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Abstract

In this paper 16 different voting procedures for one-seat elections are analysed: the rules of
Borda, Condorcet, Black, Copeland, Simpson, Hare, Coombs, Baldwin, Nanson and the
plurality, anti-plurality, majority, approval and runoff rules. The 2 criteria we use as a
measure for the validity of the voting procedures are Condorcet efficiency (the number of
times a voting procedure selects the Condorcet winner) and Borda efficiency (the number of
times a voting procedure selects the Borda winner). Computer simulations calculate
efficiencies for the 16 voting procedures. We find that the Borda rule is about 85%
Condorcet efficient while some voting procedures are always 100 % Condorcet efficient
(Black, Copeland, Simpson, Baldwin, Nanson). Another rule is only 100 % Condorcet
efficient with single peaked profiles (Coombs). This can be proven theoretically. Another
feature from single peaked profiles seems to be that some voting procedures select the same
winner (Simpson, Baldwin, and Nanson). This result may be interesting for future research.
Considering Borda efficiencies we see that the Black rule scores well, followed by the rules
of Copeland, Nanson and Baldwin. Taking both Condorcet and Borda efficiencies into
account, we can state that the Black rule is superior. Then come the rules of Copeland,

Simpson, Nanson and Baldwin.

1 1'd like to thank all people, whose generous and helpful comments have aided greatly in the formulation of this
paper: Erik Schokkaert, Luc Lauwers, Bart Capéau, Samuel Merrill, , Steven Brams, Hannu Nurmi, Gary Cox,
Bernard Grofman, Arend Lijphart, Aian McLean and Donald Saari. The defects in this paper are mine alone.
Comments by e-mail are welcome at: Dimiteandercruyssen @ecdleuvenacbe
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1. Introduction

Since Arrow’s Impossibility Theorem, it is widely known that no voting procedure is ideal in
terms of Arrow’s conditions. Therefore a second best procedure should be constructed, albeit
somewhat difficult to determine on which basis we should select such a second best
procedure. There are multiple desirable criteria to choose from. In this paper, we concentrate
on two special criteria: Condorcet efficiency and Borda efficiency, i.e. the number of times a
voting procedure selects the Condorcet winner, if there exists one, and the number of times
the Borda winner is elected. In essence, we consider the Borda and Condorcet rules as
valuable. An elaborated motivation for this opinion will be given below.

In section 2, we develop the theoretical framework of present research. Essentially, we
assume that voters are able to give a full ranking of all available alternatives and that the
voting procedure is aimed at the selection of one winner. In a third section we develop a
computer simulation in order to compute both Condorcet and Borda efficiencies of different
voting procedures. The results from this simulation are analysed thoroughly. In a concluding
section, we focus on the main contributions from this simulation.

2. The set up of the model
2.1 Definitions and assumption

Throughout the paper we assume there is a finite set of n voters and m alternatives. Trivial
cases with n < 3 or m < 2 are excluded. An abstract formulation of alternatives is gaen by

b, c, ...and of voters by, 2, 3, ... The preference orderings per voter are supposed to be
strict linear orderings and binary relations are irreflexive, transitive and complete. The i-th
position on a preference ordering is called rank i (i = 1, 2, ..., m). The n-tuple of all voters’
preference orderings is called a profile. Anonymity of voters makes it possible to take voters
with the same preference ordering together.

A voting procedure is a prescribed system that starting from the full profile calculates the
social choice. Different kinds of social choice are possible: no winner (nobody got sufficient
votes§, exactly one winner, several tied winners orsacial ordering. We don’t consider

the case of social orderings in this paper. We point out that we are only interested in the one
and only winner (if one exists) as we want to fill the one “seat” available.

2.2 Different voting procedures
We analyse 3 different types of voting procedures in one-seat elections: point systems,

Condorcet-consistent rules and elimination procedures. As we assume the voters to be “time
consistent” in their preferences we only look at one-ballot systems, where the voters have to

2 Voting procedures are natways able to determine a winner, which is described as non-determinist.



reveal their full rankings at once. Furthermore, we also work with the full profile at once, i.e.
sequential proceduréare not analysed.

2.2.1 Point systems

In order to use @oint systemwe assign;gpoints to an alternative when it has rank i in a
voter’s preference ordering. In this way each voter assigns the following points (gathered in a
points vector) to the alternatives from rank 1 to rank ms{Ss, ...$) With 2 52> S5... 2 5y

and s > s,. Adding up the points received from all voters gives an alternative’s total score.
The alternative with the highest score wins.

The point systems we use are fierality rule with points vector (1,0,0,...,0,0), tigorda
count with points vector (m-1,m-2,m-3,....,1,0), thanti-plurality with points vector
(1,1,1,...,1,0) andpproval votingwith points vector (15s;,...,51,Sn) Where s(i = 2,3,..,m)

is equal to 1 or O, to be determined by each voter individually, but w9 sf 5, = 0 (j =
3,4,..,m). Themajority ruleselects the plurality winner if she receives a score larger than n/2,
which means that more than half of the electorate puts her on rank 1.

2.2.2 Condorcet consistent rules

Condorcet consistent rulestart from pairwise comparisons between all alternatives. A so-
called Dodgson matrix can be computed in the following way. Definasxthe number of
voters who place alternative i higher (i.e. closer to rank 1) in their preference ordering than
alternative j. Clearly, x= 0 and x + X, = n. The m by m Dodgson matrix is defined ag [x

The Condorcetwinner, if one exists, beats all alternatives in pairwise comparisons, hence
alternative i is the Condorcet winner if al] x (n/2) with j = 1,2,i-1,i+1,...,m. Note that there

is one Condorcet winner at most (the Condorcet rule is not determinist) and that in the case a
majority winner exists this is the Condorcet winner. One important feature we have to
mention (here without proof) is that the sum over all j's fropgives the Borda score for
alternative i.Black’s procedurdas described as: if a Condorcet winner exists, then this is the
Black winner, else choose the Borda winner.

Simpsorproposed a kind of maximin rule on the Dodgson matrix. For all i, take the smallest
Xij with j = 1,2,i-1,i+1,...,m and call that one Alternative i with the largest wins. In order

to useCopelands rule we have to write another m by m matrix, defined a$, [y the
following way: write 0’s on the diagonal, and put (ferj) yi;= 1, 0 or -1 if x;is larger than,
equal to or smaller than n/2 respectively. The sum over all j's frpmives the Copeland
score for alternative i. The alternative with the highest Copeland score wins.

% We describe a sequential voting procedure as one that in sequential stages computes a winner out of a certain
number of alternatives (but not all of them) and shifts only this winner to a newwnend a number of not yet
participating alternatives are brought,icomputes again a winner and so on.

4 Anti-plurality is also known as inverse plurality.



2.2.3 Elimination procedures

Thetwo-stage runoff procedurar shorterunoff procedureneeds one or two stages to select

a winner. If a majority winner exists, then this is the runoff winner and the procedure stops.
Otherwise, consider the plurality scores of all alternatives. Withhold the two alternatives with
the highest plurality scores and put them in a pairwise comparison. The winner from this
round is the runoff winner. We programmed this procedure strictly in the computer
simulation, i.e. the procedure stops and declares nobody as a winner in any case of ties.

The Hare procedurg uses the plurality scores at each stage. Now, the alternative with the
lowest plurality score is eliminated from the profile. We get a new profile with the remaining
alternatives where the relative position between all these alternatives is exactly the same as in
the original profile. Again appropriate plurality scores are calculated and the procedure
continues until one winner is found. In the strict version of this rule, the procedure stops as
soon as there is a tie and no winner is selected. In a weaker version we can allow for ties at
each stage and eliminate all alternatives in the tie when in a non-findl atagdeclare all
alternatives as winners when in the final stage of the procedure.

The Coombs procedufaises the anti-plurality scores at each stage. Now, the alternative with
the lowest inverse plurality score (the largest number of last rank places) is eliminated from
the profile. As with Hare’s procedure we get a new profile, again inverse plurality scores are
calculated and the procedure continues until one winner is found. Concerning ties, the same
strict and weak version of the Coombs procedure is used as we did by the Hare procedure.

TheNanson procedurstarts from the initial Borda count. All alternatives that fail to achieve

an equal or more than average Borda score of all alternatives are eliminated and the Borda
count is run amongst the remaining alternatives. Thereby the profile is re-written with the
remaining alternatives only, and new Borda points are assigned. If k out of the m alternatives
are already eliminated, then the Borda points vector looks like (m -1 -k, m-2 -k, ..., 1, 0)
with (m - k) elements. The total number of Borda points each voter gives equals the sum of
the (m-k) elements from the Borda points vector, i.e. (m-1-k) * (m-k) / 2. With n voters, the
total number of Borda points to be shared equals n * (m-1-k) * (m-k) / 2. There are m - k
alternatives remaining, hence the average per remaining alternative or “quotum” equals n *
(m-1-k) / 2. So, at each stage all alternatives that fail to achieve this quotum are eliminated
and the procedure continues. The last surviving alternative is declared as winner. Note that in
the case where at any stage where the Borda scores of the remaining alternatives®are equal

® The Hare rule is also known as plurality runoff, alternative vote or single transferable vote for one-seat elections
® We are in non-last stage if not all remaining alternatives are in a tie. Then those tied alternatives are all
eliminated and the procedure continues with the surviving alternatives. We are in a last stage if all remaining
alternatives are in a tie.

" The Coombs rule is also known as inverse plurality runoff or exhaustive voting
® Note that there are cases where only one Nanson winner can emerge. Take e.g. n odd and m - k = 2, then the 2
alternatives can't get an equal Borda score.



all of them are declared as tied winners as each alternative gets the quotum and cannot be
eliminated. If this does not happen, then the last stage is nothing else than use of the
Condorcet criterion between the two remaining alternatives.

The Baldwin procedur€ is a modification of Nanson’s method in the sense that only one
alternative at a time is eliminated, i.e. this one with the lowest Borda score. The procedure
then continues with the remaining alternatives, new Borda points are assigned and so on. The
procedures from Baldwin and Nanson need not to select exactly the same winners.

3. Computer simulation

In this section, we simulate elections by computer. Given a randomly chosen profile, the
winner(s) of the different voting procedures are calculated. We work with randomly chosen
profiles instead of “real” profiles because we are interested in general results. Even with a
limited number of simulations, some indications may emerge which can be interesting to
further analyse in theory (i.e. find a theoretical proof). Another advantage of simulations is
that one can vary the number of voters and alternatives.

The idea to generate elections by computer in this kind of framework comes from the article
A Comparison of Efficiency of Multialternative Electoral Systdrnosn Samuel Merrill
(1984). Merrill tested the Condorcet efficiency of 7 voting procedures. The far-famed table
with his results is given below.

Table 1: Condorcet efficiencies for a random profile with 25 voters by Merrill (1984)

procedure \ # alternatives 2 3 4 5 7 10
BORDA 100,0 90,8 87,3 86,2 85,3 84,3
CONDORCET 100,0 100,0 100,0 100,0 100,0 100,0
PLURALITY 100,0 79,1 69,4 62,1 52,0 42,6
APPROVAL 100,0 76,0 69,3 67,1 63,7 61,3
BLACK 100,0 100,C 100,0 100,0 100,0 100,0
RUNOFF 100,0 96,2 90,1 836 73,5 61,3
HARE (TIES) 100,0 96,2 92,7 891 84,8 77,9
COOMBS (TIES) 100,0 96,3 934 90,2 8€,1 81,1
% Condorcet winners 100,0 91,6 83,4 75,8 64,3 £2,5

Source: Merrill (1984)

Our current computer simulation program is written in Turbo Pascal 7.0. We simulate
elections with a number of voters ranging from 25 to 425 and a number of alternatives
ranging from 2 to 20. The number of elections simulated (the number of “runs”) was each
time 10.000.

® We use the name “Baldwin” rule in order to stress the difference with the Nanson rule. John Taplin mentioned
that name on the Election Methods Internet Site. The procedure may be better known as e.g. Nanson’s
modification of his own rule (cf. McLean and Urken (1995)), but this terminology is confusing.



In our program both Condorcet and Borda efficiencies are calculated. A justification for the
use of both Condorcet and Borda efficiencies will be given here. First of all, Jean-Charles de
Borda and Marquis de Condorcet had historical discussions about the validity of their system
and this interesting discussion is still going on. Second, it is clear that voting procedures by
which the full profile is not taken into account can give winners that are not well-supported
by the electorate. But the Condorcet and Borda rule do make use of the full profile, albeit in
two different ways. Furthermore, the selection of the Condorcet winner generally can be seen
as a strong concept as this alternative bafitether alternatives by pairwise comparisons.
However, some problems arise by stressing uniquely this feature. First, there is not always a
Condorcet winner, which is an important drawback of the Condorcet rule. In general, if there
exists a Condorcet winner, then this is mostly a strong alternative. In a small number of cases
however, a Condorcet winner needs not always to be the “ideal” social choice, as in the
following case:

g o o T o
N O O 0 T
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The Borda winner b seems to enjoy a larger overall support than Condorcet winner a. Note
that even the widely accepted majority rule provides the same “undesirable” alternative a as
winner. Therefore it is our conviction that it is worthwhile to consider not only the Condorcet
rule, but also the Borda rule. The Borda raleaysgives a winner and due to its points
system, the Borda winner must be a “widely accepted” alternative. Naturally, even the Borda
rule has drawbacks such as manipulability, but this kind of analysis falls beyond the scope of
this paper.

Additionally in the computer program, the concepts strong and weak efficiency are
introduced and used for both Condorcet and Borda efficién&p important expansion in
comparison with Merrill's program is the inclusion of other voting procedures: majority, anti-
plurality and the rules by Copeland, Simpson, Nanson and Baldwin. Remark that we include
both the strict and the less strict versions of Hare’s and Coombs'’ rule.

In a slightly different version of our basic program, we calculate Condorcet and Borda
efficiencies on the more restricted domain of single peaked profiles. On the following lines
the basic program will be dealt with, in the next section the program for single peaked
preferences.

1% For more details, see below.



3.1 Basic program
3.1.1 Set-up of the basic program

The program contains four major steps. In the first step, we can choose the number of
alternatives and the number of voters. First we follow Merrill by choosing 25 voters. In order
to control for the difference between an even and an odd number of voters, we also look at
cases with 26 voters.

In the second step, for a given number of voters and alternatives the computer calculates the
winner(s}* of the different voting procedures. All procedures, except approval voting, can be
run immediately starting from the given profile, in the same way as described above. For
approval voting, we need to use some kind of a'frick

Concerning the procedures from Hare and Coombs, two different versions are used. A first

strict one does not allow for ties, in the sense that the procedure stops and is not able to
declare a winner in the case of ties. A second one does allow for ties. The two-stage runoff
procedure is programmed in its strict version i.e. it stops in the case of ties. The Nanson and
Baldwin procedures are programmed to allow for ties in the same way as with Hare and

Coombs.

The third step of the simulation consists of repeating 10.000 times the above described two
steps. Then we get the 10.000 Borda winners, 10.000 plurality winners, and so on. Remark
that only in the case of Condorcet, two-stage runoff and the strict versions of Hare and
Coombs, there is not always a winner.

The fourth and last step of the program consists of calculating the Condorcet and Borda
efficiencies. Condorcet efficiency is only applied to those runs where there is a Condorcet
winner.

The difference between strong and weak efficiency is directly related to the difference
between a strong and weak intersection between the winner(s) from voting procedure X and
voting procedure Y. When both voting procedures select exactly the same winner or winners,
then we talk about a strong intersection. In the case there is no strong intersection, but at least
one of the winners from the two voting procedures is the same, we have a weak intersection.
If we define the set of winners from voting procedure X as X( ) and the set of winners from
voting procedure Y as Y(), e.g. X(A,C) and Y(A,C) are strong intersections and X(A,B,C)
and Y(A,B) are weak intersections. Remark that cases like X(A,B) and Y(C) or X(A) and
Y(no winner) or X(no winner) and Y(no winnéhare not considered to be intersections.

1 |f there does not exist a winner, then the position of the winner(s) is filled with a blank.

12\We constructed it as follows: a voter gives different numbers to the alternatives, all the alternatives with a
number above the average are given 1 point, the others get 0.

13We want to measure the number of times a winner is selected by another voting procedure. Therefore we cannot
take X(no winner) and Y(no winner) into account.



There can only be a weak intersection if at least one of the two voting procedures gives tied
winners.

Strong (weak) Condorcet efficiency of voting procedure X can be defined as the number of
times there is a strong (weak) intersection between the Condorcet winner and the winner(s)
of voting procedure X, divided by the number of times a Condorcet winner exists.

Strong (weak) Borda efficiency of voting procedure X can be defined as the number of times
there is a strong (weak) intersection between the Borda winner(s) and the winner(s) of voting
procedure X, divided by the number of runs (in our case this is 10.000).

3.1.2 Results from the simulations

All tables with results are in the appendix. First we concentrate ostittieg Condorcet
efficiencyresults, given in table A.1. These are the results from 10.000 election&5with
voters This process was repeated 19 times for a number of alternatives ranging from 2 to 20.

On the last line of the table, the percentage of Condorcet winners is given. For 2 alternatives
there should always be a Condorcet winner as the number of voters“isAsdthe number

of alternatives increases, the probability to find a Condorcet winner decredsi#h m
alternatives the Condorcet winner has to beat the other m - 1 alternatives, and this is more
difficult with m increasing. It follows that with an increasing number of alternatives
Condorcet efficiency is calculated for a decreasing number of runs.

By looking at the table, three findings appear. First, for 2 alternatives, there is always 100 %
efficiency, which is a trivial result. Second, there are 6 voting procedures that always select
the Condorcet winner. Third, the Condorcet efficiency of the other voting procedures
declines with an increasing number of alternatives. We elaborate these 2 latter findings in the
next paragraphs.

The Condorcet rule clearly is and the rules from Black, Copeland and Simpson are it by
definition. Nanson did already see that there is a direct relationship between his rule and the
Condorcet rule. We don't use his proof; instead we give an easier proof in the appendix.

Concerning the other voting procedures, the results are self-evident. The Borda count selects
in more than 80 % of the cases the Condorcet winner. The other procedures select the
Condorcet winner in a decreasing way as the number of alternatives increases. Let us e.g.
concentrate on the elimination procedures. The weak performance of the strict Hare and
Coombs rules are due to the large number of cases where the procedures stops because of
ties. For 3 alternatives they perform rather well, but with more alternatives, more ties do

YRemark that this 100 % Condorcet winners result will be lower than 100% if the number of voters is even
because then ties do occur. See below.

%0ur calculated percentages are similar to the ones Fishburn got in his “Probability of no Condorcet winner”
table, cited in Moulin (1988).



occur with no declaration of a winner as result. If we allow for ties, then they perform much
better. Especially the Coombs rule is good at selecting the Condorcet™viftherHare rule

is more likely to eliminate the Condorcet winner than the Coombs rule. The intuition behind
this result is the following: if alternative i is the Condorcet winner, then we see that
alternative i almost never appears on the last or almost last ranks as it has to beat all the other
alternatives by pairwise comparison. By using the Coombs rule, the probability to eliminate
this alternative is small. One could tell a similar story for the Hare rule. However we see that
the Condorcet winner need not at all to appear on the first rank. So there is a slightly larger
probability that the Condorcet winner loses from an other alternative by taking the first rank
into account than that she loses from an other alternative by taking the last rank into account.

Approval voting is performing rather well compared with the plurality rule. The runoff
procedure performs in a similar “bad” way as the plurality rule. This must be due to the
specific set-up of this procedure, which is based on the plurality rule. Further, the problem of
ties is present too.

If we allow for weak intersections toahe picture doesn’'t change that much. For voting
procedures which always result in a unique winner, there is no additional efficiency
compared to the strong efficiency case. Check this for the majority rule, the runoff procedure
and strict rules from Hare and Coombs in table A.2. There is only a weak intersection if a
voting procedure gives tied winners. For the ties versions of Hare and Coombs there is only a
marginal increase in efficiency. If there exists a Condorcet winner and the rule with ties of
Hare/Coombs select that one, then it is almost always the only winner they declare. In that
case, the chance for another tied winner is almost nihil. The following reasoning can be
followed: we see in most of our simulations that the ties versions of Hare and Coombs give 2
alternatives in the second-last stage, then with 25 voters only one of the 2 alternatives can
win. Further remark the increase in the efficiencies of the point systems, especially for the
anti-plurality rule. This is all due to the large probability of tied winners these procedures
have.

Analysing theBorda efficienciegjives another point of view. Consider tables A.3 and A.4
with strong and strong + weak efficiencies respectively. The tables give the same trivial 100
% efficiency for the case of 2 alternatives and naturally, the Borda count is 100 % Borda
efficient. In all the other cases (even with weak efficiencies), 100 % efficiency is not found.
This should be read as “the other voting procedures not always select the Borda winner”.
There are even cases where the Borda winner, the Nanson winner and the Baldwin winner are
all different, though the latter two procedures are very much “Borda-based”. Consider e.g. the
following profile with 6 alternatives and 6 voters:

8 This is only true for profiles without majority winner. We stated above that the majority winner (which is the
Condorcet winner) is always selected by the Hare buienot always by the Coombs rule. However, the number
of majority winners is very limited in our simulations (due to e.g. 25 or more voters), hence this effect does not
play an important role.

10
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The Borda winner is b, the Nanson winner is a and the Baldwin winner is d. The Hare winner

(with ties) is even e. In general one can state that in the absence of a Condorcet winner, all
voting procedures can give another winner if we let the number of alternatives increase and
the probability for this increases with the number of alternatives.

The main result from the Borda efficiency tables is that the Black rule is superior. Logically,
as this rule selects the Condorcet winner if she exists and in about 83 % of these cases this is
the Borda winner too, else the Borda winner is directly chosen. With a larger number of
alternatives, the efficiency increases as less Condorcet winners (which can be different from
the Borda winner) exist.

Second, the rules from Copeland and Simpson as well as the Nanson and Baldwin procedure
perform well, especially with a smaller number of alternatives. It is remarkable that the gain
by taking weak intersections into account is much larger for the Simpson and Copeland
procedure than for the Nanson and Baldwin procedure. Apparently, these rules give more tied
winners than the Nanson and Baldwin procedure. The not-strict versions of Hare and Coombs
perform rather well too. Approval voting has weak results for strong Borda efficiency for a
small number of alternatives and is in between Hare and Coombs (ties versions) for a larger
number of alternatives. However it gains a lot when weak efficiencies are taken into account.
This is again due to a general finding: point systems are more engaged in tied winners than
elimination procedures. Point systems calculate the scores once, using their points vector, and
add up. This gives more equal results than elimination procedures where alternatives are
eliminated in successive stages and where only in the final stage a similar system as with the
points systems is used.

With an even number of votersome results change. Consider table A.5 vetiong
Condorcet efficienciegor 26 voters. Comparison with the 25 voters’ case there are less
Condorcet winners. Even with 2 alternatives, there is not always a Condorcet winner. This
fact is due to ties. If in pairwise comparison alternative a beats alternative b with 13 votes
and alternative b beats alternative a with 13 votes, then neither a nor b can be a Condorcet
winner. In general, with an odd number of voters it is always true that the elements from the
Dodgson matrix  # x;; for i # j. With an even number of voters, it is possible thatxx;

=n/2 (i#]) and in that case neither alternative i nor j can be a Condorcet winner. As a result
in most cases Condorcet efficiencies increase. With a lower number of Condorcet winners,
the probability to select this winner if one exists increases relatively speaking. Therefore

11



most conclusions drawn above hold for this table too, though the efficiencies are higher in
general. Only exception is the majority rule performing worse with 26 voters compared to 25
voters. Two facts can explain this: first there are more voters (albeit one) and then it is more
difficult to find a majority winner. Second, a 13-13 case in first votes is also possible.

Do we add weak Condorcet efficiencies, then a similar overall increase in efficiencies can be
seen. The same reasoning as above can be used, but no new elements are found. See table
A.6.

ConcerningBorda efficienciesanother picture emerges. Consider table A.&timng Borda
efficiencieswith 26 voters. Let us make a comparison with the 25 voter's case. The
Condorcet rule performs worse: there are more cases with no Condorcet winner. Plurality,
anti-plurality and approval voting remain more or less the same. The majority rule performs
worse because there are less majority winners as explained above. The Black rule performs
extremely well: as there are less Condorcet winners it selects by definition more the Borda
winner for sure. The rule of Simpson remains equal, the rule of Copeland performs better,
especially with an increasing number of alternatives. The following reasoning can be
followed. The Borda score from alternative i can be calculated as the sum from the elements
on the i-th row of the Dodgson matrix. The Copeland rule also uses, in contrast with the
Simpson rule, this kind of adding up elements of a new version of the Dodgson matrix. The
Simpson rule merely takes the maximin value of the Dodgson matrix. This difference in
procedure could be an explanation for the better performance of the Copeland rule here,
because in absence of a Condorcet winner (which is more often the case with an even number
of voters) it is more likely to select the Borda winner.

The strict rules from Hare and Coombs as well as runoff perform worse because less winners
emerge with an even number of voters (larger probability for ties) and if a winner emerges,
then it is a unique winner in contrast with the Borda rule selecting one or more winners. In
the latter case a strong intersection is impossible. For the ties-versions of Hare and Coombs,
performing slightly worse, a similar story can be told: there is always at least one winner, but
a strong intersection with the Borda winner(s) does not always happen. Also the Nanson and
Baldwin procedure perform worse. They always select the Condorcet winner if there exists
one. Then, for all cases in which there is exactly one Borda winner, equal to the Condorcet
winner, it is also the same winner of the Nanson and Baldwin procedure. For 25 voters, this
happens more than for 26 voters as there are less Condorcet winners in the latter case.
Apparently, in absence of a Condorcet winner, the Nanson and Baldwin winner(s) and the
Borda winner(s) are mostly not exactly the same. For e.g. 3 alternatives (table A.7), there are
6.878 Condorcet winners. There is a unique Borda winner equal to the Condorcet winner in
6.566 out of these 6.878 cases. So, the strong Borda efficiency for the Baldwin and Nanson
rules is 65,66 % at least and can be (10.000 - (6.878 - 6.566)) / 100 = 96,88 % at most. Of the
3.122 remaining cases, only in less than 1.000 of them the Nanson/Baldwin winner(s) are
exactly the same as the Borda winner.
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If we also allow forweak intersectiongsee the table A.8) then the Borda efficiency of the
rules of e.g. Copeland, Simpson, Nanson, Baldwin, Hare (with ties) and Coombs (with ties) is
much better: there are a lot of weak intersections between these rules’ winner(s) and the
winner(s) from the Borda count. Note that this effect seems to be stronger with an even
number of alternatives. The effects of less Condorcet winners and more ties (e.g. in the last
stage of the Hare rule with ties) may play a role here. Remark that the runoff rule and the
strict versions from Hare and Coombs do not perform much better when allowing for weak
intersections compared to strong intersections only. This may be due to the larger probability
of ties with an even number of voters, resulting in a “no winner” case, and taking weak
intersections into account does by definition not change the efficiency for those cases.

In general one can state that it is not always straightforward to come up with reasons for
differences between efficiencies. The number of strong and weak intersections is for sure a
function of the number of voters: an even or odd number (resulting in respectively more or
less ties, less and more Condorcet winners). The number of alternatives and the ratio number
of alternatives / number of voters could also be a direct parameter. However, the research for
a general function defining the relationship between efficiencies and influencing parameters
falls beyond the scope of this paper. As an indication how future research can be done, we
calculated once the different strong Condorcet efficiencies for 5 alternatives and several
numbers of voters. This is given in table A.9. One important fact is that an odd number of
voters gives about the same percentage of Condorcet winners (roughly 75 %). This is not so
for an even number of voters, where the percentage ranges between 50 % and 65 %. The
following reasoning can be followed: with e.g. 26 voters there are less Condorcet winners
than with 25 voters as explained above. For e.g. 226 voters compared to 225 voters, this
holds, but to a lesser extent. This is due to the fact that e.g. a 13-13 tie is much more probable
than a 113-113 tie. The disadvantage of more ties in the case of an even number of voters
(with no Condorcet winner as result) declines as the number of voters increases.

Without going into details concerning these strong efficiencies, however one fact prevails for
most voting procedures: oddness or evenness of the number of voters does matter more than
the number itself. Exceptions are runoff and the strict rules from Hare and Coombs.
Apparently, here the number itself of voters does matter most. In order to get an overall
picture we should analyse tables like this for all number of alternatives. This is a topic for
future research.

We can conclude that the Nanson and Baldwin rule are 100% Condorcet efficient, as shown
above. The Borda rule is the best one in Condorcet efficiency of all the non-Condorcet
consistent rules. The ties-versions of Hare and Coombs also perform well. In Condorcet
efficiency, they perform best (rules that always select the Condorcet winner left aside) for a
small number of alternatives, for a larger number of voters only the Borda count performs
better. Remark that the Coombs’ rule always performs better than Hare’s rule.
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The one and only superior rule in Borda efficiency is the Black rule, which is logical by
definition. Then follow the rules from Simpson and especially Copeland. The Nanson and the
Baldwin rule follow then with Nanson performing slightly better. The Coombs rule (with
ties) comes next, then the Hare rule (if looking at a small number of alternatives).
Apparently, rules selecting the Condorcet winner if one exists are best at selecting the Borda
winner.

3.2 Program for single peaked preferences

3.2.1 General analysis of single peaked preferences

The concept of single peaked preferences became very important with Black’s Median Voter
Theorem (1958). It gives a more realistic kind of preference orderings and has some other

and more nice results even when used in randomly generated elections.

In order to define a single peaked preference we first need to rank the m alternatives on a 1-
dimensional scale, e.g. according to political faith. We use the following scale:

1 2 3 m-2 m-1 m
I I
[ [

Thereby we consider position 1 as the “extremely left” position and the position m as the
“extremely right” position. Furthermore, position i, for i = 2, 3, ..., m-1, is more “left” than
position i+1 and more “right” than position i-1. The complete reading of this scale of
“political faith” is then straightforward. By convention we put alternative a on position 1,
alternative b on position 2 and so on.

A single peaked preference ordering is one where the ranks are filled in the following
“logical” way. The voter is free to put any alternative on rank 1. Then in order to fill ranks 2

to m-1 the following algorithm is followed: if rank j has to be filled in, it should be one of the
two alternatives which are 1) not yet posted on a rank smaller than j and 2) located next
(already posted alternatives put aside) to position i if rank j-1 was filled in by an alternative
on position i. The last rank is then given to the not yet posted alternative. Note that this must
be either the alternative on the extremely left position or on the extremely right position. In
general we can state that in the case of m alternatives, out of the m! possible preference
orderings 2" will be single peaked. This is a general result we mention without proof. Then,
with an increasing number of alternatives the rafid 2m! becomes smaller and smaller. In

the limit this ratio equals zero. This is important insofar as it tells us that the likelihood of
single peaked preferences becomes smaller as the number of alternatives increases.
Otherwise stated, if we limit the domain to single peaked preferences, then we are limiting
the usable profiles in a drastic way as the number of alternatives increases.
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The term single peaked preference comes from the geometrical representation of this kind of
preferences. All single peaked preferences have exactly one peak as illustrated by the
following graph where the single peaked preference orderingd e b > a is depicted:

Rank I'T™

Rank 2T

Rank 3T

Rank 4T

Rank 5

3.2.2 Set-up of the program for single peaked preferences

We changed the basic program slightly in order to simulate elections with “logical” voters,
all revealing a single peaked preference ordering. Again the simulation starts from randomly
chosen single peaked preferences.

All voting procedures, except approval voting, can work given this profile. For approval
voting, recall that we used a special set-up. Here a difféientl of set-up was needed, with
the disadvantage that the procedure is somewhat different from the previous one.

The remaining steps from the basic program are exactly the same: calculate the winner(s) for
each voting procedure, do that 10.000 times and calculate the Condorcet and Borda
efficiencies.

3.2.3 Results from the simulations

In the current set-up, we consider 4 cases: with 5 and 6 alternatives combined with 25 and 26
voters. Note that the difference between an even and odd number of voters again does matter.
This time however, some stronger results will emerge. In the light of an analysis of these
computer simulations it is important to formulate Black’s Theorem here. In our terminology

17 Before we calculated the average and used that as a cut-off point for alternatives getting a vote or not. Because
of a different set-up we don’t have randomly chosen real numbers corresponding to the single peaked preference
orderings here, so we have to allocate numbers to the alternatives, according to their rank. Due to limitations in
Pascal, it was better to use an easy solution here, such as giving m points to the alternative on rank 1, m-1 points to
the one on rank 2 and so on, and then use the average (that is m*(m+1)/2) as cut-off point. With e.g. 5 alternatives,
the cut-off point is (5+4+3+2+1)/5 = 3. Hence only the 2 alternatives receiving 5 and 4 points on respectively rank

1 and 2 get a vote
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and taking the conventions and other theorems from Black into account it is formulated as:
“If there are n voters, all of whose preference orderings are single peaked and n is odd, then
the alternative put on rank 1 (the peak) by the median voter is the Condorcet winner. If n is
even, then if one and the same alternative is put on rank 1 by the 2 “median” voters, it is the
Condorcet winner, if two different alternatives are put on rank 1 by the 2 “median” voters,
there is no Condorcet winner.”

In order to define thenedian voter(sjve need to rank the voters on a scale according to their
political faith going from an extremely left voter to an extremely right voter. Single peaked
preference orderingh a> ¢ d is more “left” than e.g. single peaked preference ordering b

>~ c> a> d. Now write the profile as follows: put the preference ordering from a “more to the
left voter” to the left of the preference ordering from a “more to the right voter”, taking equal
preference orderings together. If n is odd, the median voter is the one with her preference
ordering in middle of the profile. If n is even, the 2 median voters are the ones with their
preference orderings in the middle of the profile.

Note that the theorem only tells us something about the possibility for a Condorcet winner,
there is no relationship whatsoever with e.g. the plurality rule. The somewhat confusing
“majority” concept from Black is in our terminology the Condorcet criterion. With single
peaked preferences there need not to be a majority winner (in our terminology) in order to
have a Condorcet winner as is shown by the following profile.

o v ® QO O T
L ©o 9 T Q O
N o 0o T Q O
~N g o O 0o

There is no majority winner, the plurality winner is b, the Condorcet winner is ¢ and the
Borda winner is d. In this example the 2 median voters have the preference orderithgs c
b>a>e and c- d> b> e> a with twice alternative ¢ on rank 1, hence c is the Condorcet
winner. In general one can state that with single peaked preferences and an odd number of
voters, there is always a Condorcet winner and with an even number of voters there can be a
Condorcet winner. In all cases the Borda count need not to select the Condorcet winner.

Let us first concentrate on the 2 first cases witlm@s number of voters.e. 25 voters given

in the 2 tables A.10 and A.11. In the tables, the efficiencies from the previous section (totally
random profiles, not necessary single peaked profiles) are also given by way of comparison.
Important differences between the “random” case and the “single peak” case are: in the latter
case there is always a Condorcet winner, the Coombs rule (even the strict version) is 100 %
Condorcet efficient, the rules from Condorcet, Black, Copeland, Simpson, Coombs, Baldwin
and Nanson have exactly the same Borda efficiency and this is equal to the Condorcet

16



efficiency of the Borda count. The Borda count is almost 100 % Condorcet efficient and the
anti-plurality rule is 0 % strong Condorcet and Borda efficient, but 100 % weak Condorcet
and Borda efficient. At last the runoff procedure always performs better than in the random
case, while the Hare procedure does not always perform better. These results will be analysed
below. Note that we cannot compare efficiencies from approval voting as a different version
was programmed in the “random” and “single peak” cases.

There is always a Condorcet winner with single peaked profiles and an odd number of voters.
This is directly related to Black’'s Theorem. This holds for our case with 25 voters.

The 100 % Condorcet efficiency for the ties version of the Coombs rule is a general result
which can be proven theoretically for all number of voters, the 100 % Condorcet efficiency
for the strict Coombs rule is only true for an odd number of voters. We give our proof here: it
starts from the Condorcet winner and gives a reason why this alternative cannot be eliminated
by the Coombs procedure.

Consider m alternatives and alternative i as Condorcet winner. This means that 1) alternative
i is put on rank 1 by the median voter with n odd and by the 2 median voters with n even
(Black) and 2) alternative i beats all other alternatives in pairwise comparison. We need to
prove that alternative i always appears less on the last rank than any other alternative, even in
a newly written profile omitting already eliminated alternatives. Using the geometrical
representation of single peaked preferences, one can draw all single peaked preferences in the
way described above. As the Coombs procedure eliminates the alternative(s) with the most
last ranks and only the alternatives on the most left and most right position can appear on the
last rank (by definition of single peaked preferences), it must be that only one or both of
these 2 alternatives will be eliminated. No other alternatives can be eliminated as they appear
on the second last rank or higher.

Now two cases appear at any stage where alternative i is not yet eliminated: alternative i can
either be on the most left or most right position or it is on a position in between of all
remaining alternatives.

In the first case, the single peaked preference ordering of the median voter(s) is a straight
line. As alternative i always remains the Condorcet winner, even if other alternatives are
eliminated (alternative i beats all other alternatives in pairwise comparison) we know, using
Black’s theorem, that alternative i appears on rank 1 of the median voter(s) of the original
profile. This means that at least all voters on one “side” of the median voter(s) have
alternative i as peak and the same straight line as single peaked preference ordering. Thus
more than half of the voters has alternative i on rank 1, and the alternative on the other
extreme position has more than half of the last rank votes and is eliminated. At any following
stage, alternative i remains on the most left or most right position and the process of
eliminating the alternative on the other extreme position continues. Alternative i will never
be eliminated.
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In the second case, the single peaked preference line is not a straight line. Other alternatives
are then on the most left and most right position. Only one or both of these 2 alternatives will
be eliminated by the Coombs procedure as explained above. Thus alternative i is not
eliminated and in the next stage, after omitting the eliminated alternative(s), alternative i can
either be on the first or last position and then we are in the first case, or not and then we are
in this case again. Hence the Condorcet winner is never eliminated by the Coombs rule. End
of proof.

By using the strict version of the Coombs rule and in the case of an even number of voters, it
can happen that both alternatives on the first and last position have n/2 last ranks and the
procedure can not declare a winner. The Condorcet winner is not eliminated (which is a

general result as proven above), but there is no Coombs winner which results in a Condorcet
efficiency of less than 100% in that case.

We already know that the Nanson and Baldwin rules always select the Condorcet winner (on
all kinds of profiles) and also that the rules from Black, Copeland and Simpson select the
Condorcet winner by definition. Hence, all these rules select the Condorcet winner as their
unique winner in this case too. This is the explanation for the equal Borda efficiencies of the
Condorcet, Black, Copeland, Simpson, Coombs, Baldwin and Nanson procedures. There are
here 9642 cases where the Borda winner and the Condorcet winner are equal, in 163 cases
the Condorcet winner is among the tied Borda winners and in the remaining 195 cases the
Condorcet winner is not chosen by the Borda count.

Now, we have to explain the strange 0%-100% Condorcet/Borda efficiency from the anti-
plurality rule. Recall its specific points vector (1,1,....,1,0). We know that only the 2
alternatives on the extremely left and extremely right position get last rank votes. With anti-
plurality, all alternatives in between get each time 1 point. Hence, these alternatives get an
equal total score and are tied winners. This explains the 0 % strong Condorcet efficiency
which is generally true for m > 2. Take care for the other 3 efficiency results: they are due to
specific factors, but do not hold in general. In our simulation with randomly composed single
peaked profiles with 25 voters and 5/6 alternatives, the chance to find a particular profile
where the Condorcet winner is different from all tied anti-plurality winners is nihil

in practicé®, which explains the 100 % weak Condorcet efficiency.

The 0%-100% Borda efficiency of the anti-plurality rule from our simulation could also be
explained by similar arguments

At last, we see that runoff always performs better in terms of Condorcet and Borda efficiency
with single peaked preferences. One explanation could be that there are fewer cases with ties

8 In theory there are some profiles with a Condorcet winner different from all tied anti-plurality winners.

However, note that the probability for these case is very small.
19 Again, a similar remark as in the previous footnote can be made.
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here, as can be seen on our simulations. This may be a topic for future research. Concerning
Hare, the picture is not clear at all, again to be analysed in future work.

With an even number of voter@6 voters) some interesting results emerge by looking at
Borda efficiencies. Considering Condorcet efficiencies, no new elements are found as
compared with the case of an odd number of voters (25 voters). Take a look at the next 2
tables A.12 and A.13. Remember that there is not always a Condorcet winner in this case.

By looking at the Borda efficiencies in the 2 tables A.12 and A.13, we find that on one side
strong Borda efficiencies of the Simpson, Baldwin and Nanson rules and on the other side the
strong + weak efficiencies of the Black, Simpson, Baldwin and Nanson rules are in both
cases equal. In the case with 5 alternatives, the rules from Copeland and Coombs (with ties)
give the same results as Simpson, Baldwin and Nanson. In the case with 6 alternatives, the
Copeland rule has the same strong Borda efficiency as the rule of Coombs on one side and
the same strong + weak efficiencies on the other side, but slightly different from the
efficiencies from Simpson, Baldwin and Nanson.

These are striking results, asking for further research. The results may give an indication that
with single peaked preferences the procedures from Simpson, Baldwin and Nanson always
select the same winner(s) and that the procedures from Copeland and Coombs (with ties)
always select the same winner(s). However, we should be careful, the results may be due to
specific factors. Therefore we tested on new simulations the Condorcet, Borda, Nanson,
Coombs, Copeland and Simpson efficiencies. A lot of work is still to be done in this area, but
the first results in table A.14 may give an indication. Note that this table gives the results
from a new simulation with 26 voters and 6 alternatives, hence the slightly different
Condorcet and Borda efficiency results compared with the previous table. We also calculated
tables like this one for e.g. 6 voters, 16 voters, 36 voters, 126 voters, ... but several findings
seem to be robust. In all our cases, the rules from Simpson, Nanson and Baldwin give exactly
the same winner(s). To a very large extent, but not always, the rules from Coombs and
Copeland also select the Nanson winner(s) and almost every time they select the same
winner(s). Considering strong + weak intersections, the 5 above-mentioned rules seem to
have at least one winner in common.

Insofar as we can see, only the Simpson, Baldwin and Nanson rule seem to select exactly the
same winners. But the Nanson winner, the Coombs winner and/or the Copeland winner need
not always to be selected by the Borda count (look at the Nanson, Coombs and Copeland
efficiencies of the Borda count), the Coombs rule need not always to select the Copeland
winner (look at the Copeland efficiency of the Coombs rule) and so on. A lot may depend on
the number of voters, the number of alternatives,

With our current set-up of the computer program we didn't find any profile where the rules

from Simpson, Baldwin and /or Nanson give another winner. The following profile with 6
voters and 6 alternatives gives another Coombs winner than the Copeland winner:
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The Nanson, Baldwin and Simpson winners equal th¢lset, ¢, the Borda winner is d,
there is no Condorcet winner, the Copeland winner is d and the Coombs (with ties) winner is
C.

To conclude, we found that the ties version of the Coombs rule is 100 % Condorcet efficient
with single peaked profiles, which can be proven theoretically. The strict version of Coombs
has the same characteristic with an odd number of voters. Concerning Borda efficiency, the
Coombs, Nanson and Baldwin rules perform much better than in the random case. Apart from
the Black rule, these 3 rules are very well performing in the single peaked profile case. A
finding which may be interesting for future research is that the Nanson, Baldwin and
Simpson procedures seem always to select the same winners in the case of single peaked
preferences, even in absence of a Condorcet winner.

4. Conclusion

In this paper 16 voting procedures for one-seat elections were analysed. In the second section
the procedures were explained and the most common features were given. Throughout the
paper, the difference between a voting procedure allowing for ties or not was quite crucial.
The former kind of procedures is much better than the latter kind.

In the third section, we ran computer simulations in order to calculate Condorcet and Borda
efficiencies. We found that the Borda rule is about 85% Condorcet efficient while some
voting procedures are always 100 % Condorcet efficient (Black, Copeland, Simpson,
Baldwin and Nanson). A special result in the single peaked profiles case is that the ties
version of the Coombs rule is 100 % Condorcet efficient, which was also proven
theoretically. The strict version of Coombs is only 100 % Condorcet efficient with an odd
number of voters. Another feature from single peaked profiles seems to be that some voting
procedures select the same winner (Simpson, Baldwin and Nanson). This result may be
interesting for future research. Considering Borda efficiencies we see that the Black rule
scores well, followed by the rules of Copeland, Nanson and Baldwin. Taking both Condorcet
and Borda efficiencies into account, we can state that the Black rule is superior. Then come
the rules of Borda, Copeland, Simpson, Nanson and Baldwin. All the other rules are inferior
in Condorcet and Borda efficiency to the latter ones.
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Appendix

Proof of the 100 % Condorcet efficiency of the Nanson and Baldwin rules

Remember that the sum of the elements on the i-th row of the Dodgson matrix gives the
Borda score for alternative i. Further we saw above that the total number of Borda points
given to the m alternatives by the n voters equals n * (m-1) * m / 2. The average number of
Borda points per alternative equals then n * (m-1) / 2. Now consider two cases: n is even and
n is odd. If n is even and alternative j is the Condorcet winner, then each element (except the
diagonal element that is equal to 0) of the j-th row of the Dodgson matrix equals n/2 + 1 at
least as j wins all pairwise comparisons by 1 vote at least. The sum of these (m-1) elements
equals minimally (m-1)*(n/2+ 1) = ((m-1) *n/ 2) + m - 1. This is the minimal Borda
score for alternative j, and is higher than the average Borda score per alternative. Hence,
there is at least one alternative with a lower than average Borda score than alternative j. So
alternative j cannot be eliminated by the Nanson/Baldwin rule. This result is always true: if k
alternatives are already eliminated, then the same minimal Borda score for Condorcet winner
j and the same average Borda score per voter emerge if we just replace m by (m - k). If n is
odd, not so much changes: each element (except the diagonal element) of the j-th row of the
Dodgson matrix equals n/2 + 1/2 at least and the minimal Borda score for the Condorcet
winner j equals (m-1) * n/ 2) + % (m - 1). The same conclusion can be drawn. The
Condorcet winner can never be eliminated by the Nanson and Baldwin rules and is declared
as the winner in the final stage. The Nanson and Baldwin procedures are 100 % Condorcet
efficient.
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TABLE A1 ; RANDOM PROFILE, 25 VOTERS, STRONG CONDORCET EFFICIENGY (1IN %}

procadure \ 4 aiternatives 2 S 4 5 3 7 8 ] 4] 11 12 13 14 15 16 17 18 19 26

BORDA 10000 8785 8447 B83ID4 B39 BFPI BOAT B24T  B2atr B235 ®1.B6 8251 8344 B3ATE  B3Y7 8250 B43%  B3E  HILY
CONDORCET 100.00 10000 10000 10000 10000 10000 10000 100.00 10000 0G40 10000 10000 10000 10000 100.00 10000 10000 100.00 10400
FPLURALITY 10000 7462 6295 5424 4835 4275 3014 36453 3438 3119 2G99 PES8 2544 2423 2431 2256 2020 19BR 1933
MAJORITY 10000 1373 1.62 .24 .06 WEAE 0.0 .00 .00 £ 3 {0} GO0 {300 {00 0.040 000 .00 0.0 .00
ANTI-PLURALTY 10000 6678 5121 4110 3297 26466 B3 17686 1518 1250 8 44 708 415 .32 085 {3.32 &5 .09 .00
ARPPROVAL 1ID000 Y038 BP7S  BRAY 6757 5547 85340 G417 BA4E 5232 5258 BOSY 5194 HLDHS  HOBY 4933 4876 &S003 4852
BLACK 10000 100.00 100.00 10000 100.00 10000 10000 10000 0000 10000 10000 10000 10000 100.00 10000 100.00 10000 100,00 100.00
COPELAND 10000 10000 10000 100.00 10000 10000 10000 10000 10000 10000 100.00 10000 100,00 100.00 10000 100.0C 10000 100.00 10000
SIMPSON 10000 10000 10000 19000 10000 0000 10000 10000 10000 10000 10000 10000 10000 18000 10000 10000 10000 10000 10600
HARE 10000 82289 6016 3772 1992 747 206 it 0} .00 .08 £2, £ {3,006 {00 £ 00 {3, 04 .00 .00 2.0
COOMBS 10000 85683 6835 4883 348 2282 1444 B.55 450 233 1.23 0. 74 {26 i & 10 {303 GrH .04 .00
HUNOFF 10000 A483 7198 B242 5275 477D 4298 3871 3560 33BER 2987 Z6HE 2445 2316 208 2143 18485 2058 2014
HARE (TIED) 10000 G389 BO4R 8512 B166 V845 TT2T FARY V286 V040 6754 6582 6803 6405 £214 A26% 5982 5HUBR  GBES
COOMBS (TIES) 10000 G487 9144 B7OR B494 BADS BDA8  THEE YHODE FTOE Y347 403 748 Ti6E FOBE O 6B i4 6R{E G0N
Al DWIN 10000 10000 100.00 10000 10000 10000 10000 10000 0G40 10000 10000 10000 10000 10000 10000 10000 0000 10000 100
MANSON 1G0.00 10000 10000 10000 10000 000 10000 10000 10000 10600 10000 10000 100.00 10000 100,00 10000 10000 10000 100.00
% Condorcet winners 10000 8187 8407 7552 43 8388 801% 5531 5247 B2 ATOF7 4575 4245 4138 38912 3716 3538 3434 J3.42




TABLE A2 : RANDOM PROFILE, 25 VOTERS, STRONG + WEAK CONDORCET EFFICIENCY {IN %)

|procedure \ # alternatives 2 3 4 5 6 7 8 g 501 TR TR T R T T R

BORDA 100,00 9434 9031 BB.08 8728 8651 8443 B548 8548 8522 8424 8503 @577 8578 8489 B428 8590 8532 8495
CONDORCET 100,00 100.00 100,00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00f
PLURALITY 10000 B450 7676 60.92 6479 6010 5802 5464 5302 4991 4744 4612 4514 4367 4305 4205 3967 4024 39.02
MAJORITY 10000 1378 162 024 D006 000 00D 000 000 0D0O 000 000 000 000 000 000 000 000 000
ANTH-PLURALTY 100.00 BO.O7 6732 6050 5466 4970 4733 4589 4469 4314 4162 4107 4115 4221 4527 4818 5044 5425 5488
APPROVAL 100.00 B286 7754 7606 7403 7235 7196 7149 7136 7021 6979 7008 6992 6961 6979 6875 7008 7006 66.73
BLACK 100.00 100.00 100.00 100,00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 10000 100.00 100.00 100.00 100.00 100.00 100.00
COPELAND 100.00 100.00 100,00 100.00 100,00 100.00 100.00 100.00 100.00 100.00 100.00 100,00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
SIMPSON 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100,00 100.00 10000 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
HARE 100.00 8229 6016 3775 1992 747 206 011 000 ©O0 000 OO0 000 000 000 000 000 000 000
COOMBS 10000 B563 68.35 4083 3446 2292 1444 BS5 459 233 123 074 026 010 010 003 000 000 000
RUNOFF 100.00 8463 7199 6242 5275 4779 4208 3871 3560 3388 2987 2686 2445 2316 2078 2143 1955 2056 20.14
HARE (TIES) 100.00 9389 8948 8520 B1.84 7885 7754 7431 7317 7074 6777 66.19 66034 6448 6362 6310 6002 6010 58.95
COOMBS (TIES) 100.00 9482 9144 B7.24 8515 8325 B041 7990 7942 7734 7359 7430 7486 7191 7114 7012 6940 6832 67,

BALDWIN 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.

NANSON 100.00 100,00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100,00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.

% Condorcet winners 10000 9182 B4.07 7552 7043 6388 60.19 5631 5247 5021 47.07 4575 4245 4136 3912 3715 3539 3434 33




TABLE A2 : RANDOM PROFILE, 25 VOTERS, STRONG BORDA EFFICIENCY {IN %)

procedure \ # allematives 2 3 4 5 6 7 8 9 10 11 12 13 14 15 15 17 18 18 20
BORDA 100.00 106.00 100.00 100.00 10000 100.00 100.00 10000 100.00 #0000 100.00 100.00 100.00 10000 10000 100.00 100.00 10000 100.00
CONDORCET 10000 B0B6 V1.0 6271 6858 5253 48B4 4558 4324 4135 3853 3775 3542 3465 3277 3085 2085 2878 27.83
PLURALITY 100.00 6954 5575 46.87 4074 3506 3132 Z27E8 2591 2284 2185 1049 1831 1786 1652 1535 1400 {435 1232
MAJORITY 10000 1254 136 0418 004 000 000 000 G400 DD 000 000 008 000 000 000 D00 000 Q.00
ANTI-PLURALTY 10000 6607 5056 40.27 3187 2507 2102 1723 14456 1220 898  £74 408 231 121 040 015 003 002
APPROVAL 100.00 68.3¢ 6055 5659 53.84 5088 4938 40.05 4758 4657 4608 4427 4376 4205 4206 4148  4D8Y 4197 4058
BLACK 10000 B8.84 8694 67.19 B6.16 BIES B8B45 9027 9077 0114 S48 D200 9297 0329 SA65 UA50 D446 0444 9451
COPELAND 100.00 B81.68 71.80 6606 6438 6151 56.80 50.20 5913 5842 S8.08 5794 5780 5781 5766 5735 S7TRY 5708 5727
SIMPSON 100.00 83.83 7578 6983 6703 6241 5988 5823 5590 5503 5336 5268 5142 S086 4048 4829 4704 47.3% 4887
HARE 10000 6B.41 4572 2683 1355 4B 128 007 Q00 000 000 000 000 000 000 D00 DOD 000 0.00
COOMBS 10000 7148 5327 3641 2503 1540 967 544 7P 150 083 045 0415 004 004 D02 000 000 000
AUNOFF 10000 7025 5683 4626 3877 3347 2042 2664 2473 2228 1074 1808 1552 1494 1329 1347 1280 1268 1245
HARE {TIES) 10000 7842 7049 6350 5062 BE38 5224 4088 4846 4621 4381 4219 4075 4014 3809 3726 3618 3613 3406
COOMBS (TIES) 10000 8068 7370 67.19 6586 6050 5857 5752 5582 5450 5212 5226 5170 5003 4056 4823 4736 4630 4566
BALDWIN 100.00 8260 7559 7076 6838 6447 6276 B163 5055 B8BD 5751 5674 5508 S588 5421 5334 SPER 5321 51.08
NANSON 100.00 8383 7BE66 7135 6954 6620 6441 B392 6101 6054 BGO? S827 5722 S57.068 5616 5512 5518 54.16 5362
% Gondorcet winners 10000 §1.82 8407 V557 7043 6388 6018 5531 5247 508t 4707 4575 4245 4198 3842 4745 2550 3434 3542




TABLE A4 : RANDOM PROFLE, 25 VOTERS, STRONG + WEAK BORDA EFFICIENCY (N %)

procadurs | # altematives 2 3 4 5 5 7 8 9 10 11 12 13 4 18 6 17 18 1g 20
BORDA 100.00 10R.00 100.00 100.50 100.00 100.00 100.00 10000 100.00 180.00 10000 100.00 10000 100.00 10000 100.00 10000 10000 100.00
CONDORCET 100.00 8662 7592 6652 6147 G528 5082 4728 4485 4279 3966 3BU0 3641 3548 3321 3131 3040 2930 28.39
PLURALITY 10000 8573 7570 67.38 8081 5557 5227 4781 4584 4271 4063 3078 3706 3661 3403 3353 184 36T 2984
MAJORITY 19000 1286 186 018 004 000 000 GO0 000 000 000 000 000 000 G80 000 0880 000 0.00
ANTHPLURALTY 10000 8493 7191 8426 5701 5184 4946 4658 4517 4411 4181 4175 4140 4318 4451 4798 5012 5290 54.78
APPROVAL 10000 8620 8067 VST 7529 7334 7R35 7ID4 7087 6860 6855 6727 6682 6627 65469 4523 6502 6535 6544
BLACK 10000 9480 9185 9190 91.04 9188 D063 9197 GXI8 B258 9258 0315 93G5 9412 0408 9416 9501 0496 94.97
COPELAND 100.00 9480 9147 89.27 BTE67 B659 8481 8400 8325 8262 8223 B1.49 BI67 B80S VOB0 FO36 7971 7B7E  79.15
{SIMPSON 10000 9452 9030 8731 8554 8439 8249 BR55 8157 8030 V8E0 V935 VBT 7BGR 7TO0 7691 705 765 7656
HARE 100.00 7419 4986 2826 1461 527 142 008 000 000 000 000 000 000 000 000 Q80 000
COOMBS 19000 7797 57.85 3969 2677 1853 1027 581 302 154 084 045 018 005 004 002 D00 0.00
RUNOFF 10000 7634 6093 5035 4163 3600 3171 2849 2658 2370 2045 1920 1651 1589 1382 1412 1829 18.39
[HARE (TIES) 10000 BBSS 7708 69.51 8451 BOTZ 5688 5405 5208 4958 4B3 4540 4957 4267 4000 3953 3808 A
COOMBS {11ES) 10000 6825 B043 7353 7083 6635 6400 6181 6007 5800 5522 5642 5461 5260 5190 5OY0 4958 48,31
BALDWIN 100,00 9623 8397 .79.20 7588 7250 60.88 6848 6647 6548 6358 8290 6139 61.04 5559 5803 5825 57.09
{NaNSON 1000 8046 8451 7958 7605 7A43 7073 6941 6718 6630 6465 6391 6224 6177 6059 5081 5038  GBEE
1 Gondorest winners 1 10000 9182 B4.07 7552 7043 68 6019 5831 5347 G021 47.07 4575 4245 4136 3012 3745 G539 5434



TABLE A.5 : RANDOM PROFILE, 26 VOTERS, STRONG CONDORCET EFFICIENGY.{IN %)
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TABLE A.6 : RANDOM PROFILE, 26 VOTERS, STRONG + WEAK CONDORCET EFFICIENCY (IN %)

procedure \ # alternatives 2 3 4 5 8 7 8 g 10 11 12 13 14 15 16 17 18 19 20
BORDA 100.00 9844 09663 B5.39 0462 9442 9336 9450 9345 9363 09345 9318 9288 G365 9420 05406 09357 09348 0297
CONDORCET 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00|
PLURALITY 10000 8068 8268 7548 7112 6626 6438 6007 5866 5608 5379 5216 4953 4811 46565 4502 4546 4384 4173
IMAJORITY 10000 1042 087 428 002 000 GO0 OO0 OO0 GO0 000 OQ0 000 QOO0 000 000 OO0 OO0 OO0
ANTHPLURALTY 10000 8408 7513 6573 6853 5411 5121 4897 4716 4608 4401 4381 4467 4612 4811 4997 5230 5425 5759
AFF’FIE"-‘AL 10000 8744 8413 8233 8063 8018 7977 7924 7T8B6 7T8H4 7760 TBO1 7OV 7917 7922 7946 7675 79.07 78.17}
BLACK 100.00 100.00 100,00 100.00 100.00 100.00 100.00 100,00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
COPELAND 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
SIMPEON 100.00 100.00 100.00 100.00 100.00 100.00 10000 100.00 10000 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
[HARE 100,00 8555 6380 M0t 2196 973 257 022 000 000 000 QOO0 000 000 000 Q00 OO0 000 O
COOMBS 10000 8687 6890 5288 3682 2519 1483 807 49 264 221 059 041 03% 015 000 000 000 0.00
RUNOFF 10000 8748 7562 6548 5792 5271 4728 4253 4074 3857 3399 3202 2858 2703 2461 2482 2245 2350 2071
HARE (TIES) 10000 9738 9414 B8099 B7.73 8673 B418 8139 8138 7052 7662 7602 7261 7195 7161 7129 6889 6591 6517
COOMBS (TIES) 10000 9661 9401 9153 9015 8783 8596 B437 8319 B220 8139 7945 7004 B0O33 7B37 7746 T6.06 7422 74.07
BALDWIN 100.00 .100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
NANSON 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
% Condorcet winners 8464 6878 50.06 5008 44.08. 39.27 3540 23198 2975 2730 2536 2360 2176 20.64 19.83 18.01 1742 1672 16.08



TABLE A.7 : RANDOM PROFILE, 26 VOTERS, STRONG BORDA EFFICIENCY {iN %)

|procedure \ # altematives | 2 3 4 5 6 7 8 9 (N I - R DR T N e A k. e .
BORDA 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
CONDORCET 10000 6566 5538 4642 4060 36.09 3244 2071 27.33 2513 2331 2175 19.97 1915 1843 1677 1609 1542 14.88
PLURALITY 10000 €8.17 5655 47.02 4097 3565 3228 28.05 2558 2379 21.59 2074 1844 17.08 1633 1509 13.83 1349 12.39
MAJORIT¥ 10000 716 057 014 001 000 000 000 000 000 000 000 000 000 000 000 000 000 O
ANTI-PLURALTY 10000 6559 51.01 4022 3208 2589 2146 1784 14.38 1220 980 7.14 486 278 142 063 031 008 004
APPROVAL 10000 6741 6121 5698 5346 51.68 49.93 48.65 4759 4681 4581 4464 4320 4342 4387 4179 4154 4057 40,
{BLACK 10000 9688 9632 9634 9652 9682 07.04 0773 9758 97.83 0795 0815 0821 0851 0860 08.76 98.67 9870 98.80
COPELAND 10000 8278 7644 7317 7132 6978 6890 6B.68 6824 6743 6762 6815 6817 6661 68.00 6667 6647 6686 67.04
SIMPSON 10000 77.80 7047 6505 6212 5926 5728 5576 5438 5307 5216 5165 5059 4878 4093 47.32 4664 4685 46.08
HARE 10000 6049 4139 2468 1234 498 147 015 000 000 000 000 000 000 000 000 000 000 000
COOMBS 10000 6210 4622 B31.96 2128 1354 805 460 250 135 081 080 020 011 010 000 000 000 000
RUNOFF 100.00 6182 5004 41.72 3484 3054 2698 24.38 2210 2088 1832 1747 1548 1317 1245 1248 1097 1142 10.44
HARE (TIES) 100,00 7279 6534 5913 5379 5039 4771 4573 4341 4223 4072 3030 3682 3560 3523 3393 3337 387 3094
COOMBS (TIES) 100,00 7447 6783 61.81 5919 5572 5287 51.84 4960 4779 47.97 4634 4558 4462 4384 4333 4176 4155 4144
BALDWIN 10000 7639 68.19 61.54 65764 5505 5285 5173 4957 4839 4748 4647 4564 4412 4307 4262 4224 4194 4141
NANSON 10000 7760 6899 6287 5943 5660 5470 5287 51.34 4085 4022 4835 4757 4599 4557 4436 4445 4348 4301
% Condorce! winners B464 6878 59.06 5008 44.08 3927 3540 3198 2075 27.30 2536 2360 2176 2064 19.83 1801 1742 1672 16.08




TABLE A.8 : RANDOM PROFILE, 26 VOTERS, STRONG + WEAK BORDA EFFICIENCY (IN %)

procedure \ # alternatives 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

BORDA 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.

CONDORCET 100.00 67.71 57.07 4777 4171 3708 3305 3022 2780 2556 2370 2189 2021 1933 4868 1694 1630 1563 1495
PLURALITY 100.00 8657 7648 67.07 6152 5569 5223 4807 45189 4303 4051 3866 3661 3512 3417 3284 3131 3052 2921
MAJORITY 10000 7.7 057 014 001 000 000 000 000 000 000 000 000 000 000 000 000 000 0.00
ANTI-PLURALTY 100,00 8337 7262 630t 57.71 5225 4927 4534 4491 4288 4185 4043 4020 4212 4383 4586 4786 5061 5224
APPROVAL 100.00 8483 8012 7693 7457 7289 7152 7087 6935 6948 6850 6787 66.26 6657 6643 6521 6440 6458 63.80
BLACK 100.00 9893 98.01 9769 9763 9781 09765 O824 ©O805 0826 9834 09839 9845 9869 08E5 9B63 9888 0861 08.87
COPELAND 100.00 ©7.86 9470 9157 80934 B763 BE21 8522 B4.09 B352 8317 8291 8240 B1.20 B1.8B0 B0OGB HO00 BO2E6 7975
SIMPSON 100.00 o780 0445 9091 87.75 8634 B480 8348 8271 8147 8077 B1.21 8007 79.20 7910 TBOD 7736 7762 7643
HARE 100.00 6459 4439 2641 1328 527 152 016 000 000 000 Q00 000 QOO0 OO0 OO0 000 00O 000
COOMBS 100.00 6558 4915 3382 22687 1437 842 482 250 143 (08B 033 020 011 010 000 000 000 000
RUNOFF 10000 65092 5354 4454 3728 3273 2863 2572 2336 2188 1937 1817 16.01 1377 1318 1269 116t 1191 10.89
HARE (TIES) 100.00 9232 8440 7659 7010 6558 6228 5895 5577 5426 5184 5004 4751 4586 4479 4341 4179 4013 3939
COOMBS (TIES) 10000 9173 B486 78535 7422 7053 6689 6529 6297 6007 6002 5821 5668 5578 5494 5403 5160 5181 5087
BALDWIN 10000 ©643 0223 98765 B3D2 8126 TO30 7762 TEOS 7395 7307 7339 7153 6996 6978 6890 6719 6700 6649
NANSON 10000 9648 0251 B785 B413 B166 7958 7795 7656 V457 V363 7395 TiB7T 7043 7042 6942 6795 6768 67.02
% Condorcet winners 8464 6878 59.06 50.08 44.08 39.27 3540 3198 2075 2730 2536 2360 2176 2064 19.83 1801 1742 1672 16.08




'!‘.ﬁELE A.9: RANDOM PH'DFILE; 5 ﬁLTEHMATWEE STRONG CONDORCET EFFICIENCY (IN %)
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TABLE A.10: RANDOM & SINGLE PEAKED PROFILE, 25 VOTERS, 5§ ALTERNATIVES, EFFICIENCIES IN %

Condorcet efficiency Borda efficiency
strong strong + weak strong sirong + weak

random _| single peak{ random random _ | single peak] random m%
BORDA 83.04 06.42 88.08 100.00] 1
CONDORCET 100.00 100.00{ 100.00 62.71
PLURALITY 54.24 65.36 69,92 46.87
MAJORITY 0.24 8.81 0.24 0.18
ANTI-PLURALTY a0 e 60.59) 11D sozr| Ll
APPROVAL 59.67 3 76.06 5650f 9
BLACK 100.00 100.00 87.19
COPELAND 100.00 100.00 66.06
SIMPSON 100.00} 100.00 69.83
HARE 37.75 37.75 26.83
COOMBS 49.83 49.83 36.41 .
IRUNOFF 62.42 62.42 46.26 75.97 50,35 77.42
HARE (TIES) 85.12 85.29 aa.sul 74.22 69.51 75.85
COOMBS (TIES) 87.08 87.24 67.19 96.42 73.53 98.05
BALDWIN 100.00 100.00 70.764 96.42 79.204 98,05
NANSON 100,00 100. 71.39 95.42 79.56 88,05
% Condorcet winners} 75.52 100.00 75.52 75.52 100.00} 75.52 100.00}




TABLE A.11: RANDOM & SINGLE PEAKED PROFILE, 25 VOTERS, 6 ALTERNATIVES, EFFICIENCIES IN %

Condorcet efficiency Borda aifluiamy
strong strong + weak strong
random | single peak| random | single peak| random nlng_pnl:l random I
BORDA 83.19 86.13 87.28 §1.32 100.00 100.00| 100.00 1un.nn
CONDORCET 100.00 100.00} 100.00 100.00 58.59 86.13 61.47 91.32
PLURALITY 48.36 71.25 64,79 80.99 40.74 70.73 B60.61 84.00
MAJORITY 0.06 4.86 0.06 4.86 0.04 4.86 0.04 4.B6
ANTI-PLURALTY 32.97 0.00 54.66 100.60 31.97 0.00 57.1 100.00
APPROVAL 57.57 60.18 74.03 74.81 53.84 58.91 75.29 T7.87
BLACK 100,00 100.00 100.00 100.00 88.16 B86.13 91.04 91.32
COPELAND 100.00 100.00 100,00 100.00 64.38 B86.13 a87.67 91.32
|SIMPSON 100.00 100.00 100.00 100.00 67.03 86.13 85.54 91.32
HARE 19.82 29.53 18.92 29.53 13.55 26.81 14.61 28.97
COOMBS 34.46 100.00 34 46 100.00 25.03 86.13 26.77 91.32
RUNOFF 52.75 79.83 52.75 79.83 38.77 69.75 41.63 73.86
HARE (TIES) B81.66 83.42 81.84 83.42 5962 74.58 64.51 T19.77
COOMBS (TIES) B84.94 160.00 B5.15 100.00 65.66 B86.11 70.83 81.32
BALDWIN 100. 100.00 100.00 100.00 £68.38 B86.13 75.38 81.32
NANSON 100, 100.00 100.00 100.00 69.54 B86.13 76.05 81.32
o Emdumat wimam_ 70.43 100.00 70.43 100.00 70.43 100.00) 70.43 100.00




TABLE A.12: BANDOM & SINGLE PEAKED PROFILE, 26 VOTERS, 5 ALTERNAT!VES, EFFICIENCIES IN %

Condorcet efficiency Borda efficiency
strong i strong + weak strong strong + weak

random | single pulti random | single peak| random | single pﬂlr.l random K
BORDA 92.69 95.39 99.29 160.00 100.00 100.00 100.00
CONDORCET 100.00 100.00 100.00 46.42 94.06 47.77 94.24
PLURALITY 60.94 75.48 78.76 47.02 66.55 67.07 76.18
MAJORITY 0.28 0.28 6.07 0.14 5.76 0.14 5.76
ANTI-PLURALTY 48.57 65.73 100.00 40.22 0.00 63.01 100.00
APPROVAL &68.37 #2.33 g7.07 56,98 83.77 76.93 86.54
BLACK 100.00 100.00 100.00 96.34 99.15 97.69 99,33
COPELAND 100.00 100.00 100.00 73.17 94.60 91.57 99.33
SIMP3SON 100.00 100.00 100.00 66.05 94.60 90.91 99.33
HARE 41.01 41.01 49.49 24.68 46.79 26.41 46.96
COOMBS 52.88 52.88 69.69 31.96 65.47 33.82 65.47
RUNOFF 65.46 65.46 77.73 41.72 73.24 44.54 73.42
HARE (TIES) 90.99 90.93 80.00 59.13 75.77 76.59 78.91
COOMBS (TIES) 91.53 91.53 100.00{ 61.81 94.60 78.35] 99,33,
BALDWIN 100.00 100.00 100.00 61.54 94.60 87.65 98.33
MNANSON 100.00 100.00§ 100.00 62.87 94.60 87 .85 99.33
% Condorcet winnersj 50.08{ 50.08 mm] 50.08 94.91 50.08| 94,01




TABLE A.13: RANDOM & SINGLE PEAKED PROFILE, 26 VOTERS, 6 ALTERNATIVES, EFFIGIENCIES iN %

Condorcet fficiency Borda efficiency
strong strong + wizak strong strong + waghk
random | single peak| random | singie peak| random | single peak} random :inm
BORDA 92.11 91.98 94.62 95.35 100.00 100.00] 100.00
CONDORCET 100.00 100.00 100.00} 1uu.uul 40.60 76.15 41.71 nm
PLURALITY 55.13 78.05 71.12 86.13 40.97 70.35 61.52 83.57
MAJORITY 0.02 4.17 0.02 4.17 0.01 3.45 0.01 3.45|
ANTI-PLURALTY 36.84 0.00 59.53 100.00 32.08 0.00{ 57.71 100.00
APPROVAL 66.31 59.95 80.63 76.69 53.46 57.63 74 57 78.00
BLACK 100.00 100.00 100.00 100.00 96.52 93.36 97.63 96.15
COPELAND 100.00 100.00 100.00 100.00 7132} 7878 8934} . 980
SIMPSON 100.00 100.00 100.00 100.00 62.12 78.64 87.75 96.15
HARE 21.96 31.83 21.96 31.83 12.34 25.73 13.28 26.91
COOMBS 36,82 70.75 36.82 70.50 21.28 53.62 22.67 55.47
RUNOFF 57.92 79.99 57.92 79.99 34.84 62.68 37.28
HARE (TIES) 87.73 87.60 87.73 87.60 53.78 72.85 70.10f
COOMBS (TIES) 90,15 100.00 90.15 100.00 CERE 74.22F
BALDWIN 100.00 100,00 100. 100.00 57.64 83.02]
INANSON 100.00 100.00 100.00 100.00 59.43 84.13
% Condoroet winners} 44.08 82.79 44.08 82.78 44.08 82.79| 44.08 82.79




TABLE A.14: SINGLE PEAKED PROFILES, 26 VOTERS, 6 ALTERNATIVES, EFFICIENCIES IN %%

: Cendorcet efficiency [ Borda efficiency Nanson efficiency Coombs efficiency Copeland efficiency Simpson efficiency

7 b strong stmnﬁ-l-w\!:ﬂt SIrong strong+weak strong sirunE+wnak Sirong wwm strong m-.-mk : strong w
BORDA : 90.94 94.79} HO0.00 100,00 78.86 95.61 7899 95 58 79.04 95 5% 78.86 95 .62
CONPORCET 100,00 100.00 76.45 79 69 84.07 84 07 8407 84.07 84.07 84.07 84.07 84.07
PLURALITY 7582 84 99 68.98 §2.95 66,46 86 99 66.46 86.86 66,46 B6.82 66 .46 86.99
MAJORITY 3.31 331 2.74 274 278 278 2,78 278 2.78 278 278 2.78

ANTIPLURALTY ! .04 10000 0,00 100,00 0.00 £00.00] 01,00 F00.00§ 0.00 100,004 0.00 100,
APPROVAL 61,68 76.38 60.03 79.1 54.72 80.14 54,90 80.14 54.94 8014 5472 80.14
BLACK 100.00 10,00 92.38 . 9562 5648 100, 86 61 99 96 86.65 99 96 86 48 £00.00
[copﬂ AND 100.00 100.00 79.04 9558} 1 0978 100.00§ 45 . -99.95 100,00 100.00 100.00 99.78 100.00
SIMPSON 100 £0O, 78.86 95.62 102,60 1603, 9983 106.00 9978 1 06000 100.00 10000
HARE 30.58 30.58 25.10 26.2 2571 27.26 25.71 21.26 25,71 27.26 25.71 27.26
imas 67.41 67.41 51.48 53.54| 56.67 56.67 56.67 56.67 56.67 56.67 56.67 56.67
RUNOFF 80.31 80.31 63.07 6611 6751 Eﬂ.ﬂi i7.51 6941 67.51 69.43 67.51 6943
HARE (TIES) §5.58 8558} 71.36 £5.39 87.52 83,86 87.34 §3.86 £7.52
COOMBS (TIES) 10000 100.00] 78.99 95,58} 100.00 99 81 10600
BALDWIN H0.00 100 78.86 95.62 EOD. L{H00 10000
NANSON 10000 100, 78.86 95,62 F O OO0 000

- i . e -





