to a normal law of mean 0 and variance
        ``sigma[i]``. If ``shift`` is used, the distribution of positions
        for candidates is displaced by this vector.

        Let ``d[v, c]`` denote the Euclidean distance between voter ``v``'s
        position ``x[v]`` and candidate ``c``'s position ``y[c]``. Then
        ``preferences_ut[v, c] = A - d[v, c]``,
        where ``A`` is such that the average utility is 0 over the whole
        population.

        If ``ndim = 1``, the population is single-peaked.
        """
        d = len(sigma)
        voters_positions = np.random.randn(V, d) * sigma
        if shift is None:
            shift = np.zeros(len(sigma))
        else:
            shift = np.array(shift)
        candidates_positions = shift + np.random.randn(C, d) * sigma
        preferences_utilities = - distance.cdist(
            voters_positions, candidates_positions, 'euclidean')
        preferences_utilities -= np.average(preferences_utilities)
        log_creation = ['Gaussian well', C, V,
                        'Sigma', sigma,
                        'Shift', shift,
                        'Number of dimensions', d]
        super().__init__(preferences_ut=preferences_utilities,
                         log_creation=log_creation)

    @staticmethod
    def iterator(C, V, culture_parameters, nb_populations):
        for i in range(nb_populations):
            yield PopulationGaussianWell(V=V, C=C, **culture_parameters)

    @staticmethod
    def meta_iterator(C_list, V_list, culture_parameters_list, nb_populations):
        for C, V, culture_parameters in itertools.product(
                C_list, V_list, culture_parameters_list):
            log_csv = ['Gaussian well',
                       'Sigma', culture_parameters['sigma'],
                       'Number of dimensions',
                       len(culture_parameters['sigma']),
                       'Shift', culture_parameters['shift']]
            log_print = ('Gaussian well, V = ' + str(V) + ', C = ' + str(C) +
                         ', sigma = ' +
                         format(culture_parameters['sigma']) +
                         ', shift = ' +
                         format(culture_parameters['shift']))
            yield log_csv, log_print, PopulationGaussianWell.iterator(
                C, V, culture_parameters, nb_populations)


if __name__ == '__main__':
    # A quick demo
    pop = PopulationGaussianWell(V=1000, C=4, sigma=[1], shift=[10])
    pop.demo()
    pop.plot3()
    pop.plot4()
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  Source code for svvamp.Preferences.PopulationEuclideanBox

# -*- coding: utf-8 -*-
"""
Created on oct. 16, 2014, 15:06 
Copyright François Durand 2014, 2015
fradurand@gmail.com

This file is part of SVVAMP.

    SVVAMP is free software: you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation, either version 3 of the License, or
    (at your option) any later version.

    SVVAMP is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License
    along with SVVAMP.  If not, see <http://www.gnu.org/licenses/>.
"""

import itertools

import numpy as np
from scipy.spatial import distance

from svvamp.Preferences.Population import Population


[docs]class PopulationEuclideanBox(Population):


    _layout_name = 'Euclidean box'

    def __init__(self, V, C, box_dimensions, shift=None):
        """Population with 'Euclidean box' model.

        :param V: Integer. Number of voters.
        :param C: Integer. Number of candidates.
        :param box_dimensions: 1d array of numbers. The length of the
            Euclidean box along each axis.
        :param shift: 1d array of numbers, same dimension as
            ``box_dimensions``. Shift for the mean position of the candidates.

        :return: A :class:`~svvamp.Population` object.

        Let us note ``n_dim`` the number of elements in ``sigma``.
        For each voter and each candidate, a position is independently and
        uniformly drawn in a rectangular box of dimensions
        ``box_dimensions[0]``,... , ``box_dimensions[n_dim - 1]``. If
        ``shift`` is used, the distribution of positions for candidates is
        displaced by this vector.

        Let ``d[v, c]`` denote the Euclidean distance between voter ``v`` and
        candidate ``c``. Then
        ``preferences_ut[v, c] = A - d[v, c]``,
        where ``A`` is such that the average utility is 0 over the whole
        population.

        If ``ndim = 1``, the population is single-peaked.
        """
        d = len(box_dimensions)
        voters_positions = np.random.rand(V, d) * box_dimensions
        if shift is None:
            shift = np.zeros(len(box_dimensions))
        else:
            shift = np.array(shift)
        candidates_positions = shift + np.random.rand(C, d) * box_dimensions
        preferences_utilities = - distance.cdist(
            voters_positions, candidates_positions, 'euclidean')
        preferences_utilities -= np.average(preferences_utilities)
        log_creation = ['Euclidean box', C, V,
                        'Box dimensions', box_dimensions,
                        'Shift', shift,
                        'Number of dimensions', d]
        super().__init__(preferences_ut=preferences_utilities,
                         log_creation=log_creation)

    @staticmethod
    def iterator(C, V, culture_parameters, nb_populations):
        for i in range(nb_populations):
            yield PopulationEuclideanBox(V=V, C=C, **culture_parameters)

    @staticmethod
    def meta_iterator(C_list, V_list, culture_parameters_list, nb_populations):
        for C, V, culture_parameters in itertools.product(
                C_list, V_list, culture_parameters_list):
            log_csv = ['Euclidean box',
                       'Box dimensions', culture_parameters['box_dimensions'],
                       'Number of dimensions',
                       len(culture_parameters['box_dimensions']),
                       'Shift', culture_parameters['shift']]
            log_print = ('Euclidean box, V = ' + str(V) + ', C = ' + str(C) +
                         ', box dimensions = ' +
                         format(culture_parameters['box_dimensions']) +
                         ', shift = ' +
                         format(culture_parameters['shift']))
            yield log_csv, log_print, PopulationEuclideanBox.iterator(
                C, V, culture_parameters, nb_populations)


if __name__ == '__main__':
    # A quick demo
    pop = PopulationEuclideanBox(V=1000, C=4, box_dimensions=[1])
    pop.demo()
    pop.plot3()
    pop.plot4()
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  All modules for which code is available


		svvamp.Preferences.Population


		svvamp.Preferences.PopulationCubicUniform
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  Source code for svvamp.Preferences.PopulationFromFile

# -*- coding: utf-8 -*-
"""
Created on oct. 30, 2014, 23:52 
Copyright François Durand 2014, 2015
fradurand@gmail.com

This file is part of SVVAMP.

    SVVAMP is free software: you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation, either version 3 of the License, or
    (at your option) any later version.

    SVVAMP is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License
    along with SVVAMP.  If not, see <http://www.gnu.org/licenses/>.

==============

The function preflib_to_preferences_utilities below is adapted from
PreflibUtils.py by Nicholas Mattei. We reproduce its license here.

	File: 	PrefLibUtilities.py
	Author:	Nicholas Mattei (nicholas.mattei@nicta.com.au)
	Date:	April 4, 2013
			November 6th, 2013

  * Copyright (c) 2014, Nicholas Mattei and NICTA
  * All rights reserved.
  *
  * Developed by: Nicholas Mattei
  *               NICTA
  *               http://www.nickmattei.net
  *               http://www.preflib.org
  *
  * Redistribution and use in source and binary forms, with or without
  * modification, are permitted provided that the following conditions are met:
  *     * Redistributions of source code must retain the above copyright
  *       notice, this list of conditions and the following disclaimer.
  *     * Redistributions in binary form must reproduce the above copyright
  *       notice, this list of conditions and the following disclaimer in the
  *       documentation and/or other materials provided with the distribution.
  *     * Neither the name of NICTA nor the
  *       names of its contributors may be used to endorse or promote products
  *       derived from this software without specific prior written permission.
  *
  * THIS SOFTWARE IS PROVIDED BY NICTA ''AS IS'' AND ANY
  * EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
  * WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE
  * DISCLAIMED. IN NO EVENT SHALL NICTA BE LIABLE FOR ANY
  * DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
  * (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;
  * LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND
  * ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
  * (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
  * SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
"""

import numpy as np
import pandas as pd

from svvamp.Preferences.Population import \
    preferences_ut_to_preferences_borda_ut
from svvamp.Preferences.Population import Population


[docs]class PopulationFromFile(Population):


    _layout_name = 'From file'

    def __init__(self, file_name, relative_noise=0., absolute_noise=0.):
        """Population from a file.

        :param file_name: -- String. The name of the file.
        :param relative_noise: -- Number.
        :param absolute_noise: -- Number.

        :return: A :class:`~svvamp.Population` object.

        If the file name ends with '.t.csv' (t = transposed format): simple
        table of utilities with candidates declared in the first column and
        voters declared in the first row.

        If the file name ends with '.csv' (but not '.t.csv'), candidates
        must be declared in the first row and voters in the first column.

        Otherwise, the file is considered as a PrefLib file. In that case,
        since information is ordinal only,
        ``preferences_ut[v, c]`` is set to the Borda score
        (with no vtb) minus ``(C - 1) / 2``. This way, utilities are between
        ``- (C - 1) / 2`` and ``(C - 1) / 2``.

        To each ``preferences_ut[v, c]``, a random noise is added which
        is drawn independently and uniformly in the interval
        ``[- relative_noise * amplitude, relative_noise * amplitude]``,
        where ``amplitude`` is the difference between the lowest and the
        highest utility.

        Another random noise is added, which is drawn independently and
        uniformly in the interval ``[-absolute_noise, absolute_noise]``.
        """
        if file_name[-4:] == '.csv':
            df = pd.read_csv(filepath_or_buffer=file_name, sep=';',
                             index_col=0)
            if file_name[-6:-4] == '.t':
                preferences_utilities = df.transpose().values
                labels_candidates = df.index.values.astype(np.str)
            else:
                preferences_utilities = df.values
                labels_candidates = df.columns.values.astype(np.str)
            pop_temp = Population(preferences_utilities)
            nb_victories_temp = np.sum(pop_temp.matrix_victories_ut_rel, 1)
            scores_temp = (nb_victories_temp +
                           pop_temp.borda_score_c_ut / pop_temp.C /
                           pop_temp.V)
            candidates_best_to_worst = np.argsort(- scores_temp,
                                                  kind='mergesort')
            preferences_utilities = preferences_utilities[
                :, candidates_best_to_worst]
            labels_candidates = labels_candidates[candidates_best_to_worst]
        else:
            preferences_utilities, labels_candidates = (
                preflib_to_preferences_utilities(file_name))

        preferences_utilities = preferences_utilities.astype(np.float)
        total_noise = absolute_noise
        if relative_noise != 0:
            amplitude = np.max(preferences_utilities) - np.min(
                preferences_utilities)
            total_noise += relative_noise * amplitude
        if total_noise != 0:
            preferences_utilities += total_noise * 2 * (
                0.5 - np.random.rand(*preferences_utilities.shape))

        log_creation = ['From file',
                        'File name', file_name,
                        'Relative noise', relative_noise,
                        'Absolute noise', absolute_noise]
        super().__init__(preferences_ut=preferences_utilities,
                         log_creation=log_creation,
                         labels_candidates=labels_candidates)

    # TODO: iterator and meta-iterator
    @staticmethod
    def iterator(culture_parameters, nb_populations):
        for i in range(nb_populations):
            yield PopulationFromFile(**culture_parameters)

    # @staticmethod
    # def meta_iterator(culture_parameters_list, nb_populations):
    #     for C, V, culture_parameters in itertools.product(
    #             C_list, V_list, culture_parameters_list):
    #         log_csv = ['Euclidean box',
    #                    'Box dimensions', culture_parameters['box_dimensions'],
    #                    'Number of dimensions',
    #                    len(culture_parameters['box_dimensions'])]
    #         log_print = ('Euclidean box, V = ' + str(V) + ', C = ' + str(C) +
    #                      ', box dimensions = ' +
    #                      format(culture_parameters['box_dimensions']))
    #         yield log_csv, log_print, PopulationFromFile.iterator(
    #             C, V, culture_parameters, nb_populations)


def preflib_to_preferences_utilities(file_name):
    # TODO: Is the copyright mention above enough? Ask Nicholas Mattei.
    # PreflibUtils.py
    input_file = open(file_name, 'r')
    # Number of candidates
    l = input_file.readline()
    # Map of candidates
    C = int(l.strip())
    candidates_map = {}
    labels_candidates = []
    for c in range(C):
        bits = input_file.readline().strip().split(",")
        candidates_map[int(bits[0].strip()) - 1] = bits[1].strip()
        labels_candidates.append(bits[1].strip())
    # Now we have V, sum_of_vote_count, num_unique orders
    bits = input_file.readline().strip().split(",")
    V = int(bits[0].strip())
    sum_votes = int(bits[1].strip())
    unique_orders = int(bits[2].strip())
    # Now, the ballots themselves
    preferences_utilities = np.zeros((V, C))
    start_index = 0
    for i in range(unique_orders):
        rec = input_file.readline().strip()
        #need to parse the rec properly..
        count = int(rec[:rec.index(",")])
        bits = rec[rec.index(",")+1:].strip().split(",")
        ballot_temp = np.full(C, - C)
        if rec.find("{") == -1:
            #its strict, just split on ,
            for crank in range(len(bits)):
                ballot_temp[int(bits[crank]) - 1] = - crank
        else:
            crank = 0
            partial = False
            for ccand in bits:
                if ccand.find("{") != -1:
                    partial = True
                    t = ccand.replace("{","")
                    ballot_temp[int(t.strip()) - 1] = - crank
                elif ccand.find("}") != -1:
                    partial = False
                    t = ccand.replace("}","")
                    ballot_temp[int(t.strip()) - 1] = - crank
                    crank += 1
                else:
                    ballot_temp[int(ccand.strip()) - 1] = - crank
                    if partial == False:
                        crank += 1
        preferences_utilities[
            start_index:start_index + count, :] = \
            preferences_ut_to_preferences_borda_ut(
                ballot_temp[np.newaxis, :]) - (C - 1) / 2
        start_index += count
    input_file.close()
    return preferences_utilities, labels_candidates


if __name__ == '__main__':
    # pop = PopulationFromFile('ED-00001-00000001.soi')
    pop = PopulationFromFile('example_ballots.t.csv',
                             absolute_noise=0.5)
    # preferences_ut = pop.preferences_ut[:, 0:3]
    # preferences_ut -= np.mean(preferences_ut, 1)[:, np.newaxis]
    # pop_temp = Population(preferences_ut)
    pop.demo()
    pop.plot3(use_labels=True)
    pop.plot4(use_labels=True)
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  Source code for svvamp.Preferences.PopulationLadder

# -*- coding: utf-8 -*-
"""
Created on oct. 30, 2014, 18:45 
Copyright François Durand 2014, 2015
fradurand@gmail.com

This file is part of SVVAMP.

    SVVAMP is free software: you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation, either version 3 of the License, or
    (at your option) any later version.

    SVVAMP is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License
    along with SVVAMP.  If not, see <http://www.gnu.org/licenses/>.
"""

import itertools

import numpy as np

from svvamp.Preferences.Population import Population


[docs]class PopulationLadder(Population):


    _layout_name = 'Ladder'

    def __init__(self, V, C, n_rungs):
        """Population with 'Ladder' model.

        :param V: Integer. Number of voters.
        :param C: Integer. Number of candidates.
        :param n_rungs: Integer. Number of rungs of the ladder.

        :return: A :class:`~svvamp.Population` object.

        Each utility ``preferences_ut[v, c]`` is drawn independently and
        equiprobably between ``n_rungs`` values that divide the interval
        [-1, 1] equally. For example, if ``n_rungs = 21``, then values in
        {-1, -0.9, ..., 1} are used.

        The ordinal part of this distribution is **not** the Impartial Culture.
        Indeed, weak orders of preference come with non-zero probability.
        This model is interesting the study the effect of voters' ties.
        """
        preferences_utilities = np.random.randint(
            n_rungs, size=(V, C)
        ) * 2 / (n_rungs - 1) - 1
        log_creation = ['Ladder', C, V,
                        'Number of rungs', n_rungs]
        super().__init__(preferences_ut=preferences_utilities,
                         log_creation=log_creation)

    @staticmethod
    def iterator(C, V, culture_parameters, nb_populations):
        for i in range(nb_populations):
            yield PopulationLadder(V=V, C=C, **culture_parameters)

    @staticmethod
    def meta_iterator(C_list, V_list, culture_parameters_list, nb_populations):
        for C, V, culture_parameters in itertools.product(
                C_list, V_list, culture_parameters_list):
            log_csv = ['Ladder',
                       'Number of rungs', culture_parameters['n_rungs']]
            log_print = ('Ladder, V = ' + str(V) + ', C = ' + str(C) +
                         ', n_rungs = ' +
                         format(culture_parameters['n_rungs']))
            yield log_csv, log_print, PopulationLadder.iterator(
                C, V, culture_parameters, nb_populations)


if __name__ == '__main__':
    # A quick demo
    pop = PopulationLadder(V=1000, C=3, n_rungs=5)
    pop.demo()
    pop.plot3(normalize=False)

    pop = PopulationLadder(V=1000, C=4, n_rungs=5)
    pop.demo()
    pop.plot4(normalize=False)
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  Source code for svvamp.Preferences.PopulationCubicUniform

# -*- coding: utf-8 -*-
"""
Created on oct. 31, 2014, 19:54 
Copyright François Durand 2014, 2015
fradurand@gmail.com

This file is part of SVVAMP.

    SVVAMP is free software: you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation, either version 3 of the License, or
    (at your option) any later version.

    SVVAMP is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License
    along with SVVAMP.  If not, see <http://www.gnu.org/licenses/>.
"""

import itertools

import numpy as np

from svvamp.Preferences.Population import Population


[docs]class PopulationCubicUniform(Population):


    _layout_name = 'Cubic uniform'

    def __init__(self, V, C):
        """Population with 'Cubic uniform' model.

        :param V: Integer. Number of voters.
        :param C: Integer. Number of candidates.

        :return: A :class:`~svvamp.Population` object.

        Each coefficient ``preferences_ut[v, c]`` is drawn independently
        and uniformly in the interval [-1, 1].

        The ordinal part of this distribution is the Impartial Culture.
        """
        preferences_utilities = 2 * np.random.rand(V, C) - 1
        log_creation = ['Cubic uniform', C, V]
        super().__init__(preferences_ut=preferences_utilities,
                         log_creation=log_creation)

    @staticmethod
    def iterator(C, V, culture_parameters, nb_populations):
        for i in range(nb_populations):
            yield PopulationCubicUniform(V=V, C=C, **culture_parameters)

    @staticmethod
    def meta_iterator(C_list, V_list, culture_parameters_list, nb_populations):
        for C, V, culture_parameters in itertools.product(
                C_list, V_list, culture_parameters_list):
            log_csv = ['Cubic uniform']
            log_print = ('Cubic uniform, V = ' + str(V) + ', C = ' + str(C))
            yield log_csv, log_print, PopulationCubicUniform.iterator(
                C, V, culture_parameters, nb_populations)


if __name__ == '__main__':
    # A quick demo
    pop = PopulationCubicUniform(V=5000, C=3)
    pop.demo()
    pop.plot3(normalize=False)

    pop = PopulationCubicUniform(V=5000, C=4)
    pop.demo()
    pop.plot4(normalize=False)
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  Source code for svvamp.Preferences.PopulationVMFHypercircle

# -*- coding: utf-8 -*-
"""
Created on oct. 31, 2014, 18:59 
Copyright François Durand 2014, 2015
fradurand@gmail.com

This file is part of SVVAMP.

    SVVAMP is free software: you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation, either version 3 of the License, or
    (at your option) any later version.

    SVVAMP is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License
    along with SVVAMP.  If not, see <http://www.gnu.org/licenses/>.
"""

import itertools

import numpy as np

from svvamp.Preferences.Population import Population
from svvamp.Preferences.PopulationVMFAux import population_vmf_aux


[docs]class PopulationVMFHypercircle(Population):


    _layout_name = 'Von Mises-Fisher on C-2-sphere'

    def __init__(self, V, C, vmf_concentration, vmf_probability=None,
                 vmf_pole=None):
        """Population drawn with Von Mises-Fisher distributions on the
        ``C-2``-sphere

        :param V: Integer. Number of voters.
        :param C: Integer. Number of candidates.
        :param vmf_concentration: 1d array. Let us note ``k`` its size (number
            of 'groups'). ``vmf_concentration[i]`` is the VMF concentration of
            group ``i``.
        :param vmf_probability: 1d array of size k. ``vmf_probability[i]`` is
            the probability, for a voter, to be in group ``i`` (up to
            normalization). If ``None``, then groups have equal probabilities.
        :param vmf_pole: 2d array of size ``(k, C)``. ``vmf_pole[i, :]`` is the
            pole of the VMF distribution for group ``i``.

        :return: A :class:`~svvamp.Population` object.

        We work on the ``C-2``-sphere: vectors of :math:`\mathbb{R}^C` with
        Euclidean norm equal to 1 and that are orthogonal to
        [1, ...,  1]. It is a representation of the classical Von
        Neumann-Morgenstern utility space. Cf. working paper Durand et al.
        'Geometry on the Utility Sphere'.

        Before all computations, the poles are projected onto the hyperplane
        and normalized. So, the only source of concentration for group ``i`` is
        ``vmf_concentration[i]``, not the norm of ``vmf_pole[i]``. If ``pole``
        is None, then each pole is drawn independently and uniformly on the
        ``C-2``-sphere.

        For each voter ``c``, we draw a group ``i`` at random, according to
        ``vmf_probability`` (normalized beforehand if necessary). Then, ``v``'s
        utility vector is drawn according to a Von Mises-Fisher distribution
        of pole ``vmf_pole[i, :]`` and concentration ``vmf_concentration[i]``,
        using Ulrich's method modified by Wood.

        Once group ``i`` is chosen, then up to a normalization constant, the
        density of probability for a unit vector ``x`` is
        ``exp(vmf_concentration[i] vmf.pole[i, :].x)``,
        where ``vmf.pole[i, :].x`` is a dot product.

        References:

            Ulrich (1984) - Computer Generation of Distributions on the m-Sphere

            Wood (1994) - Simulation of the von Mises Fisher distribution
        """
        # Ensure that _vmf_concentration is an np.array
        # Compute k, its size.
        self._log_depth = 0
        self._log_identity = "Population_VMF_Hypersphere"
        if (isinstance(vmf_concentration, list) or
                isinstance(vmf_concentration, np.ndarray)):
            _vmf_concentration = np.array(vmf_concentration)
        else:
            _vmf_concentration = np.array([vmf_concentration])
        k = len(_vmf_concentration)
        self._mylogv('_vmf_concentration =', _vmf_concentration, 3)
        self._mylogv('k =', k, 3)
        # Ensure that _vmf_probability is an np.array
        # Ensure that it is normalized.
        if vmf_probability is None:
            _vmf_probability = np.full(k, 1/k)
        elif (isinstance(vmf_probability, list) or
                isinstance(vmf_probability, np.ndarray)):
            _vmf_probability = np.array(vmf_probability) / np.sum(
                vmf_probability)
        else:
            _vmf_probability = np.array([1])
        self._mylogv('_vmf_probability =', _vmf_probability, 3)
        # Ensure that _vmf_pole is a 2d array
        if vmf_pole is None:
            _vmf_pole = np.random.randn(k, C)
        else:
            _vmf_pole = np.array(vmf_pole)
            if _vmf_pole.ndim == 1:
                _vmf_pole = _vmf_pole[np.newaxis, :]
        # Not necessary to normalize, it is done in population_vmf_aux.
        self._mylogv('_vmf_pole =', _vmf_pole, 3)

        # Compute the number of voters in each group
        group_v = np.random.choice(
            k, size=V, replace=True, p=_vmf_probability)
        cardinal_group_i = np.bincount(group_v, minlength=k)
        cum_cardinal_i = np.concatenate(([0], np.cumsum(cardinal_group_i)))
        self._mylogv('cardinal_group_i =', cardinal_group_i, 3)
        self._mylogv('cum_cardinal_i =', cum_cardinal_i, 3)

        # We have three interesting spaces:
        # Space 1: unit sphere of R^(C-1)
        # Space 2: unit sphere of R^C orthogonal to [0, ..., 0, 1]
        # Space 3: unit sphere of R^C orthogonal to [1, ..., 1, 1]
        # We use two isometries:
        # 1 => 2: add a 0 as last coordinate.
        # 2 => 1: remove the last coordinate (which is 0).
        # 2 <=> 3: symmetry by a hyperplane that exchanges [0, ..., 0, 1] and
        # [1, ..., 1] / sqrt(C).
        unitary_parallel = np.full(C, 1/np.sqrt(C)) - (
            np.array(range(C)) == C - 1)
        unitary_parallel = unitary_parallel / np.sqrt(np.sum(
            unitary_parallel**2))

        # Project poles on the hyperplane H orthogonal to [1,..., 1] (space 3).
        _vmf_pole = _vmf_pole - np.sum(_vmf_pole, 1)[:, np.newaxis] / C
        # Send poles to space 2 ~= space 1.
        pole_parallel = np.outer(
            np.sum(_vmf_pole * unitary_parallel[np.newaxis, :], 1),
            unitary_parallel)
        _vmf_pole -= 2 * pole_parallel

        # Use Von-Mises Fisher in space 1 ~= space 2
        preferences_utilities = np.zeros((V, C))
        for i in range(k):
            preferences_utilities[
                cum_cardinal_i[i]:cum_cardinal_i[i+1], :-1] = (
                    population_vmf_aux(C=C-1, V=cardinal_group_i[i],
                                       concentration=_vmf_concentration[i],
                                       pole=_vmf_pole[i, :-1]))
        # Now send back to space 3.
        preferences_parallel = np.outer(
            np.sum(preferences_utilities * unitary_parallel[np.newaxis, :], 1),
            unitary_parallel)
        preferences_utilities -= 2 * preferences_parallel

        # Conclude
        log_creation = ['VMFHypercircle', C, V,
                        'VMF Concentration', vmf_concentration,
                        'VMF Probability', vmf_probability,
                        'VMF Pole', vmf_pole]
        super().__init__(preferences_ut=preferences_utilities,
                         log_creation=log_creation)

    @staticmethod
    def iterator(C, V, culture_parameters, nb_populations):
        for i in range(nb_populations):
            yield PopulationVMFHypercircle(V=V, C=C, **culture_parameters)

    @staticmethod
    def meta_iterator(C_list, V_list, culture_parameters_list, nb_populations):
        for C, V, culture_parameters in itertools.product(
                C_list, V_list, culture_parameters_list):
            log_csv = [
                'VMFHypercircle',
                'VMF Concentration', culture_parameters['vmf_concentration'],
                'VMF Probability', culture_parameters['vmf_probability'],
                'VMF Pole', culture_parameters['vmf_pole']
            ]
            log_print = (
                'VMFHypercircle, V = ' + str(V) + ', C = ' + str(C) +
                ', vmf_concentration = ' +
                format(culture_parameters['vmf_probability']) +
                ', vmf_probability = ' +
                format(culture_parameters['vmf_probability']) +
                ', vmf_pole = ' + format(culture_parameters['vmf_pole'])
            )
            yield log_csv, log_print, PopulationVMFHypercircle.iterator(
                C, V, culture_parameters, nb_populations)


if __name__ == '__main__':
    # A quick demo
    # pop = PopulationVMFHypercircle(
    #     V=50, C=3,
    #     vmf_concentration=[50, 50],
    #     vmf_probability=None,
    #     vmf_pole=[[2, -2, 0], [0, 0, 1]])
    pop = PopulationVMFHypercircle(
        V=100, C=4,
        vmf_concentration=[10],
        vmf_pole=[4, 1, 2, 3])
    pop.demo()
    pop.plot4()
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  Source code for svvamp.Preferences.Population

# -*- coding: utf-8 -*-
"""
Created on Mon Sep 22 15:24:52 2014
Copyright François Durand 2014, 2015
fradurand@gmail.com

This file is part of SVVAMP.

    SVVAMP is free software: you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation, either version 3 of the License, or
    (at your option) any later version.

    SVVAMP is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License
    along with SVVAMP.  If not, see <http://www.gnu.org/licenses/>.
"""

import numpy as np
import matplotlib.pyplot as plt
from mpl_toolkits.mplot3d import Axes3D

from svvamp.Utils import MyLog


class _Storage:
    """This class is used to store things."""
    pass


[docs]class Population(MyLog.MyLog):


    def __init__(self, preferences_ut=None, preferences_rk=None,
                 log_creation=None, labels_candidates=None):
        """Create a population with preferences. 

        :param preferences_ut: 2d array of floats.
            ``preferences_ut[v, c]`` is the utility of candidate ``c``
            as seen by voter ``v``.
        :param preferences_rk: 2d array of integers.
            ``preferences_rk[v, k]`` is the candidate at rank ``k`` for
            voter ``v``.
        :param log_creation: Any type (string, list...). Some comments.
        :param labels_candidates: List of strings. Names of the candidates.

        You may enter ``preferences_ut``, ``preferences_rk`` or both
        to define the preferences of the population.

        If you provide ``preferences_rk`` only,
        then ``preferences_ut`` is set to the corresponding Borda
        scores (:attr:`~svvamp.Population.preferences_borda_rk`).

        If you provide ``preferences_ut`` only, then ``preferences_rk`` is
        naturally derived from utilities. If voter ``v`` has a greater utility
        for candidate ``c`` than for candidate ``d``, then she ranks ``c``
        before ``d``. If voter ``v`` attributes the same utility to several
        candidates, then the first time the attribute ``preferences_rk`` is
        called, a random ranking will be decided for these tied candidates
        (once and for all).

        If you provide both, then SVVAMP checks that they are coherent,
        in the sense that if ``v`` ranks ``c`` before ``d``, then she her
        utility for ``c`` must be at least equal to her utility for ``d``. If
        it is not the case, an error is raised.

        ``preferences_rk`` will be used for sincere voting when a voting
        system accepts only strict orders.

        In contrast, ``preferences_ut`` is always used for manipulation
        purposes, which means that indifference is taken
        into account as such to determine the interest in manipulation. If
        voter ``v`` attributes the same utility to candidates ``w`` and
        ``c``, and if ``w`` is the sincere winner in an election, then ``v``
        is not interested in a manipulation for ``c``.

        If all voters have a strict order of preference (in the sense of ut),
        then for functions below having variants with suffix ``_ut`` or
        ``_rk``, the two variants are equivalent.

        In some voting systems and in some of the attributes below,
        we use a process referred as **candidate tie-breaking** or **CTB** in
        SVVAMP. It means that lowest-index candidates are favored. When using
        CTB, if candidates ``c`` and ``d`` are tied (for example,
        in an election using Plurality), then ``c`` is favored over ``d``
        iff ``c < d``.

        Implications between majority favorite and Condorcet criteria (cf.
        corresponding attributes below).

        ::

            majority_favorite_ut          ==>         majority_favorite_ut_ctb
            ||              ||                                ||            ||
            V               ||                                ||            ||
            Resistant Cond. V                                 V             ||
            ||       majority_favorite_rk ==> majority_favorite_rk_ctb      ||
            ||                     ||                ||                     ||
            V                      ||                ||                     V
            Condorcet_ut_abs              ==>             Condorcet_ut_abs_ctb
            ||      ||             ||                ||            ||       ||
            ||      V              V                 V             V        ||
            V         Condorcet_rk        ==>        Condorcet_rk_ctb       V
            Condorcet_ut_rel              ==>             Condorcet_ut_rel_ctb
            ||
            V
            Weak Condorcet
            ||
            V
            Condorcet-admissible

        If all voters have strict orders of preference (in the sense of
        ut) and if there is an odd number of voters, then:

            *   ``majority_favorite_ut``, ``majority_favorite_rk``,
                ``majority_favorite_ut_ctb`` and ``majority_favorite_rk_ctb``
                are equivalent,
            *   ``Condorcet_ut_abs``, ``Condorcet_ut_abs_ctb``,
                ``Condorcet_rk``, ``Condorcet_rk_ctb``,
                ``Condorcet_ut_rel``, ``Condorcet_ut_rel_ctb``,
                ``Weak Condorcet`` and ``Condorcet-admissible`` are equivalent.
        """
        super().__init__()
        self._log_identity = "POPULATION"

        # Basic variables
        if preferences_ut is None:
            # Population defined by rankings only
            self._preferences_ut = None
            self._preferences_rk = np.array(preferences_rk)
            self._V, self._C = self._preferences_rk.shape
        elif preferences_rk is None:
            # Population defined by utilities only
            self._preferences_ut = np.array(preferences_ut)
            self._preferences_rk = None
            self._V, self._C = self._preferences_ut.shape
        else:
            # Population defined by both
            self._preferences_ut = np.array(preferences_ut)
            self._preferences_rk = np.array(preferences_rk)
            self._V, self._C = self._preferences_ut.shape
            V_temp, C_temp = self._preferences_rk.shape
            if self._V != V_temp or self._C != C_temp:
                raise ValueError('Dimensions of preferences_ut and '
                                 'preferences_rk do not match.')
            for v in range(self._V):
                if np.any(self._preferences_ut[0, self._preferences_rk[0, :-1]]
                          < self._preferences_ut[0, self._preferences_rk[0, 1:]]):
                    raise ValueError('preferences_ut and preferences_rk '
                                     'are not coherent.')

        self._labels_candidates = labels_candidates
        # Missing matrices will be computed this way (on demand):
        # If preferences_ut is provided:
        #       utilities -> rankings  -> borda_rk
        # If preferences_rk is provided:
        #       rankings  -> borda_rk -> utilities

        self.log_creation = log_creation
        if self.V < 2 or self.C < 2:
            raise ValueError("A population must have at least 2 voters and "
                             "2 candidates.")

        # Other variables
        self._preferences_borda_rk = None
        self._preferences_borda_ut = None
        self._voters_sorted_by_rk = False
        self._v_has_same_ordinal_preferences_as_previous_voter = None
        self._matrix_duels_ut = None
        self._matrix_duels_rk = None
        self._matrix_victories_rk = None
        self._matrix_victories_rk_ctb = None
        self._matrix_victories_ut_rel = None
        self._matrix_victories_ut_rel_ctb = None
        self._matrix_victories_ut_abs = None
        self._matrix_victories_ut_abs_ctb = None
        self._exists_condorcet_order_rk = None
        self._exists_condorcet_order_rk_ctb = None
        self._exists_condorcet_order_ut_rel = None
        self._exists_condorcet_order_ut_rel_ctb = None
        self._exists_condorcet_order_ut_abs = None
        self._exists_condorcet_order_ut_abs_ctb = None
        self._condorcet_admissible_candidates = None
        self._nb_condorcet_admissible_candidates = None
        self._weak_condorcet_winners = None
        self._nb_weak_condorcet_winners = None
        self._condorcet_winner_rk_ctb = None
        self._condorcet_winner_rk = None
        self._condorcet_winner_ut_rel_ctb = None
        self._condorcet_winner_ut_rel = None
        self._condorcet_winner_ut_abs_ctb = None
        self._condorcet_winner_ut_abs = None
        self._resistant_condorcet_winner = None
        self._threshold_c_prevents_w_Condorcet_ut_abs = None
        self._majority_favorite_rk_ctb = None
        self._majority_favorite_rk = None
        self._majority_favorite_ut = None
        self._majority_favorite_ut_ctb = None
        self._total_utility_c = None
        self._total_utility_min = None
        self._total_utility_mean = None
        self._total_utility_max = None
        self._total_utility_std = None
        self._mean_utility_c = None
        self._mean_utility_min = None
        self._mean_utility_mean = None
        self._mean_utility_max = None
        self._mean_utility_std = None
        self._plurality_scores_rk = None
        self._plurality_scores_ut = None
        self._borda_score_c_rk = None
        self._decreasing_borda_scores_rk = None
        self._candidates_by_decreasing_borda_score_rk = None
        self._borda_score_c_ut = None
        self._decreasing_borda_scores_ut = None
        self._candidates_by_decreasing_borda_score_ut = None
        self._eb_result = None  # Storage for Exhaustive Ballot
        self._eb_manip = None  # Storage for Exhaustive Ballot
        self._eb_options = None  # Storage for Exhaustive Ballot
        self._irv_manip = None  # Storage for IRV
        self._irv_options = None  # Storage for IRV

    # %% Basic variables

    @property
    def labels_candidates(self):
        """List of :attr:`~svvamp.Population.C` strings (names of the
        candidates).
        """
        if self._labels_candidates is None:
            self._labels_candidates = [str(x) for x in range(self._C)]
        return self._labels_candidates

    @labels_candidates.setter
    def labels_candidates(self, value):
        self._labels_candidates = value

    @property
    def C(self):
        """Integer (number of candidates)."""
        return self._C

    @property
    def V(self):
        """Integer (number of voters)."""
        return self._V

    @property
    def preferences_ut(self):
        """2d array of floats. ``preferences_ut[v, c]`` is the utility
        of  candidate ``c`` as seen by voter ``v``.
        """
        if self._preferences_ut is None:
            self._mylog("Compute preference utilities", 1)
            self._preferences_ut = self.preferences_borda_rk
        return self._preferences_ut

    @property
    def preferences_rk(self):
        """2d array of integers. ``preferences_rk[v, k]`` is the
        candidate at rank ``k`` for voter ``v``.

        For example, ``preferences_rk[v, 0]`` is ``v``'s preferred
        candidate.
        """
        if self._preferences_rk is None:
            self._mylog("Compute preference rankings", 1)
            self._preferences_rk = \
                preferences_ut_to_preferences_rk(
                    self._preferences_ut)
        return self._preferences_rk

    @property
    def preferences_borda_rk(self):
        """2d array of integers. ``preferences_borda_rk[v, c]`` gains 1 point
        for each candidate ``d`` such that voter ``v`` ranks ``c`` before
        ``d``.

        So, these Borda scores are between ``0`` and ``C - 1``.
        """
        if self._preferences_borda_rk is None:
            self._mylog("Compute preference rankings in Borda format", 1)
            self._preferences_borda_rk = \
                preferences_rk_to_preferences_borda_rk(
                    self.preferences_rk)
        return self._preferences_borda_rk

    @property
    def preferences_borda_ut(self):
        """2d array of integers. ``preferences_borda_ut[v, c]`` gains 1
        point for each ``d`` such that ``v`` strictly prefers ``c`` to ``d``
        (in the sense of utilities), and 0.5 point for each ``d`` such that
        ``v`` is indifferent between ``c`` and ``d``.

        So, these Borda scores are between ``0`` and ``C - 1``.
        """
        if self._preferences_borda_ut is None:
            self._mylog("Compute preference weak orders in Borda format", 1)
            self._preferences_borda_ut = \
                preferences_ut_to_preferences_borda_ut(
                    self.preferences_ut)
        return self._preferences_borda_ut

    #%% Sort voters

    def ensure_voters_sorted_by_rk(self):
        """Ensure that voters are sorted.
        
        This function sorts voters first by their strict order of preference
        (their row in :attr:`~svvamp.Population.preferences_rk`), then
        by their weak order of preference (their row in
        :attr:`~svvamp.Population.preferences_borda_ut`). Note
        that two voters having the same strict order may have different weak
        orders, and vice versa.

        This function will be called automatically when creating an election,
        because it allows to accelerate some algorithms (typically  Individual 
        Manipulation).

        This function actually performs the sort only when it is called on a
        Population object for the first time.
        """
        if self._voters_sorted_by_rk:
            return
        self._voters_sorted_by_rk = True
        self._v_has_same_ordinal_preferences_as_previous_voter = None
        self._mylog('Sort voters by ranking', 1)
        # Ensure that tables are computed beforehand
        _ = self.preferences_rk
        _ = self.preferences_ut
        _ = self.preferences_borda_rk
        _ = self.preferences_borda_ut
        # Sort by weak order
        list_borda_ut = self.preferences_borda_ut.tolist()
        indexes = sorted(range(len(list_borda_ut)),
                         key=list_borda_ut.__getitem__)
        self._preferences_rk = self.preferences_rk[indexes, ::]
        self._preferences_ut = self.preferences_ut[indexes, ::]
        self._preferences_borda_rk = self.preferences_borda_rk[indexes, ::]
        self._preferences_borda_ut = self.preferences_borda_ut[indexes,
                                                                     ::]
        # Sort by strict ranking
        list_rankings = self.preferences_rk.tolist()
        indexes = sorted(range(len(list_rankings)),
                         key=list_rankings.__getitem__)
        self._preferences_rk = self.preferences_rk[indexes, ::]
        self._preferences_ut = self.preferences_ut[indexes, ::]
        self._preferences_borda_rk = self.preferences_borda_rk[indexes, ::]
        self._preferences_borda_ut = self.preferences_borda_ut[indexes,
                                                                     ::]

    @property
    def v_has_same_ordinal_preferences_as_previous_voter(self):
        """1d array of booleans.
        ``v_has_same_ordinal_preferences_as_previous_voter[v]`` is
        ``True`` iff voter ``v`` has the same preference strict order (row in
        :attr:`~svvamp.Population.preferences_rk`) and the same
        preference weak order (row in
        :attr:`~svvamp.Population.preferences_borda_ut`) as voter ``v-1``.

        By convention, it is ``False`` for voter ``0``.
        """
        if self._v_has_same_ordinal_preferences_as_previous_voter is None:
            self._mylog(
                "Compute v_has_same_ordinal_preferences_as_previous_voter", 1)
            self._v_has_same_ordinal_preferences_as_previous_voter = \
                np.concatenate((
                    [False],
                    np.logical_and(
                        np.all(
                            self.preferences_rk[range(self.V - 1), :] ==
                            self.preferences_rk[range(1, self.V), :], 1),
                        np.all(
                            self._preferences_borda_ut[range(self.V - 1),
                                                          :] ==
                            self._preferences_borda_ut[range(1, self.V), :],
                            1)
                    )
                ))
        return self._v_has_same_ordinal_preferences_as_previous_voter

    #%% Plurality scores

    @property
    def plurality_scores_rk(self):
        """1d array of booleans. ``plurality_scores_rk[c]`` is the number of
        voters for whom ``c`` is the top-ranked candidate (with voter
        tie-breaking).
        """
        if self._plurality_scores_rk is None:
            self._mylog("Compute Plurality scores (rk)", 1)
            self._plurality_scores_rk = np.bincount(
                self.preferences_rk[:, 0],
                minlength=self.C
            )
        return self._plurality_scores_rk

    @property
    def plurality_scores_ut(self):
        """1d array of booleans. ``plurality_scores_ut[c]`` is the number of
        voters who strictly prefer ``c`` to all other candidates.

        If a voter has several candidates with maximal utility,
        then none of them receives any point.
        """
        if self._plurality_scores_ut is None:
            self._mylog("Compute Plurality scores (ut)", 1)
            self._plurality_scores_ut = np.zeros(self.C)
            for v in range(self.V):
                c = np.argmax(self.preferences_ut[v, :])
                if np.all(np.greater(
                    self.preferences_ut[v, c],
                    self.preferences_ut[v, np.array(range(self.C)) != c]
                )):
                    self._plurality_scores_ut[c] += 1
        return self._plurality_scores_ut

    #%% Matrix of duels

    @property
    def matrix_duels_ut(self):
        """2d array of integers. ``matrix_duels_ut[c, d]`` is the number of
        voters who have a strictly greater utility for ``c`` than for ``d``.
        By convention, diagonal coefficients are set to ``0``.
        """
        if self._matrix_duels_ut is None:
            self._mylog("Compute matrix of duels", 1)
            self._matrix_duels_ut = \
                preferences_ut_to_matrix_duels_ut(
                    self.preferences_borda_ut)
        return self._matrix_duels_ut

    @property
    def matrix_duels_rk(self):
        """2d array of integers. ``matrix_duels_rk[c, d]`` is the number of
        voters who rank candidate ``c`` before ``d`` (in the sense of
        :attr:`~svvamp.Population.preferences_rk`). By convention,
        diagonal coefficients are set to 0.
        """
        if self._matrix_duels_rk is None:
            self._mylog("Compute matrix of duels (with strict orders)", 1)
            self._matrix_duels_rk = \
                preferences_ut_to_matrix_duels_ut(
                    self.preferences_borda_rk)
        return self._matrix_duels_rk

    @property
    def matrix_victories_ut_abs(self):
        """2d array of values in {0, 0.5, 1}. Matrix of absolute victories
        based on :attr:`~svvamp.Population.matrix_duels_ut`.

        ``matrix_victories_ut_abs[c, d]`` is:

            * 1   iff ``matrix_duels_ut[c, d] > V / 2``.
            * 0.5 iff ``matrix_duels_ut[c, d] = V / 2``.
            * 0   iff ``matrix_duels_ut[c, d] < V / 2``.

        By convention, diagonal coefficients are set to 0.
        """
        if self._matrix_victories_ut_abs is None:
            self._mylog("Compute matrix_victories_ut_abs", 1)
            self._matrix_victories_ut_abs = (
                np.multiply(0.5, self.matrix_duels_ut >= self.V / 2) +
                np.multiply(0.5, self.matrix_duels_ut > self.V / 2)
            )
        return self._matrix_victories_ut_abs

    @property
    def matrix_victories_ut_abs_ctb(self):
        """2d array of values in {0, 1}. Matrix of absolute victories
        based on :attr:`~svvamp.Population.matrix_duels_ut`, with tie-breaks on
        candidates.

        ``matrix_victories_ut_abs_ctb[c, d]`` is:

            * 1   iff ``matrix_duels_ut[c, d] > V / 2``, or
              ``matrix_duels_ut[c, d] = V / 2`` and ``c < d``.
            * 0   iff ``matrix_duels_ut[c, d] < V / 2``, or
              ``matrix_duels_ut[c, d] = V / 2`` and ``d < c``.

        By convention, diagonal coefficients are set to 0.
        """
        if self._matrix_victories_ut_abs_ctb is None:
            self._mylog("Compute matrix_victories_ut_abs_ctb", 1)
            self._matrix_victories_ut_abs_ctb = np.zeros((self.C, self.C))
            for c in range(self.C):
                for d in range(self.C):
                    if c == d:
                        continue
                    if self.matrix_duels_ut[c, d] > self.V / 2 or (
                            self.matrix_duels_ut[c, d] == self.V / 2 and c < d):
                        self._matrix_victories_ut_abs_ctb[c, d] = 1
        return self._matrix_victories_ut_abs_ctb

    @property
    def matrix_victories_ut_rel(self):
        """2d array of values in {0, 0.5, 1}. Matrix of relative victories
        based on :attr:`~svvamp.Population.matrix_duels_ut`.

        ``matrix_victories_ut_rel[c, d]`` is:

            * 1   iff ``matrix_duels_ut[c, d] > matrix_duels_ut[d, c]``.
            * 0.5 iff ``matrix_duels_ut[c, d] = matrix_duels_ut[d, c]``.
            * 0   iff ``matrix_duels_ut[c, d] < matrix_duels_ut[d, c]``.

        By convention, diagonal coefficients are set to 0.
        """
        if self._matrix_victories_ut_rel is None:
            self._mylog("Compute matrix_victories_ut_rel", 1)
            self._matrix_victories_ut_rel = (
                np.multiply(0.5, self.matrix_duels_ut >= self.matrix_duels_ut.T) +
                np.multiply(0.5, self.matrix_duels_ut > self.matrix_duels_ut.T) -
                np.multiply(0.5, np.eye(self.C))
            )
        return self._matrix_victories_ut_rel

    @property
    def matrix_victories_ut_rel_ctb(self):
        """2d array of values in {0, 1}. Matrix of relative victories
        based on :attr:`~svvamp.Population.matrix_duels_ut`, with tie-breaks on
        candidates.

        ``matrix_victories_ut_rel_ctb[c, d]`` is:

            * 1   iff ``matrix_duels_ut[c, d] > matrix_duels_ut[d, c]``, or
              ``matrix_duels_ut[c, d] = matrix_duels_ut[d, c]`` and ``c < d``.
            * 0   iff ``matrix_duels_ut[c, d] < matrix_duels_ut[d, c]``, or
              ``matrix_duels_ut[c, d] = matrix_duels_ut[d, c]`` and ``d < c``.

        By convention, diagonal coefficients are set to 0.
        """
        if self._matrix_victories_ut_rel_ctb is None:
            self._mylog("Compute matrix_victories_ut_rel_ctb", 1)
            self._matrix_victories_ut_rel_ctb = np.zeros((self.C, self.C))
            for c in range(self.C):
                for d in range(c + 1, self.C):
                    if self.matrix_duels_ut[c, d] >= self.matrix_duels_ut[d, c]:
                        self._matrix_victories_ut_rel_ctb[c, d] = 1
                        self._matrix_victories_ut_rel_ctb[d, c] = 0
                    else:
                        self._matrix_victories_ut_rel_ctb[c, d] = 0
                        self._matrix_victories_ut_rel_ctb[d, c] = 1
        return self._matrix_victories_ut_rel_ctb

    @property
    def matrix_victories_rk(self):
        """2d array of values in {0, 0.5, 1}. Matrix of victories
        based on :attr:`~svvamp.Population.matrix_duels_rk`.

        ``matrix_victories_rk[c, d]`` is:

            * 1   iff ``matrix_duels_rk[c, d] > matrix_duels_rk[d, c]``,
              i.e. iff ``matrix_duels_rk[c, d] > V / 2``.
            * 0.5 iff ``matrix_duels_rk[c, d] = matrix_duels_rk[d, c]``,
              i.e. iff ``matrix_duels_rk[c, d] = V / 2``.
            * 0   iff ``matrix_duels_rk[c, d] < matrix_duels_rk[d, c]``,
              i.e. iff ``matrix_duels_rk[c, d] < V / 2``.

        By convention, diagonal coefficients are set to 0.
        """
        if self._matrix_victories_rk is None:
            self._mylog("Compute matrix_victories_rk", 1)
            self._matrix_victories_rk = (
                np.multiply(0.5, self.matrix_duels_rk >= self.V / 2) +
                np.multiply(0.5, self.matrix_duels_rk > self.V / 2)
            )
        return self._matrix_victories_rk

    @property
    def matrix_victories_rk_ctb(self):
        """2d array of values in {0, 1}. Matrix of victories based on
        :attr:`~svvamp.Population.matrix_duels_rk`,
        with tie-breaks on candidates.

        ``matrix_victories_rk_ctb[c, d]`` is:

            * 1   iff ``matrix_duels_rk[c, d] > matrix_duels_rk[d, c]``, or
              ``matrix_duels_rk[c, d] = matrix_duels_rk[d, c]`` and
              ``c < d``.
            * 0   iff ``matrix_duels_rk[c, d] < matrix_duels_rk[d, c]``, or
              ``matrix_duels_rk[c, d] = matrix_duels_rk[d, c]`` and
              ``d < c``.

        By convention, diagonal coefficients are set to 0.
        """
        if self._matrix_victories_rk_ctb is None:
            self._mylog("Compute matrix_victories_rk_ctb", 1)
            self._matrix_victories_rk_ctb = np.zeros((self.C, self.C))
            for c in range(self.C):
                for d in range(c + 1, self.C):
                    if self.matrix_duels_rk[c, d] >= self.V / 2:
                        self._matrix_victories_rk_ctb[c, d] = 1
                        self._matrix_victories_rk_ctb[d, c] = 0
                    else:
                        self._matrix_victories_rk_ctb[c, d] = 0
                        self._matrix_victories_rk_ctb[d, c] = 1
        return self._matrix_victories_rk_ctb

    #%% Existence of Condorcet order

    @property
    def exists_condorcet_order_rk_ctb(self):
        """Boolean. True iff in matrix
        :attr:`~svvamp.Population.matrix_victories_rk_ctb`, there is a candidate
        with C-1 victories, a candidate with C-2 victories, etc.

        .. seealso:: :attr:`~svvamp.Population.not_exists_condorcet_order_rk_ctb`.
        """
        if self._exists_condorcet_order_rk_ctb is None:
            self._mylog("Compute exists_condorcet_order_rk_ctb", 1)
            temp = np.copy(self.matrix_victories_rk_ctb.sum(1))
            temp.sort()
            self._exists_condorcet_order_rk_ctb = np.array_equal(
                range(self.C), temp)
        return self._exists_condorcet_order_rk_ctb

    @property
    def not_exists_condorcet_order_rk_ctb(self):
        """Boolean. Cf. :attr:`~svvamp.Population.exists_condorcet_order_rk_ctb`.
        """
        return not self.exists_condorcet_order_rk_ctb

    @property
    def exists_condorcet_order_rk(self):
        """Boolean. True iff in matrix
        :attr:`~svvamp.Population.matrix_victories_rk`, there is a candidate
        with C-1 victories, a candidate with C-2 victories, etc.

        .. seealso:: :attr:`~svvamp.Population.not_exists_condorcet_order_rk`.
        """
        if self._exists_condorcet_order_rk is None:
            self._mylog("Compute exists_condorcet_order_rk", 1)
            temp = np.copy(self.matrix_victories_rk.sum(1))
            temp.sort()
            self._exists_condorcet_order_rk = np.array_equal(
                range(self.C), temp)
        return self._exists_condorcet_order_rk

    @property
    def not_exists_condorcet_order_rk(self):
        """Boolean. Cf. :attr:`~svvamp.Population.exists_condorcet_order_rk`.
        """
        return not self.exists_condorcet_order_rk

    @property
    def exists_condorcet_order_ut_abs(self):
        """Boolean. True iff in matrix
        :attr:`~svvamp.Population.matrix_victories_ut_abs`, there is a candidate
        with C-1 victories, a candidate with C-2 victories, etc.

        .. seealso:: :attr:`~svvamp.Population.not_exists_condorcet_order_ut_abs`.
        """
        if self._exists_condorcet_order_ut_abs is None:
            self._mylog("Compute exists_condorcet_order_ut_abs", 1)
            temp = np.copy(self.matrix_victories_ut_abs.sum(1))
            temp.sort()
            self._exists_condorcet_order_ut_abs = np.array_equal(
                range(self.C), temp)
        return self._exists_condorcet_order_ut_abs
    
    @property
    def not_exists_condorcet_order_ut_abs(self):
        """Boolean. Cf. :attr:`~svvamp.Population.exists_condorcet_order_ut_abs`.
        """
        return not self.exists_condorcet_order_ut_abs

    @property
    def exists_condorcet_order_ut_abs_ctb(self):
        """Boolean. True iff in matrix
        :attr:`~svvamp.Population.matrix_victories_ut_abs_ctb`, there is a candidate
        with C-1 victories, a candidate with C-2 victories, etc.

        .. seealso:: :attr:`~svvamp.Population.not_exists_condorcet_order_ut_abs_ctb`.
        """
        if self._exists_condorcet_order_ut_abs_ctb is None:
            self._mylog("Compute exists_condorcet_order_ut_abs_ctb", 1)
            temp = np.copy(self.matrix_victories_ut_abs_ctb.sum(1))
            temp.sort()
            self._exists_condorcet_order_ut_abs_ctb = np.array_equal(
                range(self.C), temp)
        return self._exists_condorcet_order_ut_abs_ctb

    @property
    def not_exists_condorcet_order_ut_abs_ctb(self):
        """Boolean. Cf. :attr:`~svvamp.Population.exists_condorcet_order_ut_abs_ctb`.
        """
        return not self.exists_condorcet_order_ut_abs_ctb

    @property
    def exists_condorcet_order_ut_rel(self):
        """Boolean. True iff in matrix
        :attr:`~svvamp.Population.matrix_victories_ut_rel`, there is a candidate
        with C-1 victories, a candidate with C-2 victories, etc.

        .. seealso:: :attr:`~svvamp.Population.not_exists_condorcet_order_ut_rel`.
        """
        if self._exists_condorcet_order_ut_rel is None:
            self._mylog("Compute exists_condorcet_order_ut_rel", 1)
            temp = np.copy(self.matrix_victories_ut_rel.sum(1))
            temp.sort()
            self._exists_condorcet_order_ut_rel = np.array_equal(
                range(self.C), temp)
        return self._exists_condorcet_order_ut_rel
    
    @property
    def not_exists_condorcet_order_ut_rel(self):
        """Boolean. Cf. :attr:`~svvamp.Population.exists_condorcet_order_ut_rel`.
        """
        return not self.exists_condorcet_order_ut_rel

    @property
    def exists_condorcet_order_ut_rel_ctb(self):
        """Boolean. True iff in matrix
        :attr:`~svvamp.Population.matrix_victories_ut_rel_ctb`, there is a candidate
        with C-1 victories, a candidate with C-2 victories, etc.

        .. seealso:: :attr:`~svvamp.Population.not_exists_condorcet_order_ut_rel_ctb`.
        """
        if self._exists_condorcet_order_ut_rel_ctb is None:
            self._mylog("Compute exists_condorcet_order_ut_rel_ctb", 1)
            temp = np.copy(self.matrix_victories_ut_rel_ctb.sum(1))
            temp.sort()
            self._exists_condorcet_order_ut_rel_ctb = np.array_equal(
                range(self.C), temp)
        return self._exists_condorcet_order_ut_rel_ctb

    @property
    def not_exists_condorcet_order_ut_rel_ctb(self):
        """Boolean. Cf. :attr:`~svvamp.Population.exists_condorcet_order_ut_rel_ctb`.
        """
        return not self.exists_condorcet_order_ut_rel_ctb
    
    #%% Condorcet winner and variants

    @property
    def condorcet_admissible_candidates(self):
        """1d array of booleans. ``condorcet_admissible_candidates[c]`` is
        ``True`` iff candidate ``c`` is Condorcet-admissible, i.e. iff no
        candidate ``d`` has an absolute victory against ``c`` (in
        the sense of :attr:`~svvamp.Population.matrix_victories_ut_abs`).

        .. seealso:: :attr:`~svvamp.Population.nb_condorcet_admissible`,
                     :attr:`~svvamp.Population.exists_condorcet_admissible`,
                     :attr:`~svvamp.Population.not_exists_condorcet_admissible`.
        """
        if self._condorcet_admissible_candidates is None:
            self._mylog("Compute Condorcet-admissible candidates", 1)
            self._condorcet_admissible_candidates = np.all(
                self.matrix_victories_ut_abs <= 0.5, 0)
        return self._condorcet_admissible_candidates

    @property
    def nb_condorcet_admissible(self):
        """Integer (number of Condorcet-admissible candidates,
        :attr:`~svvamp.Population.condorcet_admissible_candidates`).
        """
        if self._nb_condorcet_admissible_candidates is None:
            self._mylog("Compute number of Condorcet-admissible candidates", 1)
            self._nb_condorcet_admissible_candidates = np.sum(
                self.condorcet_admissible_candidates)
        return self._nb_condorcet_admissible_candidates

    @property
    def exists_condorcet_admissible(self):
        """Boolean (``True`` iff there is at least one Condorcet-admissible
        candidate, :attr:`~svvamp.Population.condorcet_admissible_candidates`).
        """
        return self.nb_condorcet_admissible > 0

    @property
    def not_exists_condorcet_admissible(self):
        """Boolean (``True`` iff there is no Condorcet-admissible candidate,
        :attr:`~svvamp.Population.condorcet_admissible_candidates`).
        """
        return self.nb_condorcet_admissible == 0

    @property
    def weak_condorcet_winners(self):
        """1d array of booleans. ``weak_condorcet_winners[c]`` is ``True`` iff
        candidate ``c`` is a weak Condorcet winner, i.e. iff no candidate
        ``d`` has a relative victory against ``c`` (in the sense of
        :attr:`~svvamp.Population.matrix_victories_ut_rel`).

        .. seealso:

            :attr:`~svvamp.Population.nb_weak_condorcet_winners`,
            :attr:`~svvamp.Population.exists_weak_condorcet_winner`,
            :attr:`~svvamp.Population.not_exists_weak_condorcet_winner`.
        """
        if self._weak_condorcet_winners is None:
            self._mylog("Compute weak Condorcet winners", 1)
            self._weak_condorcet_winners = np.all(
                self.matrix_victories_ut_rel <= 0.5, 0)
        return self._weak_condorcet_winners

    @property
    def nb_weak_condorcet_winners(self):
        """Integer (number of weak Condorcet winners,
        :attr:`~svvamp.Population.weak_condorcet_winners`).
        """
        if self._nb_weak_condorcet_winners is None:
            self._mylog("Compute number of weak Condorcet winners", 1)
            self._nb_weak_condorcet_winners = np.sum(
                self.weak_condorcet_winners)
        return self._nb_weak_condorcet_winners

    @property
    def exists_weak_condorcet_winner(self):
        """Boolean (``True`` iff there is at least one weak Condorcet winner,
        :attr:`~svvamp.Population.weak_condorcet_winners`).
        """
        return self.nb_weak_condorcet_winners > 0

    @property
    def not_exists_weak_condorcet_winner(self):
        """Boolean (``True`` iff there is no weak Condorcet winner,
        :attr:`~svvamp.Population.weak_condorcet_winners`).
        """
        return self.nb_weak_condorcet_winners == 0

    @property
    def condorcet_winner_rk_ctb(self):
        """Integer or ``NaN``. Candidate who has only victories in
        :attr:`~svvamp.Population.matrix_victories_rk_ctb`. If there is no
        such candidate, then ``NaN``.

        .. seealso::

            :attr:`~svvamp.Population.exists_condorcet_winner_rk_ctb`,
            :attr:`~svvamp.Population.not_exists_condorcet_winner_rk_ctb`.
        """
        if self._condorcet_winner_rk_ctb is None:
            self._mylog("Compute condorcet_winner_rk_ctb", 1)
            for c in range(self.C):
                # The whole COLUMN must be 0.
                if np.array_equiv(self.matrix_victories_rk_ctb[:, c], 0):
                    self._condorcet_winner_rk_ctb = c
                    break
            else:
                self._condorcet_winner_rk_ctb = np.nan
        return self._condorcet_winner_rk_ctb

    @property
    def exists_condorcet_winner_rk_ctb(self):
        """Boolean (``True`` iff there is a
        :attr:`~svvamp.Population.condorcet_winner_rk_ctb`).
        """
        return not np.isnan(self.condorcet_winner_rk_ctb)

    @property
    def not_exists_condorcet_winner_rk_ctb(self):
        """Boolean (``True`` iff there is no
        :attr:`~svvamp.Population.condorcet_winner_rk_ctb`).
        """
        return np.isnan(self.condorcet_winner_rk_ctb)

    @property
    def condorcet_winner_rk(self):
        """Integer or ``NaN``. Candidate who has only victories in
        :attr:`~svvamp.Population.matrix_victories_rk`. If there is no such
        candidate, then ``NaN``.

        .. seealso:: :attr:`~svvamp.Population.exists_condorcet_winner_rk`,
                     :attr:`~svvamp.Population.not_exists_condorcet_winner_rk`.
        """
        if self._condorcet_winner_rk is None:
            self._mylog("Compute condorcet_winner_rk", 1)
            for c in range(self.C):
                # The whole COLUMN must be 0.
                if np.array_equiv(self.matrix_victories_rk[:, c], 0):
                    self._condorcet_winner_rk = c
                    break
            else:
                self._condorcet_winner_rk = np.nan
        return self._condorcet_winner_rk

    @property
    def exists_condorcet_winner_rk(self):
        """Boolean (``True`` iff there is a
        :attr:`~svvamp.Population.condorcet_winner_rk`).
        """
        return not np.isnan(self.condorcet_winner_rk)

    @property
    def not_exists_condorcet_winner_rk(self):
        """Boolean (``True`` iff there is no
        :attr:`~svvamp.Population.condorcet_winner_rk`).
        """
        return np.isnan(self.condorcet_winner_rk)

    @property
    def condorcet_winner_ut_rel_ctb(self):
        """Integer or ``NaN``.
        Candidate who has only victories in
        :attr:`~svvamp.Population.matrix_victories_ut_rel_ctb`. If there is no
        such candidate, then ``NaN``.

        .. seealso::

            :attr:`~svvamp.Population.exists_condorcet_winner_ut_rel_ctb`,
            :attr:`~svvamp.Population.not_exists_condorcet_winner_ut_rel_ctb`.
        """
        if self._condorcet_winner_ut_rel_ctb is None:
            self._mylog("Compute condorcet_winner_ut_rel_ctb", 1)
            for c in range(self.C):
                # The whole COLUMN must be 0.
                if np.array_equiv(self.matrix_victories_ut_rel_ctb[:, c], 0):
                    self._condorcet_winner_ut_rel_ctb = c
                    break
            else:
                self._condorcet_winner_ut_rel_ctb = np.nan
        return self._condorcet_winner_ut_rel_ctb

    @property
    def exists_condorcet_winner_ut_rel_ctb(self):
        """Boolean (``True`` iff there is a
        :attr:`~svvamp.Population.condorcet_winner_ut_rel_ctb`).
        """
        return not np.isnan(self.condorcet_winner_ut_rel_ctb)

    @property
    def not_exists_condorcet_winner_ut_rel_ctb(self):
        """Boolean (``True`` iff there is no
        :attr:`~svvamp.Population.condorcet_winner_ut_rel_ctb`).
        """
        return np.isnan(self.condorcet_winner_ut_rel_ctb)

    @property
    def condorcet_winner_ut_rel(self):
        """Integer or ``NaN``. Candidate who has only victories in
        :attr:`~svvamp.Population.matrix_victories_ut_rel`. If there is no such
        candidate, then ``NaN``.

        .. seealso:: :attr:`~svvamp.Population.exists_condorcet_winner_ut_rel`,
                     :attr:`~svvamp.Population.not_exists_condorcet_winner_ut_rel`.
        """
        if self._condorcet_winner_ut_rel is None:
            self._mylog("Compute condorcet_winner_ut_rel", 1)
            for c in range(self.C):
                # The whole COLUMN must be 0.
                if np.array_equiv(self.matrix_victories_ut_rel[:, c], 0):
                    self._condorcet_winner_ut_rel = c
                    break
            else:
                self._condorcet_winner_ut_rel = np.nan
        return self._condorcet_winner_ut_rel

    @property
    def exists_condorcet_winner_ut_rel(self):
        """Boolean (``True`` iff there is a
        :attr:`~svvamp.Population.condorcet_winner_ut_rel`).
        """
        return not np.isnan(self.condorcet_winner_ut_rel)

    @property
    def not_exists_condorcet_winner_ut_rel(self):
        """Boolean (``True`` iff there is no
        :attr:`~svvamp.Population.condorcet_winner_ut_rel`).
        """
        return np.isnan(self.condorcet_winner_ut_rel)

    @property
    def condorcet_winner_ut_abs_ctb(self):
        """Integer or ``NaN``.
        Candidate who has only victories in
        :attr:`~svvamp.Population.matrix_victories_ut_abs_ctb`. If there is no
        such candidate, then ``NaN``.

        .. seealso:: :attr:`~svvamp.Population.exists_condorcet_winner_ut_abs_ctb`,
                     :attr:`~svvamp.Population.not_exists_condorcet_winner_ut_abs_ctb`
        """
        if self._condorcet_winner_ut_abs_ctb is None:
            self._mylog("Compute condorcet_winner_ut_abs_ctb", 1)
            for c in range(self.C):
                if np.array_equiv(self.matrix_victories_ut_abs_ctb[c,
                                  np.array(range(self.C)) != c],
                                  1):
                    self._condorcet_winner_ut_abs_ctb = c
                    break
            else:
                self._condorcet_winner_ut_abs_ctb = np.nan
        return self._condorcet_winner_ut_abs_ctb

    @property
    def exists_condorcet_winner_ut_abs_ctb(self):
        """Boolean (``True`` iff there is a
        :attr:`~svvamp.Population.condorcet_winner_ut_abs_ctb`).
        """
        return not np.isnan(self.condorcet_winner_ut_abs_ctb)

    @property
    def not_exists_condorcet_winner_ut_abs_ctb(self):
        """Boolean (``True`` iff there is no
        :attr:`~svvamp.Population.condorcet_winner_ut_abs_ctb`).
        """
        return np.isnan(self.condorcet_winner_ut_abs_ctb)

    @property
    def condorcet_winner_ut_abs(self):
        """Integer or ``NaN``. Candidate who has only victories in
        :attr:`~svvamp.Population.matrix_victories_ut_abs`. If there is no such
        candidate, then ``NaN``.

        .. seealso:: :attr:`~svvamp.Population.exists_condorcet_winner_ut_abs`,
                     :attr:`~svvamp.Population.not_exists_condorcet_winner_ut_abs`.
        """
        if self._condorcet_winner_ut_abs is None:
            self._mylog("Compute Condorcet winner", 1)
            for c in range(self.C):
                if np.array_equiv(self.matrix_victories_ut_abs[c,
                                  np.array(range(self.C)) != c],
                                  1):
                    self._condorcet_winner_ut_abs = c
                    break
            else:
                self._condorcet_winner_ut_abs = np.nan
        return self._condorcet_winner_ut_abs

    @property
    def exists_condorcet_winner_ut_abs(self):
        """Boolean (``True`` iff there is a
        :attr:`~svvamp.Population.condorcet_winner_ut_abs`).
        """
        return not np.isnan(self.condorcet_winner_ut_abs)

    @property
    def not_exists_condorcet_winner_ut_abs(self):
        """Boolean (``True`` iff there is no
        :attr:`~svvamp.Population.condorcet_winner_ut_abs`).
        """
        return np.isnan(self.condorcet_winner_ut_abs)

    @property
    def resistant_condorcet_winner(self):
        """Integer or ``NaN``. Resistant Condorcet Winner. If there is no such
        candidate, then ``NaN``.
        
        A Condorcet winner ``w`` (in the sense of
        :attr:`~svvamp.Population.condorcet_winner_ut_abs`) is resistant iff
        in any Condorcet voting system (in the same sense), the profile is not
        manipulable (cf.
        Durand et al., working paper 2014).
        This is equivalent to say that for any pair ``(c, d)`` of other
        distinct candidates, there is a strict majority of voters who
        simultaneously:

            1) Do not prefer ``c`` to ``w``,
            2) And prefer ``w`` to ``d``.

        .. seealso::

            :attr:`~svvamp.Population.exists_resistant_condorcet_winner`,
            :attr:`~svvamp.Population.not_exists_resistant_condorcet_winner`.
        """
        if self._resistant_condorcet_winner is None:
            self._mylog("Compute Resistant Condorcet winner", 1)
            if is_resistant_condorcet(self.condorcet_winner_ut_abs,
                                      self.preferences_ut):
                self._resistant_condorcet_winner = self.condorcet_winner_ut_abs
            else:
                self._resistant_condorcet_winner = np.nan
        return self._resistant_condorcet_winner

    @property
    def exists_resistant_condorcet_winner(self):
        """Boolean (``True`` iff there is a
        :attr:`~svvamp.Population.resistant_condorcet_winner`).
        """
        return not np.isnan(self.resistant_condorcet_winner)

    @property
    def not_exists_resistant_condorcet_winner(self):
        """Boolean (``True`` iff there is no
        :attr:`~svvamp.Population.resistant_condorcet_winner`).
        """
        return np.isnan(self.resistant_condorcet_winner)

    @property
    def threshold_c_prevents_w_Condorcet_ut_abs(self):
        """2d array of integers. Threshold for ``c``-manipulators to prevent
        ``w`` from being a Condorcet winner (in the sense of
        :attr:`~svvamp.Population.condorcet_winner_ut_abs`).

        Intuitively, the question is the following: in an election where ``w``
        is the winner, how many ``c``-manipulators are needed to prevent ``w``
        from  being a Condorcet winner?
        
        We start with the sub-population of :math:`n_s` 'sincere' voters,
        i.e. not preferring ``c`` to ``w``. The precise question is: how many
        ``c``-manipulators :math:`n_m` must we add in order to create a
        non-victory for
        ``w`` against some candidate ``d`` :math:`\\neq` ``w`` (possibly ``c``
        herself)?

        In the following, :math:`| c > d |` denotes the number of voters who
        strictly prefer candidate ``c`` to ``d``. We need:

        .. math::

            | \\text{sincere voters for whom } w > d |
            \\leq \\frac{n_s + n_m}{2}.

        I.e.:

        .. math::

            | \\text{non } c > w \\text{ and } w > d | \\leq
            \\frac{| \\text{non } c > w | + n_m}{2}.

        I.e.:

        .. math::

            n_m \\geq 2 \\cdot | \\text{non } c > w \\text{ and } w > d |
            - | \\text{non } c > w |.

        One candidate ``d`` is enough, so:

        ``threshold_c_prevents_w_Condorcet_ut_abs[c, w]`` :math:`=
        2 \\cdot \\min_{d \\neq w} |w \geq c \\text{ and } w > d|
        - |w \geq c|`.

        If this result is negative, it means that even without
        ``c``-manipulators, ``w`` is not a Condorcet winner. In that case,
        threshold is set to 0 instead.
        """
        if self._threshold_c_prevents_w_Condorcet_ut_abs is None:
            self._mylog("Compute threshold_c_prevents_w_Condorcet_ut_abs", 1)
            self._threshold_c_prevents_w_Condorcet_ut_abs = np.full((self.C, self.C),
                                                             np.inf)
            for w in range(self.C):
                for c in range(self.C):
                    if c == w:
                        self._threshold_c_prevents_w_Condorcet_ut_abs[c, w] = 0
                        continue
                    v_does_not_prefer_c_to_w = (
                        self.preferences_ut[:, w] >=
                        self.preferences_ut[:, c])
                    for d in range(self.C):
                        if d == w:
                            continue
                            # But d == c is allowed (useful if self.C == 2)
                        v_prefers_w_to_d = (
                            self.preferences_ut[:, w] >
                            self.preferences_ut[:, d])
                        threshold_c_makes_w_not_win_against_d = (
                            np.multiply(2, np.sum(np.logical_and(
                                v_does_not_prefer_c_to_w,
                                v_prefers_w_to_d
                            )))
                            - np.sum(v_does_not_prefer_c_to_w)
                        )
                        self._threshold_c_prevents_w_Condorcet_ut_abs[
                            c, w] = np.minimum(
                                self._threshold_c_prevents_w_Condorcet_ut_abs[c, w],
                                threshold_c_makes_w_not_win_against_d
                            )
                    self._threshold_c_prevents_w_Condorcet_ut_abs = np.maximum(
                        self._threshold_c_prevents_w_Condorcet_ut_abs, 0)
        return self._threshold_c_prevents_w_Condorcet_ut_abs

    #%% Majority favorite

    @property
    def majority_favorite_rk_ctb(self):
        """Integer or ``NaN``. Candidate who has stricly more than V/2 in 
        :attr:`~svvamp.Population.plurality_scores_rk`. Can also be candidate 0
        with exactly V/2. If there is no such candidate, then ``NaN``.
        
        .. seealso:: :attr:`~svvamp.Population.exists_majority_favorite_rk_ctb`,
                     :attr:`~svvamp.Population.not_exists_majority_favorite_rk_ctb`.
        """
        if self._majority_favorite_rk_ctb is None:
            self._mylog("Compute majority favorite (rk_ctb)", 1)
            c = np.argmax(self.plurality_scores_rk)
            score_c = self.plurality_scores_rk[c]
            if score_c > self.V / 2 or (c == 0 and score_c == self.V / 2):
                self._majority_favorite_rk_ctb = c
            else:
                self._majority_favorite_rk_ctb = np.nan
        return self._majority_favorite_rk_ctb

    @property
    def exists_majority_favorite_rk_ctb(self):
        """Boolean (``True`` iff there is a
        :attr:`~svvamp.Population.majority_favorite_rk_ctb`).
        """
        return not np.isnan(self.majority_favorite_rk_ctb)

    @property
    def not_exists_majority_favorite_rk_ctb(self):
        """Boolean (``True`` iff there is no
        :attr:`~svvamp.Population.majority_favorite_rk_ctb`).
        """
        return np.isnan(self.majority_favorite_rk_ctb)

    @property
    def majority_favorite_ut_ctb(self):
        """Integer or ``NaN``. Candidate who has stricly more than V/2 in 
        :attr:`~svvamp.Population.plurality_scores_ut`. Can also be candidate 0
        with exactly V/2. If there is no such candidate, then ``NaN``.
        
        .. seealso:: :attr:`~svvamp.Population.exists_majority_favorite_ut_ctb`,
                     :attr:`~svvamp.Population.not_exists_majority_favorite_ut_ctb`.
        """
        if self._majority_favorite_ut_ctb is None:
            self._mylog("Compute majority favorite (ut_ctb)", 1)
            c = np.argmax(self.plurality_scores_ut)
            score_c = self.plurality_scores_ut[c]
            if score_c > self.V / 2 or (c == 0 and score_c == self.V / 2):
                self._majority_favorite_ut_ctb = c
            else:
                self._majority_favorite_ut_ctb = np.nan
        return self._majority_favorite_ut_ctb

    @property
    def exists_majority_favorite_ut_ctb(self):
        """Boolean (``True`` iff there is a
        :attr:`~svvamp.Population.majority_favorite_ut_ctb`).
        """
        return not np.isnan(self.majority_favorite_ut_ctb)

    @property
    def not_exists_majority_favorite_ut_ctb(self):
        """Boolean (``True`` iff there is no
        :attr:`~svvamp.Population.majority_favorite_ut_ctb`).
        """
        return np.isnan(self.majority_favorite_ut_ctb)
    
    @property
    def majority_favorite_rk(self):
        """Integer or ``NaN``. Candidate who has stricly more than V/2 in 
        :attr:`~svvamp.Population.plurality_scores_rk`. If there is no such 
        candidate, then ``NaN``.
        
        .. seealso:: :attr:`~svvamp.Population.exists_majority_favorite_rk`,
                     :attr:`~svvamp.Population.not_exists_majority_favorite_rk`.
        """
        if self._majority_favorite_rk is None:
            self._mylog("Compute majority favorite (rk)", 1)
            c = np.argmax(self.plurality_scores_rk)
            score_c = self.plurality_scores_rk[c]
            if score_c > self.V / 2:
                self._majority_favorite_rk = c
            else:
                self._majority_favorite_rk = np.nan
        return self._majority_favorite_rk

    @property
    def exists_majority_favorite_rk(self):
        """Boolean (``True`` iff there is a
        :attr:`~svvamp.Population.majority_favorite_rk`).
        """
        return not np.isnan(self.majority_favorite_rk)

    @property
    def not_exists_majority_favorite_rk(self):
        """Boolean (``True`` iff there is no
        :attr:`~svvamp.Population.majority_favorite_rk`).
        """
        return np.isnan(self.majority_favorite_rk)
    
    @property
    def majority_favorite_ut(self):
        """Integer or ``NaN``. Candidate who has stricly more than V/2 in 
        :attr:`~svvamp.Population.plurality_scores_ut`. If there is no such 
        candidate, then ``NaN``.
        
        .. seealso:: :attr:`~svvamp.Population.exists_majority_favorite_ut`,
                     :attr:`~svvamp.Population.not_exists_majority_favorite_ut`.
        """
        if self._majority_favorite_ut is None:
            self._mylog("Compute majority favorite (ut)", 1)
            c = np.argmax(self.plurality_scores_ut)
            score_c = self.plurality_scores_ut[c]
            if score_c > self.V / 2:
                self._majority_favorite_ut = c
            else:
                self._majority_favorite_ut = np.nan
        return self._majority_favorite_ut

    @property
    def exists_majority_favorite_ut(self):
        """Boolean (``True`` iff there is a
        :attr:`~svvamp.Population.majority_favorite_ut`).
        """
        return not np.isnan(self.majority_favorite_ut)

    @property
    def not_exists_majority_favorite_ut(self):
        """Boolean (``True`` iff there is no
        :attr:`~svvamp.Population.majority_favorite_ut`).
        """
        return np.isnan(self.majority_favorite_ut)
    
    #%% Total utilities        

    @property
    def total_utility_c(self):
        """1d array of floats. ``total_utility_c[c]`` is the total utility for
        candidate ``c`` (i.e. the sum of ``c``'s column in matrix
        :attr:`~svvamp.Population.preferences_ut`).
        """
        if self._total_utility_c is None:
            self._mylog("Compute total utility of candidates", 1)
            self._total_utility_c = np.sum(self.preferences_ut, 0)
        return self._total_utility_c

    @property
    def total_utility_min(self):
        """Float. ``total_utility_min`` is the minimum of
        :attr:`~svvamp.Population.total_utility_c`.
        """
        if self._total_utility_min is None:
            self._mylog("Compute total_utility_min", 1)
            self._total_utility_min = np.min(self.total_utility_c)
        return self._total_utility_min

    @property
    def total_utility_max(self):
        """Float. ``total_utility_max`` is the maximum of
        :attr:`~svvamp.Population.total_utility_c`.
        """
        if self._total_utility_max is None:
            self._mylog("Compute total_utility_max", 1)
            self._total_utility_max = np.max(self.total_utility_c)
        return self._total_utility_max

    @property
    def total_utility_mean(self):
        """Float. ``total_utility_mean`` is the mean of
        :attr:`~svvamp.Population.total_utility_c`.
        """
        if self._total_utility_mean is None:
            self._mylog("Compute total_utility_mean", 1)
            self._total_utility_mean = np.mean(self.total_utility_c)
        return self._total_utility_mean

    @property
    def total_utility_std(self):
        """Float. ``total_utility_std`` is the standard deviation of
        :attr:`~svvamp.Population.total_utility_c`.
        """
        if self._total_utility_std is None:
            self._mylog("Compute total_utility_std", 1)
            self._total_utility_std = np.std(self.total_utility_c, ddof=0)
        return self._total_utility_std

    #%% Mean utilities        

    @property
    def mean_utility_c(self):
        """1d array of floats. ``mean_utility_c[c]`` is the mean utility for
        candidate ``c`` (i.e. the mean of ``c``'s column in matrix
        :attr:`~svvamp.Population.preferences_ut`).
        """
        if self._mean_utility_c is None:
            self._mylog("Compute mean utility of candidates", 1)
            self._mean_utility_c = np.mean(self.preferences_ut, 0)
        return self._mean_utility_c

    @property
    def mean_utility_min(self):
        """Float. ``mean_utility_min`` is the minimum of
        :attr:`~svvamp.Population.mean_utility_c`.
        """
        if self._mean_utility_min is None:
            self._mylog("Compute mean_utility_min", 1)
            self._mean_utility_min = np.min(self.mean_utility_c)
        return self._mean_utility_min

    @property
    def mean_utility_max(self):
        """Float. ``mean_utility_max`` is the maximum of
        :attr:`~svvamp.Population.mean_utility_c`.
        """
        if self._mean_utility_max is None:
            self._mylog("Compute mean_utility_max", 1)
            self._mean_utility_max = np.max(self.mean_utility_c)
        return self._mean_utility_max

    @property
    def mean_utility_mean(self):
        """Float. ``mean_utility_mean`` is the mean of
        :attr:`~svvamp.Population.mean_utility_c`.
        """
        if self._mean_utility_mean is None:
            self._mylog("Compute mean_utility_mean", 1)
            self._mean_utility_mean = np.mean(self.mean_utility_c)
        return self._mean_utility_mean

    @property
    def mean_utility_std(self):
        """Float. ``mean_utility_std`` is the standard deviation of
        :attr:`~svvamp.Population.mean_utility_c`.
        """
        if self._mean_utility_std is None:
            self._mylog("Compute mean_utility_std", 1)
            self._mean_utility_std = np.std(self.mean_utility_c, ddof=0)
        return self._mean_utility_std

    #%% Borda scores

    @property
    def borda_score_c_rk(self):
        """1d array of integers. ``borda_score_c_rk[c]`` is the total Borda
        score of candidate ``c`` (using
        :attr:`~svvamp.Population.preferences_borda_rk`, i.e. strict
        preferences).
        """
        if self._borda_score_c_rk is None:
            self._mylog("Compute Borda scores of the candidates (rankings)", 1)
            self._borda_score_c_rk = np.sum(self.matrix_duels_rk, 1)
        return self._borda_score_c_rk

    @property
    def borda_score_c_ut(self):
        """1d array of integers. ``borda_score_c_ut[c]`` is the total Borda
        score of candidate ``c`` (using
        :attr:`~svvamp.Population.preferences_borda_ut`, i.e. weak
        preferences).
        """
        if self._borda_score_c_ut is None:
            self._mylog("Compute Borda scores of the candidates (weak "
                        "orders)", 1)
            self._borda_score_c_ut = np.sum(self.preferences_borda_ut, 0)
        return self._borda_score_c_ut

    @property
    def candidates_by_decreasing_borda_score_rk(self):
        """1d array of integers.
        ``candidates_by_decreasing_borda_score_rk[k]`` is
        the candidate ranked ``k``\ :sup:`th` by decreasing Borda score
        (using :attr:`~svvamp.Population.borda_score_c_rk`, i.e. strict
        preferences).

        For example, ``candidates_by_decreasing_borda_score_rk[0]`` is the
        candidate with highest Borda score (rk).
        """
        if self._candidates_by_decreasing_borda_score_rk is None:
            self._mylog("Compute candidates_by_decreasing_borda_score_rk", 1)
            self._candidates_by_decreasing_borda_score_rk = \
                np.argsort(-self.borda_score_c_rk, kind='mergesort')
            self._decreasing_borda_scores_rk = self.borda_score_c_rk[
                self._candidates_by_decreasing_borda_score_rk]
        return self._candidates_by_decreasing_borda_score_rk

    @property
    def decreasing_borda_scores_rk(self):
        """1d array of integers. ``decreasing_borda_scores_rk[k]`` is the
        ``k``\ :sup:`th` Borda score (using
        :attr:`~svvamp.Population.borda_score_c_rk`, i.e. strict
        preferences) by decreasing order.

        For example, ``decreasing_borda_scores_rk[0]`` is the highest
        Borda score for a candidate (rk).
        """
        if self._decreasing_borda_scores_rk is None:
            self._mylog("Compute decreasing_borda_scores_rk", 1)
            self._candidates_by_decreasing_borda_score_rk = \
                np.argsort(-self.borda_score_c_rk, kind='mergesort')
            self._decreasing_borda_scores_rk = self.borda_score_c_rk[
                self._candidates_by_decreasing_borda_score_rk]
        return self._decreasing_borda_scores_rk

    @property
    def candidates_by_decreasing_borda_score_ut(self):
        """1d array of integers.
        ``candidates_by_decreasing_borda_score_ut[k]``
        is the candidate ranked ``k``\ :sup:`th` by decreasing Borda score
        (using :attr:`~svvamp.Population.borda_score_c_ut`, i.e. weak
        preferences).

        For example, ``candidates_by_decreasing_borda_score_ut[0]`` is the
        candidate with highest Borda score (ut).
        """
        if self._candidates_by_decreasing_borda_score_ut is None:
            self._mylog("Compute candidates_by_decreasing_borda_score_ut",
                        1)
            self._candidates_by_decreasing_borda_score_ut = \
                np.argsort(-self.borda_score_c_ut, kind='mergesort')
            self._decreasing_borda_scores_ut = self.borda_score_c_ut[
                self._candidates_by_decreasing_borda_score_ut]
        return self._candidates_by_decreasing_borda_score_ut

    @property
    def decreasing_borda_scores_ut(self):
        """1d array of integers. ``decreasing_borda_scores_ut[k]`` is the
        ``k``\ :sup:`th` Borda score (using
        :attr:`~svvamp.Population.borda_score_c_ut`, i.e. weak
        preferences) by decreasing order.

        For example, ``decreasing_borda_scores_ut[0]`` is the highest
        Borda score for a candidate (rk).
        """
        if self._decreasing_borda_scores_ut is None:
            self._mylog("Compute decreasing_borda_scores_ut", 1)
            self._candidates_by_decreasing_borda_score_ut = \
                np.argsort(-self.borda_score_c_ut, kind='mergesort')
            self._decreasing_borda_scores_ut = self.borda_score_c_ut[
                self._candidates_by_decreasing_borda_score_ut]
        return self._decreasing_borda_scores_ut

    #%% Plot a population

    def plot3(self, indexes=None, normalize=True, use_labels=True):
        """Plot utilities for 3 candidates (with approval limit).

        :param indexes: List of 3 candidates. If None, defaults to [0, 1, 2].
        :param normalize: Boolean. Cf. below.
        :param use_labels: Boolean. If ``True``, then
            :attr:`~svvamp.Population.labels_candidates` is
            used to label the plot. Otherwise, candidates are simply
            represented by their index.

        Each red point of the plot represents a voter ``v``. Its position is
        :attr:`~svvamp.Population.preferences_ut`\ ``[v, indexes]``. If
        ``normalize`` is ``True``, then each position is normalized before
        plotting so that its Euclidean norm is equal to 1.

        The equator (in blue) is the set of points :math:`\\mathbf{u}` such
        that
        :math:`\\sum {u_i}^2 = 1` and
        :math:`\\sum u_i = 0`,
        i.e. the unit circle of the plan that is orthogonal to the main
        diagonal [1, 1, 1].

        Other blue circles are the frontiers between the 6 different strict
        total orders on the candidates.

        Cf. working paper by Durand et al., 'Geometry on the Utility
        Space'.
        """
        if indexes is None:
            _indexes = [0, 1, 2]
        else:
            _indexes = indexes
        # Define figure
        fig = plt.figure()
        ax = fig.add_subplot(111, projection='3d')
        # North-South axis (not plotted anymore)
        # ax.plot(xs=[-1, 1], ys=[-1, 1], zs=[-1, 1], c='k')
        # Equator
        theta = np.linspace(0, 2 * np.pi, 200)
        xs = np.cos(theta)/np.sqrt(2) - np.sin(theta)/np.sqrt(6)
        ys = -np.cos(theta)/np.sqrt(2) - np.sin(theta)/np.sqrt(6)
        zs = 2 * np.sin(theta)/np.sqrt(6)
        ax.scatter(xs, ys, zs, s=7, c='b')
        # Frontiers between strict orders
        for i in range(3):
            pole = np.full(3, 1/np.sqrt(3))
            ortho = np.ones(3)
            ortho[i] = -2
            ortho = ortho / np.sqrt(6)
            xs = np.cos(theta)*pole[0] + np.sin(theta)*ortho[0]
            ys = np.cos(theta)*pole[1] + np.sin(theta)*ortho[1]
            zs = np.cos(theta)*pole[2] + np.sin(theta)*ortho[2]
            ax.scatter(xs, ys, zs, s=7, c='b')
        # Voters
        mat_temp = np.copy(self.preferences_ut[:, _indexes]).astype(
            np.float)
        self._mylogm('mat_temp =', mat_temp, 3)
        if normalize:
            for v in range(mat_temp.shape[0]):
                norm = np.sqrt(np.sum(mat_temp[v, :]**2))
                if norm > 0:
                    mat_temp[v, :] /= norm
            self._mylogm('mat_temp =', mat_temp, 3)
        ax.scatter(mat_temp[:, 0], mat_temp[:, 1], mat_temp[:, 2],
                   s=40, c='r', marker='o')
        # Axes and labels
        if use_labels:
            ax.set_xlabel(self.labels_candidates[_indexes[0]] + ' (' +
                          str(_indexes[0]) + ')')
            ax.set_ylabel(self.labels_candidates[_indexes[1]] + ' (' +
                          str(_indexes[1]) + ')')
            ax.set_zlabel(self.labels_candidates[_indexes[2]] + ' (' +
                          str(_indexes[2]) + ')')
        else:
            ax.set_xlabel('Candidate ' + str(_indexes[0]))
            ax.set_ylabel('Candidate ' + str(_indexes[1]))
            ax.set_zlabel('Candidate ' + str(_indexes[2]))
        temp = 1 / np.sqrt(2)
        for best in range(3):
            for worst in range(3):
                if best == worst:
                    continue
                other = 3 - best - worst
                position = np.zeros(3)
                position[best] = temp
                position[worst] = - temp
                ax.text(position[0], position[1], position[2],
                        ' ' + str(_indexes[best]) + ' > ' +
                        str(_indexes[other]) + ' > ' +
                        str(_indexes[worst]))
        plt.show()

    def plot4(self, indexes=None, normalize=True, use_labels=True):
        """Plot utilities for 4 candidates (without approval limit).

        :param indexes: List of 4 candidates. If None, defaults to
            [0, 1, 2, 3].
        :param normalize: Boolean. Cf. below.
        :param use_labels: Boolean. If ``True``, then
            :attr:`~svvamp.Population.labels_candidates` is
            used to label the plot. Otherwise, candidates are simply
            represented by their index.

        Each red point of the plot represents a voter ``v``.

            * :attr:`~svvamp.Population.preferences_ut`\ ``[v, indexes]``
              is sent to the hyperplane that
              is orthogonal to [1, 1, 1, 1] (by orthogonal projection),
              which discards information related to approval limit and keeps
              only the relative preferences between candidates.
            * The plot is done in this 3d hyperplane. In practice, we use a
              mirror symmetry that exchanges [1, 1, 1, 1] and [0, 0, 0, 1].
              This way, the image vector is orthogonal to [0, 0, 0, 1] and
              can be plotted in the first 3 dimensions.
            * If ``normalize`` is True, then the image vector is normalized
              before plotting so that its Euclidean norm is equal to 1.

        Blue lines are the frontiers between the 24 different strict
        total orders on the candidates ('permutohedron').

        Cf. working paper by Durand et al., 'Geometry on the Utility Space'.
        """
        if indexes is None:
            _indexes = [0, 1, 2, 3]
        else:
            _indexes = indexes
        # Define figure
        fig = plt.figure()
        ax = fig.add_subplot(111, projection='3d')

        # Voters
        # We transform the population matrix to send it to R^3
        # 0. Keep only the specified candidates
        mat_temp = np.copy(self.preferences_ut[:, _indexes]).astype(
            np.float)
        # 1. Send each voter to the hyperplane orthogonal to (1, 1, 1, 1)
        mat_temp -= np.mean(mat_temp, 1)[:, np.newaxis]
        # 2. Use symmetry by a hyperplane to exchange (1, 1, 1, 1) and (0,
        # 0, 0, 1)
        # unitary_parallel = [1, 1, 1, 1] / sqrt(4) - [0, 0, 0, 1] then
        # normalize.
        unitary_parallel = np.array([0.5, 0.5, 0.5, -0.5])
        # unitary_parallel = unitary_parallel / np.sqrt(
        #     np.sum(unitary_parallel**2))
        temp_parallel = np.outer(
            np.sum(mat_temp * unitary_parallel[np.newaxis, :], 1),
            unitary_parallel)
        mat_temp -= 2 * temp_parallel
        # 3. Normalize if asked
        if normalize:
            for v in range(mat_temp.shape[0]):
                norm = np.sqrt(np.sum(mat_temp[v, :]**2))
                if norm > 0:
                    mat_temp[v, :] /= norm
        # 4. Now just do not care about last coordinate, it is 0.
        ax.scatter(mat_temp[:, 0], mat_temp[:, 1], mat_temp[:, 2],
                   s=40, c='r', marker='o')

        # Permutoedron
        xs = []
        ys = []
        zs = []
        def add_line(vertex1, vertex2):
            if normalize:
                theta_tot = np.arccos(np.sum(vertex1 * vertex2))
                ortho = vertex2 - np.sum(vertex2*vertex1) * vertex1
                ortho = ortho / np.sqrt(np.sum(ortho**2))
                theta = np.linspace(0, theta_tot, 100)
                xs.extend(np.cos(theta) * vertex1[0] + np.sin(theta) * ortho[0])
                ys.extend(np.cos(theta) * vertex1[1] + np.sin(theta) * ortho[1])
                zs.extend(np.cos(theta) * vertex1[2] + np.sin(theta) * ortho[2])
            else:
                xs.extend(np.linspace(vertex1[0], vertex2[0], 50))
                ys.extend(np.linspace(vertex1[1], vertex2[1], 50))
                zs.extend(np.linspace(vertex1[2], vertex2[2], 50))
        def image(vertex):
            result = np.multiply(vertex, 2) - 1
            result = result - np.mean(result)
            temp_parallel = np.sum(result*unitary_parallel) * unitary_parallel
            result -= 2 * temp_parallel
            if normalize:
                result = result / np.sqrt(np.sum(result**2))
            return result
        for i in range(4):
            for j in range(4):
                if j == i:
                    continue
                # Vertex 1 of type [1, 0, 0, 0]
                vertex1 = image(np.array(range(4)) == i)
                if use_labels:
                    pass
                    ax.text(vertex1[0], vertex1[1], vertex1[2],
                        '   Favorite = '
                        + self.labels_candidates[_indexes[i]])
                else:
                    ax.text(vertex1[0], vertex1[1], vertex1[2],
                        '   Favorite = ' + str(_indexes[i]))
                # Vertex 2 of type [1, 1, 1, 0]
                vertex2 = np.ones(4)
                vertex2[j] = 0
                vertex2 = image(vertex2)
                add_line(vertex1, vertex2)
                # Vertex 2 of type [1, 1, 0, 0]
                vertex2 = np.zeros(4)
                vertex2[i] = 1
                vertex2[j] = 1
                vertex2 = image(vertex2)
                add_line(vertex1, vertex2)
                # Vertex 1 of type [0, 1, 1, 1]
                vertex1 = image(np.array(range(4)) != i)
                # Vertex 2 of type [1, 1, 0, 0]
                vertex2 = np.ones(4)
                vertex2[i] = 0
                vertex2[j] = 0
                vertex2 = image(vertex2)
                add_line(vertex1, vertex2)
        ax.scatter(xs, ys, zs, s=7, c='b')

        # Conclude
        plt.axis('off')
        plt.show()

    #%% Demo

    def demo(self, log_depth=1):
        """Demonstrate the methods of :class:`~svvamp.Population` class.

        :param log_depth: Integer from 0 (basic info) to 3 (verbose).
        """
        old_log_depth = self._log_depth
        self._log_depth = log_depth
        self.ensure_voters_sorted_by_rk()
        def printm(variable_name, variable_value):
            print(variable_name)
            print(variable_value)
    
        MyLog.print_title("Basic properties")
        print("V =", self.V)
        print("C =", self.C)
        print("labels_candidates =", self.labels_candidates)
        MyLog.printm("preferences_ut =", self.preferences_ut)
        MyLog.printm("preferences_borda_ut =", self.preferences_borda_ut)
        MyLog.printm("preferences_borda_rk =", self.preferences_borda_rk)
        MyLog.printm("preferences_rk =", self.preferences_rk)
    
        MyLog.printm("v_has_same_ordinal_preferences_as_previous_voter =",
                 self.v_has_same_ordinal_preferences_as_previous_voter)
    
        MyLog.print_title("Plurality scores")
        MyLog.printm("preferences_rk (reminder) =",
                     self.preferences_rk)
        print("plurality_scores_rk =", self.plurality_scores_rk)
        print("majority_favorite_rk =", self.majority_favorite_rk)
        print("majority_favorite_rk_ctb =", self.majority_favorite_rk_ctb)
        print("")
        MyLog.printm("preferences_borda_ut (reminder) =",
               self.preferences_borda_ut)
        print("plurality_scores_ut =", self.plurality_scores_ut)
        print("majority_favorite_ut =", self.majority_favorite_ut)
        print("majority_favorite_ut_ctb =", self.majority_favorite_ut_ctb)

        MyLog.print_title("Borda scores")
        MyLog.printm("preferences_borda_rk (reminder) =",
               self.preferences_borda_rk)
        MyLog.printm("borda_score_c_rk =", self.borda_score_c_rk)
        print("Remark: Borda scores above are computed with the "
              "matrix of duels.")
        MyLog.printm("Check: np.sum(self.preferences_borda_rk, 0) =",
              np.sum(self.preferences_borda_rk, 0))
        MyLog.printm("decreasing_borda_scores_rk =",
               self.decreasing_borda_scores_rk)
        MyLog.printm("candidates_by_decreasing_borda_score_rk =",
                 self.candidates_by_decreasing_borda_score_rk)
        print("")
        MyLog.printm("preferences_borda_ut (reminder) =",
                 self.preferences_borda_ut)
        MyLog.printm("borda_score_c_ut =", self.borda_score_c_ut)
        MyLog.printm("decreasing_borda_scores_ut =",
                 self.decreasing_borda_scores_ut)
        MyLog.printm("candidates_by_decreasing_borda_score_ut =",
                 self.candidates_by_decreasing_borda_score_ut)

        MyLog.print_title("Utilities")
        MyLog.printm("preferences_ut (reminder) =",
               self.preferences_ut)
        MyLog.printm("total_utility_c = ", self.total_utility_c)
        print("total_utility_min =", self.total_utility_min)
        print("total_utility_max =", self.total_utility_max)
        print("total_utility_mean =", self.total_utility_mean)
        print("total_utility_std =", self.total_utility_std)

        MyLog.print_title("Condorcet notions based on rankings")
        MyLog.printm("preferences_rk (reminder) =", self.preferences_rk)
        MyLog.printm("matrix_duels_rk =", self.matrix_duels_rk)
    
        MyLog.printm("matrix_victories_rk =", self.matrix_victories_rk)
        print("condorcet_winner_rk =", self.condorcet_winner_rk)
        print("exists_condorcet_order_rk =", self.exists_condorcet_order_rk)
    
        MyLog.printm("matrix_victories_rk_ctb =", self.matrix_victories_rk_ctb)
        print("condorcet_winner_rk_ctb =", self.condorcet_winner_rk_ctb)
        print("exists_condorcet_order_rk_ctb =", 
              self.exists_condorcet_order_rk_ctb)
    
        MyLog.print_title("Relative Condorcet notions (ut)")
        MyLog.printm("preferences_borda_ut (reminder) =",
                 self.preferences_borda_ut)
        MyLog.printm("matrix_duels_ut =", self.matrix_duels_ut)
    
        MyLog.printm("matrix_victories_ut_rel =", self.matrix_victories_ut_rel)
        print("condorcet_winner_ut_rel =", self.condorcet_winner_ut_rel)
        print("exists_condorcet_order_ut_rel =", 
              self.exists_condorcet_order_ut_rel)
    
        MyLog.printm("matrix_victories_ut_rel_ctb =", self.matrix_victories_ut_rel_ctb)
        print("condorcet_winner_ut_rel_ctb =", self.condorcet_winner_ut_rel_ctb)
        print("exists_condorcet_order_ut_rel_ctb =", 
              self.exists_condorcet_order_ut_rel_ctb)
    
        MyLog.print_title("Absolute Condorcet notions (ut)")
        MyLog.printm("matrix_duels_ut (reminder) =", self.matrix_duels_ut)
        MyLog.printm("matrix_victories_ut_abs =", self.matrix_victories_ut_abs)
        MyLog.printm("condorcet_admissible_candidates = ",
              self.condorcet_admissible_candidates)
        print("nb_condorcet_admissible =", self.nb_condorcet_admissible)
        MyLog.printm("weak_condorcet_winners =", self.weak_condorcet_winners)
        print("nb_weak_condorcet_winners =", self.nb_weak_condorcet_winners)
        print("condorcet_winner_ut_abs =", self.condorcet_winner_ut_abs)
        print("exists_condorcet_order_ut_abs =", 
              self.exists_condorcet_order_ut_abs)
        print("resistant_condorcet_winner =", self.resistant_condorcet_winner)
        MyLog.printm("threshold_c_prevents_w_Condorcet_ut_abs =",
                 self.threshold_c_prevents_w_Condorcet_ut_abs)

        MyLog.printm("matrix_victories_ut_abs_ctb =", self.matrix_victories_ut_abs_ctb)
        print("condorcet_winner_ut_abs_ctb =", self.condorcet_winner_ut_abs_ctb)
        print("exists_condorcet_order_ut_abs_ctb =", 
              self.exists_condorcet_order_ut_abs_ctb)

        MyLog.print_title("Implications between Condorcet notions")
        # maj_fav_ut (False)             ==>            maj_fav_ut_ctb (False)
        #  ||          ||                                     ||           ||
        #  ||          V                                      V            ||
        #  ||         maj_fav_rk (False) ==> maj_fav_rk_ctb (False)        ||
        #  V                         ||       ||                           ||
        # Resistant Condorcet (False)                                      ||
        #  ||                        ||       ||                           ||
        #  V                         ||       ||                           V
        # Condorcet_ut_abs (False)       ==>      Condorcet_ut_abs_ctb (False)
        #  ||          ||            ||       ||              ||           ||
        #  ||          V             V        V               V            ||
        #  ||       Condorcet_rk (False) ==> Condorcet_rk_ctb (False)      ||
        #  V                                                               V
        # Condorcet_ut_rel (False)       ==>      Condorcet_ut_rel_ctb (False)
        #  ||
        #  V
        # Weak Condorcet (False)
        #  ||
        #  V
        # Condorcet-admissible (False)
        def display_bool(value):
            if value == True:
                return '(True) '
            else:
                return '(False)'
        print('maj_fav_ut ' + display_bool(self.majority_favorite_ut) + '             ==>            '
                                  'maj_fav_ut_ctb ' + display_bool(self.majority_favorite_ut_ctb))
        print(' ||          ||                                     ||           ||')
        print(' ||          V                                      V            ||')
        print(' ||         maj_fav_rk ' + display_bool(self.majority_favorite_rk) + ' ==> '
                                                            'maj_fav_rk_ctb '
                                                            '' +
              display_bool(self.majority_favorite_rk_ctb) + '        ||')
        print(' V                         ||       ||                           ||')
        print('Resistant Condorcet ' + display_bool(self.resistant_condorcet_winner) + '                                      ||')
        print(' ||                        ||       ||                           ||')
        print(' V                         ||       ||                           V')
        print('Condorcet_ut_abs ' + display_bool(
            self.condorcet_winner_ut_abs) + '       ==>      '
                                            'Condorcet_ut_abs_ctb ' +
              display_bool(self.condorcet_winner_ut_abs_ctb) + '')
        print(' ||          ||            ||       ||              ||           ||')
        print(' ||          V             V        V               V            ||')
        print(' ||       Condorcet_rk ' +
              display_bool(self.exists_condorcet_winner_rk) +
              ' ==> Condorcet_rk_ctb ' +
              display_bool(self.exists_condorcet_winner_rk_ctb) +
              '      ||')
        print(' V                               '
              '                                V')
        print('Condorcet_ut_rel ' +
              display_bool(self.exists_condorcet_winner_ut_rel) +
              '       ==>      Condorcet_ut_rel_ctb ' +
              display_bool(self.exists_condorcet_winner_ut_rel_ctb))
        print(' ||')
        print(' V')
        print('Weak Condorcet ' +
              display_bool(self.exists_weak_condorcet_winner))
        print(' ||')
        print(' V')
        print('Condorcet-admissible ' +
              display_bool(self.exists_condorcet_admissible))

        self._log_depth = old_log_depth


def preferences_ut_to_preferences_rk(preferences_ut):
    """Convert utilities to rankings.

    Arguments:
    preferences_ut -- 2d array of floats.
        preferences_ut[v, c] is the utility of candidate c as
        seen by voter v.

    Returns:
    preferences_rk -- 2d array of integers. preferences_rk[v, k]
        is the candidate at rank k for voter v.

    If preferences_ut[v,c] == preferences_ut[v,d], then it is
    drawn at random whether c prefers c to d or d to c.
    """
    V, C = preferences_ut.shape
    tiebreaker = np.random.rand(V, C)
    return np.lexsort((tiebreaker, -preferences_ut), 1)


def preferences_rk_to_preferences_borda_rk(preferences_rk):
    """Convert rankings to Borda scores (with voter tie-breaking).

    Arguments:
    preferences_rk -- 2d array of integers. preferences_rk[v, k]
        is the candidate at rank k for voter v.

    Returns:
    preferences_borda_rk -- 2d array of integers.
        preferences_borda_rk[v, c] is the Borda score (between 0 and C - 1)
        of candidate c for voter v.
    """
    _, C = preferences_rk.shape
    return C - 1 - np.argsort(preferences_rk, 1)


def preferences_ut_to_preferences_borda_ut(preferences_ut):
    """Convert utilities to Borda scores, with equalities.

    Arguments:
    preferences_ut -- 2d array of floats.
        preferences_ut[v, c] is the utility of candidate c as
        seen by voter v.

    Returns:
    preferences_borda_ut -- 2d array of integers.
        preferences_borda_rk[v, c] gains 1 point for each d such that v
        prefers c to d, and 0.5 point for each d such that v is
        indifferent between c and d.
    """
    V, C = preferences_ut.shape
    preference_borda_ut = np.zeros((V, C))
    for c in range(C):
        preference_borda_ut[:, c] = np.sum(
            0.5 * (preferences_ut[:, c][:, np.newaxis] >=
                   preferences_ut) +
            0.5 * (preferences_ut[:, c][:, np.newaxis] >
                   preferences_ut),
            1) - 0.5
    return preference_borda_ut


def preferences_ut_to_matrix_duels_ut(preferences_ut):
    """Compute the matrix of duels.

    Arguments:
    preferences_ut -- 2d array of floats.
        preferences_ut[v, c] is the utility of candidate c as
        seen by voter v.

    Returns:
    matrix_duels_ut -- 2d array of integers.
        matrix_duels_ut[c, d] is the number of voters who strictly prefer
        candidate c to d. By convention, diagonal coefficients are set to
        0.
    """
    n, m = preferences_ut.shape
    matrix_duels = np.zeros((m, m), dtype=np.int)
    for c in range(m):
        for d in range(c + 1, m):
            matrix_duels[c, d] = np.sum(preferences_ut[:, c] >
                                        preferences_ut[:, d])
            matrix_duels[d, c] = np.sum(preferences_ut[:, d] >
                                        preferences_ut[:, c])
    return matrix_duels


def is_resistant_condorcet(w, preferences_ut):
    """Test for Resistant Condorcet winner.

    Arguments:
    w -- Integer (candidate). For compatibility reasons, NaN is allowed.
    preferences_ut -- 2d array of floats.
        preferences_ut[v, c] is the utility of candidate c as
        seen by voter v.

    Returns:
    is_resistant -- Boolean. If w is a Resistant Condorcet Winner, then
        is_resistant = True. Otherwise (or if w = NaN), then
        is_resistant = False.

    A Condorcet winner w is resistant iff in any Condorcet voting system,
    the profile is not manipulable (cf. Durand et al. 2014). This is
    equivalent to say that for any pair (c, d) of other
    candidates, there is a strict majority of voters who simultaneously:
    * Do not prefer c to w
    * And prefer w to d.
    """
    if np.isnan(w):
        return False
    V, C = preferences_ut.shape
    for c in range(C):
        if c == w:
            continue
        v_does_not_prefer_c_to_w = (preferences_ut[:, w] >=
                                    preferences_ut[:, c])
        for d in range(C):
            if d == w:
                continue
            v_prefers_w_to_d = (preferences_ut[:, w] >
                                preferences_ut[:, d])
            if np.sum(np.logical_and(v_does_not_prefer_c_to_w,
                                     v_prefers_w_to_d)) <= V / 2:
                return False
    return True


# def compute_condorcet_quick(preferences_ut):
#     """Compute Condorcet winner.
#
#     Arguments:
#     preferences_ut -- 2d array of floats.
#         preferences_ut[v, c] is the utility of candidate c as
#         seen by voter v.
#
#     Returns:
#     condorcet_winner_ut_abs_ctb -- Integer or NaN. 'tb' stands for 'ties
# broken'.
#         Candidate who has only victories in matrix_victories_ctb.
#         If there is no such candidate, then NaN.
#     condorcet_winner_ut_abs -- Integer or NaN. Candidate who has only victories
#         in matrix_victories. If there is no such candidate, then NaN.
#     """
#     n, m = preferences_ut.shape
#
#     # Step 1 : we move forward in the list of candidates, always keeping
#     # the winner
#     w_provisional = 0
#     has_used_tie_break = False
#     for d in range(1, m):
#         voters_d_vs_w = sum(preferences_ut[:, d] >
#                             preferences_ut[:, w_provisional])
#         if voters_d_vs_w > n / 2:
#             w_provisional = d
#             has_used_tie_break = False  # We do not know a tie for d
#         elif voters_d_vs_w == n / 2:
#             # Still ok for w, but used tie-break
#             has_used_tie_break = True
#
#
#     # Step 2 : We know that w_provisional wins versus all those after
#     # her. But does she win against those before her?
#     for c in range(0, w_provisional):
#         # Since c < w, c needs only some >= and not some > to win.
#         if sum(preferences_ut[:, c] >=
#                 preferences_ut[:, w_provisional]) >= n / 2:
#             return np.nan, np.nan
#     condorcet_winner_ut_abs_ctb = w_provisional
#     if has_used_tie_break:
#         condorcet_winner_ut_abs = np.nan
#     else:
#         condorcet_winner_ut_abs = condorcet_winner_ut_abs_ctb
#     return condorcet_winner_ut_abs_ctb, condorcet_winner_ut_abs


if __name__ == '__main__':
    # A quick demo
    preferences_ut = np.random.randint(-5, 5, (10, 5))
    pop = Population(preferences_ut=preferences_ut,
                     labels_candidates=['Adélaïde', 'Bartholomé', 'Cunégonde',
                                        'Dagobert', 'Eugénie'])
    pop.demo(log_depth=1)
    pop.plot3(indexes=[0,1,2], normalize=True)
    pop.plot4(indexes=[0,1,2,3], normalize=True)
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  Source code for svvamp.VotingSystems.CondorcetVtbIRV

# -*- coding: utf-8 -*-
"""
Created on Tue Oct 14 13:43:27 2014
Copyright François Durand 2014, 2015
fradurand@gmail.com

This file is part of SVVAMP.

    SVVAMP is free software: you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation, either version 3 of the License, or
    (at your option) any later version.

    SVVAMP is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License
    along with SVVAMP.  If not, see <http://www.gnu.org/licenses/>.
"""

import numpy as np

from svvamp.Preferences.Population import Population
from svvamp.Preferences.Population import preferences_ut_to_matrix_duels_ut
from svvamp.VotingSystems.Election import Election
from svvamp.VotingSystems.CondorcetVtbIRVResult import CondorcetVtbIRVResult
from svvamp.VotingSystems.IRV import IRV
from svvamp.VotingSystems.ExhaustiveBallot import ExhaustiveBallot


[docs]class CondorcetVtbIRV(CondorcetVtbIRVResult, Election):
    """Condorcet Instant Runoff Voting
    
    Inherits functions and optional parameters from superclasses
    :class:`~svvamp.ElectionResult` and :class:`~svvamp.Election`.

    :Example:

    >>> import svvamp
    >>> pop = svvamp.PopulationSpheroid(V=100, C=5)
    >>> election = svvamp.CondorcetVtbIRV(pop)

    Each voter must provide a strict total order.
    If there is a Condorcet winner (in the sense of
    :attr:`~svvamp.Population.matrix_victories_rk`), then
    she is elected. Otherwise, :class:`~svvamp.IRV` is used.

    If sincere preferences are strict total orders, then this voting system is
    equivalent to :class:`~svvamp.CondorcetAbsIRV` for sincere voting,
    but manipulators have less possibilities (they are forced to provide
    strict total orders).

    :meth:`~svvamp.Election.CM`:

        * :attr:`~svvamp.Election.CM_option` = ``'fast'``:
          Rely on :class:`~svvamp.IRV`'s fast algorithm.
          Polynomial heuristic. Can prove CM but unable to decide non-CM
          (except in rare obvious cases).
        * :attr:`~svvamp.Election.CM_option` = ``'slow'``:
          Rely on :class:`~svvamp.ExhaustiveBallot`'s
          exact algorithm.
          Non-polynomial heuristic (:math:`2^C`). Quite efficient to prove CM
          or non-CM.
        * :attr:`~svvamp.Election.CM_option` = ``'almost_exact'``:
          Rely on :class:`~svvamp.IRV`'s exact algorithm.
          Non-polynomial heuristic (:math:`C!`). Very efficient to prove CM
          or non-CM.
        * :attr:`~svvamp.Election.CM_option` = ``'exact'``:
          Non-polynomial algorithm from superclass :class:`~svvamp.Election`.

        Each algorithm above exploits the faster ones. For example,
        if :attr:`~svvamp.Election.CM_option` = ``'almost_exact'``, SVVAMP
        tries the fast algorithm first, then the slow one, then the
        'almost exact' one. As soon as it reaches a decision, computation
        stops.

    :meth:`~svvamp.Election.ICM`: Exact in polynomial time.

    :meth:`~svvamp.Election.IM`: Non-polynomial
    or non-exact algorithms from superclass :class:`~svvamp.Election`.

    :meth:`~svvamp.Election.not_IIA`: Non-polynomial
    or non-exact algorithms from superclass :class:`~svvamp.Election`.
    If :attr:`~svvamp.Election.IIA_subset_maximum_size` = 2, it runs in
    polynomial time and is exact up to ties (which can occur only if
    :attr:`~svvamp.Population.V` is even).

    :meth:`~svvamp.Election.TM`: Exact in polynomial time.

    :meth:`~svvamp.Election.UM`: Non-polynomial or non-exact algorithms from
    superclass :class:`~svvamp.Election`.

    References:

        'Condorcet criterion, ordinality and reduction of coalitional
        manipulability', François Durand, Fabien Mathieu and Ludovic Noirie,
        working paper, 2014.

    .. seealso:: :class:`~svvamp.ExhaustiveBallot`,
                 :class:`~svvamp.IRV`,
                 :class:`~svvamp.IRVDuels`,
                 :class:`~svvamp.ICRV`,
                 :class:`~svvamp.CondorcetAbsIRV`.
    """

    _layout_name = 'VTB-Condorcet IRV'
    _options_parameters = Election._options_parameters.copy()
    _options_parameters.update(CondorcetVtbIRVResult._options_parameters)
    _options_parameters['CM_option'] = {'allowed': {'fast', 'slow',
                                                    'almost_exact', 'exact'},
                                        'default': 'fast'}
    _options_parameters['TM_option'] = {'allowed': ['exact'],
                                        'default': 'exact'}
    _options_parameters['ICM_option'] = {'allowed': {'exact'},
                                           'default': 'exact'}

    def __init__(self, population, **kwargs):
        self.IRV = IRV(population, freeze_options=True)
        super().__init__(population, **kwargs)
        self._log_identity = "CONDORCET_VTB_IRV"
        self._class_result = CondorcetVtbIRVResult
        self._with_two_candidates_reduces_to_plurality = True
        self._is_based_on_rk = True
        self._meets_majority_favorite_c_rk_ctb = True
        self._meets_Condorcet_c_rk = True
        self._precheck_UM = False
        self._precheck_ICM = False

    #%% Individual manipulation (IM)

    # TODO: should be implemented.

    #%% Trivial Manipulation (TM)

    # Use the general methods from class Election.

    #%% Unison manipulation (UM)

    # TODO: should be implemented .

    #%% Ignorant-Coalition Manipulation (ICM)

    # Use the general methods from class Election.

    #%% Coalition Manipulation (CM)

    @property
    def losing_candidates(self):
        """If IRV.w does not win, then we put her first. Other losers are
        sorted as usual. (scores in matrix_duels_ut).
        """
        if self._losing_candidates is None:
            self._mylog("Compute ordered list of losing candidates", 1)
            if self.w == self.IRV.w:
                # As usual
                self._losing_candidates = np.concatenate((
                    np.array(range(0, self.w), dtype=int),
                    np.array(range(self.w+1, self.pop.C), dtype=int)
                ))
                self._losing_candidates = self._losing_candidates[np.argsort(
                    -self.pop.matrix_duels_ut[self._losing_candidates, self.w],
                    kind='mergesort')]
            else:
                # Put IRV.w first.
                self._losing_candidates = np.array(
                    [c for c in range(self.pop.C)
                     if c != self.w and c != self.IRV.w]
                ).astype(np.int)
                self._losing_candidates = self._losing_candidates[np.argsort(
                    -self.pop.matrix_duels_ut[self._losing_candidates, self.w],
                    kind='mergesort')]
                self._losing_candidates = np.concatenate((
                    [self.IRV.w], self._losing_candidates))
        return self._losing_candidates

    def _CM_aux_almost_exact(self, c, n_m, suggested_path,
                             preferences_borda_s, matrix_duels_temp):
        """'Almost exact' algorithm used for CM.
        
        Arguments:
        c -- Integer. Candidate for which we want to manipulate.
        n_m -- Integer. The exact number of manipulators.
        suggested_path -- A suggested path of elimination (for the IRV part).
            It must work with n_m manipulators.
        preferences_borda_s -- 2d integer. Preferences of the sincere voters
            (in Borda format).
            
        Returns:
        manipulation_found -- Boolean.
        """ 
        candidates = np.array(range(self.pop.C))
        
        # Step 1: elimination path
        # And consequences on the majority matrix
        scores_m_begin_r = np.zeros(self.pop.C)
        is_candidate_alive_begin_r = np.ones(self.pop.C, dtype=np.bool)
        current_top_v = - np.ones(n_m)  # -1 means that v is available
        candidates_to_put_in_ballot = np.ones((n_m, self.pop.C), dtype=np.bool)
        for r in range(self.pop.C - 1):
            self._mylogv("CM_aux: r =", r, 3)
            scores_tot_begin_r = np.full(self.pop.C, np.nan)
            scores_tot_begin_r[is_candidate_alive_begin_r] = np.sum(np.equal(
                preferences_borda_s[:, is_candidate_alive_begin_r],
                np.max(preferences_borda_s[
                    :, is_candidate_alive_begin_r], 1)[:, np.newaxis]
            ), 0)
            self._mylogv("CM_aux: scores_s_begin_r =", scores_tot_begin_r, 3)
            self._mylogv("CM_aux: scores_m_begin_r =", scores_m_begin_r, 3)
            scores_tot_begin_r += scores_m_begin_r
            self._mylogv("CM_aux: scores_tot_begin_r =", scores_tot_begin_r, 3)
            d = suggested_path[r]
            self._mylogv("CM_aux: d =", d, 3)
            scores_m_new_r = np.zeros(self.pop.C, dtype=np.int)
            scores_m_new_r[is_candidate_alive_begin_r] = np.maximum(
                0,
                scores_tot_begin_r[d] -
                scores_tot_begin_r[is_candidate_alive_begin_r] +
                (candidates[is_candidate_alive_begin_r] > d))
            self._mylogv("CM_aux: scores_m_new_r =", scores_m_new_r, 3)
            # Update variables for next round
            scores_m_begin_r = scores_m_begin_r + scores_m_new_r
            if np.sum(scores_m_begin_r) > n_m:
                raise NotImplemented("Error: this should not happen.")
            scores_m_begin_r[d] = 0
            is_candidate_alive_begin_r[d] = False
            # We need to attribute manipulator's votes to specific 
            # manipulators. This is done arbitrarily, and has consequences
            # on the majority matrix. It is the main cause that makes the 
            # algorithm not exact in theory (the other one being step 3).
            free_manipulators = np.where(current_top_v == -1)[0]
            i_manipulator = 0
            for e in range(self.pop.C):
                n_manip_new_e = scores_m_new_r[e]
                for k in range(n_manip_new_e):
                    manipulator = free_manipulators[i_manipulator]
                    current_top_v[manipulator] = e
                    candidates_to_put_in_ballot[manipulator, e] = False
                    matrix_duels_temp[
                        e, candidates_to_put_in_ballot[manipulator, :]] += 1
                    i_manipulator += 1
            current_top_v[current_top_v == d] = -1
            self._mylogv("CM_aux: current_top_v =", current_top_v, 3)
            self._mylogm("CM_aux: matrix_duels_temp =", matrix_duels_temp, 3)
            
        # Step 2
        # Ensure that no candidate != c is Condorcet winner.
        # If c is not yet in all ballots, put it.
        for manipulator in np.where(candidates_to_put_in_ballot[:, c])[0]:
            candidates_to_put_in_ballot[manipulator, c] = False
            matrix_duels_temp[
                c, candidates_to_put_in_ballot[manipulator, :]] += 1
        self._mylogv("CM_aux: Adding to all ballots c =", c, 3)
        self._mylogm("CM_aux: matrix_duels_temp =", matrix_duels_temp, 3)
        # If some candidates already have some non-victories in the matrix
        # of duels, they can safely be put in the ballots. Maybe this will
        # generate non-victories for other candidates, etc.
        candidates_ok = np.zeros(self.pop.C, dtype=np.bool)
        candidates_ok[c] = True
        I_found_a_new_ok = True
        while I_found_a_new_ok:
            not_yet_ok = np.where(np.logical_not(candidates_ok))[0]
            if not_yet_ok.shape[0] == 0:
                self._mylog("CM_aux: Decondorcification succeeded", 3)
                return True
            I_found_a_new_ok = False
            for d in not_yet_ok:
                if np.any(matrix_duels_temp[:, d] >= self.pop.V / 2):
                    candidates_ok[d] = True
                    I_found_a_new_ok = True
                    for manipulator in np.where(
                            candidates_to_put_in_ballot[:, d])[0]:
                        candidates_to_put_in_ballot[manipulator, d] = False
                        matrix_duels_temp[
                            d, candidates_to_put_in_ballot[manipulator, :]
                        ] += 1
                    self._mylogv("CM_aux: Found a non-Condorcet d =", d, 3)
                    self._mylogm("CM_aux: matrix_duels_temp =",
                                 matrix_duels_temp, 3)
                                
        # Step 3
        # Some candidates have left, who do not have non-victories yet.
        # We will put them in the ballots, while favoring a Condorcet cycle
        # 0 > 1 > ... > C-1 > 0. 
        # N.B.: In practice, this step seems never necessary.
        self._mylog("CM_aux: Step 3 needed", 1)
        for manipulator in range(n_m):
            candidate_start = manipulator % self.pop.C
            for d in np.concatenate((range(candidate_start, self.pop.C), 
                                     range(candidate_start))):
                if candidates_to_put_in_ballot[manipulator, d]:
                    candidates_to_put_in_ballot[manipulator, d] = False
                    matrix_duels_temp[
                        d, candidates_to_put_in_ballot[manipulator, :]] += 1
        for d in np.where(np.logical_not(candidates_ok))[0]:
            if np.all(matrix_duels_temp[:, d] < self.pop.V / 2):
                self._mylog("CM_aux: Decondorcification failed", 1)
                return False
        self._mylog("CM_aux: Decondorcification succeeded", 1)
        return True
                
    def _CM_main_work_c(self, c, optimize_bounds):
        n_m = self.pop.matrix_duels_ut[c, self.w]
        n_s = self.pop.V - n_m
        candidates = np.array(range(self.pop.C))
        preferences_borda_s = self.pop.preferences_borda_rk[
            np.logical_not(self.v_wants_to_help_c[:, c]), :]
        matrix_duels_vtb_temp = (
            preferences_ut_to_matrix_duels_ut(preferences_borda_s))
        self._mylogm("CM: matrix_duels_vtb_temp =", matrix_duels_vtb_temp, 3)
        # More preliminary checks
        # It's more convenient to put them in that method, because we need
        # preferences_borda_s and matrix_duels_vtb_temp.
        d_neq_c = (np.array(range(self.pop.C)) != c)
        n_manip_becomes_cond = np.maximum(
            n_s + 1 - 2 * np.min(matrix_duels_vtb_temp[c, d_neq_c]),
            0)
        self._mylogv("CM: n_manip_becomes_cond =", n_manip_becomes_cond, 3)
        self._update_sufficient(
            self._sufficient_coalition_size_CM, c,
            n_manip_becomes_cond,
            'CM: Update sufficient_coalition_size_CM[c] = '
            'n_manip_becomes_cond =')
        if not optimize_bounds and (
                n_m >= self._sufficient_coalition_size_CM[c]):
            return True
        # Prevent another cond. Look at the weakest duel for d, she has
        # matrix_duels_vtb_temp[d, e]. We simply need that:
        # matrix_duels_vtb_temp[d, e] <= (n_s + n_m) / 2
        # 2 * max_d(min_e(matrix_duels_vtb_temp[d, e])) - n_s <= n_m
        n_manip_prevent_cond = 0
        for d in candidates[d_neq_c]:
            e_neq_d = (np.array(range(self.pop.C)) != d)
            n_prevent_d = np.maximum(
                2 * np.min(matrix_duels_vtb_temp[d, e_neq_d]) - n_s, 0)
            n_manip_prevent_cond = max(n_manip_prevent_cond, n_prevent_d)
        self._mylogv("CM: n_manip_prevent_cond =", n_manip_prevent_cond, 3)
        self._update_necessary(
            self._necessary_coalition_size_CM, c,
            n_manip_prevent_cond,
            'CM: Update necessary_coalition_size_CM[c] = '
            'n_manip_prevent_cond =')
        if not optimize_bounds and (
                self._necessary_coalition_size_CM[c] > n_m):
            return True

        # Let us work
        if self.w == self.IRV.w:
            self._mylog('CM: c != self.IRV.w == self.w', 3)
            if self.CM_option == "fast":
                self.IRV.CM_option = "fast"
            elif self.CM_option == "slow":
                self.IRV.CM_option = "slow"
            else:
                self.IRV.CM_option = "exact"
            # Use IRV without bounds
            self._mylog('CM: Use IRV without bounds')
            irv_is_CM_c = self.IRV.CM_c(c)[0]
            if irv_is_CM_c == True:
                suggested_path_one = self.IRV._example_path_CM[c]
                self._mylogv("CM: suggested_path =", suggested_path_one, 3)
                manipulation_found = self._CM_aux_almost_exact(
                    c, n_m, suggested_path_one,
                    preferences_borda_s, matrix_duels_vtb_temp)
                self._mylogv("CM: manipulation_found =", manipulation_found, 3)
                if manipulation_found:
                    self._update_sufficient(
                        self._sufficient_coalition_size_CM, c, n_m,
                        'CM: Update sufficient_coalition_size_CM[c] = n_m =')
                    if not optimize_bounds:
                        return True
            else:
                suggested_path_one = np.zeros(self.pop.C)
            if irv_is_CM_c == False:
                self._mylog('CM: IRV.CM_c[c] = False', 3)
                self._update_necessary(
                    self._necessary_coalition_size_CM, c,
                    min(n_manip_becomes_cond,
                        max(n_m + 1,
                            n_manip_prevent_cond)),
                    'CM: Update necessary_coalition_size[c] =')
                if not optimize_bounds:
                    return True
            if self._sufficient_coalition_size_CM[c] == \
                    self._necessary_coalition_size_CM[c]:
                return False
            # Use IRV with bounds
            # Either we have not decided manipulation for c, or it is
            # decided to False and optimize_bounds = True (in that second
            # case, we can only improve necessary_coalition_size[c]).
            self._mylog('CM: Use IRV with bounds')
            self.IRV.CM_c_with_bounds(c)
            self._update_necessary(
                self._necessary_coalition_size_CM, c,
                min(n_manip_becomes_cond,
                    max(self.IRV._necessary_coalition_size_CM[c],
                        n_manip_prevent_cond)),
                'CM: Update necessary_coalition_size[c] =')
            if self.IRV._sufficient_coalition_size_CM[c] <= n_m:
                suggested_path_two = self.IRV._example_path_CM[c]
                self._mylogv("CM: suggested_path =", suggested_path_two, 3)
                if np.equal(suggested_path_one, suggested_path_two):
                    self._mylog('CM: Same suggested path as before, '
                                'skip computation')
                else:
                    manipulation_found = self._CM_aux_almost_exact(
                        c, n_m, suggested_path_two,
                        preferences_borda_s, matrix_duels_vtb_temp)
                    self._mylogv("CM: manipulation_found =",
                                 manipulation_found, 3)
                    if manipulation_found:
                        self._update_sufficient(
                            self._sufficient_coalition_size_CM, c, n_m,
                            'CM: Update sufficient_coalition_size_CM[c] = '
                            'n_m =')
                        # We will not do better with exact (brute force)
                        # algorithm.
                        return False
        else:
            if c == self.IRV.w:
                self._mylog('CM: c == self.IRV.w != self.w', 3)
                suggested_path = self.IRV.elimination_path
                self._mylogv("CM: suggested_path =", suggested_path, 3)
                manipulation_found = self._CM_aux_almost_exact(
                    c, n_m, suggested_path,
                    preferences_borda_s, matrix_duels_vtb_temp)
                self._mylogv("CM: manipulation_found =", manipulation_found, 3)
                if manipulation_found:
                    self._update_sufficient(
                        self._sufficient_coalition_size_CM, c, n_m,
                        'CM: Update sufficient_coalition_size_CM[c] = '
                        'n_m =')
                    # We will not do better with exact (brute force)
                    # algorithm.
                    return
            else:
                self._mylog('CM: c, self.IRV.w and self.w are all distinct', 3)
        if self.CM_option == 'exact':
            return self._CM_main_work_c_exact(c, optimize_bounds)



if __name__ == '__main__':
    # A quick demo

    preferences_utilities = np.random.randint(-5, 5, (8, 4))
    pop = Population(preferences_utilities)
    eb = ExhaustiveBallot(pop)
    eb._log_depth = 3
    eb.CM_option = 'exact'
    print(eb.CM())
    irv = IRV(pop)
    irv._log_depth = 3
    irv.EB._log_depth = 3
    irv.CM_option = 'exact'
    print(irv.CM())
    election = CondorcetVtbIRV(pop)
    election._log_depth = 3
    election.IRV._log_depth = 3
    election.IRV.EB._log_depth = 3
    election.CM_option = 'slow'
    print(election.CM())
    # election.demo(log_depth=3)
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  Source code for svvamp.VotingSystems.ElectionResult

# -*- coding: utf-8 -*-
"""
Created on Fri Sep 26 09:51:31 2014
Copyright François Durand 2014, 2015
fradurand@gmail.com

This file is part of SVVAMP.

    SVVAMP is free software: you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation, either version 3 of the License, or
    (at your option) any later version.

    SVVAMP is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License
    along with SVVAMP.  If not, see <http://www.gnu.org/licenses/>.
"""

import numpy as np

from svvamp.Utils import MyLog


[docs]class ElectionResult(MyLog.MyLog):


    # _options_parameters is a dictionary of allowed and default options.
    # Allowed is a minimal check that will be performed before launching big
    # simulations, but other checks might be performed when setting the
    # option. Allowed is either a list of values, like ['lazy', 'fast',
    # 'exact'], or a function checking if the parameter is correct.
    # Example: {'max_grade': dict(allowed=np.isfinite, default=1),
    #           'option_example': dict(allowed=[42, 51], default=42)}
    _options_parameters = {}

    @property
    def options_parameters(self):
        """Display options.

        Display a overview of available options, their default values and a
        minimal indication about what values are allowed for each option. For
        more details about a specific option, see its documentation.
        """
        return self._options_parameters

    def __init__(self, population, **kwargs):
        """Create a simple election (without manipulation).

        This is an 'abstract' class. As an end-user, you should always use its
        subclasses :attr:`~svvamp.Approval`, :attr:`~svvamp.Plurality`, etc.

        :param population: A :class:`~svvamp.Population` object.
        :param kwargs: additional keyword parameters. See
            :attr:`~svvamp.ElectionResult.options_parameters`.

        >>> import svvamp
        >>> pop = svvamp.PopulationSpheroid(V=100, C=5)
        >>> election = svvamp.Approval(pop, approval_comparator='>=')
        """
        super().__init__()
        self._log_identity = "ELECTION_RESULT"

        # These lines are useless and should pose problems for Exhaustive
        # ballot
        # TODO: remove these lines after some tests
        # self._pop = None
        # self._scores = None
        # self._ballots = None
        # self._w = None
        # self._candidates_by_scores_best_to_worst = None
        # self._score_w = None
        # self._scores_best_to_worst = None

        self.pop = population
        self._initialize_options(**kwargs)

    def _initialize_options(self, **kwargs):
        """Initialize options.

        Arguments: option1=value1, option2=value2, etc.
        Checks iff option1, option2 are known in self.options_parameters.
        For each option in self.options_parameters:
        * If a value is given, option is set to this value.
        * Otherwise, the default value is used.
        N.B.: validity check on the value are not performed here, but in the
        setter method for the option.
        """
        self._mylog('Initialize options', 1)
        for option in kwargs:
            if option not in self.options_parameters.keys():
                raise ValueError('Unknown option:', option)
        for option in self.options_parameters:
            if option in kwargs.keys():
                setattr(self, option, kwargs[option])
            else:
                setattr(self, option,
                        self.options_parameters[option]['default'])

    def _forget_all_computations(self):
        """Initialize / forget all computations

        Typically used when the population is modified: all results of the
        election are initialized then.
        In the subclass Election, this will also initialize all manipulation
        computations.
        """
        self._forget_results()

    def _forget_results(self):
        """Initialize / forget election results

        This concerns only the results of the election, not the manipulation
        computations.
        """
        self._scores = None
        self._ballots = None
        self._w = None
        self._candidates_by_scores_best_to_worst = None
        self._score_w = None
        self._scores_best_to_worst = None
        self._forget_results_subclass()

    def _forget_results_subclass(self):
        """Initialize / forget election results, specific to a voting system

        If a specific voting system has additional variables about the result
        of the election, they can be initialized here.
        """
        pass
        
    #%% The population

    @property
    def pop(self):
        """A :class:`~svvamp.Population` object. The population running the
        election.
        """
        return self._pop
        
    @pop.setter
    def pop(self, value):
        self._pop = value
        # We forget everything: results of an election. In the subclass
        # Election, we will also forget manipulation computations.
        self._forget_all_computations()

    #%% Counting ballots
    #   Attributes to be implemented in subclasses.

    @property
    def scores(self):
        """Scores of the candidates in the election.

        This function is not implemented in the superclass
        :class:`~svvamp.ElectionResult`\ . See specific documentation for each
        voting system.

        Typical type in most subclasses:
            1d or 2d array.

        Typical behavior in most subclasses:
            If ``scores`` is a 1d array, then ``scores[c]`` is the numerical
            score for candidate ``c``.

            If ``scores`` is a 2d array, then ``scores[:, c]`` is the score
            vector for candidate ``c``.
        """
        # It is not mandatory to follow the default expected behavior.
        raise NotImplementedError

    #%% Counting ballots
    #   Attributes with default, but frequently redefined in subclasses

    @property
    def ballots(self):
        """Ballots cast by the voters.

        Default type in superclass :class:`~svvamp.ElectionResult`\ :
            2d array of integers.

        Default behavior in superclass :class:`~svvamp.ElectionResult`\ :
            ``ballots[v, k]`` =
            :attr:`~svvamp.Population.preferences_rk`\ ``[v, k]``.
        """
        # This can be overridden by specific voting systems.
        # This general method is ok only for ordinal voting systems (and
        # even in this case, it can be redefined for something more practical).
        if self._ballots is None:
            self._mylog("Compute ballots", 1)
            self._ballots = self.pop.preferences_rk
        return self._ballots

    @property
    def w(self):
        """Integer (winning candidate).

        Default behavior in superclass :class:`~svvamp.ElectionResult`\ :
            The candidate with highest value in vector
            :attr:`~svvamp.ElectionResult.scores` is declared the
            winner. In case of a tie, the tied candidate with lowest index
            wins.
        """
        # This general method works only if scores are scalar and the best
        # score wins.
        if self._w is None:
            self._mylog("Compute winner", 1)
            self._w = np.argmax(self.scores)
        return self._w

    @property
    def candidates_by_scores_best_to_worst(self):
        """1d array of integers. All candidates, sorted from the winner to
        the last candidate in the result of the election.

        Default behavior in superclass :class:`~svvamp.ElectionResult`\ :
            ``candidates_by_scores_best_to_worst[k]`` is the
            candidate with ``k``\ :sup:`th` highest value in
            :attr:`~svvamp.ElectionResult.scores`.
        
        By definition, ``candidates_by_scores_best_to_worst[0]`` =
        :attr:`~svvamp.ElectionResult.w`.
        """
        # This can be overridden by specific voting systems.
        # This general method works only if scores are scalar and the best
        # score wins. If the lowest score wins, then
        # candidates_by_scores_best_to_worst need to be sorted by ascending
        # score...
        if self._candidates_by_scores_best_to_worst is None:
            self._mylog("Compute candidates_by_scores_best_to_worst", 1)
            self._candidates_by_scores_best_to_worst = np.argsort(
                -self.scores, kind='mergesort')
        return self._candidates_by_scores_best_to_worst     

    @property
    def _v_might_IM_for_c(self):
        """2d array of booleans. _v_might_IM_for_c[v, c] is True unless it is
        clearly and easily excluded that v has an individual manipulation in
        favor of c. Typically, if v is not pivotal (at all), then it is
        False. Specific implementations of this function in subclasses can
        also test if v is interested in manipulating for c, but it is not
        mandatory.

        A non-trivial redefinition of this function is useful for voting
        systems where computing IM is costly. For voting systems where it is
        cheap, it it not worth the effort.
        """
        return np.ones((self.pop.V, self.pop.C), dtype=np.bool)

    #%% Counting ballots
    #   Attributes that are almost always computed here in the superclass.
        
    @property
    def score_w(self):
        """Score of the sincere winner.

        Default type in superclass :class:`~svvamp.ElectionResult`\ :
            Number or 1d array.

        Default behavior in superclass :class:`~svvamp.ElectionResult`\ :
            If :attr:`~svvamp.ElectionResult.scores` is a 1d array,
            then ``score_w`` is
            :attr:`~svvamp.ElectionResult.w`'s numerical score:
            ``score_w = scores[w]``.

            If :attr:`~svvamp.ElectionResult.scores` is a 2d array, then
            ``score_w`` is :attr:`~svvamp.ElectionResult.w`'s score vector:
            ``score_w = scores[:, w]``.
        """
        # Exception: if scores are read in rows (Schulze, Ranked pairs), this
        # needs to be redefined.
        if self._score_w is None:
            self._mylog("Compute winner's score", 1)
            if self.scores.ndim == 1:
                self._score_w = self.scores[self.w]
            elif self.scores.ndim == 2:
                self._score_w = self.scores[:, self.w]
            else:
                raise ValueError(
                    "'scores' is usually a 1d or 2d array. If you really "
                    "want it to be something else, you need to redefine "
                    "'score_w'.")
        return self._score_w

    @property 
    def scores_best_to_worst(self):
        """Scores of the candidates, from the winner to the last candidate
        of the election.

        Default type in superclass :class:`~svvamp.ElectionResult`\ :
            1d or 2d array.

        Default behavior in superclass :class:`~svvamp.ElectionResult`\ :
            ``scores_best_to_worst`` is derived from
            :attr:`~svvamp.ElectionResult.scores` and
            :attr:`~svvamp.ElectionResult.candidates_by_scores_best_to_worst`.

            If :attr:`~svvamp.ElectionResult.scores` is a 1d array, then so is
            ``scores_best_to_worst``. It is defined by
            ``scores_best_to_worst`` =
            ``scores[candidates_by_scores_best_to_worst]``.
            Then by definition, ``scores_best_to_worst[0]`` =
            :attr:`~svvamp.ElectionResult.score_w`.

            If :attr:`~svvamp.ElectionResult.scores` is a 2d array, then so is
            ``scores_best_to_worst``. It is defined by
            ``scores_best_to_worst`` =
            ``scores[:, candidates_by_scores_best_to_worst]``.
            Then by definition, ``scores_best_to_worst[:, 0]`` =
            :attr:`~svvamp.ElectionResult.score_w`.
        """
        # Exception: if scores are read in rows (Schulze, Ranked pairs), this
        # needs to be redefined.
        if self._scores_best_to_worst is None:
            self._mylog("Compute scores_best_to_worst", 1)
            if self.scores.ndim == 1:
                self._scores_best_to_worst = self.scores[
                    self.candidates_by_scores_best_to_worst]
            elif self.scores.ndim == 2:
                self._scores_best_to_worst = self.scores[
                    :, self.candidates_by_scores_best_to_worst]
            else:
                raise ValueError("'scores' is usually a 1d or 2d " +
                                 "array. If you really want it to be " +
                                 "something else, you need to redefine " +
                                 "'scores_best_to_worst'.")
        return self._scores_best_to_worst

    @property
    def total_utility_w(self):
        """Float. The total utility for the sincere winner
        :attr:`~svvamp.ElectionResult.w`. Be careful, this
        makes sense only if interpersonal comparison of utilities makes sense.
        """
        return self.pop.total_utility_c[self.w]

    @property
    def mean_utility_w(self):
        """Float. The mean utility for the sincere winner
        :attr:`~svvamp.ElectionResult.w`. Be careful, this
        makes sense only if interpersonal comparison of utilities makes sense.
        """
        return self.pop.mean_utility_c[self.w]

    #%% Condorcet efficiency and variants
        
    @property
    def w_is_condorcet_admissible(self):
        """Boolean. ``True`` iff the sincere winner
        :attr:`~svvamp.ElectionResult.w` is Condorcet-admissible.
        Cf. :attr:`~svvamp.Population.condorcet_admissible_candidates`.
        """
        return self.pop.condorcet_admissible_candidates[self.w]

    @property
    def w_is_not_condorcet_admissible(self):
        """Boolean. ``True`` iff the sincere winner
        :attr:`~svvamp.ElectionResult.w` is not a Condorcet-admissible
        candidate (whether some exist or not).
        Cf. :attr:`~svvamp.Population.condorcet_admissible_candidates`.
        """
        return not self.w_is_condorcet_admissible

    @property
    def w_missed_condorcet_admissible(self):
        """Boolean. True iff the sincere winner
        :attr:`~svvamp.ElectionResult.w` is not a
        Condorcet-admissible candidate, despite the fact that at least one
        exists.
        Cf. :attr:`~svvamp.Population.condorcet_admissible_candidates`.
        """
        return (self.pop.nb_condorcet_admissible > 0 and
                not self.w_is_condorcet_admissible)

    @property
    def w_is_weak_condorcet_winner(self):
        """Boolean. True iff the sincere winner
        :attr:`~svvamp.ElectionResult.w` is a Weak Condorcet winner.
        Cf. :attr:`~svvamp.Population.weak_condorcet_winners`.
        """
        return self.pop.weak_condorcet_winners[self.w]

    @property
    def w_is_not_weak_condorcet_winner(self):
        """Boolean. True iff the sincere winner
        :attr:`~svvamp.ElectionResult.w` is not a Weak Condorcet
        winner (whether some exist or not).
        Cf. :attr:`~svvamp.Population.weak_condorcet_winners`.
        """
        return not self.w_is_weak_condorcet_winner

    @property
    def w_missed_weak_condorcet_winner(self):
        """Boolean. True iff the sincere winner
        :attr:`~svvamp.ElectionResult.w` is not a Weak Condorcet
        winner, despite the fact that at least one exists.
        Cf. :attr:`~svvamp.Population.weak_condorcet_winners`.
        """
        return (self.pop.nb_weak_condorcet_winners > 0 and 
                not self.w_is_weak_condorcet_winner)

    @property
    def w_is_condorcet_winner_rk_ctb(self):
        """Boolean. True iff the sincere winner
        :attr:`~svvamp.ElectionResult.w` is a
        :attr:`~svvamp.Population.condorcet_winner_rk_ctb`.
        """
        return self.w == self.pop.condorcet_winner_rk_ctb

    @property
    def w_is_not_condorcet_winner_rk_ctb(self):
        """Boolean. True iff the sincere winner
        :attr:`~svvamp.ElectionResult.w` is not a
        :attr:`~svvamp.Population.condorcet_winner_rk_ctb`
        (whether one exists or not).
        """
        return not self.w_is_condorcet_winner_rk_ctb

    @property
    def w_missed_condorcet_winner_rk_ctb(self):
        """Boolean. True iff the sincere winner
        :attr:`~svvamp.ElectionResult.w` is not the
        :attr:`~svvamp.Population.condorcet_winner_rk_ctb`,
        despite the fact that she exists.
        """
        return (not np.isnan(self.pop.condorcet_winner_rk_ctb) and
                not self.w_is_condorcet_winner_rk_ctb)

    @property
    def w_is_condorcet_winner_rk(self):
        """Boolean. True iff the sincere winner
        :attr:`~svvamp.ElectionResult.w` is a
        :attr:`~svvamp.Population.condorcet_winner_rk`.
        """
        return self.w == self.pop.condorcet_winner_rk

    @property
    def w_is_not_condorcet_winner_rk(self):
        """Boolean. True iff the sincere winner
        :attr:`~svvamp.ElectionResult.w` is not a
        :attr:`~svvamp.Population.condorcet_winner_rk`
        (whether one exists or not).
        """
        return not self.w_is_condorcet_winner_rk

    @property
    def w_missed_condorcet_winner_rk(self):
        """Boolean. True iff the sincere winner
        :attr:`~svvamp.ElectionResult.w` is not the
        :attr:`~svvamp.Population.condorcet_winner_rk`,
        despite the fact that she exists.
        """
        return (not np.isnan(self.pop.condorcet_winner_rk) and
                not self.w_is_condorcet_winner_rk)

    @property
    def w_is_condorcet_winner_ut_rel_ctb(self):
        """Boolean. True iff the sincere winner
        :attr:`~svvamp.ElectionResult.w` is a
        :attr:`~svvamp.Population.condorcet_winner_ut_abs_ctb`.
        """
        return self.w == self.pop.condorcet_winner_ut_rel_ctb

    @property
    def w_is_not_condorcet_winner_ut_rel_ctb(self):
        """Boolean. True iff the sincere winner
        :attr:`~svvamp.ElectionResult.w` is not a
        :attr:`~svvamp.Population.condorcet_winner_ut_abs_ctb`
        (whether one exists or not).
        """
        return not self.w_is_condorcet_winner_ut_rel_ctb

    @property
    def w_missed_condorcet_winner_ut_rel_ctb(self):
        """Boolean. True iff the sincere winner
        :attr:`~svvamp.ElectionResult.w` is not the
        :attr:`~svvamp.Population.condorcet_winner_ut_abs_ctb`,
        despite the fact that she exists.
        """
        return (not np.isnan(self.pop.condorcet_winner_ut_rel_ctb) and
                not self.w_is_condorcet_winner_ut_rel_ctb)

    @property
    def w_is_condorcet_winner_ut_rel(self):
        """Boolean. True iff the sincere winner
        :attr:`~svvamp.ElectionResult.w` is a
        :attr:`~svvamp.Population.condorcet_winner_ut_rel`.
        """
        return self.w == self.pop.condorcet_winner_ut_rel

    @property
    def w_is_not_condorcet_winner_ut_rel(self):
        """Boolean. True iff the sincere winner
        :attr:`~svvamp.ElectionResult.w` is not a
        :attr:`~svvamp.Population.condorcet_winner_ut_rel`
        (whether one exists or not).
        """
        return not self.w_is_condorcet_winner_ut_rel

    @property
    def w_missed_condorcet_winner_ut_rel(self):
        """Boolean. True iff the sincere winner
        :attr:`~svvamp.ElectionResult.w` is not the
        :attr:`~svvamp.Population.condorcet_winner_ut_rel`,
        despite the fact that she exists.
        """
        return (not np.isnan(self.pop.condorcet_winner_ut_rel) and
                not self.w_is_condorcet_winner_ut_rel)

    @property
    def w_is_condorcet_winner_ut_abs_ctb(self):
        """Boolean. True iff the sincere winner
        :attr:`~svvamp.ElectionResult.w` is a
        :attr:`~svvamp.Population.condorcet_winner_ut_abs_ctb`.
        """
        return self.w == self.pop.condorcet_winner_ut_abs_ctb

    @property
    def w_is_not_condorcet_winner_ut_abs_ctb(self):
        """Boolean. True iff the sincere winner
        :attr:`~svvamp.ElectionResult.w` is not a
        :attr:`~svvamp.Population.condorcet_winner_ut_abs_ctb`
        (whether one exists or not).
        """
        return not self.w_is_condorcet_winner_ut_abs_ctb

    @property
    def w_missed_condorcet_winner_ut_abs_ctb(self):
        """Boolean. True iff the sincere winner
        :attr:`~svvamp.ElectionResult.w` is not the
        :attr:`~svvamp.Population.condorcet_winner_ut_abs_ctb`,
        despite the fact that she exists.
        """
        return (not np.isnan(self.pop.condorcet_winner_ut_abs_ctb) and
                not self.w_is_condorcet_winner_ut_abs_ctb)
                
    @property
    def w_is_condorcet_winner_ut_abs(self):
        """Boolean. True iff the sincere winner
        :attr:`~svvamp.ElectionResult.w` is a
        :attr:`~svvamp.Population.condorcet_winner_ut_abs`.
        """
        return self.w == self.pop.condorcet_winner_ut_abs

    @property
    def w_is_not_condorcet_winner_ut_abs(self):
        """Boolean. True iff the sincere winner
        :attr:`~svvamp.ElectionResult.w` is not a
        :attr:`~svvamp.Population.condorcet_winner_ut_abs`
        (whether one exists or not).
        """
        return not self.w_is_condorcet_winner_ut_abs

    @property
    def w_missed_condorcet_winner_ut_abs(self):
        """Boolean. True iff the sincere winner
        :attr:`~svvamp.ElectionResult.w` is not the
        :attr:`~svvamp.Population.condorcet_winner_ut_abs`,
        despite the fact that she exists.
        """
        return (not np.isnan(self.pop.condorcet_winner_ut_abs) and
                not self.w_is_condorcet_winner_ut_abs)
                
    @property
    def w_is_resistant_condorcet_winner(self):
        """Boolean. True iff the sincere winner
        :attr:`~svvamp.ElectionResult.w` is a
        :attr:`~svvamp.Population.resistant_condorcet_winner`.
        """
        return self.w == self.pop.resistant_condorcet_winner

    @property
    def w_is_not_resistant_condorcet_winner(self):
        """Boolean. True iff the sincere winner
        :attr:`~svvamp.ElectionResult.w` is not a
        :attr:`~svvamp.Population.resistant_condorcet_winner`
        (whether one exists or not).
        """
        return not self.w_is_resistant_condorcet_winner

    @property
    def w_missed_resistant_condorcet_winner(self):
        """Boolean. True iff the sincere winner
        :attr:`~svvamp.ElectionResult.w` is not the
        :attr:`~svvamp.Population.resistant_condorcet_winner`,
        despite the fact that she exists.
        """
        return (not np.isnan(self.pop.resistant_condorcet_winner) and
                not self.w_is_resistant_condorcet_winner)

    def demo(self, log_depth=1):
        """Demonstrate the methods of :class:`~svvamp.ElectionResult` class.
s
        :param log_depth: Integer from 0 (basic info) to 3 (verbose).
        """

        old_log_depth = self._log_depth
        self._log_depth = log_depth

        MyLog.print_big_title('Population Class')
        self.pop.demo()

        MyLog.print_big_title('ElectionResult Class')

        MyLog.print_title("Results")
        MyLog.printm("pop.preferences_ut (reminder) =",
                     self.pop.preferences_ut)
        # MyLog.printm("pop.preferences_borda_ut =",
        #              self.pop.preferences_borda_ut)
        # MyLog.printm("pop.preferences_borda_rk =",
        #              self.pop.preferences_borda_rk)
        MyLog.printm("pop.preferences_rk (reminder) =",
                     self.pop.preferences_rk)
        MyLog.printm("ballots =", self.ballots)
        MyLog.printm("scores =", self.scores)
        MyLog.printm("candidates_by_scores_best_to_worst",
                 self.candidates_by_scores_best_to_worst)
        MyLog.printm("scores_best_to_worst", self.scores_best_to_worst)
        print("w =", self.w)
        print("score_w =", self.score_w)
        print("total_utility_w =", self.total_utility_w)

        MyLog.print_title("Condorcet efficiency (rk)")
        print("w (reminder) =", self.w)
        print("")

        print("condorcet_winner_rk_ctb =",
              self.pop.condorcet_winner_rk_ctb)
        print("w_is_condorcet_winner_rk_ctb =",
              self.w_is_condorcet_winner_rk_ctb)
        print("w_is_not_condorcet_winner_rk_ctb =",
              self.w_is_not_condorcet_winner_rk_ctb)
        print("w_missed_condorcet_winner_rk_ctb =",
              self.w_missed_condorcet_winner_rk_ctb)
        print("")

        print("condorcet_winner_rk =",
              self.pop.condorcet_winner_rk)
        print("w_is_condorcet_winner_rk =",
              self.w_is_condorcet_winner_rk)
        print("w_is_not_condorcet_winner_rk =",
              self.w_is_not_condorcet_winner_rk)
        print("w_missed_condorcet_winner_rk =",
              self.w_missed_condorcet_winner_rk)

        MyLog.print_title("Condorcet efficiency (relative)")
        print("w (reminder) =", self.w)
        print("")

        print("condorcet_winner_ut_rel_ctb =",
              self.pop.condorcet_winner_ut_rel_ctb)
        print("w_is_condorcet_winner_ut_rel_ctb =",
              self.w_is_condorcet_winner_ut_rel_ctb)
        print("w_is_not_condorcet_winner_ut_rel_ctb =",
              self.w_is_not_condorcet_winner_ut_rel_ctb)
        print("w_missed_condorcet_winner_ut_rel_ctb =",
              self.w_missed_condorcet_winner_ut_rel_ctb)
        print("")

        print("condorcet_winner_ut_rel =",
              self.pop.condorcet_winner_ut_rel)
        print("w_is_condorcet_winner_ut_rel =",
              self.w_is_condorcet_winner_ut_rel)
        print("w_is_not_condorcet_winner_ut_rel =",
              self.w_is_not_condorcet_winner_ut_rel)
        print("w_missed_condorcet_winner_ut_rel =",
              self.w_missed_condorcet_winner_ut_rel)

        MyLog.print_title("Condorcet efficiency (absolute)")
        print("w (reminder) =", self.w)
        print("")

        MyLog.printm("condorcet_admissible_candidates =",
              self.pop.condorcet_admissible_candidates)
        print("w_is_condorcet_admissible =",
              self.w_is_condorcet_admissible)
        print("w_is_not_condorcet_admissible =",
              self.w_is_not_condorcet_admissible)
        print("w_missed_condorcet_admissible =",
              self.w_missed_condorcet_admissible)
        print("")

        MyLog.printm("weak_condorcet_winners =",
                     self.pop.weak_condorcet_winners)
        print("w_is_weak_condorcet_winner =",
              self.w_is_weak_condorcet_winner)
        print("w_is_not_weak_condorcet_winner =",
              self.w_is_not_weak_condorcet_winner)
        print("w_missed_weak_condorcet_winner =",
              self.w_missed_weak_condorcet_winner)
        print("")

        print("condorcet_winner_ut_abs_ctb =",
              self.pop.condorcet_winner_ut_abs_ctb)
        print("w_is_condorcet_winner_ut_abs_ctb =",
              self.w_is_condorcet_winner_ut_abs_ctb)
        print("w_is_not_condorcet_winner_ut_abs_ctb =",
              self.w_is_not_condorcet_winner_ut_abs_ctb)
        print("w_missed_condorcet_winner_ut_abs_ctb =",
              self.w_missed_condorcet_winner_ut_abs_ctb)
        print("")

        print("condorcet_winner_ut_abs =",
              self.pop.condorcet_winner_ut_abs)
        print("w_is_condorcet_winner_ut_abs =",
              self.w_is_condorcet_winner_ut_abs)
        print("w_is_not_condorcet_winner_ut_abs =",
              self.w_is_not_condorcet_winner_ut_abs)
        print("w_missed_condorcet_winner_ut_abs =",
              self.w_missed_condorcet_winner_ut_abs)
        print("")

        print("resistant_condorcet_winner =",
              self.pop.resistant_condorcet_winner)
        print("w_is_resistant_condorcet_winner =",
              self.w_is_resistant_condorcet_winner)
        print("w_is_not_resistant_condorcet_winner =",
              self.w_is_not_resistant_condorcet_winner)
        print("w_missed_resistant_condorcet_winner =",
              self.w_missed_resistant_condorcet_winner)

        self._log_depth = old_log_depth
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  Source code for svvamp.VotingSystems.Bucklin

# -*- coding: utf-8 -*-
"""
Created on Thu Oct  2 07:45:14 2014
Copyright François Durand 2014, 2015
fradurand@gmail.com

This file is part of SVVAMP.

    SVVAMP is free software: you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation, either version 3 of the License, or
    (at your option) any later version.

    SVVAMP is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License
    along with SVVAMP.  If not, see <http://www.gnu.org/licenses/>.
"""

import numpy as np

from svvamp.VotingSystems.Election import Election
from svvamp.VotingSystems.BucklinResult import BucklinResult
from svvamp.Preferences.Population import Population


[docs]class Bucklin(BucklinResult, Election):
    """Bucklin method.

    Inherits functions and optional parameters from superclasses
    :class:`~svvamp.ElectionResult` and :class:`~svvamp.Election`.

    :Example:

    >>> import svvamp
    >>> pop = svvamp.PopulationSpheroid(V=100, C=5)
    >>> election = svvamp.Bucklin(pop)

    At counting round ``r``, all voters who rank candidate ``c`` in
    ``r``\ :sup:`th` position gives her an additional vote. As soon as at
    least one candidate has more than :attr:`~svvamp.Population.V`/2 votes
    (accrued with previous rounds), the candidate with most votes is
    declared the winner. In case of a tie, the candidate with lowest index
    wins.

    :meth:`~svvamp.Election.CM`: Exact in polynomial time.

    :meth:`~svvamp.Election.ICM`: Exact in polynomial time.

    :meth:`~svvamp.Election.IM`: Exact in polynomial time.

    :meth:`~svvamp.Election.not_IIA`: Non-polynomial
    or non-exact algorithms from superclass :class:`~svvamp.Election`.

    :meth:`~svvamp.Election.TM`: Exact in polynomial time.

    :meth:`~svvamp.Election.UM`: Exact in polynomial time.

    References:

        'The Majoritarian Compromise in large societies', Arkadii Slinko, 2002.

        'Complexity of Unweighted Coalitional Manipulation under Some Common
        Voting Rules', Lirong Xia, Michael Zuckerman, Ariel D. Procaccia,
        Vincent Conitzer and Jeffrey S. Rosenschein, 2009.
    """
    
    _layout_name = 'Bucklin'
    _options_parameters = Election._options_parameters.copy()
    _options_parameters.update(BucklinResult._options_parameters)
    _options_parameters['IM_option'] = {'allowed': ['exact'],
                                        'default': 'exact'}
    _options_parameters['TM_option'] = {'allowed': ['exact'],
                                        'default': 'exact'}
    _options_parameters['UM_option'] = {'allowed': ['exact'],
                                        'default': 'exact'}
    _options_parameters['ICM_option'] = {'allowed': ['exact'],
                                           'default': 'exact'}
    _options_parameters['CM_option'] = {'allowed': ['exact'],
                                        'default': 'exact'}

    def __init__(self, population, **kwargs):
        super().__init__(population, **kwargs)
        self._log_identity = "BUCKLIN"
        self._class_result = Bucklin
        self._with_two_candidates_reduces_to_plurality = True
        self._is_based_on_rk = True
        self._meets_majority_favorite_c_rk = True
        # N.B.: majority_favorite_c_ctb is not met.
        self._precheck_ICM = False
        # Bucklin does not meet InfMC_c_ctb, but precheck on ICM is not
        # interesting anyway.

    #%% Individual manipulation (IM)

    def _IM_main_work_v(self, v, c_is_wanted,
                        nb_wanted_undecided, stop_if_true):
        scores_without_v = np.copy(self.scores)
        for k in range(self.pop.C):
            scores_without_v[range(k, self.pop.C), 
                             self.pop.preferences_rk[v, k]] -= 1
        for c in range(self.pop.C):
            if not c_is_wanted[c]:
                continue
            if not np.isneginf(self._v_IM_for_c[v, c]):
                continue
            nb_wanted_undecided -= 1
            # r : round where c will have majority (with the manipulator).
            r = np.where(scores_without_v[:, c] + 1 > self.pop.V / 2)[0][0]
            if r == 0:
                self._v_IM_for_c[v, c] = True
                self._candidates_IM[c] = True
                self._voters_IM[v] = True
                self._is_IM = True
                self._mylog("IM found", 3)
                if stop_if_true:
                    return
                if nb_wanted_undecided == 0:
                    return
                continue
            scores_prev = np.copy(scores_without_v[r-1, :])
            scores_prev[c] += 1
            scores_r = np.copy(scores_without_v[r, :])
            scores_r[c] += 1
            # Obvious problems
            if np.argmax(scores_r) != c:
                # One d has a better score than c!
                self._v_IM_for_c[v, c] = False
                if nb_wanted_undecided == 0:
                    return
                continue
            if np.max(scores_prev) > self.pop.V / 2:
                # One d reaches majority before c!
                self._v_IM_for_c[v, c] = False
                if nb_wanted_undecided == 0:
                    return
                continue

            # Now, attribute other ranks in manipulator's ballots
            # For d to be added safely at rank r (corresponding to last round), 
            # we just need that d will not outperform c at rank r.
            d_can_be_added = np.less(
                scores_r + 1,
                scores_r[c] + (c < np.array(range(self.pop.C))))
            d_can_be_added[c] = False 
            # For d to be added safely before rank r, we need also that d will 
            # not have a majority before round r.
            d_can_be_added_before_last_round = np.logical_and(
                d_can_be_added,
                scores_prev + 1 <= self.pop.V / 2)
            
            # We can conclude.
            self._v_IM_for_c[v, c] = (
                np.sum(d_can_be_added) >= r - 1 and
                np.sum(d_can_be_added_before_last_round) >= r - 2)
            if self._v_IM_for_c[v, c] == True:
                self._candidates_IM[c] = True
                self._voters_IM[v] = True
                self._is_IM = True
                self._mylog("IM found", 3)
                if stop_if_true:
                    return
            else:
                self._v_IM_for_c[v, c] = False
            if nb_wanted_undecided == 0:
                return

    #%% Trivial Manipulation (TM)

    # Defined in the superclass Election.

    #%% Unison manipulation (UM)

    def _UM_main_work_c(self, c):
        n_m = self.pop.matrix_duels_ut[c, self.w]
        scores_r = np.zeros(self.pop.C)
        # Manipulators put c in first position anyway.
        scores_r[c] = n_m
        # Look for the round r where c has a majority. Compute how many 
        # sincere votes each candidate will have at that time, + the n_m
        # manipulating votes that we know for c.
        r = None
        scores_prev = None
        for r in range(self.pop.C):
            scores_prev = np.copy(scores_r)
            scores_r += np.bincount(
                self.pop.preferences_rk[np.logical_not(
                    self.v_wants_to_help_c[:, c]), r],
                minlength=self.pop.C)
            if scores_r[c] > self.pop.V / 2:  # It is the last round
                if np.argmax(scores_r) != c:
                    # One d has a better score than c!
                    self._candidates_UM[c] = False
                    return
                break
            if np.max(scores_r) > self.pop.V / 2:
                # One d reaches majority before c!
                self._candidates_UM[c] = False
                return

        # Now, attribute other ranks in manipulator's ballots
        # For d to be added safely at rank r (corresponding to last round), we 
        # just need that d will not outperform c at rank r.
        d_can_be_added = np.less(
            scores_r + n_m,
            scores_r[c] + (c < np.array(range(self.pop.C))))
        d_can_be_added[c] = False 
        # For d to be added safely before rank r, we need also that d will 
        # not have a majority before round r.
        d_can_be_added_before_last_round = np.logical_and(
            d_can_be_added,
            scores_prev + n_m <= self.pop.V / 2)
        
        # We can conclude.
        self._candidates_UM[c] = (
            np.sum(d_can_be_added) >= r - 1 and
            np.sum(d_can_be_added_before_last_round) >= r - 2)

    #%% Ignorant-Coalition Manipulation (ICM)

    def _ICM_main_work_c_exact(self, c, complete_mode=True):
        # The only question is when we have exactly V/2 manipulators. If
        # the counter-manipulators put c last, then c cannot be elected
        # (except if there are 2 candidates and c == 0).
        # So exactly V/2 manipulators is not enough.
        n_s = self.pop.V - self.pop.matrix_duels_ut[c, self.w]
        if self.pop.C == 2 and c == 0:
            self._update_sufficient(
                self._sufficient_coalition_size_ICM, c, n_s,
                'ICM: Tie-breaking: '
                'sufficient_coalition_size_ICM = n_s =')
        else:
            self._update_necessary(
                self._necessary_coalition_size_ICM, c, n_s + 1,
                'ICM: Tie-breaking: '
                'necessary_coalition_size_ICM = n_s + 1 =')

    #%% Coalition Manipulation (CM)

    def _CM_main_work_c_exact(self, c, optimize_bounds):
        # We do not try to find optimal bounds. We just check whether it
        # is possible to manipulate with the number of manipulators that
        # we have.
        n_m = self.pop.matrix_duels_ut[c, self.w]
        if n_m < self._necessary_coalition_size_CM[c]:
            # This algorithm will not do better (so, this is not a
            # quick escape).
            return
        if n_m >= self._sufficient_coalition_size_CM[c]:
            # Idem.
            return
        scores_r = np.zeros(self.pop.C)
        # Manipulators put c in first position anyway.
        scores_r[c] = n_m
        # Look for the round r where c has a majority. Compute how many 
        # sincere votes each candidate will have at that time, + the n_m
        # manipulating votes that we know for c.
        r = None
        for r in range(self.pop.C):
            scores_prev = np.copy(scores_r)
            scores_r += np.bincount(
                self.pop.preferences_rk[np.logical_not(
                    self.v_wants_to_help_c[:, c]), r],
                minlength=self.pop.C)
            if scores_r[c] > self.pop.V / 2:
                break

        votes_can_be_added_before_last_r = np.zeros(self.pop.C)
        votes_can_be_added = np.zeros(self.pop.C)
        one_d_beats_c_anyway = False
        for d in range(self.pop.C):
            if d == c:
                continue
            if (scores_r[d] + (d < c) > scores_r[c] or 
                    scores_prev[d] > self.pop.V/2):
                one_d_beats_c_anyway = True
                break
            votes_can_be_added[d] = min(
                scores_r[c] - (d < c) - scores_r[d],
                n_m)
            votes_can_be_added_before_last_r[d] = min(
                np.floor(self.pop.V/2) - scores_prev[d],
                votes_can_be_added[d])
                    
        if (not one_d_beats_c_anyway and
                sum(votes_can_be_added) >= (r - 1) * n_m and
                sum(votes_can_be_added_before_last_r) >= (r - 2) * n_m):
            self._update_sufficient(
                self._sufficient_coalition_size_CM, c, n_m,
                'CM: Exact: Manipulation found for n_m manipulators =>\n'
                '    sufficient_coalition_size_CM = n_m =')
        else:
            self._update_necessary(
                self._necessary_coalition_size_CM, c, n_m + 1,
                'CM: Exact: Manipulation proven impossible for n_m '
                'manipulators =>\n'
                '    necessary_coalition_size_CM[c] = n_m + 1 =')



if __name__ == '__main__':
    # A quick demo
    preferences_utilities = np.random.randint(-5, 5, (10, 5))
    pop = Population(preferences_utilities)
    election = Bucklin(pop)
    election._log_depth = 3
    print(election.CM_with_candidates())
    # election.demo(log_depth=3)
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  Source code for svvamp.VotingSystems.Election

# -*- coding: utf-8 -*-
"""
Created on Fri Sep 26 14:42:57 2014
Copyright François Durand 2014, 2015
fradurand@gmail.com

This file is part of SVVAMP.

    SVVAMP is free software: you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation, either version 3 of the License, or
    (at your option) any later version.

    SVVAMP is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License
    along with SVVAMP.  If not, see <http://www.gnu.org/licenses/>.
"""

import numpy as np

from svvamp.Preferences.PopulationSubsetCandidates import \
    PopulationSubsetCandidates
from svvamp.Utils import MyLog
from svvamp.Utils import TypeChecker
from svvamp.VotingSystems.ElectionResult import ElectionResult
from svvamp.Preferences.Population import Population


[docs]class Election(ElectionResult):


    # Notes for developers
    #
    # The subclass implementing voting system Foobar is called Foobar. It is a
    # subclass of:
    # * Election,
    # * FoobarResult, which is a subclass of ElectionResult.
    #
    # In the code of this class, some special values are used.
    # * -np.inf (or None) means "I have not started to compute this value".
    # * np.nan means "I tried to compute this value, and I decided that I don't
    # know".
    # As for np.inf, it really means + Infinity.
    #
    # 1) Methods for IM have an architecture of their own.
    # 2) Methods for TM and UM have essentially the same architecture and work
    # on variables _candidates_.. and _is_..
    # 3) Methods for ICM and CM have essentially the same structure and focus
    # on _sufficient_coalition_size_.. and _necessary_coalition_size_CM..,
    # then on _candidates_.. and _is_..
    # However, there are subtle differences of architecture between 1, 2 and 3
    # (cf. their docstrings).

    # This name should be redefined for each voting system. It is used in the
    # csv file when registering simulation results.
    _layout_name = 'Election'

    # Guideline:
    # When there is a polynomial exact algorithm, it should be the only option.
    # The default option should be the most precise algorithm among those
    # running in polynomial time.
    # Exception: for IIA_subset_maximum_size, default option is 2.
    _options_parameters = {
        'IIA_subset_maximum_size': {'allowed': TypeChecker.is_number,
                                    'default': 2},
        'IM_option': {'allowed': ['lazy', 'exact'], 'default': 'lazy'},
        'TM_option': {'allowed': ['lazy', 'exact'], 'default': 'exact'},
        'UM_option': {'allowed': ['lazy', 'exact'], 'default': 'lazy'},
        'ICM_option': {'allowed': ['lazy'], 'default': 'lazy'},
        'CM_option': {'allowed': ['lazy', 'exact'], 'default': 'lazy'}
    }

    def __init__(self, population, **kwargs):
        """Create an election with possibilities of manipulation.

        Inherits functions from superclass :class:`~svvamp.ElectionResult`.

        This is an 'abstract' class. As an end-user, you should always use its
        subclasses :attr:`~svvamp.Approval`, :attr:`~svvamp.Plurality`, etc.

        :param population: A :class:`~svvamp.Population` object.
        :param kwargs: additional keyword parameters. See
            :attr:`~svvamp.ElectionResult.options_parameters`.

        :Example:

        >>> import svvamp
        >>> pop = svvamp.PopulationSpheroid(V=100, C=5)
        >>> election = svvamp.IRV(pop, CM_option='exact')

        This class and its subclasses are suitable for voting systems that
        are deterministic and anonymous (treating all voters equally).
        As a consequence, they are not neutral (because they need to break
        ties in totally symmetric situations). As of now, SVVAMP does not
        support other kinds of voting systems.

        **Ties in a voter's utilities**

        When a sincere voter ``v`` must provide a strict order
        in a specific voting system, she uses
        :attr:`~svvamp.Population.preferences_rk`\ ``[v, :]``
        (which breaks possible ties in her utilities).

        In contrast, to know if a voter ``v`` wants to manipulate for a
        candidate ``c`` against ``w``, we always use her utilities
        :attr:`~svvamp.Population.preferences_ut`\ ``[v, :]``. If she
        attributes the same utility to ``w`` and ``c``, she is not interested
        in this manipulation.

        Some ordinal voting systems in SVVAMP may be adapted to accept weak
        orders of preferences as ballots. This is future work.

        **Ties in the result of an election**

        The voting system itself may need to break ties, for example if
        candidates ``c`` and ``d`` have the same score in a score-based
        system. The standard tie-breaking in SVVAMP, referred to as
        Candidate Tie-Breaking (CTB), consists of breaking ties by
        lowest index: ``c`` is favored over ``d`` if ``c`` < ``d``.
        This tie-breaking rule is used for example in 'A note on
        manipulability of large voting schemes' (Peleg, 1979). Future
        voting systems implemented as a subclass of ``Election`` may
        use another tie-breaking rule.

        **Options for manipulation**

        Attributes allow to choose the algorithm used to compute different
        kinds of manipulation:
        :attr:`~svvamp.Election.CM_option`,
        :attr:`~svvamp.Election.ICM_option`,
        :attr:`~svvamp.Election.IM_option`,
        :attr:`~svvamp.Election.TM_option` and
        :attr:`~svvamp.Election.UM_option`.

        To know what options are accepted for a given voting system, use
        :attr:`~svvamp.ElectionResult.options_parameters`.

        :Example:

        ::

            import svvamp
            pop = svvamp.PopulationSpheroid(V=100, C=5)
            election = svvamp.IRV(pop, CM_option='exact')
            print(election.CM())
            print(election.options_parameters)
            election.CM_option = 'fast'
            print(election.CM())

        Here is a non-exhaustive list of typical values for these options.

            *   ``'exact'``: Exact algorithm. Can always decide
                manipulation: it answers ``True`` or ``False``. Other
                algorithms may also answer ``numpy.nan``, which is the
                SVVAMP convention meaning that the algorithm was not able to
                decide. For a given voting system, if the exact algorithm
                runs in polynomial time, then it is the only accepted option.
            *   ``'slow'``: Non-polynomial algorithm, but not exact. For
                voting systems accepting this option, it is however
                faster than 'exact' (in a little-o sense) and more
                precise than 'fast'.
            *   ``'fast'``: Polynomial algorithm, not exact. If the exact
                algorithm runs in polynomial time, this option is not
                available.
            *   ``'lazy'``: Perform only some preliminary checks. Run in
                polynomial time (unless deciding the winner of the election
                is not polynomial, like for :class:`~svvamp.Kemeny`). Like
                other non-exact algorithms, it can decide manipulation to
                ``True``, ``False`` or return ``numpy.nan`` (undecided).

        For a given voting system, the default option is the most precise
        algorithm running in polynomial time.

        **Option for Independence of Irrelevant Alternatives (IIA)**

        The default algorithm for :attr:`~svvamp.Election.not_IIA` first
        performs some preliminary checks based on the known properties of the
        voting system under study. For example, if it meets the Condorcet
        criterion, then the algorithm exploits if. If it meets the majority
        favorite criterion (see below) and if :attr:`~svvamp.ElectionResult.w`
        is a majority favorite, then it decides IIA immediately.

        If the preliminary checks do not allow to decide, the default algorithm
        then uses brute force to test subsets of candidates including
        the sincere winner :attr:`~svvamp.ElectionResult.w`. This can be
        non-polynomial or non-exact, depending on the attribute
        :attr:`~svvamp.Election.IIA_subset_maximum_size`.

        **Implication diagram between criteria**

        Cf. corresponding attributes below for the definition of these
        criteria. See working paper, Durand et al. (2014):
        'Condorcet Criterion and Reduction in Coalitional Manipulability'.

        ::

            Condorcet_c_ut_rel_ctb            ==>            Condorcet_c_ut_rel
            ||             Condorcet_c_rk_ctb ==>      Condorcet_c_rk       ||
            ||           ||        ||                   ||         ||       ||
            V            V         ||                   ||         V        V
            Condorcet_c_ut_abs_ctb            ==>            Condorcet_c_ut_abs
            ||                     ||                   ||                  ||
            ||                     V                    V                   ||
            ||     majority_favorite_c_rk_ctb ==> majority_favorite_c_rk    ||
            ||            ||                                  ||            ||
            V             V                                   V             V
            majority_favorite_c_ut_ctb        ==>        majority_favorite_ut_c
            ||                                                              ||
            V                                                               V
            IgnMC_c_ctb                       ==>                       IgnMC_c
            ||                                                              ||
            V                                                               V
            InfMC_c_ctb                       ==>                       InfMC_c
        """
        # Whether we need to do a preliminary check on UM, TM, ICM before
        # computing CM.
        self._first_initialization = True
        # self._CM_option = None

        # Initialize as superclass
        super().__init__(population, **kwargs)
        # In particular, this sets the population and calls
        # 'forget_all_computations'.

        # Constant parameters that should be redefined in each subclass
        # corresponding to a specific voting system.

        # Log identity
        self._log_identity = "ELECTION"
        self._class_result = None

        # Basic properties of the voting system
        # For the definition of these criteria, see the corresponding getter
        # methods.
        self._with_two_candidates_reduces_to_plurality = False
        self._is_based_on_rk = False
        self._is_based_on_ut_minus1_1 = False
        self._meets_IIA = False

        self._precheck_UM = True
        self._precheck_TM = True
        self._precheck_ICM = True
        # Remark: when the voting system meets InfMC_c_ctb, then precheck on
        # ICM will not do better than other basic prechecks.

        # Manipulation criteria for the voting system
        # In the subclass corresponding to a specific voting system,
        # it is sufficient to set to True only the strongest criteria that 
        # are met by the voting system. 
        self._meets_Condorcet_c_ut_rel = None
        self._meets_Condorcet_c_rk = None
        self._meets_Condorcet_c_ut_abs = None
        self._meets_majority_favorite_c_rk = None
        self._meets_majority_favorite_c_ut = None
        self._meets_IgnMC_c = None
        self._meets_InfMC_c = None
        self._meets_Condorcet_c_rk_ctb = None
        self._meets_Condorcet_c_ut_rel_ctb = None
        self._meets_Condorcet_c_ut_abs_ctb = None
        self._meets_majority_favorite_c_rk_ctb = None
        self._meets_majority_favorite_c_ut_ctb = None
        self._meets_IgnMC_c_ctb = None
        self._meets_InfMC_c_ctb = None

        # End of parameters that need to be redefined in all subclasses

        self._first_initialization = False

    def _forget_all_computations(self):
        """Initialize / forget all computations

        Typically used when the population is modified: all results of the
        election and all manipulation computations are initialized then.
        """
        self._forget_results()
        self._forget_manipulations()

    def _forget_manipulations(self):
        """Initialize / forget all manipulation computations.
        Also, ensures that voters are sorted by their ordinal preferences.

        Typically used when the population is modified: all manipulation
        computations are initialized then.
        """
        self.pop.ensure_voters_sorted_by_rk()
        self._v_wants_to_help_c = None
        self._c_has_supporters = None
        self._losing_candidates = None
        self._forget_IIA()
        self._forget_IM()
        self._forget_TM()
        self._forget_UM()
        self._forget_ICM()
        self._forget_CM()
        self._forget_manipulations_subclass()
        
    def _forget_manipulations_subclass(self):
        """Initialize / forget manipulation computations.

        This concerns only the manipulation computations, not the results of
        the election.
        """
        pass

    def _forget_IIA(self):
        """Initialize / forget the computations for IIA.
        Typically used when the option is changed for these computations.
        """
        self._is_IIA = None
        self._example_winner_IIA = None
        self._example_subset_IIA = None
        
    def _forget_IM(self):
        """Initialize / forget the computations for IM.
        Typically used when the option is changed for these computations.
        """
        self._IM_was_initialized = False
        self._IM_was_computed_with_candidates = False
        self._IM_was_computed_with_voters = False
        self._IM_was_computed_full = False

    def _forget_TM(self):
        """Initialize / forget the computations for TM.
        Typically used when the option is changed for these computations.
        """
        self._TM_was_initialized = False
        self._TM_was_computed_with_candidates = False

    def _forget_UM(self):
        """Initialize / forget the computations for UM.
        Typically used when the option is changed for these computations.
        """
        self._UM_was_initialized = False
        self._UM_was_computed_with_candidates = False

    def _forget_ICM(self):
        """Initialize / forget the computations for ICM.
        Typically used when the option is changed for these computations.
        """
        self._ICM_was_initialized = False
        self._ICM_was_computed_with_candidates = False
        self._ICM_was_computed_full = False

    def _forget_CM(self):
        """Initialize / forget the computations for CM.
        Typically used when the option is changed for these computations.
        """
        self._CM_was_initialized = False
        self._CM_was_computed_with_candidates = False
        self._CM_was_computed_full = False

    #%% Setting the options
           
    @property
    def IIA_subset_maximum_size(self):
        """Integer or ``numpy.inf``. Maximum size of any subset of candidates
        that is used to compute :meth:`~svvamp.Election.not_IIA` (and
        related methods). For a given voting system, this attribute has no
        effect if there is an exact algorithm running in polynomial time
        implemented in SVVAMP.
        """
        return self._IIA_subset_maximum_size
           
    @IIA_subset_maximum_size.setter
    def IIA_subset_maximum_size(self, value):
        try:
            if self._IIA_subset_maximum_size == value:
                return
        except AttributeError:
            pass
        try:
            self._mylogv("Setting IIA_subset_maximum_size =", value, 1)
            self._IIA_subset_maximum_size = float(value)
            self._forget_IIA()
        except ValueError:
            raise ValueError("Unknown option for IIA_subset_maximum_size: "
                             + format(value) + " (number or np.inf expected).")
       
    @property
    def IM_option(self):
        """String. Option used to compute :meth:`~svvamp.Election.IM` and
        related methods.

        To know what options are accepted for a given voting system, use
        :attr:`~svvamp.ElectionResult.options_parameters`.
        """
        return self._IM_option
           
    @IM_option.setter
    def IM_option(self, value):
        try:
            if self._IM_option == value:
                return
        except AttributeError:
            pass
        if value in self.options_parameters['IM_option']['allowed']:
            self._mylogv("Setting IM_option =", value, 1)
            self._IM_option = value
            self._forget_IM()
        else:
            raise ValueError("Unknown option for IM: " + format(value))
       
    @property
    def TM_option(self):
        """String. Option used to compute :meth:`~svvamp.Election.TM` and
        related methods.

        To know what options are accepted for a given voting system, use
        :attr:`~svvamp.ElectionResult.options_parameters`.
        """
        return self._TM_option
           
    @TM_option.setter
    def TM_option(self, value):
        try:
            if self._TM_option == value:
                return
        except AttributeError:
            pass
        if value in self.options_parameters['TM_option']['allowed']:
            self._mylogv("Setting TM_option =", value, 1)
            self._TM_option = value
            self._forget_TM()
            if not self._first_initialization:
                if self._CM_option != 'exact' and self._precheck_TM:
                    self._forget_CM()
        else:
            raise ValueError("Unknown option for TM: " + format(value))
       
    @property
    def UM_option(self):
        """String. Option used to compute :meth:`~svvamp.Election.UM` and
        related methods.

        To know what options are accepted for a given voting system, use
        :attr:`~svvamp.ElectionResult.options_parameters`.
        """
        return self._UM_option
           
    @UM_option.setter
    def UM_option(self, value):
        try:
            if self._UM_option == value:
                return
        except AttributeError:
            pass
        if value in self.options_parameters['UM_option']['allowed']:
            self._mylogv("Setting UM_option =", value, 1)
            self._UM_option = value
            self._forget_UM()
            if not self._first_initialization:
                if self._CM_option != 'exact' and self._precheck_UM:
                    self._forget_CM()
        else:
            raise ValueError("Unknown option for UM: " + format(value))
       
    @property
    def ICM_option(self):
        """String. Option used to compute :meth:`~svvamp.Election.ICM` and
        related methods.

        To know what options are accepted for a given voting system, use
        :attr:`~svvamp.ElectionResult.options_parameters`.
        """
        return self._ICM_option
           
    @ICM_option.setter
    def ICM_option(self, value):
        try:
            if self._ICM_option == value:
                return
        except AttributeError:
            pass
        if value in self.options_parameters['ICM_option']['allowed']:
            self._mylogv("Setting ICM_option =", value, 1)
            self._ICM_option = value
            self._forget_ICM()
            if not self._first_initialization:
                if self._CM_option != 'exact' and self._precheck_ICM:
                    self._forget_CM()
        else:
            raise ValueError("Unknown option for ICM: " + format(value))
       
    @property
    def CM_option(self):
        """String. Option used to compute :meth:`~svvamp.Election.CM` and
        related methods.

        To know what options are accepted for a given voting system, use
        :attr:`~svvamp.ElectionResult.options_parameters`.
        """
        return self._CM_option
           
    @CM_option.setter
    def CM_option(self, value):
        try:
            if self._CM_option == value:
                return
        except AttributeError:
            pass
        if value in self.options_parameters['CM_option']['allowed']:
            self._mylogv("Setting CM_option =", value, 1)
            self._CM_option = value
            self._forget_CM()
        else:
            raise ValueError("Unknown option for CM: " + format(value))

    #%% Manipulation criteria of the voting system

    @property
    def with_two_candidates_reduces_to_plurality(self):
        """Boolean. ``True`` iff, when using this voting system with only
        two candidates, it amounts to Plurality (with voter and candidate
        tie-breaking).
        """
        return self._with_two_candidates_reduces_to_plurality

    @property
    def is_based_on_rk(self):
        """Boolean. ``True`` iff this voting system is based only on
        strict rankings (no cardinal information, indifference not allowed).
        """
        return self._is_based_on_rk

    @property
    def is_based_on_ut_minus1_1(self):
        """Boolean. ``True`` iff:

            *   This voting system is based only on utilities (not
                rankings, i.e. does not depend on how voters break
                ties in their own preferences),
            *   And for a ``c``-manipulator (IM or CM), it is optimal to
                pretend that ``c`` has utility 1 and other candidates have
                utility -1.
        """
        return self._is_based_on_ut_minus1_1

    @property
    def meets_IIA(self):
        """Boolean. ``True`` iff this voting system meets Independence of
        Irrelevant Alternatives.
        """
        return self._meets_IIA
           
    @property
    def meets_Condorcet_c_ut_rel_ctb(self):
        """Boolean. ``True`` iff the voting system meets
        the 'relative Condorcet criterion with ctb'. I.e.: if a
        candidate is a :attr:`~svvamp.Population.condorcet_winner_ut_rel_ctb`,
        she wins.

        Implies:
        :attr:`~svvamp.Election.meets_Condorcet_c_ut_rel`,
        :attr:`~svvamp.Election.meets_Condorcet_c_ut_abs_ctb`.
        """
        if self._meets_Condorcet_c_ut_rel_ctb is None:
            self._meets_Condorcet_c_ut_rel_ctb = False
        return self._meets_Condorcet_c_ut_rel_ctb

    @property
    def meets_Condorcet_c_rk_ctb(self):
        """Boolean. ``True`` iff the voting system meets
        the 'Condorcet criterion (rk) with ctb'. I.e.: if a candidate is
        a :attr:`~svvamp.Population.condorcet_winner_rk_ctb`, she wins.

        Implies:
        :attr:`~svvamp.Election.meets_Condorcet_c_rk`,
        :attr:`~svvamp.Election.meets_Condorcet_c_ut_abs_ctb`,
        :attr:`~svvamp.Election.meets_majority_favorite_c_rk_ctb`.
        """
        if self._meets_Condorcet_c_rk_ctb is None:
            self._meets_Condorcet_c_rk_ctb = False
        return self._meets_Condorcet_c_rk_ctb

    @property
    def meets_Condorcet_c_ut_abs_ctb(self):
        """Boolean. ``True`` iff the voting system meets
        the 'absolute Condorcet criterion with ctb'. I.e.: if a candidate is
        a :attr:`~svvamp.Population.condorcet_winner_ut_abs_ctb`, she wins.

        Is implied by:
        :attr:`~svvamp.Election.meets_Condorcet_c_rk_ctb`,
        :attr:`~svvamp.Election.meets_Condorcet_c_ut_rel_ctb`.

        Implies:
        :attr:`~svvamp.Election.meets_Condorcet_c_ut_abs`,
        :attr:`~svvamp.Election.meets_majority_favorite_c_ut_ctb`.
        """
        if self._meets_Condorcet_c_ut_abs_ctb is None:
            self._meets_Condorcet_c_ut_abs_ctb = (
                self.meets_Condorcet_c_rk_ctb or
                self.meets_Condorcet_c_ut_rel_ctb)
        return self._meets_Condorcet_c_ut_abs_ctb
           
    @property
    def meets_majority_favorite_c_rk_ctb(self):
        """Boolean. ``True`` iff the voting system meets
        the 'majority favorite criterion (rk) with ctb'. I.e.:

            *   It :attr:`~svvamp.Election.meets_majority_favorite_c_rk`,
            *   And if :attr:`~svvamp.Population.V`/2 voters rank candidate 0
                first (rk), she wins.

        Is implied by:
        :attr:`~svvamp.Election.meets_Condorcet_c_rk_ctb`.

        Implies:
        :attr:`~svvamp.Election.meets_majority_favorite_c_ut_ctb`,
        :attr:`~svvamp.Election.meets_majority_favorite_c_rk`.
        """
        if self._meets_majority_favorite_c_rk_ctb is None:
            self._meets_majority_favorite_c_rk_ctb = \
                self.meets_Condorcet_c_rk_ctb
        return self._meets_majority_favorite_c_rk_ctb

    @property
    def meets_majority_favorite_c_ut_ctb(self):
        """Boolean. ``True`` iff the voting system meets
        the 'majority favorite criterion (ut) with ctb'. I.e.:

            *   It :attr:`~svvamp.Election.meets_majority_favorite_c_ut`,
            *   And if :attr:`~svvamp.Population.V`/2 voters strictly prefer
                candidate 0 to all other candidates, she wins.

        Is implied by:
        :attr:`~svvamp.Election.meets_Condorcet_c_ut_abs_ctb`,
        :attr:`~svvamp.Election.meets_majority_favorite_c_rk_ctb`.

        Implies:
        :attr:`~svvamp.Election.meets_IgnMC_c_ctb`,
        :attr:`~svvamp.Election.meets_majority_favorite_c_ut`.
        """
        if self._meets_majority_favorite_c_ut_ctb is None:
            self._meets_majority_favorite_c_ut_ctb = (
                self.meets_Condorcet_c_ut_abs_ctb or
                self.meets_majority_favorite_c_rk_ctb)
        return self._meets_majority_favorite_c_ut_ctb

    @property
    def meets_IgnMC_c_ctb(self):
        """Boolean. ``True`` iff the voting system meets
        the 'ignorant majority coalition criterion with ctb'. I.e.:

            *   It :attr:`~svvamp.Election.meets_IgnMC_c`,
            *   And any ignorant coalition of size
                :attr:`~svvamp.Population.V`/2 can make candidate 0 win.

        Is implied by:
        :attr:`~svvamp.Election.meets_majority_favorite_c_ut_ctb`.

        Implies:
        :attr:`~svvamp.Election.meets_InfMC_c_ctb`,
        :attr:`~svvamp.Election.meets_IgnMC_c`.
        """
        if self._meets_IgnMC_c_ctb is None:
            self._meets_IgnMC_c_ctb = self.meets_majority_favorite_c_ut_ctb
        return self._meets_IgnMC_c_ctb

    @property
    def meets_InfMC_c_ctb(self):
        """Boolean. ``True`` iff the voting system meets
        the 'informed majority coalition criterion with ctb'. I.e.:

            *   It :attr:`~svvamp.Election.meets_InfMC_c`,
            *   And any informed coalition of size
                :attr:`~svvamp.Population.V`/2 can make candidate 0 win.
        
        Is implied by:
        :attr:`~svvamp.Election.meets_IgnMC_c_ctb`.

        Implies:
        :attr:`~svvamp.Election.meets_InfMC_c`.
        """
        if self._meets_InfMC_c_ctb is None:
            self._meets_InfMC_c_ctb = self.meets_IgnMC_c_ctb
        return self._meets_InfMC_c_ctb
        
    @property
    def meets_Condorcet_c_ut_rel(self):
        """Boolean. ``True`` iff the voting system meets
        the relative Condorcet criterion. I.e. if a candidate is a
        :attr:`~svvamp.Population.condorcet_winner_ut_rel`, then she wins.

        Is implied by:
        :attr:`~svvamp.Election.meets_Condorcet_c_ut_rel_ctb`.

        Implies:
        :attr:`~svvamp.Election.meets_Condorcet_c_ut_abs`.
        """
        if self._meets_Condorcet_c_ut_rel is None:
            self._meets_Condorcet_c_ut_rel = self.meets_Condorcet_c_ut_rel_ctb
        return self._meets_Condorcet_c_ut_rel

    @property
    def meets_Condorcet_c_rk(self):
        """Boolean. ``True`` iff the voting system meets
        the Condorcet criterion (rk). I.e. if a candidate is a
        :attr:`~svvamp.Population.condorcet_winner_rk`, then she wins.

        Is implied by:
        :attr:`~svvamp.Election.meets_Condorcet_c_rk_ctb`.

        Implies:
        :attr:`~svvamp.Election.meets_Condorcet_c_ut_abs`,
        :attr:`~svvamp.Election.meets_majority_favorite_c_rk`.
        """
        if self._meets_Condorcet_c_rk is None:
            self._meets_Condorcet_c_rk = self.meets_Condorcet_c_rk_ctb
        return self._meets_Condorcet_c_rk

    @property
    def meets_Condorcet_c_ut_abs(self):
        """Boolean. ``True`` iff the voting system meets
        the absolute Condorcet criterion. I.e. if a candidate is a
        :attr:`~svvamp.Population.condorcet_winner_ut_abs`, then she wins.

        Is implied by:
        :attr:`~svvamp.Election.meets_Condorcet_c_rk`,
        :attr:`~svvamp.Election.meets_Condorcet_c_ut_rel`,
        :attr:`~svvamp.Election.meets_Condorcet_c_ut_abs_ctb`.

        Implies:
        :attr:`~svvamp.Election.meets_majority_favorite_c_ut`.
        """
        if self._meets_Condorcet_c_ut_abs is None:
            self._meets_Condorcet_c_ut_abs = (
                self.meets_Condorcet_c_rk or
                self.meets_Condorcet_c_ut_rel or
                self.meets_Condorcet_c_ut_abs_ctb)
        return self._meets_Condorcet_c_ut_abs

    @property
    def meets_majority_favorite_c_rk(self):
        """Boolean. ``True`` iff the voting system meets
        the majority favorite criterion (rk). I.e. if strictly more than
        :attr:`~svvamp.Population.V`/2 voters rank a candidate first (rk),
        then she wins.

        Is implied by:
        :attr:`~svvamp.Election.meets_Condorcet_c_rk`,
        :attr:`~svvamp.Election.meets_majority_favorite_c_rk_ctb`.

        Implies:
        :attr:`~svvamp.Election._meets_majority_favorite_c_ut`.
        """
        if self._meets_majority_favorite_c_rk is None:
            self._meets_majority_favorite_c_rk = (
                self.meets_Condorcet_c_rk or
                self.meets_majority_favorite_c_rk_ctb)
        return self._meets_majority_favorite_c_rk

    @property
    def meets_majority_favorite_c_ut(self):
        """Boolean. ``True`` iff the voting system meets
        the majority favorite criterion (ut). I.e. if strictly more than
        :attr:`~svvamp.Population.V`/2 voters strictly prefer a candidate to
        all others (ut), she wins.

        Is implied by:
        :attr:`~svvamp.Election.meets_Condorcet_c_ut_abs`,
        :attr:`~svvamp.Election.meets_majority_favorite_c_ut_ctb`,
        :attr:`~svvamp.Election.meets_majority_favorite_c_rk`.

        Implies:
        :attr:`~svvamp.Election.meets_IgnMC_c`.
        """
        if self._meets_majority_favorite_c_ut is None:
            self._meets_majority_favorite_c_ut = (
                self.meets_Condorcet_c_ut_abs or
                self.meets_majority_favorite_c_rk or
                self.meets_majority_favorite_c_ut_ctb)
        return self._meets_majority_favorite_c_ut

    @property
    def meets_IgnMC_c(self):
        """Boolean. ``True`` iff the voting system meets
        the ignorant majority coalition criterion. I.e. any ignorant coalition 
        of size strictly more than :attr:`~svvamp.Population.V`/2 can make
        any candidate win. See working paper, Durand et al. (2014):
        'Condorcet Criterion and Reduction in Coalitional Manipulability'.

        *Ignorant* means that they can choose their ballot without knowing
        what other voters will do.
        
        Is implied by:
        :attr:`~svvamp.Election.meets_majority_favorite_c_ut`,
        :attr:`~svvamp.Election.meets_IgnMC_c_ctb`.

        Implies:
        :attr:`~svvamp.Election.meets_InfMC_c`.
        """
        if self._meets_IgnMC_c is None:
            self._meets_IgnMC_c = (
                self.meets_majority_favorite_c_ut or
                self.meets_IgnMC_c_ctb)
        return self._meets_IgnMC_c

    @property
    def meets_InfMC_c(self):
        """Boolean. ``True`` iff the voting system meets
        the informed majority coalition criterion. I.e. any informed coalition 
        of size strictly more than :attr:`~svvamp.Population.V`/2 can make
        any candidate win. See working paper, Durand et al. (2014):
        'Condorcet Criterion and Reduction in Coalitional Manipulability'.
        
        *Informed* means that they know other voters' ballots before
        choosing their own.

        Is implied by:
        :attr:`~svvamp.Election.meets_IgnMC_c`,
        :attr:`~svvamp.Election.meets_InfMC_c_ctb`.
        """
        if self._meets_InfMC_c is None:
            self._meets_InfMC_c = (
                self.meets_IgnMC_c or
                self.meets_InfMC_c_ctb)
        return self._meets_InfMC_c

    #%% Result of an election (for tests like TM, IM...)

    def _create_result(self, pop_test):
        """Create a FoobarResult object for a population, where Foobar is
        the voting system.

        Arguments:
        pop_test -- A Population object.

        Returns:
        election_result -- A FoobarResult object.
        """
        return self._class_result(pop_test)

    def _basic_version(self, **kwargs):

        class_result = self._class_result
        is_based_on_strict_rankings = self.is_based_on_rk
        is_based_on_utilities_minus1_1 = self.is_based_on_ut_minus1_1

        class _BasicVersion(class_result, Election):

            _options_parameters = Election._options_parameters.copy()
            _options_parameters.update(class_result._options_parameters)

            def __init__(self, population, **kwargs):
                super().__init__(population, **kwargs)
                self._log_identity = "BASIC"
                self._is_based_on_rk = (
                    is_based_on_strict_rankings)
                self._is_based_on_ut_minus1_1 = (
                    is_based_on_utilities_minus1_1)

            def _create_result(self, pop_test):
                return class_result(pop_test)

        return _BasicVersion(self.pop, **kwargs)

    #%% Independence of Irrelevant Alternatives (IIA)
        
    @property
    def log_IIA(self):
        """String. Parameters used to compute :meth:`~svvamp.Election.not_IIA`
        and related methods.
        """
        return "IIA_subset_maximum_size = " + format(
            self.IIA_subset_maximum_size)

    def not_IIA(self):
        """Independence of Irrelevant Alternatives, incomplete mode.

        :return: (``is_not_IIA``, ``log_IIA``).

        Cf. :meth:`~svvamp.Election.not_IIA_full` for more details.
        """
        if self._is_IIA is None:
            self._compute_IIA()
        if np.isnan(self._is_IIA):
            return np.nan, self.log_IIA
        else:
            return (not self._is_IIA), self.log_IIA

    def not_IIA_full(self):
        """Independence of Irrelevant Alternatives, complete mode.

        :return: (``is_not_IIA``, ``log_IIA``, ``example_subset_IIA``,
                 ``example_winner_IIA``).

        ``is_not_IIA``: Boolean. ``True`` if there exists a subset of
        candidates including the sincere winner
        :attr:`~svvamp.ElectionResult.w`, such that if the election is held
        with this subset of candidates, then
        :attr:`~svvamp.ElectionResult.w` is not the winner anymore.
        If the algorithm cannot decide, then the result is ``numpy.nan``.

        ``log_IIA``: String. Parameters used to compute IIA.

        ``example_subset_IIA``: 1d array of booleans. If the election is
        not IIA, ``example_subset_IIA`` provides a subset of candidates
        breaking IIA. ``example_subset_IIA[c]`` is ``True`` iff candidate
        ``c`` belongs to the subset. If the election is IIA (or if the
        algorithm cannot decide), then ``example_subset_IIA = numpy.nan``.

        ``example_winner_IIA``: Integer (candidate). If the election is
        not IIA, ``example_winner_IIA`` is the winner corresponding to the
        counter-example ``example_subset_IIA``. If the election is IIA (or
        if the algorithm cannot decide), then
        ``example_winner_IIA = numpy.nan``.

        .. seealso::

            :meth:`~svvamp.Election.not_IIA`.
        """
        if self._is_IIA is None:
            self._compute_IIA()
        if np.isnan(self._is_IIA):
            return np.nan, self.log_IIA, \
                   self._example_subset_IIA, self._example_winner_IIA
        else:
            return (not self._is_IIA), self.log_IIA, \
                   self._example_subset_IIA, self._example_winner_IIA

    def _IIA_impossible(self, message):
        """Actions when IIA is impossible.
        Displays a message and sets the relevant variables.

        Arguments:
        message -- String. A log message.
        """
        self._mylog(message, 1)
        self._is_IIA = True
        self._example_subset_IIA = np.nan
        self._example_winner_IIA = np.nan

    def _compute_IIA(self):
        """Compute IIA: _is_IIA, _example_subset_IIA and _example_winner_IIA.
        """
        self._mylog("Compute IIA", 1)
        if self.meets_IIA:
            self._IIA_impossible("IIA is guaranteed for this voting system.")
            return
        if self.meets_Condorcet_c_ut_abs and self.w_is_condorcet_winner_ut_abs:
            self._IIA_impossible("IIA guaranteed: w is a Condorcet winner.")
            return
        if self.meets_Condorcet_c_ut_abs_ctb and self.w_is_condorcet_winner_ut_abs_ctb:
            self._IIA_impossible("IIA guaranteed: w is a Condorcet winner "
                                 "with candidate tie-breaking.")
            return
        if self.meets_Condorcet_c_ut_rel and self.w_is_condorcet_winner_ut_rel:
            self._IIA_impossible("IIA guaranteed: w is a relative Condorcet "
                                 "winner.")
            return
        if (self.meets_Condorcet_c_ut_rel_ctb and
                self.w_is_condorcet_winner_ut_rel_ctb):
            self._IIA_impossible("IIA guaranteed: w is a relative Condorcet "
                                 "winner with candidate tie-breaking.")
            return
        if self.meets_Condorcet_c_rk and self.w_is_condorcet_winner_rk:
            self._IIA_impossible("IIA guaranteed: w is a Condorcet winner "
                                 "with voter tie-breaking.")
            return
        if (self.meets_Condorcet_c_rk_ctb and
                self.w_is_condorcet_winner_rk_ctb):
            self._IIA_impossible("IIA guaranteed: w is a Condorcet winner "
                                 "with voter and candidate tie-breaking.")
            return
        if (self.meets_majority_favorite_c_ut and
                self.pop.plurality_scores_ut[self.w] > self.pop.V / 2):
            self._IIA_impossible("IIA guaranteed: w is a majority favorite.")
            return
        if (self.meets_majority_favorite_c_rk and
                self.pop.plurality_scores_rk[self.w] > self.pop.V / 2):
            self._IIA_impossible("IIA guaranteed: w is a majority favorite "
                                 "with voter tie-breaking.")
            return
        if (self.meets_majority_favorite_c_ut_ctb and
                self.w == 0 and
                self.pop.plurality_scores_ut[self.w] >= self.pop.V / 2):
            self._IIA_impossible("IIA guaranteed: w is a majority favorite "
                                 "with candidate tie-breaking (w = 0).")
            return
        if (self.meets_majority_favorite_c_rk_ctb and
                self.w == 0 and
                self.pop.plurality_scores_rk[self.w] >= self.pop.V / 2):
            self._IIA_impossible("IIA guaranteed: w is a majority favorite "
                                 "with voter and candidate tie-breaking "
                                 "(w = 0).")
            return
        if self._with_two_candidates_reduces_to_plurality:
            if self.w_is_not_condorcet_winner_rk_ctb:
                # For subsets of 2 candidates, we use the matrix of victories 
                # to gain time.
                self._mylog("IIA failure found by Condorcet failure "
                            "(rk, ctb)", 2)
                self._is_IIA = False
                self._example_winner_IIA = np.nonzero(
                    self.pop.matrix_victories_rk_ctb[:, self.w])[0][0]
                self._example_subset_IIA = np.zeros(self.pop.C, dtype=bool)
                self._example_subset_IIA[self.w] = True
                self._example_subset_IIA[self._example_winner_IIA] = True
            else:
                self._mylog("IIA: subsets of size 2 are ok because w is a "
                            "Condorcet winner (rk, ctb)", 2)
                self._compute_IIA_aux(subset_minimum_size=3)
        else:
            self._compute_IIA_aux(subset_minimum_size=2)

    def _compute_IIA_aux(self, subset_minimum_size):
        """Compute IIA: is_IIA, example_subset_IIA and example_winner_IIA.
        
        Arguments:
        subset_minimum_size -- Integer.
        
        Tests all subsets from size 'subset_minimum_size' to 
        'self.IIA_subset_maximum_size'. If self.IIA_subset_maximum_size < C-1,
        then the algorithm may not be able to decide whether election is IIA 
        or not: in this case, we may have is_IIA = NaN.
        """
        self._mylogv("IIA: Use _compute_IIA_aux with subset_minimum_size =", 
                     subset_minimum_size, 1)
        subset_maximum_size = int(min(
            self.pop.C - 1, self.IIA_subset_maximum_size))
        for C_r in range(subset_minimum_size, subset_maximum_size + 1):
            if self.w <= C_r - 1:
                candidates_r = np.array(range(C_r))
            else:
                candidates_r = np.concatenate((range(C_r - 1), [self.w]))
            while candidates_r is not None:
                w_r = self._compute_winner_of_subset(candidates_r)
                if w_r != self.w:
                    self._mylog("IIA failure found", 2)
                    self._is_IIA = False
                    self._example_winner_IIA = w_r
                    self._example_subset_IIA = np.zeros(self.pop.C, dtype=bool)
                    for c in candidates_r:
                        self._example_subset_IIA[c] = True
                    return
                candidates_r = compute_next_subset_with_w(
                    candidates_r, self.pop.C, C_r, self.w)
        # We have not found a counter-example...
        self._example_winner_IIA = np.nan
        self._example_subset_IIA = np.nan
        if self.IIA_subset_maximum_size < self.pop.C - 1:
            self._mylog("IIA: I have found no counter-example, but I have " +
                        "not explored all possibilities", 2)
            self._is_IIA = np.nan
        else:
            self._mylog("IIA is guaranteed.", 2)
            self._is_IIA = True
            
    def _compute_winner_of_subset(self, candidates_r):
        """Compute the winner for a subset of candidates.
        
        This function is internally used to compute Independence of Irrelevant 
        Alternatives (IIA).
        
        Arguments:
        candidates_r -- 1d array of integers. candidates_r(k) is the k-th
            candidate of the subset. This vector must be sorted in ascending
            order.
            
        Returns:
        w_r -- Integer. Candidate who wins the sub-election defined by 
            candidates_r.
        """
        self._mylogv("IIA: Compute winner of subset ", candidates_r, 3)
        pop_test = PopulationSubsetCandidates(self.pop, candidates_r)
        result_test = self._create_result(pop_test)
        w_r = candidates_r[result_test.w]
        return w_r

    #%% Manipulation: common features

    @property
    def v_wants_to_help_c(self):
        """2d array of booleans. ``v_wants_to_help_c[v, c]`` is ``True`` iff
        voter ``v`` strictly prefers candidate ``c`` to the sincere winner
        :attr:`~svvamp.ElectionResult.w`. If ``v`` attributes
        the same utility for ``c`` and ``w``, then ``v`` is not interested.
        """
        if self._v_wants_to_help_c is None:
            self._mylog("Compute v_wants_to_help_c", 1)
            self._v_wants_to_help_c = np.greater(
                self.pop.preferences_ut,
                self.pop.preferences_ut[:, self.w][:, np.newaxis]
            )
        return self._v_wants_to_help_c
        
    @property
    def losing_candidates(self):
        """1d of Integers. List of losing candidates, in an arbitrary order.

        This attribute is mostly for SVVAMP developers. It is used in
        manipulation algorithms.
        """
        # In fact, the order is not really arbitrary... Losing candidates are
        # sorted from the 'most dangerous' to the 'least dangerous' (for the
        # sincere winner :attr:`~svvamp.ElectionResult.w`).
        #
        # By default, they are sorted by their score against
        # :attr:`~svvamp.ElectionResult.w` in the
        # :attr:`~svvamp.Population.matrix_duels_ut` (which is the number of
        # potential manipulators for a given candidate). This behavior can be
        # redefined in the subclass implementing a specific voting system.
        #
        # This attribute is used for most manipulation algorithms. The idea is
        # to try first the candidates for whom we think manipulation is more
        # likely to succeed, in order to gain time.
        if self._losing_candidates is None:
            self._mylog("Compute ordered list of losing candidates", 1)
            self._losing_candidates = np.concatenate((
                np.array(range(0, self.w), dtype=int),
                np.array(range(self.w+1, self.pop.C), dtype=int)
            ))
            self._losing_candidates = self._losing_candidates[np.argsort(
                -self.pop.matrix_duels_ut[self._losing_candidates, self.w],
                kind='mergesort')]
        return self._losing_candidates
        
    @property
    def c_has_supporters(self):
        """1d array of booleans. ``c_has_supporters[c]`` is ``True`` iff at
        least one voter prefers candidate c to the sincere winner
        :attr:`~svvamp.ElectionResult.w`.
        """
        if self._c_has_supporters is None:
            self._mylog("Compute c_has_supporters", 1)
            self._c_has_supporters = np.any(self.v_wants_to_help_c, 0)
        return self._c_has_supporters

    def _update_sufficient(self, sufficient_array, c, value, message=None):
        """Update an array _sufficient_coalition_size_.. for candidate c.

        Arguments:
        sufficient_array -- An array like _sufficient_coalition_size_CM or
            _sufficient_coalition_size_ICM.
        c -- Integer (candidate).
        value -- Integer. If the number of manipulators is >= value, then
            manipulation (CM or ICM) is possible.
        message -- String. A message that can be displayed if
            sufficient_array[c] is actually updated.

        Perform sufficient_array[c] = min(sufficient_array[c], value).
        If sufficient_array[c] is actually, updated, i.e. iff value is
        strictly lower that the former value of sufficient_array[c], then:
        send message and value to self._mylogv (with detail level = 3).
        """
        if value < sufficient_array[c]:
            sufficient_array[c] = value
            if message is not None:
                self._mylogv(message, value, 3)

    def _update_necessary(self, necessary_array, c, value, message=None):
        """Update an array _necessary_coalition_size_.. for candidate c.

        Arguments:
        necessary_array -- An array like _necessary_coalition_size_CM or
            _necessary_coalition_size_ICM.
        c -- Integer (candidate).
        value -- Integer. If the number of manipulators is < value, then
            manipulation (CM or ICM) is impossible.
        message -- String. A message that can be displayed if
            necessary_array[c] is actually updated.

        Perform necessary_array[c] = max(necessary_array[c], value).
        If necessary_array[c] is actually, updated, i.e. iff value is
        strictly greater that the former value of necessary_array[c], then
        send message and value to self._mylogv (with detail level = 3).
        """
        if value > necessary_array[c]:
            necessary_array[c] = value
            if message is not None:
                self._mylogv(message, value, 3)

    #%% Individual manipulation (IM)

    @property
    def log_IM(self):
        """String. Parameters used to compute :meth:`~svvamp.Election.IM`
        and related methods.
        """
        # noinspection PyTypeChecker
        return "IM_option = " + self.IM_option
    
    def IM(self):
        """Individual manipulation.

        :returns: (``is_IM``, ``log_IM``).

        Cf. :meth:`~svvamp.Election.IM_full`.
        """
        if not self._IM_was_initialized:
            self._IM_initialize_general()
        if np.isneginf(self._is_IM):
            self._compute_IM(mode='IM')
        return display_pseudo_bool(self._is_IM), self.log_IM
            
    def IM_c(self, c):
        """Individual manipulation, focus on one candidate.

        :param c: Integer (candidate).

        :returns: (``candidates_IM[c]``, ``log_IM``).

        Cf. :meth:`~svvamp.Election.IM_full`.
        """
        if not self._IM_was_initialized:
            self._IM_initialize_general()
        if np.isneginf(self._candidates_IM[c]):
            self._compute_IM(mode='IM_c', c=c)
        return display_pseudo_bool(self._candidates_IM[c]), self.log_IM

    def IM_c_with_voters(self, c):
        """Individual manipulation, focus on one candidate, with details.

        :param c: Integer (candidate).

        :returns: (``candidates_IM[c]``, ``log_IM``, ``v_IM_for_c[:, c]``).

        Cf. :meth:`~svvamp.Election.IM_full`.
        """
        if not self._IM_was_initialized:
            self._IM_initialize_general()
        if np.any(np.isneginf(self._v_IM_for_c[:, c])):
            self._compute_IM(mode='IM_c_with_voters', c=c)
        return display_pseudo_bool(self._candidates_IM[c]), \
               self.log_IM, \
               display_pseudo_bool(self._v_IM_for_c[:, c])

    def IM_with_voters(self):
        """Individual manipulation, focus on voters.

        :returns: (``is_IM``, ``log_IM``, ``voters_IM``).

        Cf. :meth:`~svvamp.Election.IM_full`.
        """
        if not self._IM_was_initialized:
            self._IM_initialize_general()
        if not self._IM_was_computed_with_voters:
            self._compute_IM(mode='IM_with_voters')
        return display_pseudo_bool(self._is_IM), self.log_IM, \
               self._voters_IM.astype(np.float)

    def IM_with_candidates(self):
        """Individual manipulation, focus on candidates.

        :returns: (``is_IM``, ``log_IM``, ``candidates_IM``).

        Cf. :meth:`~svvamp.Election.IM_full`.
        """
        if not self._IM_was_initialized:
            self._IM_initialize_general()
        if not self._IM_was_computed_with_candidates:
            self._compute_IM(mode='IM_with_candidates')
        return display_pseudo_bool(self._is_IM), self.log_IM, \
               self._candidates_IM.astype(np.float)

    def IM_full(self):
        """Individual manipulation, full mode.

        Voter ``v`` can and wants to manipulate for candidate ``c`` iff:

            *   ``v`` strictly prefers ``c`` to
                :attr:`~svvamp.ElectionResult.w` (in the sense of
                :attr:`~svvamp.Population.preferences_ut`).
            *   And by changing her vote, she can make ``c`` win instead of
                :attr:`~svvamp.ElectionResult.w`.

        :returns: (``is_IM``, ``log_IM``, ``candidates_IM``, ``voters_IM``,
                  ``v_IM_for_c``).

        ``is_IM``: Boolean. ``True`` if there exists a voter who can
        and wants to manipulate, ``False`` otherwise. If the algorithm cannot
        decide, then ``numpy.nan``.

        ``log_IM``: String. Parameters used to compute IM.

        ``candidates_IM``: 1d array of booleans (or ``numpy.nan``).
        ``candidates_IM[c]`` is ``True`` if there exists a voter who can
        manipulate for candidate ``c``, ``False`` otherwise. If the
        algorithm cannot decide, then ``numpy.nan``. For the sincere winner
        :attr:`~svvamp.ElectionResult.w`, we have by convention
        ``candidates_IM[w] = False``.

        ``voters_IM``: 1d array of booleans (or ``numpy.nan``).
        ``voters_IM[v]`` is ``True`` if voter ``v`` can and wants to
        manipulate for at least one candidate, ``False`` otherwise. If the
        algorithm cannot decide, then ``numpy.nan``.

        ``v_IM_for_c``: 2d array of booleans. ``v_IM_for_c[v, c]`` is ``True``
        if voter ``v`` can manipulate for candidate ``c``, ``False`` otherwise.
        If the algorithm cannot decide, then ``numpy.nan``. For the sincere
        winner :attr:`~svvamp.ElectionResult.w`, we have by convention
        ``v_IM_for_c[v, w] = False``.

        .. seealso::

            :meth:`~svvamp.Election.IM`,
            :meth:`~svvamp.Election.IM_c`,
            :meth:`~svvamp.Election.IM_c_with_voters`,
            :meth:`~svvamp.Election.IM_v`,
            :meth:`~svvamp.Election.IM_v_with_candidates`,
            :meth:`~svvamp.Election.IM_with_candidates`,
            :meth:`~svvamp.Election.IM_with_voters`.
        """
        if not self._IM_was_initialized:
            self._IM_initialize_general()
        if not self._IM_was_computed_full:
            self._compute_IM(mode='IM_full')
        return display_pseudo_bool(self._is_IM), self.log_IM, \
               self._candidates_IM.astype(np.float), \
               self._voters_IM.astype(np.float), \
               self._v_IM_for_c.astype(np.float)

    def IM_v(self, v):
        """Individual manipulation, focus on one voter.

        :param v: Integer (voter).

        :returns: (``voters_IM[v]``, ``log_IM``).

        Cf. :meth:`~svvamp.Election.IM_full`.
        """
        if not self._IM_was_initialized:
            self._IM_initialize_general()
        if np.isneginf(self._voters_IM[v]):
            self._compute_IM_v(v, c_is_wanted=np.ones(self.pop.C,
                                                      dtype=np.bool),
                               stop_if_true=True)
        return display_pseudo_bool(self._voters_IM[v]), self.log_IM

    def IM_v_with_candidates(self, v):
        """Individual manipulation, focus on one voter, with details.

        :param v: Integer (voter).

        :returns: (``voters_IM[v]``, ``log_IM``, ``v_IM_for_c[v, :]``).

        Cf. :meth:`~svvamp.Election.IM_full`.
        """
        if not self._IM_was_initialized:
            self._IM_initialize_general()
        if np.any(np.isneginf(self._v_IM_for_c[v, :])):
            self._compute_IM_v(v, c_is_wanted=np.ones(self.pop.C,
                                                      dtype=np.bool),
                               stop_if_true=False)
        return display_pseudo_bool(self._voters_IM[v]), self.log_IM, \
               self._v_IM_for_c[v, :].astype(np.float)

    def _IM_initialize_general(self):
        """Initialize IM variables and do preliminary checks. Used only the
        first time IM is launched (whatever the mode).
        _IM_was_initialized --> True
        _is_IM --> False or True if we know, -inf otherwise.
        _candidates_IM[c] --> True of False if we know, -inf otherwise.
        _voters_IM[v] --> True of False if we know, -inf otherwise.
        _v_IM_for_c[v, c] --> True or False if we know, -inf otherwise.

        It is mandatory that _v_IM_for_c[v, c] is False if voter c does
        not prefer c to the sincere winner w. Other kinds of checks are
        optional if this method is redefined in subclasses.

        If _candidates_IM and _is_IM are totally decided
        to True or False, then _IM_was_computed_with_candidates should become
        True (not mandatory but recommended).
        """
        self._mylog("IM: Initialize", 2)
        self._IM_was_initialized = True
        self._v_IM_for_c = np.full((self.pop.V, self.pop.C), -np.inf)
        self._candidates_IM = np.full(self.pop.C, -np.inf)
        self._voters_IM = np.full(self.pop.V, -np.inf)
        self._is_IM = -np.inf
        self._IM_preliminary_checks_general()

    def _IM_preliminary_checks_general(self):
        """Do preliminary checks for IM. Only first time IM is launched.

        Can update some _v_IM_for_c[v, c] to True or False (instead of
        -inf). In particular, it is mandatory that it is updated to False if
        voter c does not prefer c to the sincere winner w.

        * If _v_IM_for_c[v, c] becomes True, then _candidates_IM[c] and
        _voters_IM[v] must become True. If _candidates_IM[c] or
        _voters_IM[v] becomes True, then _is_IM must become True.
        * If _is_IM becomes True, it is not necessary to update a specific
        _candidates_IM[c] or _voters_IM[v]. If _candidates_IM[c] or
        _voters_IM[v] becomes True, it is not necessary to update a
        specific _v_IM_for_c[v, c].
        * If _is_IM becomes False, then _candidates_IM[:] and _voters_IM[:]
        must become False. If _candidates_IM[c] becomes False, then
        _v_IM_for_c[:, c] must become False. If _voters_IM[v] becomes False,
        then _v_IM_for_c[v, :] must become False.
        * If for a candidate c and all voters v, all _v_IM_for_c[v, c]
        become False, then _candidates_IM[c] must be updated to False. If for
        all candidates c, _candidates_IM[c] becomes False, then _is_IM must
        be updated to False.
        * Similarly, if for a voter v and all candidates c, all
        _v_IM_for_c[v, c] become False, then _voters_IM[v] must become False.
        If for all voters v, _voters_IM[v] becomes False, then _is_IM must
        be updated to False.
        * If _v_IM_for_c, _candidates_IM and _is_IM are totally decided
        to True or False, then _IM_was_computed_with_candidates,
        _IM_was_computed_with_voters and _IM_was_computed_full should become
        True (not mandatory but recommended).
        """
        # Perform some preliminary checks
        self._v_IM_for_c[np.logical_not(self.v_wants_to_help_c)] = False
        self._v_IM_for_c[np.logical_not(self._v_might_IM_for_c)] = False
        self._IM_preliminary_checks_general_subclass()
        # Update 'False' answers for _candidates_IM, _voters_IM and _is_IM
        self._candidates_IM[
            np.all(np.equal(self._v_IM_for_c, False), 0)] = False
        self._voters_IM[
            np.all(np.equal(self._v_IM_for_c, False), 1)] = False
        if np.all(np.equal(self._candidates_IM, False)):
            self._mylog("IM: preliminary checks: IM is impossible.", 2)
            self._is_IM = False
            self._IM_was_computed_with_candidates = True
            self._IM_was_computed_with_voters = True
            self._IM_was_computed_full = True
        self._mylogm('_v_IM_for_c =', self._v_IM_for_c, 3)

    def _IM_preliminary_checks_general_subclass(self):
        """Do preliminary checks for IM. Only first time IM is launched.

        Can update some _v_IM_for_c[v, c] to True or False (instead of
        -inf).

        True must be propagated from specific to general, False must be
        propagated from general to specific. I.e.:
        * If _v_IM_for_c[v, c] becomes True, then _candidates_IM[c] and
        _voters_IM[v] must become True. If _candidates_IM[c] or
        _voters_IM[v] becomes True, then _is_IM must become True.
        * If _is_IM becomes False, then _candidates_IM[:] and _voters_IM[v]
        must become False. If _candidates_IM[c] or _voters_IM[v] becomes
        False, then _v_IM_for_c[:, c] must become False.

        * If for a candidate c and all voters v, all _v_IM_for_c[v, c] become
        False, it is not necessary to update _candidates_IM[c] to False (and it
        is not necessary to update _is_IM).
        """
        pass

    def _IM_initialize_v(self, v):
        """Initialize the IM loop for voter v and do preliminary checks.
        Launched every time we work on voter v.

        * If the voting system is ordinal and voter v has the same
        ordinal preferences as previous voter v - 1, then update the line
        _v_IM_for_c[v, :] with what we know for v - 1.
        * Preliminary checks: try to decide some _v_IM_for_c[v, c]. If
        _v_IM_for_c[v, c] becomes True, then _candidates_IM[c], _voters_IM[v]
        and _is_IM must become True as well. In the other cases, it is not
        necessary to update _candidates_IM[c] and _is_IM.
        """
        self._mylogv("IM: Voter =", v, 3)
        # Check if v is identical to previous voter
        if (self._is_based_on_rk and
                self.pop.v_has_same_ordinal_preferences_as_previous_voter[v]):
            self._mylog("IM: Identical to previous voter", 3)
            decided_previous_v = np.logical_not(np.isneginf(
                self._v_IM_for_c[v - 1, :]))
            self._v_IM_for_c[v, decided_previous_v] = self._v_IM_for_c[
                v - 1, decided_previous_v]
            if self._voters_IM[v - 1] == True:
                self._voters_IM[v] = True
        # Preliminary checks on v
        self._IM_preliminary_checks_v(v)

    def _IM_preliminary_checks_v(self, v):
        """IM: preliminary checks for voter v.
        
        Try to decide some _v_IM_for_c[v, c]. If _v_IM_for_c[v, c] becomes
        True, then _candidates_IM[c], _voters_IM[v] and _is_IM must become True
        as well. In the other cases, it is not necessary to update
        _candidates_IM[c], _voters_IM[c] and _is_IM.
        """
        # Nothing smart for the moment.
        self._IM_preliminary_checks_v_subclass(v)
        pass

    def _IM_preliminary_checks_v_subclass(self, v):
        """IM: preliminary checks for voter v.

        Try to decide some _v_IM_for_c[v, c]. If _v_IM_for_c[v, c] becomes
        True, then _candidates_IM[c], _voters_IM[v] and _is_IM must become True
        as well. In the other cases, it is not necessary to update
        _candidates_IM[c], _voters_IM[c] and _is_IM.
        """
        pass

    def _IM_main_work_v(self, v, c_is_wanted,
                        nb_wanted_undecided, stop_if_true):
        """Do the main work in IM loop for voter v.

        Arguments:
        v -- Integer (voter).
        c_is_wanted -- 1d array of booleans. If for all c such that
            c_is_wanted[c] is True, _v_IM_for_c[v, c] is decided, then we
            are authorized to get out.
        nb_wanted_undecided -- Integer. Number of 'wanted' candidates c such
            that _v_IM_for_c[v, c] is not decided yet.
        stop_if_true -- Boolean. If True, then as soon as a True is found
            for a 'wanted' candidate, we are authorized to get out.

        Try to decide _v_IM_for_c[v, :]. At the end, _v_IM_for_c[v, c]
        can be True, False, NaN or -inf (we may not have decided for all
        candidates).

        If _v_IM_for_c[v, c] becomes True, then _candidates_IM[c],
        _voters_IM[v] and _is_IM must become True.
        In the other cases, it is not necessary to update _candidates_IM[c],
        _voters_IM[v] and _is_IM (even if _v_IM_for_c[v, c] becomes NaN).

        Each time a wanted candidate is decided (to True, False or NaN),
        decrement nb_wanted_undecided. When it reaches 0, we may get out.
        If a wanted candidate is decided to True and stop_if_true, then we
        may get out.
        """
        # N.B.: in some subclasses, it is possible to try one method,
        # then another one if the first one fails, etc. In this general class,
        # we will simply do a switch between 'lazy' and 'exact'.
        # noinspection PyTypeChecker
        getattr(self, '_IM_main_work_v_' + self.IM_option)(
            v, c_is_wanted, nb_wanted_undecided, stop_if_true
        )  # Launch a sub-method like _IM_main_work_v_lazy, etc.

    def _IM_main_work_v_lazy(self, v, c_is_wanted,
                             nb_wanted_undecided, stop_if_true):
        """Do the main work in IM loop for voter v, with option 'lazy'.

        Same specifications as _IM_main_work_v.
        """
        # When we don't know, we decide that we don't know!
        neginf_to_nan(self._v_IM_for_c[v, :])

    def _IM_main_work_v_exact(self, v, c_is_wanted,
                              nb_wanted_undecided, stop_if_true):
        """Do the main work in IM loop for voter v, with option 'exact'.

        Same specifications as _IM_main_work_v.
        """
        if self.is_based_on_rk:
            self._IM_main_work_v_exact_rankings(
                v, c_is_wanted, nb_wanted_undecided, stop_if_true)
        elif self.is_based_on_ut_minus1_1:
            self._IM_main_work_v_exact_utilities_minus1_1(
                v, c_is_wanted, nb_wanted_undecided, stop_if_true)
        else:
            raise NotImplementedError("IM: Exact manipulation is not "
                                      "implemented for this voting system.")

    def _IM_main_work_v_exact_rankings(self, v, c_is_wanted,
                                       nb_wanted_undecided, stop_if_true):
        """Do the main work in IM loop for voter v, with option 'exact',
        for a voting system based only on strict rankings.

        Same specifications as _IM_main_work_v.
        """
        preferences_borda_test = np.copy(self.pop.preferences_borda_rk)
        ballot = np.array(range(self.pop.C))
        ballot_favorite = self.pop.C - 1
        while ballot is not None:  # Loop on possible ballots
            self._mylogv("IM: Ballot =", ballot, 3)
            preferences_borda_test[v, :] = ballot
            pop_test = Population(preferences_ut=preferences_borda_test)
            result_test = self._create_result(pop_test)
            w_test = result_test.w
            if np.isneginf(self._v_IM_for_c[v, w_test]):
                # Implicitly, it also means that v prefers c to w (cf.
                # specifications of _IM_initialize_general).
                self._v_IM_for_c[v, w_test] = True
                self._candidates_IM[w_test] = True
                self._voters_IM[v] = True
                self._is_IM = True
                self._mylogv("IM found for c =", w_test, 3)
                if c_is_wanted[w_test]:
                    if stop_if_true:
                        return
                    nb_wanted_undecided -= 1
                if nb_wanted_undecided == 0:
                    return  # We know everything we want for this voter
            ballot, ballot_favorite = compute_next_borda_clever(
                ballot, ballot_favorite, self.pop.C)
        # If we reach this point, we have tried all ballots, so if we have
        # not found a manipulation for c, it is not possible. Next
        # instruction replaces all -Inf with 0.
        neginf_to_zero(self._v_IM_for_c[v, :])

    def _IM_main_work_v_exact_utilities_minus1_1(self, v, c_is_wanted,
                                                 nb_wanted_undecided,
                                                 stop_if_true):
        """Do the main work in IM loop for voter v, with option 'exact',
        for a voting system based only on utilities and where it is optimal
        for a c-manipulator to pretend that c has utility 1 and other
        candidates utility 0.

        Same specifications as _IM_main_work_v.
        """
        preferences_utilities_test = np.copy(self.pop.preferences_ut)
        for c in range(self.pop.C):
            if not c_is_wanted[c]:
                continue
            if not np.isneginf(self._v_IM_for_c[v, c]):
                continue
            # Implicitly, it also means that v prefers c to w (cf.
            # specifications of _IM_initialize_general).
            preferences_utilities_test[v, :] = -1
            preferences_utilities_test[v, c] = 1
            pop_test = Population(
                preferences_ut=preferences_utilities_test)
            result_test = self._create_result(pop_test)
            w_test = result_test.w
            if w_test == c:
                self._v_IM_for_c[v, c] = True
                self._candidates_IM[c] = True
                self._voters_IM[v] = True
                self._is_IM = True
                self._mylog("IM found", 3)
                if stop_if_true:
                    return
            else:
                self._v_IM_for_c[v, c] = False
            nb_wanted_undecided -= 1
            if nb_wanted_undecided == 0:
                return

    def _compute_IM(self, mode, c=None):
        """Compute IM.

        Arguments:
        mode -- String. Name of the method calling _compute_IM.
        c -- Integer or None. If integer, then we only want to study IM for
            this candidate.
        """
        self._mylog("Compute IM", 1)
        for v in range(self.pop.V):
            # Prepare work
            if mode == 'IM':
                c_is_wanted = np.ones(self.pop.C, dtype=np.bool)
                stop_if_true = True
            elif mode in {'IM_c', 'IM_c_with_voters'}:
                c_is_wanted = np.zeros(self.pop.C, dtype=np.bool)
                c_is_wanted[c] = True
                stop_if_true = True
            elif mode == 'IM_with_voters':
                c_is_wanted = np.ones(self.pop.C, dtype=np.bool)
                stop_if_true = True
            elif mode == 'IM_with_candidates':
                c_is_wanted = np.isneginf(self._candidates_IM)
                stop_if_true = False
            else:  # mode == 'IM_full'
                c_is_wanted = np.ones(self.pop.C, dtype=np.bool)
                stop_if_true = False
            # Work
            self._compute_IM_v(v, c_is_wanted, stop_if_true)
            # Conclude for v
            if mode == 'IM':
                if not np.isneginf(self._is_IM):
                    return
            elif mode == 'IM_c':
                if not np.isneginf(self._candidates_IM[c]):
                    return
            elif mode == 'IM_with_candidates':
                if not np.any(np.isneginf(self._candidates_IM)):
                    self._IM_was_computed_with_candidates = True
                    return
        # Conclude: update _candidates_IM and _is_IM if possible
        self._candidates_IM[np.all(np.equal(self._v_IM_for_c, False),
                                   0)] = False
        for c in self.losing_candidates:
            if np.isneginf(self._candidates_IM[c]):
                if np.all(np.logical_not(np.isneginf(self._v_IM_for_c[:, c]))):
                    self._candidates_IM[c] = np.nan
        if np.isneginf(self._is_IM):
            if np.all(np.equal(self._candidates_IM, False)):
                self._is_IM = False
            elif np.all(np.logical_not(np.isneginf(self._candidates_IM))):
                self._is_IM = np.nan
        if not np.any(np.isneginf(self._v_IM_for_c)):
            self._IM_was_computed_full = True
            self._IM_was_computed_with_voters = True
            self._IM_was_computed_with_candidates = True
        else:
            if not np.any(np.isneginf(self._voters_IM)):
                self._IM_was_computed_with_voters = True
            if not np.any(np.isneginf(self._candidates_IM)):
                self._IM_was_computed_with_candidates = True

    def _compute_IM_v(self, v, c_is_wanted, stop_if_true):
        """Compute IM for voter v.

        Arguments:
        v -- Integer (voter).
        c_is_wanted -- 1d array of booleans. If for all c such that
            c_is_wanted[c] is True, _v_IM_for_c[v, c] is decided, then we
            are authorized to get out.
        stop_if_true -- Boolean. If True, then as soon as a True is found
            for a 'wanted' candidate, we are authorized to get out.

        Try to decide _v_IM_for_c[v, :]. At the end, _v_IM_for_c[v, c]
        can be True, False, NaN or -inf (we may not have decided for all
        candidates).
        At the end, _voters_IM[v] must be coherent with what we know about
        _v_IM_for_c[v, :] (True, False, NaN or -inf).

        If _v_IM_for_c[v, c] becomes True, then _candidates_IM[c] and
        _is_IM must become True.
        In the other cases, it is not necessary to update _candidates_IM[c],
        and _is_IM (even if _v_IM_for_c[v, c] becomes NaN).

        """
        self._IM_initialize_v(v)
        nb_wanted_undecided = np.sum(np.isneginf(
            self._v_IM_for_c[v, c_is_wanted]))
        if nb_wanted_undecided == 0:
            self._mylog("IM: Job already done", 3)
        else:
            self._mylogv("IM: Preliminary checks: Still some work for v =",
                         v, 3)
            self._IM_main_work_v(v, c_is_wanted, nb_wanted_undecided,
                                 stop_if_true)
        if np.isneginf(self._voters_IM[v]):
            if np.all(np.equal(self._v_IM_for_c[v, :], False)):
                self._voters_IM[v] = False
            elif np.all(np.logical_not(np.isneginf(self._v_IM_for_c[v, :]))):
                self._voters_IM[v] = np.nan

    #%% Trivial Manipulation (TM)

    @property
    def log_TM(self):
        """String. Parameters used to compute :meth:`~svvamp.Election.TM`
        and related methods.
        """
        # noinspection PyTypeChecker
        return "TM_option = " + self.TM_option
    
    def TM(self):
        """Trivial manipulation.

        :returns: (``is_TM``, ``log_TM``).

        Cf. :meth:`~svvamp.Election.TM_with_candidates`.
        """
        if not self._TM_was_initialized:
            self._TM_initialize_general(with_candidates=False)
        if np.isneginf(self._is_TM):
            self._compute_TM(with_candidates=False)
        return display_pseudo_bool(self._is_TM), self.log_TM
            
    def TM_c(self, c):
        """Trivial manipulation, focus on one candidate.

        :param c: Integer (candidate).

        :returns: (``candidates_TM[c]``, ``log_TM``).

        Cf. :meth:`~svvamp.Election.TM_with_candidates`.
        """
        if not self._TM_was_initialized:
            self._TM_initialize_general(with_candidates=False)
        if np.isneginf(self._candidates_TM[c]):
            self._compute_TM_c(c)
        return display_pseudo_bool(self._candidates_TM[c]), self.log_TM

    def TM_with_candidates(self):
        """Trivial manipulation, full mode.

        For ordinal voting systems, we call *trivial manipulation* for
        candidate ``c`` against :attr:`~svvamp.ElectionResult.w` the fact of
        putting ``c`` on top (compromising), :attr:`~svvamp.ElectionResult.w`
        at bottom (burying), while keeping a sincere order on other candidates.
        
        For cardinal voting systems, we call *trivial manipulation* for ``c``
        (against :attr:`~svvamp.ElectionResult.w`) the fact of putting the
        maximum grade for ``c`` and the minimum grade for other candidates.

        In both cases, the intuitive idea is the following: if I want to 
        make ``c`` win and I only know that candidate
        :attr:`~svvamp.ElectionResult.w` is 'dangerous' (but I know
        nothing else), then trivial manipulation is my 'best' strategy.
        
        We say that a situation is *trivially manipulable* for ``c``
        (implicitly: by coalition) iff, when all voters preferring ``c`` to
        the sincere winner :attr:`~svvamp.ElectionResult.w` use trivial
        manipulation, candidate ``c`` wins.
        
        :returns: (``is_TM``, ``log_TM``, ``candidates_TM``).

        ``is_TM``: Boolean (or ``numpy.nan``). ``True`` if TM is possible,
        ``False`` otherwise. If the algorithm cannot decide,
        then ``numpy.nan`` (but as of now, this value is never used for TM).

        ``log_TM``: String. Parameters used to compute TM.

        ``candidates_TM``: 1d array of booleans (or ``numpy.nan``).
        ``candidates_TM[c]`` is ``True`` if a TM for candidate ``c`` is
        possible, ``False`` otherwise. If the algorithm cannot decide, then
        ``numpy.nan`` (but as of now, this value is not never for TM). For the
        sincere winner :attr:`~svvamp.ElectionResult.w`, we have by convention
        ``candidates_TM[w] = False``.

        .. seealso::

            :meth:`~svvamp.Election.TM`,
            :meth:`~svvamp.Election.TM_c`.
        """
        if not self._TM_was_initialized:
            self._TM_initialize_general(with_candidates=True)
        if not self._TM_was_computed_with_candidates:
            self._compute_TM(with_candidates=True)
        return display_pseudo_bool(self._is_TM), self.log_TM, \
               self._candidates_TM.astype(np.float)

    def _TM_initialize_general(self, with_candidates):
        """Initialize TM variables and do preliminary checks. Used only the
        first time TM is launched (whatever the mode).
        _TM_was_initialized --> True
        _is_TM --> True or False if we know, -inf otherwise.
        _candidates_TM[c] --> True or False if we know, -inf otherwise.

        If _candidates_TM and _is_TM are totally decided to True, False or
        NaN, then _TM_was_computed_with_candidates should become True (not
        mandatory but recommended).
        """
        self._mylog("TM: Initialize", 2)
        self._TM_was_initialized = True
        self._candidates_TM = np.full(self.pop.C, -np.inf)
        self._is_TM = -np.inf
        self._TM_preliminary_checks_general()
        
    def _TM_preliminary_checks_general(self):
        """Do preliminary checks for TM. Only first time TM is launched.

        Can update some _candidates_TM[c] to True or False (instead of -inf).
        * If some _candidates_TM[c] becomes True, then _is_TM must become True
        as well.
        * If _is_TM becomes True, it is not necessary to update a specific
        _candidates_TM[c].
        * If for all candidates c, _candidates_TM[c] become False,
        then _is_TM must be updated to False.
        * If _is_TM becomes False, then all _candidates_TM[c] must become
        False.
        * If _candidates_TM and _is_TM are totally decided to True or False,
        then _TM_was_computed_with_candidates should become True (not mandatory but
        recommended).

        N.B.: Be careful, if a pretest deciding TM to True is added,
        then some modifications may be needed for Exhaustive ballot.
        """
        # 1) Preliminary checks that may improve _candidates_TM (all must be
        # done, except if everything is decided).
        # Majority favorite criterion
        if (self.meets_majority_favorite_c_ut and
                self.pop.plurality_scores_ut[self.w] > self.pop.V / 2):
            self._mylog("TM impossible (w is a majority favorite).", 2)
            self._is_TM = False
            self._candidates_TM[:] = False
            self._TM_was_computed_with_candidates = True
            return
        if (self.meets_majority_favorite_c_ut_ctb and
                self.w == 0 and
                self.pop.plurality_scores_ut[self.w] >= self.pop.V / 2):
            self._mylog("TM impossible (w=0 is a majority favorite with " +
                        "candidate tie-breaking).", 2)
            self._is_TM = False
            self._candidates_TM[:] = False
            self._TM_was_computed_with_candidates = True
            return
        if (self.meets_majority_favorite_c_rk and
                self.pop.plurality_scores_rk[self.w] > self.pop.V / 2):
            self._mylog("TM impossible (w is a majority favorite with "
                        "voter tie-breaking).", 2)
            self._is_TM = False
            self._candidates_TM[:] = False
            self._TM_was_computed_with_candidates = True
            return
        if (self.meets_majority_favorite_c_rk_ctb and
                self.w == 0 and
                self.pop.plurality_scores_rk[self.w] >= self.pop.V / 2):
            self._mylog("TM impossible (w=0 is a majority favorite with " +
                        "voter and candidate tie-breaking).", 2)
            self._is_TM = False
            self._candidates_TM[:] = False
            self._TM_was_computed_with_candidates = True
            return
        # Having supporters
        self._candidates_TM[np.logical_not(self.c_has_supporters)] = False
        # 2) Additional preliminary checks from the subclass.
        self._TM_preliminary_checks_general_subclass()
        if not np.any(self.c_has_supporters):
            self._mylog("TM impossible (all voters like w best)", 2)
            self._is_TM = False
            self._candidates_TM[:] = False
            self._TM_was_computed_with_candidates = True
            return
        if not np.isneginf(self._is_TM):
            return
        # 3) Preliminary checks that gives only global information on _is_TM
        # (may return as soon as decision is made).
        # Nothing

    def _TM_preliminary_checks_general_subclass(self):
        """Do preliminary checks for TM. Only first time TM is launched.

        Can update some _candidates_TM[c] to True or False (instead of -inf).

        True must be propagated from specific to general, False must be 
        propagated from general to specific.
        * If some _candidates_TM[c] becomes True, then _is_TM must become True
        as well.
        * If _is_TM becomes True, it is not necessary to update a specific
        _candidates_TM[c].
        * If _is_TM becomes False, then all _candidates_TM[c] must become
        False.
        * If for all candidates c, _candidates_TM[c] becomes False,
        it is not necessary to update _is_TM.
        * If _candidates_TM and _is_TM are totally decided to True or False,
        then _TM_was_computed_with_candidates should become True (not mandatory but
        recommended).

        Put first the checks that may improve _candidates_TM (all must be
        done, except if everything is decided).
        Then the checks that gives only global information on _is_TM (which may
        return as soon as decision is made).
        """
        pass

    def _TM_initialize_c(self, c):
        """Initialize the TM loop for candidate c and may do preliminary 
        checks.

        * If _candidates_TM[c] is decided (True/False/NaN), it means that 
            all the work for c has been done before. Then get out.
        * Preliminary checks: try to decide _candidates_TM[c]. If it becomes
            True, then _is_TM must become True as well. In other cases, do not
            update _is_TM.
        """
        self._mylogv("TM: Candidate =", c, 2)
        # Check if job is done for c
        if not np.isneginf(self._candidates_TM[c]):
            self._mylog("TM: Job already done", 2)
            return
        # Preliminary checks
        self._TM_preliminary_checks_c(c)
        # Conclude what we can
        if self._candidates_TM[c] == True:
            self._mylogv("TM: Preliminary checks: TM is True for c =", c, 2)
            self._is_TM = True
        elif self._candidates_TM[c] == False:
            self._mylogv("TM: Preliminary checks: TM is False for c =", c, 2)
        else:
            self._mylogv("TM: Preliminary checks: TM is unknown for c =", c, 3)

    def _TM_preliminary_checks_c(self, c):
        """TM: preliminary checks for challenger c.

        Try to decide _candidates_TM[c] to True or False (instead of -inf). Do
        not update _is_TM.
        """
        # We not do run any preliminary test for the moment, since computing TM
        # is generally very easy (by design).
        self._TM_preliminary_checks_c_subclass(c)

    def _TM_preliminary_checks_c_subclass(self, c):
        """TM: preliminary checks for challenger c.

        Try to decide _candidates_TM[c] to True or False (instead of -inf). Do
        not update _is_TM.
        """
        pass

    def _TM_main_work_c(self, c):
        """ Do the main work in TM loop for candidate c.
        Must decide _candidates_TM[c] (to True, False or NaN).
        Do not update _is_TM.
        """
        # N.B.: in some subclasses, it is possible to try one method,
        # then another one if the first one fails, etc. In this general class,
        # we will simply do a switch between 'lazy' and 'exact'.
        # noinspection PyTypeChecker
        getattr(self, '_TM_main_work_c_' + self.TM_option)(
            c
        )  # Launch a sub-method like _TM_main_work_c_lazy, etc.

    def _TM_main_work_c_lazy(self, c):
        """Do the main work in TM loop for candidate c, with option 'lazy'.
        Must decide _candidates_TM[c] (to True, False or NaN).
        Do not update _is_TM.
        """
        self._candidates_TM[c] = neginf_to_nan(
            self._candidates_TM[c])

    def _TM_main_work_c_exact(self, c):
        """Do the main work in TM loop for candidate c, with option 'exact'.
        Must decide _candidates_TM[c] (to True, False or NaN).
        Do not update _is_TM.
        """
        if self.is_based_on_rk:
            self._TM_main_work_c_exact_rankings(c)
        elif self.is_based_on_ut_minus1_1:
            self._TM_main_work_c_exact_utilities_minus1_1(c)
        else:
            raise NotImplementedError("TM: Exact manipulation is not "
                                      "implemented for this voting system.")

    def _TM_main_work_c_exact_rankings(self, c):
        """Do the main work in TM loop for candidate c, with option 'exact',
        for a voting system based only on strict rankings.
        Must decide _candidates_TM[c] (to True, False or NaN).
        Do not update _is_TM.
        """
        # Manipulators put c on top and w at bottom.
        preferences_borda_test = self._compute_trivial_strategy_ordinal(c)
        pop_test = Population(preferences_ut=preferences_borda_test)
        result_test = self._create_result(pop_test)
        w_test = result_test.w
        self._mylogv("TM: w_test =", w_test)
        self._candidates_TM[c] = (w_test == c)

    def _TM_main_work_c_exact_utilities_minus1_1(self, c):
        """Do the main work in TM loop for candidate c, with option 'exact',
        for a voting system based only on utilities and where it is optimal
        for a c-manipulator to pretend that c has utility 1 and other
        candidates utility 0.
        Must decide _candidates_TM[c] (to True, False or NaN).
        Do not update _is_TM.
        """
        # Manipulators give -1 to all candidates, except 1 for c.
        preferences_test = np.copy(self.pop.preferences_ut)
        preferences_test[self.v_wants_to_help_c[:, c], :] = -1
        preferences_test[self.v_wants_to_help_c[:, c], c] = 1
        pop_test = Population(preferences_ut=preferences_test)
        result_test = self._create_result(pop_test)
        w_test = result_test.w
        self._candidates_TM[c] = (w_test == c)

    def _TM_conclude_c(self, c):
        """Conclude the TM loop for candidate c, according to the value of 
        _candidates_TM[c].
        _is_TM -->
            * If _candidates_TM[c] is True, then _is_TM = True.
            * Otherwise, do not update _is_TM.
        """
        if self._candidates_TM[c] == True:
            self._mylogv("TM: Final answer: TM is True for c =", c, 2)
            self._is_TM = True
        elif self._candidates_TM[c] == False:
            self._mylogv("TM: Final answer: TM is False for c =", c, 2)
        else:
            self._mylogv("TM: Final answer: TM is unknown for c =", c, 2)

    def _compute_TM(self, with_candidates):
        """Compute TM: is_TM.
        
        Note that this method is launched by TM only if _is_TM is not decided,
        and by TM_with_candidates only if not _TM_was_computed_with_candidates. So,
        it is not necessary to do a preliminary check on these variables.

        If with_candidates is False:
        * At the end, _is_TM must be decided to True, False or NaN.
        * _candidates_TM must be at least initialized (to an array of -inf).
        It can be partially decided to True, False or NaN (to avoid some
        computations if we come back later), but it is not mandatory.
        * Coherence is not mandatory: notably, if _is_TM is decided to True,
        it is not necessary to update a specific _candidates_TM[c].
        * _TM_was_initialized must become True.
        * If _is_TM and _candidates_TM are totally decided to True, False or
        NaN, then _TM_was_computed_with_candidates should become True (not
        mandatory but recommended).

        If with_candidates is True:
        * _is_TM and _candidates_TM must be decided to True, False or NaN.
        * _TM_was_initialized and _TM_was_computed_with_candidates must become True.
        """
        # We start with _is_TM = -Inf (undecided).
        # If we find a candidate for which _candidates_TM[c] = NaN, then
        #   _is_TM becomes NaN too ("at least maybe").
        # If we find a candidate for which _candidates_TM[c] = True, then
        #   _is_TM becomes True ("surely yes").
        for c in self.losing_candidates:
            self._compute_TM_c(c)
            if not with_candidates and self._is_TM == True:
                return
            if np.isneginf(self._is_TM) and np.isnan(self._candidates_TM[c]):
                self._is_TM = np.nan
        # If we reach this point, we have decided all _candidates_TM to True,
        # False or NaN.
        self._TM_was_computed_with_candidates = True  # even if with_candidates = False
        self._is_TM = neginf_to_zero(self._is_TM)

    def _compute_TM_c(self, c):
        """Compute TM for candidate c.

        Note that this method checks if _candidates_TM[c] is already decided.
        So, it is not necessary to do this check before calling the method.

        During this method:
        * _candidates_TM[c] must be decided to True, False or NaN.
        * If it becomes True, then _is_TM must become True as well. Otherwise,
        do not update _is_TM.
        """
        self._TM_initialize_c(c)
        if np.isfinite(self._candidates_TM[c]):
            return
        self._TM_main_work_c(c)
        self._TM_conclude_c(c)

    def _compute_trivial_strategy_ordinal(self, c):
        """Compute trivial strategy for an voting system based on strict
        rankings.
        
        Arguments:
        c -- Integer. The candidate for whom we want to manipulate.

        Returns:
        preferences_test -- 2d array of integers. New Borda scores of the 
            population. For each voter preferring c to w, she now puts c on 
            top, w at bottom, and other Borda scores are modified accordingly.
        """
        preferences_test = np.copy(self.pop.preferences_borda_rk)
        self._mylogm("Borda scores (sincere) =",
                     preferences_test, 3)
        # For manipulators: all candidates that were above c lose 1 point.
        preferences_test[np.logical_and(
            self.v_wants_to_help_c[:, c][:, np.newaxis],
            self.pop.preferences_borda_rk >
            self.pop.preferences_borda_rk[:, c][:, np.newaxis]
        )] -= 1
        # For manipulators: all candidates that were below w gain 1 point.
        preferences_test[np.logical_and(
            self.v_wants_to_help_c[:, c][:, np.newaxis],
            self.pop.preferences_borda_rk <
            self.pop.preferences_borda_rk[:, self.w][:, np.newaxis]
        )] += 1
        # For manipulators: c gets score C and w gets score 1.
        preferences_test[self.v_wants_to_help_c[:, c], c] = self.pop.C - 1
        preferences_test[self.v_wants_to_help_c[:, c], self.w] = 0
        self._mylogm("Borda scores (with trivial strategy) =",
                     preferences_test, 3)
        return preferences_test

    #%% Unison Manipulation (UM)

    @property
    def log_UM(self):
        """String. Parameters used to compute :meth:`~svvamp.Election.UM`
        and related methods.
        """
        # noinspection PyTypeChecker
        return "UM_option = " + self.UM_option
    
    def UM(self):
        """Unison manipulation.

        :returns: (``is_UM``, ``log_UM``).

        Cf. :meth:`~svvamp.Election.UM_with_candidates`.
        """
        if not self._UM_was_initialized:
            self._UM_initialize_general(with_candidates=False)
        if np.isneginf(self._is_UM):
            self._compute_UM(with_candidates=False)
        return display_pseudo_bool(self._is_UM), self.log_UM
            
    def UM_c(self, c):
        """Unison manipulation, focus on one candidate.

        :param c: Integer (candidate).

        :returns: (``candidates_UM[c]``, ``log_UM``).

        Cf. :meth:`~svvamp.Election.UM_with_candidates`.
        """
        if not self._UM_was_initialized:
            self._UM_initialize_general(with_candidates=False)
        if np.isneginf(self._candidates_UM[c]):
            self._compute_UM_c(c)
        return display_pseudo_bool(self._candidates_UM[c]), self.log_UM

    def UM_with_candidates(self):
        """Unison manipulation, full mode.

        We say that a situation is *unison-manipulable* for a candidate
        ``c`` ``!=`` :attr:`~svvamp.ElectionResult.w` iff all voters who
        prefer ``c`` to the sincere winner :attr:`~svvamp.ElectionResult.w`
        can cast the **same** ballot so that ``c`` is elected (while other
        voters still vote sincerely).

        :returns: (``is_UM``, ``log_UM``, ``candidates_UM``).

        ``is_UM``: Boolean (or ``numpy.nan``). ``True`` if UM is possible,
        ``False`` otherwise. If the algorithm cannot decide,
        then ``numpy.nan``.

        ``log_UM``: String. Parameters used to compute UM.

        ``candidates_UM``: 1d array of booleans (or ``numpy.nan``).
        ``candidates_UM[c]`` is ``True`` if UM for candidate ``c`` is
        possible, ``False`` otherwise. If the algorithm cannot decide, then
        ``numpy.nan``. For the sincere winner
        :attr:`~svvamp.ElectionResult.w`, we have by convention
        ``candidates_UM[w] = False``.

        .. seealso::

            :meth:`~svvamp.Election.UM`,
            :meth:`~svvamp.Election.UM_c`.
        """
        if not self._UM_was_initialized:
            self._UM_initialize_general(with_candidates=True)
        if not self._UM_was_computed_with_candidates:
            self._compute_UM(with_candidates=True)
        return display_pseudo_bool(self._is_UM), self.log_UM, \
               self._candidates_UM.astype(np.float)
        
    def _UM_initialize_general(self, with_candidates):
        """Initialize UM variables and do preliminary checks. Used only the
        first time UM is launched (whatever the mode).
        _UM_was_initialized --> True
        _is_UM --> True or False if we know, -inf otherwise.
        _candidates_UM[c] --> True or False if we know, -inf otherwise.

        If _candidates_UM and _is_UM are totally decided to True, False or
        NaN, then _UM_was_computed_with_candidates should become True (not
        mandatory but recommended).
        """
        self._mylog("UM: Initialize", 2)
        self._UM_was_initialized = True
        self._candidates_UM = np.full(self.pop.C, -np.inf)
        self._is_UM = -np.inf
        self._UM_preliminary_checks_general()

    def _UM_preliminary_checks_general(self):
        """Do preliminary checks for UM. Only first time UM is launched.

        Can update some _candidates_UM[c] to True or False (instead of -inf).
        * If some _candidates_UM[c] becomes True, then _is_UM must become True
        as well.
        * If _is_UM becomes True, it is not necessary to update a specific
        _candidates_UM[c].
        * If for all candidates c, _candidates_UM[c] become False,
        then _is_UM must be updated to False.
        * If _is_UM becomes False, then all _candidates_UM[c] must become
        False.
        * If _candidates_UM and _is_UM are totally decided to True or False,
        then _UM_was_computed_with_candidates should become True (not mandatory but
        recommended).
        """
        # 1) Preliminary checks that may improve _candidates_UM (all must be
        # done, except if everything is decided).
        # Majority favorite criterion
        if (self.meets_majority_favorite_c_ut and
                self.pop.plurality_scores_ut[self.w] > self.pop.V / 2):
            self._mylog("UM impossible (w is a majority favorite).", 2)
            self._is_UM = False
            self._candidates_UM[:] = False
            self._UM_was_computed_with_candidates = True
            return
        if (self.meets_majority_favorite_c_ut_ctb and
                self.w == 0 and
                self.pop.plurality_scores_ut[self.w] >= self.pop.V / 2):
            self._mylog("UM impossible (w=0 is a majority favorite with " +
                        "candidate tie-breaking).", 2)
            self._is_UM = False
            self._candidates_UM[:] = False
            self._UM_was_computed_with_candidates = True
            return
        if (self.meets_majority_favorite_c_rk and
                self.pop.plurality_scores_rk[self.w] > self.pop.V / 2):
            self._mylog("UM impossible (w is a majority favorite with "
                        "voter tie-breaking).", 2)
            self._is_UM = False
            self._candidates_UM[:] = False
            self._UM_was_computed_with_candidates = True
            return
        if (self.meets_majority_favorite_c_rk_ctb and
                self.w == 0 and
                self.pop.plurality_scores_rk[self.w] >= self.pop.V / 2):
            self._mylog("UM impossible (w=0 is a majority favorite with " +
                        "voter and candidate tie-breaking).", 2)
            self._is_UM = False
            self._candidates_UM[:] = False
            self._UM_was_computed_with_candidates = True
            return
        # Condorcet resistance
        if (self.meets_Condorcet_c_ut_abs and
                self.w_is_resistant_condorcet_winner):
            self._mylog("UM impossible (w is a Resistant Condorcet winner)", 2)
            self._is_UM = False
            self._candidates_UM[:] = False
            self._UM_was_computed_with_candidates = True
            return
        # Having supporters
        self._candidates_UM[np.logical_not(self.c_has_supporters)] = False
        # 2) Additional preliminary checks from the subclass.
        self._UM_preliminary_checks_general_subclass()
        if np.all(np.equal(self._candidates_UM, False)):
            self._mylog("UM: preliminary checks: UM is impossible.", 2)
            self._is_UM = False
            self._UM_was_computed_with_candidates = True
            return
        if not np.isneginf(self._is_UM):
            return
        # 3) Preliminary checks that gives only global information on _is_UM
        # (may return as soon as decision is made).
        if (self.meets_majority_favorite_c_rk and
                self.w_is_not_condorcet_admissible):
            self._mylog("UM found (w is not Condorcet-admissible)", 2)
            self._is_UM = True
            return

    def _UM_preliminary_checks_general_subclass(self):
        """Do preliminary checks for UM. Only first time UM is launched.

        Can update some _candidates_UM[c] to True or False (instead of -inf).

        True must be propagated from specific to general, False must be 
        propagated from general to specific.
        * If some _candidates_UM[c] becomes True, then _is_UM must become True
        as well.
        * If _is_UM becomes True, it is not necessary to update a specific
        _candidates_UM[c].
        * If _is_UM becomes False, then all _candidates_UM[c] must become
        False.
        * If for all candidates c, _candidates_UM[c] becomes False,
        it is not necessary to update _is_UM.
        * If _candidates_UM and _is_UM are totally decided to True or False,
        then _UM_was_computed_with_candidates should become True (not mandatory but
        recommended).

        Put first the checks that may improve _candidates_UM (all must be
        done, except if everything is decided).
        Then the checks that gives only global information on _is_UM (which may
        return as soon as decision is made).
        """
        pass

    def _UM_initialize_c(self, c):
        """Initialize the UM loop for candidate c and may do preliminary 
        checks.

        * If _candidates_UM[c] is decided (True/False/NaN), it means that 
            all the work for c has been done before. Then get out.
        * Preliminary checks: try to decide _candidates_UM[c]. If it becomes
            True, then _is_UM must become True as well. In other cases, do not
            update _is_UM.
        """
        self._mylogv("UM: Candidate =", c, 2)
        # Check if job is done for c
        if not np.isneginf(self._candidates_UM[c]):
            self._mylog("UM: Job already done", 2)
            return
        # Preliminary checks
        self._UM_preliminary_checks_c(c)
        # Conclude what we can
        if self._candidates_UM[c] == True:
            self._mylogv("UM: Preliminary checks: UM is True for c =", c, 2)
            self._is_UM = True
        elif self._candidates_UM[c] == False:
            self._mylogv("UM: Preliminary checks: UM is False for c =", c, 2)
        else:
            self._mylogv("UM: Preliminary checks: UM is unknown for c =", c, 2)
        
    def _UM_preliminary_checks_c(self, c):
        """UM: preliminary checks for challenger c.

        Try to decide _candidates_UM[c] to True or False (instead of -inf). Do
        not update _is_UM.
        """
        n_m = self.pop.matrix_duels_ut[c, self.w]  # Number of manipulators
        n_s = self.pop.V - n_m                  # Number of sincere voters
        # Positive pretest based on the majority favorite criterion
        if (self.meets_majority_favorite_c_rk and
                n_m > self.pop.V / 2):
            self._mylog('UM: Preliminary checks: n_m > V / 2', 3)
            self._candidates_UM[c] = True
            return
        if (self.meets_majority_favorite_c_rk_ctb and c == 0 and
                n_m >= self.pop.V / 2):
            self._mylog('UM: Preliminary checks: n_m >= V / 2 and c == 0', 3)
            self._candidates_UM[c] = True
            return
        # Negative pretest based on the majority favorite criterion
        # If plurality_scores_ut[w] > (n_s + n_m) / 2, then CM impossible.
        # Necessary condition: n_m >= 2 * plurality_scores_ut[w] - n_s.
        if self.meets_majority_favorite_c_ut:
            if n_m < 2 * self.pop.plurality_scores_ut[self.w] - n_s:
                self._mylog('UM: Preliminary checks: even with n_m '
                            'manipulators, w stays plurality winner (ut)',
                            3)
                self._candidates_UM[c] = False
                return
        if self.meets_majority_favorite_c_ut_ctb and self.w == 0:
            if n_m < 2 * self.pop.plurality_scores_ut[self.w] - n_s + 1:
                self._mylog('UM: Preliminary checks: even with n_m '
                            'manipulators, w stays plurality winner (ut, ctb)',
                            3)
                self._candidates_UM[c] = False
                return
        if self.meets_majority_favorite_c_rk:
            if n_m < 2 * self.pop.plurality_scores_rk[self.w] - n_s:
                self._mylog('UM: Preliminary checks: even with n_m '
                            'manipulators, w stays plurality winner (rk)', 3)
                self._candidates_UM[c] = False
                return
        if self.meets_majority_favorite_c_rk_ctb and self.w == 0:
            if n_m < 2 * self.pop.plurality_scores_rk[self.w] - n_s + 1:
                self._mylog('UM: Preliminary checks: even with n_m '
                            'manipulators, w stays plurality winner (rk, ctb)',
                            3)
                self._candidates_UM[c] = False
                return
        # Pretest based on the same idea as Condorcet resistance
        if self.meets_Condorcet_c_ut_abs:
            if n_m < self.pop.threshold_c_prevents_w_Condorcet_ut_abs[c, self.w]:
                self._mylog('UM: Preliminary checks: c-manipulators cannot '
                            'prevent w from being a Condorcet winner', 3)
                self._candidates_UM[c] = False
                return
        # Other pretests
        self._UM_preliminary_checks_c_subclass(c)

    def _UM_preliminary_checks_c_subclass(self, c):
        """UM: preliminary checks for challenger c.

        Try to decide _candidates_UM[c] to True or False (instead of -inf). Do
        not update _is_UM.
        """
        pass

    def _UM_main_work_c(self, c):
        """ Do the main work in UM loop for candidate c.
        Must decide _candidates_UM[c] (to True, False or NaN).
        Do not update _is_UM.
        """
        # N.B.: in some subclasses, it is possible to try one method,
        # then another one if the first one fails, etc. In this general class,
        # we will simply do a switch between 'lazy' and 'exact'.
        # noinspection PyTypeChecker
        getattr(self, '_UM_main_work_c_' + self.UM_option)(
            c
        )  # Launch a sub-method like _UM_main_work_c_lazy, etc.

    def _UM_main_work_c_lazy(self, c):
        """Do the main work in UM loop for candidate c, with option 'lazy'.
        Must decide _candidates_UM[c] (to True, False or NaN).
        Do not update _is_UM.
        """
        self._candidates_UM[c] = neginf_to_nan(
            self._candidates_UM[c])

    def _UM_main_work_c_exact(self, c):
        """Do the main work in UM loop for candidate c, with option 'exact'.
        Must decide _candidates_UM[c] (to True, False or NaN).
        Do not update _is_UM.
        """
        if self.is_based_on_rk:
            self._UM_main_work_c_exact_rankings(c)
        elif self.is_based_on_ut_minus1_1:
            self._UM_main_work_c_exact_utilities_minus1_1(c)
        else:
            raise NotImplementedError("UM: Exact manipulation is not "
                                      "implemented for this voting system.")

    def _UM_main_work_c_exact_rankings(self, c):
        """Do the main work in UM loop for candidate c, with option 'exact',
        for a voting system based only on strict rankings.
        Must decide _candidates_UM[c] (to True, False or NaN).
        Do not update _is_UM.
        """
        preferences_borda_test = np.copy(self.pop.preferences_borda_rk)
        ballot = np.array(range(self.pop.C))
        ballot_favorite = self.pop.C - 1
        while ballot is not None:  # Loop on possible ballots
            self._mylogv("UM: Ballot =", ballot, 3)
            preferences_borda_test[self.v_wants_to_help_c[:, c], :] = ballot
            pop_test = Population(preferences_ut=preferences_borda_test)
            result_test = self._create_result(pop_test)
            w_test = result_test.w
            if w_test == c:
                self._candidates_UM[c] = True
                return
            ballot, ballot_favorite = compute_next_borda_clever(
                ballot, ballot_favorite, self.pop.C)
        else:
            self._candidates_UM[c] = False

    def _UM_main_work_c_exact_utilities_minus1_1(self, c):
        """Do the main work in UM loop for candidate c, with option 'exact',
        for a voting system based only on utilities and where it is optimal
        for a c-manipulator to pretend that c has utility 1 and other
        candidates utility 0.
        Must decide _candidates_UM[c] (to True, False or NaN).
        Do not update _is_UM.
        """
        self._candidates_UM[c] = self.TM_c(c)[0]

    def _UM_conclude_c(self, c):
        """Conclude the UM loop for candidate c, according to the value of 
        _candidates_UM[c].
        _is_UM -->
            * If _candidates_UM[c] is True, then _is_UM = True.
            * Otherwise, do not update _is_UM.
        """
        if self._candidates_UM[c] == True:
            self._mylogv("UM: Final answer: UM is True for c =", c, 2)
            self._is_UM = True
        elif self._candidates_UM[c] == False:
            self._mylogv("UM: Final answer: UM is False for c =", c, 2)
        else:
            self._mylogv("UM: Final answer: UM is unknown for c =", c, 2)

    def _compute_UM(self, with_candidates):
        """Compute UM: is_UM.
        
        Note that this method is launched by UM only if _is_UM is not decided,
        and by UM_with_candidates only if not _UM_was_computed_with_candidates. So,
        it is not necessary to do a preliminary check on these variables.

        If with_candidates is False:
        * At the end, _is_UM must be decided to True, False or NaN.
        * _candidates_UM must be at least initialized (to an array of -inf).
        It can be partially decided to True, False or NaN (to avoid some
        computations if we come back later), but it is not mandatory.
        * Coherence is not mandatory: notably, if _is_UM is decided to True,
        it is not necessary to update a specific _candidates_UM[c].
        * _UM_was_initialized must become True.
        * If _is_UM and _candidates_UM are totally decided to True, False or
        NaN, then _UM_was_computed_with_candidates should become True (not
        mandatory but recommended).

        If with_candidates is True:
        * _is_UM and _candidates_UM must be decided to True, False or NaN.
        * _UM_was_initialized and _UM_was_computed_with_candidates must become True.
        """
        # We start with _is_UM = -Inf (undecided).
        # If we find a candidate for which _candidates_UM[c] = NaN, then
        #   _is_UM becomes NaN too ("at least maybe").
        # If we find a candidate for which _candidates_UM[c] = True, then
        #   _is_UM becomes True ("surely yes").
        for c in self.losing_candidates:
            self._compute_UM_c(c)
            if not with_candidates and self._is_UM == True:
                return
            if np.isneginf(self._is_UM) and np.isnan(self._candidates_UM[c]):
                self._is_UM = np.nan
        # If we reach this point, we have decided all _candidates_UM to True,
        # False or NaN.
        self._UM_was_computed_with_candidates = True  # even if with_candidates = False
        self._is_UM = neginf_to_zero(self._is_UM)

    def _compute_UM_c(self, c):
        """Compute UM for candidate c.

        Note that this method checks if _candidates_UM[c] is already decided.
        So, it is not necessary to do this check before calling the method.

        During this method:
        * _candidates_UM[c] must be decided to True, False or NaN.
        * If it becomes True, then _is_UM must become True as well. Otherwise,
        do not update _is_UM.
        """
        self._UM_initialize_c(c)
        if np.isfinite(self._candidates_UM[c]):
            return
        self._UM_main_work_c(c)
        self._UM_conclude_c(c)

    #%% Ignorant-Coalition Manipulation (ICM)
    # When the voting systems meets IgnMC with ctb, it is very easy, and it
    # is managed at the beginning of _compute_ICM.
    # So, for most subroutines, we can suppose that the voting system does not
    # meet IgnMC with ctb.

    @property
    def log_ICM(self):
        """String. Parameters used to compute :meth:`~svvamp.Election.ICM`
        and related methods.
        """
        # noinspection PyTypeChecker
        return "ICM_option = " + self.ICM_option
    
    def ICM(self):
        """Ignorant-Coalition Manipulation.

        :returns: (``is_ICM``, ``log_ICM``).

        Cf. :meth:`~svvamp.Election.ICM_full`.
        """
        if not self._ICM_was_initialized:
            self._ICM_initialize_general(with_candidates=False)
        if np.isneginf(self._is_ICM):
            self._compute_ICM(with_candidates=False, optimize_bounds=False)
        return display_pseudo_bool(self._is_ICM), self.log_ICM
            
    def ICM_c(self, c):
        """Ignorant-Coalition Manipulation, focus on one candidate.

        :param c: Integer (candidate).

        :returns: (``candidates_ICM[c]``, ``log_ICM``).

        Cf. :meth:`~svvamp.Election.ICM_full`.
        """
        if not self._ICM_was_initialized:
            self._ICM_initialize_general(with_candidates=False)
        if np.isneginf(self._candidates_ICM[c]):
            self._compute_ICM_c(c, optimize_bounds=False)
        return display_pseudo_bool(self._candidates_ICM[c]), self.log_ICM

    def ICM_c_with_bounds(self, c):
        """Ignorant-Coalition Manipulation, focus on one candidate, with
        bounds.

        :param c: Integer (candidate).

        :returns: (``candidates_ICM[c]``, ``log_ICM``,
                  ``necessary_coalition_size_ICM[c]``,
                  ``sufficient_coalition_size_ICM[c]``).

        Cf. :meth:`~svvamp.Election.ICM_full`.
        """
        if not self._ICM_was_initialized:
            self._ICM_initialize_general(with_candidates=False)
        if self._bounds_optimized_ICM[c] == False:
            self._compute_ICM_c(c, optimize_bounds=True)
        return display_pseudo_bool(self._candidates_ICM[c]), \
               self.log_ICM, \
               np.float(self._necessary_coalition_size_ICM[c]), \
               np.float(self._sufficient_coalition_size_ICM[c])

    def ICM_with_candidates(self):
        """Ignorant-Coalition Manipulation, with candidates.

        :returns: (``is_ICM``, ``log_ICM``, ``candidates_ICM``).

        Cf. :meth:`~svvamp.Election.ICM_full`.
        """
        if not self._ICM_was_initialized:
            self._ICM_initialize_general(with_candidates=True)
        if not self._ICM_was_computed_with_candidates:
            self._compute_ICM(with_candidates=True, optimize_bounds=False)
        return display_pseudo_bool(self._is_ICM), self.log_ICM, \
               self._candidates_ICM.astype(np.float)

    def ICM_full(self):
        """Ignorant-Coalition Manipulation, full mode.

        We say that a situation is *Ignorant-Coalition Manipulable* (ICM) for
        ``c`` ``!=`` :attr:`~svvamp.ElectionResult.w` iff voters who prefer
        ``c`` to :attr:`~svvamp.ElectionResult.w` can cast ballots so that,
        whatever the other voters do, ``c`` is elected, .

        Internally, to decide the problem, SVVAMP studies the following
        question. When considering the sub-population of voters who do not
        prefer ``c`` to :attr:`~svvamp.ElectionResult.w` (sincere voters),
        what is the minimal number :math:`x_c` of ``c``-manipulators needed to
        perform ICM? For all voting system currently implemented in SVVAMP,
        it means that ICM is possible iff there are :math:`x_c` voters or
        more who prefer ``c`` to :attr:`~svvamp.ElectionResult.w`.

        For information only, the result of SVVAMP's computations about
        :math:`x_c` is given in outputs ``necessary_coalition_size_ICM`` and
        ``sufficient_coalition_size_ICM`` (cf. below). By definition, we have
        ``necessary_coalition_size_ICM[c]`` :math:`\leq x_c \leq`
        ``sufficient_coalition_size_ICM[c]``.

        When :attr:`~svvamp.Election.ICM_option` = ``'exact'``, the exactness
        concerns the ICM decision problems (boolean results below),
        not the numerical evaluation of :math:`x_c`. It means that for all
        boolean answers below, SVVAMP will not answer ``numpy.nan`` (
        undecided). But it is possible that
        ``necessary_coalition_size_ICM[c]`` <
        ``sufficient_coalition_size_ICM[c]``.

        :returns: (``is_ICM``, ``log_ICM``, ``candidates_ICM``,
                  ``necessary_coalition_size_ICM``,
                  ``sufficient_coalition_size_ICM``).

        ``is_ICM``: Boolean (or ``numpy.nan``). ``True`` if a ICM is possible,
        ``False`` otherwise. If the algorithm cannot decide,
        then ``numpy.nan``.

        ``log_ICM``: String. Parameters used to compute ICM.

        ``candidates_ICM``: 1d array of booleans (or ``numpy.nan``).
        ``candidates_ICM[c]`` is ``True`` if ICM for candidate ``c`` is
        possible, ``False`` otherwise. If the algorithm cannot decide, then
        ``numpy.nan``. For the sincere winner
        :attr:`~svvamp.ElectionResult.w`, we have by convention
        ``candidates_ICM[w] = False``.

        ``necessary_coalition_size_ICM``: Integer.
        ``necessary_coalition_size_ICM[c]`` is the lower bound found by the
        algorithm for :math:`x_c`. For the sincere winner
        :attr:`~svvamp.ElectionResult.w`, we have by convention
        ``necessary_coalition_size_ICM[w] = 0``.

        ``sufficient_coalition_size_ICM``: Integer or ``numpy.inf``.
        ``sufficient_coalition_size_ICM[c]`` is the upper bound found by the
        algorithm for :math:`x_c`. For the sincere winner
        :attr:`~svvamp.ElectionResult.w`, we have by convention
        ``sufficient_coalition_size_ICM[w] = 0``.

        .. seealso::

            :meth:`~svvamp.Election.ICM`,
            :meth:`~svvamp.Election.ICM_c`,
            :meth:`~svvamp.Election.ICM_c_with_bounds`,
            :meth:`~svvamp.Election.ICM_with_candidates`.
        """
        if not self._ICM_was_initialized:
            self._ICM_initialize_general(with_candidates=True)
        if not self._ICM_was_computed_full:
            self._compute_ICM(with_candidates=True, optimize_bounds=True)
        return display_pseudo_bool(self._is_ICM), self.log_ICM, \
               self._candidates_ICM.astype(np.float), \
               self._necessary_coalition_size_ICM.astype(np.float), \
               self._sufficient_coalition_size_ICM.astype(np.float)

    def _ICM_initialize_general(self, with_candidates):
        """Initialize ICM variables an do preliminary checks. Used each time 
        ICM is launched (whatever the mode).
        _ICM_was_initialized --> True
        _is_ICM --> False or True if we know, -inf otherwise.
        _candidates_ICM[c] --> True or False if we know, -inf otherwise.

        _sufficient_coalition_size_ICM[c] --> +inf (except for w).
        _necessary_coalition_size_ICM --> 0.
        _bounds_optimized_ICM[c] --> False.
        For _sufficient_coalition_size_ICM and
        _necessary_coalition_size_ICM, it is not recommended to do better
        here.
        """
        self._mylog("ICM: Initialize", 2)
        self._ICM_was_initialized = True
        self._candidates_ICM = np.full(self.pop.C, -np.inf)
        self._candidates_ICM[self.w] = False
        self._sufficient_coalition_size_ICM = np.full(self.pop.C, np.inf)
        self._sufficient_coalition_size_ICM[self.w] = 0
        self._necessary_coalition_size_ICM = np.zeros(self.pop.C)
        self._bounds_optimized_ICM = np.zeros(self.pop.C)
        self._bounds_optimized_ICM[self.w] = True
        self._is_ICM = -np.inf
        self._ICM_preliminary_checks_general()

    def _ICM_preliminary_checks_general(self):
        """Do preliminary checks for ICM. Only first time ICM is
        launched.

        Can update some _candidates_ICM[c] to True or False (instead of
        -inf).
        * If some _candidates_ICM[c] becomes True, then _is_ICM must become
        True as well.
        * If _is_ICM becomes True, it is not necessary to update a specific
        _candidates_ICM[c].
        * If for all candidates c, _candidates_ICM[c] become False,
        then _is_ICM must be updated to False.
        * If _is_ICM becomes False, then all _candidates_ICM[c] must become
        False.
        * If _candidates_ICM and _is_ICM are totally decided to True or
        False, then _ICM_was_computed_with_candidates should become True (not
        mandatory but recommended).
        """
        if self.meets_InfMC_c and self.w_is_condorcet_winner_ut_abs:
            self._mylog("ICM impossible (w is a Condorcet winner)", 2)
            self._is_ICM = False
            self._candidates_ICM[:] = False
            self._ICM_was_computed_with_candidates = True
            return
        self._candidates_ICM[np.logical_not(self.c_has_supporters)] = False
        if np.all(np.equal(self._candidates_ICM, False)):
            self._mylog("ICM: preliminary checks: ICM is impossible.", 2)
            self._is_ICM = False
            self._ICM_was_computed_with_candidates = True
            return
        if self.meets_IgnMC_c and self.w_is_not_condorcet_admissible:
            self._mylog("ICM found (w is not Condorcet-admissible)", 2)
            self._is_ICM = True
            return
        # Other checks
        self._ICM_preliminary_checks_general_subclass()

    def _ICM_preliminary_checks_general_subclass(self):
        """Do preliminary checks for ICM. Only first time ICM is launched.

        Can update _is_ICM to True or False (instead of -inf).
        * If _is_ICM becomes True, it is not necessary to update a specific
        _candidates_ICM[c].
        * If _is_ICM becomes False, then all _candidates_ICM[c] must become
        False. And it is recommended that _ICM_was_computed_with_candidates becomes
        True.

        For _sufficient_coalition_size_ICM and _necessary_coalition_size_ICM, it
        is not recommended to do better here.
        """
        pass

    def _ICM_initialize_c(self, c, optimize_bounds):
        """Initialize the ICM loop for candidate c and do preliminary checks.

        * If _bounds_optimized_ICM[c] is True, it means that all the work
        for c has been done before. Then get out.
        * If _candidates_ICM[c] is decided (True/False/NaN) and
        optimize_bounds is False, then get out.
        * Preliminary checks to improve bounds
            _sufficient_coalition_size_ICM[c] and
            _necessary_coalition_size_ICM[c].
        * If the two bounds are equal, then _bounds_optimized_ICM[c] becomes
        True.
        * Update _candidates_ICM[c] to True or False if possible.
        * If we can decide _is_ICM to True, do it.

        Returns:
        job_done -- True iff we have done all the job for c (with bounds if
        optimize_bounds is True, only for _candidates_ICM[c] otherwise).
        """
        self._mylogv("ICM: Candidate =", c, 2)
        # Check if job is done for c
        if self._bounds_optimized_ICM[c] == True:
            self._mylog("ICM: Job already done", 2)
            return True
        if optimize_bounds == False and not (
                np.isneginf(self._candidates_ICM[c])):
            self._mylog("ICM: Job already done", 2)
            return True
        # Improve bounds
        self._ICM_preliminary_checks_c(c, optimize_bounds)
        # Conclude what we can
        # Some log
        n_m = self.pop.matrix_duels_ut[c, self.w]
        self._mylogv("ICM: Preliminary checks: " +
                     "necessary_coalition_size_ICM[c] =",
                     self._necessary_coalition_size_ICM[c], 3)
        self._mylogv("ICM: Preliminary checks: " + 
                     "sufficient_coalition_size_ICM[c] =",
                     self._sufficient_coalition_size_ICM[c], 3)
        self._mylogv("ICM: Preliminary checks: " + 
                     "n_m =", n_m, 3)
        # Conclude
        if (self._sufficient_coalition_size_ICM[c] ==
                self._necessary_coalition_size_ICM[c]):
            self._mylog("ICM: Preliminary checks: Bounds are equal", 2)
            self._bounds_optimized_ICM[c] = True
        if n_m >= self._sufficient_coalition_size_ICM[c]:
            self._mylogv("ICM: Preliminary checks: ICM is True for c =",
                         c, 2)
            self._candidates_ICM[c] = True
            self._is_ICM = True
            if optimize_bounds == False or self._bounds_optimized_ICM[c]:
                return True
        elif n_m < self._necessary_coalition_size_ICM[c]:
            self._mylogv("ICM: Preliminary checks: ICM is False for c =",
                         c, 2)
            self._candidates_ICM[c] = False
            if optimize_bounds == False or self._bounds_optimized_ICM[c]:
                return True
        else:
            self._mylogv("ICM: Preliminary checks: ICM is unknown for c =",
                         c, 2)
        return False

    def _ICM_preliminary_checks_c(self, c, optimize_bounds):
        """ICM: preliminary checks for challenger c.
        
        Try to improve bounds _sufficient_coalition_size_ICM[c] and
        _necessary_coalition_size_ICM[c]. Do not update other variables.

        If optimize_bounds is False, then return as soon as
        n_m >= _sufficient_coalition_size_ICM[c], or
        _necessary_coalition_size_ICM[c] > n_m (where n_m is the number or
        manipulators).
        """
        n_m = self.pop.matrix_duels_ut[c, self.w]  # Number of manipulators
        n_s = self.pop.V - n_m                  # Number of sincere voters
        if self.meets_InfMC_c_ctb and c != 0:
            self._update_necessary(
                self._necessary_coalition_size_ICM, c, n_s + 1,
                'ICM: InfMC_c_ctb => '
                'necessary_coalition_size_ICM[c] = n_s + 1 =')
            if not optimize_bounds and (
                    self._necessary_coalition_size_ICM[c] > n_m):
                return
        if self.meets_InfMC_c:
            self._update_necessary(
                self._necessary_coalition_size_ICM, c, n_s,
                'ICM: InfMC_c => '
                'necessary_coalition_size_ICM[c] = n_s =')
            if not optimize_bounds and (
                    self._necessary_coalition_size_ICM[c] > n_m):
                return
        if self.meets_IgnMC_c_ctb and c == 0:
            self._update_sufficient(
                self._sufficient_coalition_size_ICM, c, n_s,
                'ICM: IgnMC_c => '
                'sufficient_coalition_size_ICM[c] = n_s =')
            if not optimize_bounds and (
                    n_m >= self._sufficient_coalition_size_ICM[c]):
                return
        if self.meets_IgnMC_c:
            self._update_sufficient(
                self._sufficient_coalition_size_ICM, c, n_s + 1,
                'ICM: IgnMC_c => '
                'sufficient_coalition_size_ICM[c] = n_s + 1 =')
            if not optimize_bounds and (
                    n_m >= self._sufficient_coalition_size_ICM[c]):
                return
        # Other preliminary checks
        self._ICM_preliminary_checks_c_subclass(c, optimize_bounds)

    def _ICM_preliminary_checks_c_subclass(self, c, optimize_bounds):
        """ICM: preliminary checks for challenger c.

        Try to improve bounds _sufficient_coalition_size_ICM[c] and
        _necessary_coalition_size_ICM[c]. Do not update other variables.

        If optimize_bounds is False, then return as soon as
        n_m >= _sufficient_coalition_size_ICM[c], or
        _necessary_coalition_size_ICM[c] > n_m (where n_m is the number or
        manipulators).

        If a test is especially costly, it is recommended to test first if
        _sufficient_coalition_size_ICM[c] == _necessary_coalition_size_ICM[c]
        and to return immediately in that case.
        """
        pass

    def _ICM_main_work_c(self, c, optimize_bounds):
        """Do the main work in ICM loop for candidate c.
        * Try to improve bounds _sufficient_coalition_size_ICM[c] and
        _necessary_coalition_size_ICM[c].
        * Do not update other variables (_is_ICM, _candidates_ICM, etc.).

        If optimize_bounds is False, can return as soon as
        n_m >= _sufficient_coalition_size_ICM[c], or
        _necessary_coalition_size_ICM[c] > n_m (where n_m is the number or
        manipulators).

        Returns:
        is_quick_escape -- True if we did not improve the bound the best we
            could.
            (Allowed to be None or False otherwise).
        """
        # N.B.: in some subclasses, it is possible to try one method,
        # then another one if the first one fails, etc. In this general class,
        # we will simply do a switch between 'lazy' and 'exact'.
        # noinspection PyTypeChecker
        return getattr(self, '_ICM_main_work_c_' + self.ICM_option)(
            c, optimize_bounds
        )  # Launch a sub-method like _ICM_main_work_v_lazy, etc.

    def _ICM_main_work_c_lazy(self, c, optimize_bounds):
        """Do the main work in ICM loop for candidate c, with option 'lazy'.
        Same specifications as _ICM_main_work_c.
        """
        # With option 'lazy', there is nothing to do! And this is not a 'quick
        # escape': we did the best we could (considering laziness).
        # N.B.: for most voting system, lazy is actually quite good for ICM!
        # In fact, as soon as _meets_IgnMC_c_ctb, this lazy method is exact!
        return False

    def _ICM_main_work_c_exact(self, c, optimize_bounds):
        """Do the main work in ICM loop for candidate c, with option 'exact'.
        Same specifications as _ICM_main_work_c.
        """
        if self.meets_IgnMC_c_ctb:
            return False
        else:
            raise NotImplementedError("ICM: Exact manipulation is not "
                                      "implemented for this voting system.")

    def _ICM_conclude_c(self, c, is_quick_escape):
        """Conclude the ICM loop for candidate c.
        _bounds_optimized_ICM[c] --> if not quick_escape, becomes True.
        _candidates_ICM[c] --> True, False or NaN according to the bounds
            _sufficient_coalition_size_ICM[c] and 
            _necessary_coalition_size_ICM[c].
        _is_ICM -->
            * If _candidates_ICM[c] is True, then _is_ICM = True.
            * Otherwise, do not update _is_ICM.
        """
        if not is_quick_escape:
            self._bounds_optimized_ICM[c] = True
        n_m = self.pop.matrix_duels_ut[c, self.w]
        if n_m >= self._sufficient_coalition_size_ICM[c]:
            self._mylogv("ICM: Final answer: ICM is True for c =", c, 2)
            self._candidates_ICM[c] = True
            self._is_ICM = True
        elif n_m < self._necessary_coalition_size_ICM[c]:
            self._mylogv("ICM: Final answer: ICM is False for c =", c, 2)
            self._candidates_ICM[c] = False
        else:
            self._mylogv("ICM: Final answer: ICM is unknown for c =", c, 2)
            self._candidates_ICM[c] = np.nan

    def _compute_ICM(self, with_candidates, optimize_bounds):
        """Compute ICM.
        
        Note that this method is launched by ICM only if not
        _ICM_was_initialized, and by ICM_with_candidates only if not
        _ICM_was_computed_with_candidates. So, it is not necessary to do a
        preliminary check on these variables.
        """
        self._mylog("Compute ICM", 1)
        # We start with _is_ICM = -Inf (undecided).
        # If we find a candidate for which _candidates_ICM[c] = NaN, then 
        #   _is_ICM becomes NaN too ("at least maybe").
        # If we find a candidate for which _candidates_ICM[c] = True, then 
        #   _is_ICM becomes True ("surely yes").
        for c in self.losing_candidates:
            self._compute_ICM_c(c, optimize_bounds)
            if not with_candidates and self._is_ICM == True:
                return
            if np.isneginf(self._is_ICM) and np.isnan(
                    self._candidates_ICM[c]):
                self._is_ICM = np.nan
        # If we reach this point, we have decided all _candidates_ICM to
        # True, False or NaN.
        self._ICM_was_computed_with_candidates = True
        self._is_ICM = neginf_to_zero(self._is_ICM)
        if optimize_bounds:
            self._ICM_was_computed_full = True

    def _compute_ICM_c(self, c, optimize_bounds):
        job_done = self._ICM_initialize_c(c, optimize_bounds)
        if job_done:
            return
        if not optimize_bounds and not np.isneginf(self._candidates_ICM[c]):
            return
        is_quick_escape = self._ICM_main_work_c(c, optimize_bounds)
        self._ICM_conclude_c(c, is_quick_escape)

    #%% Coalition Manipulation (CM)

    @property
    def log_CM(self):
        """String. Parameters used to compute :meth:`~svvamp.Election.CM`
        and related methods.
        """
        # noinspection PyTypeChecker
        if self.CM_option == 'exact':
            return "CM_option = exact"
        else:
            return ("CM_option = " + self.CM_option +
                    self._precheck_UM * (", " + self.log_UM) +
                    self._precheck_ICM * (", " + self.log_ICM) +
                    self._precheck_TM * (", " + self.log_TM))

    def CM(self):
        """Coalition Manipulation.

        :returns: (``is_CM``, ``log_CM``).

        Cf. :meth:`~svvamp.Election.CM_full`.
        """
        if not self._CM_was_initialized:
            self._CM_initialize_general(with_candidates=False)
        if np.isneginf(self._is_CM):
            self._compute_CM(with_candidates=False, optimize_bounds=False)
        return display_pseudo_bool(self._is_CM), self.log_CM

    def CM_c(self, c):
        """Coalition Manipulation, focus on one candidate.

        :param c: Integer (candidate).

        :returns: (``candidates_CM[c]``, ``log_CM``).

        Cf. :meth:`~svvamp.Election.CM_full`.
        """
        if not self._CM_was_initialized:
            self._CM_initialize_general(with_candidates=False)
        if np.isneginf(self._candidates_CM[c]):
            self._compute_CM_c(c, optimize_bounds=False)
        return display_pseudo_bool(self._candidates_CM[c]), self.log_CM

    def CM_c_with_bounds(self, c):
        """Coalition Manipulation, focus on one candidate, with bounds.

        :param c: Integer (candidate).

        :returns: (``candidates_CM[c]``, ``log_CM``,
                  ``necessary_coalition_size_CM[c]``,
                  ``sufficient_coalition_size_CM[c]``).

        Cf. :meth:`~svvamp.Election.CM_full`.
        """
        if not self._CM_was_initialized:
            self._CM_initialize_general(with_candidates=False)
        if self._bounds_optimized_CM[c] == False:
            self._compute_CM_c(c, optimize_bounds=True)
        return display_pseudo_bool(self._candidates_CM[c]), self.log_CM, \
               np.float(self._necessary_coalition_size_CM[c]), \
               np.float(self._sufficient_coalition_size_CM[c])

    def CM_with_candidates(self):
        """Coalition Manipulation, with candidates.

        :returns: (``is_CM``, ``log_CM``, ``candidates_CM``).

        Cf. :meth:`~svvamp.Election.CM_full`.
        """
        if not self._CM_was_initialized:
            self._CM_initialize_general(with_candidates=True)
        if not self._CM_was_computed_with_candidates:
            self._compute_CM(with_candidates=True, optimize_bounds=False)
        return display_pseudo_bool(self._is_CM), self.log_CM, \
               self._candidates_CM.astype(np.float)

    def CM_full(self):
        """Coalition Manipulation, full mode.

        We say that a situation is *Coalitionaly Manipulable* (CM) for
        ``c`` ``!=`` :attr:`~svvamp.ElectionResult.w` iff voters who prefer
        ``c`` to :attr:`~svvamp.ElectionResult.w` can cast ballots so that
        ``c`` is elected (while other voters still vote sincerely).

        Internally, to decide the problem, SVVAMP studies the following
        question. When considering the sub-population of voters who do not
        prefer ``c`` to :attr:`~svvamp.ElectionResult.w` (sincere voters),
        what is the minimal number :math:`x_c` of ``c``-manipulators needed to
        perform CM? For all voting system currently implemented in SVVAMP,
        it means that CM is possible iff there are :math:`x_c` voters or
        more who prefer ``c`` to :attr:`~svvamp.ElectionResult.w`. (A
        sufficient condition on the voting system is that, if a population
        elects ``c``, then an additional voter may always cast a ballot so that
        ``c`` stays elected)

        For information only, the result of SVVAMP's computations about
        :math:`x_c` is given in outputs ``necessary_coalition_size_CM`` and
        ``sufficient_coalition_size_CM`` (cf. below). By definition, we have
        ``necessary_coalition_size_CM[c]`` :math:`\leq x_c \leq`
        ``sufficient_coalition_size_CM[c]``.

        When :attr:`~svvamp.Election.CM_option` = ``'exact'``, the exactness
        concerns the CM decision problems (boolean results below),
        not the numerical evaluation of :math:`x_c`. It means that for all
        boolean answers below, SVVAMP will not answer ``numpy.nan`` (
        undecided). But it is possible that
        ``necessary_coalition_size_CM[c]`` <
        ``sufficient_coalition_size_CM[c]``.

        :returns: (``is_CM``, ``log_CM``, ``candidates_CM``,
                  ``necessary_coalition_size_CM``,
                  ``sufficient_coalition_size_CM``).

        ``is_CM``: Boolean (or ``numpy.nan``). ``True`` if a CM is possible,
        ``False`` otherwise. If the algorithm cannot decide,
        then ``numpy.nan``.

        ``log_CM``: String. Parameters used to compute CM.

        ``candidates_CM``: 1d array of booleans (or ``numpy.nan``).
        ``candidates_CM[c]`` is ``True`` if CM for candidate ``c`` is
        possible, ``False`` otherwise. If the algorithm cannot decide, then
        ``numpy.nan``. For the sincere winner
        :attr:`~svvamp.ElectionResult.w`, we have by convention
        ``candidates_CM[w] = False``.

        ``necessary_coalition_size_CM``: Integer.
        ``necessary_coalition_size_CM[c]`` is the lower bound found by the
        algorithm for :math:`x_c`. For the sincere winner
        :attr:`~svvamp.ElectionResult.w`, we have by convention
        ``necessary_coalition_size_CM[w] = 0``.

        ``sufficient_coalition_size_CM``: Integer or ``numpy.inf``.
        ``sufficient_coalition_size_CM[c]`` is the upper bound found by the
        algorithm for :math:`x_c`. For the sincere winner
        :attr:`~svvamp.ElectionResult.w`, we have by convention
        ``sufficient_coalition_size_CM[w] = 0``.

        .. seealso::

            :meth:`~svvamp.Election.CM`,
            :meth:`~svvamp.Election.CM_c`,
            :meth:`~svvamp.Election.CM_c_with_bounds`,
            :meth:`~svvamp.Election.CM_with_candidates`.
        """
        if not self._CM_was_initialized:
            self._CM_initialize_general(with_candidates=True)
        if not self._CM_was_computed_full:
            self._compute_CM(with_candidates=True, optimize_bounds=True)
        return display_pseudo_bool(self._is_CM), self.log_CM, \
               self._candidates_CM.astype(np.float), \
               self._necessary_coalition_size_CM.astype(np.float), \
               self._sufficient_coalition_size_CM.astype(np.float)

    def _CM_initialize_general(self, with_candidates):
        """Initialize CM variables and do preliminary checks. Used only the
        first time CM is launched (whatever the mode).
        _CM_was_initialized --> True
        _is_CM --> False or True if we know, -inf otherwise.
        _candidates_CM[c] --> True or False if we know, -inf otherwise.

        _sufficient_coalition_size_CM[c] --> +inf (except for w).
        _necessary_coalition_size_CM[c] --> 0.
        _bounds_optimized_CM[c] --> False.
        For _sufficient_coalition_size_CM and _necessary_coalition_size_CM, it
        is not recommended to do better here.
        """
        self._mylog("CM: Initialize", 2)
        self._CM_was_initialized = True
        self._candidates_CM = np.full(self.pop.C, -np.inf)
        self._candidates_CM[self.w] = False
        self._sufficient_coalition_size_CM = np.full(self.pop.C, np.inf)
        self._sufficient_coalition_size_CM[self.w] = 0
        self._necessary_coalition_size_CM = np.zeros(self.pop.C)
        self._bounds_optimized_CM = np.zeros(self.pop.C)
        self._bounds_optimized_CM[self.w] = True
        self._is_CM = -np.inf
        self._CM_preliminary_checks_general()

    def _CM_preliminary_checks_general(self):
        """Do preliminary checks for CM. Only first time CM is launched.

        Can update some _candidates_CM[c] to True or False (instead of -inf).
        * If some _candidates_CM[c] becomes True, then _is_CM must become True
        as well.
        * If _is_CM becomes True, it is not necessary to update a specific
        _candidates_CM[c].
        * If for all candidates c, _candidates_CM[c] become False,
        then _is_CM must be updated to False.
        * If _is_CM becomes False, then all _candidates_CM[c] must become
        False.
        * If _candidates_CM and _is_CM are totally decided to True or False,
        then _CM_was_computed_with_candidates should become True (not mandatory but
        recommended).
        """
        # 1) Preliminary checks that may improve _candidates_CM (all must be
        # done, except if everything is decided).
        # Majority favorite criterion
        if (self.meets_majority_favorite_c_ut and
                self.pop.plurality_scores_ut[self.w] > self.pop.V / 2):
            self._mylog("CM impossible (w is a majority favorite).", 2)
            self._is_CM = False
            self._candidates_CM[:] = False
            self._CM_was_computed_with_candidates = True
            return
        if (self.meets_majority_favorite_c_ut_ctb and
                self.w == 0 and
                self.pop.plurality_scores_ut[self.w] >= self.pop.V / 2):
            self._mylog("CM impossible (w=0 is a majority favorite with " +
                        "candidate tie-breaking).", 2)
            self._is_CM = False
            self._candidates_CM[:] = False
            self._CM_was_computed_with_candidates = True
            return
        if (self.meets_majority_favorite_c_rk and
                self.pop.plurality_scores_rk[self.w] > self.pop.V / 2):
            self._mylog("CM impossible (w is a majority favorite with "
                        "voter tie-breaking).", 2)
            self._is_CM = False
            self._candidates_CM[:] = False
            self._CM_was_computed_with_candidates = True
            return
        if (self.meets_majority_favorite_c_rk_ctb and
                self.w == 0 and
                self.pop.plurality_scores_rk[self.w] >= self.pop.V / 2):
            self._mylog("CM impossible (w=0 is a majority favorite with " +
                        "voter and candidate tie-breaking).", 2)
            self._is_CM = False
            self._candidates_CM[:] = False
            self._CM_was_computed_with_candidates = True
            return
        # Condorcet resistance
        if (self.meets_Condorcet_c_ut_abs and
                self.w_is_resistant_condorcet_winner):
            self._mylog("CM impossible (w is a Resistant Condorcet winner)", 2)
            self._is_CM = False
            self._candidates_CM[:] = False
            self._CM_was_computed_with_candidates = True
            return
        # Having supporters
        self._candidates_CM[np.logical_not(self.c_has_supporters)] = False
        if np.all(np.equal(self._candidates_CM, False)):
            self._mylog("CM: preliminary checks: CM is impossible.", 2)
            self._is_CM = False
            self._CM_was_computed_with_candidates = True
            return
        # 2) Preliminary checks that gives only global information on _is_CM
        # (may return as soon as decision is made).
        # InfMC
        if self.meets_InfMC_c and self.w_is_not_condorcet_admissible:
            self._mylog("CM found (w is not Condorcet-admissible)", 2)
            self._is_CM = True
            return
        # ICM
        if self._precheck_ICM:
            if self.ICM()[0] == True:
                self._mylog("CM found (thanks to ICM)", 2)
                self._is_CM = True
                return
        # TM
        if self._precheck_TM:
            if self.TM()[0] == True:
                self._mylog("CM found (thanks to TM)", 2)
                self._is_CM = True
                return
        # UM
        if self._precheck_UM:
            if self.UM()[0] == True:
                self._mylog("CM found (thanks to UM)", 2)
                self._is_CM = True
                return
        # 3) Other checks
        self._CM_preliminary_checks_general_subclass()

    def _CM_preliminary_checks_general_subclass(self):
        """Do preliminary checks for CM. Only first time CM is launched.

        Can update _is_CM to True or False (instead of -inf).
        * If _is_CM becomes True, it is not necessary to update a specific
        _candidates_CM[c].
        * If _is_CM becomes False, then all _candidates_CM[c] must become
        False. And it is recommended that _CM_was_computed_with_candidates becomes
        True.

        For _sufficient_coalition_size_CM and _necessary_coalition_size_CM, it
        is not recommended to do better here.
        """
        pass

    def _CM_initialize_c(self, c, optimize_bounds):
        """Initialize the CM loop for candidate c and do preliminary checks.

        * If _bounds_optimized_CM[c] is True, it means that all the work for c
        has been done before. Then get out.
        * If _candidates_CM[c] is decided (True/False/NaN) and
        optimize_bounds is False, then get out.
        * Preliminary checks to improve bounds
            _sufficient_coalition_size_CM[c] and
            _necessary_coalition_size_CM[c].
        * If the two bounds are equal, then _bounds_optimized_CM[c] becomes
        True.
        * Update _candidates_CM[c] to True or False if possible.
        * If we can decide _is_CM to True, do it.

        Returns:
        job_done -- True iff we have done all the job for c (with bounds if
        optimize_bounds is True, only for _candidates_CM[c] otherwise).
        """
        self._mylogv("CM: Candidate =", c, 2)
        # Check  if job is done for c
        if self._bounds_optimized_CM[c] == True:
            self._mylog("CM: Job already done", 2)
            return True
        if optimize_bounds == False and not (
                np.isneginf(self._candidates_CM[c])):
            self._mylog("CM: Job already done", 2)
            return True
        # Improve bounds
        self._CM_preliminary_checks_c(c, optimize_bounds)
        # Conclude what we can
        # Some log
        n_m = self.pop.matrix_duels_ut[c, self.w]
        self._mylogv("CM: Preliminary checks: " + 
                     "necessary_coalition_size_CM[c] =",
                     self._necessary_coalition_size_CM[c], 3)
        self._mylogv("CM: Preliminary checks: " + 
                     "sufficient_coalition_size_CM[c] =",
                     self._sufficient_coalition_size_CM[c], 3)
        self._mylogv("CM: Preliminary checks: " + 
                     "n_m =", n_m, 3)
        # Conclude
        if (self._sufficient_coalition_size_CM[c] ==
                self._necessary_coalition_size_CM[c]):
            self._mylog("CM: Preliminary checks: Bounds are equal", 2)
            self._bounds_optimized_CM[c] = True
        if n_m >= self._sufficient_coalition_size_CM[c]:
            self._mylogv("CM: Preliminary checks: CM is True for c =", c, 2)
            self._candidates_CM[c] = True
            self._is_CM = True
            if optimize_bounds == False or self._bounds_optimized_CM[c]:
                return True
        elif n_m < self._necessary_coalition_size_CM[c]:
            self._mylogv("CM: Preliminary checks: CM is False for c =", c, 2)
            self._candidates_CM[c] = False
            if optimize_bounds == False or self._bounds_optimized_CM[c]:
                return True
        else:
            self._mylogv("CM: Preliminary checks: CM is unknown for c =", c, 2)
        return False

    def _CM_preliminary_checks_c(self, c, optimize_bounds):
        """CM: preliminary checks for challenger c.
        
        Try to improve bounds _sufficient_coalition_size_CM[c] and
        _necessary_coalition_size_CM[c]. Do not update other variables.

        If optimize_bounds is False, then return as soon as
        n_m >= _sufficient_coalition_size_CM[c], or
        _necessary_coalition_size_CM[c] > n_m (where n_m is the number or
        manipulators).
        """
        n_m = self.pop.matrix_duels_ut[c, self.w]  # Number of manipulators
        n_s = self.pop.V - n_m                  # Number of sincere voters
        # Pretest based on Informed Majority Coalition Criterion
        if self.meets_InfMC_c_ctb and c == 0:
            self._update_sufficient(
                self._sufficient_coalition_size_CM, c, n_s,
                'CM: Preliminary checks: InfMC_c_ctb => \n    '
                'sufficient_coalition_size_CM[c] = n_s =')
            if not optimize_bounds and (
                    n_m >= self._sufficient_coalition_size_CM[c]):
                return
        if self.meets_InfMC_c:
            self._update_sufficient(
                self._sufficient_coalition_size_CM, c, n_s + 1,
                'CM: Preliminary checks: InfMC_c => \n    '
                'sufficient_coalition_size_CM[c] = n_s + 1 =')
            if not optimize_bounds and (
                    n_m >= self._sufficient_coalition_size_CM[c]):
                return
        # Pretest based on the majority favorite criterion
        # If plurality_scores_ut[w] > (n_s + n_m) / 2, then CM impossible.
        # Necessary condition: n_m >= 2 * plurality_scores_ut[w] - n_s.
        if self.meets_majority_favorite_c_rk_ctb and self.w == 0:
            self._update_necessary(
                self._necessary_coalition_size_CM, c,
                2 * self.pop.plurality_scores_rk[self.w] - n_s + 1,
                'CM: Preliminary checks: majority_favorite_c_rk_ctb => \n    '
                'necessary_coalition_size_CM[c] = '
                '2 * plurality_scores_rk[w] - n_s + 1 =')
            if not optimize_bounds and (
                    self._necessary_coalition_size_CM[c] > n_m):
                return
        if self.meets_majority_favorite_c_rk:
            self._update_necessary(
                self._necessary_coalition_size_CM, c,
                2 * self.pop.plurality_scores_rk[self.w] - n_s,
                'CM: Preliminary checks: majority_favorite_c_rk => \n    '
                'necessary_coalition_size_CM[c] = '
                '2 * plurality_scores_rk[w] - n_s =')
            if not optimize_bounds and (
                    self._necessary_coalition_size_CM[c] > n_m):
                return
        if self.meets_majority_favorite_c_ut_ctb and self.w == 0:
            self._update_necessary(
                self._necessary_coalition_size_CM, c,
                2 * self.pop.plurality_scores_ut[self.w] - n_s + 1,
                'CM: Preliminary checks: majority_favorite_c_ut_ctb => \n    '
                'necessary_coalition_size_CM[c] ='
                '2 * plurality_scores_ut[w] - n_s + 1 =')
            if not optimize_bounds and (
                    self._necessary_coalition_size_CM[c] > n_m):
                return
        if self.meets_majority_favorite_c_ut:
            self._update_necessary(
                self._necessary_coalition_size_CM, c,
                2 * self.pop.plurality_scores_ut[self.w] - n_s,
                'CM: Preliminary checks: majority_favorite_c_ut => \n    '
                'necessary_coalition_size_CM[c] = '
                '2 * plurality_scores_ut[w] - n_s =')
            if not optimize_bounds and (
                    self._necessary_coalition_size_CM[c] > n_m):
                return
        # Pretest based on the same idea as Condorcet resistance
        if self.meets_Condorcet_c_ut_abs:
            self._update_necessary(
                self._necessary_coalition_size_CM, c,
                self.pop.threshold_c_prevents_w_Condorcet_ut_abs[c, self.w],
                'CM: Preliminary checks: Condorcet_c => \n    '
                'necessary_coalition_size_CM[c] = '
                'threshold_c_prevents_w_Condorcet_ut_abs[c, w] =')
            if not optimize_bounds and (
                    self._necessary_coalition_size_CM[c] > n_m):
                return
        # Pretests based on ICM, TM and UM
        if self._precheck_ICM:
            is_ICM_c, _, nec_ICM_c, suf_ICM_c = (
                self.ICM_c_with_bounds(c))
            self._update_sufficient(
                self._sufficient_coalition_size_CM, c,
                suf_ICM_c,
                'CM: Preliminary checks: ICM => \n    '
                'sufficient_coalition_size_CM[c] = '
                'sufficient_coalition_size_ICM[c] =')
            if not optimize_bounds and (
                    n_m >= self._sufficient_coalition_size_CM[c]):
                return
        if (self._precheck_TM and
                self._necessary_coalition_size_CM[c] <= n_m <
                self._sufficient_coalition_size_CM[c]):
            if self.TM_c(c)[0] == True:
                self._update_sufficient(
                    self._sufficient_coalition_size_CM, c, n_m,
                    'CM: Preliminary checks: TM => \n    '
                    'sufficient_coalition_size_CM[c] = n_m =')
                if not optimize_bounds:
                    return
        if (self._precheck_UM and
                self._necessary_coalition_size_CM[c] <= n_m <
                self._sufficient_coalition_size_CM[c]):
            if self.UM_c(c)[0] == True:
                self._update_sufficient(
                    self._sufficient_coalition_size_CM, c, n_m,
                    'CM: Preliminary checks: UM => \n    '
                    'sufficient_coalition_size_CM[c] = n_m =')
                if not optimize_bounds:
                    return
        # Other preliminary checks
        self._CM_preliminary_checks_c_subclass(c, optimize_bounds)

    def _CM_preliminary_checks_c_subclass(self, c, optimize_bounds):
        """CM: preliminary checks for challenger c.

        Try to improve bounds _sufficient_coalition_size_CM[c] and
        _necessary_coalition_size_CM[c]. Do not update other variables.

        If optimize_bounds is False, then return as soon as
        n_m >= _sufficient_coalition_size_CM[c], or
        _necessary_coalition_size_CM[c] > n_m (where n_m is the number or
        manipulators).

        If a test is especially costly, it is recommended to test first if
        _sufficient_coalition_size_CM[c] == _necessary_coalition_size_CM[c]
        and to return immediately in that case.
        """
        pass

    def _CM_main_work_c(self, c, optimize_bounds):
        """Do the main work in CM loop for candidate c.
        * Try to improve bounds _sufficient_coalition_size_CM[c] and
        _necessary_coalition_size_CM[c].
        * Do not update other variables (_is_CM, _candidates_CM, etc.).

        If optimize_bounds is False, can return as soon as
        n_m >= _sufficient_coalition_size_CM[c], or
        _necessary_coalition_size_CM[c] > n_m (where n_m is the number or
        manipulators).

        Returns:
        is_quick_escape -- True if we did not improve the bound the best we
            could.
            (Allowed to be None or False otherwise).
        """
        # N.B.: in some subclasses, it is possible to try one method,
        # then another one if the first one fails, etc. In this general class,
        # we will simply do a switch between 'lazy' and 'exact'.
        # noinspection PyTypeChecker
        return getattr(self, '_CM_main_work_c_' + self.CM_option)(
            c, optimize_bounds
        )  # Launch a sub-method like _CM_main_work_v_lazy, etc.
    
    def _CM_main_work_c_lazy(self, c, optimize_bounds):
        """Do the main work in CM loop for candidate c, with option 'lazy'.
        Same specifications as _CM_main_work_c.
        """
        # With option 'lazy', there is nothing to do! And this is not a 'quick
        # escape': we did the best we could (considering laziness).
        return False

    def _CM_main_work_c_exact(self, c, optimize_bounds):
        """Do the main work in CM loop for candidate c, with option 'exact'.
        Same specifications as _CM_main_work_c.
        """
        if self.is_based_on_ut_minus1_1:
            # TM was already checked during preliminary checks.
            # If TM was not True, then CM impossible.
            self._update_necessary(self._necessary_coalition_size_CM, c,
                                   self.pop.matrix_duels_ut[c, self.w] + 1)
            return
        if not self.is_based_on_rk:
            raise NotImplementedError("CM: Exact manipulation is not "
                                      "implemented for this voting system.")
        n_m = self.pop.matrix_duels_ut[c, self.w]
        if n_m < self._necessary_coalition_size_CM[c]:
            # This exhaustive algorithm will not do better (so, this is not a
            # quick escape).
            return
        if n_m >= self._sufficient_coalition_size_CM[c]:
            # Idem.
            return
        preferences_borda_temp = np.concatenate((
            np.tile(range(self.pop.C), (n_m, 1)),
            self.pop.preferences_borda_rk[np.logical_not(
                self._v_wants_to_help_c[:, c]), :],
        ))
        manipulator_favorite = np.full(n_m, self.pop.C - 1)
        while preferences_borda_temp is not None:
            # self._mylogm('preferences_borda_temp =',
            #              preferences_borda_temp, 3)
            pop_test = Population(preferences_ut=preferences_borda_temp)
            result_test = self._create_result(pop_test)
            w_test = result_test.w
            if w_test == c:
                self._update_sufficient(
                    self._sufficient_coalition_size_CM, c, n_m,
                    'CM: Manipulation found by exhaustive test =>\n'
                    '    sufficient_coalition_size_CM = n_m =')
                break
            for i_manipulator in range(n_m-1,-1,-1):
                new_ballot, new_favorite = compute_next_borda_clever(
                    preferences_borda_temp[i_manipulator, :],
                    manipulator_favorite[i_manipulator], self.pop.C
                )
                # self._mylogv('new_ballot = ', new_ballot)
                if new_ballot is None:
                    continue
                preferences_borda_temp[i_manipulator:n_m, :] = new_ballot[
                                                               np.newaxis, :]
                manipulator_favorite[i_manipulator:n_m] = new_favorite
                break
            else:
                preferences_borda_temp = None
        else:
            self._update_necessary(
                self._necessary_coalition_size_CM, c, n_m + 1,
                'CM: Manipulation proven impossible by exhaustive test =>\n'
                '    necessary_coalition_size_CM[c] = n_m + 1 =')

    def _CM_conclude_c(self, c, is_quick_escape):
        """Conclude the CM loop for candidate c.
        _bounds_optimized_CM[c] --> if not quick_escape, becomes True.
        _candidates_CM[c] --> True, False or NaN according to the bounds
            _sufficient_coalition_size_CM[c] and 
            _necessary_coalition_size_CM[c].
        _is_CM -->
            * If _candidates_CM[c] is True, then _is_CM = True.
            * Otherwise, do not update _is_CM.
        """
        if not is_quick_escape:
            self._bounds_optimized_CM[c] = True
        n_m = self.pop.matrix_duels_ut[c, self.w]
        if n_m >= self._sufficient_coalition_size_CM[c]:
            self._mylogv("CM: Final answer: CM is True for c =", c, 2)
            self._candidates_CM[c] = True
            self._is_CM = True
        elif n_m < self._necessary_coalition_size_CM[c]:
            self._mylogv("CM: Final answer: CM is False for c =", c, 2)
            self._candidates_CM[c] = False
        else:
            self._mylogv("CM: Final answer: CM is unknown for c =", c, 2)
            self._candidates_CM[c] = np.nan

    def _compute_CM(self, with_candidates, optimize_bounds):
        """Compute CM.
        
        Note that this method is launched by CM only if not _CM_was_initialized,
        and by CM_with_candidates only if not _CM_was_computed_with_candidates. So,
        it is not necessary to do a preliminary check on these variables.
        """
        # We start with _is_CM = -Inf (undecided).
        # If we find a candidate for which _candidates_CM[c] = NaN, then 
        #   _is_CM becomes NaN too ("at least maybe").
        # If we find a candidate for which _candidates_CM[c] = True, then 
        #   _is_CM becomes True ("surely yes").
        for c in self.losing_candidates:
            self._compute_CM_c(c, optimize_bounds)
            if not with_candidates and self._is_CM == True:
                return
            if np.isneginf(self._is_CM) and np.isnan(self._candidates_CM[c]):
                self._is_CM = np.nan
        # If we reach this point, we have decided all _candidates_CM to True,
        # False or NaN.
        self._CM_was_computed_with_candidates = True  # even if with_candidates = False
        self._is_CM = neginf_to_zero(self._is_CM)
        if optimize_bounds:
            self._CM_was_computed_full = True

    def _compute_CM_c(self, c, optimize_bounds):
        job_done = self._CM_initialize_c(c, optimize_bounds)
        if job_done:
            return
        if not optimize_bounds and not np.isneginf(self._candidates_CM[c]):
            return
        is_quick_escape = self._CM_main_work_c(c, optimize_bounds)
        self._CM_conclude_c(c, is_quick_escape)

    def demo(self, log_depth=1):
        """Demonstrate the methods of :class:`~svvamp.Election` class.

        :param log_depth: Integer from 0 (basic info) to 3 (verbose).
        """
        super().demo(log_depth=log_depth)
        old_log_depth = self._log_depth
        self._log_depth = log_depth

        MyLog.print_big_title("Election Class")
        
        MyLog.print_title("Basic properties of the voting system")
        print("with_two_candidates_reduces_to_plurality = ",
              self.with_two_candidates_reduces_to_plurality)
        print("is_based_on_rk = ",
              self.is_based_on_rk)
        print("is_based_on_ut_minus1_1 = ",
              self.is_based_on_ut_minus1_1)
        print("meets_IIA = ",
              self.meets_IIA)

        MyLog.print_title("Manipulation properties of the voting system")
        # Condorcet_c_ut_rel_ctb (False)     ==>     Condorcet_c_ut_rel (False)
        #  ||                                                               ||
        #  ||     Condorcet_c_rk_ctb (False) ==> Condorcet_c_rk (False)     ||
        #  ||           ||               ||       ||             ||         ||
        #  V            V                ||       ||             V          V
        # Condorcet_c_ut_abs_ctb (False)     ==>     Condorcet_ut_abs_c (False)
        #  ||                            ||       ||                        ||
        #  ||                            V        V                         ||
        #  ||       maj_fav_c_rk_ctb (False) ==> maj_fav_c_rk (False)       ||
        #  ||           ||                                       ||         ||
        #  V            V                                        V          V
        # majority_favorite_c_ut_ctb (False) ==> majority_favorite_c_ut (False)
        #  ||                                                               ||
        #  V                                                                V
        # IgnMC_c_ctb (False)                ==>                IgnMC_c (False)
        #  ||                                                               ||
        #  V                                                                V
        # InfMC_c_ctb (False)                ==>                InfMC_c (False)
        def display_bool(value):
            if value == True:
                return '(True) '
            else:
                return '(False)'
        print('Condorcet_c_ut_rel_ctb ' +
              display_bool(self.meets_Condorcet_c_ut_rel_ctb) +
              '     ==>     Condorcet_c_ut_rel ' +
              display_bool(self.meets_Condorcet_c_ut_rel))
        print(' ||                               '
              '                                ||')
        print(' ||     Condorcet_c_rk_ctb ' +
              display_bool(self.meets_Condorcet_c_rk_ctb) +
              ' ==> Condorcet_c_rk ' +
              display_bool(self.meets_Condorcet_c_rk) +
              '     ||')
        print(' ||           ||               ||  '
              '     ||             ||         ||')
        print(' V            V                ||  '
              '     ||             V          V')
        print('Condorcet_c_ut_abs_ctb ' +
              display_bool(self.meets_Condorcet_c_ut_abs_ctb) +
              '     ==>     Condorcet_ut_abs_c ' +
              display_bool(self.meets_Condorcet_c_ut_abs))
        print(' ||                            ||  '
              '     ||                        ||')
        print(' ||                            V   '
              '     V                         ||')
        print(' ||       maj_fav_c_rk_ctb ' +
              display_bool(self.meets_majority_favorite_c_rk_ctb) +
              ' ==> maj_fav_c_rk ' +
              display_bool(self.meets_majority_favorite_c_rk) +
              '       ||')
        print(' ||           ||                   '
              '                    ||         ||')
        print(' V            V                    '
              '                    V          V')
        print('majority_favorite_c_ut_ctb ' +
              display_bool(self.meets_majority_favorite_c_ut_ctb) +
              ' ==> majority_favorite_c_ut ' +
              display_bool(self.meets_majority_favorite_c_ut))
        print(' ||                                '
              '                               ||')
        print(' V                                 '
              '                               V')
        print('IgnMC_c_ctb ' +
              display_bool(self.meets_IgnMC_c_ctb) +
              '                ==>                IgnMC_c ' +
              display_bool(self.meets_IgnMC_c))
        print(' ||                                '
              '                               ||')
        print(' V                                 '
              '                               V')
        print('InfMC_c_ctb ' +
              display_bool(self.meets_InfMC_c_ctb) +
              '                ==>                InfMC_c ' +
              display_bool(self.meets_InfMC_c))

        MyLog.print_title("Independence of Irrelevant Alternatives (IIA)")
        print("w (reminder) =", self.w)
        not_is_IIA, log_IIA, example_subset_IIA, example_winner_IIA = (
            self.not_IIA_full())
        print("is_IIA =", not not_is_IIA)
        print("log_IIA:", log_IIA)
        print("example_winner_IIA =", example_winner_IIA)
        print("example_subset_IIA =", example_subset_IIA)

        MyLog.print_title("c-Manipulators")
        MyLog.printm("w (reminder) =", self.w)
        MyLog.printm("preferences_ut (reminder) =",
                     self.pop.preferences_ut)
        MyLog.printm("v_wants_to_help_c = ", self.v_wants_to_help_c)

        MyLog.print_title("Individual Manipulation (IM)")
        is_IM, log_IM = self.IM()
        print("is_IM =", is_IM)
        print("log_IM:", log_IM)
        print("")
        is_IM, log_IM, candidates_IM = self.IM_with_candidates()
        print("is_IM =", is_IM)
        print("log_IM:", log_IM)
        MyLog.printm("candidates_IM =", candidates_IM)

        MyLog.print_title("Trivial Manipulation (TM)")
        is_TM, log_TM = self.TM()
        print("is_TM =", is_TM)
        print("log_TM:", log_TM)
        print("")
        # for c in range(self.pop.C):
        #     is_TM_c, log_TM = self.TM_c(c)
        #     print("c =", c)
        #     print("is_TM_c =", is_TM_c)
        #     # print("log_TM:", log_TM)
        #     print("")
        is_TM, log_TM, candidates_TM = self.TM_with_candidates()
        print("is_TM =", is_TM)
        print("log_TM:", log_TM)
        MyLog.printm("candidates_TM =", candidates_TM)

        MyLog.print_title("Unison Manipulation (UM)")
        is_UM, log_UM = self.UM()
        print("is_UM =", is_UM)
        print("log_UM:", log_UM)
        print("")
        # for c in range(self.pop.C):
        #     is_UM_c, log_UM = self.UM_c(c)
        #     print("c =", c)
        #     print("is_UM_c =", is_UM_c)
        #     # print("log_UM:", log_UM)
        #     print("")
        is_UM, log_UM, candidates_UM = self.UM_with_candidates()
        print("is_UM =", is_UM)
        print("log_UM:", log_UM)
        MyLog.printm("candidates_UM =", candidates_UM)

        MyLog.print_title("Ignorant-Coalition Manipulation (ICM)")
        is_ICM, log_ICM = self.ICM()
        print("is_ICM =", is_ICM)
        print("log_ICM:", log_ICM)
        print("")
        # for c in range(self.pop.C):
        #     is_ICM_c, log_ICM = self.ICM_c(c)
        #     print("c =", c)
        #     print("is_ICM_c =", is_ICM_c)
        #     # print("log_ICM:", log_ICM)
        #     print("")
        # for c in range(self.pop.C):
        #     is_ICM_c, log_ICM, nec, suf = self.ICM_c_with_bounds(c)
        #     print("c =", c)
        #     print("is_ICM_c =", is_ICM_c)
        #     # print("log_ICM:", log_ICM)
        #     print("necessary_coalition_size_ICM_c =", nec)
        #     print("sufficient_coalition_size_ICM_c =", suf)
        #     print("")
        is_ICM, log_ICM, candidates_ICM = self.ICM_with_candidates()
        print("is_ICM =", is_ICM)
        print("log_ICM:", log_ICM)
        MyLog.printm("candidates_ICM =", candidates_ICM)
        print("")
        is_ICM, log_ICM, candidates_ICM, \
            necessary_coalition_size_ICM, \
            sufficient_coalition_size_ICM = self.ICM_full()
        print("is_ICM =", is_ICM)
        print("log_ICM:", log_ICM)
        MyLog.printm("candidates_ICM =", candidates_ICM)
        MyLog.printm("necessary_coalition_size_ICM =",
                 necessary_coalition_size_ICM)
        MyLog.printm("sufficient_coalition_size_ICM =",
                 sufficient_coalition_size_ICM)

        MyLog.print_title('Coalition Manipulation (CM)')
        is_CM, log_CM = self.CM()
        print("is_CM =", is_CM)
        print("log_CM:", log_CM)
        print("")
        # for c in range(self.pop.C):
        #     is_CM_c, log_CM = self.CM_c(c)
        #     print("c =", c)
        #     print("is_CM_c =", is_CM_c)
        #     # print("log_CM:", log_CM)
        #     print("")
        # for c in range(self.pop.C):
        #     is_CM_c, log_CM, nec, suf = self.CM_c_with_bounds(c)
        #     print("c =", c)
        #     print("is_CM_c =", is_CM_c)
        #     # print("log_CM:", log_CM)
        #     print("necessary_coalition_size_CM_c =", nec)
        #     print("sufficient_coalition_size_CM_c =", suf)
        #     print("")
        is_CM, log_CM, candidates_CM = self.CM_with_candidates()
        print("is_CM =", is_CM)
        print("log_CM:", log_CM)
        MyLog.printm("candidates_CM =", candidates_CM)
        print("")
        is_CM, log_CM, candidates_CM, \
            necessary_coalition_size_CM, \
            sufficient_coalition_size_CM = self.CM_full()
        print("is_CM =", is_CM)
        print("log_CM:", log_CM)
        MyLog.printm("candidates_CM =", candidates_CM)
        MyLog.printm("necessary_coalition_size_CM =",
                 necessary_coalition_size_CM)
        MyLog.printm("sufficient_coalition_size_CM =",
                 sufficient_coalition_size_CM)

        self._log_depth = old_log_depth


def neginf_to_nan(variable):
    """Convert -inf to NaN.

    Arguments:
    variable -- Number or array.

    Returns:
    variable -- Number of array.

    If variable = -inf, then variable is converted to NaN.
    If variable is a numpy array, it is converted element-wise and IN
    PLACE (the original array is modified).
    """
    if isinstance(variable, np.ndarray):
        variable[np.isneginf(variable)] = np.nan
    elif np.isneginf(variable):
        variable = np.nan
    return variable


def neginf_to_zero(variable):
    """Convert -inf to 0 / False.

    Arguments:
    variable -- Number or array.

    Returns:
    variable -- Number of array.

    If variable = -inf, then variable is converted to 0.
    If variable is a numpy array, it is converted element-wise and IN
    PLACE (the original array is modified).
    """
    if isinstance(variable, np.ndarray):
        variable[np.isneginf(variable)] = 0
    elif np.isneginf(variable):
        variable = 0
    return variable


def compute_next_subset_with_w(prev_subset, C, C_r, w):
    """Compute the next subset containing w, by lexicographic order.

    This function is internally used to compute Independence of Irrelevant
    Alternatives (IIA).

    Arguments:
    prev_subset -- 1d array of integers. prev_subset(k) is the k-th
        candidate of the subset. Candidates must be sorted by ascending
        order. Candidate w must belong to prev_subset.
    C -- Integer. Total number of candidates.
    C_r -- Integer. Number of candidates for the subset.
    w -- Integer. A candidate whose presence is required in the subset.

    Returns:
    next_subset -- 1d array of integers. next_subset(k) is the k-th
        candidate of the subset. Candidates are sorted by ascending
        order. Candidate w belongs to next_subset.

    Examples:
    next_subset = compute_next_subset_with_w(prev_subset = [0, 2, 7, 8, 9],
                                             C=10, C_r=5, w=0)
    :>>> next_subset = [0, 3, 4, 5, 6]

    next_subset = compute_next_subset_with_w(prev_subset = [0, 2, 7, 8, 9],
                                             C=10, C_r=5, w=8)
    :>>> next_subset = [0, 3, 4, 5, 8]
    """
    # TODO: this could be rewritten with an iterator.
    max_allowed_value = C
    for index_pivot in range(C_r-1, -1, -1):
        max_allowed_value -= 1
        if max_allowed_value == w:
            max_allowed_value -= 1
        if prev_subset[index_pivot] == w:
            max_allowed_value += 1
        elif prev_subset[index_pivot] < max_allowed_value:
            break  # Found the pivot
    else:
        return None
    next_subset = prev_subset
    new_member = prev_subset[index_pivot] + 1
    for i in range(index_pivot, C_r-1):
        next_subset[i] = new_member
        new_member += 1
    next_subset[C_r-1] = max(w, new_member)
    return next_subset


def compute_next_permutation(prev_permutation, C):
    """Compute next permutation by lexicographic order.

    Arguments:
    prev_permutation -- 1d array of distinct numbers.
    C -- number of elements in prev_permutation.

    Returns:
    next_permutation -- 1d array of distinct numbers. If prev_permutation
        was the last permutation in lexicographic order (i.e. all numbers
        sorted in descending order), then next_permutation = None.

    Example:
    next_permutation = compute_next_permutation([0, 2, 1, 4, 3], 5)
    :>>> next_permutation = [0, 2, 3, 1, 4]
    """
    # TODO: this could be rewritten with an iterator.
    for i in range(C-2, -1, -1):
        if prev_permutation[i] < prev_permutation[i+1]:
            index_pivot = i
            break
    else:
        return None
    index_replacement = None
    for i in range(C-1, index_pivot, -1):
        if prev_permutation[i] > prev_permutation[index_pivot]:
            index_replacement = i
            break
    return np.concatenate((
        prev_permutation[0:index_pivot],
        [prev_permutation[index_replacement]],
        prev_permutation[C-1:index_replacement:-1],
        [prev_permutation[index_pivot]],
        prev_permutation[index_replacement-1:index_pivot:-1]
    ))


def compute_next_borda_clever(prev_permutation, prev_favorite, C):
    """Compute next vector of Borda scores in 'clever' order

    Arguments:
    prev_permutation -- 1d array of integers. Must be exactly all integers
        from 0 to C - 1.
    prev_favorite -- Integer. Index of the preferred candidate. I.e.,
        prev_permutation[prev_favorite] must be equal to C - 1.
    C -- Integer. Number of elements in prev_permutation.

    Returns:
    next_permutation -- 1d array of all integers from 0 to C - 1. Next vector
        of Borda scores in 'clever' order. If prev_permutation was the
        last permutation in 'clever' order, then next_permutation = None.
    next_favorite -- Integer (or None). New preferred candidate.

    A vector of Borda scores is seen as two elements:
    (1) A permuted list of Borda scores from 0 to C-2,
    (2) The insertion of Borda score C - 1 in this list.
    The 'clever' orders sorts first by lexicographic order on (1), then by
    the position (2) (from last position to first position).

    To find next permutation, if Borda score C - 1 can be moved one step to the
    left, we do it. Otherwise, we take the next permutation of {0, ...,
    C-2} in lexicographic order, and put Borda score C - 1 at the end.

    In 'clever' order, the first vector is [0, ..., C - 1] and the last one is
    [C - 1, ..., 0].

    When looking for manipulations (IM or UM principally), here is the
    advantage of using 'clever' order instead of lexicographic order: in
    only the C first  vectors, we try all candidates as top-ranked choice.
    In many voting systems, this accelerates finding the manipulation.

    Examples:
    next_permutation, next_favorite = compute_next_borda_clever(
            prev_permutation = [0, 1, 4, 2, 3], prev_favorite = 2, C = 5)
    :>>> next_permutation = [0, 4, 1, 2, 3], next_favorite = 1.
    next_permutation, next_favorite = compute_next_borda_clever(
            prev_permutation = [4, 0, 1, 2, 3], prev_favorite = 0, C = 5)
    :>>> next_permutation = [0, 1, 3, 2, 4], next_favorite = 4.
    """
    # TODO: this could be rewritten with an iterator.
    if prev_favorite > 0:
        next_favorite = prev_favorite - 1
        next_permutation = np.copy(prev_permutation)
        next_permutation[[prev_favorite, next_favorite]] = \
            next_permutation[[next_favorite, prev_favorite]]
    else:
        try:
            next_permutation = np.concatenate((
                compute_next_permutation(
                    prev_permutation[1:C], C - 1),
                [C - 1]
            ))
            next_favorite = C - 1
        except ValueError:
            next_permutation = None
            next_favorite = None
    return next_permutation, next_favorite

def display_pseudo_bool(value):
    """Display a pseudo-boolean.

    Arguments:
    value -- True (or 1, 1., etc.), False (or 0, 0., etc.) or np.nan.

    Return:
    True, False (as booleans) or np.nan.
    """
    if np.isnan(value):
        return np.nan
    elif value == True:
        return True
    elif value == False:
        return False
    else:
        raise ValueError("Expected boolean or np.nan and got:" + format(value))
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  Source code for svvamp.VotingSystems.Veto

# -*- coding: utf-8 -*-
"""
Created on Mon Sep 29 14:39:07 2014
Copyright François Durand 2014, 2015
fradurand@gmail.com

This file is part of SVVAMP.

    SVVAMP is free software: you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation, either version 3 of the License, or
    (at your option) any later version.

    SVVAMP is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License
    along with SVVAMP.  If not, see <http://www.gnu.org/licenses/>.
"""

import numpy as np

from svvamp.VotingSystems.Election import Election
from svvamp.VotingSystems.VetoResult import VetoResult
from svvamp.Preferences.Population import Population


[docs]class Veto(VetoResult, Election):
    """Veto. Also called Antiplurality.
    
    Inherits functions and optional parameters from superclasses
    :class:`~svvamp.ElectionResult` and :class:`~svvamp.Election`.

    :Example:

    >>> import svvamp
    >>> pop = svvamp.PopulationSpheroid(V=100, C=5)
    >>> election = svvamp.Veto(pop)

    Each voter votes against one candidate (veto). The candidate with least
    vetos is declared the winner. In case of a tie, the tied candidate with
    lowest index wins.

    Sincere voters vote against their least-liked candidate.

    :meth:`~svvamp.Election.not_IIA`: Non-polynomial
    or non-exact algorithms from superclass :class:`~svvamp.Election`.

    :meth:`~svvamp.Election.CM`,
    :meth:`~svvamp.Election.ICM`,
    :meth:`~svvamp.Election.IM`,
    :meth:`~svvamp.Election.TM`,
    :meth:`~svvamp.Election.UM`: Exact in polynomial time.
    """

    _layout_name = 'Veto'
    _options_parameters = Election._options_parameters.copy()
    _options_parameters.update(VetoResult._options_parameters)
    _options_parameters['IM_option'] = {'allowed': ['exact'],
                                        'default': 'exact'}
    _options_parameters['TM_option'] = {'allowed': ['exact'],
                                        'default': 'exact'}
    _options_parameters['UM_option'] = {'allowed': ['exact'],
                                        'default': 'exact'}
    _options_parameters['ICM_option'] = {'allowed': ['exact'],
                                           'default': 'exact'}
    _options_parameters['CM_option'] = {'allowed': ['exact'],
                                        'default': 'exact'}

    def __init__(self, population, **kwargs):
        super().__init__(population, **kwargs)
        self._log_identity = "VETO"
        self._class_result = Veto

        self._with_two_candidates_reduces_to_plurality = True
        self._is_based_on_rk = True

        # Just as a reminder...
        self._meets_InfMC_c = False

        self._precheck_ICM = False
        self._precheck_TM = False
        self._precheck_UM = False

    #%% Independence of Irrelevant Alternatives (IIA)

    def _compute_winner_of_subset(self, candidates_r):
        self._mylogv("IIA: Compute winner of subset ", candidates_r, 3)
        scores_r = - np.bincount(
            np.argmin(self.pop.preferences_borda_rk[:, candidates_r], 1),
            minlength=candidates_r.shape[0])
        index_w_r_in_subset = np.argmax(scores_r)
        w_r = candidates_r[index_w_r_in_subset]
        self._mylogv("IIA: Winner =", w_r, 3)
        return w_r
        
    #%% Individual manipulation (IM)            

    def _IM_main_work_v(self, v, c_is_wanted,
                        nb_wanted_undecided, stop_if_true):
        # If voter v strictly prefers some c_test to w, let us note that
        # she cannot have voted against c_test. So, the only thing she
        # can do better is to vote against w (if it is not already the
        # case), because otherwise w will still keep a better score than
        # c_test. This strategy does  not depend on c_test!
        scores_with_v_manip = np.copy(self.scores)
        # Remove v's sincere vote:
        scores_with_v_manip[self.ballots[v]] += 1
        # Vote against w instead:
        scores_with_v_manip[self.w] -= 1
        new_winner = np.argmax(scores_with_v_manip)
        self._v_IM_for_c[v, :] = False
        if self.v_wants_to_help_c[v, new_winner]:
            self._v_IM_for_c[v, new_winner] = True
            self._candidates_IM[new_winner] = True
            self._voters_IM[v] = True
            self._is_IM = True

    #%% Trivial Manipulation (TM)

    def _TM_main_work_c(self, c):
        # Sincere voters:
        scores_test = - np.bincount(
            self.pop.preferences_rk[
                np.logical_not(self.v_wants_to_help_c[:, c]), -1],
            minlength=self.pop.C
        )
        # Manipulators vote against w:
        # Remark: for Veto, the trivial strategy is far from the best one!
        scores_test[self.w] -= self.pop.matrix_duels_ut[c, self.w]
        # Conclude
        w_test = np.argmax(scores_test)
        self._candidates_TM[c] = (w_test == c)

    #%% Unison Manipulation (UM)
    # In their sincere ballots, manipulators were not voting against c,
    # but against w or another d. If now they vote against some d, then
    # w's score might get better, while c's score will not change: this
    # strategy cannot succeed. So, their only hope is to vote against w.
    # This is precisely the trivial strategy!

    def UM(self):
        """Unison manipulation, incomplete mode.

        Returns:
        is_UM -- Boolean (or NaN). True if UM is possible, False otherwise. If
            the algorithm cannot decide, then NaN.
        log_UM -- String. Parameters used to compute UM.
        """
        return self.TM()

    def UM_c(self, c):
        """Unison manipulation, focus on one candidate.

        Arguments:
        c -- Integer. The candidate for whom we want to manipulate.

        Returns:
        is_UM_c -- Boolean (or NaN). True if UM for candidate c is possible,
            False otherwise. If the algorithm cannot decide, then NaN.
        log_UM -- String. Parameters used to compute UM.
        """
        return self.TM_c(c)

    def UM_with_candidates(self):
        """Unison manipulation, complete mode.

        We say that a situation is unison-manipulable for a candidate c != w
        iff all voters who prefer c to the sincere winner w can cast the SAME
        ballot so that c is elected (while other voters still vote sincerely).

        Returns:
        is_UM -- Boolean (or NaN). True if UM is possible, False otherwise. If
            the algorithm cannot decide, then NaN.
        log_UM -- String. Parameters used to compute UM.
        candidates_UM -- 1d array of booleans (or NaN). candidates_UM[c]
            is True if UM for candidate c is possible, False otherwise. If
            the algorithm cannot decide, then NaN. By convention,
            candidates_UM[w] = False.
        """
        return self.TM_with_candidates()

    #%% Ignorant-Coalition Manipulation (ICM)

    def _ICM_main_work_c(self, c, optimize_bounds):
        # At worst, 'sincere' manipulators may respond by all voting
        # against c.
        # We need to give as many vetos to all other candidates, which
        # makes (C - 1) * n_s (where n_s = sincere voters).
        # For each candidate of index lower than c, we need to give an
        # additional veto (because of the tie-breaking rule). This makes
        # c additional manipulators needed.
        # Hence sufficient_...[c] = (C - 1) * n_s + c.
        n_s = self.pop.V - self.pop.matrix_duels_ut[c, self.w]
        self._sufficient_coalition_size_ICM[c] = (self.pop.C - 1) * n_s + c
        self._necessary_coalition_size_ICM[c] = (
            self._sufficient_coalition_size_ICM[c])

    #%% Coalition Manipulation (CM)

    def _CM_main_work_c(self, c, optimize_bounds):
        # Sincere voters:
        scores_test = - np.bincount(
            self.pop.preferences_rk[
                np.logical_not(self.v_wants_to_help_c[:, c]), -1],
            minlength=self.pop.C
        )
        # Make each other candidate d have a lower score than c:
        # manipulators against d = scores_test[d] - scores_test[c] + (d < c)
        self._sufficient_coalition_size_CM[c] = np.sum(
            np.maximum(
                scores_test - scores_test[c] + (
                    np.array(range(self.pop.C)) < c),
                0))
        self._necessary_coalition_size_CM[c] = (
            self._sufficient_coalition_size_CM[c])



if __name__ == '__main__':
    # A quick demo
    preferences_utilities = np.random.randint(-5, 5, (10, 5))
    pop = Population(preferences_utilities)
    election = Veto(pop)
    election.demo(log_depth=3)
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  Source code for svvamp.VotingSystems.Schulze

# -*- coding: utf-8 -*-
"""
Created on Wed Oct  8 13:06:52 2014
Copyright François Durand 2014, 2015
fradurand@gmail.com

This file is part of SVVAMP.

    SVVAMP is free software: you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation, either version 3 of the License, or
    (at your option) any later version.

    SVVAMP is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License
    along with SVVAMP.  If not, see <http://www.gnu.org/licenses/>.
"""

import numpy as np
import networkx as nx

from svvamp.Preferences.Population import Population
from svvamp.Preferences.Population import preferences_ut_to_matrix_duels_ut
from svvamp.VotingSystems.Election import Election
from svvamp.VotingSystems.SchulzeResult import SchulzeResult


[docs]class Schulze(SchulzeResult, Election):
    """Schulze method.

    Inherits functions and optional parameters from superclasses
    :class:`~svvamp.ElectionResult` and :class:`~svvamp.Election`.

    :Example:

    >>> import svvamp
    >>> pop = svvamp.PopulationSpheroid(V=100, C=5)
    >>> election = svvamp.Schulze(pop)

    :attr:`~svvamp.Schulze.scores`\ ``[c, d]`` is equal to the width of the
    widest path from candidate ``c`` to candidate ``d`` in the capacited graph
    defined by :attr:`~svvamp.Population.matrix_duels_rk`. We say that ``c``
    is *better* than ``d`` if ``scores[c, d]`` > ``scores[d, c]``. Candidate
    ``c`` is a *potential winner* if no candidate ``d`` is *better* than ``c``.

    Among the potential winners, the candidate with lowest index is declared
    the winner.

    .. note::

        In the original Schulze method, ties are broken at random. However,
        this feature is not supported by SVVAMP because it leads to
        difficulties for the *definition* of manipulation itself
        (and all the more for its implementation).

    :meth:`~svvamp.Election.CM`:

        * :attr:`~svvamp.Election.CM_option` = ``'fast'``:
          Gaspers et al. (2013). This algorithm is polynomial and has a
          window of error of 1 manipulator (due to the tie-breaking rule).
        * :attr:`~svvamp.Election.CM_option` = ``'exact'``:
          Non-polynomial algorithm from superclass :class:`~svvamp.Election`.

    :meth:`~svvamp.Election.ICM`: Exact in polynomial time.

    :meth:`~svvamp.Election.IM`:

        * :attr:`~svvamp.Election.IM_option` = ``'fast'``:
          Gaspers et al. (2013). This algorithm is polynomial and may not be
          able to decide IM (due to the tie-breaking rule).
        * :attr:`~svvamp.Election.IM_option` = ``'exact'``:
          Non-polynomial algorithm from superclass :class:`~svvamp.Election`.

    :meth:`~svvamp.Election.not_IIA`: Exact in polynomial time.

    :meth:`~svvamp.Election.TM`: Exact in polynomial time.

    :meth:`~svvamp.Election.UM`:

        * :attr:`~svvamp.Election.UM_option` = ``'fast'``:
          Gaspers et al. (2013). This algorithm is polynomial and has a
          window of error of 1 manipulator (due to the tie-breaking rule).
        * :attr:`~svvamp.Election.UM_option` = ``'exact'``:
          Non-polynomial algorithm from superclass :class:`~svvamp.Election`.

    .. note:

        For this voting system, UM and CM are almost equivalent up to
        tie-breaking. For this reason, :attr:`~svvamp.Election.UM_option` and
        :attr:`~svvamp.Election.CM_option` are linked to each other: modifying
        one modifies the other accordingly.

    References:

        'A new monotonic, clone-independent, reversal symmetric, and
        Condorcet-consistent single-winner election method ', Markus Schulze,
        2011.

        'Schulze and Ranked-Pairs Voting are Fixed-Parameter Tractable to
        Bribe, Manipulate, and Control', Lane A. Hemaspaandra, Rahman Lavaee
        and Curtis Menton, 2012.

        'Manipulation and Control Complexity of Schulze Voting', Curtis Menton
        and Preetjot Singh, 2012.

        'A Complexity-of-Strategic-Behavior Comparison between Schulze’s Rule
        and Ranked Pairs', David Parkes and Lirong Xia, 2012.

        'Coalitional Manipulation for Schulze’s Rule', Serge Gaspers, Thomas
        Kalinowski, Nina Narodytska and Toby Walsh, 2013.
    """
    
    _layout_name = 'Schulze'
    _options_parameters = Election._options_parameters.copy()
    _options_parameters.update(SchulzeResult._options_parameters)
    _options_parameters['IM_option'] = {'allowed': ['fast', 'exact'],
                                        'default': 'fast'}
    _options_parameters['TM_option'] = {'allowed': ['exact'],
                                        'default': 'exact'}
    _options_parameters['UM_option'] = {'allowed': ['fast', 'exact'],
                                        'default': 'fast'}
    _options_parameters['ICM_option'] = {'allowed': ['exact'],
                                           'default': 'exact'}
    _options_parameters['CM_option'] = {'allowed': ['fast', 'exact'],
                                        'default': 'fast'}

    def __init__(self, population, **kwargs):
        super().__init__(population, **kwargs)
        self._log_identity = "SCHULZE"
        self._class_result = SchulzeResult
        self._with_two_candidates_reduces_to_plurality = True
        self._is_based_on_rk = True
        self._meets_Condorcet_c_rk_ctb = True
        self._precheck_UM = False
        self._precheck_ICM = False

    def _forget_UM(self):
        self._UM_was_initialized = False
        self._UM_was_computed_with_candidates = False
        # Exceptionally, we initialize the variables for UM here, because UM
        # is managed in CM.
        self._is_UM = -np.inf
        self._candidates_UM = np.full(self.pop.C, -np.inf)
        self._candidates_UM[self.w] = False
        # _UM_fast_tested[c] will be True iff if we have already launched
        # _vote_strategically with n_m manipulators (for c).
        self._UM_fast_tested = np.zeros(self.pop.C, dtype=np.bool)

    @property
    def UM_option(self):
        return self._UM_option

    @UM_option.setter
    def UM_option(self, value):
        try:
            if self._UM_option == value:
                return
        except AttributeError:
            pass
        if value in self.options_parameters['UM_option']['allowed']:
            self._mylogv("Setting UM_option =", value, 1)
            self._CM_option = value
            self._UM_option = value
            self._forget_UM()
            self._forget_CM()
        else:
            raise ValueError("Unknown option for UM: " + format(value))

    @property
    def CM_option(self):
        return self._CM_option

    @CM_option.setter
    def CM_option(self, value):
        try:
            if self._CM_option == value:
                return
        except AttributeError:
            pass
        if value in self.options_parameters['CM_option']['allowed']:
            self._mylogv("Setting CM_option =", value, 1)
            self._CM_option = value
            self._UM_option = value
            self._forget_UM()
            self._forget_CM()
        else:
            raise ValueError("Unknown option for CM: " + format(value))

    def _vote_strategically(self, matrix_duels_s, S, c, n_m):
        """ Manipulation algorithm: "Coalitional Manipulation for Schulze’s 
        Rule" (Gaspers, Kalinowski, Narodytska and Walsh 2013).

        Arguments:
        matrix_duels_s -- 2d array. Matrix of duels for sincere voters.
        S -- 2d array. S[c, d] is the strength of the widest path from c to
            d (with sincere voters only). Be careful, it is based on the 
            antisymmetric matrix of duels. I.e. while 
            SchulzeResult._count_ballot_aux provides widest_path_s, we need 
            to take S = 2 * (widest_path_s - n_s / 2), then set S's diagonal 
            coefficients to 0.
        c -- Integer (candidate). Our challenger.
        n_m -- Integer. Number of manipulators.
        """

        candidates_not_c = np.concatenate((
            np.array(range(c), dtype=int),
            np.array(range(c+1, self.pop.C), dtype=int)))
        w = matrix_duels_s - matrix_duels_s.T
        w_sup = w + n_m
        w_inf = w - n_m
        U = S + n_m
        U_prev = None
        self._mylogv("candidates_not_c =", candidates_not_c, 3)
        self._mylogm("matrix_duels_s =", matrix_duels_s, 3)
        self._mylogm("S =", S, 3)
        self._mylogm("w =", w, 3)
        self._mylogm("w_sup =", w_sup, 3)
        self._mylogm("w_inf =", w_inf, 3)
        self._mylogm("U =", U, 3)
        self._mylogm("U_prev =", U_prev, 3)
        
        # Algorithm: Pre-processing Bounds
        while not np.all(U_prev == U):
            U_prev = np.copy(U)
            # Rule 1
            U[:, c] = np.minimum(U[:, c], U[c, :])
            self._mylogm('Rule 1: U =', U, 3)
            # Rule 2
            for x in candidates_not_c:
                G_x = np.ones((self.pop.C, self.pop.C))
                # Remove all vertices y (candidates) s.t. U(y,c) < U(x,c)
                V_removed = np.less(U[:, c], U[x, c])
                V_removed[c] = False
                G_x[V_removed, :] = 0
                G_x[:, V_removed] = 0
                # Removed all edges (y,z) s.t. w_sup(y,z) < U(x,c)
                G_x[w_sup < U[x, c]] = 0
                # Does G_x contain a path from c to x ? If not, do stuff.
                if not nx.has_path(nx.DiGraph(G_x), c, x):
                    U[x, c] -= 2
                    self._mylogm('Rule 2: U =', U, 3)
            # Rule 3
            for x in candidates_not_c:
                for y in candidates_not_c:
                    if y == x:
                        continue
                    if U[x, c] < w_inf[x, y]:
                        U[y, c] = min(U[y, c], U[x, c])
                        self._mylogm('Rule 3: U =', U, 3)
            # Test possibility
            self._mylogm("U =", U, 3)
            self._mylogv("U[candidates_not_c, c] =", U[candidates_not_c, c], 3)
            self._mylogv("S[candidates_not_c, c] - n_m =", 
                         S[candidates_not_c, c] - n_m, 3)
            if np.any(U[candidates_not_c, c] < S[candidates_not_c, c] - n_m):
                self._mylog("Cowinner manipulation failed")
                return False, False
        
        # Algorithm : construction of ordering Lambda (when manipulation is 
        # possible)
        F = np.zeros(self.pop.C, dtype=np.bool)
        F[c] = 1
        X = np.ones(self.pop.C, dtype=np.bool)
        X[c] = 0
        order_lambda = [c]
        for i in range(self.pop.C - 1):
            D = np.max(U[X, c])
            possible_y = np.logical_and(
                np.logical_and(X, U[:, c] == D),
                np.any(w_sup[F, :] >= D, 0))
            y = np.where(possible_y)[0][-1]
            F[y] = True
            X[y] = False
            order_lambda.append(y)
        order_lambda = np.array(order_lambda)
        self._mylogv("order_lambda =", order_lambda, 3)
            
        # Who wins with the tie-breaking rule?
        reciprocal_lambda = np.argsort(order_lambda)
        matrix_duels_m = n_m * np.triu(np.ones((self.pop.C, self.pop.C)), 1)[
            reciprocal_lambda, :][:, reciprocal_lambda]
        w_temp, foo, bar = SchulzeResult._count_ballot_aux(
            matrix_duels_s + matrix_duels_m)
        self._mylogv("matrix_duels_m =", matrix_duels_m, 3)
        self._mylogv("w_temp =", w_temp, 3)
        if w_temp == c:
            self._mylog("Cowinner manipulation worked, with ctb also")
            return True, True
        else:
            self._mylog("Cowinner manipulation worked but not with ctb")
            return True, False

    #%% Individual manipulation (IM)
            
    def _IM_main_work_v_fast(self, v, c_is_wanted,
                             nb_wanted_undecided, stop_if_true):
        for c in self.losing_candidates:
            if not c_is_wanted[c]:
                continue
            if not np.isneginf(self._v_IM_for_c[v, c]):
                continue
            self._mylogv("IM: c =", c, 3)
            nb_wanted_undecided -= 1
            # Maybe we will not decide, but we will have done the 'fast' job
            # for c anyway.

            matrix_duels_s = np.copy(self.pop.matrix_duels_rk)
            for x in range(self.pop.C):
                for y in range(x+1, self.pop.C):
                    if (self.pop.preferences_borda_rk[v, x] >
                            self.pop.preferences_borda_rk[v, y]):
                        matrix_duels_s[x, y] -= 1
                    else:
                        matrix_duels_s[y, x] -= 1
                        
            w_s, widest_path, _ = SchulzeResult._count_ballot_aux(
                matrix_duels_s)
            if w_s == c:
                self._mylog("IM: Manipulation easy "
                            "(c wins without manipulator's vote)", 3)
                self._v_IM_for_c[v, c] = True
                self._candidates_IM[c] = True
                self._voters_IM[v] = True
                self._is_IM = True
                self._mylog("IM found", 3)
                if stop_if_true or nb_wanted_undecided == 0:
                    return
                continue
                
            S = 2 * (widest_path - (self.pop.V - 1) / 2)
            np.fill_diagonal(S, 0)
            success_cowinner, success_tb = self._vote_strategically(
                matrix_duels_s, S, c, 1)
            if success_tb:
                self._v_IM_for_c[v, c] = True
                self._candidates_IM[c] = True
                self._voters_IM[v] = True
                self._is_IM = True
                self._mylog("IM found", 3)
                if stop_if_true:
                    return
            elif success_cowinner:
                self._mylog("IM not sure", 3)
                if self._IM_option != 'exact':
                    self._v_IM_for_c[v, c] = np.nan
            else:
                self._v_IM_for_c[v, c] = False
            if nb_wanted_undecided == 0:
                return

    def _IM_main_work_v(self, v, c_is_wanted,
                        nb_wanted_undecided, stop_if_true):
        self._IM_main_work_v_fast(v, c_is_wanted, nb_wanted_undecided,
                                  stop_if_true)
        # Deal with 'exact' (brute force) option
        if self._IM_option != 'exact':
            return
        if stop_if_true and np.any(np.equal(
                self._v_IM_for_c[v, c_is_wanted], True)):
            return
        nb_wanted_undecided_updated = np.sum(np.isneginf(
            self._v_IM_for_c[v, c_is_wanted]))
        if nb_wanted_undecided_updated == 0:
            self._mylog("IM: Job finished", 3)
        else:
            self._mylogv("IM: Still some work for v =",
                         v, 3)
            self._IM_main_work_v_exact(v, c_is_wanted,
                                       nb_wanted_undecided_updated,
                                       stop_if_true)

    #%% Trivial Manipulation (TM)

    # Use the general methods.

    #%% Ignorant-Coalition Manipulation (ICM)

    # Use the general methods.

    #%% Coalition Manipulation (CM)
        
    def _CM_main_work_c(self, c, optimize_bounds):
        matrix_duels_s = preferences_ut_to_matrix_duels_ut(
            self.pop.preferences_borda_rk[
                np.logical_not(self.v_wants_to_help_c[:, c]), :])
        n_m = self.pop.matrix_duels_ut[c, self.w]
        n_s = self.pop.V - n_m
        w, widest_path, _ = SchulzeResult._count_ballot_aux(matrix_duels_s)
        S = 2 * (widest_path - n_s / 2)
        np.fill_diagonal(S, 0)

        # We try the "co-winner" version with n_m - 1 manipulators. If True,
        # it implies that unique winner version is OK for n_m manipulators.
        success_cowinner, success_tb = self._vote_strategically(
            matrix_duels_s, S, c, n_m - 1)
        if success_tb:
            self._update_sufficient(
                self._sufficient_coalition_size_CM, c, n_m - 1,
                'CM: Update sufficient_coalition_size_CM = n_m - 1 =')
            self._candidates_UM[c] = True
            self._is_UM = True
            return
        if success_cowinner:
            self._update_sufficient(
                self._sufficient_coalition_size_CM, c, n_m,
                'CM: Update sufficient_coalition_size_CM = n_m =')
            self._update_necessary(
                self._necessary_coalition_size_CM, c, n_m - 1,
                'CM: Update necessary_coalition_size_CM = n_m - 1 =')
            # We do not know for UM, but we do not really care
            return
        else:
            self._update_necessary(
                self._necessary_coalition_size_CM, c, n_m,
                'CM: Update necessary_coalition_size_CM = n_m =')

        # We try with n_m manipulators. 
        success_cowinner, success_tb = self._vote_strategically(
            matrix_duels_s, S, c, n_m)
        self._UM_fast_tested[c] = True
        if success_tb:
            self._update_sufficient(
                self._sufficient_coalition_size_CM, c, n_m,
                'CM: Update sufficient_coalition_size_CM = n_m =')
            self._candidates_UM[c] = True
            self._is_UM = True
            return
        if success_cowinner:
            self._update_sufficient(
                self._sufficient_coalition_size_CM, c, n_m + 1,
                'CM: Update sufficient_coalition_size_CM = n_m + 1 =')
            self._update_necessary(
                self._necessary_coalition_size_CM, c, n_m,
                'CM: Update necessary_coalition_size_CM = n_m =')
            if self.CM_option == 'exact':
                self._UM_main_work_c_exact_rankings(c)
                if self._candidates_UM[c] == True:
                    self._update_sufficient(
                        self._sufficient_coalition_size_CM, c, n_m,
                        'CM: Update sufficient_coalition_size_CM = n_m =')
                else:
                    self._CM_main_work_c_exact(c, optimize_bounds)
        else:
            self._update_necessary(
                self._necessary_coalition_size_CM, c, n_m + 1,
                'CM: Update necessary_coalition_size_CM = n_m + 1 =')
            self._candidates_UM[c] = False
            return

    #%% Unison manipulation (UM)

    def _UM_initialize_general(self, with_candidates):
        self._mylog("UM: Initialize", 2)
        self._UM_was_initialized = True
        # Do not initialize the usual variables, it is done elsewhere.
        self._UM_preliminary_checks_general()

    def _UM_preliminary_checks_general_subclass(self):
        if not np.any(np.isneginf(self._candidates_UM)):
            return
        self.CM()
        self._candidates_UM[np.equal(self._candidates_CM, False)] = False

    def _UM_main_work_c(self, c):
        n_m = self.pop.matrix_duels_ut[c, self.w]
        if self._sufficient_coalition_size_CM[c] + 1 <= n_m:
            self._candidates_UM[c] = True
            return
        if self._necessary_coalition_size_CM[c] - 1 > n_m:
            self._candidates_UM[c] = False
            return
        if not self._UM_fast_tested[c]:
            # We must try the fast algo first.
            matrix_duels_s = preferences_ut_to_matrix_duels_ut(
                self.pop.preferences_borda_rk[
                    np.logical_not(self.v_wants_to_help_c[:, c]), :])
            n_s = self.pop.V - n_m
            w, widest_path, _ = SchulzeResult._count_ballot_aux(matrix_duels_s)
            S = 2 * (widest_path - n_s / 2)
            np.fill_diagonal(S, 0)
            success_cowinner, success_tb = self._vote_strategically(
                matrix_duels_s, S, c, n_m)
            self._UM_fast_tested[c] = True
            if success_tb:
                self._candidates_UM[c] = True
                return
            if not success_cowinner:
                self._candidates_UM[c] = False
                return
        if self.UM_option == 'exact':
            self._UM_main_work_c_exact_rankings(c)
        else:
            self._candidates_UM[c] = np.nan



if __name__ == '__main__':
    # A quick demo
    preferences_utilities = np.random.randint(-5, 5, (10, 5))
    pop = Population(preferences_utilities)
    election = Schulze(pop)
    election.demo(log_depth=3)
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  Source code for svvamp.VotingSystems.Coombs

# -*- coding: utf-8 -*-
"""
Created on Fri Oct  3 15:17:58 2014
Copyright François Durand 2014, 2015
fradurand@gmail.com

This file is part of SVVAMP.

    SVVAMP is free software: you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation, either version 3 of the License, or
    (at your option) any later version.

    SVVAMP is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License
    along with SVVAMP.  If not, see <http://www.gnu.org/licenses/>.
"""

import numpy as np

from svvamp.VotingSystems.Election import Election
from svvamp.VotingSystems.CoombsResult import CoombsResult
from svvamp.Preferences.Population import Population


[docs]class Coombs(CoombsResult, Election):
    """Coombs method.

    Inherits functions and optional parameters from superclasses
    :class:`~svvamp.ElectionResult` and :class:`~svvamp.Election`.

    :Example:

    >>> import svvamp
    >>> pop = svvamp.PopulationSpheroid(V=100, C=5)
    >>> election = svvamp.Coombs(pop)

    The candidate who is ranked last by most voters is eliminated. Then
    we iterate. Ties are broken in favor of lower-index candidates: in case
    of a tie, the tied candidate with highest index is eliminated.

    :meth:`~svvamp.Election.CM`:

        * :attr:`~svvamp.Election.CM_option` = ``'fast'``:
          Polynomial heuristic. Can prove CM but unable to decide non-CM
          (except in rare obvious cases).
        * :attr:`~svvamp.Election.CM_option` = ``'exact'``:
          Non-polynomial (:math:`C!`).

    :meth:`~svvamp.Election.ICM`: Exact in polynomial time.

    :meth:`~svvamp.Election.IM`:

        * :attr:`~svvamp.Election.IM_option` = ``'fast'``:
          Polynomial heuristic. Can prove CM but unable to decide non-IM
          (except in rare obvious cases).
        * :attr:`~svvamp.Election.IM_option` = ``'exact'``:
          Non-polynomial (:math:`C!`).

    :meth:`~svvamp.Election.not_IIA`: Non-polynomial
    or non-exact algorithms from superclass :class:`~svvamp.Election`.

    :meth:`~svvamp.Election.TM`: Exact in polynomial time.

    :meth:`~svvamp.Election.UM`: For this voting system, UM and CM are
    equivalent. For this reason, :attr:`~svvamp.Election.UM_option` and
    :attr:`~svvamp.Election.CM_option` are linked to each other: modifying one
    modifies the other accordingly.

    References:

        'On The Complexity of Manipulating Elections', Tom Coleman
        and Vanessa Teague, 2007.
    """

    _layout_name = 'Coombs'
    _options_parameters = Election._options_parameters.copy()
    _options_parameters.update(CoombsResult._options_parameters)
    _options_parameters['IM_option'] = {'allowed': ['fast', 'exact'],
                                        'default': 'fast'}
    _options_parameters['TM_option'] = {'allowed': ['exact'],
                                        'default': 'exact'}
    _options_parameters['UM_option'] = {'allowed': ['fast', 'exact'],
                                        'default': 'fast'}
    _options_parameters['ICM_option'] = {'allowed': ['exact'],
                                           'default': 'exact'}
    _options_parameters['CM_option'] = {'allowed': ['fast', 'exact'],
                                        'default': 'fast'}

    def __init__(self, population, **kwargs):
        super().__init__(population, **kwargs)
        self._log_identity = "COOMBS"
        self._class_result = CoombsResult
        self._with_two_candidates_reduces_to_plurality = True
        self._is_based_on_rk = True
        self._meets_IgnMC_c_ctb = True
        self._precheck_UM = False  # No UM precheck before CM
        self._precheck_ICM = False

    @property
    def UM_option(self):
        return self._UM_option

    @UM_option.setter
    def UM_option(self, value):
        try:
            if self._UM_option == value:
                return
        except AttributeError:
            pass
        if value in self.options_parameters['UM_option']['allowed']:
            self._mylogv("Setting UM_option =", value, 1)
            self._CM_option = value
            self._UM_option = value
            self._forget_UM()
            self._forget_CM()
        else:
            raise ValueError("Unknown option for UM: " + format(value))

    @property
    def CM_option(self):
        return self._CM_option

    @CM_option.setter
    def CM_option(self, value):
        try:
            if self._CM_option == value:
                return
        except AttributeError:
            pass
        if value in self.options_parameters['CM_option']['allowed']:
            self._mylogv("Setting CM_option =", value, 1)
            self._CM_option = value
            self._UM_option = value
            self._forget_UM()
            self._forget_CM()
        else:
            raise ValueError("Unknown option for CM: " + format(value))

    #%% Manipulation: general routine
        
    def _CM_aux_fast(self, c, n_max, preferences_borda_s):
        """Fast algorithm used for IM and CM (which is equivalent to UM)
        
        Arguments:
        c -- Integer. Candidate for which we want to manipulate.
        n_max -- Integer or inf. Maximum number of manipulators allowed.
            IM --> put 1.
            CM, complete and exact --> put the current value of 
                sufficient_coalition_size[c] - 1 (we want to find the best 
                value for sufficient_coalition_size[c], even if it exceeds the 
                number of manipulators)
            CM, otherwise --> put the number of manipulators.
        preferences_borda_s -- 2d integer. Preferences of the sincere voters
            (in Borda format with vtb).

        Returns:
        n_manip_fast -- Integer or +inf. 
            If a manipulation is found with n_max manipulators or less,
            then a sufficient number of manipulators is returned.
            Otherwise, it is +inf.
        """
        # Each step of the loop:
        # ^^^^^^^^^^^^^^^^^^^^^^
        # We start at the end of round r, with 
        # candidates[is_candidate_alive_end_r]. We find the d such that, 
        # with d in addition at the beginning, we need the fewest manipulators
        # to eliminate d (and reach the final situation we wanted).
        # Initialization
        # ^^^^^^^^^^^^^^
        # End of last round: only c is alive.
        nb_manipulators_used = 0
        is_candidate_alive_end_r = np.zeros(self.pop.C, dtype=np.bool)
        is_candidate_alive_end_r[c] = True
        for r in range(self.pop.C - 2, -1, -1):
            self._mylogv("CM_aux_fast: Round r =", r, 3)
            least_nb_manipulators_for_r = np.inf
            # We look for a candidate with which round r was easy
            for d in range(self.pop.C):
                if is_candidate_alive_end_r[d]:
                    continue
                self._mylogv("CM_aux_fast: Try to add d =", d, 3)
                is_candidate_alive_begin_r = np.copy(is_candidate_alive_end_r)
                is_candidate_alive_begin_r[d] = True
                scores_s = np.zeros(self.pop.C)
                scores_s[is_candidate_alive_begin_r] = - np.sum(np.equal(
                    preferences_borda_s[:, is_candidate_alive_begin_r],
                    np.min(preferences_borda_s[:, is_candidate_alive_begin_r],
                           1)[:, np.newaxis]
                ), 0)
#                self._mylogv("CM_AUX: scores_s =", scores_s, 3)
                normal_loser = np.where(
                    scores_s == np.min(scores_s)
                )[0][-1]  # Tie-breaking
                nb_manip_d = max(0,
                                 scores_s[d] - scores_s[normal_loser] + 
                                 (d < normal_loser)
                                 )
                self._mylogv("CM_aux_fast: nb_manip_d =", nb_manip_d, 3)
                if nb_manip_d < least_nb_manipulators_for_r:
                    least_nb_manipulators_for_r = nb_manip_d
                    best_d = d
            self._mylogv("CM_aux_fast: best_d =", best_d, 3)
            # Update variables for previous round
            nb_manipulators_used = max(nb_manipulators_used, 
                                       least_nb_manipulators_for_r)
            if nb_manipulators_used > n_max:
                self._mylogv("CM_aux_fast: Conclusion: nb_manipulators_used =", 
                             np.inf, 3)
                return np.inf
            is_candidate_alive_end_r[best_d] = True
            
        self._mylogv("CM_aux_fast: Conclusion: nb_manipulators_used =", 
                     nb_manipulators_used, 3)
        return nb_manipulators_used

    def _CM_aux_exact(self, c, n_max, preferences_borda_s):
        """Exact algorithm used for IM and CM (which is equivalent to UM)
        
        Arguments:
        c -- Integer. Candidate for which we want to manipulate.
        n_max -- Integer. Maximum number of manipulators allowed.
            IM --> put 1.
            CM, complete and exact --> put the current value of 
                sufficient_coalition_size[c] - 1 (we want to find the best 
                value for sufficient_coalition_size[c], even if it exceeds the 
                number of manipulators)
            CM, otherwise --> put the number of manipulators.
        preferences_borda_s -- 2d integer. Preferences of the sincere voters
            (in Borda format).

        Returns:
        n_manip_exact -- Integer or +inf. 
            If a manipulation is found with n_max manipulators or less,
            the minimal sufficient number of manipulators is returned.
            Otherwise, it is +inf.
        """
        # Explore subsets that are reachable with less than the
        # upper bound.
        # situations_end_r is a dictionary.
        # keys: is_candidate_alive_end_r, tuple of booleans. 
        # values: nb_manip_used_after_r, number of manipulators used after 
        #   round d to go from situation is_candidate_alive_end_r to the
        #   singleton c.
        # Example: (1,1,0,1,0):3 means that if we have candidates 0, 1 and 3, 
        # we need 3 manipulators to make c win at the end.
        situations_end_r = {tuple(np.array(range(self.pop.C)) == c): 0}
        situations_begin_r = {}
        for r in range(self.pop.C - 2, -1, -1):
            self._mylogv("CM_aux_exact: Round r =", r, 3)
            situations_begin_r = {}
            for is_candidate_alive_end_r, nb_manip_used_after_r in \
                    situations_end_r.items():
                self._mylogv("CM_aux_exact: is_candidate_alive_end_r =", 
                             is_candidate_alive_end_r, 3)
                self._mylogv("CM_aux_exact: nb_manip_used_after_r =", 
                             nb_manip_used_after_r, 3)
                for d in range(self.pop.C):
                    if is_candidate_alive_end_r[d]:
                        continue
                    self._mylogv("CM_aux_exact: d =", d, 3)
                    is_candidate_alive_begin_r = np.copy(
                        is_candidate_alive_end_r)
                    is_candidate_alive_begin_r[d] = True
                    scores_s = np.zeros(self.pop.C)
                    scores_s[is_candidate_alive_begin_r] = - np.sum(np.equal(
                        preferences_borda_s[:, is_candidate_alive_begin_r],
                        np.min(
                            preferences_borda_s[:, is_candidate_alive_begin_r],
                            1)[:, np.newaxis]
                    ), 0)
#                    self._mylogv("scores_s =", scores_s, 3)
                    normal_loser = np.where(
                        scores_s == np.nanmin(scores_s)
                    )[0][-1]  # Tie-breaking
                    nb_manip_r = max(
                        scores_s[d] - scores_s[normal_loser] +
                        (d < normal_loser),
                        0
                    )
                    self._mylogv("CM_aux_exact: nb_manip_r =", nb_manip_r, 3)
                    nb_manip_r_and_after = max(nb_manip_r, 
                                               nb_manip_used_after_r)
                    if nb_manip_r_and_after > n_max:
                        continue
                    if tuple(is_candidate_alive_begin_r) in \
                            situations_begin_r:
                        situations_begin_r[
                            tuple(is_candidate_alive_begin_r)
                        ] = min(
                            situations_begin_r[
                                tuple(is_candidate_alive_begin_r)],
                            nb_manip_r_and_after
                        )
                    else:
                        situations_begin_r[tuple(
                            is_candidate_alive_begin_r)] = nb_manip_r_and_after
            self._mylogv("CM_aux_exact: situations_begin_r =",
                         situations_begin_r, 3)
            if len(situations_begin_r) == 0:
                self._mylog("CM_aux_exact: Manipulation is impossible with " + 
                            "n_max manipulators.", 3)
                return np.inf  # By convention
            situations_end_r = situations_begin_r
        else:
            self._mylogv("CM_aux_exact: situations_begin_r:",
                         situations_begin_r, 3)
            is_candidate_alive_begin, nb_manip_used = \
                situations_begin_r.popitem()
            self._mylogv("CM_aux_exact: is_candidate_alive_begin:", 
                         is_candidate_alive_begin, 3)
            self._mylogv("CM_aux_exact: Conclusion: "
                         "nb_manip_used_new =",
                         nb_manip_used, 3)
        return nb_manip_used
        
    #%% Individual manipulation (IM)

    def _IM_main_work_v(self, v, c_is_wanted,
                        nb_wanted_undecided, stop_if_true):
        preferences_borda_s = self.pop.preferences_borda_rk[
            np.array(range(self.pop.V)) != v, :]
        for c in range(self.pop.C):
            if not c_is_wanted[c]:
                continue
            if not np.isneginf(self._v_IM_for_c[v, c]):
                continue
            self._mylogv('IM: Candidate c =', c, 3)
            n_manip_fast = self._CM_aux_fast(
                c, n_max=1,
                preferences_borda_s=preferences_borda_s)
            self._mylogv("IM: Fast: n_manip_fast =", n_manip_fast, 3)
            if n_manip_fast <= 1:
                self._v_IM_for_c[v, c] = True
                self._candidates_IM[c] = True
                self._voters_IM[v] = True
                self._is_IM = True
                if stop_if_true:
                    return
                continue
            if self.IM_option != 'exact':
                self._v_IM_for_c[v, c] = np.nan
                continue
            n_manip_exact = self._CM_aux_exact(
                c, n_max=1,
                preferences_borda_s=preferences_borda_s)
            self._mylogv("IM: Exact: n_manip_exact =", n_manip_exact, 3)
            if n_manip_exact <= 1:
                self._v_IM_for_c[v, c] = True
                self._candidates_IM[c] = True
                self._voters_IM[v] = True
                self._is_IM = True
                if stop_if_true:
                    return
            else:
                self._v_IM_for_c[v, c] = False

    #%% Trivial Manipulation (TM)

    # Use the generic methods from class Election.

    #%% Unison manipulation (UM)

    def UM(self):
        """Unison manipulation, incomplete mode.

        Returns:
        is_UM -- Boolean (or NaN). True if UM is possible, False otherwise. If
            the algorithm cannot decide, then NaN.
        log_UM -- String. Parameters used to compute UM.
        """
        return self.CM()

    def UM_c(self, c):
        """Unison manipulation, focus on one candidate.

        Arguments:
        c -- Integer. The candidate for whom we want to manipulate.

        Returns:
        is_UM_c -- Boolean (or NaN). True if UM for candidate c is possible,
            False otherwise. If the algorithm cannot decide, then NaN.
        log_UM -- String. Parameters used to compute UM.
        """
        return self.CM_c(c)

    def UM_with_candidates(self):
        """Unison manipulation, complete mode.

        We say that a situation is unison-manipulable for a candidate c != w
        iff all voters who prefer c to the sincere winner w can cast the SAME
        ballot so that c is elected (while other voters still vote sincerely).

        Returns:
        is_UM -- Boolean (or NaN). True if UM is possible, False otherwise. If
            the algorithm cannot decide, then NaN.
        log_UM -- String. Parameters used to compute UM.
        candidates_UM -- 1d array of booleans (or NaN). candidates_UM[c]
            is True if UM for candidate c is possible, False otherwise. If
            the algorithm cannot decide, then NaN. By convention,
            candidates_UM[w] = False.
        """
        return self.CM_with_candidates()

    #%% Ignorant-Coalition Manipulation (ICM)

    # The voting system meets IgnMC_c_ctb: hence, general methods are exact.

    #%% Coalition Manipulation (CM)

    def _CM_main_work_c(self, c, optimize_bounds):
        n_m = self.pop.matrix_duels_ut[c, self.w]
        exact = (self.CM_option == "exact")
        if optimize_bounds and exact:
            n_max = self._sufficient_coalition_size_CM[c] - 1
        else:
            n_max = n_m
        self._mylogv("CM: n_max =", n_max, 3)
        if not exact and self._necessary_coalition_size_CM[c] > n_max:
            self._mylog("CM: Fast algorithm will not do better than " +
                        "what we already know", 3)
            return
        n_manip_fast = self._CM_aux_fast(
            c, n_max,
            preferences_borda_s=self.pop.preferences_borda_rk[
                np.logical_not(self.v_wants_to_help_c[:, c]), :]
        )
        self._mylogv("CM: n_manip_fast =", n_manip_fast, 3)
        self._update_sufficient(
            self._sufficient_coalition_size_CM, c, n_manip_fast,
            'CM: Update sufficient_coalition_size_CM =')
        if not exact:
            # With fast algo, we stop here anyway. It is not a "quick escape"
            # (if we'd try again with optimize_bound, we would not try better).
            return    

        # From this point, we have necessarily the 'exact' option
        if self._sufficient_coalition_size_CM[c] == (
                self._necessary_coalition_size_CM[c]):
            return
        if not optimize_bounds and (
                n_m >= self._sufficient_coalition_size_CM[c]):
            # This is a quick escape: since we have the option 'exact', if 
            # we come back with optimize_bound, we will try to be more precise.
            return True
        # Either we're in complete (and might have succeeded), or we in
        # incomplete mode (and we have failed)
        n_max_updated = min(n_manip_fast - 1, n_max)
        self._mylogv("CM: n_max_updated =", n_max_updated, 3)
        n_manip_exact = self._CM_aux_exact(
            c, n_max_updated,
            preferences_borda_s=self.pop.preferences_borda_rk[
                np.logical_not(self.v_wants_to_help_c[:, c]), :])
        self._mylogv("CM: n_manip_exact =", n_manip_exact)
        n_manip = min(n_manip_fast, n_manip_exact)
        self._mylogv("CM: n_manip =", n_manip, 3)
        self._update_sufficient(
            self._sufficient_coalition_size_CM, c, n_manip,
            'CM: Update sufficient_coalition_size_CM =')
        # Update necessary coalition and return
        if optimize_bounds:
            self._necessary_coalition_size_CM[c] = (
                self._sufficient_coalition_size_CM[c])
            return False
        else:
            if n_m >= n_manip:
                # We have optimized the size of the coalition.
                self._necessary_coalition_size_CM[c] = (
                    self._sufficient_coalition_size_CM[c])
                return False
            else:
                # We have explored everything with n_max = n_m but 
                # manipulation failed. However, we have not optimized
                # sufficient_size (which must be higher than n_m), so it
                # is a quick escape.
                self._update_necessary(
                    self._necessary_coalition_size_CM, c, n_m + 1,
                    'CM: Update necessary_coalition_size_CM = n_m + 1 ='
                )
                return True



if __name__ == '__main__':
    # A quick demo
    preferences_utilities = np.random.randint(-5, 5, (10, 5))
    pop = Population(preferences_utilities)
    election = Coombs(pop)
    election.CM_option = 'exact'
    election.demo(log_depth=3)
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  Source code for svvamp.VotingSystems.TwoRound

# -*- coding: utf-8 -*-
"""
Created on Wed Oct  8 18:08:10 2014
Copyright François Durand 2014, 2015
fradurand@gmail.com

This file is part of SVVAMP.

    SVVAMP is free software: you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation, either version 3 of the License, or
    (at your option) any later version.

    SVVAMP is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License
    along with SVVAMP.  If not, see <http://www.gnu.org/licenses/>.
"""

import numpy as np

from svvamp.VotingSystems.Election import Election
from svvamp.VotingSystems.TwoRoundResult import TwoRoundResult
from svvamp.Preferences.Population import Population


[docs]class TwoRound(TwoRoundResult, Election):
    """Two Round System.

    Inherits functions and optional parameters from superclasses
    :class:`~svvamp.ElectionResult` and :class:`~svvamp.Election`.

    :Example:

    >>> import svvamp
    >>> pop = svvamp.PopulationSpheroid(V=100, C=5)
    >>> election = svvamp.TwoRound(pop)

    Two rounds are actually held, which means that manipulators can change
    their vote between the first and second round. Hence for
    :attr:`~svvamp.Population.C` = 3, this voting system is equivalent to
    :class:`~svvamp.ExhaustiveBallot` (not :class:`~svvamp.IRV`).
    
    In case of a tie, candidates with lowest index are privileged.

    :meth:`~svvamp.Election.not_IIA`: Non-polynomial
    or non-exact algorithms from superclass :class:`~svvamp.Election`.

    :meth:`~svvamp.Election.CM`,
    :meth:`~svvamp.Election.ICM`,
    :meth:`~svvamp.Election.IM`,
    :meth:`~svvamp.Election.TM`,
    :meth:`~svvamp.Election.UM`: Exact in polynomial time.
    """
    
    _layout_name = 'Two Round'
    _options_parameters = Election._options_parameters.copy()
    _options_parameters.update(TwoRoundResult._options_parameters)
    _options_parameters['IM_option'] = {'allowed': ['exact'],
                                        'default': 'exact'}
    _options_parameters['TM_option'] = {'allowed': ['exact'],
                                        'default': 'exact'}
    _options_parameters['UM_option'] = {'allowed': ['exact'],
                                        'default': 'exact'}
    _options_parameters['ICM_option'] = {'allowed': ['exact'],
                                           'default': 'exact'}
    _options_parameters['CM_option'] = {'allowed': ['exact'],
                                        'default': 'exact'}

    def __init__(self, population, **kwargs):
        super().__init__(population, **kwargs)
        self._log_identity = "TWO_ROUND"
        self._class_result = TwoRoundResult
        self._with_two_candidates_reduces_to_plurality = True
        self._is_based_on_rk = True
        self._meets_majority_favorite_c_rk_ctb = True
        self._precheck_UM = False
        self._precheck_TM = False
        self._precheck_ICM = False

    #%% Individual manipulation (IM)
            
    def _compute_IM(self, mode, c=None):
        """Compute IM: is_IM, candidates_IM, _voters_IM and v_IM_for_c.

        For Two Round, since calculation is not so expensive, we compute
        everything, even if complete_mode = False.
        """
        self._mylog("Compute IM", 1)
        self._IM_was_computed_with_candidates = True
        self._IM_was_computed_with_voters = True
        self._IM_was_computed_full = True
        self._v_IM_for_c = np.zeros((self.pop.V, self.pop.C))
        self._candidates_IM = np.zeros(self.pop.C)
        self._voters_IM = np.zeros(self.pop.V)
        self._is_IM = False
        # First, let us note y the opponent of w at second round (in sincere
        # voting). If the second round is held with w and y, then IM is
        # impossible. Indeed, if v prefers y to w, then she cannot do better
        # than her sincere voting.
        # At first round, when v removes her sincere vote, a candidate z,
        # either w or y, has the highest score (indeed, only one of them might
        # lose 1 point). Whatever v's strategic vote, z will be selected for
        # the second round (either as first selected or second selected). The
        # only thing v can do is choose z's opponent, another candidate
        # called c_test. For that, the best she can do is vote for this c_test.
        # If z = w, then choosing c_test = y is not interesting, because it
        # leads to a second round (w, y), not interesting as we noticed.
        # If z = y, then choosing c_test = w is not interesting for the same
        # reason.
        # So, the only votes that v should consider for first round are
        # candidates c_test that are not w or y.
        # In second round, several things can happen, like a duel between
        # y and c_test for example. Both candidates might be interesting for
        # the manipulator.
        #
        # Below, c_test is not the candidate v wants to get elected, but the
        # candidate that she wants to push to second round.
        for c_test in range(self.pop.C):
            if c_test == self.selected_one or c_test == self.selected_two:
                continue
            if (self.scores[0, self.selected_two] - 1 +
                    (self.selected_two < c_test) >
                    self.scores[0, c_test] + 1):
                # c_test cannot go to second round at all
                continue
            for v in range(self.pop.V):
                # First round
                scores_first_temp = np.copy(self.scores[0, :])
                scores_first_temp[self.ballots[v, 0]] -= 1
                scores_first_temp[c_test] += 1
                selected_one_m = np.argmax(scores_first_temp)
                scores_first_temp[selected_one_m] = -1
                selected_two_m = np.argmax(scores_first_temp)
                # Second round
                score_one_without_v = self.pop.matrix_duels_rk[
                    selected_one_m, selected_two_m]
                score_two_without_v = self.pop.matrix_duels_rk[
                    selected_two_m, selected_one_m]
                if (self.pop.preferences_borda_rk[v, selected_one_m] >
                        self.pop.preferences_borda_rk[v, selected_two_m]):
                    score_one_without_v -= 1
                else:
                    score_two_without_v -= 1
                # Conclusions
                if (self.v_wants_to_help_c[v, selected_one_m] and
                        score_one_without_v + 1 +
                        (selected_one_m < selected_two_m) >
                        score_two_without_v):
                    self._v_IM_for_c[v, selected_one_m] = True
                    self._candidates_IM[selected_one_m] = True
                    self._voters_IM[v] = True
                    self._is_IM = True
                    continue
                if (self.v_wants_to_help_c[v, selected_two_m] and
                        score_two_without_v + 1 +
                        (selected_two_m < selected_one_m) >
                        score_one_without_v):
                    self._v_IM_for_c[v, selected_two_m] = True
                    self._candidates_IM[selected_two_m] = True
                    self._voters_IM[v] = True
                    self._is_IM = True

    def _compute_IM_v(self, v, c_is_wanted, stop_if_true):
        self._compute_IM(mode='', c=None)

    #%% Trivial Manipulation (TM)

    # Use the general methods.

    #%% Unison manipulation (UM)

    def _UM_main_work_c(self, c):
        n_m = self.pop.matrix_duels_ut.astype(int)[c, self.w]
        n_s = self.pop.V - n_m
        ballots_first_round_s = self.ballots[
            np.logical_not(self.v_wants_to_help_c[:, c]), 0]
        scores_first_round_s = np.bincount(ballots_first_round_s,
                                           minlength=self.pop.C)
        scores_temp = np.copy(scores_first_round_s)
        selected_one_s = np.argmax(scores_temp)
        scores_temp[selected_one_s] = -1
        selected_two_s = np.argmax(scores_temp)
        if c != selected_one_s:
            # Then c is either selected_two_s or another candidate.
            # After unison manipulation, selected_one_s will go to second
            # round anyway (either as first or second selected). So the only
            # interesting strategy at first round is to vote for c.
            # In that case, UM is equivalent to TM.
            # N.B.: the following 'if' is also correct when selected_two_s = c.
            if scores_first_round_s[c] + n_m < scores_first_round_s[
                    selected_two_s] + (selected_two_s < c):
                # c cannot go to second round
                self._candidates_UM[c] = False
                return
            # Second round
            d = selected_one_s
            d_vs_c = np.sum(
                self.pop.preferences_borda_rk[
                    np.logical_not(self.v_wants_to_help_c[:, c]), d] >
                self.pop.preferences_borda_rk[
                    np.logical_not(self.v_wants_to_help_c[:, c]), c])
            c_vs_d = n_s - d_vs_c
            if c_vs_d + n_m < d_vs_c + (d < c):
                self._candidates_UM[c] = False
                return
            else:
                self._candidates_UM[c] = True
                return
        # Now we know that c is selected_one_s. So, manipulators can try to
        # choose c's opponent for second round.
        # d will be any possible opponent of c during the second round.
        for d in range(self.pop.C):
            # First round
            # N.B.: the following 'if' is also correct when selected_two_s = d.
            if scores_first_round_s[d] + n_m < scores_first_round_s[
                    selected_two_s] + (selected_two_s < c):
                # d cannot go to second round
                continue
            # Second round
            d_vs_c = np.sum(
                self.pop.preferences_borda_rk[
                    np.logical_not(self.v_wants_to_help_c[:, c]), d] >
                self.pop.preferences_borda_rk[
                    np.logical_not(self.v_wants_to_help_c[:, c]), c])
            c_vs_d = n_s - d_vs_c
            if c_vs_d + n_m < d_vs_c + (d < c):
                self._candidates_UM[c] = False
                return
            else:
                self._candidates_UM[c] = True
                return

    #%% Ignorant-Coalition Manipulation (ICM)

    # Use the general methods.

    #%% Coalition Manipulation (CM)

    def _CM_main_work_c(self, c, optimize_bounds):
        n_s = self.pop.V - self.pop.matrix_duels_ut.astype(int)[c, self.w]
        ballots_first_round_s = self.ballots[
            np.logical_not(self.v_wants_to_help_c[:, c]), 0]
        scores_first_round_s = np.bincount(ballots_first_round_s,
                                           minlength=self.pop.C)
        # d will be any possible opponent of c during the second round
        for d in range(self.pop.C):
            if d == c:
                continue
            # First round.
            if self.pop.C == 2:
                n_m_first = 0
            else:
                # Besides d and c, which candidate has the best score?
                scores_temp = np.copy(scores_first_round_s)
                scores_temp[d] = -1
                scores_temp[c] = -1
                e = np.argmax(scores_temp)
                n_m_first = (
                    max(0,
                        scores_first_round_s[e] - scores_first_round_s[c] + (
                        e < c)) +
                    max(0,
                        scores_first_round_s[e] - scores_first_round_s[d] + (
                        e < d))
                )
            # Second round.
            d_vs_c = np.sum(
                self.pop.preferences_borda_rk[
                    np.logical_not(self.v_wants_to_help_c[:, c]), d] > 
                self.pop.preferences_borda_rk[
                    np.logical_not(self.v_wants_to_help_c[:, c]), c])
            c_vs_d = n_s - d_vs_c
            n_m_second = max(0, d_vs_c - c_vs_d + (d < c))
            # Conclude: how many manipulators are needed?
            self._update_sufficient(
                self._sufficient_coalition_size_CM, c,
                max(n_m_first, n_m_second),
                'CM: Update sufficient_coalition_size_CM[c] ='
            )
            if self._sufficient_coalition_size_CM[c] == \
                    self._necessary_coalition_size_CM[c]:
                return
        self._necessary_coalition_size_CM[c] = (
            self._sufficient_coalition_size_CM[c])



if __name__ == '__main__':
    # A quick demo
    preferences_utilities = np.random.randint(-5, 5, (8, 4))
    pop = Population(preferences_utilities)
    election = TwoRound(pop)
    election.demo(log_depth=3)
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  Source code for svvamp.Preferences.PopulationSpheroid

# -*- coding: utf-8 -*-
"""
Created on oct. 30, 2014, 19:07 
Copyright François Durand 2014, 2015
fradurand@gmail.com

This file is part of SVVAMP.

    SVVAMP is free software: you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation, either version 3 of the License, or
    (at your option) any later version.

    SVVAMP is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License
    along with SVVAMP.  If not, see <http://www.gnu.org/licenses/>.
"""

import itertools

import numpy as np

from svvamp.Preferences.Population import Population


[docs]class PopulationSpheroid(Population):


    _layout_name = 'Spheroid'

    def __init__(self, V, C, stretching=1):
        """Population with 'Spheroid' model.

        :param V: Integer. Number of voters.
        :param C: Integer. Number of candidates.
        :param stretching: Number between 0 and ``numpy.inf`` (both included).

        :return: A :class:`~svvamp.Population` object.

        The utility vector of each voter is drawn independently and uniformly
        on a sphere in :math:`\\mathbb{R}^C`. Then, it is sent on the spheroid
        that is the image of the sphere by a dilatation of factor
        ``stretching`` in direction [1, ..., 1]. Cf. working paper Durand et
        al. 'Geometry on the Utility Sphere'.

        The ordinal part of this distribution is the Impartial Culture.

        The parameter ``stretching`` has only influence on voting systems
        based on utilities, especially Approval voting.

            * ``stretching = 0``: pure Von Neumann-Morgenstern utility,
              normalized to :math:`\\sum_c u_v(c) = 0` (spherical model
              with ``C-2`` dimensions).
            * ``stretching = 1``: spherical model with ``C-1`` dimensions.
            * ``stretching = inf``: axial/cylindrical model with only two
              possible values, all-approval [1, ..., 1] and all-reject
              [-1, ..., -1].

        N.B.: This model gives the same probability distribution as a Von
        Mises-Fisher with concentration = 0.
        """
        # Step 1: spherical distribution
        preferences_utilities = np.random.randn(V, C)
        preferences_utilities = preferences_utilities / np.sqrt(np.sum(
            preferences_utilities**2, 1))[:, np.newaxis]

        # Step 2: apply stretching
        # This are not really different cases: same formula up to a factor
        # 'stretching', which has no impact since we work in a projective
        # space. This distinction is only used to deal with stretching close
        # or equal to 0 or infinity.
        # Matrix of the transformation is (up to a multiplicative factor):
        # (Id - 1/C J) + stretching * 1/C J,
        # where 1/C J is the orthogonal projection on diagonal (1, ..., 1)
        # and (Id - 1/C J) is the projection on its orthogonal hyperplane.
        if stretching < 1:
            preferences_utilities = (
                preferences_utilities +
                np.sum(preferences_utilities, 1)[
                    :, np.newaxis] * (stretching - 1) / C)
        elif stretching > 1:
            preferences_utilities = (
                preferences_utilities / stretching +
                np.sum(preferences_utilities, 1)[
                    :, np.newaxis] * (1 - 1/stretching) / C)
        log_creation = ['Spheroid', C, V,
                        'Stretching', stretching]
        super().__init__(preferences_ut=preferences_utilities,
                         log_creation=log_creation)

    @staticmethod
    def iterator(C, V, culture_parameters, nb_populations):
        for i in range(nb_populations):
            yield PopulationSpheroid(V=V, C=C, **culture_parameters)

    @staticmethod
    def meta_iterator(C_list, V_list, culture_parameters_list, nb_populations):
        for C, V, culture_parameters in itertools.product(
                C_list, V_list, culture_parameters_list):
            log_csv = ['Spheroid',
                       'Stretching', culture_parameters['stretching']]
            log_print = ('Spheroid, V = ' + str(V) + ', C = ' + str(C) +
                         ', stretching = ' +
                         format(culture_parameters['stretching']))
            yield log_csv, log_print, PopulationSpheroid.iterator(
                C, V, culture_parameters, nb_populations)


if __name__ == '__main__':
    # A quick demo
    pop = PopulationSpheroid(V=100, C=4, stretching=1)
    pop._labels_candidates = ['1','2','3','4']
    pop.demo()
    # pop.plot3(normalize=False)
    # pop.plot3()
    pop.plot4()
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  Source code for svvamp.Preferences.PopulationVMFHypersphere

# -*- coding: utf-8 -*-
"""
Created on oct. 31, 2014, 10:59 
Copyright François Durand 2014, 2015
fradurand@gmail.com

This file is part of SVVAMP.

    SVVAMP is free software: you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation, either version 3 of the License, or
    (at your option) any later version.

    SVVAMP is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License
    along with SVVAMP.  If not, see <http://www.gnu.org/licenses/>.
"""

import itertools

import numpy as np

from svvamp.Preferences.Population import Population
from svvamp.Preferences.PopulationVMFAux import population_vmf_aux


[docs]class PopulationVMFHypersphere(Population):


    _layout_name = 'Von Mises-Fisher on C-1-sphere'

    def __init__(self, V, C, vmf_concentration, vmf_probability=None,
                 vmf_pole=None, stretching=1):
        """Population drawn with Von Mises-Fisher distributions on the
        C-1-sphere

        :param V: Integer. Number of voters.
        :param C: Integer. Number of candidates.
        :param stretching: Number between 0 and ``numpy.inf`` (both included).
        :param vmf_concentration: 1d array. Let us note ``k`` its size (number
            of 'groups'). ``vmf_concentration[i]`` is the VMF concentration of
            group ``i``.
        :param vmf_probability: 1d array. ``vmf_probability[i]`` is the
            probability, for a voter, to be in group ``i`` (up to
            normalization). If None, then groups have equal probabilities.
        :param vmf_pole: 2d array of size ``(k, C)``. ``vmf_pole[i, :]`` is the
            pole of the VMF distribution for group ``i``.

        :return: A :class:`~svvamp.Population` object.

        For each voter ``c``, we draw a group ``i`` at random, according to
        ``vmf_probability`` (normalized beforehand if necessary). Then, ``v``'s
        utility vector is drawn according to a Von Mises-Fisher distribution
        of pole ``vmf_pole[i, :]`` and concentration ``vmf_concentration[i]``,
        using Ulrich's method modified by Wood.

        Once group ``i`` is chosen, then up to a normalization constant, the
        density of probability for a unit vector ``x`` is
        ``exp(vmf_concentration[i] vmf.pole[i, :].x)``,
        ``where vmf.pole[i, :].x`` is a dot product.

        Then, ``v``'s utility vector is sent onto the spheroid that is the
        image of the sphere by a dilatation of factor ``stretching`` along the
        direction [1, ..., 1]. For example, if ``stretching = 1``, we stay on
        the unit sphere of :math:`\\mathbb{R}^C`. Cf. working paper Durand et
        al. 'Geometry on the Utility Sphere'.

        N.B.: if ``stretching != 1``, it amounts to move the poles. For
        example, if the pole [1, 0, 0, 0] is given and ``stretching = 0``,
        then the actual pole will be [0.75, - 0.25, - 0.25, - 0.25]
        (up to a multiplicative constant).

        poles are normalized before being used. So, the only source of
        concentration for group ``i`` is ``vmf_concentration[i]``, not the
        norm of ``vmf_pole[i]``. If ``vmf_pole`` is ``None``, then each pole
        is drawn independently and uniformly on the sphere.

        References:

            Ulrich (1984) - Computer Generation of Distributions on the m-Sphere

            Wood (1994) - Simulation of the von Mises Fisher distribution
        """
        # Ensure that _vmf_concentration is an np.array
        # Compute k, its size.
        self._log_depth = 0
        self._log_identity = "Population_VMF_Hypersphere"
        if (isinstance(vmf_concentration, list) or
                isinstance(vmf_concentration, np.ndarray)):
            _vmf_concentration = np.array(vmf_concentration)
        else:
            _vmf_concentration = np.array([vmf_concentration])
        k = len(_vmf_concentration)
        self._mylogv('_vmf_concentration =', _vmf_concentration, 3)
        self._mylogv('k =', k, 3)
        # Ensure that _vmf_probability is an np.array
        # Ensure that it is normalized.
        if vmf_probability is None:
            _vmf_probability = np.full(k, 1/k)
        elif (isinstance(vmf_probability, list) or
                isinstance(vmf_probability, np.ndarray)):
            _vmf_probability = np.array(vmf_probability) / np.sum(
                vmf_probability)
        else:
            _vmf_probability = np.array([1])
        self._mylogv('_vmf_probability =', _vmf_probability, 3)
        # Ensure that _vmf_pole is a 2d array
        # Not necessary to normalize, it is done in population_vmf_aux.
        if vmf_pole is None:
            _vmf_pole = np.random.randn(k, C)
        else:
            _vmf_pole = np.array(vmf_pole)
            if _vmf_pole.ndim == 1:
                _vmf_pole = _vmf_pole[np.newaxis, :]
        self._mylogv('_vmf_pole =', _vmf_pole, 3)

        # Compute the number of voters in each group
        group_v = np.random.choice(
            k, size=V, replace=True, p=_vmf_probability)
        cardinal_group_i = np.bincount(group_v, minlength=k)
        cum_cardinal_i = np.concatenate(([0], np.cumsum(cardinal_group_i)))
        self._mylogv('cardinal_group_i =', cardinal_group_i, 3)
        self._mylogv('cum_cardinal_i =', cum_cardinal_i, 3)
        # Use Von-Mises Fisher
        preferences_utilities = np.zeros((V, C))
        for i in range(k):
            preferences_utilities[cum_cardinal_i[i]:cum_cardinal_i[i+1], :] = (
                population_vmf_aux(C=C, V=cardinal_group_i[i],
                                   concentration=_vmf_concentration[i],
                                   pole=_vmf_pole[i, :]))
        # Apply stretching
        # Cf. comments in PopulationSpheroid
        if stretching < 1:
            preferences_utilities = (
                preferences_utilities +
                np.sum(preferences_utilities, 1)[
                    :, np.newaxis] * (stretching - 1) / C)
        elif stretching > 1:
            preferences_utilities = (
                preferences_utilities / stretching +
                np.sum(preferences_utilities, 1)[
                    :, np.newaxis] * (1 - 1/stretching) / C)
        # Conclude
        log_creation = ['VMFHypersphere', C, V,
                        'VMF Concentration', vmf_concentration,
                        'VMF Probability', vmf_probability,
                        'VMF Pole', vmf_pole,
                        'Stretching', stretching]
        super().__init__(preferences_ut=preferences_utilities,
                         log_creation=log_creation)

    @staticmethod
    def iterator(C, V, culture_parameters, nb_populations):
        for i in range(nb_populations):
            yield PopulationVMFHypersphere(V=V, C=C, **culture_parameters)

    @staticmethod
    def meta_iterator(C_list, V_list, culture_parameters_list, nb_populations):
        for C, V, culture_parameters in itertools.product(
                C_list, V_list, culture_parameters_list):
            log_csv = [
                'VMFHypersphere',
                'VMF Concentration', culture_parameters['vmf_concentration'],
                'VMF Probability', culture_parameters['vmf_probability'],
                'VMF Pole', culture_parameters['vmf_pole'],
                'Stretching', culture_parameters['stretching']
            ]
            log_print = (
                'VMFHypersphere, V = ' + str(V) + ', C = ' + str(C) +
                ', vmf_concentration = ' +
                format(culture_parameters['vmf_probability']) +
                ', vmf_probability = ' +
                format(culture_parameters['vmf_probability']) +
                ', vmf_pole = ' + format(culture_parameters['vmf_pole']) +
                ', stretching = ' + format(culture_parameters['stretching'])
            )
            yield log_csv, log_print, PopulationVMFHypersphere.iterator(
                C, V, culture_parameters, nb_populations)


if __name__ == '__main__':
    # A quick demo
    pop = PopulationVMFHypersphere(
        V=1000, C=4,
        vmf_concentration=[50, 50],
        vmf_probability=None,
        vmf_pole=[[2, -2, 0, 1], [0, 0, 1, 0]],
        stretching=1)
    pop.demo()
    pop.plot3()
    pop.plot4()
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  Source code for svvamp.VotingSystems.RankedPairs

# -*- coding: utf-8 -*-
"""
Created on Wed Oct  8 11:36:03 2014
Copyright François Durand 2014, 2015
fradurand@gmail.com

This file is part of SVVAMP.

    SVVAMP is free software: you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation, either version 3 of the License, or
    (at your option) any later version.

    SVVAMP is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License
    along with SVVAMP.  If not, see <http://www.gnu.org/licenses/>.
"""

from svvamp.VotingSystems.Election import Election
from svvamp.VotingSystems.RankedPairsResult import RankedPairsResult
from svvamp.Preferences.Population import Population


[docs]class RankedPairs(RankedPairsResult, Election):
    """Tideman's Ranked Pairs.
    
    Inherits functions and optional parameters from superclasses
    :class:`~svvamp.ElectionResult` and :class:`~svvamp.Election`.

    :Example:

    >>> import svvamp
    >>> pop = svvamp.PopulationSpheroid(V=100, C=5)
    >>> election = svvamp.RankedPairs(pop)

    In the matrix of duels :attr:`~svvamp.Population.matrix_duels_rk`,
    victories (and ties) are sorted by decreasing amplitude. If two duels
    have the same score, we take first the one where the winner has the
    smallest index; if there is still a choice to make, we take first the
    duel where the loser has the highest index.
    
    Starting with the largest victory, we build a directed graph whose 
    nodes are the candidates and edges are victories. But if a victory
    creates a cycle in the graph, it is not validated and the edge is not
    added.
    
    At the end, we has a transitive connected directed graph, whose adjacency
    relation is included in the relation of victories (with ties broken), 
    :attr:`~svvamp.Population.matrix_victories_rk_ctb`. The maximal node of
    this graph (by topological order) is declared the winner.

    This method meets the Condorcet criterion.

    :meth:`~svvamp.Election.CM`: Deciding CM is NP-complete. Non-polynomial
    or non-exact algorithms from superclass :class:`~svvamp.Election`.

    :meth:`~svvamp.Election.ICM`: Exact in polynomial time.

    :meth:`~svvamp.Election.IM`: Deciding IM is NP-complete. Non-polynomial
    or non-exact algorithms from superclass :class:`~svvamp.Election`.

    :meth:`~svvamp.Election.not_IIA`: Exact in polynomial time.

    :meth:`~svvamp.Election.TM`: Exact in polynomial time.

    :meth:`~svvamp.Election.UM`: Non-polynomial or non-exact algorithms from
    superclass :class:`~svvamp.Election`.

    References:

        'Independence of clones as a criterion for voting rules', Nicolaus
        Tideman, 1987.

        'Complexity of Unweighted Coalitional Manipulation under Some Common
        Voting Rules', Lirong Xia et al., 2009.

        'Schulze and Ranked-Pairs Voting are Fixed-Parameter Tractable to
        Bribe, Manipulate, and Control', Lane A. Hemaspaandra, Rahman Lavaee
        and Curtis Menton, 2012.

        'A Complexity-of-Strategic-Behavior Comparison between Schulze’s Rule
        and Ranked Pairs', David Parkes and Lirong Xia, 2012.
    """
    
    _layout_name = 'Ranked Pairs'
    _options_parameters = Election._options_parameters.copy()
    _options_parameters.update(RankedPairsResult._options_parameters)
    _options_parameters['ICM_option'] = {'allowed': ['exact'],
                                           'default': 'exact'}

    def __init__(self, population, **kwargs):
        super().__init__(population, **kwargs)
        self._log_identity = "RANKED_PAIRS"
        self._class_result = RankedPairsResult
        self._with_two_candidates_reduces_to_plurality = True
        self._is_based_on_rk = True
        self._meets_Condorcet_c_rk_ctb = True
        self._precheck_ICM = False

        

if __name__ == '__main__':
    # A quick demo
    import numpy as np

    preferences_utilities = np.random.randint(-5, 5, (10, 5))
    pop = Population(preferences_utilities)
    election = RankedPairs(pop)
    election.demo(log_depth=3)
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  Source code for svvamp.VotingSystems.Nanson

# -*- coding: utf-8 -*-
"""
Created on Sun Oct  5 22:38:22 2014
Copyright François Durand 2014, 2015
fradurand@gmail.com

This file is part of SVVAMP.

    SVVAMP is free software: you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation, either version 3 of the License, or
    (at your option) any later version.

    SVVAMP is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License
    along with SVVAMP.  If not, see <http://www.gnu.org/licenses/>.
"""

from svvamp.VotingSystems.Election import Election
from svvamp.VotingSystems.NansonResult import NansonResult
from svvamp.Preferences.Population import Population


[docs]class Nanson(NansonResult, Election):
    """Nanson method.

    Inherits functions and optional parameters from superclasses
    :class:`~svvamp.ElectionResult` and :class:`~svvamp.Election`.

    :Example:

    >>> import svvamp
    >>> pop = svvamp.PopulationSpheroid(V=100, C=5)
    >>> election = svvamp.Nanson(pop)

    At each round, all candidates with a Borda score strictly lower than
    average are simultaneously eliminated. When all remaining candidates have
    the same Borda score, it means that the matrix of duels (for this subset
    of candidates) has only ties. Then the candidate with lowest index is
    declared the winner.

    Since a Condorcet winner has always a Borda score higher than average,
    Nanson method meets the Condorcet criterion.

    :meth:`~svvamp.Election.CM`: Deciding CM is NP-complete. Non-polynomial
    or non-exact algorithms from superclass :class:`~svvamp.Election`.

    :meth:`~svvamp.Election.ICM`: Exact in polynomial time.

    :meth:`~svvamp.Election.IM`: Deciding IM is NP-complete. Non-polynomial
    or non-exact algorithms from superclass :class:`~svvamp.Election`.

    :meth:`~svvamp.Election.not_IIA`: Exact in polynomial time.

    :meth:`~svvamp.Election.TM`: Exact in polynomial time.

    :meth:`~svvamp.Election.UM`: Non-polynomial or non-exact algorithms from
    superclass :class:`~svvamp.Election`.

    References:

        'Complexity of and algorithms for the manipulation of Borda,
        Nanson's and Baldwin's voting rules', Jessica Davies,
        George Katsirelos, Nina Narodytska, Toby Walsh and Lirong Xia, 2014.
    """

    _layout_name = 'Nanson'
    _options_parameters = Election._options_parameters.copy()
    _options_parameters.update(NansonResult._options_parameters)
    _options_parameters['ICM_option'] = {'allowed': ['exact'],
                                           'default': 'exact'}

    def __init__(self, population, **kwargs):
        super().__init__(population, **kwargs)
        self._log_identity = "NANSON"
        self._class_result = NansonResult
        self._with_two_candidates_reduces_to_plurality = True
        self._is_based_on_rk = True
        self._meets_Condorcet_c_rk_ctb = True
        self._precheck_ICM = False



if __name__ == '__main__':
    # A quick demo
    import numpy as np

    preferences_utilities = np.random.randint(-5, 5, (8, 4))
    pop = Population(preferences_utilities)
    election = Nanson(pop)
    election.CM_option = 'exact'
    election.demo(log_depth=3)
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  Source code for svvamp.VotingSystems.IRV

# -*- coding: utf-8 -*-
"""
Created on Thu Oct  9 13:31:30 2014
Copyright François Durand 2014, 2015
fradurand@gmail.com

This file is part of SVVAMP.

    SVVAMP is free software: you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation, either version 3 of the License, or
    (at your option) any later version.

    SVVAMP is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License
    along with SVVAMP.  If not, see <http://www.gnu.org/licenses/>.
"""

import numpy as np

from svvamp.Preferences.Population import Population
from svvamp.Preferences.Population import _Storage
from svvamp.VotingSystems.Election import Election
from svvamp.VotingSystems.Election import neginf_to_zero
from svvamp.VotingSystems.IRVResult import IRVResult
from svvamp.VotingSystems.ExhaustiveBallot import ExhaustiveBallot


[docs]class IRV(IRVResult, Election):
    """Instant-Runoff Voting (IRV). Also known as Single Transferable Voting,
    Alternative Vote, Hare method.
    
    Inherits functions and optional parameters from superclasses
    :class:`~svvamp.ElectionResult` and :class:`~svvamp.Election`.

    :Example:

        >>> import svvamp
        >>> pop = svvamp.PopulationSpheroid(V=100, C=5)
        >>> election = svvamp.IRV(pop)

    The candidate who is ranked first by least voters is eliminated. Then
    we iterate. Ties are broken in favor of lower-index candidates: in case
    of a tie, the tied candidate with highest index is eliminated.

    :meth:`~svvamp.Election.CM`: Deciding CM is NP-complete.

        * :attr:`~svvamp.Election.CM_option` = ``'fast'``:
          Polynomial heuristic. Can prove CM but unable to decide non-CM
          (except in rare obvious cases).
        * :attr:`~svvamp.Election.CM_option` = ``'slow'``:
          Rely on :class:`~svvamp.ExhaustiveBallot`'s
          exact algorithm.
          Non-polynomial heuristic (:math:`2^C`). Quite efficient to prove CM
          or non-CM.
        * :attr:`~svvamp.Election.CM_option` = ``'exact'``:
          Non-polynomial algorithm (:math:`C!`) adapted from Walsh, 2010.

    :meth:`~svvamp.Election.ICM`: Exact in polynomial time.

    :meth:`~svvamp.Election.IM`: Deciding IM is NP-complete.

        * :attr:`~svvamp.Election.IM_option` = ``'lazy'``:
          Lazy algorithm from superclass :class:`~svvamp.Election`.
        * :attr:`~svvamp.Election.IM_option` = ``'exact'``:
          Non-polynomial algorithm (:math:`C!`) adapted from Walsh, 2010.

    :meth:`~svvamp.Election.not_IIA`: Non-polynomial
    or non-exact algorithms from superclass :class:`~svvamp.Election`.

    :meth:`~svvamp.Election.TM`: Exact in polynomial time.

    :meth:`~svvamp.Election.UM`: Deciding UM is NP-complete.

        * :attr:`~svvamp.Election.UM_option` = ``'fast'``:
          Polynomial heuristic. Can prove UM but unable to decide non-UM
          (except in rare obvious cases).
        * :attr:`~svvamp.Election.UM_option` = ``'exact'``:
          Non-polynomial algorithm (:math:`C!`) adapted from Walsh, 2010.

    References:

        'Single transferable vote resists strategic voting', John J. Bartholdi
        and James B. Orlin, 1991.

        'On The Complexity of Manipulating Elections', Tom Coleman and Vanessa
        Teague, 2007.

        'Manipulability of Single Transferable Vote', Toby Walsh, 2010.

    .. seealso:: :class:`~svvamp.ExhaustiveBallot`,
                 :class:`~svvamp.IRVDuels`,
                 :class:`~svvamp.ICRV`,
                 :class:`~svvamp.CondorcetAbsIRV`.
                 :class:`~svvamp.CondorcetVtbIRV`.
    """
    # Exceptionally, for this voting system, results are stored in the 
    # Population object, so that they can be used by Condorcet-IRV.

    _layout_name = 'IRV'
    _options_parameters = Election._options_parameters.copy()
    _options_parameters.update(IRVResult._options_parameters)
    _options_parameters['UM_option'] = {'allowed': {'fast', 'exact'},
                                        'default': 'fast'}
    _options_parameters['CM_option'] = {'allowed': {'fast', 'slow', 'exact'},
                                        'default': 'fast'}
    _options_parameters['TM_option'] = {'allowed': ['exact'],
                                        'default': 'exact'}
    _options_parameters['ICM_option'] = {'allowed': {'exact'},
                                           'default': 'exact'}
    _options_parameters['fast_algo'] = {
        'allowed': {'c_minus_max', 'minus_max', 'hardest_first'},
        'default': 'c_minus_max'
    }

    def __init__(self, population, freeze_options=False, **kwargs):
        self.EB = ExhaustiveBallot(population, freeze_options=True)
        self.freeze_options = freeze_options
        super().__init__(population, **kwargs)
        self.freeze_options = False
        self._log_identity = "IRV"
        self._class_result = IRV
        self._log_depth = 0
        self._with_two_candidates_reduces_to_plurality = True
        self._is_based_on_rk = True
        self._meets_majority_favorite_c_rk_ctb = True
        self._precheck_UM = False
        self._precheck_ICM = False

    #%% Dealing with the options

    @property
    def fast_algo(self):
        """String. Algorithm used for CM (resp. UM) when CM_option (resp.
        UM_option) is 'fast'. Mostly for developers.
        """
        return self._fast_algo

    @fast_algo.setter
    def fast_algo(self, value):
        try:
            if self._fast_algo == value:
                return
        except AttributeError:
            pass
        if value in self.options_parameters['fast_algo']['allowed']:
            self._mylogv("Setting fast_algo =", value, 1)
            self._fast_algo = value
            self._forget_UM()
            self._forget_CM()
        else:
            raise ValueError("Unknown fast algorithm: " + format(value))

    @property
    def log_UM(self):
        """String. Parameters used to compute UM."""
        if self.UM_option == 'exact':
            return "UM_option = exact"
        else:
            return "UM_option = " + self.UM_option + ", fast_algo = " + \
                   self.fast_algo

    @property
    def log_CM(self):
        """String. Parameters used to compute CM."""
        if self.CM_option == 'exact':
            return "CM_option = exact"
        else:
            return ("CM_option = " + self.CM_option +
                    ", fast_algo = " + self.fast_algo +
                    ", " + self.log_ICM +
                    ", " + self.log_TM)

    #%% Initialize the options

    def _initialize_options(self, **kwargs):
        if self.pop._irv_options is None:
            self.pop._irv_options = _Storage()
            Election._initialize_options(self, **kwargs)
        elif not self.freeze_options:
            Election._initialize_options(self, **kwargs)

    #%% Store / forget the examples of manipulation path

    def _forget_TM(self):
        self._TM_was_initialized = False
        self._TM_was_computed_with_candidates = False
        self._example_path_TM = {c: None for c in range(self.pop.C)}
        self._sufficient_coalition_size_TM = np.full(self.pop.C, np.inf)
        # This is a specificity for IRV and Exhaustive Ballot (cf. EB).

    def _forget_UM(self):
        self._UM_was_initialized = False
        self._UM_was_computed_with_candidates = False
        self._example_path_UM = {c: None for c in range(self.pop.C)}

    def _forget_CM(self):
        self._CM_was_initialized = False
        self._CM_was_computed_with_candidates = False
        self._CM_was_computed_full = False
        self._example_path_CM = {c: None for c in range(self.pop.C)}

    #%% Cache variables in the Population object, so that they can be used
    #   by Condorcet-IRV.

    def _forget_manipulations(self):
        # This is called only when a new IRV object is created.
        # If the population already stores the manipulation results for IRV,
        # we must not forget them.
        if self.pop._irv_manip is None:
            self.pop._irv_manip = _Storage()
            self.pop.ensure_voters_sorted_by_rk()
            self.EB = ExhaustiveBallot(self.pop, freeze_options=True)
            # All commented lines are managed by Exhaustive Ballot
            # self._v_wants_to_help_c = None
            # self._c_has_supporters = None
            # self._losing_candidates = None
            # self._forget_IIA()
            # self._forget_TM()
            # self._forget_ICM()
            self._forget_IM()
            self._forget_UM()
            self._forget_CM()
            self._forget_manipulations_subclass()

    # For these variables, we identify with Exhaustive Ballot

    @property
    def _v_wants_to_help_c(self):
        return self.pop._eb_manip._v_wants_to_help_c

    @_v_wants_to_help_c.setter
    def _v_wants_to_help_c(self, value):
        self.pop._eb_manip._v_wants_to_help_c = value

    @property
    def _c_has_supporters(self):
        return self.pop._eb_manip._c_has_supporters

    @_c_has_supporters.setter
    def _c_has_supporters(self, value):
        self.pop._eb_manip._c_has_supporters = value

    @property
    def _losing_candidates(self):
        return self.pop._eb_manip._losing_candidates

    @_losing_candidates.setter
    def _losing_candidates(self, value):
        self.pop._eb_manip._losing_candidates = value

    @property
    def _is_IIA(self):
        return self.pop._eb_manip._is_IIA

    @_is_IIA.setter
    def _is_IIA(self, value):
        self.pop._eb_manip._is_IIA = value

    @property
    def _example_winner_IIA(self):
        return self.pop._eb_manip._example_winner_IIA

    @_example_winner_IIA.setter
    def _example_winner_IIA(self, value):
        self.pop._eb_manip._example_winner_IIA = value

    @property
    def _example_subset_IIA(self):
        return self.pop._eb_manip._example_subset_IIA

    @_example_subset_IIA.setter
    def _example_subset_IIA(self, value):
        self.pop._eb_manip._example_subset_IIA = value

    @property
    def _TM_was_initialized(self):
        return self.pop._eb_manip._TM_was_initialized

    @_TM_was_initialized.setter
    def _TM_was_initialized(self, value):
        self.pop._eb_manip._TM_was_initialized = value

    @property
    def _TM_was_computed_with_candidates(self):
        return self.pop._eb_manip._TM_was_computed_with_candidates

    @_TM_was_computed_with_candidates.setter
    def _TM_was_computed_with_candidates(self, value):
        self.pop._eb_manip._TM_was_computed_with_candidates = value

    @property
    def _candidates_TM(self):
        return self.pop._eb_manip._candidates_TM

    @_candidates_TM.setter
    def _candidates_TM(self, value):
        self.pop._eb_manip._candidates_TM = value

    @property
    def _is_TM(self):
        return self.pop._eb_manip._is_TM

    @_is_TM.setter
    def _is_TM(self, value):
        self.pop._eb_manip._is_TM = value

    @property
    def _sufficient_coalition_size_TM(self):
        return self.pop._eb_manip._sufficient_coalition_size_TM

    @_sufficient_coalition_size_TM.setter
    def _sufficient_coalition_size_TM(self, value):
        self.pop._eb_manip._sufficient_coalition_size_TM = value

    @property
    def _example_path_TM(self):
        return self.pop._eb_manip._example_path_TM

    @_example_path_TM.setter
    def _example_path_TM(self, value):
        self.pop._eb_manip._example_path_TM = value

    @property
    def _ICM_was_initialized(self):
        return self.pop._eb_manip._ICM_was_initialized

    @_ICM_was_initialized.setter
    def _ICM_was_initialized(self, value):
        self.pop._eb_manip._ICM_was_initialized = value

    @property
    def _ICM_was_computed_with_candidates(self):
        return self.pop._eb_manip._ICM_was_computed_with_candidates

    @_ICM_was_computed_with_candidates.setter
    def _ICM_was_computed_with_candidates(self, value):
        self.pop._eb_manip._ICM_was_computed_with_candidates = value

    @property
    def _ICM_was_computed_full(self):
        return self.pop._eb_manip._ICM_was_computed_full

    @_ICM_was_computed_full.setter
    def _ICM_was_computed_full(self, value):
        self.pop._eb_manip._ICM_was_computed_full = value

    @property
    def _candidates_ICM(self):
        return self.pop._eb_manip._candidates_ICM

    @_candidates_ICM.setter
    def _candidates_ICM(self, value):
        self.pop._eb_manip._candidates_ICM = value

    @property
    def _sufficient_coalition_size_ICM(self):
        return self.pop._eb_manip._sufficient_coalition_size_ICM

    @_sufficient_coalition_size_ICM.setter
    def _sufficient_coalition_size_ICM(self, value):
        self.pop._eb_manip._sufficient_coalition_size_ICM = value

    @property
    def _necessary_coalition_size_ICM(self):
        return self.pop._eb_manip._necessary_coalition_size_ICM

    @_necessary_coalition_size_ICM.setter
    def _necessary_coalition_size_ICM(self, value):
        self.pop._eb_manip._necessary_coalition_size_ICM = value

    @property
    def _bounds_optimized_ICM(self):
        return self.pop._eb_manip._bounds_optimized_ICM

    @_bounds_optimized_ICM.setter
    def _bounds_optimized_ICM(self, value):
        self.pop._eb_manip._bounds_optimized_ICM = value

    @property
    def _is_ICM(self):
        return self.pop._eb_manip._is_ICM

    @_is_ICM.setter
    def _is_ICM(self, value):
        self.pop._eb_manip._is_ICM = value
#    @property
#    def _example_path_ICM(self):
#        return self.pop._eb_manip._example_path_ICM
#    @_example_path_ICM.setter
#    def _example_path_ICM(self, value):
#        self.pop._eb_manip._example_path_ICM = value
        
    @property
    def _IIA_subset_maximum_size(self):
        return self.pop._eb_options._IIA_subset_maximum_size

    @_IIA_subset_maximum_size.setter
    def _IIA_subset_maximum_size(self, value):
        self.pop._eb_options._IIA_subset_maximum_size = value

    @property
    def _TM_option(self):
        return self.pop._eb_options._TM_option

    @_TM_option.setter
    def _TM_option(self, value):
        self.pop._eb_options._TM_option = value

    @property
    def _ICM_option(self):
        return self.pop._eb_options._ICM_option

    @_ICM_option.setter
    def _ICM_option(self, value):
        self.pop._eb_options._ICM_option = value

   # For these variables, special storage for IRV

    @property
    def _IM_was_initialized(self):
        return self.pop._irv_manip._IM_was_initialized

    @_IM_was_initialized.setter
    def _IM_was_initialized(self, value):
        self.pop._irv_manip._IM_was_initialized = value

    @property
    def _IM_was_computed_with_candidates(self):
        return self.pop._irv_manip._IM_was_computed_with_candidates

    @_IM_was_computed_with_candidates.setter
    def _IM_was_computed_with_candidates(self, value):
        self.pop._irv_manip._IM_was_computed_with_candidates = value

    @property
    def _IM_was_computed_with_voters(self):
        return self.pop._irv_manip._IM_was_computed_with_voters

    @_IM_was_computed_with_voters.setter
    def _IM_was_computed_with_voters(self, value):
        self.pop._irv_manip._IM_was_computed_with_voters = value

    @property
    def _IM_was_computed_full(self):
        return self.pop._irv_manip._IM_was_computed_full

    @_IM_was_computed_full.setter
    def _IM_was_computed_full(self, value):
        self.pop._irv_manip._IM_was_computed_full = value

    @property
    def _v_IM_for_c(self):
        return self.pop._irv_manip._v_IM_for_c

    @_v_IM_for_c.setter
    def _v_IM_for_c(self, value):
        self.pop._irv_manip._v_IM_for_c = value

    @property
    def _candidates_IM(self):
        return self.pop._irv_manip._candidates_IM

    @_candidates_IM.setter
    def _candidates_IM(self, value):
        self.pop._irv_manip._candidates_IM = value

    @property
    def _is_IM(self):
        return self.pop._irv_manip._is_IM

    @_is_IM.setter
    def _is_IM(self, value):
        self.pop._irv_manip._is_IM = value
#    @property
#    def _example_path_IM(self):
#        return self.pop._irv_manip._example_path_IM
#    @_example_path_IM.setter
#    def _example_path_IM(self, value):
#        self.pop._irv_manip._example_path_IM = value
            
    @property
    def _UM_was_initialized(self):
        return self.pop._irv_manip._UM_was_initialized

    @_UM_was_initialized.setter
    def _UM_was_initialized(self, value):
        self.pop._irv_manip._UM_was_initialized = value

    @property
    def _UM_was_computed_with_candidates(self):
        return self.pop._irv_manip._UM_was_computed_with_candidates

    @_UM_was_computed_with_candidates.setter
    def _UM_was_computed_with_candidates(self, value):
        self.pop._irv_manip._UM_was_computed_with_candidates = value

    @property
    def _candidates_UM(self):
        return self.pop._irv_manip._candidates_UM

    @_candidates_UM.setter
    def _candidates_UM(self, value):
        self.pop._irv_manip._candidates_UM = value

    @property
    def _is_UM(self):
        return self.pop._irv_manip._is_UM

    @_is_UM.setter
    def _is_UM(self, value):
        self.pop._irv_manip._is_UM = value

    @property
    def _example_path_UM(self):
        return self.pop._irv_manip._example_path_UM

    @_example_path_UM.setter
    def _example_path_UM(self, value):
        self.pop._irv_manip._example_path_UM = value

    @property
    def _CM_was_initialized(self):
        return self.pop._irv_manip._CM_was_initialized

    @_CM_was_initialized.setter
    def _CM_was_initialized(self, value):
        self.pop._irv_manip._CM_was_initialized = value

    @property
    def _CM_was_computed_with_candidates(self):
        return self.pop._irv_manip._CM_was_computed_with_candidates

    @_CM_was_computed_with_candidates.setter
    def _CM_was_computed_with_candidates(self, value):
        self.pop._irv_manip._CM_was_computed_with_candidates = value

    @property
    def _CM_was_computed_full(self):
        return self.pop._eb_manip._CM_was_computed_full

    @_CM_was_computed_full.setter
    def _CM_was_computed_full(self, value):
        self.pop._eb_manip._CM_was_computed_full = value

    @property
    def _candidates_CM(self):
        return self.pop._irv_manip._candidates_CM

    @_candidates_CM.setter
    def _candidates_CM(self, value):
        self.pop._irv_manip._candidates_CM = value

    @property
    def _sufficient_coalition_size_CM(self):
        return self.pop._irv_manip._sufficient_coalition_size_CM

    @_sufficient_coalition_size_CM.setter
    def _sufficient_coalition_size_CM(self, value):
        self.pop._irv_manip._sufficient_coalition_size_CM = value

    @property
    def _necessary_coalition_size_CM(self):
        return self.pop._irv_manip._necessary_coalition_size_CM

    @_necessary_coalition_size_CM.setter
    def _necessary_coalition_size_CM(self, value):
        self.pop._irv_manip._necessary_coalition_size_CM = value

    @property
    def _bounds_optimized_CM(self):
        return self.pop._irv_manip._bounds_optimized_CM

    @_bounds_optimized_CM.setter
    def _bounds_optimized_CM(self, value):
        self.pop._irv_manip._bounds_optimized_CM = value

    @property
    def _is_CM(self):
        return self.pop._irv_manip._is_CM

    @_is_CM.setter
    def _is_CM(self, value):
        self.pop._irv_manip._is_CM = value

    @property
    def _example_path_CM(self):
        # Rule: each time self._sufficient_coalition_size_CM[c] is decreased,
        # the corresponding elimination path must be stored.
        return self.pop._irv_manip._example_path_CM

    @_example_path_CM.setter
    def _example_path_CM(self, value):
        self.pop._irv_manip._example_path_CM = value

    @property
    def _fast_algo(self):
        return self.pop._irv_options._fast_algo

    @_fast_algo.setter
    def _fast_algo(self, value):
        self.pop._irv_options._fast_algo = value

    @property
    def _IM_option(self):
        return self.pop._irv_options._IM_option

    @_IM_option.setter
    def _IM_option(self, value):
        self.pop._irv_options._IM_option = value

    @property
    def _UM_option(self):
        return self.pop._irv_options._UM_option

    @_UM_option.setter
    def _UM_option(self, value):
        self.pop._irv_options._UM_option = value

    @property
    def _CM_option(self):
        return self.pop._irv_options._CM_option

    @_CM_option.setter
    def _CM_option(self, value):
        self.pop._irv_options._CM_option = value

    #%% Individual manipulation (IM)            

    def _IM_main_work_v_exact(self, v, c_is_wanted,
                              nb_wanted_undecided, stop_if_true):
        self._mylogv("self._v_IM_for_c[v, :] =",
                     self._v_IM_for_c[v, :], 3)
        other_voters = (np.array(range(self.pop.V)) != v)
        n_s = self.pop.V - 1
        r = 0
        is_candidate_alive_begin_r = np.zeros((self.pop.C - 1, self.pop.C), 
                                              dtype=np.bool)
        is_candidate_alive_begin_r[0, :] = np.ones(self.pop.C)
        ballot_m_begin_r = -np.ones(self.pop.C - 1, dtype=np.int)
        scores_tot_begin_r = np.zeros((self.pop.C - 1, self.pop.C))
        scores_tot_begin_r[0, :] = np.sum(np.equal(
            self.pop.preferences_borda_rk[other_voters, :],
            np.max(self.pop.preferences_borda_rk[other_voters, :], 1)[
                :, np.newaxis]
        ), 0)
        self._mylogv("IM_aux_exact: r =", r, 3)
        self._mylogv("IM_aux_exact: scores_tot_begin_r[r] =", 
                     scores_tot_begin_r[0, :], 3)
        # strategy_r[r] is False (0) if we keep our ballot, True (1) if we
        # change it to vote for the natural loser. If strategy_r == 2, we have
        # tried everything.
        strategy_r = np.zeros(self.pop.C - 1, dtype=np.int)
        natural_loser_r = np.zeros(self.pop.C - 1, dtype=np.int)
        natural_loser_r[0] = np.where(
            scores_tot_begin_r[0, :] ==
            np.nanmin(scores_tot_begin_r[0, :]))[0][-1]
        eliminated_d_r = np.zeros(self.pop.C - 1)
        self._mylogv("IM_aux_exact: natural_loser_r[r] =", 
                     natural_loser_r[r], 3)
        # If w has too many votes, then manipulation is not possible.
        if (scores_tot_begin_r[0, self.w] + (self.w == 0) > 
                n_s + 1 - scores_tot_begin_r[0, self.w]):
            self._mylog("IM_aux_exact: Manipulation impossible by this " +
                        "path (w has too many votes)", 3)
            r = -1
        while True:
            if r < 0:
                self._mylog("IM_aux_exact: End of exploration", 3)
                neginf_to_zero(self._v_IM_for_c[v, :])
                return
            if strategy_r[r] > 1:
                r -= 1
                self._mylogv("IM_aux_exact: Tried everything for round r, " + 
                             "go back to r =", r, 3)
                self._mylogv("IM_aux_exact: r =", r, 3)
                if r >= 0:
                    strategy_r[r] += 1
                continue
            self._mylogv("IM_aux_exact: strategy_r[r] =", strategy_r[r], 3)
            if strategy_r[r] == 0:
                ballot_m_temp = ballot_m_begin_r[r]
                d = natural_loser_r[r]
            else:
                if ballot_m_begin_r[r] != -1:
                    # We cannot change our ballot.
                    self._mylog("IM_aux_exact: Cannot change our ballot.", 3)
                    strategy_r[r] += 1
                    continue
                else:
                    ballot_m_temp = natural_loser_r[r]
                    scores_tot_temp = np.copy(scores_tot_begin_r[r, :])
                    scores_tot_temp[ballot_m_temp] += 1
                    self._mylogv("IM_aux_exact: scores_tot_temp =", 
                                 scores_tot_temp, 3)
                    d = np.where(
                        scores_tot_temp ==
                        np.nanmin(scores_tot_temp))[0][-1]
                    if d == natural_loser_r[r]:
                        self._mylog("IM_aux_exact: Cannot save "
                                    "natural_loser_r.", 3)
                        strategy_r[r] += 1
                        continue
            self._mylogv("IM_aux_exact: d =", d, 3)
            eliminated_d_r[r] = d
            if r == self.pop.C - 2:
                is_candidate_alive_end = np.copy(
                    is_candidate_alive_begin_r[r, :])
                is_candidate_alive_end[d] = False
                c = np.argmax(is_candidate_alive_end)
                self._mylogv("IM_aux_exact: Winner =", c, 3)
                if np.isneginf(self._v_IM_for_c[v, c]):
                    self._v_IM_for_c[v, c] = True
                    self._candidates_IM[c] = True
                    self._voters_IM[v] = True
                    self._is_IM = True
                    self._mylogv("IM found for c =", c, 3)
                    if c_is_wanted[c]:
                        if stop_if_true:
                            return
                        nb_wanted_undecided -= 1
                    if nb_wanted_undecided == 0:
                        return  # We know everything we want for this voter
                strategy_r[r] += 1
                continue        
            # Calculate scores for next round
            is_candidate_alive_begin_r[r+1, :] = (
                is_candidate_alive_begin_r[r, :])
            is_candidate_alive_begin_r[r+1, d] = False
            self._mylogv("IM_aux_exact: is_candidate_alive_begin_r[r+1, :] =", 
                         is_candidate_alive_begin_r[r+1, :], 3)
            scores_tot_begin_r[r+1, :] = np.full(self.pop.C, np.nan) 
            scores_tot_begin_r[r+1, is_candidate_alive_begin_r[r+1, :]] = (
                np.sum(np.equal(
                    self.pop.preferences_borda_rk[other_voters, :][
                        :, is_candidate_alive_begin_r[r+1, :]],
                    np.max(self.pop.preferences_borda_rk[other_voters, :][
                        :, is_candidate_alive_begin_r[r+1, :]], 1
                    )[:, np.newaxis]
                ), 0))
            self._mylogv("IM_aux_exact: scores_s_begin_r[r+1, :] =", 
                         scores_tot_begin_r[r+1, :], 3)
            if ballot_m_temp == d:
                ballot_m_begin_r[r+1] = -1
            else:
                ballot_m_begin_r[r+1] = ballot_m_temp
            self._mylogv("IM_aux_exact: ballot_m_begin_r[r+1] =", 
                         ballot_m_begin_r[r+1], 3)
            if ballot_m_begin_r[r+1] != -1:
                scores_tot_begin_r[r+1, ballot_m_begin_r[r+1]] += 1
            self._mylogv("IM_aux_exact: scores_tot_begin_r[r+1, :] =", 
                         scores_tot_begin_r[r+1, :], 3)
        
            # If an opponent has too many votes, then manipulation is
            # not possible.
            if (scores_tot_begin_r[r+1, self.w] + (self.w == 0) > 
                    n_s + 1 - scores_tot_begin_r[r+1, self.w]):
                self._mylog("IM_aux_exact: Manipulation impossible by this " +
                            "path (w will have too many votes)", 3)
                strategy_r[r] += 1
                continue
        
            # Update other variables for next round
            strategy_r[r+1] = 0
            natural_loser_r[r+1] = np.where(
                scores_tot_begin_r[r+1, :] ==
                np.nanmin(scores_tot_begin_r[r+1, :]))[0][-1]
            r += 1
            self._mylogv("IM_aux_exact: r =", r, 3)
            self._mylogv("IM_aux_exact: natural_loser_r[r] =", 
                         natural_loser_r[r], 3)
        
    def _IM_preliminary_checks_general_subclass(self):
        if np.all(np.equal(self._v_IM_for_c, False)):
            return
        if self.IM_option == "exact":
            # In that case, we check Exhaustive Ballot first.
            self.EB.IM_option = "exact"
            if self.EB.IM()[0] == False:
                self._mylog("IM impossible (since it is impossible for " + 
                            "Exhaustive Ballot)", 2)
                self._v_IM_for_c[:] = False
                # Other variables will be updated in
                # _IM_preliminary_checks_general.

    def _IM_preliminary_checks_v_subclass(self, v):
        # Pretest based on Exhaustive Ballot
        if self.IM_option == "exact":
            if np.any(np.isneginf(self._v_IM_for_c[v, :])):
                # self.EB.IM_option = "exact"
                candidates_IM_v = self.EB.IM_v_with_candidates(v)[2]
                self._mylogv("IM: Preliminary checks: " +
                             "EB._v_IM_for_c[v, :] =",
                             candidates_IM_v, 3)
                self._v_IM_for_c[v, candidates_IM_v == False] = False

    #%% Trivial Manipulation (TM)

    def _TM_initialize_general(self, with_candidates):
        self.EB._TM_initialize_general(with_candidates)

    def _TM_preliminary_checks_general(self):
        self.EB._TM_preliminary_checks_general()

    def _TM_initialize_c(self, c):
        self.EB._TM_initialize_c(c)

    def _TM_main_work_c(self, c):
        self.EB._TM_main_work_c(c)

    #%% Unison manipulation (UM)

    # TODO: implement UM slow (use EB exact, but not IRV exact).
    
    def _UM_aux_fast(self, c, n_m, preferences_borda_s):
        """Fast algorithm used for UM.
        
        Arguments:
        c -- Integer. Candidate for which we want to manipulate.
        n_m -- Integer. Number of manipulators.
        preferences_borda_s -- 2d integer. Preferences of the sincere voters
            (in Borda format).
        
        Returns:
        manip_found_fast -- Boolean.
            Whether a manipulation was found or not.
        example_path_fast -- An example of elimination path that realizes the
            manipulation with 'n_m' manipulators. 
            example_path_fast[k] is the k-th candidate eliminated. If no 
            manipulation is found, example_path is NaN.
        """
        # At each round, we examine all candidates d that we can eliminate.
        # If several d are possible, we choose the one that maximize
        # a heuristic parameter denoted "situation_c".
        candidates = np.array(range(self.pop.C))
        n_s = preferences_borda_s.shape[0]
        example_path_fast = []
        is_candidate_alive = np.ones(self.pop.C, dtype=np.bool)
        # Sincere scores (eliminated candidates will have nan)
        scores_s = np.sum(np.equal(
            preferences_borda_s,
            np.max(preferences_borda_s, 1)[:, np.newaxis]
        ), 0)
        # Manipulators' ballot: if blocked, index of the candidate. Else, -1
        ballot_m = -1
        # Total scores (eliminated candidates will have nan)
        scores_tot = scores_s
        for r in range(self.pop.C-1):
            self._mylogv("UM_aux_fast: Round r =", r, 3)
            self._mylogv("UM_aux_fast: scores_s =", scores_s, 3)
            self._mylogv("UM_aux_fast: ballot_m =", ballot_m, 3)
            self._mylogv("UM_aux_fast: scores_tot =", scores_tot, 3)
            # If an opponent has too many votes, then manipulation is
            # not possible.
            max_score = np.nanmax(scores_tot[candidates != c])
            most_serious_opponent = np.where(scores_tot == max_score)[0][0]
            if (max_score + (most_serious_opponent < c) > 
                    n_s + n_m - max_score):
                self._mylogv("UM_aux_fast: most_serious_opponent =", 
                             most_serious_opponent, 3)
                self._mylog("UM_aux_fast: Manipulation impossible by this " +
                            "path (an opponent has too many votes)", 3)
                return False, np.nan
            # Initialize the loop on d
            best_d = -1      # d which is eliminated with the 'best' strategy
            best_situation_for_c = -np.inf
            ballot_free_r = False  # Will be updated
            scores_s_end_r = np.nan
            ballot_m_end_r = -1  # Will be updated
            scores_tot_end_r = np.nan
            natural_loser = np.where(
                scores_tot == np.nanmin(scores_tot))[0][-1]
            self._mylogv("UM_aux_fast: natural_loser =", natural_loser, 3)
            for vote_for_natural_loser in [False, True]:
                # Which candidate will lose?
                if not vote_for_natural_loser:
                    # In fact, it means that we do not change ballot_m. It
                    # includes the case where we vote already for 
                    # natural_loser.
                    self._mylog("UM_aux_fast: Strategy: keep our ballot", 3)
                    ballot_m_temp = ballot_m
                    d = natural_loser
                else:
                    if ballot_m != -1:
                        self._mylog("UM_aux_fast: No other strategy (cannot "
                                    "change our ballot).", 3)
                        continue
                    else:
                        self._mylog("UM_aux_fast: Strategy: vote for "
                                    "natural_loser", 3)
                        scores_tot_temp = np.copy(scores_tot)
                        ballot_m_temp = natural_loser
                        scores_tot_temp[natural_loser] += n_m
                        d = np.where(
                            scores_tot_temp == np.nanmin(scores_tot_temp)
                        )[0][-1]
                        self._mylogv("UM_aux_fast: ballot_m_temp =",
                                     ballot_m_temp, 3)
                        self._mylogv("UM_aux_fast: scores_tot_temp =",
                                     scores_tot_temp, 3)
                self._mylogv("UM_aux_fast: d =", d, 3)
                if d == c:
                    self._mylog("UM_aux_fast: This eliminates c", 3)
                    continue
                # Compute heuristic: "Situation" for c
                # Now we compute the tables at beginning of next round
                if r == self.pop.C - 2:
                    best_d = d
                    break
                is_candidate_alive_temp = np.copy(is_candidate_alive)
                is_candidate_alive_temp[d] = False
                scores_s_temp = np.full(self.pop.C, np.nan) 
                scores_s_temp[is_candidate_alive_temp] = np.sum(np.equal(
                    preferences_borda_s[:, is_candidate_alive_temp],
                    np.max(preferences_borda_s[:, is_candidate_alive_temp], 1)[
                        :, np.newaxis]
                ), 0)
                if ballot_m_temp == d:
                    ballot_m_temp = -1
                ballot_free_temp = (ballot_m_temp == -1)
                scores_tot_temp = np.copy(scores_s_temp)
                if ballot_m_temp != -1:
                    scores_tot_temp[ballot_m_temp] += n_m
                if self.fast_algo == "c_minus_max":
                    situation_for_c = (
                        scores_s_temp[c] -
                        np.nanmax(scores_tot_temp[candidates != c]))
                elif self.fast_algo == "minus_max":
                    situation_for_c = - np.nanmax(
                        scores_tot_temp[candidates != c])
                elif self.fast_algo == "hardest_first":
                    situation_for_c = (ballot_m_temp != -1)
                else:
                    raise ValueError("Unknown fast algorithm: " + 
                                     format(self.fast_algo))
                self._mylogv("UM_aux_fast: scores_s_temp =", 
                             scores_s_temp, 3)
                self._mylogv("UM_aux_fast: ballot_m_temp =", 
                             ballot_m_temp, 3)
                self._mylogv("UM_aux_fast: scores_tot_temp =", 
                             scores_tot_temp, 3)
                self._mylogv("UM_aux_fast: situation_for_c =", 
                             situation_for_c, 3)
                # Is the the best d so far?
                # Lexicographic comparison on three criteria (highest 
                # 'situation', lowest number of manipulators, lowest index). 
                if ([situation_for_c, ballot_free_temp, -d] >
                        [best_situation_for_c, ballot_free_r, -best_d]): 
                    best_d = d
                    best_situation_for_c = situation_for_c
                    ballot_free_r = ballot_free_temp
                    scores_s_end_r, scores_s_temp = scores_s_temp, None
                    ballot_m_end_r = ballot_m_temp
                    scores_tot_end_r, scores_tot_temp = scores_tot_temp, None
            self._mylogv("UM_aux_fast: best_d =", best_d, 3)
            if best_d == -1:
                return False, np.nan
            # Update variables for next round
            example_path_fast.append(best_d)
            is_candidate_alive[best_d] = False
            scores_s, scores_s_end_r = scores_s_end_r, None
            ballot_m = ballot_m_end_r
            scores_tot, scores_tot_end_r = scores_tot_end_r, None
        self._mylog("UM_aux_fast: Conclusion: manipulation found", 3)
        example_path_fast.append(c)
        self._mylogv("UM_aux_fast: example_path_fast =", example_path_fast, 3)
        return True, np.array(example_path_fast)

    def _UM_aux_exact(self, c, n_m, preferences_borda_s):
        """Exact algorithm used for UM.
        
        Arguments:
        c -- Integer. Candidate for which we want to manipulate.
        n_m -- Integer. Number of manipulators.
        preferences_borda_s -- 2d integer. Preferences of the sincere voters
            (in Borda format).
            
        Returns:
        manip_found_exact -- Boolean.
            Whether a manipulation was found or not.
        example_path -- An example of elimination path that realizes the
            manipulation with 'n_m' manipulators. 
            example_path[k] is the k-th candidate eliminated. If the 
            manipulation is impossible, example_path is NaN.
        """        
        candidates = np.array(range(self.pop.C))
        n_s = preferences_borda_s.shape[0]
        r = 0
        is_candidate_alive_begin_r = np.zeros((self.pop.C - 1, self.pop.C), 
                                              dtype=np.bool)
        is_candidate_alive_begin_r[0, :] = np.ones(self.pop.C)
        ballot_m_begin_r = -np.ones(self.pop.C - 1, dtype=np.int)
        scores_tot_begin_r = np.zeros((self.pop.C - 1, self.pop.C))
        scores_tot_begin_r[0, :] = np.sum(np.equal(
            preferences_borda_s,
            np.max(preferences_borda_s, 1)[:, np.newaxis]
        ), 0)
        self._mylogv("UM_aux_exact: r =", r, 3)
        self._mylogv("UM_aux_exact: scores_tot_begin_r[r] =", 
                     scores_tot_begin_r[0, :], 3)
        # If an opponent has too many votes, then manipulation is
        # not possible.
        max_score = np.nanmax(scores_tot_begin_r[0, candidates != c])
        most_serious_opponent = np.where(scores_tot_begin_r[0, :] == 
                                         max_score)[0][0]
        if (max_score + (most_serious_opponent < c) > 
                n_s + n_m - max_score):
            self._mylogv("UM_aux_exact: most_serious_opponent =", 
                         most_serious_opponent, 3)
            self._mylog("UM_aux_exact: Manipulation impossible by this " +
                        "path (an opponent has too many votes)", 3)
            r = -1
        # strategy_r[r] is False if we keep our ballot, True if we change it
        # to vote for the natural loser. If strategy_r == 2, we have 
        # tried everything.
        strategy_r = np.zeros(self.pop.C - 1, dtype=np.int)
        natural_loser_r = np.zeros(self.pop.C - 1, dtype=np.int)
        natural_loser_r[0] = np.where(
            scores_tot_begin_r[0, :] ==
            np.nanmin(scores_tot_begin_r[0, :])
        )[0][-1]
        eliminated_d_r = np.zeros(self.pop.C - 1)
        self._mylogv("UM_aux_exact: natural_loser_r[r] =", 
                     natural_loser_r[r], 3)
        while True:
            if r < 0:
                self._mylog("UM_aux_exact: End of exploration", 3)
                return False, np.nan
            if strategy_r[r] > 1:
                r -= 1
                self._mylogv("UM_aux_exact: Tried everything for round r, " + 
                             "go back to r =", r, 3)
                self._mylogv("UM_aux_exact: r =", r, 3)
                if r >= 0:
                    strategy_r[r] += 1
                continue
            self._mylogv("UM_aux_exact: strategy_r[r] =", strategy_r[r], 3)
            if strategy_r[r] == 0:
                ballot_m_temp = ballot_m_begin_r[r]
                d = natural_loser_r[r]
            else:
                if ballot_m_begin_r[r] != -1:
                    # We cannot change our ballot.
                    self._mylog("UM_aux_exact: Cannot change our ballot.", 3)
                    strategy_r[r] += 1
                    continue
                else:
                    ballot_m_temp = natural_loser_r[r]
                    scores_tot_temp = np.copy(scores_tot_begin_r[r, :])
                    scores_tot_temp[ballot_m_temp] += n_m
                    self._mylogv("UM_aux_exact: scores_tot_temp =", 
                                 scores_tot_temp, 3)
                    d = np.where(
                        scores_tot_temp ==
                        np.nanmin(scores_tot_temp)
                    )[0][-1]
                    if d == natural_loser_r[r]:
                        self._mylog("UM_aux_exact: Cannot save "
                                    "natural_loser_r.", 3)
                        strategy_r[r] += 1
                        continue
            self._mylogv("UM_aux_exact: d =", d, 3)
            if d == c:
                self._mylog("UM_aux_exact: This eliminates c.", 3)
                strategy_r[r] += 1
                continue
            eliminated_d_r[r] = d
            if r == self.pop.C - 2:
                example_path = np.concatenate((eliminated_d_r, np.array([c])))
                self._mylog("UM_aux_exact: UM found", 3)
                self._mylogv("UM_aux_exact: example_path =", example_path, 3)
                return True, example_path
        
            # Calculate scores for next round
            is_candidate_alive_begin_r[r+1, :] = (
                is_candidate_alive_begin_r[r, :])
            is_candidate_alive_begin_r[r+1, d] = False
            self._mylogv("UM_aux_exact: is_candidate_alive_begin_r[r+1, :] =", 
                         is_candidate_alive_begin_r[r+1, :], 3)
            scores_tot_begin_r[r+1, :] = np.full(self.pop.C, np.nan) 
            scores_tot_begin_r[r+1, is_candidate_alive_begin_r[r+1, :]] = (
                np.sum(np.equal(
                    preferences_borda_s[:, is_candidate_alive_begin_r[r+1, :]],
                    np.max(
                        preferences_borda_s[
                            :, is_candidate_alive_begin_r[r + 1, :]], 1
                    )[:, np.newaxis]
                ), 0))
            self._mylogv("UM_aux_exact: scores_s_begin_r[r+1, :] =", 
                         scores_tot_begin_r[r+1, :], 3)
            if ballot_m_temp == d:
                ballot_m_begin_r[r+1] = -1
            else:
                ballot_m_begin_r[r+1] = ballot_m_temp
            self._mylogv("UM_aux_exact: ballot_m_begin_r[r+1] =", 
                         ballot_m_begin_r[r+1], 3)
            if ballot_m_begin_r[r+1] != -1:
                scores_tot_begin_r[r+1, ballot_m_begin_r[r+1]] += n_m
            self._mylogv("UM_aux_exact: scores_tot_begin_r[r+1, :] =", 
                         scores_tot_begin_r[r+1, :], 3)
        
            # If an opponent has too many votes, then manipulation is
            # not possible.
            max_score = np.nanmax(scores_tot_begin_r[r+1, candidates != c])
            most_serious_opponent = np.where(scores_tot_begin_r[r+1, :] == 
                                             max_score)[0][0]
            if (max_score + (most_serious_opponent < c) > 
                    n_s + n_m - max_score):
                self._mylogv("UM_aux_exact: most_serious_opponent =", 
                             most_serious_opponent, 3)
                self._mylog("UM_aux_exact: Manipulation impossible by this " +
                            "path (an opponent will have too many votes)", 3)
                strategy_r[r] += 1
                continue
        
            # Update other variables for next round
            strategy_r[r+1] = 0
            natural_loser_r[r+1] = np.where(
                scores_tot_begin_r[r+1, :] ==
                np.nanmin(scores_tot_begin_r[r+1, :])
            )[0][-1]
            r += 1
            self._mylogv("UM_aux_exact: r =", r, 3)
            self._mylogv("UM_aux_exact: natural_loser_r[r] =", 
                         natural_loser_r[r], 3)

    def _UM_preliminary_checks_general_subclass(self):
        if np.all(np.equal(self._candidates_UM, False)):
            return
        if self.UM_option == "exact":
            # In that case, we check Exhaustive Ballot first.
            if not self.EB.UM_option == "exact":
                self.EB.UM_option = "exact"
            if self.EB.UM()[0] == False:
                self._mylog("UM impossible (since it is impossible for " + 
                            "Exhaustive Ballot)", 2)
                self._candidates_UM[:] = False
                # Other variables will be updated in
                # _UM_preliminary_checks_general.

    def _UM_main_work_c(self, c):
        exact = (self.UM_option == "exact")
        n_m = self.pop.matrix_duels_ut[c, self.w]
        manip_found_fast, example_path_fast = self._UM_aux_fast(
            c, n_m,
            preferences_borda_s=self.pop.preferences_borda_rk[
                np.logical_not(self.v_wants_to_help_c[:, c]), :])
        self._mylogv("UM: manip_found_fast =", manip_found_fast, 3)
        if manip_found_fast:
            self._candidates_UM[c] = True
            if self._example_path_UM[c] is None:
                self._example_path_UM[c] = example_path_fast
            return
        if not exact:
            self._candidates_UM[c] = np.nan
            return
            
        # From this point, we have necessarily the 'exact' option (and have
        # not found a manipulation for c yet).
        if np.isneginf(self.EB._candidates_UM[c]):
            self.EB.UM_with_candidates()
        if self.EB._candidates_UM[c] == False:
            self._mylog("UM impossible for c (since it is impossible for " +
                        "Exhaustive Ballot)", 2)
            self._candidates_UM[c] = False
            return
        manip_found_exact, example_path_exact = self._UM_aux_exact(
            c, n_m,
            preferences_borda_s=self.pop.preferences_borda_rk[
                np.logical_not(self.v_wants_to_help_c[:, c]), :])
        self._mylogv("UM: manip_found_exact =", manip_found_exact)
        if manip_found_exact:
            self._candidates_UM[c] = True
            if self._example_path_UM[c] is None:
                self._example_path_UM[c] = example_path_exact
        else:
            self._candidates_UM[c] = False

    #%% Ignorant-Coalition Manipulation (ICM)

    # Defined in superclass Election

    #%% Coalition Manipulation (CM)

    def _CM_aux_fast(self, c, n_max, preferences_borda_s):
        """Fast algorithm used for CM.
        
        Arguments:
        c -- Integer. Candidate for which we want to manipulate.
        n_max -- Integer. Maximum number of manipulators allowed.
            CM, complete and exact --> put the current value of 
                sufficient_coalition_size[c] - 1 (we want to find the best 
                value for sufficient_coalition_size[c], even if it exceeds the 
                number of manipulators)
            CM, otherwise --> put the number of manipulators.
        preferences_borda_s -- 2d integer. Preferences of the sincere voters
            (in Borda format).
        
        Returns:
        n_manip_fast -- Integer or inf. 
            If a manipulation is found, a sufficient number of manipulators
            is returned. If no manipulation is found, it is +inf.
        example_path_fast -- An example of elimination path that realizes the
            manipulation with 'n_manip_fast' manipulators. 
            example_path_fast[k] is the k-th candidate eliminated. If no 
            manipulation is found, example_path is NaN.
        """
        # At each round, we examine all candidates d that we can eliminate.
        # If several d are possible, we choose the one that maximize
        # a heuristic parameter denoted "situation_c".
        candidates = np.array(range(self.pop.C))
        n_s = preferences_borda_s.shape[0]
        n_manip_fast = 0
        example_path_fast = []
        is_candidate_alive = np.ones(self.pop.C, dtype=np.bool)
        # Sincere scores (eliminated candidates will have nan)
        scores_s = np.sum(np.equal(
            preferences_borda_s,
            np.max(preferences_borda_s, 1)[:, np.newaxis]
        ), 0)
        # Manipulators' scores (eliminated candidates will have 0)
        scores_m = np.zeros(self.pop.C)
        # Total scores (eliminated candidates will have nan)
        scores_tot = scores_s
        for r in range(self.pop.C-1):
            self._mylogv("CM_aux_fast: Round r =", r, 3)
            self._mylogv("CM_aux_fast: scores_s =", scores_s, 3)
            self._mylogv("CM_aux_fast: scores_m =", scores_m, 3)
            self._mylogv("CM_aux_fast: scores_tot =", scores_tot, 3)
            # If an opponent has too many votes, then manipulation is
            # not possible.
            max_score = np.nanmax(scores_tot[candidates != c])
            most_serious_opponent = np.where(scores_tot == max_score)[0][0]
            if (max_score + (most_serious_opponent < c) > 
                    n_s + n_max - max_score):
                self._mylogv("CM_aux_fast: most_serious_opponent =", 
                             most_serious_opponent, 3)
                self._mylog("CM_aux_fast: Manipulation impossible by this " +
                            "path (an opponent has too many votes)", 3)
                n_manip_fast = np.inf  # by convention
                return n_manip_fast, np.nan
            # Initialize the loop on d
            best_d = -1
            best_situation_for_c = -np.inf
            n_manip_r = np.inf
            scores_s_end_r = np.nan
            scores_m_end_r = np.nan
            scores_tot_end_r = np.nan
            for d in candidates[is_candidate_alive]:
                if d == c:
                    continue
                self._mylogv("CM_aux_fast: d =", d, 3)
                # Is it possible to eliminate d now?
                scores_m_new = np.zeros(self.pop.C)
                scores_m_new[is_candidate_alive] = np.maximum(
                    0,
                    scores_tot[d] - scores_tot[is_candidate_alive] +
                    (candidates[is_candidate_alive] > d))
                self._mylogv("CM_aux_fast: scores_m_new =", scores_m_new, 3)
                scores_m_tot_d = scores_m + scores_m_new
                n_manip_d = np.sum(scores_m_tot_d)
                self._mylogv("CM_aux_fast: n_manip_d =", 
                             n_manip_d, 3)
                if n_manip_d > n_max:
                    self._mylogv("CM_aux_fast: n_manip_d > n_max =", 
                                 n_max, 3)
                    continue
                # Compute heuristic: "Situation" for c
                if r == self.pop.C - 2:
                    best_d = d
                    n_manip_r = n_manip_d
                    break
                is_candidate_alive_temp = np.copy(is_candidate_alive)
                is_candidate_alive_temp[d] = False
                scores_s_temp = np.full(self.pop.C, np.nan) 
                scores_s_temp[is_candidate_alive_temp] = np.sum(np.equal(
                    preferences_borda_s[:, is_candidate_alive_temp],
                    np.max(preferences_borda_s[
                        :, is_candidate_alive_temp], 1)[:, np.newaxis]
                ), 0)
                scores_m_temp = np.copy(scores_m_tot_d)
                scores_m_temp[d] = 0
                scores_tot_temp = scores_s_temp + scores_m_temp
                if self.fast_algo == "c_minus_max":
                    situation_for_c = (
                        scores_s_temp[c] -
                        np.nanmax(scores_tot_temp[candidates != c]))
                elif self.fast_algo == "minus_max":
                    situation_for_c = - np.nanmax(
                        scores_tot_temp[candidates != c])
                elif self.fast_algo == "hardest_first":
                    situation_for_c = n_manip_d
                else:
                    raise ValueError("Unknown fast algorithm: " + 
                                     format(self.fast_algo))
                self._mylogv("CM_aux_fast: scores_s_temp =", 
                             scores_s_temp, 3)
                self._mylogv("CM_aux_fast: scores_m_temp =", 
                             scores_m_temp, 3)
                self._mylogv("CM_aux_fast: scores_tot_temp =", 
                             scores_tot_temp, 3)
                self._mylogv("CM_aux_fast: situation_for_c =", 
                             situation_for_c, 3)
                # Is the the best d so far?
                # Lexicographic comparison on three criteria (highest 
                # 'situation', lowest number of manipulators, lowest index). 
                if ([situation_for_c, -n_manip_d, -d] >
                        [best_situation_for_c, -n_manip_r, -best_d]): 
                    best_d = d
                    best_situation_for_c = situation_for_c
                    n_manip_r = n_manip_d
                    scores_s_end_r, scores_s_temp = scores_s_temp, None
                    scores_m_end_r, scores_m_temp = scores_m_temp, None
                    scores_tot_end_r, scores_tot_temp = scores_tot_temp, None
            self._mylogv("CM_aux_fast: best_d =", best_d, 3)
            self._mylogv("CM_aux_fast: n_manip_r =", n_manip_r, 3)
            # Update variables for next round
            n_manip_fast = max(n_manip_fast, n_manip_r)
            if n_manip_fast > n_max:
                n_manip_fast = np.inf  # by convention
                break
            example_path_fast.append(best_d)
            is_candidate_alive[best_d] = False
            scores_s, scores_s_end_r = scores_s_end_r, None
            scores_m, scores_m_end_r = scores_m_end_r, None
            scores_tot, scores_tot_end_r = scores_tot_end_r, None
        self._mylogv("CM_aux_fast: Conclusion: n_manip_fast =", 
                     n_manip_fast, 3)
        if n_manip_fast <= n_max:
            example_path_fast.append(c)
            return n_manip_fast, np.array(example_path_fast)
        else:
            return n_manip_fast, np.nan

    def _CM_aux_slow(self, suggested_path, preferences_borda_s):
        """'Slow' algorithm used for CM.
        Checks only if suggested_path works.

        Arguments:
        c -- Integer. Candidate for which we want to manipulate.
        suggested_path -- A suggested path of elimination.
        preferences_borda_s -- 2d integer. Preferences of the sincere voters
            (in Borda format).

        Returns:
        n_manip_slow -- Number of manipulators needed to manipulate with
            suggested_path.
        """
        candidates = np.array(range(self.pop.C))
        is_candidate_alive = np.ones(self.pop.C, dtype=np.bool)
        # Manipulators' scores (eliminated candidates will have 0)
        scores_m = np.zeros(self.pop.C)
        n_manip_slow = 0
        for r in range(self.pop.C-1):
            # Sincere scores (eliminated candidates will have nan)
            scores_s = np.full(self.pop.C, np.nan)
            scores_s[is_candidate_alive] = np.sum(np.equal(
                preferences_borda_s[:, is_candidate_alive],
                np.max(preferences_borda_s[
                    :, is_candidate_alive], 1)[:, np.newaxis]
            ), 0)
            # Total scores (eliminated candidates will have nan)
            scores_tot = scores_s + scores_m
            self._mylogv("CM_aux_slow: Round r =", r, 3)
            self._mylogv("CM_aux_slow: scores_s =", scores_s, 3)
            self._mylogv("CM_aux_slow: scores_m =", scores_m, 3)
            self._mylogv("CM_aux_slow: scores_tot =", scores_tot, 3)
            # Let us manipulate
            d = suggested_path[r]
            scores_m_new = np.zeros(self.pop.C)
            scores_m_new[is_candidate_alive] = np.maximum(
                0,
                scores_tot[d] - scores_tot[is_candidate_alive] +
                (candidates[is_candidate_alive] > d))
            self._mylogv("CM_aux_slow: scores_m_new =", scores_m_new, 3)
            scores_m = scores_m + scores_m_new
            n_manip_r = np.sum(scores_m)
            self._mylogv("CM_aux_slow: n_manip_r =",
                         n_manip_r, 3)
            # Prepare for next round
            is_candidate_alive[d] = False
            scores_m[d] = 0
            n_manip_slow = max(n_manip_slow, n_manip_r)
        self._mylogv("CM_aux_slow: Conclusion: n_manip_slow =",
                     n_manip_slow, 3)
        return n_manip_slow

    def _CM_aux_exact(self, c, n_max, n_min, optimize_bounds, suggested_path,
                      preferences_borda_s):
        """Exact algorithm used for CM.
        
        Arguments:
        c -- Integer. Candidate for which we want to manipulate.
        n_max -- Integer. Maximum number of manipulators allowed.
            CM, optimize_bounds and exact --> put the current value of
                sufficient_coalition_size[c] - 1 (we want to find the best 
                value for sufficient_coalition_size[c], even if it exceeds the 
                number of manipulators)
            CM, otherwise --> put the number of manipulators.
        n_min -- Integer. When we know that n_min manipulators are needed
            (necessary coalition size).
        optimize_bounds -- Boolean. True iff we need to continue, even after
            a manipulation is found.
        suggested_path -- A suggested path of elimination.
        preferences_borda_s -- 2d integer. Preferences of the sincere voters
            (in Borda format).
            
        Returns:
        n_manip_final -- Integer or +inf. 
            If manipulation is impossible with <= n_max manipulators, it is 
            +inf. If manipulation is possible (with <= n_max):
            * If optimize_bounds is True, it is the minimal number of manipulators.
            * Otherwise, it is a number of manipulators that allow this 
            manipulation (not necessarily minimal). 
        example_path -- An example of elimination path that realizes the
            manipulation with 'n_manip_final' manipulators. 
            example_path[k] is the k-th candidate eliminated. If the 
            manipulation is impossible, example_path is NaN.
        quick_escape -- Boolean. True if we get out without optimizing
            n_manip_final.
        """        
        candidates = np.array(range(self.pop.C))
        n_s = preferences_borda_s.shape[0]
        n_max_updated = n_max   # Maximal number of manipulators allowed
        n_manip_final = np.inf  # Result: number of manipulators finally used
        example_path = np.nan   # Result: example of elimination path
        r = 0
        is_candidate_alive_begin_r = np.zeros((self.pop.C - 1, self.pop.C), 
                                              dtype=np.bool)
        is_candidate_alive_begin_r[0, :] = np.ones(self.pop.C)
        n_manip_used_before_r = np.zeros(self.pop.C - 1, dtype=np.int)
        scores_m_begin_r = np.zeros((self.pop.C - 1, self.pop.C))
        scores_tot_begin_r = np.zeros((self.pop.C - 1, self.pop.C))
        scores_tot_begin_r[0, :] = np.sum(np.equal(
            preferences_borda_s,
            np.max(preferences_borda_s, 1)[:, np.newaxis]
        ), 0)
        # suggested_path_r[r] is a list with all opponents (candidates != c) 
        # who are alive at the beginning of r, given in a suggested order of 
        # elimination.
        self._mylogv('CM_aux_exact: suggested_path =', suggested_path, 3)
        self._mylogv('CM_aux_exact: c =', c, 3)
        suggested_path_r = {0: suggested_path[suggested_path != c]}
        # index_in_path_r[r] is the index of the candidate we eliminate at 
        # round r in the list suggested_path_r[r].
        index_in_path_r = np.zeros(self.pop.C - 1, dtype=np.int)
        self._mylogv("CM_aux_exact: r =", r, 3)
        # If an opponent has too many votes, then manipulation is
        # not possible.
        max_score = np.nanmax(scores_tot_begin_r[0, candidates != c])
        most_serious_opponent = np.where(scores_tot_begin_r[0, :] == 
                                         max_score)[0][0]
        if (max_score + (most_serious_opponent < c) > 
                n_s + n_max_updated - max_score):
            self._mylogv("CM_aux_exact: scores_tot_begin_r =", 
                         scores_tot_begin_r[0, :], 3)
            self._mylogv("CM_aux_exact: most_serious_opponent =", 
                         most_serious_opponent, 3)
            self._mylog("CM_aux_exact: Manipulation impossible by this " +
                        "path (an opponent has too many votes)", 3)
            r = -1
        while True:
            if r < 0:
                self._mylog("CM_aux_exact: End of exploration", 3)
                return n_manip_final, np.array(example_path), False
            if (index_in_path_r[r] >= suggested_path_r[r].shape[0] or 
                    n_manip_used_before_r[r] > n_max_updated):
                # The second condition above may happen in optimize_bounds
                # exact mode, if we have found a solution and updated
                # n_max_updated.
                r -= 1
                self._mylogv("CM_aux_exact: Tried everything for round r, " + 
                             "go back to r =", r, 3)
                self._mylogv("CM_aux_exact: r =", r, 3)
                if r >= 0:
                    index_in_path_r[r] += 1
                continue
            d = suggested_path_r[r][index_in_path_r[r]]
            self._mylogv("CM_aux_exact: suggested_path_r[r] =", 
                         suggested_path_r[r], 3)
            self._mylogv("CM_aux_exact: index_in_path_r[r] =",
                         index_in_path_r[r], 3)
            self._mylogv("CM_aux_exact: d =", d, 3)
        
            # What manipulators are needed to make d lose?
            self._mylogv("CM_aux_exact: scores_tot_begin_r[r, :] =", 
                         scores_tot_begin_r[r, :], 3)
            scores_m_new_r = np.zeros(self.pop.C)
            scores_m_new_r[is_candidate_alive_begin_r[r, :]] = np.maximum(
                0,
                scores_tot_begin_r[r, d] -
                scores_tot_begin_r[r, is_candidate_alive_begin_r[r, :]] +
                (candidates[is_candidate_alive_begin_r[r, :]] > d))
            scores_m_end_r = scores_m_begin_r[r, :] + scores_m_new_r
            n_manip_r_and_before = max(n_manip_used_before_r[r],
                                       np.sum(scores_m_end_r))
            self._mylogv("CM_aux_exact: scores_m_new_r =", scores_m_new_r, 3)
            self._mylogv("CM_aux_exact: scores_m_end_r =", scores_m_end_r, 3)
            self._mylogv("CM_aux_exact: n_manip_r_and_before =",
                         n_manip_r_and_before, 3)
        
            if n_manip_r_and_before > n_max_updated:
                self._mylog("CM_aux_exact: Cannot eliminate d, try another "
                            "one.", 3)
                index_in_path_r[r] += 1
                continue
        
            if r == self.pop.C - 2:
                n_manip_final = n_manip_r_and_before
                example_path = []
                for r in range(self.pop.C - 1):
                    example_path.append(suggested_path_r[r][
                        index_in_path_r[r]])
                example_path.append(c)
                self._mylog("CM_aux_exact: CM found", 3)
                self._mylogv("CM_aux_exact: n_manip_final =", n_manip_final, 3)
                self._mylogv("CM_aux_exact: example_path =", example_path, 3)
                if n_manip_final == n_min:
                    self._mylogv("CM_aux_exact: End of exploration: it is "
                                 "not possible to do better than n_min =",
                                 n_min, 3)
                    return n_manip_final, np.array(example_path), False
                if not optimize_bounds:
                    return n_manip_final, np.array(example_path), True
                n_max_updated = n_manip_r_and_before - 1
                self._mylogv("CM_aux_exact: n_max_updated =", n_max_updated, 3)
                index_in_path_r[r] += 1
                continue
        
            # Calculate scores for next round
            n_manip_used_before_r[r+1] = n_manip_r_and_before
            is_candidate_alive_begin_r[r+1, :] = (
                is_candidate_alive_begin_r[r, :])
            is_candidate_alive_begin_r[r+1, d] = False
            self._mylogv("CM_aux_exact: is_candidate_alive_begin_r[r+1, :] =", 
                         is_candidate_alive_begin_r[r+1, :], 3)
            scores_tot_begin_r[r+1, :] = np.full(self.pop.C, np.nan) 
            scores_tot_begin_r[r+1, is_candidate_alive_begin_r[r+1, :]] = (
                np.sum(np.equal(
                    preferences_borda_s[:, is_candidate_alive_begin_r[r+1, :]],
                    np.max(preferences_borda_s[
                        :, is_candidate_alive_begin_r[r+1, :]
                    ], 1)[:, np.newaxis]
                ), 0))
            self._mylogv("CM_aux_exact: scores_s_begin_r[r+1, :] =", 
                         scores_tot_begin_r[r+1, :], 3)
            scores_m_begin_r[r+1, :] = scores_m_end_r
            scores_m_begin_r[r+1, d] = 0
            self._mylogv("CM_aux_exact: scores_m_begin_r[r+1, :] =", 
                         scores_m_begin_r[r+1, :], 3)
            scores_tot_begin_r[r+1, :] += scores_m_begin_r[r+1, :]
            self._mylogv("CM_aux_exact: scores_tot_begin_r[r+1, :] =", 
                         scores_tot_begin_r[r+1, :], 3)
        
            # If an opponent has too many votes, then manipulation is
            # not possible.
            max_score = np.nanmax(scores_tot_begin_r[r+1, candidates != c])
            most_serious_opponent = np.where(scores_tot_begin_r[r+1, :] == 
                                             max_score)[0][0]
            if (max_score + (most_serious_opponent < c) > 
                    n_s + n_max_updated - max_score):
                self._mylogv("CM_aux_exact: most_serious_opponent =", 
                             most_serious_opponent, 3)
                self._mylog("CM_aux_exact: Manipulation impossible by this " +
                            "path (an opponent will have too many votes)", 3)
                index_in_path_r[r] += 1
                continue
        
            # Update other variables for next round
            suggested_path_r[r+1] = suggested_path_r[r][
                suggested_path_r[r][:] != d]
            index_in_path_r[r+1] = 0
            r += 1
            self._mylogv("CM_aux_exact: r =", r, 3)
        
    def _CM_preliminary_checks_general_subclass(self):
        if self.CM_option == "slow" or self.CM_option == 'exact':
            # In that case, we check Exhaustive Ballot first
            if not self.EB.CM_option == "exact":
                self.EB.CM_option = "exact"
            if self.EB.CM()[0] == False:
                self._mylog("CM impossible (since it is impossible for " + 
                            "Exhaustive Ballot)", 2)
                self._is_CM = False
                self._candidates_CM[:] = False
                self._CM_was_computed_with_candidates = True

    def _CM_preliminary_checks_c(self, c, optimize_bounds):
        # A mandatory additional precheck, to ensure that
        # _example_path_CM[c] is updated if sufficient_coalition_size_CM[c]
        # has been updated.
        # We use the following syntax (instead of
        # _CM_preliminary_checks_c_subclass) because we want the test on TM
        # here to be done, even if another one succeeded.
        super()._CM_preliminary_checks_c(c, optimize_bounds)
        # As a test for sufficient size, this one is better (lower) than all
        # the other ones in _CM_preliminary_checks_c. So, as soon as one of
        # them updates sufficient size, this one will provide an example of
        # path.
        self.TM_c(c)
        if self._sufficient_coalition_size_TM[c] <= \
                self._sufficient_coalition_size_CM[c]:
            # The <= is not a typo.
            self._update_sufficient(
                self._sufficient_coalition_size_CM, c,
                self._sufficient_coalition_size_TM[c],
                'CM: Preliminary checks: TM improved => \n    '
                'sufficient_coalition_size_CM[c] = ')
            self._mylogv('CM: Preliminary checks: Update _example_path_CM[c] '
                         '= _example_path_TM[c] =',
                         self._example_path_TM[c], 3)
            self._example_path_CM[c] = self._example_path_TM[c]
        n_m = self.pop.matrix_duels_ut[c, self.w]  # Number of manipulators
        if not optimize_bounds and (
                n_m >= self._sufficient_coalition_size_CM[c]):
            return
        if not optimize_bounds and (
                self._necessary_coalition_size_CM[c] > n_m):
            return
        # Another pretest, based on Exhaustive Ballot
        if self.CM_option == "slow" or self.CM_option == "exact":
            if not self.EB.CM_option == "exact":
                self.EB.CM_option = "exact"
            if optimize_bounds:
                self.EB.CM_c_with_bounds(c)
            else:
                # This will at least tell us when EB.CM is impossible for c,
                # and store an example path for EB when EB.CM is possible
                # for c.
                self.EB.CM_c(c)
            self._update_necessary(
                self._necessary_coalition_size_CM, c,
                self.EB._necessary_coalition_size_CM[c],
                'CM: Preliminary checks: Use EB =>\n    '
                'necessary_coalition_size_CM[c] = '
                'EB._necessary_coalition_size_CM[c] =')

    def _CM_main_work_c(self, c, optimize_bounds):
        exact = (self.CM_option == "exact")
        slow = (self.CM_option == "slow")
        fast = (self.CM_option == "fast")
        if optimize_bounds and exact:
            n_max = self._sufficient_coalition_size_CM[c] - 1
        else:
            n_max = self.pop.matrix_duels_ut[c, self.w]
        self._mylogv("CM: n_max =", n_max, 3)
        if fast and self._necessary_coalition_size_CM[c] > n_max:
            self._mylog("CM: Fast algorithm will not do better than " +
                        "what we already know", 3)
            return False
        n_manip_fast, example_path_fast = self._CM_aux_fast(
            c, n_max,
            preferences_borda_s=self.pop.preferences_borda_rk[
                np.logical_not(self.v_wants_to_help_c[:, c]), :])
        self._mylogv("CM: n_manip_fast =", n_manip_fast, 3)
        if n_manip_fast < self._sufficient_coalition_size_CM[c]:
            self._sufficient_coalition_size_CM[c] = n_manip_fast
            self._example_path_CM[c] = example_path_fast
            self._mylogv('CM: Update sufficient_coalition_size_CM[c] = '
                         'n_manip_fast =', n_manip_fast, 3)
        if fast:
            # With fast algo, we stop here anyway. It is not a "quick escape"
            # (if we'd try again with optimize_bounds, we would not try
            # better).
            return False
            
        # From this point, we have necessarily the 'slow' or 'exact' option
        if self._sufficient_coalition_size_CM[c] == (
                self._necessary_coalition_size_CM[c]):
            return False
        if not optimize_bounds and (self.pop.matrix_duels_ut[c, self.w] >=
                                    self._sufficient_coalition_size_CM[c]):
            # This is a quick escape: since we have the option 'exact', if
            # we come back with optimize_bounds, we will try to be more
            # precise.
            return True

        # Either we're with optimize_bounds (and might have succeeded), or
        # without (and we have failed).
        n_max_updated = min(n_manip_fast - 1, n_max)
        self._mylogv("CM: n_max_updated =", n_max_updated, 3)

        # EB should always suggest an elimination path.
        # But just as precaution, we use the fact that we know that
        # self._example_path_CM[c] provides a path (thanks to 'improved' TM).
        if self.EB._example_path_CM[c] is None:
            suggested_path = self._example_path_CM[c]
            self._mylog(
                '***************************************************', 1)
            self._mylog('CM: WARNING: EB did not provide an elimination '
                        'path', 1)
            self._mylog(
                '***************************************************', 1)
            self._mylogv('CM: Use self._example_path_CM[c] =',
                         suggested_path, 3)
        else:
            suggested_path = self.EB._example_path_CM[c]
            self._mylogv('CM: Use EB._example_path_CM[c] =',
                         suggested_path, 3)
        if slow:
            n_manip_slow = self._CM_aux_slow(
                suggested_path,
                preferences_borda_s=self.pop.preferences_borda_rk[
                    np.logical_not(self.v_wants_to_help_c[:, c]), :])
            self._mylogv("CM: n_manip_slow =", n_manip_slow, 3)
            if n_manip_slow < self._sufficient_coalition_size_CM[c]:
                self._sufficient_coalition_size_CM[c] = n_manip_slow
                self._example_path_CM[c] = suggested_path
                self._mylogv('CM: Update sufficient_coalition_size_CM[c] = '
                             'n_manip_slow =')
            return False
        else:
            n_manip_exact, example_path_exact, quick_escape = \
                self._CM_aux_exact(
                    c, n_max_updated, self._necessary_coalition_size_CM[c],
                    optimize_bounds, suggested_path,
                    preferences_borda_s=self.pop.preferences_borda_rk[
                        np.logical_not(self.v_wants_to_help_c[:, c]), :])
            self._mylogv("CM: n_manip_exact =", n_manip_exact, 3)
            if n_manip_exact < self._sufficient_coalition_size_CM[c]:
                self._sufficient_coalition_size_CM[c] = n_manip_exact
                self._example_path_CM[c] = example_path_exact
                self._mylogv('CM: Update sufficient_coalition_size_CM[c] = '
                             'n_manip_exact =')
            # Update necessary coalition and return
            if optimize_bounds:
                self._update_necessary(
                    self._necessary_coalition_size_CM, c,
                    self._sufficient_coalition_size_CM[c],
                    'CM: Update necessary_coalition_size_CM[c] ='
                    'sufficient_coalition_size_CM[c] =')
                return False
            else:
                if self.pop.matrix_duels_ut[c, self.w] >= \
                        self._sufficient_coalition_size_CM[c]:
                    # Manipulation worked. By design of _CM_aux_exact when
                    # running without optimize_bounds, we have not explored
                    # everything (quick escape).
                    return True
                else:
                    # We have explored everything with n_max = n_m but
                    # manipulation failed. However, we have not optimized
                    # sufficient_size (which must be higher than n_m), so it
                    # is a quick escape.
                    self._update_necessary(
                        self._necessary_coalition_size_CM, c,
                        self.pop.matrix_duels_ut[c, self.w] + 1,
                        'CM: Update necessary_coalition_size_CM[c] = '
                        'n_m + 1 =')
                    return True



if __name__ == '__main__':
    # A quick demo
    preferences_utilities = np.random.randint(-5, 5, (10, 5))
    pop = Population(preferences_utilities)
    election = IRV(pop)
    election.demo(log_depth=3)
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  Source code for svvamp.VotingSystems.ExhaustiveBallot

# -*- coding: utf-8 -*-
"""
Created on Thu Oct  9 10:15:32 2014
Copyright François Durand 2014, 2015
fradurand@gmail.com

This file is part of SVVAMP.

    SVVAMP is free software: you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation, either version 3 of the License, or
    (at your option) any later version.

    SVVAMP is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License
    along with SVVAMP.  If not, see <http://www.gnu.org/licenses/>.
"""

import numpy as np

from svvamp.Preferences.Population import Population
from svvamp.Preferences.Population import _Storage
from svvamp.VotingSystems.Election import Election
from svvamp.VotingSystems.ExhaustiveBallotResult import ExhaustiveBallotResult


[docs]class ExhaustiveBallot(ExhaustiveBallotResult, Election):
    """Exhaustive Ballot.
    
    Inherits functions and optional parameters from superclasses
    :class:`~svvamp.ElectionResult` and :class:`~svvamp.Election`.

    :Example:

    >>> import svvamp
    >>> pop = svvamp.PopulationSpheroid(V=100, C=5)
    >>> election = svvamp.ExhaustiveBallot(pop)

    At each round, voters vote for one non-eliminated candidate. The candidate
    with least votes is eliminated. Then the next round is held. Unlike
    :attr:`~svvamp.IRV`, voters actually vote at each round. This does not
    change anything for sincere voting, but offers a bit more possibilities
    for the manipulators. In case of a tie, the candidate with highest index
    is eliminated.

    :meth:`~svvamp.Election.CM`:

        * :attr:`~svvamp.Election.CM_option` = ``'fast'``:
          Polynomial heuristic. Can prove CM but unable to decide non-CM
          (except in rare obvious cases).
        * :attr:`~svvamp.Election.CM_option` = ``'exact'``:
          Non-polynomial algorithm (:math:`2^C`) adapted from Walsh, 2010.

    :meth:`~svvamp.Election.ICM`: Exact in polynomial time.

    :meth:`~svvamp.Election.IM`:

        * :attr:`~svvamp.Election.IM_option` = ``'lazy'``:
          Lazy algorithm from superclass :class:`~svvamp.Election`.
        * :attr:`~svvamp.Election.IM_option` = ``'exact'``:
          Non-polynomial algorithm (:math:`2^C`) adapted from Walsh, 2010.

    :meth:`~svvamp.Election.not_IIA`: Non-polynomial
    or non-exact algorithms from superclass :class:`~svvamp.Election`.

    :meth:`~svvamp.Election.TM`: Exact in polynomial time.

    :meth:`~svvamp.Election.UM`:

        * :attr:`~svvamp.Election.UM_option` = ``'fast'``:
          Polynomial heuristic. Can prove UM but unable to decide non-UM
          (except in rare obvious cases).
        * :attr:`~svvamp.Election.UM_option` = ``'exact'``:
          Non-polynomial algorithm (:math:`2^C`) adapted from Walsh, 2010.

    References:

        'Single transferable vote resists strategic voting', John J. Bartholdi
        and James B. Orlin, 1991.

        'On The Complexity of Manipulating Elections', Tom Coleman and Vanessa
        Teague, 2007.

        'Manipulability of Single Transferable Vote', Toby Walsh, 2010.

    .. seealso:: :class:`~svvamp.IRV`,
                 :class:`~svvamp.IRVDuels`,
                 :class:`~svvamp.ICRV`,
                 :class:`~svvamp.CondorcetAbsIRV`.
                 :class:`~svvamp.CondorcetVtbIRV`.
    """
    # Exceptionally, for this voting system, results are stored in the 
    # Population object, so that they can be used by IRV.

    _layout_name = 'Exhaustive Ballot'
    _options_parameters = Election._options_parameters.copy()
    _options_parameters.update(ExhaustiveBallotResult._options_parameters)
    _options_parameters['UM_option'] = {'allowed': {'fast', 'exact'},
                                        'default': 'fast'}
    _options_parameters['CM_option'] = {'allowed': {'fast', 'exact'},
                                        'default': 'fast'}
    _options_parameters['TM_option'] = {'allowed': {'exact'},
                                        'default': 'exact'}
    _options_parameters['ICM_option'] = {'allowed': {'exact'},
                                           'default': 'exact'}
    _options_parameters['fast_algo'] = {
        'allowed': {'c_minus_max', 'minus_max', 'hardest_first'},
        'default': 'c_minus_max'
    }

    def __init__(self, population, freeze_options=False, **kwargs):
        self.freeze_options = freeze_options
        super().__init__(population, **kwargs)
        self.freeze_options = False
        self._log_depth = 0
        self._log_identity = "EXHAUSTIVE_BALLOT"
        self._class_result = ExhaustiveBallotResult
        self._with_two_candidates_reduces_to_plurality = True
        self._is_based_on_rk = True
        self._meets_majority_favorite_c_rk_ctb = True
        self._precheck_UM = False
        self._precheck_ICM = False

    #%% Dealing with the options

    @property
    def fast_algo(self):
        """String. Algorithm used for CM (resp. UM) when CM_option (resp.
        UM_option) is 'fast'. Mostly for developers.
        """
        return self._fast_algo

    @fast_algo.setter
    def fast_algo(self, value):
        try:
            if self._fast_algo == value:
                return
        except AttributeError:
            pass
        if value in self.options_parameters['fast_algo']['allowed']:
            self._mylogv("Setting fast_algo =", value, 1)
            self._fast_algo = value
            self._forget_UM()
            self._forget_CM()
        else:
            raise ValueError("Unknown fast algorithm: " + format(value))

    @property
    def log_UM(self):
        """String. Parameters used to compute UM."""
        if self.UM_option == 'exact':
            return "UM_option = exact"
        else:
            return "UM_option = " + self.UM_option + ", fast_algo = " + \
                   self.fast_algo

    @property
    def log_CM(self):
        """String. Parameters used to compute CM."""
        if self.CM_option == 'exact':
            return "CM_option = exact"
        else:
            return ("CM_option = " + self.CM_option +
                    ", fast_algo = " + self.fast_algo +
                    ", " + self.log_ICM +
                    ", " + self.log_TM)

    def _initialize_options(self, **kwargs):
        if self.pop._eb_options is None:
            self.pop._eb_options = _Storage()
            Election._initialize_options(self, **kwargs)
        elif not self.freeze_options:
            Election._initialize_options(self, **kwargs)

    #%% Store / forget the examples of manipulation path

    # Not necessary for the moment: IM does not store an elimination path
    # def _forget_IM(self):
    #     self._IM_was_initialized = False
    #     self._IM_was_computed_with_candidates = False
    #     self._IM_was_computed_with_voters = False
    #     self._IM_was_computed_full = False
    #     self._example_path_IM = {c: None for c in range(self.pop.C)}

    def _forget_TM(self):
        self._TM_was_initialized = False
        self._TM_was_computed_with_candidates = False
        self._example_path_TM = {c: None for c in range(self.pop.C)}
        self._sufficient_coalition_size_TM = np.full(self.pop.C, np.inf)
        # This is a specificity for this voting system (cf. TM section).

    def _forget_UM(self):
        self._UM_was_initialized = False
        self._UM_was_computed_with_candidates = False
        self._example_path_UM = {c: None for c in range(self.pop.C)}

    # Not necessary for the moment: ICM does not store an elimination path
    # (it would be the same as TM)
    # def _forget_ICM(self):
    #     self._ICM_was_initialized = False
    #     self._ICM_was_computed_with_candidates = False
    #     self._ICM_was_computed_full = False
    #     self._example_path_ICM = {c: None for c in range(self.pop.C)}

    def _forget_CM(self):
        self._CM_was_initialized = False
        self._CM_was_computed_with_candidates = False
        self._CM_was_computed_full = False
        self._example_path_CM = {c: None for c in range(self.pop.C)}

    #%% Cache variables in the Population object, so that they can be used
    #   by IRV.

    def _forget_manipulations(self):
        # This is called when a new ExhaustiveBallot object is created or
        # when a new population is assigned to an existing 
        # ExhaustiveBallot object.
        # If the population already stores the manipulation results for EB,
        # we must not forget them.
        if self.pop._eb_manip is None:
            self.pop._eb_manip = _Storage()
            Election._forget_manipulations(self)

    @property
    def _v_wants_to_help_c(self):
        return self.pop._eb_manip._v_wants_to_help_c

    @_v_wants_to_help_c.setter
    def _v_wants_to_help_c(self, value):
        self.pop._eb_manip._v_wants_to_help_c = value

    @property
    def _c_has_supporters(self):
        return self.pop._eb_manip._c_has_supporters

    @_c_has_supporters.setter
    def _c_has_supporters(self, value):
        self.pop._eb_manip._c_has_supporters = value

    @property
    def _losing_candidates(self):
        return self.pop._eb_manip._losing_candidates

    @_losing_candidates.setter
    def _losing_candidates(self, value):
        self.pop._eb_manip._losing_candidates = value

    @property
    def _is_IIA(self):
        return self.pop._eb_manip._is_IIA

    @_is_IIA.setter
    def _is_IIA(self, value):
        self.pop._eb_manip._is_IIA = value

    @property
    def _example_winner_IIA(self):
        return self.pop._eb_manip._example_winner_IIA

    @_example_winner_IIA.setter
    def _example_winner_IIA(self, value):
        self.pop._eb_manip._example_winner_IIA = value

    @property
    def _example_subset_IIA(self):
        return self.pop._eb_manip._example_subset_IIA

    @_example_subset_IIA.setter
    def _example_subset_IIA(self, value):
        self.pop._eb_manip._example_subset_IIA = value

    @property
    def _IM_was_initialized(self):
        return self.pop._eb_manip._IM_was_initialized

    @_IM_was_initialized.setter
    def _IM_was_initialized(self, value):
        self.pop._eb_manip._IM_was_initialized = value

    @property
    def _IM_was_computed_with_candidates(self):
        return self.pop._eb_manip._IM_was_computed_with_candidates

    @_IM_was_computed_with_candidates.setter
    def _IM_was_computed_with_candidates(self, value):
        self.pop._eb_manip._IM_was_computed_with_candidates = value

    @property
    def _IM_was_computed_with_voters(self):
        return self.pop._eb_manip._IM_was_computed_with_voters

    @_IM_was_computed_with_voters.setter
    def _IM_was_computed_with_voters(self, value):
        self.pop._eb_manip._IM_was_computed_with_voters = value

    @property
    def _IM_was_computed_full(self):
        return self.pop._eb_manip._IM_was_computed_full

    @_IM_was_computed_full.setter
    def _IM_was_computed_full(self, value):
        self.pop._eb_manip._IM_was_computed_full = value

    @property
    def _v_IM_for_c(self):
        return self.pop._eb_manip._v_IM_for_c

    @_v_IM_for_c.setter
    def _v_IM_for_c(self, value):
        self.pop._eb_manip._v_IM_for_c = value

    @property
    def _candidates_IM(self):
        return self.pop._eb_manip._candidates_IM

    @_candidates_IM.setter
    def _candidates_IM(self, value):
        self.pop._eb_manip._candidates_IM = value

    @property
    def _is_IM(self):
        return self.pop._eb_manip._is_IM

    @_is_IM.setter
    def _is_IM(self, value):
        self.pop._eb_manip._is_IM = value
#    @property
#    def _example_path_IM(self):
#        return self.pop._eb_manip._example_path_IM
#    @_example_path_IM.setter
#    def _example_path_IM(self, value):
#        self.pop._eb_manip._example_path_IM = value
            
    @property
    def _TM_was_initialized(self):
        return self.pop._eb_manip._TM_was_initialized

    @_TM_was_initialized.setter
    def _TM_was_initialized(self, value):
        self.pop._eb_manip._TM_was_initialized = value

    @property
    def _TM_was_computed_with_candidates(self):
        return self.pop._eb_manip._TM_was_computed_with_candidates

    @_TM_was_computed_with_candidates.setter
    def _TM_was_computed_with_candidates(self, value):
        self.pop._eb_manip._TM_was_computed_with_candidates = value

    @property
    def _candidates_TM(self):
        return self.pop._eb_manip._candidates_TM

    @_candidates_TM.setter
    def _candidates_TM(self, value):
        self.pop._eb_manip._candidates_TM = value

    @property
    def _is_TM(self):
        return self.pop._eb_manip._is_TM

    @_is_TM.setter
    def _is_TM(self, value):
        self.pop._eb_manip._is_TM = value

    @property
    def _sufficient_coalition_size_TM(self):
        return self.pop._eb_manip._sufficient_coalition_size_TM

    @_sufficient_coalition_size_TM.setter
    def _sufficient_coalition_size_TM(self, value):
        self.pop._eb_manip._sufficient_coalition_size_TM = value

    @property
    def _example_path_TM(self):
        return self.pop._eb_manip._example_path_TM

    @_example_path_TM.setter
    def _example_path_TM(self, value):
        self.pop._eb_manip._example_path_TM = value

    @property
    def _UM_was_initialized(self):
        return self.pop._eb_manip._UM_was_initialized

    @_UM_was_initialized.setter
    def _UM_was_initialized(self, value):
        self.pop._eb_manip._UM_was_initialized = value

    @property
    def _UM_was_computed_with_candidates(self):
        return self.pop._eb_manip._UM_was_computed_with_candidates

    @_UM_was_computed_with_candidates.setter
    def _UM_was_computed_with_candidates(self, value):
        self.pop._eb_manip._UM_was_computed_with_candidates = value

    @property
    def _candidates_UM(self):
        return self.pop._eb_manip._candidates_UM

    @_candidates_UM.setter
    def _candidates_UM(self, value):
        self.pop._eb_manip._candidates_UM = value

    @property
    def _is_UM(self):
        return self.pop._eb_manip._is_UM

    @_is_UM.setter
    def _is_UM(self, value):
        self.pop._eb_manip._is_UM = value

    @property
    def _example_path_UM(self):
        return self.pop._eb_manip._example_path_UM

    @_example_path_UM.setter
    def _example_path_UM(self, value):
        self.pop._eb_manip._example_path_UM = value

    @property
    def _ICM_was_initialized(self):
        return self.pop._eb_manip._ICM_was_initialized

    @_ICM_was_initialized.setter
    def _ICM_was_initialized(self, value):
        self.pop._eb_manip._ICM_was_initialized = value

    @property
    def _ICM_was_computed_with_candidates(self):
        return self.pop._eb_manip._ICM_was_computed_with_candidates

    @_ICM_was_computed_with_candidates.setter
    def _ICM_was_computed_with_candidates(self, value):
        self.pop._eb_manip._ICM_was_computed_with_candidates = value

    @property
    def _ICM_was_computed_full(self):
        return self.pop._eb_manip._ICM_was_computed_full

    @_ICM_was_computed_full.setter
    def _ICM_was_computed_full(self, value):
        self.pop._eb_manip._ICM_was_computed_full = value

    @property
    def _candidates_ICM(self):
        return self.pop._eb_manip._candidates_ICM

    @_candidates_ICM.setter
    def _candidates_ICM(self, value):
        self.pop._eb_manip._candidates_ICM = value

    @property
    def _sufficient_coalition_size_ICM(self):
        return self.pop._eb_manip._sufficient_coalition_size_ICM

    @_sufficient_coalition_size_ICM.setter
    def _sufficient_coalition_size_ICM(self, value):
        self.pop._eb_manip._sufficient_coalition_size_ICM = value

    @property
    def _necessary_coalition_size_ICM(self):
        return self.pop._eb_manip._necessary_coalition_size_ICM

    @_necessary_coalition_size_ICM.setter
    def _necessary_coalition_size_ICM(self, value):
        self.pop._eb_manip._necessary_coalition_size_ICM = value

    @property
    def _bounds_optimized_ICM(self):
        return self.pop._eb_manip._bounds_optimized_ICM

    @_bounds_optimized_ICM.setter
    def _bounds_optimized_ICM(self, value):
        self.pop._eb_manip._bounds_optimized_ICM = value

    @property
    def _is_ICM(self):
        return self.pop._eb_manip._is_ICM

    @_is_ICM.setter
    def _is_ICM(self, value):
        self.pop._eb_manip._is_ICM = value

    # @property
    # def _example_path_ICM(self):
    #    return self.pop._eb_manip._example_path_ICM
    #
    # @_example_path_ICM.setter
    # def _example_path_ICM(self, value):
    #    self.pop._eb_manip._example_path_ICM = value

    @property
    def _CM_was_initialized(self):
        return self.pop._eb_manip._CM_was_initialized

    @_CM_was_initialized.setter
    def _CM_was_initialized(self, value):
        self.pop._eb_manip._CM_was_initialized = value

    @property
    def _CM_was_computed_with_candidates(self):
        return self.pop._eb_manip._CM_was_computed_with_candidates

    @_CM_was_computed_with_candidates.setter
    def _CM_was_computed_with_candidates(self, value):
        self.pop._eb_manip._CM_was_computed_with_candidates = value

    @property
    def _CM_was_computed_full(self):
        return self.pop._eb_manip._CM_was_computed_full

    @_CM_was_computed_full.setter
    def _CM_was_computed_full(self, value):
        self.pop._eb_manip._CM_was_computed_full = value

    @property
    def _candidates_CM(self):
        return self.pop._eb_manip._candidates_CM

    @_candidates_CM.setter
    def _candidates_CM(self, value):
        self.pop._eb_manip._candidates_CM = value

    @property
    def _sufficient_coalition_size_CM(self):
        return self.pop._eb_manip._sufficient_coalition_size_CM

    @_sufficient_coalition_size_CM.setter
    def _sufficient_coalition_size_CM(self, value):
        self.pop._eb_manip._sufficient_coalition_size_CM = value

    @property
    def _necessary_coalition_size_CM(self):
        return self.pop._eb_manip._necessary_coalition_size_CM

    @_necessary_coalition_size_CM.setter
    def _necessary_coalition_size_CM(self, value):
        self.pop._eb_manip._necessary_coalition_size_CM = value

    @property
    def _bounds_optimized_CM(self):
        return self.pop._eb_manip._bounds_optimized_CM

    @_bounds_optimized_CM.setter
    def _bounds_optimized_CM(self, value):
        self.pop._eb_manip._bounds_optimized_CM = value

    @property
    def _is_CM(self):
        return self.pop._eb_manip._is_CM

    @_is_CM.setter
    def _is_CM(self, value):
        self.pop._eb_manip._is_CM = value

    @property
    def _example_path_CM(self):
        return self.pop._eb_manip._example_path_CM

    @_example_path_CM.setter
    def _example_path_CM(self, value):
        self.pop._eb_manip._example_path_CM = value

    @property
    def _IIA_subset_maximum_size(self):
        return self.pop._eb_options._IIA_subset_maximum_size

    @_IIA_subset_maximum_size.setter
    def _IIA_subset_maximum_size(self, value):
        self.pop._eb_options._IIA_subset_maximum_size = value

    @property
    def _IM_option(self):
        return self.pop._eb_options._IM_option

    @_IM_option.setter
    def _IM_option(self, value):
        self.pop._eb_options._IM_option = value

    @property
    def _TM_option(self):
        return self.pop._eb_options._TM_option

    @_TM_option.setter
    def _TM_option(self, value):
        self.pop._eb_options._TM_option = value

    @property
    def _UM_option(self):
        return self.pop._eb_options._UM_option

    @_UM_option.setter
    def _UM_option(self, value):
        self.pop._eb_options._UM_option = value

    @property
    def _ICM_option(self):
        return self.pop._eb_options._ICM_option

    @_ICM_option.setter
    def _ICM_option(self, value):
        self.pop._eb_options._ICM_option = value

    @property
    def _CM_option(self):
        return self.pop._eb_options._CM_option

    @_CM_option.setter
    def _CM_option(self, value):
        self.pop._eb_options._CM_option = value

    @property
    def _fast_algo(self):
        return self.pop._eb_options._fast_algo

    @_fast_algo.setter
    def _fast_algo(self, value):
        self.pop._eb_options._fast_algo = value

    #%% Independence of Irrelevant Alternatives (IIA)

    # TODO: A faster algorithm that the one implemented in superclass Election.
    # Simply check that for each subset of candidates including w, w cannot
    # be a Plurality loser.

    #%% Individual manipulation (IM)            

    def _IM_aux(self, anti_voter_allowed, preferences_borda_s):
        """
        Arguments:
        anti_voter_allowed -- Boolean. If True, we manipulate with one voter
            but also an anti-voter (who may decrease one candidate's score
            by 1 point at each round). If False, we manipulate only with one 
            voter.
        preferences_borda_s -- 2d integer. Preferences of the sincere voters
            (in Borda format with vtb).
            
        Returns:
        candidates_IM_aux -- 1d array of booleans. candidates_IM_aux[c] is 
            True if manipulation for c is possible (whether desired or not).
        """
        # Explore subsets that are reachable.
        # situations_begin_r is a dictionary.
        # keys: is_candidate_alive_begin_r, tuple of booleans. 
        # values: just a None for the moment. If we want to store an 
        # elimination path in a future version, it will be here.
        candidates = np.array(range(self.pop.C))
        n_s = preferences_borda_s.shape[0]
        situations_begin_r = {
            tuple(np.ones(self.pop.C, dtype=np.bool)): (0, [])}
        situations_end_r = {}
        for r in range(self.pop.C - 1):
            self._mylogv("IM_aux: Round r =", r, 3)
            situations_end_r = {}
            for is_candidate_alive_begin_r, _ in (situations_begin_r.items()):
                self._mylogv("IM_aux: is_candidate_alive_begin_r =", 
                             is_candidate_alive_begin_r, 3)
                # Sincere ballots
                is_candidate_alive_begin_r = np.array(
                    is_candidate_alive_begin_r)
                scores_s = np.full(self.pop.C, np.nan)
                scores_s[is_candidate_alive_begin_r] = np.sum(np.equal(
                    preferences_borda_s[:, is_candidate_alive_begin_r],
                    np.max(preferences_borda_s[:, is_candidate_alive_begin_r],
                           1)[:, np.newaxis]
                ), 0)
                self._mylogv("IM_aux: scores_s =", scores_s, 3)
                # If w has too many votes, then manipulation is
                # not possible.
                if (scores_s[self.w] + (self.w == 0) - anti_voter_allowed > 
                        n_s - scores_s[self.w] + 1):
                    self._mylog("IM_aux: Manipulation impossible by this " +
                                "path (w has too many votes)", 3)
                    continue
                # Try to limit the possible d's
                natural_loser = np.where(
                    scores_s == np.nanmin(scores_s))[0][-1]
                self._mylogv("IM_aux: natural_loser =", natural_loser, 3)
                if not anti_voter_allowed:
                    # v can change the result of the round by only one 
                    # strategy: vote for natural_loser. Does it lead to 
                    # another candidate losing?
                    scores_temp = np.copy(scores_s)
                    scores_temp[natural_loser] += 1
                    other_possible_loser = np.where(
                        scores_temp == np.nanmin(scores_temp))[0][-1]
                    self._mylogv("IM_aux: other_possible_loser =", 
                                 other_possible_loser, 3)
                    if other_possible_loser == natural_loser:
                        losers_to_test = [natural_loser]
                    else:
                        losers_to_test = [natural_loser, other_possible_loser]
                else:
                    # With an anti-voter, who can be eliminated?
                    # The candidate with margin 0 (natural loser).
                    # Candidates with margin 1: -1 vote is enough (definition
                    # of the margin).
                    # Candidates with margin 2: it is necessary to remove a
                    # vote to her, and add a vote to natural_loser. But it 
                    # might not be sufficient, so we need to check if it works.
                    margins_s = scores_s - scores_s[natural_loser] + (
                        candidates < natural_loser)
                    self._mylogv("IM_aux: margins_s =", margins_s, 3)
                    is_eliminable = np.equal(margins_s, 1)
                    is_eliminable[natural_loser] = True
                    for d in candidates[margins_s == 2]:
                        scores_temp = np.copy(scores_s)
                        scores_temp[d] -= 1
                        scores_temp[natural_loser] += 1
                        self._mylogv("IM_aux: scores_temp =", scores_temp, 3)
                        loser_temp = np.where(
                            scores_temp == np.nanmin(scores_temp))[0][-1]
                        self._mylogv("IM_aux: loser_temp =", loser_temp, 3)
                        if loser_temp == d:
                            is_eliminable[d] = True
                    losers_to_test = candidates[is_eliminable]
                self._mylogv("IM_aux: losers_to_test = ", losers_to_test, 3)
                # Loop on d
                for d in losers_to_test:
                    # At this point, we know that we can eliminate d.
                    # Feed the dictionary 'situations_end_r'
                    is_candidate_alive_end_r = np.copy(
                        is_candidate_alive_begin_r)
                    is_candidate_alive_end_r[d] = False
                    if tuple(is_candidate_alive_end_r) not in situations_end_r:
                        situations_end_r[
                            tuple(is_candidate_alive_end_r)] = None
            self._mylogv("IM_aux: situations_end_r =", situations_end_r, 3)
            situations_begin_r = situations_end_r
        candidates_IM_aux = np.zeros(self.pop.C)
        for is_candidate_alive_end, foobar in situations_end_r.items():
            candidates_IM_aux = np.logical_or(candidates_IM_aux, 
                                              is_candidate_alive_end)
        self._mylogv("IM_aux: candidates_IM_aux =", candidates_IM_aux, 3)
        return candidates_IM_aux

    def _IM_preliminary_checks_general_subclass(self):
        if self.IM_option != "exact":
            return
        if np.all(np.logical_not(np.isneginf(self._v_IM_for_c))):
            return
        self._mylog("IM: Test with a voter and an anti-voter...")
        # If it's impossible with a voter and an anti-voter on the
        # whole population, then we'll know that IM is impossible.
        candidates_IM_aux = self._IM_aux(
            anti_voter_allowed=True,
            preferences_borda_s=self.pop.preferences_borda_rk)
        candidates_IM_aux[self.w] = False
        for c in self.losing_candidates:
            if candidates_IM_aux[c] == False:
                self._mylogv("IM: Manipulation with voter and anti-voter " +
                             "failed for c =", c, 2)
                self._v_IM_for_c[:, c] = False

    def _IM_main_work_v(self, v, c_is_wanted,
                        nb_wanted_undecided, stop_if_true):
        if self.IM_option == "lazy":
            self._IM_main_work_v_lazy(v, c_is_wanted,
                                      nb_wanted_undecided, stop_if_true)
            return
        candidates_IM_aux = self._IM_aux(
            anti_voter_allowed=False,
            preferences_borda_s=self.pop.preferences_borda_rk[
                np.array(range(self.pop.V)) != v, :])
        for c in self.losing_candidates:
            if not np.isneginf(self._v_IM_for_c[v, c]):
                # v is not interested, or we already know for some reason
                continue
            if candidates_IM_aux[c]:
                self._v_IM_for_c[v, c] = True
                self._candidates_IM[c] = True
                self._voters_IM[v] = True
                self._is_IM = True
                self._mylogv("IM found for c =", c, 3)
            else:
                self._v_IM_for_c[v, c] = False

    #%% Collective manipulations (CM / UM): general routine

    def _CM_aux_fast(self, c, n_max, unison, preferences_borda_s):
        """Fast algorithm used for CM and UM.
        
        Arguments:
        c -- Integer. Candidate for which we want to manipulate.
        n_max -- Integer. Maximum number of manipulators allowed.
            UM --> put the number of manipulators.
            CM, with candidates and exact --> put the current value of
                sufficient_coalition_size[c] - 1 (we want to find the best 
                value for sufficient_coalition_size[c], even if it exceeds the 
                number of manipulators)
            CM, otherwise --> put the number of manipulators.
        unison -- Boolean. Must be True when computing UM, False for CM.
        preferences_borda_s -- 2d integer. Preferences of the sincere voters
            (in Borda format with vtb).
        
        Returns:
        n_manip_fast -- Integer or +inf. 
            If a manipulation is found, a sufficient number of manipulators
            is returned (if unison is True, this number will always be n_max).
            If no manipulation is found, it is +inf.
        example_path_fast -- An example of elimination path that realizes the
            manipulation with 'n_manip_fast' manipulators. 
            example_path_fast[k] is the k-th candidate eliminated. If no 
            manipulation is found, example_path is NaN.
        """
        # At each round, we examine all candidates d that we can eliminate.
        # If several d are possible, we choose the one that maximize
        # a heuristic parameter denoted "situation_c".
        candidates = np.array(range(self.pop.C))
        n_s = preferences_borda_s.shape[0]
        n_manip_fast = 0  # Number of manipulators
        example_path_fast = []
        is_candidate_alive = np.ones(self.pop.C, dtype=np.bool)
        # Sincere scores (eliminated candidates will have nan)
        scores_s = np.sum(np.equal(
            preferences_borda_s,
            np.max(preferences_borda_s, 1)[:, np.newaxis]
        ), 0)
        for r in range(self.pop.C-1):
            self._mylogv("CM_aux_fast: Round r =", r, 3)
            self._mylogv("CM_aux_fast: scores_s =", scores_s, 3)
            # If an opponent has too many votes, then manipulation is
            # not possible.
            max_score = np.nanmax(scores_s[candidates != c])
            most_serious_opponent = np.where(scores_s == max_score)[0][0]
            if (max_score + (most_serious_opponent < c) > 
                    n_s + n_max - max_score):
                self._mylogv("CM_aux_fast: most_serious_opponent =", 
                             most_serious_opponent, 3)
                self._mylog("CM_aux_fast: Manipulation impossible by this " +
                            "path (an opponent has too many votes)", 3)
                n_manip_fast = np.inf  # by convention
                return n_manip_fast, np.nan
            # Try to limit the possible d's (for unison)
            if unison:
                natural_loser = np.where(
                    scores_s == np.nanmin(scores_s))[0][-1]
                self._mylogv("CM_aux_fast: natural_loser =", natural_loser, 3)
                # In unison, if we want to change the result of the round,
                # the only thing we can do is to vote for the natural loser.
                scores_temp = np.copy(scores_s)
                scores_temp[natural_loser] += n_max
                other_possible_loser = np.where(
                    scores_temp == np.nanmin(scores_temp))[0][-1]
                self._mylogv("CM_aux_fast: other_possible_loser =", 
                             other_possible_loser, 3)
                if other_possible_loser == natural_loser:
                    losers_to_test = [natural_loser]
                else:
                    losers_to_test = [natural_loser, other_possible_loser]
            else:
                losers_to_test = candidates[is_candidate_alive]
            self._mylogv("CM_aux_fast: losers_to_test =", losers_to_test, 3)
            self._mylogv("CM_aux_fast: but do not test ", c, 3)
            # Initialize the loop on d
            best_d = -1
            best_situation_for_c = -np.inf
            n_manip_r = np.inf
            scores_s_end_r = np.nan
            for d in losers_to_test:
                if d == c:
                    continue
                self._mylogv("CM_aux_fast: d =", d, 3)
                # Is it possible to eliminate d now?
                if unison:
                    # We already know that it is possible.
                    n_manip_d = n_max
                else:
                    scores_m = np.maximum(
                        0,
                        scores_s[d] - scores_s[is_candidate_alive] +
                        (candidates[is_candidate_alive] > d))
                    n_manip_d = np.sum(scores_m)
                    self._mylogv("CM_aux_fast: n_manip_d =", 
                                 n_manip_d, 3)
                    if n_manip_d > n_max:
                        continue
                # Compute heuristic: "Situation" for c
                if r == self.pop.C - 2:
                    best_d = d
                    n_manip_r = n_manip_d
                    break
                is_candidate_alive_temp = np.copy(is_candidate_alive)
                is_candidate_alive_temp[d] = False
                scores_s_temp = np.full(self.pop.C, np.nan) 
                scores_s_temp[is_candidate_alive_temp] = np.sum(np.equal(
                    preferences_borda_s[:, is_candidate_alive_temp],
                    np.max(preferences_borda_s[:, is_candidate_alive_temp], 1)[
                        :, np.newaxis]
                ), 0)
                if self.fast_algo == "c_minus_max":
                    situation_for_c = (scores_s_temp[c] - np.nanmax(
                        scores_s_temp[candidates != c]))
                elif self.fast_algo == "minus_max":
                    situation_for_c = - np.nanmax(
                        scores_s_temp[candidates != c])
                elif self.fast_algo == "hardest_first":
                    situation_for_c = n_manip_d
                else:
                    raise ValueError("Unknown fast algorithm: " + 
                                     format(self.fast_algo))
                self._mylogv("CM_aux_fast: scores_s_temp =", 
                             scores_s_temp, 3)
                self._mylogv("CM_aux_fast: situation_for_c =", 
                             situation_for_c, 3)
                # Is the the best d so far?
                # Lexicographic comparison on three criteria (highest 
                # 'situation', lowest number of manipulators, lowest index). 
                if ([situation_for_c, -n_manip_d, -d] >
                        [best_situation_for_c, -n_manip_r, -best_d]): 
                    best_d = d
                    best_situation_for_c = situation_for_c
                    n_manip_r = n_manip_d
                    scores_s_end_r, scores_s_temp = scores_s_temp, None
            self._mylogv("CM_aux_fast: best_d =", best_d, 3)
            self._mylogv("CM_aux_fast: n_manip_r =", n_manip_r, 3)
            # Update variables for next round
            n_manip_fast = max(n_manip_fast, n_manip_r)
            if n_manip_fast > n_max:
                n_manip_fast = np.inf  # by convention
                break
            example_path_fast.append(best_d)
            is_candidate_alive[best_d] = False
            scores_s, scores_s_end_r = scores_s_end_r, None
        self._mylogv("CM_aux_fast: : n_manip_fast =", 
                     n_manip_fast, 3)
        if n_manip_fast <= n_max:
            example_path_fast.append(c)
            return n_manip_fast, np.array(example_path_fast)
        else:
            return n_manip_fast, np.nan
                     
    def _CM_aux_exact(self, c, n_max, unison, preferences_borda_s):
        """Exact algorithm used for CM and UM.
        
        Arguments:
        c -- Integer. Candidate for which we want to manipulate.
        n_max -- Integer. Maximum number of manipulators allowed.
            UM --> put the number of manipulators.
            CM, with candidates and exact --> put the current value of
                sufficient_coalition_size[c] - 1 (we want to find the best 
                value for sufficient_coalition_size[c], even if it exceeds the 
                number of manipulators)
            CM, otherwise --> put the number of manipulators.
        unison -- Boolean. Must be True when computing UM, False for CM.
        preferences_borda_s -- 2d integer. Preferences of the sincere voters
            (in Borda format).
            
        Returns:
        n_manip_final -- Integer or +inf. 
            If manipulation is impossible with <= n_max manipulators, it is 
            +inf. If manipulation is possible (with <= n_max):
            * If unison is False, it is the minimal number of manipulators.
            * If unison is True, it is n_max.
        example_path -- An example of elimination path that realizes the
            manipulation with 'n_manip_final' manipulators. 
            example_path[k] is the k-th candidate eliminated. If the 
            manipulation is impossible, example_path is NaN.
        """        
        # Explore subsets that are reachable with less than the upper bound.
        # situations_begin_r is a dictionary.
        # keys: is_candidate_alive_begin_r, tuple of booleans. 
        # values: (n_manip_used_before_r, example_path_before_r)
        #   n_manip_used_before_r: number of manipulators used before round r
        #   to get to this subset of candidates. 
        #   example_path_before_r: as it sounds.
        candidates = np.array(range(self.pop.C))
        n_s = preferences_borda_s.shape[0]
        situations_begin_r = {
            tuple(np.ones(self.pop.C, dtype=np.bool)): (0, [])}
        situations_end_r = {}
        for r in range(self.pop.C - 1):
            self._mylogv("CM_aux_exact: Round r =", r, 3)
            situations_end_r = {}
            for is_candidate_alive_begin_r, (
                    n_manip_used_before_r, example_path_before_r) in (
                        situations_begin_r.items()):
                self._mylogv("CM_aux_exact: is_candidate_alive_begin_r =", 
                             is_candidate_alive_begin_r, 3)
                self._mylogv("CM_aux_exact: n_manip_used_before_r =", 
                             n_manip_used_before_r, 3)
                self._mylogv("CM_aux_exact: example_path_before_r =", 
                             example_path_before_r, 3)
                # Sincere ballots
                is_candidate_alive_begin_r = np.array(
                    is_candidate_alive_begin_r)
                scores_s = np.full(self.pop.C, np.nan) 
                scores_s[is_candidate_alive_begin_r] = np.sum(np.equal(
                    preferences_borda_s[:, is_candidate_alive_begin_r],
                    np.max(
                        preferences_borda_s[:, is_candidate_alive_begin_r],
                        1)[:, np.newaxis]
                ), 0)
                self._mylogv("CM_aux_exact: scores_s =", scores_s, 3)
                # If an opponent has too many votes, then manipulation is
                # not possible.
                max_score = np.nanmax(scores_s[candidates != c])
                most_serious_opponent = np.where(scores_s == max_score)[0][0]
                if (max_score + (most_serious_opponent < c) > 
                        n_s + n_max - max_score):
                    self._mylogv("CM_aux_exact: most_serious_opponent =", 
                                 most_serious_opponent, 3)
                    self._mylog("CM_aux_exact: Manipulation impossible by "
                                "this path (an opponent has too many votes)",
                                3)
                    continue
                # Try to limit the possible d's
                if unison:
                    natural_loser = np.where(
                        scores_s == np.nanmin(scores_s))[0][-1]
                    self._mylogv("CM_aux_exact: natural_loser =",
                                 natural_loser, 3)
                    scores_temp = np.copy(scores_s)
                    scores_temp[natural_loser] += n_max
                    other_possible_loser = np.where(
                        scores_temp == np.nanmin(scores_temp))[0][-1]
                    self._mylogv("CM_aux_exact: other_possible_loser =", 
                                 other_possible_loser, 3)
                    if other_possible_loser == natural_loser:
                        losers_to_test = [natural_loser]
                    else:
                        losers_to_test = [natural_loser, other_possible_loser]
                else:
                    losers_to_test = candidates[is_candidate_alive_begin_r]
                self._mylogv("CM_aux_exact: losers_to_test =",
                             losers_to_test, 3)
                self._mylogv("CM_aux_exact: but do not test ", c, 3)
                # Loop on d
                for d in losers_to_test:
                    if d == c:
                        continue
                    self._mylogv("CM_aux_exact: d =", d, 3)
                    # Is it possible to eliminate d now?
                    if unison:
                        # We already know that it is possible.
                        n_manip_r = n_max
                    else:
                        scores_m = np.maximum(
                            0,
                            scores_s[d] -
                            scores_s[is_candidate_alive_begin_r] +
                            (candidates[is_candidate_alive_begin_r] > d))
                        n_manip_r = np.sum(scores_m)
                    self._mylogv("CM_aux_exact: n_manip_r =", n_manip_r, 3)
                    if n_manip_r > n_max:
                        continue
                    # Feed the dictionary 'situations_end_r'
                    n_manip_r_and_before = max(n_manip_r, 
                                               n_manip_used_before_r)
                    is_candidate_alive_end_r = np.copy(
                        is_candidate_alive_begin_r)
                    is_candidate_alive_end_r[d] = False
                    example_path_end_r = example_path_before_r[:]
                    example_path_end_r.append(d)
                    if tuple(is_candidate_alive_end_r) in situations_end_r:
                        if n_manip_r_and_before < situations_end_r[
                                tuple(is_candidate_alive_end_r)][0]:
                            situations_end_r[tuple(is_candidate_alive_end_r)] \
                                = (n_manip_r_and_before, example_path_end_r)
                    else:
                        situations_end_r[tuple(is_candidate_alive_end_r)] \
                            = (n_manip_r_and_before, example_path_end_r)
            self._mylogv("CM_aux_exact: situations_end_r =",
                         situations_end_r, 3)
            if len(situations_end_r) == 0:
                self._mylog("CM_aux_exact: Manipulation is impossible with " + 
                            "n_max manipulators.", 3)
                return np.inf, np.nan
            situations_begin_r = situations_end_r
        # If we reach this point, we know that all rounds were successful.
        self._mylogv("CM_aux_exact: situations_end_r:", situations_end_r, 3)
        is_candidate_alive_end, (
            n_manip_exact, example_path_exact) = situations_end_r.popitem()
        example_path_exact.append(c)
        self._mylogv("CM_aux_exact: is_candidate_alive_end:", 
                     is_candidate_alive_end, 3)
        self._mylogv("CM_aux_exact: example_path_exact:", 
                     example_path_exact, 3)
        self._mylogv("CM_aux_exact: Conclusion phase 2: n_manip_exact =", 
                     n_manip_exact, 3)
        return n_manip_exact, np.array(example_path_exact)

    #%% Trivial Manipulation (TM)

    def _TM_initialize_general(self, with_candidates):
        super()._TM_initialize_general(with_candidates)
        self._sufficient_coalition_size_TM = np.full(self.pop.C, np.inf)
        self._sufficient_coalition_size_TM[self.w] = 0
        self._candidates_TM[self.w] = False

    def _TM_preliminary_checks_general(self):
        # We remove the general preliminary checks, because we always want
        # to run _TM_main_work_c to provide an example of path.
        pass

    def _TM_initialize_c(self, c):
        self._mylogv("TM: Candidate =", c, 2)
        # We remove the general preliminary checks on c for the same reason.

    def _TM_main_work_c(self, c):
        # For Exhaustive Ballot, if TM works, then manipulators always vote
        # for c, so the rest of their ballot has no impact on the result.
        # So we can define a minimum coalition size for TM: minimal number
        # of manipulators such that, when always voting for c, c gets elected.
        # It will help us for CM: indeed, it is a lower bound that is better
        #  than TM (= n_m, when it works) and also than ICM (= n_s or n_s
        # + 1).
        candidates_not_c = np.concatenate((
            range(c), range(c + 1, self.pop.C))).astype(int)
        example_path = []
        is_alive = np.ones(self.pop.C, dtype=np.bool)
        n_manip_used = 0
        for r in range(self.pop.C - 1):
            scores_tot = np.full(self.pop.C, np.nan)
            scores_tot[is_alive] = np.sum(np.equal(
                self.pop.preferences_borda_rk[
                    np.logical_not(self.v_wants_to_help_c[:, c]), :][
                        :, is_alive],
                np.max(self.pop.preferences_borda_rk[
                    np.logical_not(self.v_wants_to_help_c[:, c]), :][
                        :, is_alive], 1)[:, np.newaxis]
            ), 0)
            loser = candidates_not_c[np.where(
                scores_tot[candidates_not_c] ==
                np.nanmin(scores_tot[candidates_not_c])
            )[0][-1]]
            n_manip_used = max(
                n_manip_used,
                scores_tot[loser] - scores_tot[c] + (c > loser))
            is_alive[loser] = False
            example_path.append(loser)
        example_path.append(c)
        # Conclude for c
        self._sufficient_coalition_size_TM[c] = n_manip_used
        self._mylogv('TM: sufficient_coalition_size_TM[c]',
                     self._sufficient_coalition_size_TM[c], 2)
        self._example_path_TM[c] = np.array(example_path)
        self._mylogv('TM: example_path_TM[c] =',
                     self._example_path_TM[c], 2)
        if self.pop.matrix_duels_ut[c, self.w] >= \
                self._sufficient_coalition_size_TM[c]:
            self._candidates_TM[c] = True
            self._is_TM = True
        else:
            self._candidates_TM[c] = False

    #%% Unison manipulation (UM)
    # Note: if pretests conclude that UM is True, no elimination path is
    # computed. But in that cases, TM is True. So we can use the elimination
    # path of TM if we need to quickly provide one for CM.

    def _UM_main_work_c(self, c):
        exact = (self.UM_option == "exact")
        n_m = self.pop.matrix_duels_ut[c, self.w]
        self._mylogv("UM: n_m =", n_m, 3)
        n_manip_fast, example_path_fast = self._CM_aux_fast(
            c, n_max=n_m, unison=True,
            preferences_borda_s=self.pop.preferences_borda_rk[
                np.logical_not(self.v_wants_to_help_c[:, c]), :])
        self._mylogv("UM: n_manip_fast =", n_manip_fast, 3)
        if n_manip_fast <= n_m:
            self._candidates_UM[c] = True
            if self._example_path_UM[c] is None:
                self._example_path_UM[c] = example_path_fast
            return
        if not exact:
            self._candidates_UM[c] = np.nan
            return
            
        # From this point, we have necessarily the 'exact' option (and have
        # not found a manipulation for c yet).
        n_manip_exact, example_path_exact = self._CM_aux_exact(
            c, n_m, unison=True,
            preferences_borda_s=self.pop.preferences_borda_rk[
                np.logical_not(self.v_wants_to_help_c[:, c]), :])
        self._mylogv("UM: n_manip_exact =", n_manip_exact)
        if n_manip_exact <= n_m:
            self._candidates_UM[c] = True
            if self._example_path_UM[c] is None:
                self._example_path_UM[c] = example_path_exact
        else:
            self._candidates_UM[c] = False
            
    #%% Ignorant-Coalition Manipulation (ICM)

    # Use the methods from superclass.

    #%% Coalition Manipulation (CM)

    def _CM_preliminary_checks_c(self, c, optimize_bounds):
        # A mandatory additional precheck, to ensure that
        # _example_path_CM[c] is updated if sufficient_coalition_size_CM[c]
        # has been updated.
        # We use the following syntax (instead of
        # _CM_preliminary_checks_c_subclass) because we want the test here
        # to be done, even if another one succeeded.
        super()._CM_preliminary_checks_c(c, optimize_bounds)
        # As a test for sufficient size, this one is better (lower) than all
        # the other ones in _CM_preliminary_checks_c. So, as soon as one of
        # them updates sufficient size, this one will provide an example of
        # path.
        self.TM_c(c)
        if self._sufficient_coalition_size_TM[c] <= \
                self._sufficient_coalition_size_CM[c]:
            # The <= is not a typo.
            self._update_sufficient(
                self._sufficient_coalition_size_CM, c,
                self._sufficient_coalition_size_TM[c],
                'CM: Preliminary checks: TM improved => \n    '
                'sufficient_coalition_size_CM[c] = ')
            self._mylogv('CM: Preliminary checks: Update _example_path_CM[c] '
                         '= _example_path_TM[c] =',
                         self._example_path_TM[c], 3)
            self._example_path_CM[c] = self._example_path_TM[c]

    def _CM_main_work_c(self, c, optimize_bounds):
        exact = (self.CM_option == "exact")
        if optimize_bounds and exact:
            n_max = self._sufficient_coalition_size_CM[c] - 1
        else:
            n_max = self.pop.matrix_duels_ut[c, self.w]
        self._mylogv("CM: n_max =", n_max, 3)
        if not exact and self._necessary_coalition_size_CM[c] > n_max:
            self._mylog("CM: Fast algorithm will not do better than " +
                        "what we already know", 3)
            return
        n_manip_fast, example_path_fast = self._CM_aux_fast(
            c, n_max, unison=False,
            preferences_borda_s=self.pop.preferences_borda_rk[
                np.logical_not(self.v_wants_to_help_c[:, c]), :])
        self._mylogv("CM: n_manip_fast =", n_manip_fast, 3)
        if n_manip_fast < self._sufficient_coalition_size_CM[c]:
            self._sufficient_coalition_size_CM[c] = n_manip_fast
            self._example_path_CM[c] = example_path_fast
            self._mylogv('CM: Update sufficient_coalition_size_CM[c] = '
                         'n_manip_fast =', n_manip_fast, 3)
        if not exact:
            # With fast algo, we stop here anyway. It is not a "quick escape"
            # (if we'd try again with optimize_bounds, we would not try
            # better).
            return False
        
        # From this point, we have necessarily the 'exact' option
        if self._sufficient_coalition_size_CM[c] == (
                self._necessary_coalition_size_CM[c]):
            return False
        if not optimize_bounds and (self.pop.matrix_duels_ut[c, self.w] >=
                                    self._sufficient_coalition_size_CM[c]):
            # This is a quick escape: since we have the option 'exact', if 
            # we come back with optimize_bounds, we will try to be more
            # precise.
            return True

        # Either we're with optimize_bounds (and might have succeeded), or in
        # non-optimized mode (and we have failed)
        n_max_updated = min(n_manip_fast - 1, n_max)
        self._mylogv("CM: n_max_updated =", n_max_updated)
        n_manip_exact, example_path_exact = self._CM_aux_exact(
            c, n_max_updated, unison=False,
            preferences_borda_s=self.pop.preferences_borda_rk[
                np.logical_not(self.v_wants_to_help_c[:, c]), :])
        self._mylogv("CM: n_manip_exact =", n_manip_exact)
        if n_manip_exact < self._sufficient_coalition_size_CM[c]:
            self._sufficient_coalition_size_CM[c] = n_manip_exact
            self._example_path_CM[c] = example_path_exact
            self._mylogv('CM: Update sufficient_coalition_size_CM[c] = '
                         'n_manip_exact =')
        # Update necessary coalition and return
        if optimize_bounds:
            self._update_necessary(
                self._necessary_coalition_size_CM, c,
                self._sufficient_coalition_size_CM[c],
                'CM: Update necessary_coalition_size_CM[c] = '
                'sufficient_coalition_size_CM[c] =')
            return False
        else:
            if self.pop.matrix_duels_ut[c, self.w] >= \
                    self._sufficient_coalition_size_CM[c]:
                # We have optimized the size of the coalition.
                self._update_necessary(
                    self._necessary_coalition_size_CM, c,
                    self._sufficient_coalition_size_CM[c],
                    'CM: Update necessary_coalition_size_CM[c] = '
                    'sufficient_coalition_size_CM[c] =')
                return False
            else:
                # We have explored everything with n_max = n_m but 
                # manipulation failed. However, we have not optimized
                # sufficient_size (which must be higher than n_m), so it
                # is a quick escape.
                self._update_necessary(
                    self._necessary_coalition_size_CM, c,
                    self.pop.matrix_duels_ut[c, self.w] + 1,
                    'CM: Update necessary_coalition_size_CM[c] = n_m + 1 =')
                return True



if __name__ == '__main__':
    # A quick demo
    preferences_utilities = np.random.randint(-5, 5, (10, 5))
    pop = Population(preferences_utilities)
    election = ExhaustiveBallot(pop)
    election.demo(log_depth=3)
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  Source code for svvamp.VotingSystems.Borda

# -*- coding: utf-8 -*-
"""
Created on Tue Sep 30 20:43:45 2014
Copyright François Durand 2014, 2015
fradurand@gmail.com

This file is part of SVVAMP.

    SVVAMP is free software: you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation, either version 3 of the License, or
    (at your option) any later version.

    SVVAMP is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License
    along with SVVAMP.  If not, see <http://www.gnu.org/licenses/>.
"""

import numpy as np

from svvamp.VotingSystems.Election import Election
from svvamp.VotingSystems.BordaResult import BordaResult
from svvamp.Preferences.Population import Population


[docs]class Borda(BordaResult, Election):
    """Borda rule.

    Inherits functions and optional parameters from superclasses
    :class:`~svvamp.ElectionResult` and :class:`~svvamp.Election`.

    :Example:

    >>> import svvamp
    >>> pop = svvamp.PopulationSpheroid(V=100, C=5)
    >>> election = svvamp.Borda(pop)

    Voter ``v`` gives
    (:attr:`~svvamp.Population.C` - 1) points to her top-ranked candidate,
    (:attr:`~svvamp.Population.C` - 2) to the second, ...,
    0 to the last.
    Ties are broken by natural order on the candidates (lower index wins).

    :meth:`~svvamp.Election.CM`: Deciding CM is NP-complete.

        * :attr:`~svvamp.Election.CM_option` = ``'fast'``:
          Zuckerman et al. (2009). This approximation algorithm is
          polynomial and has a window of error of 1 manipulator.
        * :attr:`~svvamp.Election.CM_option` = ``'exact'``:
          Non-polynomial algorithm from superclass :class:`~svvamp.Election`.

    :meth:`~svvamp.Election.ICM`: Algorithm is polynomial and has a window of
    error of 1 manipulator.

    :meth:`~svvamp.Election.IM`: Exact in polynomial time.

    :meth:`~svvamp.Election.not_IIA`: Exact in polynomial time.

    :meth:`~svvamp.Election.TM`: Exact in polynomial time.

    :meth:`~svvamp.Election.UM`: Exact in polynomial time.

    References:

        'Algorithms for the coalitional manipulation problem',
        M. Zuckerman, A. Procaccia and J. Rosenschein, 2009.

        'Unweighted Coalitional Manipulation Under the Borda Rule is NP-Hard',
        Nadja Betzler, Rolf Niedermeier and Gerhard Woeginger, 2011.

        'Complexity of and algorithms for the manipulation of Borda,
        Nanson's and Baldwin's voting rules', Jessica Davies,
        George Katsirelos, Nina Narodytska, Toby Walsh and Lirong Xia, 2014.
    """

    _layout_name = 'Borda'
    _options_parameters = Election._options_parameters.copy()
    _options_parameters.update(BordaResult._options_parameters)
    _options_parameters['IM_option'] = {'allowed': ['exact'],
                                        'default': 'exact'}
    _options_parameters['TM_option'] = {'allowed': ['exact'],
                                        'default': 'exact'}
    _options_parameters['UM_option'] = {'allowed': ['exact'],
                                        'default': 'exact'}
    _options_parameters['ICM_option'] = {'allowed': ['fast'],
                                           'default': 'fast'}
    _options_parameters['CM_option'] = {'allowed': ['fast', 'exact'],
                                        'default': 'fast'}

    def __init__(self, population, **kwargs):
        super().__init__(population, **kwargs)
        self._log_identity = "BORDA"
        self._class_result = Borda
        self._with_two_candidates_reduces_to_plurality = True
        self._is_based_on_rk = True
        self._meets_InfMC_c_ctb = True
        self._precheck_ICM = False

    #%% Independence of Irrelevant Alternatives (IIA)

    def _compute_IIA(self):
        self._mylog("Compute IIA", 1)
        # If we remove candidate d, candidate c loses matrix_duels_rk[c, d]
        # Borda points and w loses matrix_duels_rk[w, d]. So, candidate c
        # gains the difference, when compared to w.
        impact_removal_d_on_c = np.add(
            - self.pop.matrix_duels_rk,
            + self.pop.matrix_duels_rk[self.w, :][np.newaxis, :])
        impact_removal_d_on_c[np.diag_indices(self.pop.C)] = 0
        impact_removal_d_on_c[:, self.w] = 0  # Forbidden to remove w

        # For c, any candidate d s.t. impact_removal_d_on_c[c, d] > 0 is
        # a good choice to remove. pseudo_scores[c] is c's score minus
        # w's score after these removals.
        # After all these removals, it may be that another candidate e will
        # have a better score than c, but we don't care: the only important
        # thing is to make w lose.
        pseudo_scores = (
            self.scores - self.score_w +
            np.sum(np.maximum(impact_removal_d_on_c, 0), 1))
        self._mylogv("pseudo_scores =", pseudo_scores, 2)

        # If pseudo_scores[c] > 0 for some c, then IIA is broken.
        best_c = np.argmax(pseudo_scores)
        self._mylogv("best_c =", best_c, 2)
        if pseudo_scores[best_c] + (best_c < self.w) > 0:
            # Since we chose the best c, we know that she is the winner in her
            # optimal subset.
            self._is_IIA = False
            self._example_winner_IIA = best_c
            # self._example_subset_IIA = np.ravel(np.where(
            #     np.logical_not(impact_removal_d_on_c[best_c, :] > 0)))
            self._example_subset_IIA = np.logical_not(
                impact_removal_d_on_c[best_c, :] > 0)
        else:
            self._is_IIA = True
            self._example_winner_IIA = np.nan
            self._example_subset_IIA = np.nan

    #%% Individual manipulation (IM)            

    def _IM_preliminary_checks_general_subclass(self):
        # If we change the ballot of only one c-manipulator v, then score[c] -
        # score[w] increases by at most C-2. Indeed, c gave at least 1 point
        # of difference to c vs w (she strictly prefers c to w), and now she
        # can give  at most C-1 points of difference (with c on top and w at
        # bottom).
        self._mylogv('Preliminary checks: scores =', self.scores)
        self._mylogv('Preliminary checks: scores_w =', self.score_w)
        temp = self.scores + self.pop.C - 2 + (
            np.array(range(self.pop.C)) < self.w)
        self._mylogm('Preliminary checks: scores + C - 2 + (c < w) =',
                     temp)
        # self._mylogm('Preliminary checks: possible candidates =',
        #              temp > self.scores[self.w])
        self._v_IM_for_c[:, temp <= self.scores[self.w]] = False

    def _IM_main_work_v(self, v, c_is_wanted,
                        nb_wanted_undecided, stop_if_true):
        scores_without_v = self.scores - self.ballots[v, :]
        self._mylogv('scores_without_v =', scores_without_v)
        candidates_by_decreasing_score = np.argsort(-scores_without_v,
                                                    kind='mergesort')
        # ballot_balance is the ballot that v must give to balance
        # the scores of all candidates the best she can.
        ballot_balance = np.argsort(candidates_by_decreasing_score)
        self._mylogv('ballot_balance =', ballot_balance, 3)
        for c in range(self.pop.C):
            if not c_is_wanted[c]:
                continue
            if not np.isneginf(self._v_IM_for_c[v, c]):
                continue
            self._mylogv('Candidate c =', c, 3)
            # Compared to ballot_balance, the candidates that v was
            # putting better than c lost 1 point.
            ballot = ballot_balance - np.greater(ballot_balance,
                                                 ballot_balance[c])
            # Voter v gives the maximal score to c.
            ballot[c] = self.pop.C - 1
            self._mylogv('ballot =', ballot, 3)
            w_test = np.argmax(scores_without_v + ballot)
            self._mylogv('w_test =', w_test, 3)
            if w_test == c:
                self._v_IM_for_c[v, c] = True
                self._candidates_IM[c] = True
                self._voters_IM[v] = True
                self._is_IM = True
                self._mylog("IM found", 3)
                if stop_if_true:
                    return
            else:
                self._v_IM_for_c[v, c] = False
            if nb_wanted_undecided == 0:
                return

    #%% Trivial Manipulation (TM)

    # Defined in the superclass.

    #%% Unison manipulation (UM)

    def _UM_main_work_c_exact(self, c):
        scores_test = np.sum(
            self.ballots[np.logical_not(self.v_wants_to_help_c[:, c]), :], 0)
        candidates_by_decreasing_score = np.argsort(-scores_test,
                                                    kind='mergesort')
        # Balancing ballot: put candidates in the order of their current
        # scores (least point to the most dangerous).
        ballot = np.argsort(candidates_by_decreasing_score)
        # Now put c on top. And modify other Borda scores accordingly on the
        # ballot.
        ballot -= np.greater(ballot, ballot[c])
        ballot[c] = self.pop.C - 1
        # New scores = old scores + n_manipulators * ballot.
        scores_test += np.multiply(self.pop.matrix_duels_ut[c, self.w], ballot)
        w_test = np.argmax(scores_test)
        self._candidates_UM[c] = (w_test == c)

    #%% Ignorant-Coalition Manipulation (ICM)

    def _ICM_main_work_c_fast(self, c, optimize_bounds):
        # n_s: number of sincere voters (= counter-manipulators)
        n_s = self.pop.V - self.pop.matrix_duels_ut[c, self.w]
        C = self.pop.C
        # Necessary condition:
        # ^^^^^^^^^^^^^^^^^^^^
        # Let us note n_m the number of manipulators for c. Each manipulator
        # gives C - 1 points to c and an average of (C - 2) / 2 points to each
        # other candidate. Let us note d the other candidate with maximum 
        # score_m (from the manipulators).
        # score_m[c] = n_m * (C - 1).
        # score_m[d] >= n_m * (C - 2) / 2.
        # At worst, each counter-manipulator will give C - 1 points to d and
        # 0 point to c.
        # score_total[c] = n_m * (C - 1)
        # score_total[d] >= n_m * (C - 2) / 2 + n_s * (C - 1)
        # Since these scores may be half-integers, we will multiply them by 2
        # to apply the tie=breaking rule correctly. We need:
        # 2 * score_total[c] >= 2 * score_total[d] + (c > 0), which leads to:
        # n_m >= (2 * n_s * (C - 1) + (c > 0)) / C.
        necessary = np.ceil((2 * n_s * (C - 1) + (c > 0)) / C)
        # Sufficient condition for n_m = 2*p
        # ^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^
        # Manipulators can give C - 1 points to c. Other candidates have
        # balanced scores (ballot [C-2, ..., 0] paired with [0, ..., C-2]).
        # score_m[c] = 2p (C - 1)
        # score_m[d] = 2p (C - 2) / 2
        # After counter-manipulation:
        # score_total[c] = 2p (C - 1)
        # score_total[d] = 2p (C - 2) / 2 + n_s (C - 1)
        # For ICM, it is sufficient that score_total[c] >= score_total[d] + 
        # (c > 0), which translates as before to:
        # p >= (n_s (C-1) + (c > 0)) / C.
        # N.B.: From the general inequality 2 ceil(x) <= ceil (2x), it can
        # be deduced that sufficient_even - necessary <= 1.
        sufficient_even = 2 * np.ceil((n_s * (C - 1) + (c > 0)) / C)
        # Sufficient condition for n_m = 2*p + 1
        # ^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^
        # Manipulators can give C - 1 points to c. With the first 2p
        # manipulators, other candidates have balanced scores as before. In
        # addition, the last manipulator gives C - 2 points to the opponent
        # candidate with the higher index (so that she benefits less from
        # t.b. rule).
        # score_m[c] = (2p + 1) (C - 1)
        # score_m[d] = 2p (C - 2) / 2 + (C - 2) = (p + 1) (C - 2)
        # After counter-manipulation:
        # score_total[c] = (2p + 1) (C - 1)
        # score_total[d] = (p + 1) (C - 2) + n_s (C - 1)
        # For ICM, it is sufficient that score_total[c] >= score_total[d] + 
        # (c == C-1) (the tie-breaking rule is against c only if she is the
        # last candidate). This translates to:
        # p >= (n_s (C - 1) - 1 + (c == C-1)) / C.
        sufficient_odd = 1 + 2 * np.ceil((n_s * (C - 1) - 1 + (c == C-1)) / C)
        self._update_necessary(
            self._necessary_coalition_size_ICM, c, necessary)
        self._update_sufficient(
            self._sufficient_coalition_size_ICM, c, sufficient_even)
        self._update_sufficient(
            self._sufficient_coalition_size_ICM, c, sufficient_odd)

    #%% Coalition Manipulation (CM)

    def _CM_main_work_c_fast(self, c, optimize_bounds):
        """Do the main work in CM loop for candidate c.
        * Try to improve bounds _sufficient_coalition_size_CM[c] and
        _necessary_coalition_size_CM[c].
        
        Algorithm: Zuckerman et al. (2009), Algorithms for the coalitional 
        manipulation problem.
        """
        scores_test = np.sum(
            self.ballots[np.logical_not(self.v_wants_to_help_c[:, c]), :], 0)
        # We add a tie-breaking term [(C-1)/C, (C-2)/C, ..., 0] to ease
        # the computations.
        scores_test = scores_test + (
            np.array(range(self.pop.C-1, -1, -1)) / self.pop.C)
        self._mylogv('CM: Further check: scores_test =', scores_test, 3)

        # A family of necessary conditions
        # For k in {1, ..., C-1}, let us note mean_k the mean of the k highest
        # scores among other candidates than c. At best, we will have:
        # scores_tot[c] = scores_test[c] + n_m (C - 1)
        # mean_k_tot = mean_k_test + n_m (k - 1) / 2
        # We must have scores_tot[c] >= mean_k_tot so:
        # n_m >= 2 * (mean_k_test - scores_test[c]) / (2 C - k - 1)
        increasing_scores = np.sort(
            scores_test[np.array(range(self.pop.C)) != c])
        cum_sum = 0
        for k in range(1, self.pop.C):
            cum_sum += increasing_scores[-k]
            necessary = np.ceil(2 * (cum_sum / k - scores_test[c]) /
                                (2 * self.pop.C - k - 1))
            self._mylogv('CM: Further check: k =', k)
            self._mylogv('CM: Further check: cum_sum =', cum_sum)
            self._mylogv('CM: Further check: necessary =', necessary)
            self._update_necessary(
                self._necessary_coalition_size_CM, c, necessary,
                'CM: Further check: necessary_coalition_size_CM =')
        # An opportunity to escape before real work
        if (self._necessary_coalition_size_CM[c] ==
                self._sufficient_coalition_size_CM[c]):
            return False
        if (not optimize_bounds and self.pop.matrix_duels_ut[c, self.w] <
                self._necessary_coalition_size_CM[c]):
            # This is a quick escape: we have not optimized the bounds the
            # best we could.
            return True
        
        # Now, the real work
        n_m = 0
        self._mylogv('CM: Fast algorithm: scores_test =', scores_test, 3)
        while True:
            n_m += 1
            # Balancing ballot: put candidates in the order of their current
            # scores (least point to the most dangerous).
            candidates_by_decreasing_score = np.argsort(-scores_test,
                                                        kind='mergesort')
            ballot = np.argsort(candidates_by_decreasing_score)
            # Now put c on top. And modify other Borda scores accordingly on
            # the ballot.
            ballot -= np.greater(ballot, ballot[c])
            ballot[c] = self.pop.C - 1
            self._mylogv('CM: Fast algorithm: ballot =', ballot, 3)
            # New scores = old scores + ballot.
            scores_test += ballot
            self._mylogv('CM: Fast algorithm: scores_test =', scores_test, 3)
            w_test = np.argmax(scores_test)
            if w_test == c:
                sufficient = n_m
                self._mylogv('CM: Fast algorithm: sufficient =', sufficient)
                self._update_sufficient(
                    self._sufficient_coalition_size_CM, c, sufficient,
                    'CM: Fast algorithm: sufficient_coalition_size_CM =')
                # From Zuckerman et al.: the algorithm is optimal up to 1
                # voter. But since we do not have the same tie-breaking
                # rule, it makes 2 voters.
                self._update_necessary(
                    self._necessary_coalition_size_CM, c, sufficient - 2,
                    'CM: Fast algorithm: necessary_coalition_size_CM =')
                break

    def _CM_main_work_c(self, c, optimize_bounds):
        is_quick_escape_fast = self._CM_main_work_c_fast(c, optimize_bounds)
        if not self.CM_option == "exact":
            # With 'fast' option, we stop here anyway.
            return is_quick_escape_fast

        # From this point, we have necessarily the 'exact' option (which is,
        #  in fact, only an exhaustive exploration with = n_m manipulators).
        is_quick_escape_exact = self._CM_main_work_c_exact(c, optimize_bounds)
        return is_quick_escape_fast or is_quick_escape_exact



if __name__ == '__main__':
    # A quick demo
    preferences_utilities = np.random.randint(-5, 5, (10, 5))
    pop = Population(preferences_utilities)
    election = Borda(pop)
    election.demo(log_depth=3)
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  Source code for svvamp.VotingSystems.CondorcetSumDefeats

# -*- coding: utf-8 -*-
"""
Created on Wed Oct  8 09:56:59 2014
Copyright François Durand 2014, 2015
fradurand@gmail.com

This file is part of SVVAMP.

    SVVAMP is free software: you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation, either version 3 of the License, or
    (at your option) any later version.

    SVVAMP is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License
    along with SVVAMP.  If not, see <http://www.gnu.org/licenses/>.
"""

from svvamp.VotingSystems.Election import Election
from svvamp.VotingSystems.CondorcetSumDefeatsResult import \
    CondorcetSumDefeatsResult
from svvamp.Preferences.Population import Population


[docs]class CondorcetSumDefeats(CondorcetSumDefeatsResult, Election):
    """Condorcet with sum of defeats.

    Inherits functions and optional parameters from superclasses
    :class:`~svvamp.ElectionResult` and :class:`~svvamp.Election`.

    :Example:

    >>> import svvamp
    >>> pop = svvamp.PopulationSpheroid(V=100, C=5)
    >>> election = svvamp.CondorcetSumDefeats(pop)

    An *elementary move* consists of reversing a voter's preference about a
    pair of candidate ``(c, d)`` (without demanding that her whole relation of
    preference stays transitive). The score for candidate ``c`` is minus the
    number of *elementary moves* needed so that ``c`` becomes a Condorcet
    winner.

    It is the same principle as Dodgson's method, but without looking
    for a transitive profile.

    In practice:

    .. math::

        \\texttt{scores}[c] = - \\sum_{c \\text{ does not beat } d}\\left(
        \\left\\lfloor\\frac{V}{2}\\right\\rfloor
        + 1 - \\texttt{matrix_duels_rk}[c, d]
        \\right)

    In particular, for :attr:`~svvamp.Population.V` odd:

    .. math::

        \\texttt{scores}[c] = - \\sum_{c \\text{ does not beat } d}\\left(
        \\left\\lceil\\frac{V}{2}\\right\\rceil
        - \\texttt{matrix_duels_rk}[c, d]
        \\right)

    :meth:`~svvamp.Election.CM`: Non-polynomial or non-exact algorithms
    from superclass :class:`~svvamp.Election`.

    :meth:`~svvamp.Election.ICM`: Algorithm from superclass
    :class:`~svvamp.Election`. It is polynomial and has a window of error of 1
    manipulator.

    :meth:`~svvamp.Election.IM`: Non-polynomial
    or non-exact algorithms from superclass :class:`~svvamp.Election`.

    :meth:`~svvamp.Election.not_IIA`: Non-polynomial
    or non-exact algorithms from superclass :class:`~svvamp.Election`.
    If :attr:`~svvamp.Election.IIA_subset_maximum_size` = 2, it runs in
    polynomial time and is exact up to ties (which can occur only if
    :attr:`~svvamp.Population.V` is even).

    :meth:`~svvamp.Election.TM`: Exact in polynomial time.

    :meth:`~svvamp.Election.UM`: Non-polynomial or non-exact algorithms from
    superclass :class:`~svvamp.Election`.
    """
    
    _layout_name = 'Condorcet Sum Defeats'
    _options_parameters = Election._options_parameters.copy()
    _options_parameters.update(CondorcetSumDefeatsResult._options_parameters)

    def __init__(self, population, **kwargs):
        super().__init__(population, **kwargs)
        self._log_identity = "CONDORCET_SUM_DEFEATS"
        self._class_result = CondorcetSumDefeatsResult
        self._with_two_candidates_reduces_to_plurality = True
        self._is_based_on_rk = True
        self._meets_Condorcet_c_rk = True
        self._meets_InfMC_c_ctb = True
        self._precheck_ICM = False



if __name__ == '__main__':
    # A quick demo
    import numpy as np

    preferences_utilities = np.random.randint(-5, 5, (10, 5))
    pop = Population(preferences_utilities)
    election = CondorcetSumDefeats(pop)
    election.demo(log_depth=3)
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  Source code for svvamp.VotingSystems.Baldwin

# -*- coding: utf-8 -*-
"""
Created on Tue Sep 30 10:52:47 2014
Copyright François Durand 2014, 2015
fradurand@gmail.com

This file is part of SVVAMP.

    SVVAMP is free software: you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation, either version 3 of the License, or
    (at your option) any later version.

    SVVAMP is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License
    along with SVVAMP.  If not, see <http://www.gnu.org/licenses/>.
"""

from svvamp.VotingSystems.Election import Election
from svvamp.VotingSystems.BaldwinResult import BaldwinResult
from svvamp.Preferences.Population import Population


[docs]class Baldwin(BaldwinResult, Election):
    """Baldwin method.

    Inherits functions and optional parameters from superclasses
    :class:`~svvamp.ElectionResult` and :class:`~svvamp.Election`.

    :Example:

    >>> import svvamp
    >>> pop = svvamp.PopulationSpheroid(V=100, C=5)
    >>> election = svvamp.Baldwin(pop)

    Each voter provides a strict order of preference. The candidate with
    lowest Borda score is eliminated. Then the new Borda scores are computed.
    Etc. Ties are broken in favor of lower-index candidates: in case of a tie,
    the candidate with highest index is eliminated.

    Since a Condorcet winner has always a Borda score higher than average,
    Baldwin method meets the Condorcet criterion.

    :meth:`~svvamp.Election.CM`: Non-polynomial or non-exact algorithms
    from superclass :class:`~svvamp.Election`.

    :meth:`~svvamp.Election.ICM`: Exact in polynomial time.

    :meth:`~svvamp.Election.IM`: Deciding IM is NP-complete. Non-polynomial
    or non-exact algorithms from superclass :class:`~svvamp.Election`.

    :meth:`~svvamp.Election.not_IIA`: Exact in polynomial time.

    :meth:`~svvamp.Election.TM`: Exact in polynomial time.

    :meth:`~svvamp.Election.UM`: Non-polynomial or non-exact algorithms from
    superclass :class:`~svvamp.Election`.

    References:

        'Complexity of and algorithms for the manipulation of Borda,
        Nanson's and Baldwin's voting rules', Jessica Davies,
        George Katsirelos, Nina Narodytska, Toby Walsh and Lirong Xia, 2014.
    """

    _layout_name = 'Baldwin'
    _options_parameters = Election._options_parameters.copy()
    _options_parameters.update(BaldwinResult._options_parameters)
    _options_parameters['ICM_option'] = {'allowed': ['exact'],
                                           'default': 'exact'}

    def __init__(self, population, **kwargs):
        super().__init__(population, **kwargs)
        self._log_identity = "BALDWIN"
        self._class_result = Baldwin
        self._with_two_candidates_reduces_to_plurality = True
        self._is_based_on_rk = True
        # Consider vtb case. If c is a Condorcet winner with vtb and ctb, then
        # she has at worst ties in matrix_duels_rk, so she has at least the
        # average Borda score. Can she be eliminated? For that, it is
        # necessary that all other candidates have exactly the average,
        # i.e. matrix_duels_rk is a general tie.
        # Since she is Condorcet winner vtb/ctb, she must be candidate 0,
        # so our tie-breaking rule eliminates another candidate.
        # Conclusion: this voting system meets Condorcet criterion vtb/ctb.
        self._meets_Condorcet_c_rk_ctb = True
        # Let us consider the following example.
        # preferences_borda_ut:
        # [ 1   0 ]
        # [0.5 0.5]
        # [0.5 0.5]
        # ==> candidate 0 is a relative Condorcet winner.
        # preferences_borda_rk (with vtb):
        # [ 1   0 ]
        # [ 0   1 ]
        # [ 0   1 ]
        # ==> candidate 1 wins.
        # Hence self._meets_Condorcet_c_ut_rel = False
        self._precheck_ICM = False



if __name__ == '__main__':
    # A quick demo
    import numpy as np

    preferences_utilities = np.random.randint(-5, 5, (10, 5))
    pop = Population(preferences_utilities)
    election = Baldwin(pop)
    election.demo(log_depth=3)
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  Source code for svvamp.VotingSystems.IteratedBucklin

# -*- coding: utf-8 -*-
"""
Created on Thu Oct  2 14:10:45 2014
Copyright François Durand 2014, 2015
fradurand@gmail.com

This file is part of SVVAMP.

    SVVAMP is free software: you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation, either version 3 of the License, or
    (at your option) any later version.

    SVVAMP is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License
    along with SVVAMP.  If not, see <http://www.gnu.org/licenses/>.
"""

from svvamp.VotingSystems.Election import Election
from svvamp.VotingSystems.IteratedBucklinResult import IteratedBucklinResult
from svvamp.Preferences.Population import Population


[docs]class IteratedBucklin(IteratedBucklinResult, Election):
    """Iterated Bucklin method.

    Inherits functions and optional parameters from superclasses
    :class:`~svvamp.ElectionResult` and :class:`~svvamp.Election`.

    :Example:

    >>> import svvamp
    >>> pop = svvamp.PopulationSpheroid(V=100, C=5)
    >>> election = svvamp.IteratedBucklin(pop)

    The candidate with least *adjusted median Borda score* (cf. below) is
    eliminated. Then the new Borda scores are computed. Etc. Ties are broken
    in favor of lower-index candidates: in case of a tie, the candidate with
    highest index is eliminated.

    Adjusted median Borda score:

        Let ``med_c`` be the median Borda score for candidate ``c``. Let
        ``x_c`` the number of voters who put a lower Borda score to ``c``.
        Then ``c``'s adjusted median is ``med_c - x_c / (V + 1)``.

        If ``med_c > med_d``, then it is also true for the adjusted median.
        If ``med_c = med_d``, then ``c`` has a better adjusted median iff
        ``x_c < x_d``, i.e. if more voters give to ``c`` the Borda score
        ``med_c`` or higher.

        So, the best candidate by adjusted median is the
        :class:`~svvamp.Bucklin` winner. Here, at each round, we eliminate the
        candidate with lowest adjusted median Borda score, which justifies the
        name of "Iterated Bucklin method".

    Unlike Baldwin method (= Iterated Borda), Iterated Bucklin does
    not meet the Condorcet criterion. Indeed, a Condorcet winner may have the
    (strictly) worst median ranking.

    :meth:`~svvamp.Election.CM`: Non-polynomial or non-exact algorithms
    from superclass :class:`~svvamp.Election`.

    :meth:`~svvamp.Election.ICM`: The algorithm from
    superclass :class:`~svvamp.Election` is polynomial and has a window of
    error of 1 manipulator.

    :meth:`~svvamp.Election.IM`: Non-polynomial
    or non-exact algorithms from superclass :class:`~svvamp.Election`.

    :meth:`~svvamp.Election.not_IIA`: Non-polynomial
    or non-exact algorithms from superclass :class:`~svvamp.Election`.

    :meth:`~svvamp.Election.TM`: Exact in polynomial time.

    :meth:`~svvamp.Election.UM`: Non-polynomial or non-exact algorithms from
    superclass :class:`~svvamp.Election`.
    """

    _layout_name = 'Iterated Bucklin'
    _options_parameters = Election._options_parameters.copy()
    _options_parameters.update(IteratedBucklinResult._options_parameters)

    def __init__(self, population, **kwargs):
        super().__init__(population, **kwargs)
        self._log_identity = "ITERATED_BUCKLIN"
        self._class_result = IteratedBucklinResult
        self._with_two_candidates_reduces_to_plurality = True
        self._is_based_on_rk = True
        self._meets_majority_favorite_c_rk = True



if __name__ == '__main__':
    # A quick demo
    import numpy as np

    preferences_utilities = np.random.randint(-5, 5, (10, 5))
    pop = Population(preferences_utilities)
    election = IteratedBucklin(pop)
    election.demo(log_depth=3)
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  Source code for svvamp.VotingSystems.RangeVotingAverage

# -*- coding: utf-8 -*-
"""
Created on Mon Oct  6 10:50:13 2014
Copyright François Durand 2014, 2015
fradurand@gmail.com

This file is part of SVVAMP.

    SVVAMP is free software: you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation, either version 3 of the License, or
    (at your option) any later version.

    SVVAMP is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License
    along with SVVAMP.  If not, see <http://www.gnu.org/licenses/>.
"""

import numpy as np

from svvamp.VotingSystems.Election import Election
from svvamp.VotingSystems.RangeVotingAverageResult import \
    RangeVotingAverageResult
from svvamp.Preferences.Population import Population


[docs]class RangeVotingAverage(RangeVotingAverageResult, Election):
    """Range Voting with Average.
    
    Inherits functions and optional parameters from superclasses
    :class:`~svvamp.ElectionResult` and :class:`~svvamp.Election`.

    :param min_grade: See attribute
        :attr:`~svvamp.RangeVotingAverage.min_grade`.
    :param max_grade: See attribute
        :attr:`~svvamp.RangeVotingAverage.max_grade`.
    :param step_grade: See attribute
        :attr:`~svvamp.RangeVotingAverage.step_grade`.
    :param rescale_grades: See attribute
        :attr:`~svvamp.RangeVotingAverage.rescale_grades`.

    :Example:

    >>> import svvamp
    >>> pop = svvamp.PopulationSpheroid(V=100, C=5)
    >>> election = svvamp.RangeVotingAverage(pop, min_grade=0, max_grade=1, step_grade=0, rescale_grades=True)

    Each voter attributes a grade to each candidate. By default, authorized
    grades are all numbers in the interval
    [:attr:`~svvamp.RangeVotingAverage.min_grade`,
    :attr:`~svvamp.RangeVotingAverage.max_grade`]. To use a discrete set of
    notes, modify attribute :attr:`~svvamp.RangeVotingAverage.step_grade`.

    The candidate with highest average grade wins. In case of a tie, the tied
    candidate with lowest index is declared the winner.

    Default behavior of sincere voters: voter ``v`` applies an affine
    transformation to her utilities
    :attr:`~svvamp.Population.preferences_ut`\ ``[v, :]``
    to get her grades, such that her least-liked candidate receives
    :attr:`~svvamp.RangeVotingAverage.min_grade` and her most-liked candidate
    receives :attr:`~svvamp.RangeVotingAverage.max_grade`.
    To modify this behavior, use attribute
    :attr:`~svvamp.RangeVotingAverage.rescale_grades`.
    For more details about the behavior of sincere voters, see
    :attr:`~svvamp.RangeVotingAverage.ballots`.

    :meth:`~svvamp.Election.not_IIA`:

        * If :attr:`~svvamp.RangeVotingAverage.rescale_grades` = ``False``,
          then Range voting always meets IIA.
        * If :attr:`~svvamp.RangeVotingAverage.rescale_grades` = ``True``, then
          then non-polynomial or non-exact algorithms from superclass
          :class:`~svvamp.Election` are used.

    :meth:`~svvamp.Election.CM`,
    :meth:`~svvamp.Election.ICM`,
    :meth:`~svvamp.Election.IM`,
    :meth:`~svvamp.Election.TM`,
    :meth:`~svvamp.Election.UM`: Exact in polynomial time.
    """

    _layout_name = 'Range voting with average'
    _options_parameters = Election._options_parameters.copy()
    _options_parameters.update(RangeVotingAverageResult._options_parameters)
    _options_parameters['IM_option'] = {'allowed': ['exact'],
                                        'default': 'exact'}
    _options_parameters['TM_option'] = {'allowed': ['exact'],
                                        'default': 'exact'}
    _options_parameters['UM_option'] = {'allowed': ['exact'],
                                        'default': 'exact'}
    _options_parameters['ICM_option'] = {'allowed': ['exact'],
                                           'default': 'exact'}
    _options_parameters['CM_option'] = {'allowed': ['exact'],
                                        'default': 'exact'}

    def __init__(self, population, **kwargs):
        super().__init__(population, **kwargs)
        self._log_identity = "RANGE_VOTING_AVERAGE"
        self._class_result = RangeVotingAverageResult
        self._with_two_candidates_reduces_to_plurality = False
        # Even if rescale_grades = True, a voter who has the same utility
        # for c and d will not vote the same in Range Voting and in Plurality.
        self._is_based_on_rk = False
        self._meets_IgnMC_c_ctb = True

        self._precheck_UM = False
        self._precheck_TM = False
        self._precheck_ICM = False

    def _create_result(self, pop_test):
        result_test = RangeVotingAverageResult(
            pop_test, max_grade=self.max_grade, min_grade=self.min_grade,
            step_grade=self.step_grade, rescale_grades=self.rescale_grades)
        return result_test
        
    #%% Independence of Irrelevant Alternatives (IIA)
        
    @property
    def meets_IIA(self):
        return not self.rescale_grades

    @property
    def is_based_on_ut_minus1_1(self):
        return self._rescale_grades
        
    #%% Individual manipulation (IM)
            
    def _IM_main_work_v(self, v, c_is_wanted,
                        nb_wanted_undecided, stop_if_true):
        _ = self.scores  # Ensure _scores are computed
        scores_without_v = self._scores - self.ballots[v, :]
        w_without_v = np.argmax(np.around(scores_without_v, 12))
        new_score_w = np.around(scores_without_v[w_without_v] + self.min_grade,
                                12)
        for c in range(self.pop.C):
            if not c_is_wanted[c]:
                continue
            if not np.isneginf(self._v_IM_for_c[v, c]):
                continue
            new_score_c = np.around(scores_without_v[c] + self.max_grade, 12)
            if ((c < w_without_v and new_score_c >= new_score_w) or
                    (c > w_without_v and new_score_c > new_score_w)):
                self._v_IM_for_c[v, c] = True
                self._candidates_IM[c] = True
                self._voters_IM[v] = True
                self._is_IM = True
                self._mylog("IM found", 3)
                if stop_if_true:
                    return
            else:
                self._v_IM_for_c[v, c] = False
            nb_wanted_undecided -= 1
            if nb_wanted_undecided == 0:
                return

    #%% Coalition Manipulation (CM)

    def _CM_main_work_c(self, c, optimize_bounds):
        scores_temp = np.sum(self.ballots[
            np.logical_not(self.v_wants_to_help_c[:, c]), :
        ], 0)
        w_temp = np.argmax(np.around(scores_temp, 12))
        sufficient_not_rounded = np.around(
            (scores_temp[w_temp] - scores_temp[c]) /
            (self.max_grade - self.min_grade),
            12)
        self._mylogv("sufficient_not_rounded =", sufficient_not_rounded, 2)
        if sufficient_not_rounded % 1 == 0 and c > w_temp:
            self._sufficient_coalition_size_CM[c] = sufficient_not_rounded + 1
        else:
            self._sufficient_coalition_size_CM[c] = np.ceil(
                sufficient_not_rounded)
        self._necessary_coalition_size_CM[c] = (
            self._sufficient_coalition_size_CM[c])

    #%% Trivial Manipulation (TM)

    def TM(self):
        """Trivial manipulation, incomplete mode.

        Returns:
        is_TM -- Boolean (or NaN). True if TM is possible, False otherwise. If
            the algorithm cannot decide, then NaN.
        log_TM -- String. Parameters used to compute TM.
        """
        return self.CM()

    def TM_c(self, c):
        """Trivial manipulation, focus on one candidate.

        Arguments:
        c -- Integer. The candidate for whom we want to manipulate.

        Returns:
        is_TM_c -- Boolean (or NaN). True if TM for candidate c is possible,
            False otherwise. If the algorithm cannot decide, then NaN.
        log_TM -- String. Parameters used to compute TM.
        """
        return self.CM_c(c)

    def TM_with_candidates(self):
        """Trivial manipulation, complete mode.

        For ordinal voting systems, we call 'trivial manipulation' for
        candidate c against w the fact of putting c on top (compromising), w
        at bottom (burying), while keeping a sincere order on other candidates.

        For cardinal voting systems, we call 'trivial manipulation' for c
        (against w) the fact of putting the maximum grade for c and the
        minimum grade for other candidates.

        In both cases, the intuitive idea is the following: if I want to
        make c win and I only know that candidate w is 'dangerous' (but I know
        nothing else), then trivial manipulation is my 'best' strategy.

        We say that a situation is "trivially manipulable" for c (implicitly:
        by coalition) iff, when all voters preferring c to the sincere winner w
        use trivial manipulation, candidate c wins.

        Returns:
        is_TM -- Boolean (or NaN). True if TM is possible, False otherwise. If
            the algorithm cannot decide, then NaN.
        log_TM -- String. Parameters used to compute TM.
        candidates_TM -- 1d array of booleans (or NaN). candidates_TM[c]
            is True if a TM for candidate c is possible, False otherwise. If
            the algorithm cannot decide, then NaN. By convention,
            candidates_TM[w] = False.
        """
        return self.CM_with_candidates()

    #%% Unison Manipulation (UM)

    def UM(self):
        """Unison manipulation, incomplete mode.

        Returns:
        is_UM -- Boolean (or NaN). True if UM is possible, False otherwise. If
            the algorithm cannot decide, then NaN.
        log_UM -- String. Parameters used to compute UM.
        """
        return self.CM()

    def UM_c(self, c):
        """Unison manipulation, focus on one candidate.

        Arguments:
        c -- Integer. The candidate for whom we want to manipulate.

        Returns:
        is_UM_c -- Boolean (or NaN). True if UM for candidate c is possible,
            False otherwise. If the algorithm cannot decide, then NaN.
        log_UM -- String. Parameters used to compute UM.
        """
        return self.CM_c(c)

    def UM_with_candidates(self):
        """Unison manipulation, complete mode.

        We say that a situation is unison-manipulable for a candidate c != w
        iff all voters who prefer c to the sincere winner w can cast the SAME
        ballot so that c is elected (while other voters still vote sincerely).

        Returns:
        is_UM -- Boolean (or NaN). True if UM is possible, False otherwise. If
            the algorithm cannot decide, then NaN.
        log_UM -- String. Parameters used to compute UM.
        candidates_UM -- 1d array of booleans (or NaN). candidates_UM[c]
            is True if UM for candidate c is possible, False otherwise. If
            the algorithm cannot decide, then NaN. By convention,
            candidates_UM[w] = False.
        """
        return self.CM_with_candidates()


    #%% Ignorant-Coalition Manipulation (ICM)

    # Since Range Voting meets IgnMC_c_ctb, the general methods are exact.


if __name__ == '__main__':
    import doctest
    doctest.testmod()

    # A quick demo
    preferences_utilities = np.random.randint(-5, 5, (10, 5))
    pop = Population(preferences_utilities)
    election = RangeVotingAverage(pop)
    election.demo(log_depth=3)
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  Source code for svvamp.VotingSystems.MajorityJudgment

# -*- coding: utf-8 -*-
"""
Created on Tue Oct  7 14:52:43 2014
Copyright François Durand 2014, 2015
fradurand@gmail.com

This file is part of SVVAMP.

    SVVAMP is free software: you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation, either version 3 of the License, or
    (at your option) any later version.

    SVVAMP is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License
    along with SVVAMP.  If not, see <http://www.gnu.org/licenses/>.
"""

import numpy as np

from svvamp.VotingSystems.Election import Election
from svvamp.VotingSystems.MajorityJudgmentResult import MajorityJudgmentResult
from svvamp.Preferences.Population import Population


[docs]class MajorityJudgment(MajorityJudgmentResult, Election):
    """Majority Judgment.
    
    Inherits functions and optional parameters from superclasses
    :class:`~svvamp.ElectionResult` and :class:`~svvamp.Election`.

    :param min_grade: See attribute
        :attr:`~svvamp.MajorityJudgment.min_grade`.
    :param max_grade: See attribute
        :attr:`~svvamp.MajorityJudgment.max_grade`.
    :param step_grade: See attribute
        :attr:`~svvamp.MajorityJudgment.step_grade`.
    :param rescale_grades: See attribute
        :attr:`~svvamp.MajorityJudgment.rescale_grades`.

    :Example:

    >>> import svvamp
    >>> pop = svvamp.PopulationSpheroid(V=100, C=5)
    >>> election = svvamp.MajorityJudgment(pop, min_grade=0, max_grade=1, step_grade=0, rescale_grades=True)

    Each voter attributes a grade to each candidate. By default, authorized
    grades are all numbers in the interval
    [:attr:`~svvamp.MajorityJudgment.min_grade`,
    :attr:`~svvamp.MajorityJudgment.max_grade`]. To use a discrete set of
    notes, modify attribute :attr:`~svvamp.MajorityJudgment.step_grade`.

    .. note::

        Majority Judgement, as promoted by its authors, uses a
        discrete set of non-numerical grades. For our purpose, using a
        discrete set of numerical grades
        (:attr:`~svvamp.MajorityJudgment.step_grade` > 0)
        is isomorphic to this voting system.
        In contrast, using a continuous set of grades
        (:attr:`~svvamp.MajorityJudgment.step_grade` = 0)
        is a variant of this voting system, which has the advantage of being
        canonical, in the sense that there is no need to choose the number
        of authorized grades more or less arbitrarily.

    The candidate with highest median grade wins. For the tie-breaking rule,
    see :attr:`~svvamp.MajorityJudgment.scores`.

    Default behavior of sincere voters: voter ``v`` applies an affine
    transformation to her utilities
    :attr:`~svvamp.Population.preferences_ut`\ ``[v, :]``
    to get her grades, such that her least-liked candidate receives
    :attr:`~svvamp.MajorityJudgment.min_grade` and her most-liked candidate
    receives :attr:`~svvamp.MajorityJudgment.max_grade`.
    To modify this behavior, use attribute
    :attr:`~svvamp.MajorityJudgment.rescale_grades`.
    For more details about the behavior of sincere voters, see
    :attr:`~svvamp.MajorityJudgment.ballots`.

    :meth:`~svvamp.Election.not_IIA`:

        * If :attr:`~svvamp.MajorityJudgment.rescale_grades` = ``False``,
          then Majority Judgment always meets IIA.
        * If :attr:`~svvamp.MajorityJudgment.rescale_grades` = ``True``, then
          then non-polynomial or non-exact algorithms from superclass
          :class:`~svvamp.Election` are used.

    :meth:`~svvamp.Election.CM`,
    :meth:`~svvamp.Election.ICM`,
    :meth:`~svvamp.Election.IM`,
    :meth:`~svvamp.Election.TM`,
    :meth:`~svvamp.Election.UM`: Exact in polynomial time.

    References:
    
        Majority Judgment : Measuring, Ranking, and Electing. Michel
        Balinski and Rida Laraki, 2010.
    """
    
    _layout_name = 'Majority Judgment'
    _options_parameters = Election._options_parameters.copy()
    _options_parameters.update(MajorityJudgmentResult._options_parameters)
    _options_parameters['IM_option'] = {'allowed': ['exact'],
                                        'default': 'exact'}
    _options_parameters['TM_option'] = {'allowed': ['exact'],
                                        'default': 'exact'}
    _options_parameters['UM_option'] = {'allowed': ['exact'],
                                        'default': 'exact'}
    _options_parameters['ICM_option'] = {'allowed': ['exact'],
                                           'default': 'exact'}
    _options_parameters['CM_option'] = {'allowed': ['exact'],
                                        'default': 'exact'}

    def __init__(self, population, **kwargs):
        super().__init__(population, **kwargs)
        self._log_identity = "MAJORITY_JUDGMENT"
        self._class_result = MajorityJudgmentResult
        self._with_two_candidates_reduces_to_plurality = False
        # Even if rescale_grades = True, a voter who has the same utility
        # for c and d will not vote the same in Majority Judgment and in
        # Plurality.
        self._is_based_on_rk = False
        self._meets_IgnMC_c_ctb = True

        self._precheck_UM = False
        self._precheck_TM = True
        self._precheck_ICM = False

    def _create_result(self, pop_test):
        resultTest = MajorityJudgmentResult(
            pop_test, max_grade=self.max_grade, min_grade=self.min_grade,
            step_grade=self.step_grade, rescale_grades=self.rescale_grades)
        return resultTest
        
    #%% Independence of Irrelevant Alternatives (IIA)
        
    @property
    def meets_IIA(self):
        return not self.rescale_grades

    @property
    def is_based_on_ut_minus1_1(self):
        return self._rescale_grades

    #%% Individual manipulation (IM)
            
    def _IM_main_work_v(self, v, c_is_wanted,
                        nb_wanted_undecided, stop_if_true):
        ballots_test = np.copy(self.ballots)
        ballots_test[v, :] = self.min_grade
        scores_v_is_evil = np.zeros((2, self.pop.C))
        scores_v_is_evil[0, :] = np.median(ballots_test, 0)
        for c in range(self.pop.C):
            p = np.sum(ballots_test[:, c] > scores_v_is_evil[0, c])
            q = np.sum(ballots_test[:, c] < scores_v_is_evil[0, c])
            if q >= p:
                scores_v_is_evil[1, c] = -q
            else:
                scores_v_is_evil[1, c] = p
        w_temp = max(range(self.pop.C), 
                     key=lambda d: scores_v_is_evil[:, d].tolist())
                
        ballots_test[v, :] = self.max_grade
        score_v_is_nice_c = np.zeros(2)
        for c in range(self.pop.C):        
            if not c_is_wanted[c]:
                continue
            if not np.isneginf(self._v_IM_for_c[v, c]):
                continue
            score_v_is_nice_c[0] = np.median(ballots_test[:, c])
            p = np.sum(ballots_test[:, c] > score_v_is_nice_c[0])
            q = np.sum(ballots_test[:, c] < score_v_is_nice_c[0])
            if q >= p:
                score_v_is_nice_c[1] = -q
            else:
                score_v_is_nice_c[1] = p
            if ([score_v_is_nice_c[0], score_v_is_nice_c[1], -c] >=
                    [scores_v_is_evil[0, w_temp], scores_v_is_evil[1, w_temp], 
                     -w_temp]):
                self._v_IM_for_c[v, c] = True
                self._candidates_IM[c] = True
                self._voters_IM[v] = True
                self._is_IM = True
                self._mylog("IM found", 3)
                if stop_if_true:
                    return
            else:
                self._v_IM_for_c[v, c] = False
            if nb_wanted_undecided == 0:
                return

    #%% Coalition Manipulation (CM)

    def _CM_preliminary_checks_c_subclass(self, c, optimize_bounds):
        if self.TM_c(c)[0] == False:
            self._update_necessary(self._necessary_coalition_size_CM,c,
                                   self.pop.matrix_duels_ut[c, self.w] + 1,
                                   'CM: Preliminary checks: not TM => \n    '
                                   '_necessary_coalition_size_CM[c] = n_m+1 =')

    def _CM_main_work_c(self, c, optimize_bounds):
        # In fact, in sorted_sincere, there will be sincere voters and one
        # manipulator (so that median and other stuff is always defined).
        # Grades for c are sorted in ascending order along c's column.
        # Grades for other candidates are sorted in descending order.
        # This way, when adding one manipulator, the median is shifted down
        # by a half-index.
        ballot_manip = np.ones(self.pop.C) * self.min_grade
        ballot_manip[c] = self.max_grade
        sorted_sincere = np.sort(np.concatenate((
            self.ballots[np.logical_not(self.v_wants_to_help_c[:, c]), :],
            [ballot_manip]
        ), 0), 0)[::-1, :]
        sorted_sincere[:, c] = sorted_sincere[::-1, c]
        self._mylogm("CM: sorted_sincere + 1 manipulator =", sorted_sincere, 3)
        medians = np.median(sorted_sincere[:-1, :], 0)
        self._mylogm("CM: medians (sincere only) =", medians, 3)
        p = np.sum(sorted_sincere[:-1, :] > medians, 0)
        self._mylogm("CM: p (sincere only) =", p, 3)
        q = np.sum(sorted_sincere[:-1, :] < medians, 0)
        self._mylogm("CM: q (sincere only) =", q, 3)

        n_s = self.pop.V - self.pop.matrix_duels_ut[c, self.w]
        self._mylogv("CM: n_s =", n_s, 3)
        n_m = 0
        i_median = (n_s - 1) / 2
        CM_successful = False
        while not CM_successful:
            n_m += 1
            i_median += 0.5
            self._mylogv("CM: n_m =", n_m, 3)
            
            # Computing c's scores
            if i_median % 1 == 0:
                median_c = sorted_sincere[i_median, c]
            else:
                median_c = (sorted_sincere[np.floor(i_median), c] + 
                            sorted_sincere[np.ceil(i_median), c]) / 2
            if median_c == medians[c]:
                if median_c != self.max_grade:
                    p[c] += 1
            else:
                medians[c] = median_c
                q[c] = np.ceil(i_median)
                p[c] = np.sum(sorted_sincere[:-1, c] > median_c) + n_m
            if q[c] >= p[c]:
                score_c = [medians[c], -q[c], -c]
            else:
                score_c = [medians[c], p[c], -c]
            self._mylogv("CM: score_c =", score_c, 3)
                
            CM_successful = True
            for d in range(self.pop.C):
                if d == c:
                    continue
                
                # Computing d's scores
                if i_median % 1 == 0:
                    median_d = sorted_sincere[i_median, d]
                else:
                    median_d = (sorted_sincere[np.floor(i_median), d] + 
                                sorted_sincere[np.ceil(i_median), d]) / 2
                if median_d == medians[d]:
                    if median_d != self.min_grade:
                        q[d] += 1
                else:
                    medians[d] = median_d
                    p[d] = np.ceil(i_median)
                    q[d] = np.sum(sorted_sincere[:-1, d] < median_d) + n_m
                if q[d] >= p[d]:
                    score_d = [medians[d], -q[d], -d]
                else:
                    score_d = [medians[d], p[d], -d]
                self._mylogv("CM: score_d =", score_d, 3)
                    
                # Does manipulation work?
                if score_d > score_c:
                    CM_successful = False

        self._sufficient_coalition_size_CM[c] = n_m
        self._necessary_coalition_size_CM[c] = n_m

    #%% Trivial Manipulation (TM)

    # def TM(self):
    #     """Trivial manipulation, incomplete mode.
    #
    #     Returns:
    #     is_TM -- Boolean (or NaN). True if TM is possible, False otherwise. If
    #         the algorithm cannot decide, then NaN.
    #     log_TM -- String. Parameters used to compute TM.
    #     """
    #     return self.CM()
    #
    # def TM_c(self, c):
    #     """Trivial manipulation, focus on one candidate.
    #
    #     Arguments:
    #     c -- Integer. The candidate for whom we want to manipulate.
    #
    #     Returns:
    #     is_TM_c -- Boolean (or NaN). True if TM for candidate c is possible,
    #         False otherwise. If the algorithm cannot decide, then NaN.
    #     log_TM -- String. Parameters used to compute TM.
    #     """
    #     return self.CM_c(c)
    #
    # def TM_with_candidates(self):
    #     """Trivial manipulation, complete mode.
    #
    #     For ordinal voting systems, we call 'trivial manipulation' for
    #     candidate c against w the fact of putting c on top (compromising), w
    #     at bottom (burying), while keeping a sincere order on other candidates.
    #
    #     For cardinal voting systems, we call 'trivial manipulation' for c
    #     (against w) the fact of putting the maximum grade for c and the
    #     minimum grade for other candidates.
    #
    #     In both cases, the intuitive idea is the following: if I want to
    #     make c win and I only know that candidate w is 'dangerous' (but I know
    #     nothing else), then trivial manipulation is my 'best' strategy.
    #
    #     We say that a situation is "trivially manipulable" for c (implicitly:
    #     by coalition) iff, when all voters preferring c to the sincere winner w
    #     use trivial manipulation, candidate c wins.
    #
    #     Returns:
    #     is_TM -- Boolean (or NaN). True if TM is possible, False otherwise. If
    #         the algorithm cannot decide, then NaN.
    #     log_TM -- String. Parameters used to compute TM.
    #     candidates_TM -- 1d array of booleans (or NaN). candidates_TM[c]
    #         is True if a TM for candidate c is possible, False otherwise. If
    #         the algorithm cannot decide, then NaN. By convention,
    #         candidates_TM[w] = False.
    #     """
    #     return self.CM_with_candidates()

    def _TM_main_work_c(self, c):
        ballots_test = np.copy(self.ballots)
        ballots_test[self.v_wants_to_help_c[:, c], :] = self.min_grade
        ballots_test[self.v_wants_to_help_c[:, c], c] = self.max_grade
        scores_test = np.zeros((2, self.pop.C))
        scores_test[0, :] = np.median(ballots_test, 0)
        for d in range(self.pop.C):
            p = np.sum(ballots_test[:, d] > scores_test[0, d])
            q = np.sum(ballots_test[:, d] < scores_test[0, d])
            if q >= p:
                scores_test[1, d] = -q
            else:
                scores_test[1, d] = p
        candidates_by_scores_best_to_worst_test = \
                        np.lexsort((
                            np.array(range(self.pop.C))[::-1],
                            scores_test[1, :],
                            scores_test[0, :]
                        ))[::-1]
        w_test = candidates_by_scores_best_to_worst_test[0]
        self._candidates_TM[c] = (w_test == c)

    #%% Unison Manipulation (UM)

    def UM(self):
        """Unison manipulation, incomplete mode.

        Returns:
        is_UM -- Boolean (or NaN). True if UM is possible, False otherwise. If
            the algorithm cannot decide, then NaN.
        log_UM -- String. Parameters used to compute UM.
        """
        return self.CM()

    def UM_c(self, c):
        """Unison manipulation, focus on one candidate.

        Arguments:
        c -- Integer. The candidate for whom we want to manipulate.

        Returns:
        is_UM_c -- Boolean (or NaN). True if UM for candidate c is possible,
            False otherwise. If the algorithm cannot decide, then NaN.
        log_UM -- String. Parameters used to compute UM.
        """
        return self.CM_c(c)

    def UM_with_candidates(self):
        """Unison manipulation, complete mode.

        We say that a situation is unison-manipulable for a candidate c != w
        iff all voters who prefer c to the sincere winner w can cast the SAME
        ballot so that c is elected (while other voters still vote sincerely).

        Returns:
        is_UM -- Boolean (or NaN). True if UM is possible, False otherwise. If
            the algorithm cannot decide, then NaN.
        log_UM -- String. Parameters used to compute UM.
        candidates_UM -- 1d array of booleans (or NaN). candidates_UM[c]
            is True if UM for candidate c is possible, False otherwise. If
            the algorithm cannot decide, then NaN. By convention,
            candidates_UM[w] = False.
        """
        return self.CM_with_candidates()


    #%% Ignorant-Coalition Manipulation (ICM)

    # Since Majority Judgment meets IgnMC_c_tb, the general methods are exact.


if __name__ == '__main__':
    # A quick demo
    preferences_utilities = np.random.randint(-5, 5, (10, 5))
    pop = Population(preferences_utilities)
    election = MajorityJudgment(pop)
    election.demo(log_depth=3)
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