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ITepiAnyn

H vroAoyiotikr Bewpio Tng kowvwvikng emAoyng eivou évag tpoopata dnpovpynBeig kAddog
NG BewpPnTIKNG EMGTANNG TOV VTTOAOYLGTOV, OV HEAETAEL TNV LITOAOYLOTLKT TTOAVTAOKOTNTA G
npoPAnpata Yneogopiodv. Avth 1 meploxn €xeL TPOoEAKDGEL TO EVOLOUPEPOV TWV EPEVVITOV T
tehevtaia X povio AOYw TMV TTOLKIAWY EQAPROYDV TNG & EKAOYES, TNV EDPEDT) TWV EMLKPATECTEPWV
LITOYN LWV, OTA CLOTHHATA TTPOTACEWY KAT.

Sto)0g vt NG SIAWHATIKNG epyaciog eivar 1 die€odikr metpopatiky) a€loAdynon Tev Ko-
VOVOV PQoQopLag YL TNV EKAOYT] ETLTPOTMV TTOL X PTOLILOTOLOVVTOL OTLS TTpoavapepBeioeg epop-
poyég. 't Tov Adyo avtd vAoTTOLGHE TOVG TILO SLACTHOVG KavOveg eKAOYNG emTpontadv - SNTV,
STV, Bloc, k-Borda, Chamberlin-Courant, Monroe - kot Tovg aloAoyroope pe yvopove L0t Teg
IOV ATOLNTOVTAL GTO KITOTEAEGHATA TWV EPAPUOYDV (TT.X. TOLKIAOHOPPIR, XVOAOYLKY) OLVTLITPO-
OWIELTIKOTNTO KATL.). TKOTTOG oG eivat 1) TARPNG KATAvON ot Kot eDPEST] TV TAEOV KOTAAANA WV
KOVOVOV YO TIG APtV ePappoyEs. Tlar var To meTd)ove atvTO, eKTEAOVIE QP LKG Evar TTelpolor
EKAOYOV 0T0 SLodLACTATO XMPO, £TCL MOTE VO VITAPYEL 1] SUVATOTITA OTTLKOTOINGTG TOGO TMV
TPOTIUNCEWV TWV YTPOPOPWV KoL OG0 KOL TOV AITOTEAECHATOV TV KAVOVOV.

EmumAéov, oxedidloupe kat VAOTOLO0HE ITOSOTIKOUG EVPEGTIKOVG AAYOpiBHOLG YLt TOUG KOVO-
veg ov vroAoylotikéd aviikouvv oto NP (Chamberlin-Courant ko Monroe), a€loloyodpe ta oto-
tedéopata Kot oxoAtdllovpe Tig advvaypieg Twv aAyopibpwy pag. Etn cuvéyela, a€loAoyolie Toug
KovOVEG Kol Toug adyopibpoug pog cOpgova pe tnv tkavotnta tovg va Bpickovv evotabelg emt-
TpoTmég. MeAeTOpe OV TO ATOTEAEGHN TOVG PITOPEL VAL EMNPEACTEL ATTO TNV EAEYXOHEVT) HETAPOPX T
and v mpocBnkn evog Yneopdpov. Eppunvedoupe oo amoteAéopaT PotG GOUPOVX HE TIG EVVOLEG
TNG XELPOAYWYTOTG, TOV EAEYXOU KOL TNG ATTOKAALYNG TANPOPOPLOV VIO TOV ETLTAEOV YNPoPdpo.

Télog, oxedialovpe éva meipapo yio TNV peAétn dedopévwv TPoePYOHEVWVY OO TPAYHATIKES
yneopopieg. Ileprypagpovpe tn Aoyikr mov kpOPfetal miow amd TIG oXESIAOTIKEG HOG ATTOPAGCELS
Ko TG 1) SuokoAia edpeon g KATAAANA WY dedopévwv yio Tnv peAétn koavovev 6twg ot Chamberlin-
Courant xat Monroe, 0dnyei tnv épeuva pag oe SLoPOPETLIKE HOVOTTATLAL.
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Abstract

Computational Social Choice is a new branch of theoretical computer science, that studies the
computational complexity of preference aggregation problems, which formed only in early 2000’s.
This field has gained an enormous attention over the last years due to its various applications in
parliamentary elections, portfolio selection, candidate short listing, recommendation systems, etc.

This diploma thesis aims to perform a thorough experimental evaluation of multiwinner voting
rules that are used in the aforementioned applications. Therefore we implement the most popular
multiwinner voting rules - SNTV, STV, Bloc, k-Borda, Chamberlin-Courant, Monroe - and evaluate
them with respect to several properties relevant to these applications objectives (e.g. diversity, pro-
portional representation, etc.). The objective is to fully understand which multiwinner voting rules
fit better each of the applications above. Firstly we perform an experiment with elections generated
according to the two-dimensional space, in order to appropriately visualize the preferences of the
voters and the aggregated outputs of the rules.

Moreover, we design and implement efficient heuristics for multiwinner rules whose outcome
is NP-hard computable (e.g. Chamberlin-Courant and Monroe), examine the produced outputs and
comment on the heuristics’ weaknesses. Afterwards, we evaluate the multiwinner voting rules and
our heuristics according to their ability to find stable committees. We study if the outcome can be
affected by the controlled movement of a voter or by the addition of a voter. We interpret the results
under the concepts of manipulation, control, and disclosure of information.

Finally, we design an experiment for processing real election data, we describe the reasoning
behind our design decisions and how the difficulty of finding appropriate data for rules such as

Chamberlin- Courant and Monroe, lead us to different paths of future research.

Key words

computational social choice, multiwinner vote rules, heuristics, aggregation rules, stability, ma-

nipulation, disclosure of information, diversity, shortlisting, proportional representation






Evxaprotieg

H mopotoa duthopatikn epyacio onpaivel kot Tnv 0AOKANPwoT eVOG GTHOVTIKOD KEGAAXLOL TNG
okodNHOiKNG pov mopeiag. Xto onpeio awtd, Ba NBeda va evyxapLoTow TOLG AVBPOTOLS TOL e
BorBnoav otn dtadpopr) pov avrt.

Apxkd Ba 0eda va evyaplotiion tov emPAémovta kobnynth pov kvpo Anprtpro dwtdk,
mov pe kabodnynoe oty emAoyr] evog dlaitepa evOLOPEPOVTOG KAl GOYYPOVOU BEPATOG Ko Hov
édwoe v apoppn} vo aoxoAnbo oe peyolvtepo PaBog pe tov topéa tng Yroloyiotikng Oewpiog
g Kowwvikrg Emdoyng. Tov ogeidw éva diaitepa peydho evxaplotd yuo T BorBeta, tnv epmi-
otoolvr), TNV evBappuvor), To eviLoPEPoV Ko TLG TTOADTIHEG GUHPOVAEG GXETIKA e TN SUTAWHOTIKT]
pov epyaoic, kKab®G KoL yio To pEAAOV pov kot T emdpeva Pripato tng {wrig pov. Tov opeilw emi-
oG £VOL HEYOAO EVYXAPLOTA YLOTL TOTéEAEGE KOO YT TTPOTLTTO KOIL XAPY) O€ EKELVOV YVAOPLOQL KL
ayamnoo Tovg ahyopidpoug.

Emntiong Ba 110eda vor vy oeploTiiom Toug ayoutnéVoug HOU GLAOUG TTOU e GUVTPOPELAY OAQL LT
Tt Xpovia opopgaivovtog tn {wh pov. Tidpyo, Avta, Afuntpa, EAntida, Katepiva, Ztédla, Mapia,
Xapn, Aéomowva, Evayyelio, Kovotavtive, lopyo, Twavvn, Anuntpn, Tidvvn, AAEEn, Twopyo, Kov-
otavtive kot Mapladéva, cog evxaploted yia OAa dca mepdoape poali, TG POATES, TIg cL{NTHCELS,
ta EeviyTio ko T @Lhia cag. IToAAd evyoploted otovg giloug pov Ipnyodpn ko Baciin mov extdg
amd TN QELAle TOUG HOU PETESWOOV TNV ay&atn yio Tov mpoypoppatiopd. Evyoplotd akdpn tnv
opado tng PLPALOBNAKNG Yot doo LoV TTPOGEPEPE QVTA TOL X POVLAL.

Télog O 10l ax va evyaplotriiow péoa amd tnv kapdid pov Tovg Yoveic pov, Aevutépn kot Avva,
KOL TNV ayortnpévn pov adeper, Moptavln, yloo tnv aydsn kai tn cuvexr LIocThpLEn mov Hov

TPOCPEPOLV TOGA XPOVLIK.

EAévn Yapoudakn,

Abnva, 181 Oxtwppiov 2017
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Chapter 1

Introduction

1.1 Motivation

The multiwinner election is the process of electing a committee, i.e. a subset of the candidates
(objects or individuals), in order to represent the voters in a certain way. Everyday business deci-
sions, elections, etc. are trying to aggregate individual and possibly conflicting preference profiles
into a collective preference profile. But if there are many different ways to aggregate these prefer-
ences, how do we find a committee of representatives that satisfy criteria such as representativity
and accountability? How do we ensure that this outcome is not manipulated by a certain person?
How will each user benefit from the outcome according to his or her own preferences?

The last few years these questions are troubling researchers of the recently formed field of Com-
putational Social Choice. There have been many theoretical evaluations over the variety of the mul-
tiwinner voting rules. Each one of them satisfies different criteria and on many occasions, it is
particularly designed for different applications. Choosing a good multiwinner voting rule is not
trivial and before choosing one we should ask ourselves what are the needed properties and how
the outcome will be used.

Consequently, there has been a classification of the multiwinner election according to the main
properties that the outcome must have. These properties are proportional representation (when the
composition of the committee should globally reflect the will of the voters), diversity (when the
composition of the committee should recognize the variety of voters) and fairness (for applications
such as shortlisting, i.e. when similar candidates must be either selected or rejected both). Another
property that is vastly studied is this of stability, in many different interpretations e.g. manipulation.
Thus, we decided to make a thorough experimental evaluation of multiwinner voting rules in a
simpler domain, i.e. two-dimensional space, according to these properties.

Another challenge in the field of Computational Social Choice is some of the voting rules’ com-
putational complexity. Many of the rules are NP-hard computable and therefore not applicable to
large sets due to time or/and space constraints. Many heuristics and approximation algorithms are
proposed and afterward studied under the same theoretical and algorithmic properties. Hence, we

created our own heuristics to evaluate for the requested algorithmic properties.
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The field of Computational Social Choice is still young and offers many challenges, especially for
multiwinner elections. The importance of this field is still being established with already applications
in the recommendation systems, for web search engines to decide which pages to display for a given

query, etc.

1.2 Thesis contribution

In the context of this thesis, we analyze the most popular multi-winner voting rules. During
our experiments in the two-dimensional space, we compared the rules, highlighted their design
and feature similarities and differences, and evaluated them with respect to several properties, i.e.
proportional representation and diversity . Special focus has been given to the property of stability,
as it is essential in many different applications. Within the scope of this work, we limited our research
to the two experiments regarding stability, the movement of a voter and the addition of a new one.

Some of the multi-winner voting rules that were studied, are NP-hard to compute i.e., Chamberlin-
Courant and Monroe. Instead of running long and massive simulations in order to evaluate these
algorithms, we designed and implemented bespoke heuristics focussing on efficiency. These heuris-
tics were later evaluated with respect to the same properties, and their results were thoroughly
compared against the baseline with respect to theur accuracy. Designing well-defined heuristics and
approximation algorithms for NP-hard problems is an active and challenging domain of research,
especially for the Monroe rule, due to the challenging and specific requirements.

Finally, we extended our experiments in the multidimensional space, which is more applicable
to real life problems. We successfully implemented the voting rules and adapted our heuristics in
order to handle real-life data. The discrete multidimensional space created the challege, due to the
lack of relative positions between the candidates and the voters, which we overcame in this work.
The validation of the approach was succesful over the available dataset. That being said, the lack of
appropriate data large scale dataset, proved to be a limitation of the validation proccess. The data
selection in order to fully validate the approach described in this thesis is part of active research and

is left as future work.

1.3 Chapter outline

In chapter 2, we present the theoretical background upon which the work is based, clarifying
concepts and terminologies introduced later in the dissertation. More specifically, we present the
concepts of computational social choice, we discuss the known multiwinner voting rules and de-
scribe applications and the desirable properties according to them.

In chapter 3, we describe the experimental procedure and the reasoning behind our design deci-
sions for the experiments in two-dimensional space. In the second part of this chapter, we compare
and contrast the multiwinner voting rules according to properties e.g. diversity, and discuss the
suitability and expected problems for the use of each voting rule. We also include graphical repre-
sentations and comments for some of the results of the experimental runs.

In chapter 4 we propose our own heuristics for Chamberlin-Courant and Monroe rules, whose
outcome is NP-hard to compute, based on their intrinsic properties. We examine the produced out-

comes and decide if our algorithms are good enough, commenting their weaknesses.
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In chapter 5, we evaluate the multiwinner voting rules according to the ability to find stable
committees. In the first part of the chapter, we study if the outcome can be affected by the movement
of one random voter, while in the second part by the addition of a voter.

In chapter 6, we describe the experimental procedure and the reasoning behind our design de-
cisions for processing real election data. In the second part of this chapter, we present the results,
commenting how our design decisions affected the outcomes.

In chapter 7, we list planned improvements to our heuristics and propose different approaches
that could be implemented and offer performance gains to the election process. Finally, we present

possible extension in the study of stability and propose future research paths.
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Chapter 2

Background

2.1 Introduction

Every day in our lives we may watch the results of an election or even be part of one as voters or
candidates. In our everyday experience, we associate the word elections with politics, but there are
many more voting procedures. We may want to elect a representative, find the best day and hour for a
meeting or even find the winner of a contest as Eurovision. Each one of the aforementioned examples
characterizes a different setting, due to the usage of different voting rules and different objectives.
In most of the political systems, we elect the representatives with Single Nontransferable Vote rule,
while in Doodle approval voting is used [1]. In Eurovision song contest, a variation of Borda voting
rule is applied to select the winner. Sporting activities apply various multi-criteria methods in their
championship regulations,e.g. Formula 1 racing uses a variation of the Borda method in order to
assign points to the candidates and find the winner [2].

The following examples, even if the nature of the examples differs, the objective remains the
same: “find (elect) the winner” and they are called single-winner elections. That being said, there is
another family of elections, where the objective is to choose a group of candidates, i.e. a commit-
tee. These are called multiwinner elections and they are far more widespread and varied than the
single-winner ones. Parliamentary elections, business decisions, portfolio/movie selection, recom-
mendation systems, shortlisting are only some scenarios of multiwinner elections and require rules
with different principles.

There are three main types of multiwinner elections [3] based on their objective:
1. shortlisting,
2. selecting a diverse committee, and
3. proportional representation.

In the next sections, we will analyze each category, give examples and afterward comment on
the challenges of the multiwinner elections. Lastly, we will present the rules that we used in our

experiments.
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2.2 Three Main Types of Multiwinner Elections

2.2.1 Shortlisting

Prior to deciding the winner of a contest, the receiver of an award, the selection of the ideal
candidate for a job, etc., there is typically a procedure that finds the finalists. The shortlisting rules
(also called screening rules [4]) are those rules who can be thought as preliminary selections of
candidates for the subsequent ultimate choice of a single candidate. Since only one candidate will be
ultimately selected, it must be the best one. The individuals with the highest quality should be picked
and any dependencies and interactions of the candidates should not matter (we assume that the
voters understand any special requirements, e.g. a level of diversity in order to avoid discriminations
in the group of finalists, and that these are reflected in the voters’ preference orders) [5], i.e. two
similar candidates should either be both elected or eliminated’. The finalists are then evaluated far
more accurately, e.g. with an interview, and the final choice is made; hence this procedure is beyond
the scope of shortlisting.

For shortlisting, we could give an example from academia. Consider a situation where a doctoral
position is filled at a university. The assigned faculty members rank applicants in order to create a
short-list of those to be invited for an interview [3]. Another example could be the procedure of
choosing the nominees for an Oscar award. We describe the procedure simplified; there are certain
criteria in order to be nominated, i.e. to become a potential nominee and afterward a voting pro-
cedure that turns the potential nominee into an official nominee. Finally, the winners are decided

with a new voting procedure, as the nominee of each category with the most votes.

2.2.2 Selecting a Diverse Committee

There are many examples of elections where we primely care about the diversity of the elected
committee. In these cases the candidates cannot be evaluated independently, i.e. if there are two
similar candidates then we may either select one of them or neither (if there are better options), but
we should not select them both.

The problem of electing a diverse committee resembles the facility location problem. Consider
the task of selecting locations for fire stations in a city. Even though there is a point that minimizes
the driving distance for all the points in the city, we do not want to build all the fire stations in that
point; we would rather prefer to distribute them more uniformly so that each point of the city is
close to a fire station.

We will give an example for selecting a diverse committee from business decisions that must
be made. Consider a situation where a store has limited storage space for DVDs. Let assume there
is a fixed number of different DVD’s that the owners can procure. One of the best strategies is to
source a set of DVD’s which is as diverse as possible, keeping in mind that each customer should

see something appealing to them.

! Possible exception could be boundary cases. We will study such cases in the following chapters, as they can affect
the outcome.
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2.2.3 Proportional Representation

The best-known type of multiwinner elections are parliamentary elections, where an important
desideratum is the proportional representation of the views of the society (i.e. the voters). Thus
the main objective of proportional representation is to find a committee of k-representatives, each
associated with an equally sized constituency of approximately n/k voters (where n is the total
number of voters).

An example could be similar to the one used in the previous section. Consider again a situation
where a store, with limited storage space for DVD’s. Let assume there is a fixed number of different
DVD’s that they can procure and each one must be bought in an exact number. One of the best
strategies is to source the kK DVD’s that are found appealing in n/k customers, keeping in mind that
each customer should find a DVD to buy.

2.3 Challenges

We will focus on two challenges that multiwinner elections lead to [5]. The first point of focus
has already been mentioned in this chapter and pertains to the problem of the selection of the ap-
propriate voting rule for a particular application (or generally for an election type). How can a user
choose a good voting rule for his or her application? There are several answers to this question. First,
there are some voting rules which are designed for certain tasks (e.g. Monroe rule). Secondly, there
is an approach of seeking axiomatic properties in order to judge the suitability of a multiwinner
vote rule for a particular application[3], e.g. to check whether a rule for finding a proportional com-
mittee satisfies Dummett’s proportionality [6]. Finally, one can use empirical analysis to compare
different rules under particular conditions, including theoretical and experimental evaluations [7],
[8], or considering what various rules do on certain simpler domains, where their behavior can be
interpreted intuitively [9]. All the approaches above are important and the choice of a voting rule
should take all of them into account.

The second point of focus regards our ability to compute the results of multiwinner elections.
In the single-winner setting, almost all prominent voting rules are polynomial-time computable,
although there are important exceptions, such as the rules of Dodgson [10], Young [11] and Ke-
meny [12]. For the multiwinner setting, the situation is much more complex. There is a number of
polynomial-time computable rules, but many interesting ones are NP-hard, e.g. Chamberlin-Courant
[13] and Monroe [14] rules. We can approach this problem either through fast heuristics or approx-
imation algorithms, deterministic or randomized. Such algorithms can be viewed as new, easy to
compute, rules, which even sometimes correspond to previously known voting rules. Thus, we study
axiomatic properties of the rules defined by such approximation algorithms, just as we do for the

original voting rules.

2.4 Definition of Multiwinner Voting Rules

In this Diploma Thesis, we implement the most popular multiwinner voting rules e.g., Single
Nontransferable Vote, Single Transferable Vote, Bloc, k-Borda, Monroe, Chamberlin-Courant rules.

We present the algorithms and the concepts behind every rule.
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2.4.1 Single Nontransferable Vote Rule (SNTV)

This rule is the multiwinner version of plurality voting rule. The votes are assigned to candidates
by voters’ first preference. The k candidates that are elected to the committee, are these with the
highest plurality scores.

Example. Let us consider the following simple example. We have a 6 voters and a set of candidates

C = {a,b,c,d,e}. Our objective is to elect a committee with k¥ = 2 members.

voter ballot

U1 : b=a=c-d-e
V9 o e=a-b>=d-c
V3 s d=ar-b-cre
U4 o c-b=d-era
Us :c-b-e-axd
Vg : b=d=c-e=a

Table 2.1: The voters preferences over the set of candidates

For SNTV rule only the first preference matters. As a result v; gives one vote to candidate b, va

one vote to candidate a, etc. We present the results in the following table and the elected committee
is {b, c}.

Candidates
a ‘ b ‘ c ‘ d ‘ e
Total Votes‘ 0 ‘ 2 ‘ 2 ‘ 1 ‘ 1 ‘

Table 2.2: Results of SNTV rule for the example of table 2.1

2.4.2 Single Transferable Vote Rule (STV)

The multiwinner version of this rule proceeds as follows: at each stage, the votes are assigned
to candidates by voters’ first preference. If candidates, whose plurality score is at least equal to a
computed quota, exist, then they are elected to the committee and all the excess votes are transferred
from winners to hopefuls. Otherwise one or more candidates with the lowest plurality scores are
dropped from all ballots and their votes are transferred to hopefuls®. We repeat this process until all
the seats of the committee are full.

In this rule, any candidate, in order to be elected, must have a minimum number of votes - quota.

The quota we used is the following:

valid votes to cast) ]

ta = floor(
quota = floor seats to fill +1

The excess votes are transfered from winners to hopefuls according to the following formula:

votes for second preference
( - ) * surplus votes
total votes of winner

? At this point we ignore the procedure of transferring the votes or how we handle the ties while removing candidates.
For more information please see section 3.2.
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The Single transferable vote method exists in a number of different formulations and has complex

mechanisms behind it [15]. The exact algorithm we used is presented in figure 2.1.

I: Start |}

Compute quota

w

Eliminate the candidate with
the fewest first place votes,
transfer his votes to the next
highest remaining hopeful
candidates and remowe him
from all voters' rankings

Count the first place votes
for each candidate and
declare as winners each

candidate who received at

least the quota

Transfer the excess votes
from winners to hopefuls

Remove all sea

ted candidates

from all voters' rankings

NO /(

Figure 2.1: Single Transferable Vote rule [16]

w candidate
elected?

Are all seats
taken?

When a candidate is eliminated, the votes, gained from election or elimination of other candidates

are being transferred to the candidate’s next preferences. This process repeats until either a winner

is found for every seat or there are as many seats as the remaining candidates.

Example. We will use the example where a set of preferences of 99995 voters are given [16]. Let

assume that four seats will be filled. In the table 2.3 first row gives column identification. The second

row is the number of voters with each preference. The third row gives first preference of each set of

voters. Lower preferences are given in descending order through the tenth row.

I II 111 v v VI VII | VIII | IX X XI XII | XII | XIV | XV | XVI | XVII | XVIII
4111 | 3500 | 100 | 2722 | 10490 | 10511 | 13936 | 1595 | 8000 | 7639 | 4000 | 12051 | 4095 | 3153 | 2422 | 1020 | 2150 | 8500
A A A A B B C D D E E F G G G H H H
C D D H A C H C G F H B A A A C E F
H G G C C H D H E D B H C D H D G E
E C C G H F F F H H C G H H E E C G
G H H F E G E B B B G E B C F G F A
D E B D G A A E F G D C D E B B B C
F B F E F E B G C A A A F B D A A D
B F E B D D G A A C F D E F C F D B

Table 2.3: Preference ranking of 99995 voters.
Bold indicates preferences considered by STV rule

The quota is 20000. Candidate cp has 210001 first-place votes, exceeding the quota with residual
0f 1001 votes. A fraction of (20000/21001 or 0.952) of each vote is sufficient to seat candidate cp. The
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remainder of each vote is distributed to candidates c4 and cc each voter’s second preference. Table
2.4 presents the number of votes held by each candidate through the various rounds of the election,
elimination, and transfer. A number in bold indicates a candidate’s election, while an underlined

number indicates a candidate’s elimination. The elected committee is [B, C, G, H|.

Rond| A | B | ¢ | D] E | F | G | H |
1 10433 | 21001 | 13936 | 9595 | 11639 | 12051 [ 9670 [ 11670
2 || 10933 | - | 14437 | 9595 | 11639 | 12051 | 9670 | 11670
3 10933 | - | 16032 | - | 11639 | 12051 | 17670 | 11670
4 - - | 20643 | - | 11639 | 12051 | 21270 | 14392
5 - - - - | 12116 | 12051 | - | 14828
6 - - - - | 12116 | - - | 27879
7 - - - - 19995 | - - -

Table 2.4: STV rule’s votes for each candidate in every round

2.4.3 Bloc Rule

This rule is the multiwinner version of k-approval voting rule. Voters assign a fixed number of
points among the candidates. The k candidates who maximize the number of points are declared
winners and are elected to the committee.

Example. Let us consider again the example of table 2.1. Since the elected committee will have two
members each voter chooses his favorite two voters and gives a vote in each of them. Voter v; gives
one vote to candidate b and one to candidate a, voter v gives one vote to candidate e and one to

candidate a, etc. The final results are in table 2.5 and the elected committee is {a, b}.

Candidates
a \ b \ c \ d \ e
Total Votes‘ 3 ‘ 4 ‘ 2 ‘ 2 ‘ 1 ‘

Table 2.5: Results of Bloc rule for the example of table 2.1

2.4.4 Lk-Borda Rule

This rule, proposed by Borda, proceeds as follows: each voter ranks all candidates, and each

candidate is given a number of points equal to the number candidates ranked bellow them.’. The k
candidates with the highest Borda score are declared winners.
Example. Let us consider once again the example of table 2.1. Voter v; gives four points to candidate
b, three points to candidate a, two points to candidate d and finally one point to candidate d, etc.
vote to candidate b and one to candidate a, voter vy gives four points to candidate e, three points to
candidate a, two points to candidate b and finally one point to candidate d, etc. The final results are
in the table 2.6 and the elected committee is {b, c}.

® This is known as asymmetric Borda score. There are also symmetric Borda scores where the scores of the n alternatives
are 3, %’ vy 0yl 7”7*1, — 5. Regardless of using asymmetric or symmetric Borda scores the outcome remains the

same.
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Candidates
a ‘ b ‘ c ‘ d ‘ e
Total Votes | 10 | 18 [ 13 [ 11 | 8 |

Table 2.6: Results of k-Borda rule for the example of table 2.1

2.4.5 Chamberlin-Courant rule (5-CC)

For each voter 7 and each item c there is a misrepresentation value fi; . , representing the degree
to which item ¢ misrepresents voter i. A positional misrepresentation function makes use of a scoring
vector s = (s1,..., sp) such that s; < --- < s;,. In particular, the Borda scoring vector s is defined
by s = k for all k. By pos;(c) we mean the position of item ¢ in i’s preference ranking (from 1 for
the most preferred item to p for the least preferred one). The misrepresentation function induced
by s is fli.c = Spos,(c)- Intuitively, s; is the amount of dissatisfaction that a voter derives from being
represented by an alternative that she ranks in position 4.

An assignment function 7 maps every voter to an item in the selected subset S. The misrepresen-
tation of voter ¢ under 7 is p; r(;). Once individual misrepresentation has been defined, we need to
define the utilitarianism (global misrepresentation is the sum of all individual misrepresentation) of
the society when selecting a subset S of items. Formally, the global misrepresentation of assignment
7 is defined as:

() = Z Hi e (4)
i<m

The Chamberlin-Courant scheme [13] simply outputs the committee of size k that minimizes .
Because there is no constraint on the assignment function, every voter is assigned to her preferred
item in the selected subset S. That is, w(i) = arg minccsi . - Then, her misrepresentation when
selecting the feasible subset S is equal to mu; g = minccspi . The best committee is then the
feasible subset S minimizing p7(7) (under utilitarianism) [17].

A simplified definition of the rule could be the following: each voter is assigned to her preferred
candidate in the selected committee. The selected committee consists of the candidates that minimize

the voters’ misrepresentation.

2.4.6 Monroe rule (5-Monroe)

The Monroe scheme [14] additionally from Chamberlin-Courant requires that the assignment
7 is balanced: each candidate in S must be assigned to at least n/k voters. Formally, the Monroe
scheme selects the allocation 7 minimizing 117 () subject to the constraints |7~ (s)| > | %] for all
s € Range(r) [17].

A simplified definition for this rule could be the following: each voter is assigned to her preferred
candidate in the selected committee and the assignment of the voters to their preferred candidate is
balanced. The selected committee consists of the candidates that minimize the voters’ misrepresen-

tation.
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Chapter 3

Design & Implementation of the Experiment over the

Two-Dimensional Space

Trying to gain some better understanding of some known multiwinner voting rules, we per-
form a thorough experimental evaluation, at first, in elections that are generated within the two-
dimensional space. A two-dimensional space experiment [9] not only help us visualize the outcome
of the voting rules, but also, through the visualization, check if our intuition according to the rules

agrees with our results.

3.1 Election

3.1.1 Experimental Setup

In these experiments, our objective is to elect a committee ( a subset of candidates) that repre-
sents the voters in a certain way. As described in the previous chapter, in different applications a
different mutiwinner voting rule should be used, as different applications require different proper-
ties of the outcome. The two-dimensional setup helps us visualize the outcome of the committee in
an apparent and easy to comprehend fashion, resulting in the identification of each rule’s possible
weakness, and the properties each rule satisfies. With these in mind, we can compare the voting
rules and determine which rule is better suited for each application, regarding the properties.

For every election’s simulation, a set of 1000 voters and 1000 candidates is generated according
to a certain distribution. Each voter and candidate is represented as points in the Euclidean Domain.
For every voter, there is a preference order of the candidates. A committee of 20 members is elected
for every rule. We inspect thoroughly the outcome of each rule, compare them and evaluate the
rules in regard to their behavior.

The number of both the voters and candidates is deliberately the same and big enough for a 20

member committee to have a meaning through to the following reasons:

1. The number of candidates should be big enough in order to study the weaknesses of rules such

as Single Nontransferable Vote rule.

2. The committee should have enough members to study properties such as proportional repre-

sentation or diversity.

3. The voter’s number should be big enough for rules such as Chamberlin-Courant and Monroe

is meaningful to be used.
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3.1.2 Distribution of Voters & Candidates

The voters, as well as the candidates, are generated as points in the Euclidean Domain according
to some distribution. Thus, each one of them is represented by a pair of numbers (x, y), the coordi-
nates of the point, that define its exact location on a two-dimensional plane. In the experiment, we
aim to understand the behavior of the multiwinner voting rules according to the combination of the
distributions. Different distributions are used, e.g., uniform distribution, either as a disc or square,
and Gaussian (normal) with different mean and variance, as well as for their combinations.

We studied various cases, including cases where the quota of voters (or candidates) that was
generated according to each of the combined distributions were not equal. It is important to note
that the distributions might not span the whole Euclidean domain, neither should voters and can-
didates span the same space. Especially in case of a combination of distributions the least possible
overlap was sometimes required to get a clear image of the output. A detailed list of the distributions

presented in this diploma thesis follows.

e Gaussian
Ideal points are generated using symmetric Gaussian distribution with mean (0,0) and standard
deviation 1.
e Uniform Square
Ideal points are distributed uniformly on the square [-3,3]x[-3,3].
e Unifrom Disc
Ideal points are distributed uniformly on the disc with center (0,0) and radius 3.
e 4-Gaussian
Ideal points are generated using four symmetric Gaussian distributions with standard devia-
tion 0.5, but with different mean values, namely, (-1,0), (1,0), (0,-1) and (0,1); each mean is used
to generate 25% of the points.
e 2-Gaussian unequal
Ideal points are generated using two symmetric Gaussian distributions. The means and the
standard deviations differ; each mean is used to generate a different percentage of the points.
e 3-Gaussian unequal
Ideal points are generated using three symmetric Gaussian distributions. The means and the

standard deviations differ; each mean is used to generate a different percentage of the points.

3.1.3 Interpretation of the position at the two-dimensional plane

Each voter’s ranking is generated according to the location of the certain voter and all the can-
didates on the two-dimensional plane. We consider that the distance of the voter and each candidate
represents how the voter the misrepresentation of the voter for this candidate. Smaller the distance
from a candidate, bigger the benefit for the voter. Thus, the ranking for a certain voter is generated

from the ascending order of the distance from each candidate.

3.1.4 Assumptions

Some of the social choice functions that are used require randomness either in the initialization

of some data or in the tie-breaking schema. As a result, it is vital to make some essential assumptions
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to be able to completely predict the behavior of the algorithms from the input. It is also necessary
to make some assumptions about the way we choose a candidate and fill the committee’s positions,

in a way that we can «measure» differences between similar inputs.

3.1.4.1 Random Generation & Tie-Breaking Scheme

There are four main approaches for dealing with ties [17]:

1. Use a fixed ordering of the alternatives (or a designed voter) to break all ties.
2. Use a randomized mechanism to break all ties.

3. Deal with set-value outcomes directly.

4. Ignore or suppress the issue (assume no ties exist).

Each of the above aforementioned approaches have a different problem. As a result we should con-
sider the aspects of our experiment in order to choose which is one to use.

As mentioned previously, the locations of both voters and candidates are generated according to
some distribution. The series in which each point is generated is random concerning the location of
each point on the two-dimensional plane. This does not affect the space of the experiment, notwith-
standing it is of high importance as a tie-breaking schema. All the algorithms require sorting of the
candidates according to their votes. It becomes clear that a way of predetermining the tie-breaking
method is needed.

As the generation of points happens randomly, we can presume that the correlation between
each point and its place in the array of the points is also random. We keep locked the series of each
point’s generation for each simulation independently of the voting rule. This correlation determines
the way all the ties are to be handled. In case of a tie, the first generated point will have priority.

This way the tie-breaking schema is predetermined, but with the required amount of randomness.

3.1.4.2 Random Initialization

Some of the multiwinner voting rules need a random initialization of the committee. To be able
to have comparable outcomes, we must keep locked the voters’ initial positions in each simulation
independently of the voting rule, as well as the initial random chosen committees. The made initial
choice can affect the outcome. After experiments, we decided to use different initialization tech-
niques for every rule, in order to achieve better results. Hence, the initializations were made only

one time per voters distribution, regardless of the candidates’ distributions.

3.1.4.3 Determinism

The «lock» of each point to a certain place in the array gives us another great advantage. Running
the same algorithm as many times with same input, we always produce the same output. Subtracting
the randomness in as many aspects as possible, the results may be characterized as deterministic,

due to the fact that we always have the same sequence of states.
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3.1.4.4 Ties in the Output (Last Place’s Ties)

Another necessary assumption regards the permission of ties in the committee’s last place. If we
choose to ignore or handle them, the outcome will consist of exactly £ winners. On the other hand,
if we allow them, more than k£ winners may come up. This choice is of high importance, especially
for the study of the stability property, where we must be able to detect real from apparent changes
in the outcome.

For example, let assume there is a tie between two candidates in the last position. We could
either choose to elect both of them or either one of them. Should we consider the results different?
In words of representativity may seem irrelevant but in words of stability, it is not.

We choose the latter choice, that of not allowing any ties in the outcome. The measurement of
how stable an outcome is affected by our assumptions. Therefore, we must be very careful with our
conclusions, as a bias exist and a single voter manipulability is an inappropriate test[17] if we do
not interpret the results taking into consideration this bias. This will be analyzed vastly in chapter
5.

3.2 Results, Comments & Comparison of the Rules

3.2.1 Single Nontransferable Vote Rule

The Single Nontransferable Vote rule is widely used in every aspect of our lives. It is a well-
known algorithm for parliamentary elections and other applications where representativity is needed.
As described in the previous chapter the Single
Nontransferable Vote rule takes into considera-
tion only the first preference of the voters. But
how does this affect the results? Can we find
any special patterns in the outcomes? And if

yes, how can this affect the suitability of this

rule over different applications?

In the adjacent example (figure 3.1), where
the voters are generated from a Gaussian distri-
bution and the candidates from a Uniform Disc

distribution looks like that this rule can achieve

representativity.

However, after simulations with different
combinations of distributions for voters and Figure 3.1 SNTV rule’s outcome
candidates, we point out that this property is not guaranteed due to the very nature of the algo-
rithm. More specifically, if we generate voters from a uniform distribution, while the candidates are
generated from a Gaussian, we observe that the results do not achieve proportional representation.

In the above examples, the elected committee tends to outline the candidates’ distribution. The
voters are generated from uniform distributions and, therefore, are uniformly distributed over the
two-dimensional space. On the other hand, the candidates are generated from Gaussian distributions

and, hence, there are parts of the two-dimensional space with higher density and others with lower.
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Figure 3.2: SNTV rule outlines the candidates’ distribution

It is easy to understand that in the places with high density of candidates, the votes are dis-
tributed among them. However, in the places with a low density of candidates, e.g. the outlines
of the normal distributions, the votes are distributed among fewer candidates. Given the fact that
the voters’ distributions span more widely in comparison to the candidates’ distribution, there are
more voters that prefer the distribution’s outline candidates. These two observations can explain this
phenomenon, with which we can come across in different cases as well, even in the single-winner
elections.

A real-life example can be derived from elections, where the people are divided between two
“similar” candidates and as a result none of them is elected, even though they have more votes of
the winner cumulative.

Another interesting example is the following. In both cases the voters’ distribution is the same
and the candidates’ distributions are uniform square and uniform disc, respectively. In the first case,
all the elected candidates locate in the dense normal distribution in the upper left corner, as expected,
and the sparse distribution of the voters seems to be unsatisfied. In the second case, we notice that the
sparse distribution is represented, which should happen if we wanted proportional representation.
The astonishing observation is that some of the remotest voters are represented, even though the

elected candidate can represent only one voter.

Figure 3.3: SNTV rule’s outcome vastly depends on the candidates distribution
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This example can point out the importance of the candidates’ set. When only a few candidates
are suitable for the majority of voters, candidates who represent the slightest amount of voters can
be elected.

3.2.2 Single Transferable Vote Rule

The Single Transferable Vote rule has voters rank individual candidates in order of preference.
During the count, as candidates are elected or eliminated, surplus or discarded votes that would
otherwise be wasted are transferred to other candidates according to the preferences. This system
provides approximately proportional representation and enables voters to vote across party lines
and to elect independent candidates.

The Single Transferable Vote rule is sensitive to the series of candidates’ election and elimination.
Even the slightest change to this series affects the outcome. Therefore, even the slightest variation
of the rule, even the slightest implementation decision of the algorithm, can affect and as a result
alter the outcome.

For example, let assume that we chose to elect only the candidate with the highest first-place
votes who received at least the quota, transfer the excess votes and then count the first place votes
for each candidate in order to elect the next candidate, instead of electing all the candidates who
received the quota at once, the results differ. Another important choice is the identification of the
candidate with the fewest first-place votes. In case of a tie, which candidate do we remove first? This
choice could be made randomly, but this could result in different outcomes for the exact same input.
In chapter 5 we examine the stability of each rule. In order to do so for Single Transferable Vote
rule, we have to remove the randomness from it. As a result, we always eliminate the last candidate,
according to the sorting, where the ties are broken according to a predetermined way, considering

the starting positions.

(@ (b)
Figure 3.4: Different outcomes for slightly different versions of STV rule

Single Transferable Vote rule is a method of calculating election results that is said to guarantee
proportional representation for solid coalitions - sets of voters who share a set of most preferred

candidates - under reasonable conditions' [16]. This can be explained since Single Transferable Vote

! We will examine more thoroughly this assumption in section 3.2.7
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minimizes wasted votes, transferring surplus votes to the hopeful candidates.

() (b)
Figure 3.5: STV rule’s outcomes indicate that STV rule guarantees proportional representation

However is a highly problematic rule, due to its dependency on the series that the candidates

are elected or eliminated.

3.2.3 Bloc Rule

In Bloc rule, voters are selecting their k favorite candidates. From the outcome we can observe
that the elected candidates form little groups, which tend to locate in areas where the candidates’
density is low, for example near the edges of candidates’ distribution (with the precondition that

candidates’ distribution spans the area that the voters’ distribution spans).

(@ (b)
Figure 3.6: Bloc rules’ outcome consist near the edges of small groups

As we can see in the above outcomes the elected committee does not seem to represent the
majority of the voters. This is a consequence of the nature of the rule. In places where the density of
the candidates is high, the votes tend to split among similar candidates and as a result, the candidates

are not elected.
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The only way for more voters to be repre-
sented is to have a sparse distribution of candi-
dates in the locations where voters distribution
is dense, as happens in the adjacent example.

But even then the results are not able to be
diverse enough and fail to represent the major-
ity of the voters, in the preponderance of the
cases.

Hence, this rule is not suitable for appli-
cation where diversity or representativity is
needed, On the other hand, the fairness of the
rule cannot be doubted, because all the similar

candidates will be either elected or rejected.

3.2.4 k-Borda Rule

Figure 3.7 Bloc rule’s outcome depends on the
density of the candidates’ distribution

k-Borda rule determines the outcome of the election by giving each candidate, for each ballot,

a number of points corresponding to the number of candidates ranked lower. Once all votes have

been counted the &k candidates with the most points are the winners. The single winner Borda rule is

described as consensus based voting system
and is used when proportional representation
is needed. to find the k£ most acceptable candi-
dates over the set.

The suitability for this rule for shortlisting
is justified by a pattern in the outcomes: the
elected committee tends to be located in the
center of mass of the voters’ set, as long as the
candidates’ set allows it.

This pattern also justifies this rule’s unsuit-
ability for elections: even though the results
may be broadly more acceptable, all the elected
candidates are located in the same place. As a
result, all the candidates are similar and there is
not diversity nor proportional representation of

the voters’ set.
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Figure 3.9: k-Borda rule chooses candidates located to the voters’ center of mass

3.2.5 Chamberlin-Courant Rule >

Chamberlin-Courant rule pursues to elect the candidates that minimize the voters’ misrepre-
sentation. Thus, candidates are located in the center of each cluster. Due to the fact that there are
no restrictions on the population of each cluster, the committee members are spanned in such a
way that covers the maximum area in the voters’ distribution. On the other hand, due to the same
fact, we cannot determine the type of the voters’ distribution as the outcome reminds a uniform

distribution, as long as the candidates’ distribution allows it.

@ (b) (©)

Figure 3.10: Chamberlin-Courant rule’s outcomes
Voters follow a 4-Gaussian distribution while the candidates follow (a) Gaussian, (b) Uniform Disc,
and (c) 2-Gaussian Unequal distributions

? The results presented in this section correspond to Chamberlin-Courant heuristic, which we analyze in section
4.1 Nonetheless, the observations represent the original rule as well, unless it is noted differently.
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In our heuristic, when the candidates’ distribution does not span enough to cover the whole
voters’ distribution, the elected candidates are the ones closer to the centers of the clusters. The

NP-hard Chamberlin-Courant algorithm would choose candidates distributed more evenly.

() (b)

Figure 3.11: Chamberlin-Courant rule’s outcome, when candidates’ do not span enough
Voters follow a 2-Gaussian Unequal distribution, while candidates follow (a) 2-Gaussian Unequal,
and (b) 4-Gaussian distribution

3.2.6 Monroe Rule °

Monroe rule pursues to elect the candidates that minimize the voters’ misrepresentation. Thus,
candidates are located in the center of each one of the equally sized clusters. Due to the fact of the
restrictions over the population of each cluster, in contrast with the Chamberlin-Courant rule, we

are able to define the type of the voters’ distribution, as Monroe rule is underlying it.

@ (b) (©)

Figure 3.12: Monroe rule’s outcomes underlines voters’ distribution
Voters and candidates follow the same distribution: (a) Gaussian, (b) 4-Gaussian, (c) Uniform Disc

However, this can only happen under two conditions: 1.there are enough seats in the committee,
and 2.the distributions have enough members to be represented, as in this rule the minorities cannot

be represented if they have not the necessary population in order to form their own cluster.

* The results presented in this section correspond to Monroe heuristic, which we analyze in section 4.2.1 Nonethe-
less, the observations represent the original rule as well, unless noted differently.
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3.2.7 Comparisons of Single Transferable Vote, Chamberlin-Courant & Monroe rules

After the rules’ description and some basic comments, we find it appropriate to compare thor-
oughly the Single Transferable Vote, the Chamberlin-Courant and the Monroe rule, in order to de-
termine when they tend to coincide.

Monroe algorithm resembles Chamberlin-Courant rule, with only difference that in Monroe
algorithm in every committee member, there are assigned the same number of voters. As a result, in
cases where voters follow a Uniform distribution the results of both Chamberlin-Courant and the

Monroe rule are similar and we are not able to distinguish which outcome correspond to each rule.

(a) Single Transferable Vote rule (b) Chamberlin-Courant rule (c) Monroe rule

Figure 3.13: Comparisons for uniform distribution

In the above images, we can see that both Chamberlin-Courant and Monroe rules’ outcomes, the
elected candidates seem to be evenly distributed. However, the Single Transferable Vote rule elected
candidates are elected with no regular arrangement across space, due to the elimination series.

On the other hand, when the voters follow a Gaussian distribution, we notice the difference
between Chamberlin-Courant and Monroe rule. Monroe rule’s outcome underlines the voter’s dis-
tribution, while Chamberlin-Courant rule’s outcome tends to span the whole voter’s space in regular

arrangement acCross space.

(a) Single Transferable Vote rule (b) Chamberlin-Courant rule (c) Monroe rule

Figure 3.14: Comparisons for normal distribution
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Single Transferable Vote rule is said to guarantee proportional representation and in the above
example, it is once again proved, even if the candidates are distributed, in a more random way, than
in the Monroe rule. Studying simple test cases we conclude that Single Transferable Vote rule’s
outcomes resemble the Monroe rule’s outcomes and this confirms the characterization a rule good
for election. But what happens for test cases, where voters consist of two unequal distributions and
one distribution is vastly smaller than the other, but big enough to have its own representative in

Monroe rule.

(a) Single Transferable Vote rule (b) Chamberlin-Courant rule (c) Monroe rule

(d) Single Transferable Vote rule (e) Chamberlin-Courant rule (f) Monroe rule

Figure 3.15: Comparisons for unequal normal distributions
For all images the voters are the same. The candidates for images (a), (b) and (c) are the same and
follow a uniform square distribution, while for images (d), (e) and (f) a uniform disc.

In the above images, the voters are generated by 95% from a Gaussian distribution with mean
(0,0) and standard deviation 1 and by 5% from a Gaussian distribution with mean (-1.2,1.8) and stan-
dard deviation 0.25. From this example, it became apparent, that in cases where voters are generated
from more than one distributions, even when the density of the distributions is the same, the Single
Transferable Vote fails to guarantee a representative for the small distribution, even though there
should be one.

Studying a different example, where voters are generated by 95% from a Gaussian distribution
with mean (-2.5,2.5) and standard deviation 0.25 and by 5% from a Gaussian distribution with mean

(0,0) and standard deviation 1, we also had some interesting observations.
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While the candidates’ distribution spans the area that the voters’ distribution spans, we can see
that the Single Transferable Vote may assign one candidate (figure 3.16 (a)) or more (figure 3.16 (d)).
It is important that proportionally, only one candidate should be assigned in the small distribution.
The ideal representative would be the closest one to the mean of the small distribution. However,
in figure 3.16 (a) due to the elimination series of the candidates an extreme candidate is elected.

Additionally, in figure 3.16 (d) two candidates near the ideal location of the candidate are elected.

(a) Single Transferable Vote rule (b) Chamberlin-Courant rule roe rule

(d) Single Transferable Vote rule (e) Chamberlin-Courant rule (f) Monroe rule

(g) Single Transferable Vote rule (h) Chamberlin-Courant rule (i) Monroe rule

Figure 3.16: Comparisons for unequal normal distributions
For all images the voters are the same. The candidates for images (a), (b) and (c) are the same and
follow a uniform square distribution, for images (d), (e) and (f) follow voters’ distribution, while for
images (g), (h) and (j) follow a 4-Gaussian distribution.
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On the other hand, when the candidates’ distribution is not spanned enough to cover the area
that the voters’ distribution span, the outcome of the Single Transferable Vote resembles more the
outcomes of Chamberlin-Courant rule than this of Monroe. The majority of the elected candidates
are representing a 5% of the voters, which belong to a sparse distribution. This outcome could be even
closer to the ideal outcome of the Chamberlin-Courant rule than the outcome of our Chamberlin-
Courant rule’s heuristic.

Therefore, after our experiments, we have confirmed that Single Transferable Vote rule cannot
guarantee proportional representations when minority groups exist. The outcome may benefit the
minorities at the expense of the vast majority or even promote some extreme candidates, due to the

series of elimination.

3.2.8 Comparisons over Properties of Rules

When making a selection by a voting rule, a desirable requirement is that of proportional repre-
sentation. Proportional representation stipulates that voters should get representation in a commit-
tee or parliament according to the strengths of their numbers. It is widely accepted that proportional
representation is the fairest way to reflect the diversity of opinions among the voters. [18]. The eval-
uation of the rules with respect to proportional representation follows summarized in the following
table.

Proportional Representation
Best Case \ Average Case \ Worst Case
SNTV v X X
STV v 4 X
Bloc X X X
k-Borda v X X
CC (h) 4 < X
Monroe (h) v v <

Table 3.1: Proportional representation
v/ X indicates that the rule achieves/does not achieve proportional representation. % indicates
that the rule may or may not achieve proportional representation according to the initialization of
the heuristic.

We also evaluated the rules with respect to the diversity of the elected candidates.

Diversity
Best Case ‘ Average Case ‘ Worst Case
SNTV v v/ X
STV v v X
Bloc X X X
k-Borda X X X
CC (h) v 4 <>
Monroe (h) v L X

Table 3.2: Diversity
v'/ X indicates that the rule achieves/does not achieve diversity. % indicates that the rule may or
may not achieve diversity according to the initialization of the heuristic.
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Chapter 4

Heuristics for NP-hard Rules

Some of the multiwinner voting rules that we chose to study are NP-hard to compute and as a
result, the election of the committee cannot happen in polynomial time. Thus, for the algorithms
of Chamberlin-Courant and Monroe, we made our own heuristics and tried to decide whether the

outcomes ' produced by our heuristics were good enough, according to the expected results.

4.1 Chamberlin-Courant Rule

4.1.1 Chamberlin-Courant Heuristic

In Chamberlin-Courant rule, every voter is assigned to her preferred candidate in the selected
committee. The selected committee consists of the candidates that minimize the voters’ misrepre-
sentation. For our experiment the misrepresentation is reflected by the distance between the voter
and his representative.

Chamberlin-Courant multiwinner voting rule may be received as a cluster analysis problem,
similar to k-means. Consequently, the k-means algorithm, which is used to partition the input data
set into k partitions (clusters), can be a simple and fast algorithm for this problem, although it offers

no approximation guarantees at all [19].

(a) 1st random initialization (b) 2nd random initialization (c) k-means++ initialization

Figure 4.1: Non-equivalent results for Chamberlin-Courant heuristic
with different initializations.

* We note that in this chapter’s images we chose not to visualize the set of candidates in order to have a more clear
outcome. The candidates were generated from a Uniform Square distribution. The purple dots represent the voters and the
bigger black dots the elected candidates, which are located nearest to the points that our algorithm proposes as winners.
As a result, if the distribution of candidates differed, the visualized outcome would differ as well.
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We used the following algorithm (algorithm 1), which is an adjustment of k-means algorithm

for our problem.

Algorithm 1 Chamberlin-Courant rule’s heuristic algorithm

1. Arbitrarily choose an initial k centers C' = {c1, ca, ..., ¢}

2. Foreachi € {1,...,k}, set the cluster C; to be the set of points in X that are closer to ¢; than
they are to c; for all j # 1.

3. Foreachi € {1,...,k}, set ¢; to be the center of mass of all points in C; : ¢; = ﬁ Y wec; T
4. Repeat Steps 2 and 3 until C' no longer changes.
With the following addition®:

5. For each ¢; find the closer candidates and declare them winners.

It is standard practice to choose the initial centers uniformly at random from X. But the k-means
algorithm’s results depend on the initialization points and are different. In most cases the outcomes
can be perceived as equivalent, measuring the misrepresentation of the voters. Nevertheless, in test
cases with no proportional participation of each distribution in the input data or distributions with
different density, the outcomes from different initialization points were far from equivalent (figures

4.1 (a) and (b)).

4.1.2 Initialization Technique

Wanting to study this kind of cases, we created specially designed tests in order to see if the
results will be improved by choosing the initialized centers in a specific way and not uniformly in
random. In particular, let D(x) denote the shortest distance from a data point (voters) to the closest

center we have already chosen. The algorithm used was the k-means++ algorithm[19].

Algorithm 2 Chamberlin-Courant rule’s heuristic algorithm (k-means++ initialization technique)

la. Take one center ¢ chosen uniformly at random from X.

) . . o1 D(x)?
1b. Take a new center c; choosing x € X with probability S D@
1c. Repeat Step 1b until we have taken k centers altogether.

2-5. Proceed as with the algorithm 1.

The results in the symmetrical test-cases were as expected equivalent again, but in our specially
designed cases were conspicuously improved (figure 4.1 (c)). The figures 4.2 (a), (b) and (c) reveal the

importance of the initialization centers as well.

? In the Chamberlin-Courant rule, we want to find the candidates that minimize the voters’ misrepresentation. On the
other hand, the k-means is used to partition the data into k clusters. From the k-means or k-means++ algorithm we can
find the ideal candidates to be elected. As a result, we must add an extra step in order to make the transition from the

ideal to the existing candidates.
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(a) Outcome with random (b) Outcome with different (c) Outcome with k-means++
initialization initialization initialization

Figure 4.2: Results for Chamberlin-Courant heuristic before and after k-means++ initialization.

4.1.3 Proposed Algorithm

Let D(x) denote the shortest distance from a data point (voters) to the closest center we have

already chosen. The algorithm 3 is the proposed heuritic for Chamberlin-Courant rule.

Algorithm 3 Chamberlin-Courant rule’s proposed heuristic algorithm

la. Take one center c; chosen uniformly at random from X.

1b. Take a new center c; choosing x € X with probability S D@
1c. Repeat Step 1b until we have taken k centers altogether.

2. Foreachi € {1,...,k}, set the cluster C; to be the set of points in X that are closer to ¢; than
they are to c; for all j # 1.

3. Foreachi € {1,...,k}, set ¢; to be the center of mass of all points in C; : ¢; = ﬁ Y wec; T
4. Repeat Steps 2 and 3 until C no longer changes.

5. For each ¢; find the closer candidates and declare them winners.

4.1.4 Proposed Algorithm’s Weakness

The proposed algorithm finds the ideal clusters regardless of the candidates’ distributions and
then finds the closest candidates in the proposed cluster centers. If the candidates span the space
that voters span, this produces outcomes close to the ideal. But when this is not happening, the
outcome can differ from the ideal’. Instead of distributing the candidates in the space that the two
distributions overlap, many elected candidates are located in the same place, trying to reach the

ideal points.

* This phenomenon was also remarked in the section 3.2, both in Chamberlin-Courant rule’s and Comparisons sub-
sections.
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(a) (b) (©)

Figure 4.3: The weakness of the proposed heuristic for Chamberlin-Courant rule

4.1.5 Computational Complexity

Since this rule is NP-hard and we use a heuristic based on a clustering algorithm there are no
approximation guarantees, since the number of repetitions until the algorithm converges varies.

Notwithstanding, we can compute the computational complexity for every step of the algorithm
except the number of repetitions of steps 2 - 4 that the algorithm will need to converge. Let k denote
the number of the committee Members, v denote the number of voters and ¢ denote the number of
the candidates. In our experiment k¥ << v and v = c.

For steps 1a - 1c (initialization) we have:
O(k -v) = 0O(v)
For steps 2 - 4 we have:
Ow+k-v+ov+k+k2)=0(2+k) - v+Ek+E))=0()
Finally for step 5 (elect committee of candidates) we have:

O(k-c)=0(k-v)=0(v)
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4.2 Monroe Rule

4.2.1 Monroe Heuristic Algorithm

Monroe rule, as described in the section 2.4, apart from the Chamberlin-Courant rule require-
ments, additionally requires that the assignment of each voter to his preferred candidate is balanced.

Due to the similarities of these two algorithms, we decided to base our heuristic for Monroe in
the k-means algorithm as well. In order to correct the analogies we tried a k-means based heuristic
with a simple twist: we force exactly 7 members in each cluster and no voter is allowed to exist in
more than one clusters.

In the elected committee we used a queue of {voter, committee position, distance} tuples,
sorted by distance in order to match the voters to their representatives. Every voter was matched
with the representative (center of the cluster) that was nearest to, with the condition of not being

already a member of a cluster. The algorithm used follows (algorithm 4).

Algorithm 4 Monroe rule’s heuristic algorithm

1. Arbitrarily choose an initial k centers C' = {c1, ca, ..., ¢}

2. For each i € {1,...,k}, set the cluster C; to be the set of 7 points in X that are closer to c;
than they are to ¢; for all j # 4.

3. Foreachi € {1,...,k}, set ¢; to be the center of mass of all points in C; : ¢; = |Cl,| erci .
4. Repeat Steps 2 and 3 until C no longer changes.

5. For each center ¢; find the closer candidate and declare them winners.

The initial centers are chosen once more uniformly at random from X and the ties are broken
arbitrarily but in a consistent way. There are three important questions regarding the proposed

algorithm:
1. Is there an optimized initialization technique?
2. What is the most effective way to assign each voter in a cluster?

3. Does the algorithm converge in every single case?

4.2.1.1 Convergence of the proposed algorithm

As far as the convergence of the algorithm, it is not guaranteed. We noticed that the only way of
the algorithms non-convergence is to loop infinitely, i.e. a sequence of points chosen for a committee
which loops infinitely. This problem derived from the discrete space of our handling of the problem,
only 7 voters could be assigned to each cluster and in each loop, one or more voters were changing
clusters only to end up in the same cluster started.

There were two options to handle this problem, either we could choose the looping state with
the smaller misrepresentation or find a real converge point. We chose to follow the second direction

and solve the problem by transferring it to continuous space. Finding in a greedy way the center
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of mass of the matching cluster centers of the looped committees and starting the algorithms with

these initial centers we could see that the algorithm had already come to converge.

4.2.1.2 Assignment of voters in a cluster

We tried two different approaches that resemble the breadth-first and depth-first search algo-
rithms. Afterwards, we present the two approaches and analyze the advantages and disadvantages
of each.

In both approaches, for each cluster center ¢; there is a sorted list of the voters in ascending
order according to their distance from the c¢;. What differs is the synchronization mechanism for
enforcing limits of how many voters can a cluster gain at once. The cluster centers can be described

as being in a queue, waiting to acquire a lock in order to gain voters.

o Breadth-first approach
In this approach, once a cluster center acquires the lock it chooses the nearest voter that has
not been assigned already in a cluster, releases the lock and goes back in the end of the queue

waiting to get the lock again.

o Depth-first approach
In this approach, once a cluster center acquires the lock it chooses the nearest 7 voters that

have not been assigned already in a cluster and then releases the lock.

(a) Breadth First Approach (b) Depth First Approach

Figure 4.4: Assignment of candidates with different approaches for Monroe heuristic for the same
voters, candidates and initialization points (chosen uniformly at random)
10% of the voters is generated from a sparse Symmetric Gaussian Distribution with mean (0,0) and
standard deviation 1 and 90% from a Symmetric Gaussian Distribution of a symmetric Gaussian
distribution with mean (-2.5,2,5) and standard deviation 0.25

The breadth-first approach works well in most of the inputs. But it has a weak spot for inputs
that are a combination of distributions and a small part of the input comes from a sparse distribution
with big standard deviation. On the other hand, the depth-first approach, statistically speaking, has
better results for inputs as the one described above, given the same initialization points, but has the

problem of overfitting. In simple and symmetrical inputs it works poorly.
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As we will describe later, the results of the two approaches depend on the initial centers. As
a result, we can improve the chance of success of the breadth-first approach if we find the proper

initialization points and this is why we propose this approach over the depth-first.

4.2.1.3 Initial £ centers

As in the Chamberlin-Courant heuristic, different starting positions produce different outcomes.
It is important to identify once again the cases were the results are not equivalent. We noticed that
similar test cases used for the Chamberlin-Courant rule can be used to study the importance of the
initialization centers. In most of the cases, even in more complex ones without symmetry, the results
for different initialization centers were equivalent.
Complex examples of equivalent results. [ 1 ] The first test case has the voters’ points generated
from a symmetric Gaussian distribution with mean (0,0) and standard deviation 1 by 95% and from
a symmetric Gaussian distribution with mean (1.78, 1.7) and standard deviation 0.25 by 5%. As ex-
pected our heuristic can always distinct the two distributions and assign one representative for the

second distribution as it should. For different initialization points, the results are equivalent.

Figure 4.5: Equivalent results for Monroe heuristic [ 1 |

Figure 4.6: Equivalent results for Monroe heuristic | 2 |

[ 2] Another complex test case has the voters generated from a symmetric Gaussian distribution
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with mean (1, -1.5) and standard deviation 0.75 by 30% and the other 70% from a symmetric Gaussian
distribution with mean (-1, -1,5) and standard deviation 0.5.

Complex examples with non-equivalent results. [ 3 ] In the following example the voters are gen-
erated from a symmetric Gaussian distribution with mean (0,0) and standard deviation 1 by 5% and
the other 95% from a symmetric Gaussian distribution with mean (1.78, 1.7) and standard deviation
0.25. We chose to have a sparse distribution with exactly 5% of the points to test if our heuristic
could assign a representative for this distribution, as the ratio allows only one cluster. As we can
see in the following images different starting positions do make a difference, assigning zero to one
cluster centers for this distribution.

[ 4] A similar test case follows, with the voters being generated from a symmetric Gaussian distribu-
tion with mean (0,0) and standard deviation 1 by 10% and the other 90% from a symmetric Gaussian
distribution with mean (2.5, 2.5) and standard deviation 0.25. This time the sparse distribution has
the 10% of the points, allowing two cluster centers to be assigned. The initialization points may result

in zero to two representatives to be assigned in the sparse distribution.

(a) One representative (b) Zero representatives

Figure 4.7: Non-equivalent results for Monroe heuristic [ 3 |

(a) Two representatives (b) Zero representatives

Figure 4.8: Non-equivalent results for Monroe heuristic [ 4 |
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4.2.2 Different Initialization Techniques

In order to find a better way to initialize the k centers we focus on the following test case: the
voters are generated from a symmetric Gaussian distribution with mean (0,0) and standard deviation
1 by 5% and the other 95% from a symmetric Gaussian distribution with mean (-2.5, 2.5) and standard
deviation 0.25. The optimal results for the algorithm would be one representative assigned to the

sparse distribution and the remaining nineteen to the other one.

Figure 4.9: Optimal results for Monroe heuristic

At first, the initial centers were chosen uniformly at random. This had about 50% chance of
assigning a representative for the sparse distribution. As a result, we needed to improve the success

rate and tried the following initialization techniques.

4.2.2.1 k-means++ Initialization Technique

We wanted to confirm that the k-means++ initialization technique, as described in section 4.1, is
not proper for this algorithm as well. After many tests, we could see that this initialization technique
improved the success rates of the depth-first approach, but without meaning, wherefore it did not
make a significant difference in the average-case scenario.

For the breadth-first approach, that we decided to follow, the success rate in this particular
example has zeroed. As a result, for our proposed algorithm, we could abandon this technique with
safety.

If we only change the D(x) definition to sum of distances from a data point to the centers, we
have already chosen and use D(z) instead of D(z)? the rates go up to 20% which is still not enough

and as a result, we can abandon this initialization as well.

4.2.2.2 Adjustment of k-means++ Initialization Technique for Monroe Heuristic

As imagined the aforementioned technique was proper for Chamberlin-Courant heuristic, due to
the nature of its objective: to achieve maximum spreading of the initial points. In Monroe’s heuristic
case the objective is different: to achieve maximum spreading of the initial centers proportional to

the clusters’ number of members.
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As a result, we used k-means++ initialization technique with a simple twist. After the selection
of a cluster center, the 7 — 1 nearest points are removed from the X and they are perceived as the
cluster’s members. The proposed algorithm can now be described as follows (algorithm 5). With
this technique, we were able to achieve 72% success rate in the above test case, but this was still not

enough.

Algorithm 5 Monroe rule’s heuristic algorithm (adjusted initialization technique)

la. Take one center c¢; chosen uniformly at random from X and remove from X the nearest 7 — 1
points.

) . . oqs D(x)?
1b. Take a new center ¢; choosing x € X with probability S D@
1c. Remove from X the nearest 7 — 1 points.

1d. Repeat Steps 1b-1c until we have taken k centers altogether.

2-5. Proceed as with the algorithm 4.

4.2.2.3 Better Adjustment of k-means++ Initialization Technique for Monroe Heuristic

Wanting to optimize even more the appropriate initialization technique for this algorithm we
added one more step in the aforementioned algorithm. In most of the cases, the chosen centers would
not be the “true” representatives for the cluster, as it could be far from the center of mass. As a result
we decided that it is important to add another step in the initialization of algorithm 5, in order to
improve the success rates (algorithm 6). With this initialization technique the success rates reached
92%.

Algorithm 6 Monroe rule’s heuristic algorithm (improved adjusted initialization technique)

la. Take one center ¢ chosen uniformly at random from X, find the center of mass of the nearest
7 points (including c1) and replace the ¢; with the nearest point of center’s mass. Remove the
points from X.

1b. Take a new center ¢; choosing = € X with probability %.
reX

lc. Find the center of mass of the nearest 7 points (including ¢;). Replace c;, if needed, with the
nearest cluster’s point of the center of mass.

1d. Remove from X the cluster’s members.
le. Repeat Steps 1b-1d until we have taken k centers altogether.

2-4. Proceed as with the algorithm 4.

4.2.2.4 Similar initializations

In this particular test case, the success rates reach 92% with the aforementioned initialization

technique. Another similar technique that has equally high success rates is if we use D(z) instead
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of D(z)? and D(x) denotes the sum of the distances from a data point (voter) to the centers we have
already chosen following the procedure presented in section 4.2.2.3. High rates can also be achieved
either if we only use D(z) instead of D(x)? or only change the definition of D(x), following the

procedure presented in section 4.2.2.2 or 4.2.2.3.

4.2.3 Proposed Algorithm

In order to complete the proposed algorithm for Monroe rule we should add an extra step to
deal with the loop detection and incorporate the breadth first approach.
Let D(z) denote the shortest distance from a data point (voter) to the closest center we have

already chosen. The proposed heuristic for Monroe rule is the following (algorithm 7).

Algorithm 7 Monroe rule’s proposed heuristic algorithm

la. Take one center ¢ chosen uniformly at random from X, find the center of mass of the nearest
7 points (including c1) and replace the ¢; with the nearest point of center’s mass. Remove the
points from X.

1b. Take a new center ¢; choosing x € X with probability %.
(S

lc. Find the center of mass of the nearest 7 points (including ¢;). Replace c;, if needed, with the
nearest cluster’s point of the center of mass.

1d. Remove from X the cluster’s members.
le. Repeat Steps 1b-1d until we have taken k centers altogether.

2. For each i € {1,...,k}, set the cluster C; to be the set of % points in X that are closer to ¢;
than they are to ¢; for all j # 7, chosen one at the time.

3. Foreachi € {1,...,k}, set ¢; to be the center of mass of all points in C; : ¢; = |Cli| > eec; T
4. Repeat Steps 2 and 3 until C' no longer changes or loop is detected.
5. In case of loop, find the center of mass of all ¢;;: ¢; = % Zjeloop Ci.

6. For each center ¢; find the closer candidate and declare them winners.

4.2.4 Proposed Algorithm’s Weakness

Unlike the Chamberlin-Courant heuristic, Monroe heuristic in cases where the candidates do
not span the whole space that voters span has the same behavior as the Monroe rule: The candi-
dates are trying to reach the ideal points, due to the restriction of balanced clusters. If the elected
candidates, spanned the space that the two distribution overlap, as in Chamberlin-Courant rule,
the misrepresentation would rise as the elected candidates would move away from the voters, they
represent.

In this algorithm, the weakness falls in the detection of the minorities and assignment of a repre-
sentative. In the above sections, a single test case was examined in order to improve our algorithm.

Yet if we use similar but different test cases, where the sparse and the dense distributions overlap,
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keeping the same proportions (95% and 5% respectively) the success rates differ. The more the two
distributions overlap the lower the success rates.

At this point, we should underline that while the means of distributions come closer, the need
of distinguishing the distributions is becoming smaller and eventually, it reaches zero when the two

means coincide.

4.2.5 Computational Complexity

Since this rule is NP-hard and we use a heuristic based on a clustering algorithm there are no
approximation guarantees, since the number of repetitions until the algorithm converges varies.

Notwithstanding, we can compute the computational complexity for every step of the algorithm
except the number of repetitions of steps 2 - 4 that the algorithm will need to converge. Let k denote
the number of the committee Members, v denote the number of voters and ¢ denote the number of
the candidates. In our experiment k << v and v = c.

For steps 1a - le (initialization) we have:
O(k-v) =0O(v)
For steps 2 - 4 we have:
OWw+k-v+k-v-logv)+k+v+k?) =0(2+k+1log(v)) v+k+E)=0(-log(v))
For step 5 assuming that a loop was detected and «x states are repeated we have:
O(x - k)
Finally for step 6 (elect committee of candidates) we have:

O(k-c)=0(k-v)=0(v)
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Chapter 5

Stability

5.1 Introduction

A desirable property of committee election’s rules is the stability of the outcome. A need for a
stable committee is very simple: can a certain voter manipulate the results and if yes to what extent?
Can immorality and new voters added in the election change the outcome?

The stability of the system can be interpreted in a different way; the resistance of the voting rule
to manipulation [20], [21]. Over the last 10 years there is a surge of interest regarding the complexity
of strategic behavior in multiwinner elections. For some rules, e.g. SNTV and Bloc [22],[23], it is
proven that the manipulation is in P, while for others, e.g. STV [24], evidence are given that are
computationally resistant to manipulation. Specific attention has also been devoted to the resistance
of control [22], [23], [25], [26].

We choose to make a thorough experimental evaluation of the rules we implemented under two

scenarios:
1. The controlled movement of a random voter (manipulation by a strategic voter)
2. The addition of a new voter (control by a strategic voter)

Our purpose is to examine if in either case, a rule is practically manipulable/controllable by a
strategic voter in our experiment and if yes, under which conditions. This can happen by character-
izing the rules stable/unstable in our experiment.

We can also interpret our results in other ways, e.g. in case of either one of the two scenarios
caused differences in the outcome can we extract any information over the strategic voter by com-
paring the outcomes? Is the instability of the outcome based on a strategical behavior and comes as

planned or is it in an unexpected way?
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5.2 Controlled Movement of a Voter

Trying to measure the stability of a system, we basically want to see if no new players (voters)
are removed or added in the game (election), how a movement of a certain voter will affect the
outcome. But the movement cannot be unlimited and we must determine the willingness of a voter

to move from the voter’s real position and the voter’s real benefits and misrepresentation.

5.2.1 Experimental Setup

We have, once again, a set of 1000 voters and 1000 candidates generated according to a certain
distribution. The voters and candidates are represented as points in the Euclidean Domain. For every
voter, there is a preference order of the candidates. A committee of 20 members is elected for every
rule. We choose a random voter p which is moved in a random direction inside the limits of the
allowed movement and then we elect the 20-membered committee for every rule with the new
ranking for voter p. Then we compare the outcomes.

The movement of the voter must be controlled. If the voter could move unlimitedly it would
be like we have removed and put a new one in her place. As a result, we decided that the voter p
could move as much as p wants given the fact that p’s first preference would not change. This can

be mathematically described by the following formula

distance(cg) — distance(cy)
2

0 < movement <

wherefore the movement of the voter cannot be bigger than half of the difference of the distances
with p’s first two preferred candidates. This was the only restriction that could ensure that the first
preference would not change, whatever the direction of the movement.

This restriction must be received with extreme caution. Due to the nature of our experimental
setup, there is a bias that we must take into consideration while studying the results. The movement
may seem that restricts the voter p only by locking his first preference but also does not let p to
change freely his other preferences, since we keep the location of the candidates locked. The changes

in his ranking vastly depend on the candidates’ distribution.

5.2.2 Results

In this section’s images, the voters are represented by purple dots and the candidates by black
dots. The elected candidates in the first experiment are represented by big black dots and in the
second experiment (after the movement of the voter) are represented by big cyan dots. If the elected
committees coincide, the cyan dots seem like having a black outline. If not, each cyan dot without a

black outline is associated with a black dot.
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5.2.2.1 Single Nontransferable Vote rule

As expected Single Nontransferable Vote
rule is completely unaffected by this kind of
movement of a certain voter. As this rule can
only be affected by the first choice of each voter,

any movement that does not change the first

preference, cannot affect the outcome.

Figure 5.1 Single Nontransferable Vote rule -
stable

5.2.2.2 Single Transferable Vote rule

The Single Transferable Vote rule is really sensitive to every movement. However a such a move-
ment, that does not affect the first place votes and does not cause noticeable differences in the rank-
ings, rarely causes differences in the outcomes. As a result, we can say that this rule is stable in this

kind of movement.

Nevertheless, if even one change happens in the order the candidates are elected or rejected, the

two outcomes would be entirely different.

Figure 5.2: Single Transferable Vote rule - stable

5.2.2.3 Bloc rule

Bloc rule is also unaffected by such a small movement of one voter. This result is also expected,
as in this rule each voter approves k candidates. The movement of the voter may change the ranking
series of the top k candidates, but if there is only a rearrangement and the top k candidates stay the
same, the outcome cannot be affected. Even if some of the top k ranked candidates changed, in order

to affect the outcome there should be a tie-breaking or tie-creating situation in the last position after

the voter’s movement.
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Figure 5.3: Bloc rule - stable

5.2.2.4 k-Borda rule

k-Borda rule takes into consideration the
whole ranking of each voter. Consequently, a
voter’s movement changes the points each can-

didate is assigned by this voter’s rank. Nonethe-

less, this cannot affect the outcome.
k-Borda rule always declares winners that -

are closer to the center of mass of the voters.

And as expected, one small movement is not

enough to change the outcome, due to the fact

that the nearest candidates to the center of mass

of the voters’ set always have the most votes. Figure 5.4 k-Borda rule - stable

5.2.2.5 Chamberlin-Courant rule

Naturally, we cannot talk about the stability of the Chamberlin-Courant rule rather than the
stability of our heuristic. The results for the Chamberlin-Courant rule indicates that our heuristic is
almost stable.

This conclusion comes under a certain condition: in both experiments, the initial place of the
committees (initial centers) must be the same. As it was described in section 4.1 our algorithm start-
ing from different initial centers can converge in different points. Therefore, if we ignored this con-
dition the heuristic would appear unstable.

Another important thing to note is the difficulty of more than one cluster center to change. Our
heuristic uses k-means in order to find the center of the unequal clusters. After k-means converge
and the centers stabilize, our algorithm finds the nearest candidates to the centers of the clusters
and returns them as the elected committee. Thus, a way for an elected member to change is a center
to move closer to another candidate.

Due to the small movement of only one voter, it is difficult for the clusters to change, but not
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impossible, even though this movement tends to zero. There are cases that a movement of a single
voter, even though it is so small, can affect the outcome, as the voter moves in a different cluster
and as a result some of the points that the algorithm converge differ. Therefore, our algorithm, as
a clustering algorithm, cannot be described as perfectly stable since the movement of a point may

lead in extreme cases in an entirely different outcome.

(a) stable (b) almost stable (c) unstable
Figure 5.5: Chamberlin-Courant heuristic - almost stable
5.2.2.6 Monroe rule

Monroe rule is NP-hard, as well, and we study the stability of our heuristic, under the same
conditions as in Chamberlin-Courant heuristic: the initial centers are the same in both conductions
of the experiment. The results indicate that Monroe’s heuristic is unstable under this condition.

As we can see in the results there are cases that the outcome is perfectly stable, but this is not
the average case. In the average case, the outcome is unstable. Even such a small movement of only
one voter, due to the restriction of the size of the clusters, may result in the movement of the voter
in a different cluster which can cause linked movements among the clusters and as a result different

convergence points.

(a) stable (b) unstable

Figure 5.6: Monroe heuristic - unstable

As we described, while we analyzed Chamberlin-Courant heuristic’s stability, due to the move-

ment of the voter, if there are not exchanges of voters among the clusters, there is a small movement
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of the cluster’s center, which represents the voter who moved. This movement is proportional to the
movement of the voter and may or not result in a movement of the committee. This fully depends on
the candidates’ distribution. If a candidate, who locates closer to the new center of the cluster, than
the formerly elected candidate, exists we notice a movement of an elected member of the committee.
We should also note that the movement of this member also depends on the candidates’ distribution.

If a change occurs, the more sparse the distribution, the bigger the change.

(a) stable (b) almost stable

Figure 5.7: Movement of a single elected member depends on the candidates’ distribution

An interesting observation is how the stability or non-stability of the outcome is perceived ac-
cording to the span of candidates and voters in the two-dimensional space. When the candidates’
distribution do not span the space spanned by the voters’ distribution the results appear to be per-
fectly stable. While the candidates’ distribution starts to span the space which voters’ distribution
spans, the outcome starts to be less stable, up to the point that the two distributions overlap and
the outcome is unstable. As a result, we have come to the conclusion that some of the stable re-
sults are isolated cases, which exploit the fact that the heuristic does not take into consideration the

candidates positions. This observation is the key to our decision to characterize this rule as unstable'.

(a) stable (b) almost stable (c) unstable

Figure 5.8: The stability of Monroe heuristic as the two distributions start to overlap

! In the Chamberlin-Courant heuristic there are outcomes that are not stable enough and do not let us characterize the
rule as perfectly stable. However, due to the fact that we could not detect such a pattern as we see in Monroe heuristic,
we believe that the stable outcomes are truly stable or almost stable and that the unstable results are isolated cases.
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5.2.3 Conclusions

As it became clear, some of the voting rules, e.g. SNTV, Borda, k-Bloc, where complete unaffected
by such a small movement that may change some places in the ranking but not the first one. This
can be easily explained if we think the nature of these rules.

SNTV can only be affected by the first choice of each voter. Given the fact that this would not
change, this rule is insusceptible in this kind of movement. Bloc, on the other hand, can be affected
only from the k-first preferences. But the allowed movement does not cause tremendous changes
in the first positions and each one of the first k positions is awarded in one point exactly. As a
result, a change between the third and fourth place does not affect the outcome. Borda may take
into consideration the whole ranking but the result can be taken as fixed as it always coalesces in
the center of mass of the voters’ distribution as long as the candidates’ distribution allows.

An unexpected result was the stability of STV in a small movement like that. Even though STV
rule is really sensitive to every movement, no matter how small or big, this movement does not affect
the outcomes. However, this conclusion comes with a little skepticism. If this movement results in a
change in the order the candidates are elected or rejected, the outcome would be entirely different
and the rule would appear unstable.

The Chamberlin-Courant heuristic can be characterized as stable as well. There are some extreme
cases where the results may differ, but these constitute the minority. On the other hand, Monroe’s
heuristic is unstable even with such a small movement. This was not unexpected though. The re-
strictions of this algorithm, make Monroe heuristic so sensible to make even such a small movement

significant enough to change the clusters.
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5.3 New Voter’s Addition

We also wanted to measure how stable each rule is, according to the addition of a new voter.
This case, also covers the movement of a voter in larger extend, thus in this scenario we generate a

new voter according to the existing distribution.

5.3.1 Experiment

We have, once again, a set of 1000 voters and 1000 candidates generated according to a certain
distribution. The voters and candidates are represented as points in the Euclidean Domain. For every
voter, there is a preference order of the candidates. A committee of 20 members is elected for every
rule. A new voter p is added in the set of voters and we elect the 20-membered committee for every
rule with the new set of 1001 voters. Then we compare the outcomes.

As mentioned earlier, the addition of the new voter happens according to the existing distri-
bution. But each addition may have more or less impact on the outcome due to the randomness in
the generation process. As it becomes clear, it is of high importance to find a way to measure the
stability of a rule in comparison to the addition, as some additions affect the outcome more.

Regardless of the tendency of the outcome to be affected, we do not expect great changes. We
only expect, in most rules, differentiation in the last places of the outcome. As for this expectation,
it can be easily explained. The ties are solved by a predetermined way, but if a tie exists in the last
places of the committee, there are elected as many candidates as the free positions. As a result in
many cases, one candidate that compeer in the last place but is not elected may gain a vote that will
help her overcome the tie.

And here comes the big question: Do we really have a change in the committee? Or do we
incorrectly think that? Wider research must be done in this area, because if we choose to fill not
only the needed positions, there are more questions to ask, e.g., if there is a tie in the second place
do we deal with it as only one position is filled or as both the second and third positions are filled?
The solution might be to find all the equivalent outcomes and compare the new outcome with each
one of them. The pair with fewer differences is the real comparison item.

Another interesting question is if all rules can be judged under the same conditions or if this
is unjust and as a result, our conclusions would be biased. Lastly, we would like to see which rules
tend to reveal information about the additional voter, by comparing the two elected committees,

knowing where the new voter locates.

5.3.2 Results

The images in this section follow the same pattern as above. The voters are represented by pur-
ple dots and the candidates by black ones. The additional voter is represented by a big purple dot.
The elected candidates in the first experiment are represented by big black dots and in the second
experiment (after the addition of the voter) are represented by big cyan dots. If the elected commit-
tees coincide, the cyan dots seem like having a black outline. If not, each cyan dot without a black

outline is associated with a black dot.

68



5.3.2.1 Single Nontransferable Vote rule

We expected that the Single Nontransfer-
able Vote rule stable under the addition of one
voter and our expectations were confirmed. We
also expected, that the outcome could be af-
fected by most one change in the elected com-
mittee. As the rule takes into consideration only
the first preference of the voters, the addition of
only one voter, and as a result of only one vote,
can affect the outcome only by promoting one
candidate by one rank.

There are two important questions regard-
ing this result. Is there a way to measure the im-
pact of a certain voter? And most importantly
can we extract any information regarding the

new voter by comparing the two outcomes?

Figure 5.9 Single Nontransferable Vote rule -
stable

As for the first question, the answer is no. We cannot find a metric to measure the impact on

the committee. One voter’s addition may result in a small or big change in the candidate who is

substituted by the newly elected member.

@)

(b)

Figure 5.10: Conclusions over Single Nontransferable Vote rule
1. We can extract information for the new voter by comparing the two committees
2. We cannot measure the impact of the voter’s addition.

Concerning the second question, if a change occurs in the elected committee after the addition

of a voter, we can extract information about the new voter. It is obvious in the above images, that the

new candidate (the only cyan dot without outline) locates closer to the new voter (large purple dot)

than any other candidate (small black dots). As a result, even if we didn’t visualize the new voter,

we would be able to guess that the new voter locates very close to the elected candidate.
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5.3.2.2 Single Transferable Vote rule

The Single Transferable Vote rule seems unstable under the addition of one voter. This rule, as
we mentioned earlier, is really sensitive and even a change in the series of the candidates’ election
or elimination can change the entire outcome. Even though there were many stable outcomes, we
could not characterize the rule as stable, not because of the existence of many unstable results, but
due to the very nature of the rule.

Due to the instability the unpredictable results of a single voter’s addition, there is no way to

gain information about the voter.

(a) stable (b) almost stable (c) unstable

Figure 5.11: Single Transferable Vote rule - unstable
We cannot extract any information for the additional voter

An interesting observation can arise from the comparison of two almost similar versions of the
Single Transferable Vote rule. The only thing we changed from the algorithm described in 3.2.2 was
the way we transferred the votes of the eliminated candidates. In the first version, we transferred

the votes, which the candidate gained from elimination or election of other candidates, evenly, with

votes to transfer
remaining voters

are moving to the candidate that the most voters prefer most next.

for each voters’ next preference. In the second version, all the “transferred” votes

(b)

Figure 5.12: Different results for different versions of Single Transferable Vote rule
In both images the same voters and candidates are used
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In both algorithms, the results were almost the in many cases the same, but there were also

differences, e.g. in the same test case one rule may be more stable than the other, etc. However,

neither of these versions were stable, and there was no pattern in order to characterize one version

more stable than the other.

5.3.2.3 Bloc rule

Bloc rule is stable with the addition of one
extra voter. In the majority of the results, the
outcomes are perfectly stable. When the two
committees did not fully coincide, they differed
by only one elected candidate. After a more
thorough evaluation, even though the results
indicated that only one elected candidate may
alter, this only happened when in the £ — 1 first
positions of the committee, the elected candi-
dates have more votes than the last elected can-
didate. Otherwise, i.e. if [ elected candidates are
tying in the final [ positions, the addition of one
voter could potentially change ! places in the

committee.

Figure 5.13 Bloc rule - stable

The bigger the impact, the bigger the extraction of information over the additional voter’s pref-

erences. From the following images, we can conclude that the newly elected candidate is always

closer to the additional voter than the one replaced®. If we assume a scenario where more than one

candidates differ in the two committees, this could only restrict the area that the additional candidate

locates and as a result, we could have more information over the additional voter’s preferences.

(@

Figure 5.14: Conclusion over the Bloc rule
We can extract information for the additional voter by comparing the two committees.

? The additional voter can distance at most equal the old and newly elected candidates. As a result, we can mathemat-

ically describe the part of the space that the new voter locates.
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5.3.2.4 k-Borda rule

k-Borda rule is also a stable rule. The committee can be affected but the results reveal that only
one elected candidate can alter. However, even though we characterize the rule as stable, we know
that the two committees can differ by more than one position. This is an extreme case, though. It
would need all the other votes to aggregate in a specific outcome, in order to be possible for the

additional voter to change more than one positions of the committee.

Figure 5.15: k-Borda rule - stable

We can extract some general information for the additional voter, but it is really general, as we
only know that the new voter is further away from the replaced candidate than the newly elected.
Although we cannot make any estimations over the candidates’ exact location, if we do not know
any information such as the aggregated ranks for the elected members before and after the addition

of the voter.

5.3.2.5 Chamberlin-Courant rule

As mentioned earlier, the Chamberlin-Courant rule is NP-hard and as a result, we are studying
the stability of our heuristic. We expect Chamberlin-Courant to be almost stable and the location of
the additional voter, in relation with the existing voters and the density of the voters’ distribution
one this area to affect the outcome.

An important observation is that the outcome that our algorithm suggests will be always af-
fected from the addition of the voter. However, this may not be visible, according to the candidates’
distribution. The same proposed outcome may seem stable, almost stable or unstable, due to the
different candidates’ positions. And even though the outcome is never fully changed, the outcome
cannot be characterized as stable, as one or more convergence’s points change.

An interesting observation is that out heuristic does not use candidates location, till the al-
gorithm suggest an outcome and finds the closer candidates. As a result, we cannot extract any

information for the additional voter, even though we know that something has changed.
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@ (b) (©)

Figure 5.16: Chamberlin-Courant heuristic - unstable
The voters remain the same, while the candidates’ distributions differ: (a) 4-Gaussian, (b) Uniform
Disc, and (c) Uniform Square

5.3.2.6 Monroe rule

As mentioned earlier, Monroe rule is NP-
hard and as a result, we are studying the stabil-
ity of our heuristic. We expected that Monroe
would be completely unstable with the addition
of a voter. And the results confirmed it.

However, this may characterize this rule R

over our conditions, but it may be an unfair
characterization due to the nature of the rule.
While in the initial experiment there could be
no more than 50 candidates per cluster, while an
additional voter was added, one cluster should

include an extra candidate. This is absolutely

certain that would change the results because
it would lead in different convergence’s points. Figure 5.17 Monroe heuristic - unstable
As a result, this criterion is not a proper one, or

even a fair one, for this rule.

5.3.3 Conclusions

In this chapter, we came to conclusions regarding the stability of the rule’s outcomes when a
new voter is added, the revelation of information regarding the new voter and the fairness of judging
all the rules under the same criteria.

As far for the stability of the rules, we concluded that Single Nontransferable Vote, Bloc, and
k-Borda rule can be characterized as stable. Normally, if the outcome is not perfectly stable only
one voter can change. In Bloc and k-Borda rule, more can potentially change, but under extremely
specific conditions.

The Single Transferable Vote rule is unstable, as the addition of a voter can change the series

of candidates’ election or elimination. Chamberlin-Courant is unstable as well, as the addition of a
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voter can change the convergence points more easily as the movement of a voter. Lastly, Monroe
rule is perfectly unstable, as expected. The addition of the voter changes almost every cluster.

As far as the disclosure of information regarding the additional voter, only the stable ones are
able to reveal anything about the location of the voter. The more stable the rule the more the infor-
mation it reveals, when the outcome is not perfectly stable. The rules reveal information in reverse
order they can potentially be affected by only one voter, i.e. Single Nontransferable Vote reveals the
location of the voter, while k-Borda and Bloc reveal general information, which in case of Bloc can
be narrow down the possible locations.

Finally, as far as the fairness of judging all the rules under the same criteria, the only rule that
we could claim that was unfairly treated is Monroe heuristic, because the size of clusters change
and as a result, the instability of the rule is anticipated. Still the results regarding the stability of
Monroe heuristic for the movement of a voter, affirm that Monroe’s heuristic is unstable under most

conditions and this is only one of them.
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5.4 Summary of Stability Results

Stability
Best case Average case Worst case
Movement | Additional | Movement | Additional | Movement | Additional
of Voter | Voter of Voter Voter of Voter Voter
SNTV v v v v v <
STV v v v X X X
Bloc v v v v < <
k-Borda v v v v L] L]
CC v v L X X X
Monroe v v X X X X

Table 5.1: Stability of Multiwiner Vote Rules
v indicates that the rule is perfectly stable, while X indicates that the rule is unstable. * indicates

that the rule is stable but there can be potentially a small change (under certain conditions).

Regarding the disclosure of information over the additional voter, we can summarize the results

in the following table. It is noted that an instability over the outcomes, either small or big, is assumed.

Rules

SNTV | STV | Bloc | k-Borda | CC | Monroe

Disclosure of
Information

v

X v

v

X X

Table 5.2: Disclosure of information over the additional voter
v and X indicate that the rule does or does not disclose any information over the additional voter.
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Chapter 6

Design & Implementation of the Experiment over the

Multi-Dimensional Space

We also wanted to study examples closer to real life where we only have the voters’ rankings.

We could create our own test but we choose to use real election sets from “PrefLib: A Library for

Preferences”[27]. This is a reference library of preference data and links. They have attempted to

unify the formatting of the data as much as possible. They currently have 10 types of data in 3

formats. More details about the formation we choose to study are given later in the chapter.

6.1 Election

6.1.1 Experimental Setup

For every simulation, a certain set of voters and candidates, where provided. All the test cases

from PrefLib that were used, came from the SOC (Strict Orders - Complete List) package, meaning

that for every voter a preference order of the candidates, with no ties, is given. Our objective is to

elect a committee ( a subset of candidates) that represents in a certain way the voters. Since both the

voters and candidates number differ per experiment, so does the committee members, which range

from 3 to 5. We rejected many test cases that had up to 5 candidates or voters. Thus, we ended up

with the following test cases.

O 00 I N TR W =

= T
w N o= O

ED—00006—-00000003
ED—-00006—00000004
ED—-00006—-00000007
ED—00006—00000008
ED—00006—-00000011
ED—00006—00000012
ED—00006—-00000018
ED—-00006—-00000021
ED—00006—-00000022
ED—-00006—-00000028
ED—00006—00000029
ED—-00006—-00000032
ED—00006—-00000033

14
15
16
17
18
19
20
21
22
23
24
25

ED—-00006—-00000034
ED—-00006—00000035
ED—-00006—-00000036
ED—-00006—00000037
ED—-00006—-00000044
ED—-00006—00000046
ED—-00006—00000048
ED—-00009—-00000001
ED—-00009—-00000002
ED—-00012—-00000001
ED—-00014—-00000001
ED—-00032—-00000002
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In order to study the stability, we copied the test cases twice and edited them, the first time
by editing one random voter (without changing the first ranked candidate) and the second time by

adding one extra voter.

6.1.2 Representation of the Voters & Candidates

In the previous experiment, where both voters and candidates were represented as points in
the Euclidean Domain, we generated the rankings and the voters’ misrepresentation from a certain
candidate was defined as the distance between the voter and the candidate. The bigger the distance
the less the benefit for the voter.

But in this experiment, we do not have two-dimensional coordinates. Instead, we only have
the rankings of the voters. Notwithstanding that for the SNTV, STV, k-Borda and Bloc rules, the
rankings are enough, since it is the only thing we need in order to assign the votes and find the
winners, this is not the case for Chamberlin-Courant and Monroe rules. These rules are trying to
minimize the misrepresentation of the voters and as a result, we need to interpret the rankings into
misrepresentation with a utilization function, that can be linear, convex or have any other form that
may be appropriate at given time.

Moreover, Chamberlin-Courant and Monroe rules are NP-hard. As a result, we used the heuris-
tics presented in chapter 4. Our heuristics use the location of the voters in order to create the pro-
posed clusters and then and only use the candidate’s positions in order to find the ones closer to
the clusters’ centers. In order to be able to use the same algorithms, we interpreted the rankings as
locations in a multi-dimensional space. In each experiment there were n dimensions, where 7 is the
number of candidates and each candidate C; is represented as a vector in basis with the following
form:

Co=[100---0],C;=[010---0], ..., Cpoy =[000 --- 1].

As a result each voter V; is represented as:

Vi=lcoj c1j caj ey |,

where ¢;; is the position that voter V; ranked candidate C; and 1 < ¢;; < n.

With these in mind, we were able to use the same exact algorithms, with one differentiation.
We decided to use L' distance metric (Manhattan distance metric) instead of L? distance met-
ric (Euclidean distance metric) while calculating the distances since it works better in the multi-
dimensional space[28]. This way we have a simple linear utilization function.

We also used an exponential utilization function where each voter V; is represented as:
‘/j — [200]‘—1 2Clj—1 262j—l . 26(,1,1)]'—1]

However, after the experiments, we rejected the exponential utilization function for Chamberlin-
Courant heuristic, because the algorithm develops the inability to converge. Further research must

be done for the appropriate utilization function.
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6.2 Results

The given test cases due to the small number of candidates or/and voters do not let us study
properties such as diversity or proportional representation.

In terms of stability, there is no point for studying rules that use only the rankings, because
we have already tested them in chapter 5, since the setting is not affected by the representation of
the voters in two- and multi-dimensional space. The only thing that the experiment revealed for
the SNTV, STV, Bloc and Borda rules is the extent of our conclusions since the weight of each vote
changes due to the change of the voters’ and candidates’ number.

Chamberlin-Courant and Monroe heuristics, on the other hand, are based on clustering algo-
rithms. Therefore the number of voters, candidates and as a result of committee’s members render
the test cases inappropriate for our study.

An interesting conclusion that came up from the experiments was that in test cases that the
rankings were taken from races, almost all the rules had the same outcome. This can be explained
by the fact that there is an “objective” ranking (and as a result “objective” winners) and all the voters
are trying to approach it. Hence, the small number of the test-cases make us skeptical about our

conclusion and further research must be done.
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Chapter 7

Future Work

We approached the topic of multiwinner voting rules mainly in the two-dimensional spatial
domain. We focused on the heuristics of the NP-hard rules and on the property of stability. This
work can be further extended and improved in various ways.

One step of action would be to examine different clustering approaches, e.g. hierarchical ag-
glomerative clustering approach [29], in order to build different successful heuristics or approxima-
tion algorithms. This is an active domain of research, especially for Monroe rule due to the built-in
restrictions it has.

Secondly, one possible extension could be in the study of stability. Our study was restricted in
two basic cases, i.e. the limited movement of one voter and the addition of a voter. This could be
expanded in other directions as well, such as the removal of a voter or even a candidate. Due to the
interpretation of stability in different ways, e.g. manipulation, control [30], etc. we are interested
in all the different cases. Another interesting approach would be to evaluate the scalability of the
difficulty of manipulating the results.

Moreover, another interesting approach is based on the challenges of the field. Many voting
rules, e.g. k-Borda, Chamberlin-Courant, Monroe, etc. require full preference rankings provided by
voters, and with a large number of candidates, such information might be infeasible. As a result,
it is difficult to find suitable election samples for studying such rules. Besides, the lack of suitable
samples was our problem in our study for multiwinner elections in multi-dimensional space. It is
thus natural to study multiwinner voting rules for the case that only partial preference is available.
This can also have huge effect to problems were only partial preferences are available but the whole
“true” ranking must be revealed (similar to the problem of having noisy votes [31] and try to find
the “true” ranking).

Finally, a challenging approach would be to find a way to present the results and to classify
the candidates who lost. In most of the cases it is easy to say who won the election, but sometimes
more information is needed, e.g. the candidates may wish to know how well did they do even if
they lost. This can be really challenging for some rules, e.g. Single Transferable Vote rules, due to
the complexity of rule. Studies must be made in order to find a way to evaluate the results, rules
weaknesses and the success of the candidates. In this approach, the algorithmic properties of the

rules (diversity, proportional representation, fairness) can be a really useful and valuable asset.
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Mépog 11

EAANViko Keipevo

Yvuykprtikn AEodAoynon Kavovev ¥neogopiog yio tnv
ExAoyn Emitponov






KepdaAaro 1

Ewcaywyn

1.1 Kivnrpo

Qg exAoyn emtpondv opileton 1 Sradikacio ekAoyng evog LITOGLVOAOL TV LITOYMPLWV (ovTL-
KEWEVQOV 1) ATOHOV) WG OVTUTPOCHOTWY. € KAONUEPLVES ETLYELPTHOTIKES ATTOPAGELS, OTLG EKAOYEG
KAT. 6TOY0G eivan 1 dnpovpyio evOg GLAAOYLIKOD TTPOPIA TPOTIHNOTG T €Vl GUVOAO OLTOULKGDV
KoL evOEYOPEVOG OLVTIKPOVOHEVWOV TTPOPIA. AV Opwg 1) dnplovpyic Tov CLAAOYLKOD TTPOPIA prtopei
Vo yivel pe oAAo0g Kot Sloupopetikong Tpomovg, mig Ppiokouvpe To tpopid, SnAadt pio emTporn
OQVTLITPOGHOIWY OV LKOVOTIOLEL KPLTHPL OTTWS 1 avTimpocwievTikoTnTa; [Idg popovpe vor dio-
o@alicovpe 0TL avTd TO amotéleopa dev Oa elval YELPOYWYNOLHO OTtd £VOl GLYKEKPLUEVO KTOHO 1)
otL 0 k&Be xprioTng Ba weeAnBel amd To ToTéEAEGHO GOPPWVA HE TIG SLKEG TOV TTPOTLUNOELS;

Ta tehevtaio Xpovia, TO EPOTHRATO AUTA, OTTAGYOAOVV TOUG EPELVITEG TOV TTPOGPOTA dLat-
poppwpévou mediov tng Yrmoloyiotikhg Bewping tng Kowvwvikng Emloyrg, To omolo mpoopépet
TOAAEG TTPOKAT|OELG, eLSLKA Yl TIG ekAoYEg emttpontwdv. H onpacia avtot tov mediov kabopiletan
NN pe ePUPROYEG GE CUOTHIATA TTPOTACEWY, G€ SLASLKTVAKEG UNYVEG ovalTNONG Yo TV aTto-
Qoo TV oeAdwV 1oL eppavifovtot yio kétolo query, KA. 'Etot, éxovv yivel Sibpopeg Oewpntikég
0ELOAOYNCELG TWV TOKIAWY KAVOVOV PNQopopiag yiow TNV eKA0YT ETLTPOTT®V, Kabévag amd Toug
0710L0VG LKOVOTTOLEL SLAPOPETIKG KPLTTpLat Kail 08 TOAAEG TEPLTTOGTELS eiva LOLaitepa oY ESLATHEVOG
yla ouykekpLpéveg epoppoyég. H emdoyn evog kalod kavova Yngopoplog yix tnv eKA0YT) eTLTPO-
v dev elvar teTpipévn vdbeon ko mpv atd awth, Ba mpémel var avapwtnBoolpe To €idog TG
EPAPHOYTG TTOL B TOV YPTCLUOTTOLGOVE KOl 0LV LITAPYOUV OITapolTnTeg LOLOTNTEG TOL BEAOUHE T
ETLTPOTTI] VX LKXVOTIOLEL.

T tov TpoavapepBévta AOYO, EYLVE Lot TRELVOHNOT) TV KAVOVOVY YLO TNV EKAOYT] ETLTPOTTAOV,
oVppwva pe TIS Paotkég 1dLotnTeg ov N emttpont) Oa pémel va tkavortolel. Avtég ol 1dLdTnTeEg ei-
VoL avaAOYLKT] avTutpocdevot) (1 ovvbeon tng emtponng O mpémel vaw avTovakAd o€ Yevikég
ypoppég ) PovAnon twv Yneo@dpwv), 1 motkthopoppia ( obvBeon tng emitpomnng o mpémel va
QVTAVAKAQ TNV TOLKIA L TV YM@oQOp®v) KaL 1) StkatocOVT (Yo eQapHOYEG EDPEGTIG TWV EMLKPOITE-
otepwv voyneinv - finalist). Mia okdpn WOroTnTa oL €)eL pedetnBel eitvan 1) avticTooT ot xeLpo-
yoynon. Etol arogacicope vo tpoPfovpe oe pua dieEodikt| metpopatiky a€loAdynon Towv kavovov
ymnpopopiag yio TNV eKAOYT ETLTPOTOV GTO SLESLAGTATO XDOPO, CUUPWVA HE QUTEG TLG LOLOTNTEG.

Téhog, onpovtikn TpokAnon otov topéa g Yroloylotikhg Oewpiog tng Kowvwvikrig Emiho-
YNG AoTeAEL 1) LITOAOYLOTIKY) TTOALTAOKOTHTA KATOLWV KAVOVWY, oL omoiol aviikouv oto NP ko
ETMOHEVWG OEV PHITOPODV VO EPAPHOCTODY G€ PEYAAO aplOpd dedopéviv AOyw mepLoplopodY Xpovou

n/xot xopov. IToAlol Tpooeyylotikol kot evpetikol alyopiBpol éxovv mpotabei yio tovg NP-hard
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KOVOVEG KoL Katomy peletnBei oOppwva pe BewpnTikég kot alyoptBpiicég diotnTeg. Qg ex TovdTov,
dnpovpyroape Tovg SIkOVG HOG EVPETIKOVG AAYOPLiOpOUS Yia va TOUG aELOAOYT|GOULE, GOPPOVA HE

T1G {ntovpeveg ahyopOpikég tdLoTnTeG.

1.2 Xvvewopopd tng Epyaciag

Sto TAaloo oUTHG TNG SUTAWHATIKTG EPYATLOG, AVOADGOLE TOVG TTLO YVWOTOUS KAVOVES Yn@o-
popiog. Katd ) didpreto twv melpapdtov pag 6o dodldotato xdpo, cuykpivaje Toug Kavoveg,
TOVIGOULE TLG OHOLOTNTEG KOl SLOUPOPESG TOUG WG TTPOG TOL XOPOKTIPLOTLIKE KoL TO oY ESLUOHO KL TOVG
afloloyroape COHPVA pe LOLOTNTEG OTTWG 1] AVOAOYLKT) AVTUTPOCWITEVTIKOTN T KOL 1] TTOLKLAOHOP-
oio. Idaitepn Paon 806nke otnv WioTnTO TNG gVoTABELOG, KaB®G eival amapaitntn oe TOAAEG
EPUPPOYES. ZTa TAUCLA TNG EpYyaTing LG, meplopioape T peAétn NG evotdBela oTIg okOAoLOES
d00 TEPLITOCELG: TN peTakivnon evog Ymeopdpou kot Tnv Tpocdnkn evog véou.

Meprroi artd Tovg kavoveg tov pedetrioayte, avijkovyv vtoloylotikd oto NP (Chamberlin-Courant
ko Monroe). Avti Aoty vow TpEXOUpE HEYRAES KOl HAKPOYPOVLEG TIPOGOHOLOGELS YL TNV AELOAO-
YNOT QUTOV TOV KAVOVKY, oXeSACLE KoL HETETELTA LAOTOLGOE SLKOVG HAG EVPETIKOVG OAYO-
piBpoug pe épgpaon otnv amoteAeopatikOTnTA. AUuTol OL eVpeTiKol adyOpLBpol petémerta aflohoyn-
Onrov cOPPOVA e TNV LKOVOTTOINGT) TV id1V OLOTATOV Kol Tal AIoTEAEGHATA TOVG GUYKPiIONKOLY
OVOALTLKG pe T avapevopeva divovtag éppaon otnv akpifeta. O oxedloGHOG TPOCEYYLOTIKOVY KoL
evpeTik®V aiyopiBuwv yix NP-hard mpofAnpata amotedel evepyd ko yepdro mpokAnoelg medio
épevvag, KA yLor Tov kavova Tov Monroe Aoy LOLxiTepo CUYKEKPLHEVOV KoL LOLOUTEPOV OUTToLL-
TCEWV TOV.

TéAoG, emeKTELVaLE TNV EPELVAL HOG GTOV TTOAVSLAGTOTO XMPO, OV AVTLOTOLXEL O€ TTPAYHATIKK
npofAfpoto ko e@appoyés. Emituyxnpéva vAomotjoapie Toug Kovoveg Yn@opopiog KoL Tpocopuo-
OOLE TOVG EVPETLKOVG PG AAYOPLOHOVS DGTE VA PITOPODV VXX X PIICLHOTTOLOUV TTparyoTiké dedopéva.
O S0 pLTOg TOAVILAGTATOG XDPOG ATOTEAETE TTPOKANGT], AOY® TNG EAAELYNG OXETIK®OV BécewV pe-
ok TV Yneoedpwv Kot voyneiowy, tnv onola Eemephoope otnv epyacio pac. H emainfevon
NG TPOGéyylong Hog fTav emtvxnpévr ota drobéoipa dedopéva. Qotdoo, 1 éAderyn dedopévwv
pey&Ang kAipokag, amodeiytnke va eivar meploplotikdg maphyovtag g epyosiog pog. H ovi-
Aoyn) dedopévav yio tnv AN pn emiPePaiwon ko enadnifevon TG TPOGEYYLOTG TOL TEPLYPAPETAL

o€ QUTH TNV epyacio amoTelel PEPog evepyols EPELVIG KOL OTHELOVETOL WG HEAAOVTLKT] EPEUVA.

1.3 Opyavwon EAAnvikod Kewpévoo

310 ke@dhouo 2, tapovoidlovpe To BewpnTikd vtdoPabpo oto omoio Pacileton 1 epyacia, dSiev-
KPWiIlovTag TIG EVVOLEG KO TIG OPOAOYLES TTOV ELCRYOVTOL OXPYOTEPX OTNV EPYACIN. ZUYKEKPLUEVAL,
TopovoLilovpe £VVOLEG TNG LITOAOYLOTIKNG Oewplog TG KoVwVIKNG emthoyng, divovpe oplopong
TWV KAVOVOV PNQoQopiag Yot TNV eKAOYT] ETLTPOTHOV TOV X PT|CLUOTTOLCALE, KXL TTEPLYPAPOUVHE TLG
EPAPHOYES TOVG, € TUVOLACHO HE TIG EMLOVUNTEG LOLOTNTEG TWOV ATTOTEAECHUATOV.

310 kePdAowo 3, mepLypapovpe TNV TELPOPATIKT] Stodikacior Ko TIG oXeSLAOTIKEG MITOPATELG
yLa TO TElpopal 6T0 SLESLAGTOTO XWOPO. ETH GUVEYELL, GUYKPLVOLE Kol avTLtopaBAAAOVLE TOUG KAl
VOVEG YNPopopiog eKAOYAG EMLTPOTTOV GCUHP®VL HE LLOTNTES OTTWG 1) TTOLKIAOHOpPia Kot oLLNTE

TNV KOTOAANAGTN T KOl TQ OvoevOpeva TpoPAnpata otd tnv xpron kabe kavovo Yneopopiag.
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IMopabétovpe emiong YPOPLIKES AVATAPACTACELS KOl EKTETOUEVO TYOMAGHO Yla OPLOPEVOL oTTd TOL
TELPOUATIKA LOG XITTOTEAETHATAL.

310 kedAowo 4 Tpoteivoupe Tovg koG PG evpeTLkoVg ahyopiBpovg yio Tovg NP-hard xot-
voveg Chamberlin-Courant ko Monroe pe Baon tig eyyeveig diotntég TV kavovov. E€etalovpe
TOL TOLPAYOHEVOL ATTOTEAEGHOTA KOl GYOALALOVHE TNV eMLTUXIN TV aAYopiBpwV Hag, KaBdg Kot TG
advvopieg TOug.

310 ke@aAOLO 5, AELOAOYODUHE TOVG KAVOVES YNPopopiog EKAOYTG EMLTPOTMOV GOHPWVX HE TNV
tavoTnta Toug vo Bpefovv otabepég emitpomég. E€etalovpe apyLkd, v To amoTé eopo Propel va
enmnpeactel amd TNy kivnon evog Tuxaiov Yneoeopov, KoL 6T GUVEXELR, oIt TNV TPocsOnkn evog
Yngogopov.

310 KeEQAAOLO 6, TEPLYPAPOVHE TNV TELPOUATIKY SLadikaoion Ko TIG oYXeSUOTIKEG ATTOPACELS
TOU TTELPAPLOTOG VIO TNV XPTOT] TPAYHATIKGOV deSOUEVOV oTtd eKAOYEC.

210 Ke@AAoo 7, ava@épovpe PEATIOGELS GTOVG EVPETLKODS adyopiBuovg, tpoteivoupe Sapo-
PETLKEG TTPOGEYYIGELS TOVL PITOPOVV Vo LAoTOBoOV Katl va poc@épovy képdn doov apopd TV
anddoon twv adyopibuwv. Tédog, mapovoidlovpe mBavEG TPOEKTACELS TNG HEAETNG TNG EVOTA-

Betog ko peAlovtikég katevBovoelg oxeTIKnG épevvag.
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KepdaAlaro 2

Oewpntikd YnoPfabpo

2.1 Ewayowyn

OMot pog, k&rrowx otiypn ot {wr pog, £xovpe AdPer pépog oe kol ekAoyikn Sadikaoia, eite
g Ympopodpot eite wg vtoynerot. Ot BovAevTikég ekAoYEQ elvan Eval YopokTNPLOTLKO TTapadetypo
KO l0WG TO TPADTO TOL TEPVAEL ATTO TO HUOAO KATTOLOU XKOVYOVTOG TOV Opo «eKAOYEG». QoTOGO
LTTaPYOLV TOAAK akOpa TTapadeiypoata amd v kabnuepvy {wn, 0Twg 1) €0PECT] TNG LOAVIKTG Hé-
POG KO (OPOG YLOL KATTOLOL GUVAVTHOT 1) 1) €DPECT] TOL VIKNTH 0€ K&olo diaywviopo, mt.x. Eurovision.
Kabéva amd o mapamdve mopoadeiypata oammotelel pHEAOG PG SLUPOPETLKTG KOTNYOPLOG EKAOYODV,
AOY® TOL SLoLPOPeTIKOD Kavova Ynpopopiog Tov XPNGIHOTOLEITAL KoL TV eTLOUUNTOV OLOTHTWV
TOU QUTOTEAEGUATOG. 2TQL TTEPLOCOTEPX TOALTIKA GUGTHHATA, EKAEYOVHE EKTTPOCOTOVS HE TOV KO-
vova Single Nontransferable Vote (arAn) avadoyikn), eved oto Doodle ypnoipomoteitan o kavovag
approval [1]. 1o dixywviopd tpayovdiot tng Eurovision, epoppodleton pia toapailoyt Tov kavova
yneoeopiag Borda, yio tnv emthoyn Tov viknTh.

o apaTtve TapadelypoTo, KON KoL ov 1) @UGT) TOUG SLPEPEL, 0 GTOYOG TOPOpEVEL O i810G:
«g0peoT (emhoyn) Tov ViknTr». OL KOVOVES PNPOPOPLAG TTOV XPT|CLHLOTOLOVVTOL GTAL TTOLPOITAVE TTCL-
padeiypoato ommoteAoOV kavoveg Yneogopiag yia tnv evpeon vikntr (Single Winner Voting Rules).
Tovtov AexBévtog, vTapyel Ko pior GAAT OLKOYEVELX EKAOYMV, e GTOXO TNV eKAOYT Lo opdda vito-
ynoplov, dnioadn piag emttponnig. Avtol elval oL kavoveg Yn@opoplog yla Tnv eKAOYT ETLTPOTOV
(Multi Winner Voting Rules) kot avtiotolyoOv o€ 1o mepimAokes KoL TOLKIAEG KATAOTAGELS Kol
epappoyés. Ou Povdevtikég ekAoYEG, OLdpopeg emLyeLpnUaTLkéG amopioels, dnpovpyio portfolio,
EMAOYT TOVLOV, CUGTHHATA CLETACEWY, e0peoT finalist eivon povo pepikd oeviplo exkhoy®v yio
ETMLTPOTTEG KO OTTULTOVV KOVOVEG e SLOUPOPETLKES OLPYEG.

'Etol, oL €kAOYEG EMLTPOTIOV £XOUV XWPLOTEL 0€ TpeLg kOpleg kartnyopieg [3] pe Paomn to otd)0

TOUG:
1. g0peom eMTPOTNAG e TOVG eMLKpATEGTEPOLS LITOYMPiovg (finalist),
2. e0peoT) EMTPOTMNAG HE YVOUOVA TNV TOLKIAOHOp@PLa,
3. e0PECT) EMLTPOTNG HE YVOHOVA TNV OVOAOYLKT] AVTLITPOCOIELST] TWV YNPopopwv.

TG emodpeveg evotnTeg, ot avaADGOUVE TIC TOPATTAVEL KT Yopieg, divovtag mopadelypata kot
oXOA&LoVTOG TIG TPOKAGELS TTOL LITAPYOLV OTLS ekAOYEG emitponev. Emiong Ba mapovsidoouye

TOVG KAVOVEG TTOL XPT)CLHOTOLGOE OTA TELPAPATA HOG.
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2.2 Kopior Tomor ExkAoywv Emirpontmv

2.2.1 Evpeon Emtponng pe I'vopova tnv Edpeon towv Emkpatéotepwv
Yroyneiwv (shortlisting)

IIpwv v ebdpect Tov ViKNTI €VOG SIYWVIGHOD, TOL TapoAnmTr evog Ppafeiov, tnv emloyn
7oV Wavikod vroynelov yix pia Béon epyasiog kKA., vapyel cvvnBwg pia Stadikacio Tpoemt-
AOYAG Yl TNV e0peoT TV emkpatéotepwv vtoyneionv (finalist). Ot kavoveg avtol (ovopdlovral
shortlisting 1] screening rules [4]), prropoOv va 0pLo OV WG EKAOYES ETLTPOTTAOV, TTOL £XOVV WG GTOXO
NV eak6Aovdn emdoyr) evog vtoympiov. Aedopévou OtL povo évag voymgLog Ba emiheyel TeAika,
T dropo Tov Ba ekAeyovv, B mpémel va elval ta KaAVTepa, pe TNV VYNAOTEPT KATOAANAOTN T,
aveEaptnta omd oAAnAemidpaoelg petakd twv voymeinv (Ltobétovpe 6TL oL YnPopdpol kaTovo-
00V TUXOV e18LKéG QUTAUTOELG, TT.X. £Val eMimedo TOLKLAOHOPPLOG TTPOKEEVOL Va atopevyBolv oL
drakpioelg otny opddo twv finalist, kot 6TL AL TEG AVTIKATOTTTPILOVTOL OTLG TTPOTIUNGELG TV YNPo-
@opwv) [5], dnAadn dvo mapodpoLol vToYr Lol Tpémel eite v ekAeyolV eite va eEahelpBolv . Xt
ouvéyela ol finalist a€lodoyoOvtan avotnpdTepa, m.). e Pl GLVEVTEVEN, KoL ETLAEYETAL O VIKNTAG,
dwxdwcacia mov eivar mépa amd v dradikacia Tov shortlisting.

T TV kAT yopio TG e0PEGTG TWV EMKPATESTEPWV LITOYMPiLWV, divoupe éva Tapdderypo oo
TOV aKadNHAiKO YOpo. Ag e€eTdooupe pio katdotaot, 6mou pia petadidaktopiky Béon avolyel oe
éva ovemoThpo. To KatdAANA A PEAN OO TO TOVETLOTAILO KATATAGGOUV TOUG KLTOVVTEG, TTPO-
keyévou va dnpovpynBei évog katdloyog (AMlota) TV vtoyneinwy, oL omoiol 6T cuvéyelx Bo KAN-
000V yux ovvévtevEn [3]. Eva dAho mopaderypa, eivon 1 Stadikacio tng emAoyrg Twv voymeioy
yu kéroro Bpafeio Ookap. H amhovotevpévn diadikaoia eivar 1 axdAovdn: vtdpyouvv opiopéva
KpLTrpLa Tov kd&otog mbavog oY PLog mpémel va TANpol ko émetta oo pia Sradikasion Y-
pogopiag emAéyovral oL mbavoi voyn@Lol mov teAkd opilovton wg emionpol vitoYRELoL yio To
BpaPeio. T¢Aog, o vikntng amopaciletol, péow piag véag dradikaciog Yneopoping, wg vLITOYNHPLOG

JLe TOUG TTEPLOTOTEPOLG YTjPpoug, dtadikacio mov 6twg avapépbnke Eepedyel amd to shortlisting.

2.2.2  Emuloyn Emrpornnig pe I'vaopova tnv Yropén IHowkidopopeiag (diversity)

Yrépyouv moAA& TopadelylaTo eKAOYMV, OTLG OTTOLEG TTPWTAPXLKA oITOLNTOVHE TNV TOLKLAO-
poppior otV ekAeypévn emitpormny. e avtég, ol viroyrn@Lol dev ptopovv va a€loloynBoidv avetdp-
e, dnAadn ebv vdpyouvv dvo TapodpoLoL LIToYTPLOL TOTE TPEmel eite va emiAeyel Evag amd avTolGg
eite xavévag (v vITaPYOLY KOAVTEPEG EMIAOYEG), AN o€ kapio Tepintwon dev mpémel var eme-
youv kat ot dvo.

To mtpoPAnpa g exAoyng emttporrig pe motkthopoppio Bupiler to Facility Location Problem.
Ag e€etdiooupe Aoutdv, To akdAovbo TpofAnpo. Oélovpe va tomobetricouvpe TupocPectikovs oTab-
potg otnv moAT. [loapdAo oL LITAPYEL EVOL OTHELD TTOV EACYLOTOTOLEL TNV ATTOOTAGT) OITO TO GUVOAO
TV onpelwv otV TOAN, dev Bédovpe va otkodopricovpe GAovg ToLG TVPOcPeaTikog oTabHovG o
ovto. AvtiBeto TPOTLHOVE Vo TAL SLAVELOVE OHOLOHOPPLL, £TOL HoTe k&be onpelo Tng TOANG v
Bpioketon kovtd ot évav mupooPeotikd otabpd. Eva dAlo mapddetypa artd Tov TOHER TV ETLYEL-
PNHOTIKOV ATo@&cewV, eivat To akdAovBo. Eotw 0Tt 0 18L0KTHTNG EVOG KATAOTHHATOG e TEPLOPL-

opévo xwpo amodnikevong yix DVD, mipémel va tpopnBevtei éva cuykekpytévo aplBpod SLapopeTikdv

! TIBavn e€aipeon atoTeAOOV 0L GLVOPLOKEG TEEPLITTHOOELS, TLG 0Toieg Oor eEETATOVE OTLG ETOUEVEG EVOTNTEG.
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TaVIOV. Mo omtd Tig KaAOTEPEG GTPATNYLKES elval vor eIAEEEL EVOL GOVOAO TOUVLAV HE T1) HeYOAD-
Tepr duvartr) molkilopop@la, Exovtog katd vou 0Tt k&Be meAdtng mpémel va propel va Ppet kTt

IOV TOL OPECEL.

2.2.3 EmAoyn Emurponng pe Fvopova tnv Avadoyikn AVTUTPOO®OREVOT) TWV
Yneopopwv (proportional representation)

O 7m0 YvwoTog TOTOG EKAOYMV YL TH) €DPECT] EMLTPOTMOV €lval oL POVAEVTIKEG EKAOYES, OOV
ONHAVTLKO oUTNHO ELVOL 1) AVOAOYLKT] RVTLITPOCOITELOT TV AITOYewV NG Kowvwviag (dniady tev
Uneo@opwv) kou Wavikd 1) edpeon piog emrponic k-aviurpoodnwy, 6ov kabévog atd avtolc
avtutpoowedel mepiov n/k Yneopdpoug (61ov 1 eivar 0 GLVOALKOG apOPOS TV YNPoPopwv).
Avtog elvar GAA®GTE KoL 0 QLGTNPOG OPLOHOG TG LOLOTN TG AVOAOYLKTG OLVTLITPOCWITEVTIKOTNTOG.

T TNV WBLOTNTR TNG AVOAOYLKAG OVTLITPOCWITELTIKOTNTOG, SIVOUE éva TTopAdeLy e, ToPOHOLO
pe avtd NG molktAopopeiag. Ag eEetdoovpe Ko &AL TNV TEPITTWOT) TOL KATAGTIUATOS HE TOV
neploplopévo xdpo amobrikevong DVD. Ag vtoBécoupe OTL vdpyel Evag ouYKeKpPLEVOS aptBpog
SLOLPOPETLKDV TALVLOV TTOV OL LOLOK T TEG HTTOPOVV va TTpopnBevtovv, kal 1) kébe dioupopeTikr Tarvio
propet va ayopaotel povo oe opddeg twv n/k. H kol btepn oTpaTnyLKT yia v HEYLOTOTOLGOVHE
10 KéPSOG eivar 1 mpoprOeix v k tavidv ov nepistov n/ k meldteg Oa fpouvv eAkvoTiK, xovTag

Koté vou OtTL kdbe meddtng mpémel va Ppel éva DVD yix va ayopdoet.

2.3 IIpoxAnceig

Ou emikevtpwBodpe oTIg akdAovBeg TpokAfoelg Tov apopolv Tig ekAoyég emttponv [5]. H
TPAOTN aAPopd To TPOPANH TNG eMAOYNG TOL KATAAANAOUL kavova Yngogopiog oe pioe cuyke-
KpLévn epappoyn (1 yevikotepa yio évav tomo ekAoyav). Idg pmopei, Aowov, évag xpriotng va
emAéEeL Evay KoAO kavova Yneo@oplag yioe TV eQappoyr Tov; Yapyovv TOAAEG amavTnoELg
OTNV EPOTNOT OTH. APYLKQ, VITAPYOLY OPLOPEVOL KOVOVES PNPoPopiag oL omoiol £xouv oxedlaotel
YLt VoL LKOVOTTOLOUV OpLopéveg L8LOTNTeG (TT.). kKoevovag Monroe Kot avoAoyLKY) dVTLITPOGMITEVTLKO-
to). Mia diapopetiky mpocéyyion, amotehel 1 HeAETH) AELWHATIKOV LOLOTHTWV YLt VO KPLVOULE
TNV KATOAANAOTN TR €vOG Karvova Yneogopiog yio o ovykekpipévr epappoyn [3] (.. éleyyo
YLOL TNV IKAVOTIOINGNG TNG OLOTNTHG TNG AVAAOYIKNG OVTUTPOCWITEVTIKOTNTAG HECW TNG LOLOTY)-
tag Tov Dummett [6]. TéAog, ptopodye vor X prjCLHOTOLGOVE EUTTELPLKT] avEALGT) Yio T 6OYKPLOT)
SLOLPOPETIKAOV KOVOVWV LTTO cLYKeKpLEVeS ouvOTKeg, oupmepllapPovopévoy BewpnTikdV Ko meL-
popatikedv oflohoyrioewy [7], [8], 1§ pmopodpe v eEeTAGOUHE TNV CUUTTEPLPOPE TWV KAVOVWV GE
QITAOVGTEPOVG TOHEIC, OOV PITOPEL 1] CUIITEPLPOPE TOUG Va eppunveveTot dlaoBnTkd [9]. Oleg o1
TOPATAV® TPOCEYYIGELS elval OTUAVTLKES KL 1) emLAoYT evOg kKavova Yneogopiog Bo mpémel va
yivetouw Aappavovtag teg voyiLy.

H Sevtepn apopd tnv tkavdTnTd pog v LIToAoyi{OVHE TA ATOTEAECUATO TWV YNPOPOPLOV OE
TOAVWVLHLKO YpOVO. ATtd TOUG KaVOVEG YLoL TNV VPEST) VIKNTT], 6XESOV OAOL LTTOAOYLOTIKE OLVIjKOUV
oto P, av ko vtépyovv onpovtikég e€aipécels, 6mwg oL kavoveg tov Dodgson [10], Young [11] ko
Kemeny [12]. Twa tnv eOpeon emitpomic, 1 katdotaot eivor mio eplmhokn. Yradpyovv moAlol ka-
VOVEG TTOL T ATTOTEAEGUATO LITOAOYILOVTAL GE TOAVWVLLKO XpOvo, dAAG OL 710 eVOLXLPEPOVTES KO-

voveg eivo NP-hard, 7.x. Chamberlin-Courant [13] kot Monroe [14]. To mpopAnpa avtd propotpe
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VO TO TIPOCEYYIGOULLE €LTE e YPHYOPOUG EVPETIKOVG adyopiBpoug eite pe adyopLlBpovg TpocéyyLong.
Tétotol adydpBpol propovv va BewpnBoiv wg véol, kool LTTOAOYLETIKG Kovoves. Etol pedetdpe
TIG OELOPATLKEG LOLOTNTEG TWV KOVOV®Y oL opilovtol amd TéTolovg aAYOpLOHoLS TPOoGEYYLoTG,

aKPLPOG OTWG KAVOLE KL YLOL TOUG ap)LKOVG KVOVES Ynpopopiogs.

2.4 Opiopog twv Kavovev ¥neogpopiag yio tnv Exdoyn Emtponmv

Se avth) T SmAwpatikn epyoasia, epappodlovpe Toug Mo Snpogileig kavoveg Yngogopiag yio
TNV ekAoyn emtpon®v m.X., Single Nontransferable Vote, Single Transferable Vote, Bloc, k-Borda,
Monroe, Chamberlin—-Courant. Ztnv evotnta avtr, tapovcidlovpe Toug alyopibpovg kot Tig év-

voleg o ortd k&be kovova.

2.4.1 Kavovag Single Nontransferable Vote (SNTV)

O kavovog arotelet tnv €kdoot) Tov Kavova Tng mAeloPneiog yio tnv ekAoyn emitponov. Kabe
Yn@opopog divel éva Yripo GTOV ayamTnpéVO TOL LITOYNPLO KL TEALKR OL k LITOYr@LoL e TOUG TTe-
pLocOTEPOLS YNPOLG EKAEYOVTOL.

HMopaderypo. Ag efetdoovpe to akdolovbo andd mapadetypa. Exovpe 6 Ymeopdpoug kat éva o0-

voho vroyneiowv C = {a, b, c,d, e}. Ztdxog pag eivan va ekAé€ovpe puo emitpont] pe k = 2 péAn.

¥neopdpog Seipd Kataragng
U1 : b=a=c-d=e
V9 s e=a-br-d>c
U3 o d=a-b=cre
V4 o c-b-d=e>a
U5 : c=b=e=-axd
Vg : b=d=cr-e-a

ITivakag 2.1: O TpoTipnoelg TV Yneopopwv 6to 6OVOAO TV LTTOYNELY

I tov kavova SNTV povo n tp@tn potipnon twv Yneopopwy éxel onpacio. Qg amotélespa, o
ynpopopog vy divel éva Yn@o atov voyneLo b, o ve pia Yo otov voyngLlo a, kA, To amwote-

Aéopata tapovotdlovtal 6Tov mivoka 2.2 Ko TeAkd TpokimteL 1) emtpomny {b, c}.

Ymoymgplot

a e
Zuvo?\moi‘lfﬁ(pm‘ 0 ‘ 2 ‘ 2 ‘ 1 ‘ 1 ‘

IMivakag 2.2: AnoteAéopata Tov kavova SNTV yux to mapddetypo tov mivokoe 2.1

2.4.2 Kavovag Single Transferable Vote (STV)

O xavovag xwpiletal oe ToAAOVG YOpoug ekTéleong. e kabe YOpo, oL Yot amodidovtot aTovg
LTOYTNPLOVG COHPVA e TNV TPOTN TPOTIUNCoTN Twv Yneopodpwv. Eav vrdpyovv vroymneiol, ot
07T0LOL GLYKEVTPOVOLY TOLAGYLOTOV 160 aplBpd Yrjpwv pe kdmoto cuykekpLpuévo aplBpo, tote avtol

EKAEYOVTOL GTNV EMLTPOTT KAl OAOL OL ETLITAEOV YHPOL TOUG PETAPEPOVTAL UITO TOVG VIKNTES” GTOVG

% Qg vikntég opifovtan ot voym@Lot Tov £xovv ekAeyOel.

92



evortopeivavteg”’ vIToYMEiovg. Al@opeTikd, EVag 1) TEPLOCOTEPOL LITOYHPLOL HE TOVG ALYOTEPOUG
Ympoug apatpovvtol otd T dtadikaoio Kol oL YOOl TOLG HETAPEPOVTAL GTOVG EVOITOUELVOVTEG
vroymeiovg’. H Sadikacio avth emavahapfdvetal, ¢wg 6Tov va cupmAnpwdodv dAeg oL Béoelg
TNG EMLTPOTNG.

Onwg avagépbnke Tapamtdvw, 0motocdnimote LITOYNHPLOG, TPOKEHEVOL Vo EKAEYEL, TTpEmeL va

éxeL éva eAdyioto apBpd Yrewv (quota). Zvykekpyiéva,

valid votes to cast) 1

ta = floor (
quota = floor seats to fill +1

O emumAéov Yn@ot HeTOPEPOVTOL OTTO TOVG VIKNTEG GTOVG EVOTTOUELVOVTEG CUPPOVA GTOV akdAovbo

TOMO:

voted for second preference
( - ) x extra votes
votes of the winner

T Tov kavova STV vrtépyouvv Stapopetikéc mapaddayég pe mepimrAokovg pnyaviopovg [15]. O
akpLpng alydplBpog mov xpnoiporotoope Ttapovcldletal oto oxnpe 2.1.

Start |} ¥ Compute quota

Count the first place votes
for each candidate and
declare as winners each —

candidate who received at

least the quota

w

_— . - Transfer the excess votes
Eliminate the candidate with NO

from winners to hopefuls
the fewest first place votes,
transfer his votes to the next
highest remaining hopeful
candidates and remowe him
from all voters' rankings

Are all seats
taken?

Remove all seated candidates
from all voters' rankings

ew candidate
elected?

NO

Ewova 2.1: Kavovog Single Transferable Vote [16]

Ortav évag vtoymerlog apotpeitat, oL Yrjgot Tov (TpdTng mpotipnong i avtoi ov cutoktrOnkay otd
TNV ekA0YT 1} TNV KATAPYNOT AAADV LITOYNPLOV) HETAPEPOVTAL GTOVG LTLOYNPILOVG TOV ATTOTEAOVV
v endpevn mpotipnomn. H Siadikacio avtr emavalopfaveron éwg dtouv va Bpebdet évag vikntrg yio

k6&Be Béom 1) 0 aplBpdc Twv voyneinv va teodton pe TIg eAeBepeg BEcELS 1) 0 CUVOALKOS aPLOpOG

*> Ov voym@rot wov Sev €xovv exheyei 1) apaipedet ad tn dadkacio (hopefuls).
*Ze autd To onpelo ayvoovpe tn Sadikacio pe TNV ool petafiBalovor oL Yot koL ToV TPOTO XELPLOHOD TWV
Loonadev ot Sradikacia apaipeong vroyneiov. T teplocdTepeg TANpoPopieg, avatpéEte otnv evotnta 3.2.
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Ynpwv vo elval pkpoTepog ad To quota.

Mopaderypa. Hapabétovpe éva Tapadetypa, 0oL €XOVHE TIG TPOTIHNGELG 99995 Yngopdpwy [16]
Ko {ntovpevo eival 1) ekAoyr piog emTponng Te6odpwv HEADV. XTOV TTivaka 2.3 1) TPOTH YPAppT
dNAdveL Tov deiktn TG OTHANG YL T CUYKEKPLUEVT] GELPGR TTPOTIUNGEWVY. 2T SeVTEPT YPOHp
LTTapXEL 0 APLOPOS TV YNPOPOPWV [E AUTH TI GELPA TPOTIUNGEWV. XTNV TPLTN PALVETOL 1) TTPAOTT
nportipnon k&be opddag Yneopopwv. Ot emdpeveg mpotipfoelg Ppiokovtal oe pBivovoa celpd 6TIg

ETOPEVES YPOHHEG.

I II 111 v v VI VII | VIII | IX X XI XII | XII | XIV | XV | XVI | XVII | XVIII
4111 | 3500 | 100 | 2722 | 10490 | 10511 | 13936 | 1595 | 8000 | 7639 | 4000 | 12051 | 4095 | 3153 | 2422 | 1020 | 2150 | 8500
A A A A B B C D D E E F G G G H H H
C D D H A C H C G F H B A A A C E F
H G G C C H D H E D B H C D H D G E
E C C G H F F F H H C G H H E E C G
G H H F E G E B B B G E B C F G F A
D E B D G A A E F G D C D E B B B C
F B F E F E B G C A A A F B D A A D
B F E B D D G A A C F D E F C F D B

IMivakag 2.3: Zelpég KaTATaENg Twv vIToYNPiwY otd Tovg 99995 YNPoPoPOLG.
H évtovn ypagr) dniovel 6t 1 ovykekpipévr Béon éxel AngBel vdYv otd tov kavova STV

>to mapddetypa avto woyvel quota = 20000. O voymglog cp €xet 21001 Yrjpouvg TpOTNG TTPO-
Tipnong, vepPaivovtog to quota katd 1001 Yrgovg. Eva kAdopa 20000/21001 1§ 0.952 amtd kéde
Yo, apkel yia v ekdexBel o vtoymglog cp. To vtdAoto TococTd Tov K&be Yripouv Srovépeton
0TOVG LTOYMPLOVG €4 KL Co, KAB®G £xouv T devTept BEoT GTIC TPOTHNGELS TWV YNPOPOPWV TTOL
GUHHETELY OV GTNV EKAOYT] TOU Cp. XTOV Tivaka 2.4 Topovotdletor o aplBpog Tov Yriewyv mov €xel
k&Be vToYmgLog oTov k&Be YOpo Twv exhoymv. Ot apiBpol pe évrovoug yopaktrpeg SnAdvovy tnv
ekAoy1 TOL LITOYMPLOV, EVE OL LTTOYPAPULOHEVOL TNV KoTapyNot] Tov. TeAlkd tpok el 1) akdAovon
emutponty [B, C, G, H].

[(Topos || A | B | C [ D[ E | F | G | H |
1 [ 10433 [ 21001 | 13936 [ 9595 | 11639 | 12051 [ 9670 | 11670
2 | 10933 | - | 14437 | 9595 | 11639 | 12051 | 9670 | 11670
3 | 10933 | - | 16032 | - | 11639 | 12051 | 17670 | 11670
4 - - 20643 | - | 11639 | 12051 | 21270 | 14392
5 - - - - | 12116 | 12051 | - | 14828
6 - - - - 12116 | - - | 27879
7 - - - -] 19995 | - - -

IMivaxkag 2.4: O Yngot k&be voyneiov ot kabe ybopo otov xavova STV

2.43 Kavovag Bloc

Stov xavova avTo ol Ymeoedpot divouy éva Yngo atovg k mpoTidTepoug vitoyneiovg. TeAtkd
oL k utoym@Lot e Toug TEPLOTOTEPOLG YNPOLG SNAMVOVTAL VIKNTEG KoL EKAEYOVTOL GTNV ETLTPOT).
Mopaderypa. AgeEetdoovpe kot TEAL TO Tap&delypa Tov ivaka 2.1. Aedopévouv OTL 1) eKAeYHEVT
emtport) B éxet S00 péAN, kdbe Yneopdpog emAéyel Tovg SVo vToYnPiovg oL TpoTLAEL Kat divel

pioe Yo otov kabéva amd awtovg. Aniadi, o Yymeopdpog vy divel pia Yo otov vtoyreLo b ko
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pia aTov vITOYNYLo a, 0 YNPoPopog v Sivel piot Yrjpo GToV LITOYNPLO € KAl pic GTOV LITOYNPLO a,

kArt. To amoteléopata mopovoidlovtal oTov ivoka 2.5 ko teAtké pokvrtel ) emtpornt| {a, b}.

Ymoymplot

a e
Zvvo?\moi‘lfﬁgom‘ 3 ‘ 4 ‘ 2 ‘ 2 ‘ 1 ‘

IMivakag 2.5: AnoteAéopata Tov kavova Bloc yia to mapadetypa tov wivoka 2.1

2.44 Kavovag k-Borda

3tov kavova avtd, Tov Tpotdbnke amd tov Borda, kabe Ynpopodpog tomobetel Tovg voyn-
@iovg o pio AMota obppwva pe pBivovoa oelpd mpotipnong. O vtoyrerol AapPdvouvv ortd kdbe
Yneoedpo, aplBpd Ymewv ico pe Tov aptBpd Twv vroyneiny mov katatdyOnkoy Kdtw omtd avutdv’.
O k voymerot pe to vmAdtepo Borda score eivon ot viknTéc.
HMopaderypa. Ag eEetdoovpe kot TaAL To Tapddetypa Tov wivaka 2.1. O Yngopopog v; divel téo-
oeplg Ymypovg atov voynelo b, tpelg Yripovg otov voyreLo a, dvo Yreovg ctov voyrieo d
kot Téhog éva Yngo otov voynero d, kAn. Ta amotedéopata Ppickovion otov mivaka 2.6 Kol 1)

exheypévn emtponty eivon {b, c}.

Yroymgiot
a \ b \ c \ d \ e
Zvvo}\moi‘lfﬁq)m‘ 10 ‘ 18 ‘ 13 ‘ 11 ‘ 8 ‘

IMivaxkag 2.6: Anotehéopata Tov kavova k-Borda yix to mopdderypa tov mivako 2.1

2.45 Kavovag Chamberlin-Courant (3-CC)

ot kéBe YMnpopopo i ko k&Oe LITOYNPLO ¢ LITEPYEL Pia T T XVTUTPOCKOITEVSNG LU, ¢, TTOL OT)-
AdveL To Babpod otov omoio k&Be vIToYnPLog ¢ dev avTiTpocwedeL ToV Ynopdpo ¢. Mia cuvaptnon
HN avTITpocdevong tov faciletar otn Béom, kavel xprion evog Slaviopatog s = (s1, . .., Sp) £ToL
wote va loylel 51 < - - < sy L Suykekpipéva, va TEToo dIvuopa elvat avTtd Tov kavova Borda
sp 01OV LoVEL S, = k Yo k&Oe k. Me to pos;(c) ovpPoliCouvpe tn Oéomn mov katéxel 0 vToYHPLog ¢
011 oelpd Tpotipnong Tov Yneodpovu ¢ (61ov 1 eival 0 TPOTOG LTOYT|PLOG GTH GELPA TTPOTIUNCNG
ko p o edevtaiog). H ouvéptnon pn aviimposdreuong oL avTloToLel 60 s elVail fi e = Spos; (c)-
Evotitwdng, 1o s; eppnvedeton og o Babpog pn tkavomoinong Tov Yneoeopov av ekmpocwmnei
amnd évav vroynelo mov éxel tomobetrioel oty Béon i.

‘Eotw pia cvvéptnon avtiotoiytong m ouvdéel k&Be Yngopopo pe évav LITOYNHPLO 6TO VITOGV-
voho S. H pn avtimposdrevot Tov Yngo@opou i CORPwVa He TNV T VoL L 7 (;). AQOTOV oploTein)
1) AVTLITPOGOIELGT] TOL KGBe Ynpopopov, mpEmeL va oploTel KoL 1) OALKT] [I] AVTLITPOGMITEVCT) TG
kowwviag (utilitarianism), SnAadn to &Bpolopa OAGY TV ATOMKOY BABHOV Ui avTLITpOoc®TELOTG,

otav emheyei éva vtoohvoro S twv vtoyneiny. Exionpa, n oA pn aviirpocdrevon v Ty

*> Auto elvon Yvwot6 g asymmetric Borda score. Ynapyet ko symmetric Borda score, 6mtov ot Yrjgol oTovg n vio-
Ymeiovg Sivovrar og 2, 221 ..., 0, ..., 7”7*1, — 5 avédoya pe T oepd katdTagng. AveEdpTnTa ord mota ard Tig §vo

5 ) T PIRERS
ouvaptroelg o XPrCLLOTOLGOVHE, TO OTTOTEAESHO TAPOPEVEL TO (S10.
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avtiotoiylon 7 opileton wg:
py () = Z K 7 (4)
<7

O xavovag Chamberlin-Courant [13] Sivelr wg £é€0d0, Tnv emtpomnn peyéBoug k mov elayioto-
motel py. Emerdn) dev vmdpyel meploplopdg otnv cuvapnon aviietoiyiong, kabe Yneopdpog avti-
otolyiletan amAmg 6TOV TPOTROTEPO LTLOYHPLO 6TO LITOGVVOAO S. Tt aVTO, T(7) = arg Minces i c
. Tote, N PN eKTPOCONTELOT) ATTO TNV EMLAOYT] TOL EPIKTOD LITOGLVOAOVL S LGOVTAL PE TO MU; 5 =
MiNncestic - H kahOTepn emTponn elvor Aoutdv 1o eIkTd LITOGVVOAO S OV eAXYLGTOMOLEL TO
py () (utilitarianism) [17].

‘Evog amrhomomnpévog oplopodg ya tov kavova autd eivar o akdlovbog: : «Kabe Yngogpdpog
dnAdvel kot o0 dev Tov ekmpocwrtel évag voyrgLog. K&be Unmpopdpog opileton mwg exmpo-
cwmneitol amd Tov vITOYTPLO TOL TPOTIUdEL TEPLoTOTEPO Ge K&Be emitpomnt. Nikntég opilovron ot

LITOYTPLOL TTOVL EAXYLGTOTOLOVV T1) |I) AVTLITPOCHOIEVCT) TV YNPOPOPwV.»

2.4.6 Kavovag Monroe (3-Monroe)

> tov kavova Monroe [14], extdg amd Tig amantroelg Tov kovova Chamberlin-Courant, vrép-
XEL eMTAOV 1) autaitnon yio TNV woolvylopévn avtiotolylon ™ Tov k&Be Yneo@dpov pe tar PéAT
NG emMTPOTAG: o€ k&be vIToYrPLo 670 S Tpémel v avtioToL Lo TOVY TOLAdYLIoTOV N /K Yneogdpot.
Enionpa, o kavovag Monroe, emiléyel Tnv avtiotoiyion m tov elayioTornotel to () oOppwve
pe Toug mepropiopots [t (s)| > [ 2] ywa Oha T s € Range(r) [17].

"Evag amAomotnpévog oplopdg yio tov kavova eivor o axdrlovBog: «Kébe Ymepopdpog dniodvel
Katd o0 dev Tov ekmpocwrel évag voymnlog. Kabe Yngopopog opiletan mwg ekmpocwmeitat
QO TOV LITOYTPLO TTOVL TTPOTLHAEL TTEPLOCOTEPO € kBe Suvatr) emLTPOmY, e TETOLO TPOTTO TOL T
HEAN TNG eMLTPOTTG VAL EKTTPOCWITOVY {50 aptBpd Ynpopdpwv. Nikntég opilovtal oL vtoynPLoL Tov

EAOYLOTOTOLOVV TI] [N QVTLITPOGHOITELCT) TOV YNPOPOPWV.»
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Kep&Aao 3

Yxedrxopog & YAomoinon tov Ileipapatog oto

Ao dixotato Xwpo

v TpooTdbelo HoG VoL ATOKTHGOVHE KOADTEPT) KATOVOTGT) HEPLKMOV OO TMV TTLO SLACTHWV
KOVOVWV €KAOYNG EMLTPOTTOV, EKTEAECOHE Lo SLeE0dLKT] TELPAPATIKT] HEAETT), opXLKX 6TO SLodLd-
otato xwpo. Eva neipopa oto Siodidotato yopo [9] pag Pondéel va omtikoromjoovpe tar aote-

AEGHATA TOV KAVOVOV YN@opoplag, AAAE KoL YEVIKOTEPA TLG TTPOTIUNCELS TOV YNPOPOpOV.

3.1 Ileipopa

3.1.1 IIepapotikn Awadikacia

Y& qUTh T TELPAPATA, OKOTLOG HoG elvarl va ekAEEoLpE piat emLTporm (v LTTOGOVOAD TV LTTO-
Ynoeiwv), mov ekmpoowel Tovg Yneopdpouvg pe cvykekpyévo tpomo. Onwg meptyphonke otnv
TPONYOUHEVH evoTnTa, ot kGbe epappoyn Ba émpene vo ypnoipomoleiton dloupopeTikdg Kovovag,
Kabg {ntovpevo eival kibe popd To aToTéAEGPX Var LKavoTtoLel dtapopeTikég OLOTNTEG TTOL e€axp-
TOVTOL Ao To eldog g epoppoyng. To diodidotarto eninedo pag fondiel va omtikomoLcouvpe To
amotéleopa pe évay EekdBopo Kkat eOANTTO TPOHTTO, Kol £ToL va evtomicovpe mibavég advvayieg Tov
KovoOva, KoB®G Kot LOLOTNTEG OV LKAVOTOLOVVTOL (TT.Y. AVOAOYLKT] QVTLITPOCKOITELTIKOTNTA). MIto-
polpe AOLTOV, VO GUYKPLVOULE TOUG KAVOVEG KOL VL OTTOPOGICOUHE TTOLOG eival KOTAAANAOTEPOG
yia k&Be e@appoyn, avaloyo e Tig OLOTNTEG oL eEATPAALLOVV TTWG LKAVOTIOLEL TO ATTOTEAECLOL.

I kaBe mpooopoiwet exhoyndv, éva abvolo amd 1000 Yneopopoug kot 1000 vtoyngLlouvg ma-
payovtat, akoAoLOOVTAG CLYKEKPLEVES KATAVORES, WG onpeia otov eukAeidelo ywpo. T kdbe
ynpopopo vmapyel pia pBivovoa celpd katdToEng Twv vITOYNELY COPP®VA e TN CGELPA TPOTi-
unong koL teAkd pia emitpomny 20 atdpwy ekAéyeton ad kdbe kavovo. STr cuVEXELR, CUYKPLVOLE
Ta amoteAéopato kol aELoAoyolLE TOUG KOVOVES CUUPWVX HE CCUTA.

O apBpoc Tewv Yneoedpwv kot vtoyneiny eival otoyxevpéva o idlog kat apketd peydAog yo

Toug okdAovBoug Adyoug.

1. O aplBpdg TV LTOYNPLOV TPETEL VXX ELVOIL APKETA LEYAAOG VIO VO HEAETT|GOUE TIG aduVarplieg
TOV KAVOV®V.

2. H emtpomnr) mpémer var éxeL apketd PEAN yiow HEAETHOOVHE OLOTNTEG OTTWG 1) VALAOYLKT) CLVTL-
TPOCWIELTIKOTNTA 1) 1} ToLKLAOpop@ic. [l va éxel vonpa n emtpontty 20 atdpwv Aowwdy, ama-
poUTNTOG elvarl 0 apKeTd HEYOADTEPOS O aplBROG TV LITOYNPiWV.

3. O apBpdc twv Yneoedpwv Tpémel va elvor opKeTd PHeYAog Yo vou £xeL vonpo 1) peAétrn NP-
hard xavoévwv 6mwg o Chamberlin-Courant ko o Monroe.
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3.1.2 Koaravopun towv ¥neopopwv & Yropneinv cto Xwpo

OL Yneo@dpot, OTTWG KoL oL LITOYHPLOL, TUPAYOVTOL WG CTJHELX OTOV EVKAEIDELD YDPO CVOHPWV
pe ovykekpipéveg katavopés. Kabévag amd avtoig, Aowtdv, avamapictator arnd éva Ledyog (x,y),
TIG GLVTETAYHEVEG TOV GTHELOV, TTOL 0pilovy TNV okpLPr] Tov Béom oo diodidoTato YWPo. Xe avTd TO
TELPOLN, GTOXEVOUHE OTNV KATOVOTOT) TG CULITEPLPOPAS TOV KOUVOVWV VAAOYXL HE TIG KATOVOHES
OV X PNOLHOTTOLONKAV - YKOOLGLOVT) KOTOVOT (JLe SLopOopeTLKES TIHEG SLLGTTOPAG KoL HEGTIG TN G),
OHOLOHOPPT] KATOVOLT], G€ HOPPT) KUKALKOD SloKov 1] TETpay®dvou, kKabmg kot cuvdvacol Toug.

Meletriooyie TOLKIAEG TTEPLITTAOOELS, CUUTEPLACHPAVOHEVOV TEPLIITOGEWV OTTOL OL LITOYT|PLOL
(h/xou oL Ymeopdpot) maprxOnooy ord GLVSLAGHO KATAVOUKOV Ge Gvioa Tocootd. Eival onpovtiko
vou onpelwdel, OTL oL KATOVOPES Pitopel var Pnv KoADITTOLY OAO TO XOPO, 0VTE VO EMKAADTITOVTOL

peTaED TOUG. ZUYKEKPLPUEVA XPTICLULOTTOLONKAV Ol TAPAKAT® KOTOUVOHEG.

e Gaussian (T'kaovotaviy)
[Savikd onpeia apdyovton amd pict GUPHETPLKT] YKaovoLavy katavopr] pe péor tuur (0,0) ko
amdéxkAon 1.

e Uniform Square (Opotopop@n o€ pop@n TETPAYDHVOL)
I8&vikd onpeia TapdyovTon opoLopopPa 6To TETPAY®wvo [-3,3]x[-3,3].

e Unifrom Disc (Opoiopopen o€ pop@r kukAikot dickov)
[Savikd onpeia Tapdyovton opoldpop@a oTov kKukAiko dicko pe kévtpo o (0,0) ko aktiva 3.

e 4-Gaussian
ISavikd onpeio Topdyovtal amd TEGGEPLS GUHHETPLKEG YKAOUGLAVEG KATOVOES HE QITOKALOT)
0,5, aAAG pe SropopeTikég péoeg Tpég, ovykekpipéva (-1,0), (1,0), (0,-1) xou (0,1). Kabepior xpn-
OLHOTOLELTOL VIO TNV TTOPAYWYT) TOV 25% T®V oTpeiwv.

e 2-Gaussian unequal
ISavikd onpeio mapdyovtatl otd 00 CUHHETPLKES YKAOUGLAVEG KATAVOREG, kKobepia pe Stopo-
peTikt) péon Tipn f/xan amodkAlon. Kabepio ypnopomoteital yio tnv mopaywyn Slapopetikon
TOGOGTOD TWV GTHELDV.

e 3-Gaussian unequal
ISavikd onpeio Tapdyovtal amd TPELG CUUHETPLKES YKOOVOLAVEG KOTAVOES, kabepio pe Sia-
QopeTikn péon T 1/xan amokAlom. Kabepio ypnowpomnoteital yia tnv mapaywyr dixpopeti-

KOO TOCOGTOD TWV CTUElWV.

3.1.3 Eppnveia tng O¢ong oto Awodiastato Xmpo

H oe1pd vatdto€ng tov vroyneiny arnd kédbe Yneopdpo mpokvntel amd ) Béor Toug oTo dio-
dLaoTaTo YOPo. Zuykekpipéva Bewpoipe oG n adotact evog Ymeoedpov amd tov kdbe vioyrgLo
Seiyvel Tov Pabpod otov omoio o Yneopdpog dev avrimpocwnevetat. Oco pkpdTepn N adoTaoT),
7060 PeYaADTEPO TO O6PeLOG Yo ToV Yneopopo. Etol, mpdhTtog oTIg TPOTHOELS TOV Yneopdpov

KOTOTROCETOL O KOVTLVOTEPOG LITOYNPLOG KOK.

3.1.4 Oszwpnoeig

Meplkég atd TIG GUVAPTICELG TTOV X PT|CLHOTOLCUHE TALTODY TUXALOTITO GTNV CLPXLKOTTOLN G

dedopévov ) otnv Abon twv loomtaAldv. Emopévog, elval amapaitnto vo yivouy pepikég Bewprjoelg
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ylot vo ptopovpe vo TpofAEPoupe T UNTEPLPOPE TV adyopiBuwy yio cuykekpipéva dedopéva
elo6dov. Amapaitnto eivon emtiong va yivouv kasoleg Bewprioelg yior tnv emtAoyr] Tov TpOToL e
TOV 070io GUUTTANpOVOVTAL oL BEGELS TNG EMLTPOTNG, £TOL DGTE VO HITOPOVE VoL Lotk PLVOULE TLG

TPALYHOTIKES SLAPOPES GTLG ETLTPOTTEG.

3.14.1 Adbon IoonaAwwv

‘OMot o1 adydpiBpot atatodv Ta€vounon Tov Yneodpwv, cuvibwg cOPE®VA e ToV opLBpo
ynewv. Eivan EexdBopo Aowmdv mwg xpetdleton évag pnyaviopog Abong twv .oomailodv. Téooepig

elvon o1 Paoiég mpooeyyioelg Tov TPOHITOL AVOTG TV LoomaAldy [17]:

1. Not xproUYLOTOLGOVHE P TPOTOPACLOUEVT) GELPE YioL T ADCT] TWV LGOTOALDV.

2. Nou xpnOLHOTOLGOUE £VOL TUXOLOTIOLNIEVO HNXOVIGHO Yio T ADCT] TWV LGOTOALOV.
3. Na katainEovpe o€ opada amoteAéopATOV.

4. No ayvorjooupe Tig Lloomahieg, va Bewprjcovpe mwg dev vITdpyOoLV.

KaBepio amd tig mpoavapepbeiceg mpooeyyioelg éxel diopopetikd mtpoPAnparta. I va ato-
Qocloovpe Aoudv mola Bo XPNGLLOTOLCOVE, TTPEmeL Vo AdPovpe LITOYN TA XXPAKTNPLOTIKA TOV
TELPAOALTOG.

Onwg éxer avopepbei, oL tomobecieg TV YNEopdpwv kot LITOYMPIWV TaPAYOVTAL COUPWVL
pe xamola kotovopur]. H oeipd pe tnv omoio mapdyovton eival tuyaia oe oxéon pe tn 0éon tov
onpelov 6To X®po. Avtd dev emnpedlel TO TELPOPA HOG, HTTOPEL WOTOGO Vo Xpnoipomrolndel yia to
pnyoviopd Abong twv woomaildv. Kpatdpe Aowtdv tnv oelpd pe tnv omoia dnpovpynOnke kdbe
onpeio kAedwpévn oe Eva SIavuopa, KaL 1) ELPE UTY OUTOTEAEL TNV TPOCTTOPAGCLOUEVT] CELPA |Le

TNV omoia AOVOULpE TIG LoomaAieg, St pdvtag mapdAinia tnv amapaitnty 06T TLXAULOTNTOGS.

3.1.4.2 Touxoieg ApXIKOTOLNOELG

Kémolol amd toug kovdveg eKAOYTG ETLTPOTOV OITOLTOVY TUX O CLPXLKOTTOLNOT] TG EMLTPOTTIG,
1 omoia ennpedlel Ta amoteAéopata. i va elvol ©GTOG0 GLYKPIGLHA TAL ATTOTEAECHATR, KPOATALE
TIg opLkég Béoelg otabepég aveEapTnTa atd TOV Kavova. LTV TOPELa TV TELPOUATOV, ATOPATL-
OOLE VO Y PTOLHLOTIOL|GOVHE SLaLPOPETLKT] apyLKoTToinon yio k&be xavova, yia va £xoupe KoADTep
anote éopata. QoTO00, 1) apyLKoToinon yio kdbe kovova yivetal poviya pice gopd v kotorvopr)

Ynpopopwv, aveEAPTNTA OO TNV KATAVOUT TWV LITOYTPiwV.

3.1.4.3 NrteteppIviopog

To «xAeidwpo» k&be onpeiov oe cuykekpipévn Béon ota apyicd Saevbopata TPocPépeL akdpx
Evat TTAEOVEKTNHO: OO0EG POPES KL AV EPAPOGOUVHE EVOL GLYKEKPLIUEVO KovOva oty Sl eilcodo Ba
éyovpe mhvta v S €€0do (emitporr)). Apaipdvtag TNV TUXoOTNTA 0TO HEYaADTEPO SLVATO

BoBpo, ot kavdveg yopokTnpilovTon WG VIETEPULVIOTLKOL.

3.1.44 Ioomalieg oto Anotédeopa (Ioonalieg tng Tedevtaiag Ofong)

AN pia amapaitntn Bedpnon apopd TI¢ toomadiec otV tedevtaia Oéon tng emitpomng. Av
TLG (LY VOT|GOUHE 1] TIG OVTLHETWITIGOUE pe KAITTOL0 pYoviopo, 1) emitportt] O amoteleiton otd opt-

Bog k voynerovg. Evoaddoktikd, o aplOpog tov ekdeypévov vtoyneiny propet va vepPaivel Tovg

99



k. Avti n amdéeaon éxel Wixitepn onpoacio, Wiaitepa yia T peAétn g ddtnTag tng evotdbelag,
OOV TPETEL VAL HTTOPOVHE VAL SLOKPLVOULE TLG TPAYHATIKEG SLOUPOPEG TWV ETLTPOTIMOV.

Ag vtobBéoovpe yia mapadetypa, 6Tl vITdpxeL loomadio petakd dVo vToYMPiwy Yyl TNV TEAEL-
taio kevr) Béom tng emtponng. Mmopotpe va emAé€ovpe eite vo ekheyodv kai ot dvo eite povo
o0 évag toug. 'Etol mpokimtel o axdAovbo epdTnpa. [pémer va BewpnBoiv Siapopetikd avtd To
anote éopata; o Ty évvola TG avTITposOITeLTIKOTHTAG IoMG Vo elvor adLdpopo, aAAd yia TNV
évvola tng evotdBelog Sev eival.

EmléEoyie AOLTTOV VoL PNV ETTLTPETOVTOL OL LOOTTAALEG KOl GLYKEKPLHEVO Vo ADovTa pe Tpokado-
ptopévo tpomo. H pétpnon g evotdbeiag £xel emnpedoet Aomdv Tig BewprjoeLg TOL TELPAPATOG,
KO(L TTPETIEL ETTOPEVG VoL elaoTe LOLATEPAL TTPOGEKTIKOL [E TOL GUUTTEPAGHATA HaS, KoBOG vItdpyet
Karolov eidovg «mpokatdAnyn (bias)» kol ) xelpay®dynomn otd évov voPneLo eival akatdAANAo
TeaT [17] av Sev eppnvedooLpe To aToTEAESHATO ApPAVOVTAG LITOYT HOG TIG «TTPOKATOAPELS».

[TeprocdTepn avélvon oyetikd pe Tnv evotdbela akorovbel 6To kKeQAAALO 5.

3.2 AmoteAéopata, ZXoAMaopog & Xoykpion twv Kavovev

3.2.1 Kavovag Single Nontransferable Vote

O kavovag Single Nontransferable Vote ypnopomoteitar kabnpepvé otig {wég pac. Eivou évag
TTOAD YVOGTOG OAYOPLOHOG Yl TNV eKAOYT] EMLTPOTAOV, OOV ITAPAITNTN ELVOL 1] AVTLITPOCWITEVTL-
KOTNTA.

Onwg meprypaonke otnv evotnta 2.4 o SNTV
AopPaver vTOYLV pdvo TNV TPAOTN TPOTI|NOT
TV Yneoeopnv. Ilog Opwg avtd ennpedlel
Ta amoteAéopata; Yaapyouvv wiaitepa potifa

TTOU TO YOPAKTNPILOLY; KAl OV VoL, TOG ALTO

ennpedlel TNV KOTOAANAGTITA TOL KOVOVXL Yo
SLoPOPETLKEG EQOPHOYEC;
>to moapdderypa tng ewkovag 3.1, dmov ot

Yn@oeodpol akoAovBodV KAVOVIKH KOTOVOT

KO(L OL UTTOYT|(PLOL OHOLOHOPPT) GE HOPPT) KUKAL-
ko0 diokov paivetal 6TL 0 kavovag eExopailet Ewova 3.1: Arotélecpa tov kavova SNTV
TNV AVTLTPOCKOITEVTIKOTI TAL.

Qot600, petd atd melpdporta pe SLoupopeTikovg GLVILAGHOVG KATOVOHOV, eivor EekdBapo OTL
n WiotnTa dev eivar eEacaAiopévn AOyw TG VoG TOL Kavova. ZUYKEKPLHEVR, OTAV OL YNPoPo-
poL akoAoVBOTVV OpHOLOPOPPT) KATAVOWT, VG OL LTTOYHPLOL KAVOVLKH, TP TNPOVHE OTL TOL LTTOTEAE-
opato Sev LKavoToloDV TNV OLOTNTA TNG AVOAOYIKNG XVTUTPOCMTEVTIKOTN TG,

Sta mapadeiypata Tov elkdvev 3.2, 1 exieyBeioa emitpomn telvel va Ppicketal oTo meplypoappo
NG Katavopng twv vroymeiov. Kabog ot Yyneopdpor akorovBolbv opotdpopen katoavopr, eivot
opoLopoppa katavepnpévol 6to diodidotato eminedo. Avtifeta, oL vroyr@Lol akorovBodv kovo-
VLK) KOTOVOUT KOl ETTOHEVWS LITAPYXOUV GTHEL TOV emLTéSOL GTA OTTOlo LITAPYEL HEYXAVTEPT) GL-
YKEVTPWOT] LITOYHPLOV OO GAACL.

Eivou guokd Aowdv, ota onpeio pe peyoddtepn mukvotnta voyneiov, ot Yreot vo potpd-
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Ewova 3.2: To amotélespa tov SNTV oynpoartilel To mepiypoppo TG KATOVOUNG TV LITOYm@iov

Covtou petad peydhov aplbpod twv vITOYNPLOVY, EVE GTo oTpeln pe KPOTEPT) TUKVOTITA LITO-
YnPLwv, T.X. 0TO AKP TNG KATAVOUNAGS, oL Yripol v potpalovtar petad pkpotepov aptbpov vro-
yneiov. Av AdPoupe vTOYN Kot TO yeyovog OTL oL Yneo@dpol KAADTTOUV PEYOADTEPO HEPOG TOU
eMLTéS0V, VITAPYOLV TEPLOGOTEPOL YNPOPOPOL TTOV TPOTILOVV TOVG «HKPAiouS» LIToY@Lovg. Av-
TéG oL dvo TapaTNPNoELS, eENYoDV aUTO TO POULVOHEVO, TTOV PITOPEL VO ELPOVIOTEL AKOPO KL OE
EKAOYEG Yo TNV eVpeaT) evOG HOVO VIKNTH.

Xapoktnplotikd Topadetypa, elval autd TV ekAoY®V, 61ov ot Ynepogdpol voatnpilovv dvo
«ITTALPOPOLOVG» VIOYT|PLOVG, HE TOTEAEGHA VA ekAeYel évag Tpitog viToYrPLog ,mopdAo ov abpot-

oTLKA 0L SVO TOVG PITOPEl Vo EXOUV HEYAADTEPT) LITOGTHPLEN OITO TOV VIKNTH).

Ewova 3.3: To ammotédeopa tov SNTV ennpedletar onpavtikd outd Tnv Katovopuri Tov voyneiov

‘Eva axopn evdiogépov mapddetypa eivor to avtd tng ewkovag 3.3. Ko otig dvo mepintmoelg
éxoupe akpLpOG Toug i8Lovg YNPOPOHPOLS, EVED OL KATAVOHEG TwV LTTOYN IOV iVl OHOLOHOPPEG
0€ HOPPY) TETPAYDVOL Kol KUKALKOD dlokov avticTolyo. Ztnv mpodTn mepintwot), 6AoL oL voyn-
@loL Tov exkAéxOnkav Pplokovtal oty Thvew aplotepr] yovia, 6mov Pplokoval oL mepLocdTEPOL
YnpopopoL, eved oL YneopopoL oL VKoLV GTNV apaLl) KOTOVOUT QOIVETL VAL PNV EKTTPOCKITOV-
vrou (tkawvormotovvto). AvtiBeta, otnv dedtepn mepintwor, mapatnpotpe OTL oL YneoeodpoL g
QPG KATAVOUNG EKTTPOCKOITOVVTAL, OTIWG elval avapevopevo kot embupntod. Evivnwoiokd gouvo-
HeVo elval OTL LITAPYXOLV EKTPACHOITOL TWV TLO AKPALLY YNPoPOpwV, AKOUA KL oV £vag LITOYNPLOG
eKTTpOcwIEL poviryo Eva Ymeopodpo.

To map&detypa avtd deiyvel TNV onpacio Tov GLVOAOL TV VoYM Eiwv. Otav vdpyouvv Aiyot

LTTOYHPLOL TTOV LKAVOTOLODY TO HEYOADTEPO PEPOG TWV YNPOPOP®WV, LITOYNPLOL TTOV LKOVOTLOLOVY
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eAG(LoTOVG YNPoPopoug Ptopel TEAKAE Vo ekAeyODV.

3.2.2 Single Transferable Vote Rule

>tov xavova Single Transferable Vote, ot Ymeo@dpol tomobetodv pe pBivovoa celpd mtpotipn-
ong touvg vtoymeLovg. Kata tnv katapétpnon tov Ynewv, kabog ot vroynglol ekAéyovto 1j awop-
pitTovTal, ot emutAéov Ko oL Yrjgot wov evardaktikd Oa ydvovrav, petofipalovtal ctovg dAlovg
LITOYTPLOVG, AVAAOYQL HE TIG TIPOTIUNOELG TV YNPoPopwv. AVTO TO CUGTNHA, TOPEXEL TPOCEYYL-
OTLKQ AVOAOYLKT] OLVTUTPOOWITEVTIKOTNTO KOl ETLTPETEL GTOVG YNPopopovg va Yneilovv avedp-
TNTO ATO T TOALTIKG KOPHOTO KOL VO EKAEYOUV aVeEAPTNTOVG LTTOYT|PLOVG,.

O kavovag STV eivar evaicOntog mpog n oelpd ekAoyNG kaL amoppLPng Tewv voyneiov. Akopn
KO 1) TTLPOYLKPT] CANCLYT) TNG GELPAG QUTHG, entnpedlet To amotéeopo. ETot, akdpo kot 1) o pikpr)
amOPUCT) GTNV LAOTOLNGT TOL aAyopiBpov, ennpedlel, Kot eTOPEVWG AAAALEL, TO ATOTEAEGHAL.

T tapaderypa, og viroBésovpe 6L BEAoLE va ekAéEovpe PHOVO TOV LTTOYNPLO e TOUG TTEPLO-
G0OTEPOLG PYNPOLG, TTOL TTHPE TOLAAYLGTOV TO quota TV YNewv, va petaPLBdoovpe Tovg emutAéov
Y1 poug KoL 0TI GUVEXELA VO LETPHOOLHE v TOLG Yripoug yio va Ppolpe Tov edpevo vToYr@Lo
1tov B exheyel 1) amoppLpBel, avti va exAéEovpe TavTOY POV OAOLG TOVG LTTOYNPLOLG TTOL EA Py
TEPLOGOTEPOLS Yrjpoug amd To quota (etkova 3.4 (a) ko (b)). Mia emiong onpavtikn emioyr ei-
Vo 1) €TLA0YT] TOL LITOYNPLOL He TIG ALYOTEPES YHPOUG. e TEPLTTMOOT] LEOTAALNG TTOLOG LTTOYTPLOG
npémel va apatpebel mpdTog; Avth 1 emdoyr] Ba prropovoe v ocvpPel pe Tuyaio tpodmo. Qotdoo,
avtd Ba 0dnyovoe ot SropopeTikd amoteAéopata, av Tpéxape TOV aAyOpLOHo yior akpLPodg Tnv idua
elo0do mopamdve amd pla eopéc. Zto kepdharo 5 eEetdlovpe Tnv evotdBeia k&Be kavova. T va
propécovpe va peletioovpe Tov STV Aoutdv, ammapaitnto eival vo meplopicovpe katd to Suvatdv
TNV TUXOTNTA TOL Kovova. ‘Etol, mévtote astoppintovpe Tov tedevtaio voyf@lo, avaloyo e

Vv TaLvopun o ov £xel yivel, 61ov ot toomahieg Abovton pe tpokaboplopévo Tpdmo’.

@ (b)
Ewkova 3.4: AlowpopeTicd amoTeAECHATA YO KOVTLVEG TTapaAilay€ég Tov kavova STV
O xowvovag STV eivar po péBodog yiow Tov LITOAOYIGHO TWV UTOTEAEGHATWV EKAOYDV, 1) OTTOi

AEYETOL TTWG EYYVATAL TNV OVOAOYLKT] AVTUTPOGMITEVTIKOTITO YLOL GTEPEOVS GCUVOGTLGHOVG YT po-

@OpwV — opddeg Yneo@OpwV Tov HOLPALOVTaL TNV TPOTI TOVS TTPOTIHNOT - KATw 0Itd AOYLKEG

! 2y tagwvopnon AapPavovpe voYv Tig Bécelg Twv voYm@inwy oTo apxLkd Sikvucpa, oTo omolo eivat aobnkev-
pévol pe Tn oelpd mov aprxOnoav.
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ouvOnkeg’ [16]. Avto e€nyeitan kabwg o kavovag STV edayiotomotel TIg omatainpéveg Yrgoug,

HETOUPEPOVTAG TIG EMLTAEOV YNPOLG GTOVS EVATTOpELVAVTEG LITOYTPLOVG.

(@ (b)

Ewova 3.5: O STV deilyvel va eyyudtot TNV ovoloYLKT] OVTUTPOCOITEVTIKOTI T

Qotoc0, TpodKelTal yia évav Wiaitepo TpoPAnpatikd kavova, eEattiog tng eEdptnong Tov atd

TN GELP& KAOYNG 1} AmOPPLYNG TV LITOYNPiWV.

3.2.3 Kavovag Bloc

Stov xavova Bloc, ot Ympogdpol emhéyouy toug k ayostnpévoug Toug LITOYTPLOVG. ZTA ATTOTE-
Aéopata TapatnpPolue OTL OL EKAEYHEVES ETTLTPOTEG OUTOTEAODVTAL ATTO HIKPEG OPAdES LITOYNPLWV,
10V oLVBwg PpiokovTol Ge TEPLOYES TTOL 1) TUKVOTTA TWV LITOYNPLWV ElvaL PLKpPT), TT.X. KOVIX OTLG

QKPEG TNG KATAVOUTG TV VIO Plwv’.

(a) (b)

Ewova 3.6: Ot exdeypévol vtoyngrot amd tov kaevova Bloe oxnpartiCouv opddeg kovtd otig dkpeg
TNG KATAVOUNG TWV LTOYTNPlwv.

Onwg PAémovpe oTig elkdveg 3.6 (a) kou (b), n exAexBeica emtpormy, dev paiveton va ikavorotel
v mAetoyneio TV Yneoedpwv. Avtd eivon dueon ocuvémela tng eOONG TOL KOVOVAL. Xe TEPLO-
X£€G TTOL 1) TUKVOTNTA TV LITOYNELV elvor peydAn, ol Yripol teivovy va diucTovtol avapeca oe

T POHOLOVG VITOYHPLOVG KO WG UTOTEAEGHA OL LTTOYTPLOL TEALKX VOL UV EKAEYOVTOL.

> H vndbeomn avtn, e€etdleton avalvtikd otnv evotnra 3.2.7
* IIpotmoBeomn amoteAel 1) KATAVOUT) TV YNQOoPOPwWV var KAADIITEL TNV TTEPLOXT] TTOL KAADITTEL 1] KATAVOUT TWV LITO-

ynelov.
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O podvog TpdMog Yo va eKTTpocwnnBovy mepLocOTEPOL YNPoPdpoL, EiVaL 1) KATOVOUT TWV UTTO-
Unplov va elvot apotr] 6TLG TTEPLOYES TTOU 1] KALTAVOLT] TV YN@opdpwy elval Tuk v, 0Twg cupPaivel
0T0 Tap&deLypa TnG ewkovog 3.7.

Axopa ko tOTe 0oTOGO, 1) emiTpornt) Ogv
eLPaVilel apKeTr) TOLKIAOHOPPLA KOl OTTOTLY-
XOVEL VO EKTTPOCWTNOEL TNV TAELOYN Qi TV

Yn@oeopwv, GTNV TAELOVOTNTA TOV TEPLTTE-

CEWV.
O xavovag awtdg AoLov, dev eival KUToA-
ANAOG Yl TEPLTITAOGELG TTOV ATTOLN TATL TTOLKL-

AOHOP®LOL GTNV ETLTPOTYH KL AVAAOYLKT) OVTL-

npocwirevTikdOTNTH. Avtifeta, 1 Sikooovvr
Tov Kavova, dev propel va approPnnOel, k- Eieove 3.7: Ta anote éopata Tov kavova Bloc
Bwg 6oL oL TtapopoLoL vIToYn Lot eite atoppi- eEapTOVTAL QIO TNV TUKVOTNTA TNG

LTOVTOUL ElTE EKAEYOVTOL. KATOVOUNG TV LITOYNPievy

3.24 Kavovag k-Borda

O xavovag k-Borda amopacilel 1o amotéAeopa TV eKAOYDV, divovtag oe kdbe vtoyr@Lo, yix
N oelpd Katato€ng k&de Ymeoeodpov, T6c0ovg Peovg, 660G koL 0 aplBpds TV vIToYNEivy oL
o ymeopdpog katétake katwtepa. Otay Aot oL Yrgor éxovv katopetpnbei, oL k vroyrnglor pe
TouG MEPLeoOTEPOLS Yrjpoug exAéyovtal. H exdoyr tov kavova tov Borda yu tnv exAoyr] evog
VIKNTH pOVo mepLyphpeTan wg cvotnpa Yneogopiag mov PacileTar 6TV eXKpaTovoK ATOYN KoL
XPTCLHOTOLELTOL YLOL TLEPLITTOCELS TTOV ATTOPOLTITT] ELVAL 1] AVOAOYLKT] AVTUTPOCWITEVTIKOTTCL.

H xoatoaAAnAdtnTo ToU Kovdva autod yio
TNV €DPECT] TOV ETMKPATECTEPWV VITOYNPLOV
(h mo amodextdv) autioloyeiton od To okod-
AovBo potifo: n exiexBeioca emitpomy, Telvel va
Bploketon oto KEvTpo PALag TwV Yneopopwv
000 1] KATOVOUT] TWV LITOYNPLwV TO EMLTPETEL

(ewcdva 3.9).

Avto 1o potiffo dwkaroloyel ko TNV ako-
TAAANAOTITA TOV KOOV avTOV yior eKAOYEG.

IMopodro mov 1 emitpornr) Ba rov evpéwg Te-

plocdtepo amodektr, O o ta péAn g Oo Ppi-

oxovtal o6to 8o mepimov onpeio. Etol, Aot
ol exhexOévteg voYAgLol O eivan TapdpoLoL Ewova 3.8: Anotedéopata tov kavova k-Borda
kot dev B vTapyel olte TOlKLAOPOpPi OVTE
AVOAOYLKT] OLVTLITPOCOITEVTIKOTNTA TV Yn¢Po-

POpWV.
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Ewova 3.9: O xavovag k-Borda emidéyel vioyrgrovg mov Bpiokovior kovtd 6To kévipo g paloag
TNG KOTOVOUNG TV YNPopopmv

3.2.5 Koavovag Chamberlin-Courant*

O xavovag Chamberlin-Courant ekAéyel TOUG LTTOYTPLOVG TTOL EAOYLGTOTTOLODV TNV JI) EKTTPO-
oOnNoT TV YNeoedpwv, dnpovpydvag opddeg Yneopdpwv. Etol, oL vtoyreiol tov exhéyovro,

Bpiokovroat tdavikd 6to kévtpo k&be opddag. Epdcov, dev vmapyovv meplopiopoi oto péyebog ke

(a) (b) (©)

Ewova 3.10: Anoteréopata tov kavova Chamberlin-Courant
Ot ymgpo@dpot akorovBovv katavopr] 4-Gaussian, evd ot vrroyrgrot (a) Gaussian, (b) Uniform
Disc, and (c) 2-Gaussian Unequal

*Ta amoTEAECHUTA TTOV TAPOVCLALOVINL GE QLTI TNV EVOTNTA €Vl TOU EVPETIKOD AAYOpLOpOL TOL
Chamberlin-Courant, T0v onoio avaAvovpe otnv evotnta 4.1 Iapoda avtd, oL TOPATNPNGELS TOV TAPOVOLA-
COVTOL AVTUTPOGHOITEVOVY KOL TOV TPAYUATIKO KAVOVAL, EKTOG KL XV ONUELWOEL S POpETIKA.
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op&dag, ta péAN NG eMLTPOTHG KAADITTOUY TNV PEYLOTN duvaTr TEPLOXT] TTOL KOADTTTEL 1] TTEPLOXT
TV Yneoeodpwv. I'a To Adyo avto, dev Propolpe var TPocdLOPIGOLIE TV KATAVOWT TV YnQopo-
pwv, KaBOG 10 amoTéAecpa OLpIleL OPOLOPOPPT) KATAVOT), EPOGOV TO ETLTPETEL 1) KATOVOLT] TOV
vroyneiov.

S Tov eupeTIKO oG aAyopLOpo, OTAV 1) KATOVOWT TV LITOYN@iwy dev KOAVITTEL OAOKAT P TNV
TEPLOYT] TTOV KOADTITEL 1] KATOVOUT TV YNQoPOp®V, oL EKAEYHEVOL LTTOYTPLOL, lval arvuTol ov Ppl-

OKOVTOL KOVTLVOTEPX GTO KEVTPO TV opadwv. O NP-hard Chamberlin-Courant, Oa emédeye wotdco

TOUG YNPOPOPOLG TTEPLOGOTEPO OHOLOHOPPCL.

(b)

Ewova 3.11: To amotéAeopa tov Chamberlin-Courant, 60tav n katavopr] tov vroyngiov dev ka-
AOTITEL TO XDOPO TOL KAAVTITEL 1] KATOVOLT TV YNPopopwv
Ot ymgogdpot axorovBovv 2-Gaussian Unequal katovopr], evéd oL voyrgror akolovbovv (a)
2-Gaussian Unequal, xou (b) 4-Gaussian

3.2.6 Kavovag Monroe’

O xavovag Monroe ekAéyel TOUG LITOYNPLOVG TTOV EAXYLGTOTOLOVV TNV [I) EKTTPOCHOINGT] TWV
UMeo@opwv, dnuovpydvtoag wonAndeic opddeg Yneopdpwv. Etot, oL Ymngopdpol mov ekdéyovro,
Bpiokovtor oto kévtpo k&Be opddog. EEaitiag Tov meploplopot atov aptbpd tov TAnOucpot Twv
opadwv, oe avtiBeon pe tov kavova tov Chamberlin-Courant, evtomiloupe to €id0g TG KaTavoprg
TV Yneopopwv, kabng o kavovag Tov Monroe tnv oklaypagel. Qot06c0, ALTO pmopel v cupPet

povo katw amd dvo mpodmobécelg:

1. 1 emitpomn va elvon apKeTa peyan, ko
2. OL KATAVOHEG VL EXOVV aLpKETA PEAT YL Va eKTTPOc It Bovv, KBS e avTdY ToV Kavova, oL

petoymoieg dev exkmpocwmodvTat edv 0 TANOLGHOG Toug dev Sukaoloyel tn dnpovpyia dukrg

TOVLG OHADAC.

* Tot AOTEAEGPATAL TTOV TALPOVGLALOVTINL GE VTN TNV EVOTNTA ELVOL TOVL EVPETIKOD aAYOpLOpov Tov Monroe,
70V avadvovpe TNy evoTnTa 4.2 ITapoAdo avTd, ol TAPATNPNOELG AVTILILPOCWIEVOVY KOL TOV TPAYUATIKO K-
VOV, EKTOG KL ALV CNUELOVETAL SLOLPOPETLKA.
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(a) (b) (©)

Ewova 3.12: To amotéAecpa Tov kavova Tov Monroe okloypogel TNV katavopn Twv Yneoedpwnv
Ot voymgrot xat Yneopdpot akorovBovv tnv idia katavopr: (a) Gaussian, (b) 4-Gaussian, (c)
Uniform Disc

3.2.7 X0yxpion twv Kavovwyv Single Transferable Vote, Chamberlin-Courant &

Monroe

‘Emteito amd v meptypagr] Ko oXOMAGHO TV Kavovev, Bewpolpe amapaitnto vo cuykpi-
VOUpE eKTEVQOG Toug kavoveg Single Transferable Vote, Chamberlin-Courant kot Monroe, yio vo
evtormicovpe moTe Teivouv va £xouvv Ta ISl AToTEAECHATA.

O kavovag tov Monroe Qupiler tov Chamberlin-Courant, pe povn Swpopé 6tL oTov kavova
Tov Monroe, k&Be pélog tng emitponrg ekmpocwiel Tov ido apBpd ymeoedpwv. Etot, dtav ol
Yn@o@opot akoAovBovV OpOLOHOPPT) KOTAVOUT], TO ATTOTEAEGHATA KOl YO TOVG SVO KOVOVEG elvarl

ToPOpOLOL Korl Sev SLatkpiVOUE TTOLO OUTOTEAEG A AVTLOTOLXEL GTOV KGBE KavovaL.

(a) Single Transferable Vote (b) Chamberlin-Courant (c) Monroe

Ewova 3.13: Zuykpioelg ylor opoLOHop@r) KATAVOT) TV YNeopopwv

tig ewkodveg 3.13 (a), (b), (c) PAémovpe OTL Tor PEAN TNG EMLTPOTNG ELVAL OHOLOHOPPO KOALTOL-
Vepnpéva 6To X®POo yior Toug kavoveg Monroe ko Chamberlin-Courant. T tov kovova Single
Transferable Vote, Ta péAn tng emtpomnng Ppickovrar oto xwpo pe mepiocotepn atatio, eontiog
NG GELPAG amOppLPNG Kot EKAOYNG TV LITOYNPLOV.

AvtiBeta, 6tov oL Yneopdpot akorovBodv kavovikég katavopés, EexdBapn eivor 1 Stopopd pe-
TatE0 TV amoTeAecpdTOV TV Kaevovwv Twv Chamberlin-Courant kot Monroe. O Monroe, teivel va

oKlaypogroeL Tnv katavopr (etkova 3.14 (c)), eved o Chamberlin-Courant va koaAd{eL opoltdpoppo
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TO XWPO TTOL KAADIITEL 1] KATAVOUT) TV Yn@opopwv (etkova 3.14 (b)).

(a) Single Transferable Vote (b) Chamberlin-Courant (c) Monroe

Ewkova 3.14: Zuykpioelg yloo KVovIKT) KOTAVORT TV YNeopopnmy

O xavovag Single Transferable Vote, Aéyeton mwg eyyvdtal Tnv ovoloyLKT] VTUTPOCWITEVTL-
KOTNTA. XT0 Tapadelypa TG etkovoag 3.14 (a) paivetal TG Loy el AKOHO KoL OV T PHEAT) TNG ETTL-
TPOTNG KOTOVEHOVTOL [E TILO ATAKTO TPOTTO td O,TL GTOV Kavova tov Monroe. MeAetwvtoag oA
Topadeiyporta, KaTaAyoupe Tog To aroteAéopata Tov kavova Single Transferable Vote ot péon
nepintwon mpooeyyilovv awtd Tov Monroe, emiPefal®vovTag £ToL TOV XAPAKTIPLONO TOL G Ka-
A0V Kovova yla eKAOYEG.

T cupPaivel woTOCO, GE TEPUTTMOGELG TTOL OL YNPoPopoL akoAovBovv S0 SLoupopeTikég KoTO-

VOEG, O& SLAPOPETIKO TOGOGTO , OOV TO £var elval TOAD HKPOTEPO atd TO OANO, AL apkeTd

HEYAAO YlaL Va EXEL EKTTPOCWITO GTOV Kavova Monroe;

(d) Single Transferable Vote (e) Chamberlin-Courant (f) Monroe

Ewova 3.15: Zuykploelg ylo Gviceg KAVOVIKES KOATAVOHES YN@opopwy
OAeg TIg e1kdVES oL Ymnpopdpot eivar ot idrtot Ot vtoymgiol Twv elkdvwv (a), (b) ko (c) eivor ot
3ot kot akoAovBovv katavopry Uniform Square, evad yix Tig etkoveg (d), (e) ko (f) Uniform Disc.



St mapadelypota Twv elkovey 3.15 oL Yneopopol TapayovTat Katd 95% ard Kavovikn Koto-
vopr] pe péon tpn (0,0) ko atdAlon 1, ko Kot 5% ord Kovovikt) kotavopr] pe péon tipr (-1.2,1.8)
Ko otokALon 0.25. 1o mophdetypor auto, yivetal Eexdbopo, OTL e TEPLTTHOGELS TOL OL YNPoPo-
POL TTALPAYOVTOL OO TTAPATTAVE OO PO KOTOVOHEG, OKOHO KoL oV 1) TTUKVOTHTA TOug elvor dia,
o kavovag Single Transferable Vote, amotuyydvel va eyyunfel Tnv aviimpocdmevon g «HLKprg»
KOTOVOUNG, OKOHO KL OTOV TTPETEL VAL DITAPYEL.

Meletnoayie emiong tnv mepintwot 6ov oL Yneopopot mapdyovTol Katd 95% amd Kavovikn

Kotavopr] pe péon T (-2.5,2.5) ko orodxAion 0.25, kKot Katd 5% amd Kouvoviky KoTavopn [e péom

Tir (0,0) xau amodkAon 1.

(d) Single Transferable Vote (e) Chamberlin-Courant

(g) Single Transferable Vote (h) Chamberlin-Courant (i) Monroe

Ewova 3.16: Zuykploelg ylo AVIcEG KOVOVIKES KATAVOHES YTPOPOpwV
Ye OAeg TG elkdveg oL Ynpogodpot eivon ot idtol Ot vtoymglol Tev ewkdvev (a), (b) ko (c) eivar ot
drot kot accoAovBovv katavopr] Uniform Square, otig etkoveg (d), () xau (f) axorovBovv tnv
KOTOVOT] TV Yneopdpwyv, eved oTig etkoveg (g), (h) kou (j) akolovBolv katavopr 4-Gaussian.
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Eg@booov n katavopr) tev voyneinv kadbmtel v meploxy mov ot fpickovtal ot Yneopdpot,
prtopovpe va dovpe OtL o kavovag Single Transferable Vote propet v avtiotoiyicel évav ekmpo-
owo (etkova 3.16 (a)) 1} meplocdTEPOLG (etkdva 3.16 (d)), eV avadoyLKd HOVO €vog eKTTPOcwTTOg Bor
EMpene Vo avTIoTOLYLOTEL oTNV pikpt] Kartarvopr]. O davikdg HOALG TR EKTTPOCWTTOG elvat 0 LITOYT)-
¢Log Tov Ppioketal KOVTIVOTEPOL 0T PECT) TIHT TNG Kartavopns. Iapoia avtd, otnv ewcdva 3.16 (a)
AOY® TNG GELPAG ATTOPPLYNG TV VTTOYTMPiwV EKAEYETL £VAG okpalog LITOYT|PLOG, EVKD TNV ELKOVX
3.16 (d) exAéyovtar 0o voyrplol kovtd otnVv Tomobesio Tov Ppicketal 0 LOAVIKOG EKTPOCWITOG.

Otav 1 xatavopr] Twv vtoPnEiny dev KaADTTEL OAO TO XWOPO TTOL KAADITEL 1) KATAVOUY TGV
Yneopopwv, 1o amotélespa Tov kavova Single Transferable Vote Qupilel mepiocdTepo T aumote-
Aéopata tov Chamberlin-Courant mapd Tov Monroe. H mhetoyngia tov ekdexBévtov vroyngiov
EKTTPOCWIEL TO 5% TWV YNPOPOPWV, TTOL AVIKOLY GTNV apatr] katavopr). To amotédeopo avtd péht-
ota eivor KovTvotepo oto Wavikd amotélespo Tov Chamberlin-Courant atd 6,11 T0 amwotélespa
TOL gVPETIKOV paGg odyopiBpov’. Emopévwg, pe to metpdpotd pog emPePaidveton 0TL 0 Kavovog
Single Transferable Vote dev prmopel vow eyyun0el TARpwG TNV avaAoyiKr AVTUTPOGKOITEVTIKOT T
Ot vtapyovv opddeg petovotritwy. To amoTéAeopo popel vow eLVOEL kATToLeg pelovoTrTeg oe Pé-
pOgG NG TAELOYNOLOG 1] kOGP KL VO ELVOHOEL atkpatiovg LTOYTPLOVG, AOYW TNG GELPAG ATTOPPLYNG

vroyneiwv.

3.2.8 Xvyxkpioeig twv Kavovev cdppwvae pe tig Idtotnteg

Ortav emléyovpe Evay Koavova ekAOYTG ETLTPOTTOV, GUVNOLGHEVO TPOATTOUTOVHEVO TG ETLTPO-
TG €LVOLL VOU LKOLVOTTOLEL TV AVOAOYLKT] OVTLITPOCWITELTIKOTNTO. H ovodoyLkr] avTutpoowmtevTiko-
nta TpoPAémel OTL oL Yn@opodpol Ba ekmpocwnnBolv ce pic EMLTPOTH AVAAOYX [E TO TOGOOTA
ToUG. AMWOTE, eivon eLPEWG ATTOdEKTO OTL 1] VOAOYLKT) LVTUTPOCOITEVTIKOTNTO ELVOLL O TTLO TIHLOG
TPOTTOG VO ALVTLKATONTPLOTOOV OL SLopopeTikég amdPelg twv Yneopdpwv [18]. H cuvemtuypévn
0ELOAOYNOT TV KAVOVOV HE YVOHOV TO GERAGHO TOVG GTNV OVOAOYLKT] OVTUTPOCKOITEVCT) CLKO-

AovOei otov mivoaka 3.1.

Avaloyikr] AVTUTPOCOITELTIKOTN T
KoAdvtepn Ilepintwon \ Méon [lepintwon | Xepotepn Iepintwon
SNTV v X X
STV v v X
Bloc X X X
k-Borda v X X
CC (h) v L X
Monroe (h) v v <

IMivaxkag 3.1: Avaloyikr) avTITpoc®OITELTIKOTTA
Ta v/ X deixvouv 0TL évag KavOvag TeTuyaivel/dev eTuyaivel Tnv avaloyik
OVTLTPOCWIELTIKOTNTO. To * delyvel OTL Vg KavOVOG HTTOPEL VAL ETLTUXEL 1) OXL TNV ALVOAOYLKT]
OVTLITPOCWITEVTIKOTNTO GTNV EMLTPOTTH) AOY® TNG APXLKOTOLNGTG TOV EVPETLKOD OAYOpLOpLOUL.

EmutAéov a€loloyroope Toug KavOveg e YVOUOVO TNV TolkLAopop@io atnv exAeyBeioa emtpomnr.

To amoteléopata Ppickoviot cLYKEVTPpWHEVR GTOV TTivoKa 3.2.

¢ Ttnv evotnta 4.1 mapovotaletor avth 1 advvaytion Tov VPETIKOD HoG aAyOpLOpovL.
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IMowkthopoppio
KoAdvtepn Ilepintwon Méon Ilepintwon | Xepotepn Ilepintwon
SNTV v/ v/ X
STV v/ v/ X
Bloc X X X
k-Borda X X X
CC (h) 4 4 <
Monroe (h) v < X

IMivakcag 3.2: TTowcthopoppio
To v/ X deiyvouv 0TL 0 kavovoag metuyaivel/dev etvyaivel Tnv motkithopopeio. To < deiyvel 6TL

EVaLg KovOvog pPrtopel var emtitoyet 1j OxL TNV TOLKIAOHOPPLO GTNV ETLTPOTH) AOYW TNG
OPXLKOTTOLNOTG TOL EVPETLKOD AAYOpLOpLOL.
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KepaAoto 4

Evpetikoi AAyop1Opot yrx tovg NP-hard Kavoveg

Mepikoi amd Toug KavOveg oL HeAETHOOE vijKOUV LITOAOYLOTIKG 6T0 NP kol g amotéheopa
dev propovpe va Bpovpe TNV eMLTPOTT 6e TOALOVUHLKS Xpovo. Etot, yio toug kavoveg Chamberlin-
Courant kow Monroe, dnpovpyricape Toug S1kog pag eVpeTLKoDg adyopibpovg kot kpivape av ta

amoteAEopATA' TOV AAYOPIOH®Y oG HTAV APKETR KOVTIVY OTO QLVOUEVOHEVAL.

4.1 Kavovag Chamberlin-Courant

4.1.1 Evpetikog AAyopiBpog yia tov Kavovo Chamberlin-Courant

>tov kavova Chamberlin-Courant, k&0e Yn@po@popog avtiotoryileTol GTOV TPOTIUNTED TOL LTTO-
ympro oe k&Be duvartr emitpornr). H telikn emitpont) amoteAeitan ammd Toug LITOYnPLOVG TTOL A0 L-
OTOTOLOVV TNV UI| AVTUTPOCWITEVTIKOTN T TV YNPopoOpmV.

O kavovag Chamberlin-Courant pmopet va yivel avTIANTTOG 0g éva TpdPAnpa opadomoinong,
TOPOHOLO HE VTO TOL k-means. XUVEn®S, 0 aAyoplOpog k-means’, KATAAANAQ TPOTTOTOLNHEVOG,
elvat évag amhog ko ypriyopog adyoplpog mov emiAdel 1o TpOPANIa, Xwpig woTOCO Vo TPOGPEPEL

KOpio YYyONoT) TTPOGEYYLOTG TOV TTPOYHATIKOD odyopiBpov [19].

(a) 1n tuyaia apyikomoinon (b) 21 Tuxaio apyLromoinom (c) Apxwcomoinon k-means++

Ewova 4.1: My 1ood0vopa amoteAéopata yio Tov evpeTikd alyopibpo tov kavova Chamberlin-
Courant e€outiog SLaPOPETIKGOV XPYLIKOTOLTEWVY

! Inpetdvetal 0Tl 6TIG TTEPLOCOTEPEG ELKOVEG ALTOV TOL KePaAaiov, dev eppavifovtat oL vIToYr@LoL yio va eivat 7o
EexdBopo o amotédeopa. Tote, oL vwoyn@lol éxov mapayBel cOLPwVa opoLOpopPT Kortavopr). Ot pof kovkkideg avorto-
PLOTOVV TOUG YNPOoPOPOUGS, EVE OL HOtDPEG TOVLG EKAEYHEVOULG LTTOYTPLOoVG, SnAadt avtolg Tov PBplokovTal KovTLvoTEpa
oo onpeio oL TpoTeivouy ot alyopiBpoi pag. Katd cuvémela, ov ot katavopég twv vtoyn@iov Siépepav, To amoTeAé-
opoto o Siépepav emtiong.

2 Y10 meipapd pog, 1) U1 AVTUTPOCKOIEVTIKOTN T OPILeTOL 0G TNV AdOOTACT) TOL YNPoPOPOoL atd TOV LITOYHPLO TOV
TOV EKTTPOCWITEL.

> O alyopibpog k-means ypnoipomoteitor yio vo opadorowjoet o dedopéva elocddov ot k opddeg (clusters).

113



AxolovBel 0 alyopiBpog mov xpnotpomotjoope (adyopibpog 1), mov amoteAel Tpocappoyr Tov

k-means yio T dedopéva Tov TpoPArpaTog.

AAyop10pog 1 Evpetikdg aryopiBpog tov kavove Chamberlin-Courant

1. Toyxaio Sudhee wg apyikd k kévipa C = {c1,ca, ..., )

2. wxdBe i € {1,...,k}, 6éoe to cluster C; wg to chvolo twv onpeiwv oto X mov Ppiokovron
KOVTLVOTEPX GTO ¢; b OTL GTO ¢ Yix kK&Oe j # .

3. T k&e i € {1,...,k}, Béoe ¢; T0 kévpo g palog dAwv Twv onpeiwv oto C; @ ¢ =
1
ci D wec; T

4. Emovédafe o Pripoata 2 ko 3 £wg 6tov to C' va pnv aAAalet.
Me v Topak&tw TpocdiKn yia TNV 0PecT) TG emMTPOnTHG :

5. Bpeg Tovg KovTIVOTEPOLG LITOYTPLOVG OTA EKAEYHEVA KEVTPA TwV clusters.

SovnOng Tak Tk Lo TNV apyLkr] eTLAOYT) TV KEVTpwy amd to X, elvon 1) Tuxaia emhoyn k on-
peiwv, 6tav 6Aa ta onpeia prropovy va emtheyoOv pe tnv idia mibavotnta. Ztov alyopidpo k-means,
o moTeAEGpTA empedlovTol ad TNV apyLkoroinot) twv kévtpwv. [lapdio mov oTig teplocod-
TEPEG MEPIMTMOCELG TAL ATTOTEAETHATA OeEPODVTAL LGOSUVOUQ, OtV HETPTICOVHE TNV HI) EKTTPOC OO

TOV YNPopopmV, LITAPYOLY TEPLITTOCELS TOL TA AToTEAEGHATA ToLKiAovy (etkdveg 4.1¢ (a) ko (b)).

4.1.2 Texvwn Apxikomoinong

OEAOVTOG VO PEAETI|COVLE TEEPUTTMOGELG HE HI) LoOSOVOA aTToTEAEG AT, ONLOVpYTIoOe ELOLKE
oyxedloopéva teoT yla v eAEyEoupe KaTd OG0 PITOPOUHE Vo PEATIOGOVHE Ta atOTEAEGHATA dLot-
AEYoVTOG TO opYLKG KEVTPOL e OTOYEVREVO TPOTTO Kot Oyt Tux oo Miot ard TLG apyLKOTTOLGELS TTOV
doxpdoope eivon autr] ov xpnoipomnoteiton otov adyopibpo k-means++ [19] koL amotédece tnv
BéATIo TN OpXLKOTOINGT), TNV OOl XPTGLHOTOLOVHE TEALKA KL GTOV TTPOTELVOHEVO EVPETLKO QAYO-

ppo. Autdg meprypdpetal 6TV ovvéxela (aAyoplBpog 2).

AMlyopBpog 2 Evpetikog adlyopiBpog tov kavova Chamberlin-Courant (apyikomoinon k-means++)

la. Ilape tuyaia éva kévtpo ¢ amd 1o X.

2
1b. TI&pe éva véo kévtpo c; Sraréyovtag x € X pe mbavotnTta ﬁ, omov wg D(x) opile-
zeX
TOL 1) KOVTLVOTEPT) otdoTaoT) ToL K&Be onpeiov amd ta kévpa mov éxouv 1d1 ekAeye.
lc. Emavérafe to Pripa 1b péxpt va emdeyoov k kévtpa.

2-5. Jvvéyloe OTwg oTov alyopLBpo 1.

* Ztov kavova Chamberlin-Courant, 6toyxog elvat 1) €0pecT) TV LTOYNPLWV TTOL EAXYLGTOTOLOVY TNV HI] AVTLITPOC K-
EVoT) TV YMeopdpwv. Avtibeta o alydpiBpog k-means xproupomnoteitan yio tnv opadonoinon twv dedopévev ot k
opadeg. Emopévwg, amd tov alyopibpo k-means propotpe va fpodpe Toug Wavikodg vtoyrgloug yio ta dedopéva pag,
KoL KT GUVETTELX outapad T T eivon 1) Tpoc Ok evog Pripatog yio T petdfoact) amd Toug Idavikovg 6TOVG LITAPXOVTEG

Loy PLOVG.
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To moTEAEGHATA GTOL GUPHETPLKG TEST HTAV KAl TAAL LGOSV, WGTOGO oTa ELSLKX oXedLa-
opéva teot pog vmrpe exBetikn Pedtiowon (ewkdva 4.1c (c)). Xtig ewkdveg 4.2 (a),(b) xan (c) eivar

ETIOTG POVEPT) ] OTHAGLC TNG ALPXLKOTTOINOTG TWV KEVTPOV.

(a) Tuxaia apycomoinon (b) Ztoyxevpévn apyikomoinor (c) Apxwcomoinon k-means++

Ewova 4.2: Anotedéoporta yio Tov evupetikd alydptBpo tov Chamberlin-Courant piv ko peté tnv
apyLKoTOinoT ToL k-means++

4.1.3 IIpotewvopevog Evpeticog AAyopiOpog

O mpotevopevog evpeTikog alyopLOpoc, axorovBei (adyopiBpog 3).

AMyop1Bpog 3 IIpotelvopevog evpeTikdg alyoptBpog tov kavova Chamberlin-Courant

la. Ilape tuyaia éva kévtpo ¢ amd 1o X.

1b. IIape éva véo kévtpo c; Srahéyovtog x € X pe mbavotnta > Dix)? 7, 01OV wg D(x) opile-

(x)
rzeX D(I)
TOL 1) KOVTLVOTEPT] ATTOOTAOT] TOL KG&Oe OTHELOL ATTO TA KEVTPX TTOL €YXOLV 1’]6]’] EK)\EYEL

lc. Emavélafe to Pripa 1b péypt va emieyodv k kévtpa.

3. T k&e i € {1,...,k}, Béoe ¢; T0 kévipo g palog dAwv Twv onpeiwv oto C; @ ¢ =
1
Ici D wec; T

4. Emovarofe to Pripoata 2 kot 3 wg 6tov to C vor pnv aAAGlel.

5. Bpeg Toug kovTivaTepoug vroym@iovg ota ekAeypéva kévrpa Twv clusters.

41.4 Advvopio tov ITpotervopevov AAyopibpov

O mpotewvopevog alyopiBpog Ppickel Tor daviKG KEVTPR, aveEAPTNTO QUTTO TNV KATAVOUT] TWV
vroymeiwy Kat, 6To TéEAoG pOvVo, Bpiciel TOLG KOVTLVOTEPOLG LITOYNPLOVG GTA LOAVIKA KEVTPOL. XTNV
TEPITTWOT) TTOL OL LTTOYHPLOL KAADITTOVV TOV XWOPO TTOL PPioKovTaL OL YNPOoPOPOL, TO ATOTEAEGHATOL
telvouv ata Wavikd. Xe avtifetn TepinTwon OP®G TO ATOTEAEGHATO PITOPEL VA dLoupépouvy G-
VTIKA, KOOGS To ekAeypéva péAN NG emLTPomhg, ovti var éxouv katavepnBel otnv meployr mov -
koA vmTovtal oL 0 katavopés, tomobetovvTal oe KOVTLvd onpeia, tpoomabdvTag va TAnoLtdoovy

Ta LOovIKQ onpeic. AUTO TO PALVOHEVO YIVETOL TTEPLOGOTEPO KATAVONTO OTLG ELKOVEG 4.3.
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Ewova 4.3: Aduvapio tov mpotetvopevou evpetiko adyopibpov tov kavoéva Chamberlin-Courant

4.1.5 YmoAoyiwotikn [ToAvmAokotnta

Kabwg o kavovag Chamberlin-Courant avrikel vitoAoytotiké oto NP kot 0 evpetikodg pog oadyo-
pOpog Paciletor oe éva adyoplOpo opadomoinong, dev LILEPYOLY EYYLNGELG YL TNV DITOAOYLGTIKT
TOU TOALTTAOKOTN T, KOBDS 0 aplBpog TV emavaliPewy mov Ba yivouv péxpl tn obykAlon Tov
aiyopibpov motkidovv. Qotdc0, PITOPOLHE VO LITOAOYIGOUHE TNV VITOAOYLOTIKY] TTOAVTAOKOTTO
ka&Be Pripatog, xwplg v AdPovpe voYv Tov aplBpd twv emavornPewv. Ag cvpforicovpe pe k
OV aplOPd TV PEA®V NG eMTPOTNGC, e ¥ TOV APLOUO TV YnQodpwv Kot pe ¢ Tov aplipd Tov
voYM@iwv. 1o Telpopa pHag eMUTAL0V LoXVEL OTL K << U kAL U = C.

INo ta Prpata 1a - 1c (apyLcomoinon) éxovpe:
O(k -v) = 0O(v)
Tt T Prjpata 2 - 4 éyovpe:
Ow+k-v+v+k+k*)=0(2+k) v+k+Ek*))=0()
TéAog, yia To Prjpa 5 (ebpeot TwV PHEADV TNG EMLTPOTNG) £XOVHE:

O(k-c)=0(k-v)=0(v)
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4.2 Kavovag Monroe

4.2.1 Evpetikog AAyopiBpog yia tov Kavova Monroe

tov kovova Monroe, OTWG TEPLYPAPTNKE OTNV eVOTNTA 2.4, EKTOG QO TIC OUTALTHOELG TOV
kovovo Chamberlin-Courant, vrapyel emumAéov n amaitnon yue tnv toolvylopévn avtiotolyion
oL K&Be YNPoopovL e Ta PHEAT TG EMLTPOTHG.

AOY® TV OpoLOTHTOV TV 00 Kavovev, armogacicape va Baciocovpe KoL Tov eVPETLKO AYO-
pOpo yio Tov kavova Monroe otov adyopiBpo k-means. Ilpokepévov va dropBdcouvpe Tig avaho-
yleg Twv opddwv, Bétovpe oTov alyopLBpo Tov TapaKkdTw mEPLOPLONS: kabe opdda mpémeL var €xeL
axpLpog 7 HEAN Ko kKavévag Yneopopog dev popei vo avijkel 6e Taportdve amd pio opddeg.

Toe TV avtiotoiylon Tev Yneoopwy He TOLG AVIUTPOCOTOVS TOVS, XPTCLLOTOLCOHE Hic
ovp& atd svvdvaopovg {voter, committee position, distance}, tafvopnpuévoug cOpPOVa e TNV
amdotoon. Kébe Ynepopdpog aviiotoylldtay pe Tov avtmpdomwio (kEvipo tng opddag) mov Ppt-
OKOTAY KOVTLVOTEPQ, He TNV tpoimdbeon va pnv avijkel dn oe k&roto cluster ko va vtdpyet dia-

Béoyn Béom. O adydpBpog mov ypnoipomorrfnke rav o akd6Aovbog (adyopLbpog 4).

AAyop16pog 4 Evpetikog alydpiBpog Tov xavova Monroe

1. Toyaia Suéhe€e wg apyikd k kévipa C' = {c1,ca, ..., L}

2. NaxéBei € {1,. .., k}, Béce to cluster C; wg ta 7 onpeio 6o X mov Ppickovrar kovrivotepa
07O ¢; artd OTL GTO ¢ Yix k&g j # .

3. T k&Oe i € {1,...,k}, Béoe ¢; va eivon to kévtpo tng paloag dAwv Twv onpeiwv oto C; :
_ 1
Ci = 157 2azec; T-

4. Enavérafe ta fripata 2 kot 3 éwg 0tov to C va pnv adAdalet.

5. Bpeg Toug kovTivaTepoug vroym@iovg ota ekAeypéva kévrpa twv clusters.

To apyikd kévrpa emAéxOnav kat édt Toxaio omd To X kou ot loomakieg emdbovtay awbai-
PETA [ TTPOETILAEYHEVO TPOTTO. YTTAPYOUV TPt CTUAVTIKG EPWTHHAT YOP® QL0 TOV TTPOTELVOHEVO

alyopibpo.
1. Yrdpyel PEATIOTN TEXVIKT] OpXLKOTTOINONG;
2. TTotog eivor 0 amod0TIKOTEPOG TPOTOG AVTLGTOLXLONG TV YNPopopwv ota cluster;

3. ZuykAivel mavtote 0 adyopBpog;

4.2.1.1 ZXoyxAon tov Ilpotevopevov AAyopibpov

Ooov agopd ) cbykAion tov alyopibpov, awtr dev eivon e€acpatiopévn. Iapatnprioaye,
WOTOGO, OTL 0 HOVOG TPOTOG YLOL Vo UV GUYKALVEL 0 alyopiBpog eivon 1) Oitap€n atéppovog Ppo-
xov. Auto cupPaivel dtav pio axorovBio amd mbovég emiTpoég emavolapPivetal e’ dteLpov KoL
ogeileton otn Srakpity pOon ToL TPOBAHHATOG: AKPLBOG 7 YNPOPOPOL TPETTEL VAL AVTIGTOLYLOTOVY
oe k&Be opdda oe kdbe emavainym ko évag 1 mepiocdtepol Ynpopdpor arrdlovv opddeg, povo

yia va kotoAREouv ko téht oTIg apyLkég BEceLg pHeT atd OpLopéVeS eoVaATPELS.
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Yrépyouvv 800 tpdmoL yior TNV emiAvon Tov TPoPAHATOG, eite Vo EMIAEEOVE TNV ETLTPOTTN e
TN HKPOTEPT] I AVTUTPOCOITELGT) otd aLTEG TToL emavadapPdvovton eite vo fpodpe To aAnBvo
onpeio ovykAlong. Amopacicape va akolovBricovpe tn dedtepn katebBuvvon Kot vo ADGOULE TO
TPOPANHa peTaBéTovTag To 6TOV cuVEXT XWPO, avTioTolyilovTag pHe AmAnoTo TPOMTO T KEVTPX
TOV OpHAdWV aTtd TIG SLoLpopeTIkéG emLTPOTEG TTOL emavalopfdvovtal kal Ppiokovtog To KEVTPo
Bapoug Tovg. H emitpornr) mov katadfyope aoteAovoe onpeio cOykAlong, kabng av Eekivoboope

oV aAyOpLOpo oo exeiva ta onpeio PAémape 0TL eiye 10N ovykAivel.

4.2.1.2 Avtotoiyion towv ¥neoedpwv otig Opddeg

Aoxipdoaype dvo diopopetikég mpooeyyioelg wov Bupilovv v avalhtnon katd TAKTOG Kot
kot PaBog. Stn cvvéxela, Tapovotdlovrat ol Vo mpoceyyioeLlg, kKab®G KoL To TAEOVEKTHHOTO KL
petovekTHpaTa TG Kobepiog.

Ko otig 800 mpooeyyioelg, yio kébe kévipo Twv opadwv ¢; vdpyel pio Ta€vopnpévn Aloto
TV Yneoeopwv oe abfovoa celpd COPPWVOL HE TNV UTOGTOGCT] TOVG OO TO ¢;. AUTO oL dropépet
elva o punyoviopodg wov mepropilet Tov aptbpd twv vtoyneiny mov avrictoyilovral ot k&b opddo
N popd. T KEVTPa TOV OPASWV HITOPOVY VoL TTEPLYPAPOVV WG HEAN P0G OLPAS, TTOV AVUHEVOUV VX

napovv to lock yia va emAéEovv Ymepogpopoug.

o IIpocéyyion katd mA&tog (Breadth-first approach)
Y ouTn TNV TTPOGEYYLOT), HOALG éva kéVTpo Ttdpel To lock, Sadéyel Tov kovTvOTEPO YMPopopo
1ov dev éxeL O avtioToyloTel oe kdmola opdda, amelevBepvel to lock ko TomoBeteiton

Eavd oT0 TéNOG TNG oLphg epévovTag va amoktrioel to lock.

o IIpocéyyiwon katd Pabog (Depth-first approach)
Ze auth Vv npocéyylon, poAig éva kévrpo mépel to lock, emAéyel Toug KovTIVOTEPOLG ¥
PYnNeopopoug mov dev £YOUV AVTLOTOLYLOTEL O kKAmoLla opdda kou Tote amelevBepidvel to lock

KoL opaLpeiton amd tnv ovpa.

H xoté mAdtog mpocéyyion éxel KOAG ATOTEAECUATO VIO TIG TTEPLOGOTEPES ELGOOOVS, WOTOGO
opovotdlet advvapio yio eL.c680VG oL ATOTEAOVVTOL TTO GUVOVAGHOVG KATAVOU®DV, HE £Vl HLKpO
HEPOG NG eL5ddoL v éxel TapoyOel amd apour] kotavopr pe peydin dwaomopd. Avtifétwe, 1 kot
Ba&Bog mpocéyyion, yia Wiaitepeg eL.6O80VG, OTWG QLTI OV TEPLYPAPTKE TOUPATAV®, EPPavileL
OTATIOTIKA KoAOTEPO amoTeAéopaTa. Q0TO60, 6TV TANOOPA TWV ELGOSWV KoL ELOIKK O ATTAEG
KO(L GUHUETPLKEG, ITOTUYYAVEL.

To amotedéopata, OTOLX TPOCEYYLOT] KOL OV X PTG LULOTTOLGOVHE EQPTOVTAL OITO TNV OPYLKO-
moinon tev kévtpwv. Emopéveog propodpe va Peltiddoovpe Tig mbovotnteg emituyiog g Kotd
TAGTOC TPOGEYYLoNG 0TLG e10LKEG EL6OSOVG, av Ppolpe Ta katdAAN Ao onpeia apyikomoinong. Etot,

SraAéyoupe TNV KAT& TAATOG TTPOGEYYLOT).

4.2.1.3 Texvikn Apyuconoinong

Onwg ko otov eupetikd adyopdpo tov Chamberlin-Courant, étol koL 6Tov evpetikd ahyod-

ptBpo tov Monroe, Stopopetikd onpeior apykomoinong odnyodv oe SLPOoPETIKA ATTOTEAEGHATCL.
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(a) Katd mAé&tog mpooéyyion (b) Katéx péBog mpooéyyion

Ewova 4.4: IIpotelvopieveg emLTpomég SLLPOPETIKMV TPOCEYYIGEWY TOV EVPETIKOL alyOpLBov Tov
Monroe yia Tovg i8tovg Yneo@dpouvg, vtoPneiovg kot onpeia apyLkomToinong
10% outd Toug Yn@opdpoug maprixdnoav pe CUHHETPLIKY YKoovoLav) katavopr] pe péor tiur (0,0)
Kot orokALen 1 kat 90% ord GUHHETPLKT] YKAOLGLOVT] KATOVOWT] e péot Tt (-2.5,2,5) kat
amdxAion 0.25

SNHOVTIKO €lval VO EVTOTIGOUE TIG TTEPLITTMOGELS OTTOL T aroteAéopata dev eival loodbvapa. ITa-
patnpovpe OTL TAPOUOLX TEGT e UTA 1oL Xpnotpomoifnkav otov kavova Chamberlin-Courant,

popolv va xpnotpomotnfoiv ko yio Ty peAétn tov Monroe.

[ 1] Z0vOeto mapaderypo pe 100d0vapa amwoTeAEGPATO. ETO TOUPAKATR TOPAdELYHO OL YNPOPoO-
pot éxovv aporyBel oo pio cUPPETPLKT] YKOovo LoV Kortovopr] pe péom T (1, -1.5) kot amdkAion
0.75 xot& 30% o kKoté 70% ot piot GUPHETPLKT] YKOOLOLAVY Kartorvopur pe péor tipn (-1, -1,5) ko

amokAon 0.5.

Ewova 4.5: IoodOvopo amote Aéopata Tov eupeTikod alyopLlpov tov kavove [ 1 ]

[ 2] X0vOeto mapaderypa pe un 1608V v XTOTEAECPATA. XTO TAPAKATOD TAPAELYpHA OL Y-
POPOPOL TTOPAYOVTOL OUITO Pt CUHHETPLKT] YKOOVOLOVT] Katavopr] pe péon tipn (0,0) kol omtdkAion
1 kot 10% ko Kt 90% otd pict GUHHETPLKY) YKOOUGLOVY] KATOVOUT He péor Tiun (2.5, 2.5) ko
anoxAiion 0.25. Emopéveg, to 10% twv Yneo@dpwy avTLoTOLY00V GTNV opoLr] KOTAVOUT], KoL MG
amotéleapa 800 opddeg (800 Kévrpa) Ba émpere vo AVTLOTOLYLETOOV GE ALTOVG TOUG YNPOPOPOLE.

To onpeio apyLkomoinong propovv va 0dnyreouvv oe 0 £0G 2 EKTTPOCWITOVG YLOL QUTH TV KXTOVOUT.
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(b) Kavévag exmpdowmog yia To
(a) Avo exknpécwmol yia to 10% 10%

Ewova 4.6: M) 10080vopa ammoTeAéGPATO TOV EVPETIKOL OAyopLOpov Tov kavove Monroe | 2 |

4.2.2 Awxgopetikég Texvikég Apyucomoinong

Ipoketpévou va Ppodpe tnv Wdavikr apxLlkomoinomn yioe Tov adyoplBpo pog emkevTpwbrikope
oTNV TopokAte eloodo (etkdva 4.7): oL Yneopdpol apdyovtol otd pict GUMHETPLKY YKOOUGLOVT]
kotavopr] pe péom tipn (0,0) ko ardkAion 1 kotd 5% kot kotd 95% ard pict GUPHETPLKT] YKROUOLOWV
Kotovopn pe péomn i (-2.5, 2.5) xau otokAon 0.25. Ta davikd amotedéopato avtiotoryillovv évav

AKPLPBOG EKTTPOCHITO GTNV OPULT] KXTOVOLT] KL TOUG LITOAOLTOVS 19 oTnv GAAN.

Ewova 4.7: Bédtiota aoteAéopota Tov evpetikot alyopilBpov Tov kovova Monroe

Apykd, T kévtpa emAéyovTav tuxaio. Avtd odnyovoe oe 50% mbavotnTo vo ekAeyel évag
eKTTPOOOITOG Yo TNV apoutt] Kartovopr]. [lpoomabrcaye Aoutdv va BeATLOCOLE TA TOGOGTA EMLTL-

xlog, KAVOVTOG XPTOT) TV TTOPAKAT® TEXVIKOV OPYLKOTOLNCTGC.

4.2.2.1 Texvikn Apxucomoinong k-means++

Apyik& SOKIHACOE TNV TEXVIKT QPXLKOTOINGNG TOL aAyoplOpov k-means++ OTwG TeEPLYPA-
enke oty evotnTa 4.1, yio va emiPePoiddoovpe mwg dev elvor kKatdAANAN yia cvtdv Tov oadydpipo.
Metd amd Sokipéc, mapatnproape 0Tl PeATIOVOVTOY Ta TOGOOTA emtuyiag yio Tnv katd P&bog
TPOGEYYLOT)], XWPLG WOTOGO va LITdp)eL pHeYaAn PeATinon otn péon mepintwon. Avtifeta, yia tnv
TPOGEYYLON KATG TAKTOG, TOL TEAKQ AOPACioaE VO AKOAOVOCOLE, T TOGOOTA EMLTUXIOG

npakTikd pndeviotnkav. Emopévacg, yio tov alyoplBpd pog, propolpe vo eykatalelioupe tn ov-
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YKEKPLUEVT) TEXVLKT.
Av wg D(z) opicovpe To &Bpolopa Twv artootdoewy artd éva onpeio kat To emleypéva kévrpo
Kk ypnoiporotfcovpe o D(z) avti tov D()? ta mocoostd avefaivovy 6o 20%, Snhadi apketd

MLKPO TTOGOGTO KOl WG WTOTEAEGHO EYKXTOAELTTOVE KOL QUTH TNV TEXVLKT).

4.2.2.2 TIIpocappoyn tng Apxicomoinong tov AAyopibpov k-means++ yix Tov Evpetiko
AMAyop1Bpo tov Monroe

Onwg eivor Aoyikd, 1 apytkomoinon tov k-means++ ATav KATGAANAN yot TOV €VUpeTIkd oA~
yopiBpo tov Chamberlin-Courant, e£axitiog g @Oong Tov 6Td)YOL TNG apxlkomoinong (rpémet va
EMLTUYXEL TN PEYLOTH SLOTOPA TV apXLKOV KEVIPWV). QoTOGO0, yior TOV eVPETLKO alyOpLBpo Tov
Monroe, o 6td)0G TNG apxlkomoinong diapépel, KabBOG mpémel va emto)eL T HéYLoTn Stcmopd
TOV APYLIKOV KEVIPOV AVOAOYIKA [ TOV aplBpd TV HeA®V TG opddag.

Emopévwg, tpomomotjoaple TNV apyLkomroinon tov k-means++ pe Tov akoéAovbo tpomo. Metd tnv
eMIAOYT) TOL TTPOTOL KEVTPOU, T 7+ — 1 kovTivoTepa ompeia aparpodvron amd o X kou opilovron
G ToL PEAT TNG OpAdag. AkoAovBel pio TepLypapr] Tov adyopibpov pe TNV Tapamdve apyLlkomToinom
(oAyopiBpog 5).

AAyop1Bpog 5 Evpetikog alyopibpog tov kavova Monroe (Tpormomotnpévn apyLkomoinomn)

la. Ilape éva k€vTpo c1 opoldpop@a Tuyaio amd 1o X ko agaipece amd to X To KovTivoTtepa
n ,
7 — 1 onpelo.

1b. TI&pe éva véo kévtpo ¢; doahéyovtag z € X pe mbavotnta ZL%Q(QC)Q’ 6mov D(x) n xovti-
reX

voTep atdotact tov k&Be onpeiov and Ta kKEvTpa oL Exouv 1d1) exAeyel.
lc. Agaipece oo To X T kovTivotepa 3 — 1 onpeia.
1d. EmavaroPe ta Pripata 1b-1c péxpt va emheyodv k kévtpa.

2-5. Jvvéyloe 0TS aTov alyopLBpo 4

Me v teyvikn auth, emtiyope 72% TOCOGTA EMLTUYLAG YL TN GUYKEKPLHEVT €l60d0, WGTOCO

vrrpxov akopa eplddpia PeAtivonc.

4.2.2.3 Beltiwpévn IIpocappoyn tng Apyxikomoinong tov AAyopiOpov k-means++ yio Tov
Evpetiko AAyop1Bpo tov Monroe

IMapatnpricaje OTL GTIG TEPLOCOTEPEG TEPUTTOCELS, TO EKAEYHEVO KEVTPOL OV AITOTEAODV TOUG
KTPOYRATIKOVG» EKTTPOOWITOVG TNG k&be opddoag, kabwg Pplokovtal pakpud ad to kKEVTpo palog.
‘Etol anogacicope mpocBécovpe éva emutAéov Pripa oTov alyoptOpo 5, yio va BeATidcouvpe okopa
neplocdTepPo ta amoteéopata (BA. adyopiBpo 6). Me atutr] TV TEXVIKT OPXLKOTTOLNOTG TA TOGOOTA

emtvyiog épTacav to 92%.
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Alyop1Bpog 6 Evpeticog ahyopiBpog tov kavova Monroe (BeATLOHEVT TPOTOTOLNHEVT) OPXLKOTTOL-
non)

la. I&pe éva kévtpo ¢ opotdpopa Tuyoio oo to X, Bpeg to kévrpo palag outd to kovTvoTepa
n , ’ /7 7 , ’
7 onpeta (epmepléXovTog To €1) KoL AVTIKATEGTIOE TO €1 HE TO KOVTLVOTEPO GNjieio 6TO KEVTPO
palog. Agaipeoe To onpeio amd to X.

2

1b. TIGpe éva véo kévtpo c; dahéyovtag © € X pe mbavotnTa 5= D(=) 6mov D(z) n xovti-

reX D(x)z ’

voTepn atdotact tov k&Be onpeiov and Ta kKEvTpa oL Exouv 1)d1) exAeyel.

7 7 ’ ’ n ’ ’ . ’
Lc. Bpeg o kévrpo pélog amod to kovtvotepa 7 onpeio (Pepléxoviag To ¢;). AVIIKATEGTIOE TO
ci, v XpelleTal, pe To KovTIvoTepo onpeio Tou cluster pe To kévrpo palac.

1d. Agaipece amd to X o péAn tov cluster.
le. EmavaroPe ta Pripota 1b-1d péxpr va emheyodv k kévtpar.

2-5. Jvvéyloe OTwg aTov alyopLBpo 4

4224 Tlapopoieg Texvikég Apyxikomoinong

2NV cvykekpévn elcodo, TeTOXafE TOGOGTA eMITUXIOG 92% e TNV aPYLIKOTOINGT) TTOL TTEPL-
ypaypetor oTov adyopiBpo 6. Mitopoopie va emLTOYOVHE AVTIGTOLY O TOGOGTA € TTOPOUOLEG TEXVIKEG,
yro topddetypo av opicovpe o D(z) wg 10 dBpolopa Twv oo tdoewy ToL Yngopdpouv pe o ké-
vIpa o éxouv 18N exheyei fi/kan xpnoomotjcouvpe To D(x) avti yia D(x)?, akolovddvrag ta

Brporta Tov alyopibpov 6.

4.2.3 IIpoteivopevog AAyopiBpog

Tt vou oAoKkANpOCOLpE TOV TPOTELVOHEVO 0AYOpLOpo pocBétovpe Evar acdpa Pripa yiox tnv
TEPUTTWOT] EVTOMLGHOD ATEPUOVOG PPOYOU KOL EVEOHATMOVOLHE TNV KATA TAXTOG Tpocéyylot). O

alyopiBpog 7 amoteAel Tov TpoTevopevo alyopilpo.

4.2.4 Advvopia tov IIpotervopevov AAyopiBpov

Stov evpeTikd alyopiBpo tov Monroe, advvaplio amotelel 0 EVTOMIOUOG TV HELOVOTHTWOV KOL
1] AVTLOTOLYLOT] TOUG GE EVOLY AVTLTPOCMITO. ZTIG TOPATAV® EVOTNTESG, EMIKEVTPWONKaE o8 éva
TEOT Y Vo feATidcovpe Tov oalyoplOpd pag. Qotodco, ot mopeppepelc eLcddovg, Kabdg 1 apour
(95%) xar ok (5%) katavopn apyilovy Ko EMKOUADITTOVTIAL, TA TTOCOGTA EMLTUXING SLapépouy
KOL GUYKEKPLHEVOL OGO TEPLOGOTEPO ETLKOAVIITOVTUL TOGO TEPLGGOTEPO HELWOVOVTAL TAL TTOGOGTH
emituyiog. X1o onpeio autd onpetdvetal 0Tl kabog 1 péor T g pla kotavopng TAnot&lel tnv
QAT 1) v&yKT) SLAKPLOTG TOV KATAVOUMV HELOVETOL KO TEALKA Pndevileton 6Tav oL péceg TUEG

TOLTLOTOUV.

4.2.5 YmoAoyiwotikn [ToAvAokotnta

KaBdg o xavovag Monroe avrjketl vtodoyiotikd oto NP kot o evpeticdg pag adyopibpog faoi-

Cetau oe évay olyoplBpo opadomoinong, dev LITAPYOLY EYYUNGELG YLO TNV DITOAOYLOTLKT] TOU TTOAL-
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AMlyop1Bpog 7 IIpoTelvopevog evpeTikdg alyoplBpog Tov kavova Monroe

la. Tlape éva kévpo c1 opotdpoppa tuxaio ard to X, fpeg To kEVTpo palag amd T KovTvoTepa
7 onpela (eumepLéXOVTOG TO €1) KL AVTIKATEGTIOE TO €] HE TO KOVTLVOTEPO GNjielo 0TO KEVTPO
palog. Apaipeoe o onpeio ano to X.

1b. TIape éva véo kévtpo c; dtadéyovtag x € X pe mbavotnta 5 Diz)® 6mov D(x) n xovti-

ex D(x)Q ’

T

voTepT autdotaot tov k&be onpeiov amd Ta kKEvpa Tov Exouv 1d1 exAeyel.

’ ’ ’ ’ n ’ ’ ’
lc. Bpeg 1o kévTpo palog amd T KovTivoTepa 7 oNpeia (ERTepLEXOVTAG TO ¢;). AVTIKATEGTNGE TO
c;, oV XpeLtletal, pe To KovTvoTepo onpelo tov cluster pe to kévrpo palog.

1d. Agaipece amd to X ta péAn Tou cluster.
le. Emavélafe ta Pripoata 1b-1d péxpt va emdeyoov k xévrpa.

2. TlaxdOei € {1,...,k}, Béce to cluster C; wg ta 7 onpeio 6to X mov Ppickovran koviivotepa
0TO ¢; atd OTL GTO ¢ YIxX k&g j # IGOPQVA [IE TNV KAT& TAKTOG TPOGEYYLOT).

3. T k&Oe i € {1,...,k}, Béoe ¢; va eivan o kévtpo g paloag dAwv Twv onpeiwv oto C; :
1
C; = W ZIL’ECi xT.

4. Emovarofe o Pripoata 2 xai 3 éwg 6tov to C vo punv oaAAaler.

5. Xe mepintwon Ppoxov, AVTLOTOLYLoE TX KEVTPX e AITANGTO TPOTO Kl BPeg TO KEVTPO pAlag
¢ o= 1 .
OAOV TV Cjj: ¢; = 7 Zjeloop c;.

6. Bpeg Toug xovTivaTepoug vItonPiovg oTa ekAeypéva kKEvTpa Twv clusters.

mAokOTNTA, KOOGS 0 aplOpdg Twv enavadrPewv mov Bo yivouy péxpt tn obykAion Tov alyopibpov
TolkiAovv. QoTOG0, PIToPOHE VO LITOAOYIGOVHE TNV LITOAOYLOTIKT TTOAVTAOKOTNTA K&Be Pripatog,
xwpic va Adfoupe vtdPv Tov aplBpd Twv emavorjyewv. Ag cvpfolicovpe pe k tov aplbpud twv
HEADV TNG EMLTPOTNG, He U TOV aplOpd Twv Yneoedpwv Kot pe ¢ Tov aplbpd Towv vroymeiov. 1o
melpapd pog emAéov LoyOeL 0TL k << v KoL U = C.

lNo ta Prpata 1a - le (apyicomoinon) éxouvpe:
O(k-v) = 0O(v)
lNo ta PApata 2 - 4 éxovpe:
OWw+k-v+k-v-loglw)+k+v+k?)=0(2+k+log(v))-v+k+k?)) = 0O(v-log(v))

T To Pripa 5 av Bewpricovpe TG XL VTOMIOTEL KaoLog Ppox0g Kol = emLTporés (KATaoTAoeLg)

emovoroppévovtal, Exoupe:

O(x - k)

TéAog, yia To Pripa 6 (eOpeon Twv HEA®V TNG EMLTPOTNG):

Ok - ¢) = Ok - v) = O(0)
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Kep&Aaio 5

EvotdOeiax

5.1 Ewaywyn

Mio emiBupntr] W16TNTA OE £vay Kavova eKAOYNG EMLTPOTOV eival 1) evoTABEL TOL KTTOTENE-
opatog. H avaykng dapéng otabepr|g emitpomig yivetal eDKOAX KOTAVOTTH: HITOPEL £vag oUYKe-
KPLHEVOS YM@opopog 1) 1) TpocOnkn Yneopdpwv va ennpedoel To amoTéAecpa NG Yneopopiug;
KoL ov va, o€ TL Bofpo;

H evotdbeiar Tov 0LGTHRATOG PITOPEL vor ppnVeLTEL KaL pe Evay SLa@opeTikd TPOTO, TNV AVTi-
otoon Tov kowvova Ymgogopiog otnv yetpayoynor [20], [21]. Ta televtaio 10 xpodvia vTdpyet
OLGGMOPELCT] EVOLAPEPOVTOG OGOV OPOPX TNV TOAVTTAOKOTNTR GTNV GTPATIYLKT] GUHTEPLPOPR GE
ekhoyég emtponmv. [ pepikots kovdveg, 0mwg ot SNTV kou Bloc [22],[23], éxer amoderyBel 611 1y
xetpoyoynorn Ppioketon oto P, evdd yiar dhAovg, dmwg o STV [24], vndpyouvv armodeielg 6TL vo-
AOYLoTIKG avTioTékeTon ot Xelpaydynot). Ilpocoyr) éxet dobei ko oto Bépa tng avtictaong otov
éleyxo [22], [23], [25], [26].

EmAé€aie va k&vouple piol eKTEVH TTELPAPOTIKY HEAETT) TV KAVOVWV TTOU HEAETIOOHE OTO AKO-

AovBa dvo cevapro:
1. Tnv eleyxOpevn petakiviorn evog toxaiov Ymeoedpou (xewpoy®dynon amd évav Yneoedpo)
2. Tnv mtpocBnkn evog véouv Ymeopopou (Eheyxog atd évav Yneopopo)

2KOTOG HOG Elval VO HEAETIICOVHE OV TO QUTOTEAEGHO EVOG KOVOVO LVl TTPOKTIKA XELPOYd-
YOO OTLS TAPATTAVE TEPLITTOGCELS, KOL OV VUL, KAT® ortd moteg mpobmobécelg. Méow avtrg g
peAETng xapoakTnpilovpe Tovg kavoveg wg evotadeic 1} acTabelg COUPWVA He TOVG OPOLG TOL TEL-
papotdg pog. Eppnvedoupe emiong tor omoteAEGUATA HOG e GAAOVG TPOTOUG, Yot TapAdELY oL ple-
Aethyple av o€ TEPITTOON aoTdbelag Propolpe va eEQyoupe TANPOPOPIEG YLl TOV YNPOPOPO OV
mpokGAece TNV aAayn, av 1 actdBela Tov amoteAécpartog propel vo TpofAe@Bel ko eTOpEVELG

va BewpnBel oTpatnyLkn cupEpLPop& YnPodpou 1 av eivat ur vVaeVOpEVT), KA.

5.2  EAeyyopevn Metaxivnon evog ¥neopopov

MetpdhvTag v evaTdBELd TOV CUGTHHATOS, TPAKTIKA TPOoTOBolpE Vo HEAETHOOVHE TG 1)
petokivion evog ouykekpLEVOL YNeoPOpoL PItopel va emnpedioeL To amoTéAeopa, av dev mpooTeDel
1N apoupedel kdmolog maiktng amd v ekdoyikr Sadikacio. Qotdco 1 kivnon evdg Yneopdpov

dev pmopel va elval ameploOpLoTn Ko TpETeL va Tpocdlopioovpe TN Tpobupic Tov Yneopopov v
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petokvnOel otd TNV TPAyHATIKy) TOL B0T) KO KATq GUVETELX OTTO TOL TTPOLYHOTLKA TOL CULPEPOVTOL

KO(L TNV EKTTPOCOITNCT] TOV.

5.2.1 Ilepapatikn Awdragn

H Siatakn tov mepdpotog, amoteheiton kal médt amd évo ghvoro 1000 Yneopdpwv kar 1000
vroyneiny mov éxovv mapaybel cOpEwva pe k&mola katavopr wg onpeio 6to dioddhoTaTo YMPO.
Tt k@Be Ynpopopo vdpyeL 1) oeLpd KaTdTakng yioe GA0VG TOUG LITOYTPLOVG KoL TeEALKA eKAEYETOL
pio emmitportn pe 20 péAN pe k&Be kovova. Xt ovvéxelx Stadéyoupe Evav Tuxaio Yneoeopo p kol
TOV HETOKLVOUE PéCQ OTa EKAGTOTE OpLo TPOG TUYiar kKartevOLVoT). Emavalopfdvoupe To meipapo
KOl OTT] CUVEXELX CUYKPLVOUHE T QTTOTEAEGUATOL.

H xivnon tov tuyxaiov Yneopodpov p eivar eheyyxopevn, dioTL oe avtibetn mepintworn B NTav
oo vo éxoupe évav tedelng dtoupopeticd vtoyrpro. Emopévwg o p kiveiton eAevBepa tpog Tuyotior

kotevBuvon péca ot akOAovBa OpLo:

distance(cg) — distance(cy)

0 < movement < 5 ,

dnAadn n petaxivnon dev pmopel va Eemepva TO PLOO TNG SLUPOPAG TWV OITOGTAGEWV TOV P JE TLG
d00 TPWTEG TPOTIUNCELG TOV, €TGL OOTE Vo eEATPAAIGOVHE OTL 1) TPWOTH TOV TPOTIHNGCT) TAPOHLE-
vel otabepn]. [Ipémel woTO00 Vo ELHOGTE TPOGEKTIKOL e LUTOV TOV TEPLOPLOUO GTNV EPHUNVELR TWV
amoTeeaPATOV pag, kKabng dratnpolpe Tig Béoelg Twv voyneinv otabepég kol emopévng 1 da-

@opomoinct tov Yneopdpov eEaptator and tn Béor Twv vToYnEiny.

5.2.2 Amoteléopata

2115 e1kdveg ov akoAovBovv ol Yneopdpor ovpPorilovtal pe poP kovkkideg eved oL voy-
@rot pe povpeg. To péAn g emLTPOmnG TOL apXLKOL TELPAUATOG SLRPOAIlOVTOL e peyddeg Pardpeg
KOUKKIOEC, EVEM PETA T HETAKLIVIGT) TOL TUX OOV YNPOoPOpOU e YaAAGLLeG. Av 0L SVO EMLTPOTES TOLTL-
Covtou 6Aeg oL yohdlleg koukkideg mapovaidlovtal pe padpo mepilypoppo. Xe avtifetn mepintoon,

yia k&Be yoldlior koukkido xwplg meplypappor LITAPYEL pio avticToLyn poopr).

5.2.2.1 Kavovag Single Nontransferable Vote

Onwg HToy avopeEVOpHEVO, TO OITOTEAECHA TOV
kovova Single Nontransferable Vote dev emnpedle-
TaL amd plo tétota oAy, Koubdg o Kavovag Aop-

Béver voyn povo v TpodTN TPOTiPNON TV YN@o-

POpwV.

Ewcova 5.1: Kavovag SNTV - evotabdrg
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5.2.2.2 Kavovag Single Transferable Vote

O xavovoag Single Transferable Vote rule eivot
evaioOntog oe omotadrimote adAoyr). [lopora arvtd,
pioe Tétolow adAayry, omavie ennpedlel 6TO ATOTE-
AEOHO KOl KOTA GUVETTELQL ITOPOVIE VAL YOLPOKTY pi-

ooUpE TOV kKavova wg evotadr. Qotdoo, o yvoTo

é0Tw KoL pioe oAAayn) ot oelpd emthoynig 1 otodp-
pung TV vToYnEiwv, Ta aroteAéopaTo propel vo

Stépepav oAdTEN L.

Ewova 5.2: Kavovog STV - evotabrig

5.2.2.3 Kavovag Bloc

Onwg fTov avopevOopevo, Ta AToTEAECHUATO TOV
kovova Bloc, paivovton eniong avennpéaocta amd
TN JKpn kivnon evog povo yneogopov. H kivinon
ptopet va mpokoAécel aAAayég ot oeLpd KaTdTo-

&ng twv vtoymeiwv, ®otdco ot peydro Babuod ot ai-

Aayég awtég oyetiCovron pe avtipetadécelg vioyn-
PLOV KoL O KOTA GUVETELX OL K TTPOTIHOTEPOL LTTO-
Yot mapopévouy otabepoi. AxOpo KoL arv K&moLot

Qo TOLG TTPOTLHOTEPOLG LTTOYNPLOVG AAAGEOUV, Yio

Vo ennpeacTel To amotélecpo mpémel var LITapEel
pio Snpovpyia ) Abon piag tooyneiog otnv «telev-

) , , , , Ewova 5.3: Kavovag Bloc - evotabrig
Taio» Béon petd v petakivion tov Yngopdpov.

5.2.24 Kavovag k-Borda

O xavovag k-Borda Aappavel voyn tnv minpn
oelph kataro€ng. Ilapdro mov 1 petakivnon tov
Unpopopov aAralel T celpd katdtakng Tov Yneo-
@OpOL, TO WTOTEAEGHA dEV PaitveTon VoL et pedleTaL.

H exAexOeica emitpornr amoteleiton amd ToLg LITO-

ympLouvg ov Ppickovtol Lo KOVTA 6TO KEVTPO ph-

Cog TV YMeopdpwv. Onwg eival avopevopevo Aot-

OV, [l TOCO HLKPT) HeTokiviior evog Yn@opopou

dev apxel yio va ennpedioel To kEVTPO Palag Ko kot

WC KOTX CUVETTELX VO ETINPEXCEL TO ATTOTELECHAL. , , ,
S P H Ewova 5.4: Kavovag k-Borda - evotabrig

5.2.2.5 Kavovag Chamberlin-Courant

Onwg eivar puotkod, dev popoipe va pdfioouvpe yio evotdbeiax tov kavova Chamberlin-Courant,

oAAG Yo TV evoTdBeta Tov evpeTLKOL pag adyopBpov. Ta amoteAéopato POVEPDOVOLY TWG O CtA-
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YOopOpog pog eivar oxeddv evatabng, vITd TNV TOPAKATW TPOLTODEST): TAL APXLKA KEVTPA KOL OTA
dvo mepdpota eivar to 1Sl Omwg éxel meprypo@tel ko oty evotnta 4.1, ta onpeio cOyKALong
TOL aAyopibpov e€apTOvTaL OTd T GTpElX APYLKOTOINGTNG, KOL CUVETOG OV 0LYVOOUCOYLE TV TTaL-
partéve tpoimdBeon, o alyopiBuog Bo kpvotav actadng.

Inpovtikod eivor va toviotel 1) Suokohia tng epeavoig aAdaynig otnv enttpont]. Kabdg ypn-
OLHOTOLOVE TOV aAyoplBpo k-means yio va Bpolpe ta KEVTPA TV OPAdWV TV YNn@oedpwy, Kot
povo petd TV obykAlon Pplokovpe TOUg KOVTIVOTEPOLG LITOYHPLOVG GE VLT, TPOKELUEVOL VA Pa-
vel N addoyn mpémel koo kévtpo va Ppebel mo kovtd oe k&mrolov dAlov vTTOYNPLO, PHETA TNV
ekTéAeot) Tov devTepov melpapatog. E€autiog de, Tng pikprg petakivinong povaya evog Yymeogopou,
eivo dvoxoro va adld€ovv ot opddeg (clusters), av ko OxL amiBovo. Xe OpLOPEVEG TTEPLITTOOELG
1 petakivnor tov Yneopodpov, 660 HKpy KoL vo elval, propel vo odnyroeL 6TV PHETOKIVNOT TOV
o€ SLoUPOPETLKT] OPAdA KL WG KATA CUVETTELX e SLaPOPETIK oMpeio cUYKALoNG Tov alyopibpov.
T avtd ko 0 adyopBpods pag, oav clustering oadyopibpoc, dev popel va meprypoel wg «TéAeto»
evotadng, kKaBdg pio pucpr) cAloyr), o GTAVLIEG TTEPLTTOOELS, Prtopel vo 0dnyroet oe Teheiwg dio-

(POPETIKO ATTOTENETHLOL.

(a) evotabrg (b) «oxed6v» gvoTabng (c) aotadrig

Ewcova 5.5: Evpeticog alyopiBpog Chamberlin-Courant - «oyedov» gvotabg

5.2.2.6 Kavovag Monroe

Ko &AL peretaqpe tnv evotdBeior Tov evpeTikod pog alyoplBpov, Vo TNV THPAKAT® TPOUTTO-
Beomn: T apykd kévrpa kol ot dVo melpdpota va eival idia. Ta amotelécparta deiyvouv mwg o
ahyopBpog pog eivor aotadng akopa ko vd ad vty TNV cLVOKN.

Onwg propovpe vor SoOpeE 0Ty elKOVAL 5.6 VITAPYOLY TEPLITTOOELS TTOV TO TAL OITOTEAEGHATAL
deixyvouv mwg o alyopBpog eivar evotadng. Qotdco otnv péon mepintwon o alyopidpog eivo
aotadng (ewdva 5.6b), SLdTL akdpa kan pLa TOoo pLkpr] kiviorn evog povo Yneoedpov, eEontiog Tov
TEPLOPLOROD TV PEADV K&Be opddag, popel va 0dnynoeL oTnyv petakivnon tov Yneopdpov ce St~
POPETLKT OPASQ, TTPOKAADVTAS AAVCLOWTEG PHETOUPOPES KOLL WG KOTA GUVETTELX TEAELWG SLAUPOPETLK
onpeio GOYKALONG.

Onwg meprypdope otnv avédvon tng evoTdbelog Tov eVPETIKOD aAyopiBpov yio Tov Kavdva
Chamberlin-Courant, av n petakivnon tov yngoedpov dev odnyrioel e avtarlayés Yneopopnv
OTLG OHADEC, TTPOKOAELTOL HOVO HLOL HLKPT] HETATOTLOT) TOL KEVTPOU TG OPASAG OV avijKeL O Y-
QoPoOPOG, OV prtopel va odnyrioet 1) va pnv odnyrfoel e alloyn g emtponng. Avtd eEaptdTon

TANPWG ad TOLG LITOYNPiLoVG. Av 0 LITOYNPLOG TTOL PpickeTon TTLO KOVTA GTO VEO KEVTPO, dloupépel
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(a) stable (b) unstable

Ewova 5.6: Evpeticdg adyopiBpog Monroe - aotobrig

oo Tov TponyoLpevo vtoPrpLo mov eiye exAeyOel, TOTE Ko pOVO TOTE TOPATNPOVUE TNV AXAAOLYT).
Enperdveton emtiong 0Tt o Padpog wov n ardaym o elvor opath) opeidetan otV Sia TV KATAVOWT.

M evdiapépovoa tapatripnor Aowtdv eival Twg o fabpog ov 1) evotdbela 1) 1 aotdBeto Tov
QITOTEAEGHATOC YiveTal avTIANTTH, e£apTdTOL Otd TOV TPOTO TTOL OL YnPoPdpoL Kot vIToYr Lot

KOTOVEPOVTOL GTOV SLoOLAGTATO YWD PO.

(a) evotabdrg (b) «oxed6v» gvoTabNg (c) aotadrg

Ewova 5.7: H evotdBeta tov gvpetikod alyopiBpov tov Monroe kaBag ot katavopég apyilovv vo
ETMKAADTTTOVTOUL

Ortav n xatovopn Twv vroYn@ieny dev KOADITEL TNV TEPLOYT TOL KATAAXHUPAVOLY OL YnPowod-
pot 0 alydpiBpog gaiveton evotabnig (etkova 5.7 (a)). Kabahg o xdpog mov katavépovton ot vioym-
(Lot Teivel vor eTLKOADPEL TOV XDPO TTOV KOTAVELOVTOL OL YMoPdpoL 0 adyoptBpog mapovoidletal
Myotepo gvotabng (ewtkova 5.7 (b)). Otav oL katavopéc Twv vLIToOYNEiY Kot TV YNeoedpwv TavTi-
Covtan o alyopibpog eivar actadng (etkova 5.7 (c)). ETopévwg katadjyouvpe 6T0 GUPTEPAGH, OTL
Ta evoTOON UTOTEAEGHATO TTOTEAOVV HEHOVWHEVES TTEPLITTAOOELS, OL OTOLEG OPELAOVTOL GTO YEYO-
vOG OTL 0 eVpeTLKOG alyOpLOpog dev AapPdvel vdyn Tig Béoelg Twv vToYnEiny yu tn dnovpyia

TV opadwv. Etol Aowrdv yapoktnpilovpe tov evpetikd alydpiBpo yia tov Monroe wg aotadr)’.

1 Ztov gupetikd alyopiBpo tov kavova Chamberlin-Courant vrdpyovv amotedéopata T omoia dev elvo opKeTd
evotadr) OOTE Vo YopaKTNpioovpe Tov alyopiBpo wg amdAlvta evotabr. Qotdco, dedopévou 6T dev evromicayie k&Itolo
potifo d6mwg oTov evpetikd adydplBpo tov Monroe, Oewpodpe TwG Ta evotadr 1) «oxedov» evaTtabn amote éopata eivon
1 péon TEPITTOOT Kot Tot Ao ToO1] HEPHOVWHEVES TTEPLTTMOCELS.
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5.3 IIpooOnkn evog Néov ¥npogpodpov

Emniong 0éAaype va peletricovpe v evotdbela twv Kavovev, 6TV mepintwor tng Tposdning
evog véou voymiov. AvTh 1) TEPITTWOT PUITopeL emiong vor KaADPeL T ur) eAey)Opevn petakivion

evog Uneopopov, kaBmg o vEog YmPopopog ToPAYETOL GOHPOVA HE TNV LITAPYOVGO KOTAVOLLT].

53.1 Ileipapatikn Awdtagn

H Siatakn tov metpdpotog, amoteheiton kal médt amd évo ghvoro 1000 Yn@opdpwv kar 1000
vroyneiny mov éxovv mapaybel cOpELvV pe k&mola katavopn og onpeio 6to dioddoTaTo XMPO.
Tt k&Be Ympoedpo vitdpyel 1 oeLpd KATATOENG Yiaw OAOVG TOUG LITOYT|PLOVG KoL TEALKGL EKAEYE-
Tal plo emtport pe 20 péAn pe kébe kavova. Ttn ovvéxelx mtpocsbétovpe Evav véo Yneopopo p
KoL eKTEAODHE Ko TOAL TO Teipopa, avth tn @opd pe 1001 Ynepopodpouvg. Téhog, ouykpivoupe T
QOTEAEGPATA.

H mpocBrkn tov emmAéov Yneopopou yiveTon cOUP®V Pe TNV VITAPYXOLCA KOTAVOLUT TWV
Yneopopwv. Qotdco, 1 tpocdnkn auth pmopel va €xel peyaddtepn 1 pikpdtepn Papidtnra, wov
opeideTon oty TuyoudTNTA TNG dradikaciog Tapaywyng Tov onpeiov. Emopévag, xprilet iaite-
png onpaociog n ebpeon evodg TpoOTOL PETPNONG TNG evoTaBelng oe oUykpLoT pe T PopodTnTa TNg
1pocBNKng Tov Ynpopodpov.

AveEdptnTta amd TV TAoT) TOL ATOTEAEGHATOG VoL et peaoTel, OeV aAVOUEVOUNE PeYOAES aA -
Y€G OTO QIOTEAEGHA. ZTOVG TTEPLOGOTEPOVG KAVOVES, ALVAPEVOUIE VO ETNPEACTEL POVO 1) TEAELTOLLOL
Béon, ekoutiog g vmapEng 1 dnpovpyiog toomadiov (yia Tapdderypa av vdpyouvv dvo voyn-
¢lot Tov eoPabpovv yix tnv tedevtaia Béon tng emitpong, aAAd povo pio eAetBepn Béon, petd
NV pocBnkn Tov véou YnPoopov Propel 0 LITOYNRPLOG TOL Sev GviKe OTNV EMLTPOTT) Vo Kepdioel
v Yrjeo mov Ba eEacpalicel T Abon NG Loomaiiog Ko TEALKA TNV EKAOYT TOV).

To mopamdvew odnyel oe v TOAD GNHAVTIKO epOTNHA: «YTTAPYEL TPAYHATIKE OXAAQYT) OTNV
emLTporn 1 tpokeLTon yix pia AavBaopévn Bewpnon;». Oo mpémel va yivel emutAéov HeAETT) Y UTO
T0 Bépa, Kabwg véa epOTHpXTO YevvavTal, T.X. ov Oewpricovpe Twg 6Aol oL vtoyreiot Tov Loofad-
povv otnv televtaia Béon ekAéyovror aveEaptnTog Twv eAedBepwv Bécewv, TOTE MG TPETEL VX
avtipetwrilovpe Tig toofabpieg oTig mponyotpeveg Bécelg kKA. Adon yio OAa avTd Ta EpWTHpATO
amotelel 1) e0PeST) OAWV TOV LGOSVVOUWOV ATTOTEAECUATOV KL VO GUYKPLVOUE TO VEO ATOTEAEGHX
pe T mponyovpeva. Ta mpoypatikd ammoteAéopata TPog GUYKPLOT ELVL QUTA HE TIG HLKPOTEPEG
dloupopég.

‘Eva okOpo VOLOpEPOV EPAOTNHA Yior HEAETT) €lvaL ov OAOL OL KOVOVEG PITOPODY var kptBodv e
Ta S kprTprax 1 av elvo &diio, kol wg amotéecpa ta amoteAécpata pog Pefracpéva. Télog,
eVOLAPEPOV TTOLPOVGLALEL 1) HEAETT) TV KAVOVWV G TTPOG TO OV LITOPOUE Vo eEQyOLpe TTANpOYOpieg

yloe Tov véo Yn@o@dpo, atd TNV 6OYKPLOT) TwV dVO ETLTPOTOV.

5.3.2 Amoteléopata

311G e1kdVEG oL arkoAovBovv oL Yneopdpot cuporilovrtal pe pof kovkkideg, o vEog Yn@o@o-
pog pe peyadn pof xovkkido eved oL vtoym@rot pe podpeg. Tow péAn Tng emLTPomig atd To aLpyLkod
meipopo oupPorilovron pe peydreg povpeg kKovkkideg, evd ammd to dedtepo meipapo (dniadn peté

TN peTakivnon tov Tuxaiov Yneopdpov) pe yordlieg. Av ot o emitpomég tavtilovtal OAeg oL yo-
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Malreg wovkkideg mapovoidllovTon pe podpo Tepiypopipo. e avtibetn mepintwon, yio kébe yoddlio

KoUKKida xwplg meplypappa vITApYEL plo avticToLyn Hovpr).

5.3.2.1 Kavovag Single Nontransferable Vote

Onwg HTov avopevopevo, o kavovag SNTV
elval evotabng vd v TpooOnkn evdg véou
Yneoedpov. Kabog o xavovog Aopfavel vidym
HOVO TNV TPOTY TPOTIUNOT) TOV YNPoPpopwv, 1)
npocOnkn evog Yneopdpou pmopel vo emnpe-

o€l TO amoTéAEoH PHOVO peE TNV adénon Tov
Ynoewv evdg povo vroymeiov kata éva. Etot,
prtopet voe adAdEel To oAl pic Béon. Yrdpyovv

dvo onpovtiké cvpmepdopata.

1. Aev pmopolpe va podpe kataAinin pe- Ewova 5.8: Kavovog SNTV - atabepdg
TPLKT] YL VO HETPYOOVHE TNV eTidpoon)
otnv emtponty. H mpocbrikn evdg Ymgpopopov pmopel va odnynoet oe pio pikpr 1 pHeyain
aAloyr), cLYKpivovTog Tov veoekAexBEvTo LITOYNPLO e AVTOV TTOV AVTIKATEGTNCE.

2. Av vmapéel pla addoyr) oty emitpomr) mov ekAéxOnke petd tnv mpoodikn Tov véou Yneo-
(QOPOV, HITOPODVE Vo eEAYOVE TTAT POPOPiES YO ALVTOV, GUYKPIVOVTOG TIG SVO EMLTPOTES. XTLG
elkoveg 5.9 eivou @avepd, 6TL 0 veoekAeyBeig vronelog (n povadikr] yoldlio kovkkido ywpig
neplypoppo) Pploketor o kovid aTov véo Yneopopo (peydin pof kovkkida) amd omolodn-
mote dAhov vtoyero (pikpég pobpeg kovkkideg). Emopévag, axdpa ko av dev dioywpilaype
Tov emAéov Yneopopo pe kovkkida Stapopeticot peyéboug, B propodoaye va pavtéyoupe

Vv Tomobecia Tov, kabwg mpémet va fplokeTal TOAD KOVTA 6TOV ekAexBévTa vioyr@Lo.

() (b)

Ewova 5.9: Svpmepdopata oxetikd pe tov kavove SNTV
1. Aev prtopovye vo petprjcouvpe Ty enidpaot) tng tpoodrikng evog Ynepopdpov.
2. Mmtopovpe va e€dyovpe TAnpogopieg amtd tnv Tpocdikn evog Yneopopou.

5.3.2.2 Kavovag Single Transferable Vote

O kavovag Single Transferable Vote eivow aotabrg k&tw amd v mpocdnin evog Yneopdpov.

Onwg éxel 0N avapepdei, o kavovag eivan evaiobntog oe omotadriote oAdoyr). Akdun ko pio

131



Swpopd otn oelpd ekhoyng i amdppLing Twv vtoymeinv propel va odnyroel oe teleiwg dixgpo-

petikd aotédeopa. Etol, akoOpa ko ov oe TOAAEG TTEPUTTOCELS TO AITOTEAEGHATH HTOY evoTod,

0 KOWOVaLG YopoK T pietol wg aotabng Adyw tng oong Tov.

(a) evotabdrg (b) «oxedov» gvoTabNg (c) aotadrig

Ewova 5.10: Kavovag STV - aotadrg
Aev propotpe va eEdyoupe TANpo@opieg oxeTIkG pe Tov Tpdceto Yneopodpo

E&autiag avtng touv g actdbelag ta amoteAéopata eival apoPAenta, P GUYKPIGLHO KoL OC

€K TOUTOU Oev PITOPOLE Vo EGYOUHE TTANPOPOpPIEG Yo TOV EMLTAEOV YNPoPdpo.

5.3.2.3 Kavovag Bloc

O xavovag Bloc eivoun gvotabrg xatd v
npocBnkn evog Yneopodpov. Xtnv mAelovoTnTa
TOV ATOTEAECPUATWV, HAAOTA, TV «TEAELO»
evotadng. Otav ou dvo emtpoméc dev Towrti-
Covtav mANpws, dLépepav HOVO WG TPOG EVOV

vroyn@Lo. Metd atd ekTeTAPEVT AVAALGT), TTO-

pOA0 oL Ta aToTEAETHATA £SELY VALY TTWG POVO
pio amod TG Béoelg Tng emiTpomng Pitopel vor oh-

AdEel, avtod ovpPaivel povo av otic k — 1 tpo-

teg Béoelg g emTpomng oL vIToYnPLoL XYoLV

MePLocOTEPEG YPOLG otd TOV TEAELTAUO LITO-
Yo mov exAéxOnke. Xe avtiBetn mepintwon, Ewcova 5.11: Kavovag Bloc - evotadnig
dnAadn av I voyrerot tooPabpodv oTig Tedev-
taieg [ Béoelg tng emitpomng, 1 Tpoadikn evog Yneowdpou Ba propotoe v adhdEet kan Tig I Béoelg
GTNV ETMLTPOT).

‘Ooco peyadvTepn eivon i) emidpoon Tov Yneo@opov TOCEG TEPLoGOTEPES TTANPOPOPLEG LITOPOVLE
va eEqyoupe yux Tov emmAéov Yneo@odpo. Amd v elkdva 5.12 ptopovpe vor GUHTTEPAVOLE OTL O
véog vrtoyn@Log mov ekAéxOnke otnv emitponty PplokeTal KOVTIVOTEPO GTOV ETMLITAEOV YNPOPOpO,
Topé o€ LTOV oL avTIKaTAcTAONKE. Av Bewpricoupe OTL ot 00 emTporég SiEPepav oe TOPATAV®D
ard évav LIOYTPLOVG, 1) TTEPLOXT] 6TV ontoia Ba prropovoe va Pploketal 0 véog Yn@opdpog meplo-
pileton mePLooOTEPO KOl KATR GUVETELX EXOVHE TTEPLGCOTEPES TANPOPOPIEG YLt TIG TTPOTLUNCELG

TOVL.
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Ewova 5.12: Zvpmepdopata yix tov kavova Bloe
Mropodpe va eEdryoupe TANPOPOpies yia TOV eTALOV YNPoPOpo av GLYKPLVOULE TIG V0
ETLTPOTEG,

5.3.2.4 Kavovag k-Borda

O xavovag k-Borda eival emiong evotadng. E¢povpe 0TL SUVNTIKE PITOPODV VAl ETNPERGTOVV
neplocOTEPeg autd pio Oécelg g emitpomnng. Qotdo0 Ta TELPOPATIKA oToTEAEGHATA dELYVOUV OTL
oty PGk, 1 oAyt TepLlocdOTEPOV OTTo pio BEcewV TG EMTPOTNG, aroTeAel aukpaiat TeplmTwon,
KoOdg atartel Wiaitepo GLYKEKPIHEVOL AITOTEAECHATA TTPLV TNV TTPOcOKN TOL YnPodpov, £ToL

wote va propel 0 Yneopodpog va emnpedoel meplocdtepeg Bécels.

Ewova 5.13: Kavovag k-Borda - evotabrig

IXETIKG pe Tov emmAéov Yn@o@dpo, Ptopope va eEqyouvpe yevikég mAnpogopieg, kabohg to
povo mov yvwpilovpe eivar 0tL 0 Yneopopog PpickeTon KOVTLvOTEPXK (TTPOTIUAEL TTEPLOGATEPO) TO
véo pélog NG emitpomng amd to péAog mov avtikataotadnke. Hapdia avtd Sev propolpe vor K-
voupe vrtobéoelg yio Tnv paypatiky Béon tov Yneogdpov, av dev yvwpilovpe TAnpopopieg yio
TOV GLVOALKO aplOpd Twv Yrewv Tov k&be LITOYNPLOL TTPLV KO PHeTd TNV TPocHNKN Tov Véov Y-

POPOpOL.

5.3.2.5 Kavovag Chamberlin-Courant

Onwg éxel avagepOei, o kavovag Chamberlin-Courant eivo NP-hard xou eopévog pehetdpe

NV evotdbela TOL eVPeTLKOD pog alyopibpov.
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@ (b) (©)

Eucova 5.14: Evpeticdg alyopiBpog yio tov kavova Chamberlin-Courant - aotafrig
Ot ympopdpot mapopévouy ot idLot, eve oL KoTavopés Twv vroyneiov arl&lovv: (a) 4-Gaussian,
(B) Uniform Disc, and (f) Uniform Square

INHovTiKO 6€ qLTO TO oTpelo, eivar va SlevKPLVIGOUHE OTL T KEVTPOL TTOL TTPOTELVEL O YO PLO-
pog awvtote ennpedlovtal otd tnv mpocdnkn evog Yneopopov. Qotdc0, vTd PITopel vor unv eivot
ELPaVES, KoBDG autd e€aptartor amd Tig Bécelg Twv voyneinwy (avalnTovpe TOVG KOVTLVOTEPOUG
vroynelovg ota kévtpa). Eved o adyopiBpog mpoteiver Ta it kévtpa, T0 amotéAecpo popel vou
eppavileton aotabéc, «oxedov» evotabég 1) evotabég (etkdveg 5.14 (a), (b), (c) avtioTouya). Kabdg
Aoutdv ta amoteléoporto dev aAAdlovv oe peydho Pabud, dev propoldue v opicovpe TO AToTé-
Aeopa wg evotadég kaBoOG éva 1} meplocdTepa onpeia oykAlong odAdlovv. Katadryouvpe Aoutdv
OTO XOPOKTNPLopO TOL adyopiBpov wg actadr. Ia tov idto Adyo, dev propovpe va e€dyovpe Ko

TANPoPopies yia Tov emutAéov Yneopopo, akopax KL ov EEpoupe OTL KATL £xel AAAGEeL.

5.3.2.6 Monroe rule

Onwg éxer avopepbBei, o kavovag Monroe eivar
NP-hard ko emopéveg peletdye tnv evetdbela Tov
EVPETLKOD pog alyopiBpov. Avopévoupe 4tL 0 aAyo-

pOpog eivarl actabng vd v mpocsbrkn evog Yn-

@o@opov. Ta amoteréopoarta to emPeformdvouy.
IopdAo TOUL MHEAETONE KOL KATOTLV XOLPOKTN-
pilouvpe tov odyoplBuo vmd Tig ideg ouvOrKeg pe

TOUG AAAOVG KOVOVEG, O XAPOUKTNPLOROG TOL paive-

o adikog e€altiag Tng VoG TOL KAVOVX: EVE GTO
apxko meipopar oe k&be péAog NG EMTPOTAG AVTL-  Eikdvar 5.15: Evpeticdg ahyopldpog yla Tov
otoLyobv 50 Ympopodpot, petd tnv tpoadnkn Tov Y- kovovo Monroe - aotodng
(QOPOPOV, G€ VAL HEAOG TNG ETTLTPOTNG AVTLGTOLYOVV

51 ympopodpot. Avtd eyyuvnpéva arrdlel ta amoteléopata, kabng odnyel oe diopopetikd onpeia
ovyKkAlong. Emopévag, o xapaktnplopodg tov alyopibpov, mov tpokimtel oo T 6OYKpLon Tev S00o
EMLTPOTIAOV, elvar &dukog. Qotd0, kabmg 0 alydplBpog eivar aoTadng akdpa KoL 6TV TepinTwaoTn
™G petakivnong evog Yneopdpov, emPefardvetor 6Tt o alyopiBuog eivar aotabng oTig Teplocod-

TEPEG TIEPLIITOCELG KOLL ETOUEVG OeV XpTLeL eMLTAEOV PEAETNC.
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54 X0voymn TV ATOTEAECPATOV

To amoteAéopota oyeTikd e TNV evotdbela cuvoyilovtal cTov Tivaka 5.1.

Evotafeia
KaAbtepn mepintwon Méom mepintwon Xelpotepn mepintwon

Mertaxivnon | IIpocOikn | Metakivnon | IIpocOnkn | Metakivnon | IIpocOnkn

Yneopodpov | ¥neopodpov | Ingopdpov | ¥neopdpov | ¥neopdpov | ¥neopdpou
SNTV v v v v v <
STV 4 4 4 X X X
Bloc 4 v v v < <
k-Borda 4 v v v < <
CC v v < X X X
Monroe v v X X X X

IMivakag 5.1: Evotdfeia Tov Kavovev ekAoyng emLTPOTOV
To v/ dnhdvel 6TL 0 kavovag eivat evaTabng, eved o X dnAmvel 0Tt 0 kavovog eivar actabng. To <
SNAGVeL 0TL 0 kavovag eivor evotadng, aAld ev Suvapet popel vo LIT&PEEL pLKpr) GAACYT) KATW
antd ovykekplpéveg tpobmobécels.

SXETIKA e TNV AmoKAALYT TANPOPOPLOV YIO TOV EMUTAEOV YNOOQOPO, HTTOPOVHE VoL GLUVO-
OOUE TAL QTOTEAEGUATO GTOV TILVAKA 5.2. ZNHELOVETOL OTL outapaitnTn elvon kdmolo aAhayr ota

OQTTOTEAEGHATA YO VO EEXYOVE TTATPOPOPLEC.

Kavoveg
SNTV ‘ STV ‘ Bloc ‘ k-Borda ‘ CcC ‘ Monroe
AT[OKO()\U\]J]’]’ v X % v X X
[TAnpogopidrv

IMivakag 5.2: AtokdAvyn TANpo@opLdV yio Tov vEo Ymngopopo
To v/ dnhwvel 6TL 0 KAVOVAG ATOKAADIITEL TAN POPOPLEG YIX TOV eMLTPOSHETO YnPopopo, evd To X
dnAwvel OTL 0 Kavdvag dev ATOKXADTITEL TANPOPOpieg yia Tov Tpdcbeto Ympopodpo.
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Kepahairo 6

Yxedrxopog & YAomoinon tov Ileipépatog oe

[ToAvdrdotato Xwpo

ZnTOOHEVO TV KO 1) HEAETT) TTPAKTIKOV EGUPHOYDOV TV KAVOVKOV. Oa HITOPODGLE VoL TTopi-
Eovpe TIg SLKéG Pag ELGODOVG, WOTOGO TPOTIUNCAUE TNV HEAETN TTPAYUATIKOV dedOpEVwV, TPOEP-
xopeva amd v niektpoviky PiAobrkn “PrefLib: A Library for Preferences”[27]. Ze awvth, éxovv

opadomotrioel T dedopéva ko popPoroyio Tovg 660 To dvvaTOV TEPLEGOTEPO'

6.1 Ileipapa

6.1.1 Ilepopatikn Awadikaocia

Ta k&be mpooopoinon ekhoymdv 360nke évar cUVoLo Yn@opdpwv kat vioymeinv. Ola to de-
dopéva mov ypnotpomomifnkayv omd tnv Preflib mpoiAbov amd to makéto SOC (Strict Orders -
Complete List), mov onpaivel 6t yio k&Be Yneopdpo, divetal n Anpn ceLpd KATATAENG TV LITO-
Unolov, xwpig loomatieg. Xxomdg pog eivor va ekAé€ovpe pia emitpomny] (éva LTTOGOVOAO T®WV LITO-
Yneilov), Tov ekTpocwIel Toug LITOYTPLOVG He ouykekpLpévo Tpomo. Kabdg dpmg o apbuog towv
vroyneinv ko Yneoedpwv dtapépel oe kK&be eicodo, Stopépel kat to péyebog tng emitpomnng (3 pe 5
aropa). T o Adyo awtd amoppigBniav moAdég eilcodot, Adyw Tov pkpov aptBpod twv voyneioy,

KoL TEAKA kpatrjoape povo Tig akdAovbeg.

1 ED—-00006—-00000003 14 ED—-00006—00000034
2 ED—-00006—00000004 15 ED—-00006—00000035
3 ED—-00006—-00000007 16 ED—-00006—00000036
4 ED—-00006—00000008 17 ED—-00006—00000037
5 ED—-00006—-00000011 18 ED—-00006—-00000044
6 ED—-00006—00000012 19 ED—-00006—00000046
7 ED—-00006—-00000018 20 ED—-00006—00000048
8 ED—-00006—00000021 21 ED-00009—-00000001
9 ED—-00006—00000022 22 ED—-00009—-00000002
10 ED—-00006—00000028 23 ED—-00012—-00000001
11 ED—-00006—00000029 24 ED—-00014—-00000001
12 ED—-00006—-00000032 25 ED-00032—-00000002

13 ED—-00006—00000033

! Avt) T oTiypr vmdpyovv 10 ool Sedopévev ot 3 StapopeTiié popPéc. IleplocdTepeg AETTOUEPELEG TYETLKA HE TLG
ETMAOYEG PHOG koAoVBOVV GTIG ETOPEVEG EVOTITEG
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T va pedetrcovpe Ty evotdBela, avtrypafape TIg eL6Od0VG Kot TIG emeEepyaotrikoe pe d0o
dtoupopetikovg TpoTOLG. TNV mTpTn Poph emelepyaaTrkayle TIG TPOTLUNOELS VOGS TUXOLOV YNPOPO-

pov (xwpig va aAAGEov|ie TNV TTPOTH TOL TTPOTipNoN) Kot Tn Sevtepn TpocBétovtag Evay Yngogdpo.

6.1.2 Avarnoapdotoon tov ¥Yneopopwv & Yrnopneinv

310 TpoNyolLpEVO TElpapa, OTTOL KAl oL YNPoPopoL KoL oL LITOYT(PLOL AVOTAPISTAVTAL WG OT)-
pela 6o SLodLAeTUTO XD PO, TaipVaE TH oeLpd KOTATOENG Ko TO PaBpd pn ovTUTpooOTELOTG TWV
YNeodpwv artd TNV atdoTacT) TOV Yneoeopwy - vtoyneiovv. Oco peyalvtepn 1 atdoTooT, TO6O
HLKpOTEPO KEPSOG YLt TOV YNPopdpo.

Qotd00 o710 TEipapa avTd, dev £xoupe cuvteTaypéveg. Avtifeta éxovpe POVO TN oELPE KOT-
ta€ng. [apoio mov yiax opiopévoug kavoveg (SNTV, STV, k-Borda ko Bloc) 1 oeipd xatdrta€ng
apkei, dev 1oyveL yio 6Aovg. Xtovg kavoveg Chamberlin-Courant kot Monroe, 6tdx0g eivon 1) eda-
XLOTOTTOINGT) TNG |} AVTLTPOCOTEVOTNG TWV YNPOPOPwV Kol G ATTOTEAEGHA, TPETEL VOL EPUNVED-
covpe TN oelp& kaTatagng oto Pabud pn aviurpoowrevons. [ va yivel avtd, xpnoporolodpe
pioe GLVAPTNCT AVTLGTOLYLOTG, TTOV HITOPEL VaL ELVOL YPOHLKT], KUPTH, ) Va €XEL omoLtadroTe GAAN
KOTAAANAN popeny. EmumAéov, ot kavoveg Chamberlin-Courant kot Monroe ovijkouv DIoAoyLoTIKd
oto NP. Etol, xproylomotcape TOUG EVPETLKOVG AYOPLOHOVG TTOV TTALPOLCLACONE OTO KEGAAOLO
4. Qo1d00, oL adydplBpoL pag xpnotpomoloty T Béon TV Yneopdpwy yio vor SNLOVPYGOUV TIG
opGdeg koL povo oTo TEAOG T Béon TV LTOYNPlwV Yo va BPouv TOLG KOVTLVOTEPOUS GTA KEVTPX
TOV opAdwV, kol mov TeAkd O amotedécovv v emitport]. IIpokeyévouv va YproLHLOTOLGOU|LE
Tovg 810G aAyopLBpoLg, eppUnVedoaE TIG GELPEG KATATOENG WG Bécelg oTOV TOALILAGTATO XWPO.
Ye kGOe meipapo vnpyav N SocToELg, OTOL N 0 APLBROG TV LITOYNPiwV KoL 0 K&Be LITOYTNPLOG

C; exmpoowmneiton amd éva dibvuopa Paong pe Tnv akdAovdn poper:
Co=[100---0],Cy=[010---0],...,Cpr1 =000 ---1].
Etol, x&0Oe Ynpopopog V; ekmpocwmeital amd to éva Sikvoopa:
Vi=lcoj cij c5 -+ cm-1)l;

omov ¢;; 1) Béon mov o Yngogopog V; xatétage Tov vroyngro C; ko 1 < ¢ < n.

Me Tov TpOTTO QVTO, PITOPOVGAUE VO X PTICLHOTOLGOVHE TOVG dLtovg alydpiBpovg, pe pior Suo-
PopdL. AToQaGiGayle VO X PNGIIOTOLGOVE VIO TN HETPOT TV arrocTdoewmy voppa L' (Manhattan
distance metric) avti yix voppa L? (Euclidean distance metric) yiot Tov DTOAOYLOHO TwV AITOGTA-
oewv, kKabwg dovdedel kadbtepa e moAvdidoTarto xwpo [28].

H cuvaptnon avtiotoiylong g oelpds KATAToENG 08 CUVTETAYHEVEG, TTOV TEPLYPAYOE TTO-
poTTdvw, Elvat 1) Lo OUTAT YPOLKT] cLVEPTHOT oL Ba pITOPOVOOE VoL X PTOLILOTOLGOVHE. XPToL-
pomouoope kou ekOeTikr) cuVdpTnoN avTicToiXlong 6mov k&be Ynpopopog V; exmpocwmeiton amod

T0 dLdvuopa:
Vy =200t 2ol gl L ooyl

Qotoo0, petd amd melpdpata, amoppiope tnv ekBetikry cuvapTnon Yot TOV €VPETLKO AAYO-

ptBpo tov Chamberlin-Courant, 8t6tt y&ver tnv wkavotnta g ovykAlong. lepoutépw épevva mpé-
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el vo yivel yia v ebpeot) TG LOAVIKNG GUVEPTIONG OLVTLGTOLXLOTG.

6.2 AmoteAéopata

Ot ovykexpipéveg eloodot, e€artiog Tov pikpol aptBpov vtoYnEiny f/kat YneoPdpwv dev pHog
eméTpeary va PEAETIIOOVE LOLOTNTEG OTWG 1] AVAAOYLKT] QVTLITPOGKOIEVCT). YXETIKA HE TNV EVOTA-
Beta, dev vITripye VOTHOL VO HEAETHGOUHE TOUG KAVOVEG TTOV Y PNGLUOTOLOVY HOVO T1 GELPR KATATO-
&ng, xabwg éxouvv NON peletnOel oto kepdiato 5, kaBahg dev éxel onpacia av éxovpe diodibotato
1 moAvdidotato xwpo. To povo mov Siépepe ota melpdpata yia tovg kavoveg SNTV, STV, Bloc
ko Borda etvon o Pabpog mov kdbe Ynjpog propet va ennpedoel to amotéAeopa, kabmg dAAale o
aplOpdg TV Yneoedpwv Kol LITOYTPLOV.

AvtiBeta, ot evpetikol adydpiBpol twv kavoveov Chamberlin-Courant kot Monroe, Bacilovtol
oe alyopibpovg opadomoinong. Emopévag, o aplbpog tov Yneogopwv, vroyn@inv Kot oG Kot
OULVETIELXL, TOV HEADV TNG ETLTPOTNG, KAOLOTA TIG EL6OO0VG AKATAAANAES YIO TNV £PELVAL HOLGC.

Mo eviapépovoa TopatrproT), TOL TPOEKLYE ATd T TELPAHATAE HOG, ELVAL TTWG CTA TPALYHOL-
Tika dedopéva OAoL oL kavoveg eiyav oxedov Ta idia amoteAéopata. Avtod e€nyeiton amd To yeyovog
OTL LTTApyEL o avTikelpevikn oaAnBeta, SNAadT) avTikelpeviky) oelpd KATATOENG (KOl WG KATO GULVE-
TELX OVTLKELEVIKOL VIKNTEG) , kKatBdg Tar Sedopéva mpoékumtav Kupiwg amd aywves. Mapdia avtd,
0 HLKpOG aplORog TV elcOdWV oL e€eTAoTNKAY, HoG KAOLOTO GKETTIKOUG YO TNV GUYKEKPLLEVT)
TOPOLTPNOT KoL EKTETOPEVN Epevva Ba Tpémel var yivel tpokepévou va emtPeforwbel n mwopatr-

pnon.
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Kepalairo 7

MeAovtikég KatevBovoelg

IIpooeyyicape To Bépa TV KAVOVOVY YNPOPOPLIG YL TNV EKAOYT] ETLTPOTHOV KUPIWS 6To dLo-
diaotarto eninedo. Emkevtpwdkope oe evpeticovg adyopiBpoug yio NP-hard kavoveg kot otn pe-
Aétn g doTnTOg TNG evoTabelag. H Sovdeid pog o propovoe va emektabei pe otkilovg TpomToug.

Mo Suvartn eméktoot elvol 1) HeAETn QopROYHG StoupopeTikdV adyopiBpwy opadomroinong, w.x.
hierarchical agglomerative clustering [29], tpoxetpévov vor SnpLovpycovpe SLopopPeTLKOVG EMLTL-
XTHEVOUG EVPETLKODS KO TTPOOEYYLOTLKOUS adyopiBpovg. [Ipokeitot yio évoy evepyod TOopER £PELVAG,
eldkd yia Tov kavova Tov Monroe, e€ontiog TV IOLOUTEPWY TEPLOPLOPDV TOU.

AeOtepov, B propotoe va emektadel 1) perétn tng evotdbelag. Ta welpapatd pag o meplo-
plopéva oe dV0 POCIKES TEPLITTMOTELS, TNV TEPLOPLOUEVT Kivon eVOG Pn@oedpou kot TNV mtpocOrikn
evog Yneo@opov. Ba propovioay va PeAetnBo0Vv kL GdAAEG TEPLTTOCELS, OTTWG 1) apaipect) evog Y-
QopOPOL 1} akopa Ko evog vitoymeiov. E€aitiag twv SloapopeTikdv amoctdoemy mov propody va
80000V otV évvolx Tng evoTdBelag, .. Xelpaywynor, éleyxog [30], k.A.gt. pag evdiapépouvy OAeg
oL SLVATEG TTEPLITTWOCELG.

Mo Wiaitepo evdiopépovoa emékTooT), oPeileTol 0TIG TPOKAHoelg Tov Topéa. [IoAlol kKovo-
veg, 6mwg ot k-Borda, Chamberlin-Courant, Monroe, k.A.7t. amontodv T yvaor) Tng TANPNG GELPAC
Kotétakng Tewv vtoymeiny amd 6Aovg Tovg Yneopdpoug, tpdypa SHokoAo yio peyého aplBpd viro-
Unoiwv. Emopévac, eivon Sokolo va Bpodpe katdAAnio dedopévo ekAoydv yio T peAétn TéTolwv
KavOvwv. AAAwoTe, qLTO TAV KoL TO TPOPANHA Hag 6TO Teipopior 6Tov ToALdidotato Xwpo. Eivor
AOLTTOV PUOLKO VO HEAETIOOVE TOUG KOVOVEG YNPoPopiag yLor TNV eKAOYT] ETLTPOTOV GTNV TEPL-
TITWOT) TTOV VIIAPYXOLV GELPEG KATATOENG N A peLg. Tote, 1) TpoypatiKy cetpd KAThTtoEng mpémel
va Bpebet (mapdpoto pe To TpdPANpa Tng GrapEng Ymewv pe B6pvPo [31]).

Téhog, pia Wiaitepa evilopépovoa TpooéyyLot eival vo Ppolpe éva TPOITO VoL TOPOVGLAGOULE
TOL ATTOTEAECHOLTOL KOIL VAL KOATOTAEOVHE TOVG NTTNHEVOLS LITOYTPLOVG. GTLG TEPLOCOTEPES TEPLITTH-
OELG €lvarl EDKOAO VUL EVTOTLGEL KAVELG TO VIKNTI] TV EKAOY®OV, AL LITAPYOLY POPEG TTOL ATTALTOV-
VIO TTEPLEOOTEPES TANPOPOPLES, T.X. OTAV KATTOL0G LITOYTPLOG BéAeL va EEpeL OGO KaAd T TTNYe
TopOAo TTOL éxace. AvTd pPiopel va eival Wdontépao SOGKOAO YL OPLOHEVOLG KAVOVES, OTTWG YL TOV
Single Transferable Vote rules, e€aitiag tng moAvmAokotntag Tov. Extetapéveg pedéteg mpémel vo
yivovv, mtpokepévov va Ppebel évag TpOTOg Yo TNV aELOAOYNOT) TWV QTOTEAECUATWOV, TV adv-
VOHLOV TOV Kavovev kot To Pabpd emttuyiog tov vmoymgiov. 2tn peAétn auth, ol aAyopLlOpLkég
WOLOTNTEG TV KOVOVWDV (TTOLKIAOHOp@PLa, aVAAOYLKT AVTLTPOCKOTELTIKOTNTA, fairness) autoteAovv

évay Ypropo kot oAvTipo foribnpa [5].
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