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Abstract

We extend the application of a voting procedure
(usually defined on complete preference relations
over candidates) when the voters’ preferences con-
sist of partial orders. We define possible (resp. nec-
essary) winners for a given partial preference pro-
file R with respect to a given voting procedure as
the candidates being the winners in some (resp. all)
of the complete extensions of /R. We show that, al-
though the computation of possible and necessary
winners may be hard in general case, it is poly-
nomial for the family of positional scoring pro-
cedures. We show that the possible and neces-
sary Condorcet winners for a partial preference pro-
file can be computed in polynomial time as well.
Lastly, we point out connections to vote manipula-
tion and elicitation.

1 Introduction

Automated group decision making is an important issue in
Al: autonomous agents often have to agree on a common
decision, and may for this reason apply voting procedures,
which is one of the most common ways of making a collec-
tive choice. Voting procedures, studied extensively by social
choice theorists from the normative point of view, have been
recently studied from the computational point of view:

e while winner determination is easy with most usual vot-
ing procedures (at least when the number of candidates
is small), a few of them are hard, and their complex-
ity and their practical computation have been investi-
gated in [Rothe et al., 2003; Hemaspaandra et al., 2004,
Davenport and Kalagnanam, 2004].

e some works focus on sets of candidates with a combi-
natorial structure and investigate compact representation
issues [Lang, 2004; Rossi et al., 2004] and the complex-
ity of voting procedures applied in such domains [Lang,
2004].

e ecven when computing the outcome a voting procedure
is easy, it might be the case that determining whether
there is a successful manipulation for a coalition of vot-
ers is hard; the complexity of this problem is studied in
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[Conitzer and Sandholm, 2002a; Conitzer et al., 2003;
Conitzer and Sandholm, 2003].

e clicitation issues and partial winner determination when
the preference profile is not fully known has been stud-
ied in [Conitzer and Sandholm, 2002b].

In this paper we focus on the last of these issues, which
raises the question of the application of a voting procedure
when the voters’ preferences are incomplete. Let X =
{1, ...,z } beafinite set of candidatesand I = {1,...,n}
be a finite set of voters ; a collective preference profile is a
collection of partial preference relations R = (R, ..., Ry,)
on X (formal details follow in Section 3). Winner determi-
nation under incomplete preference consists in applying (in
some sense that we make precise later on) a voting procedure
over such a collective preference profile. This is particularly
relevant in the following situations:

e some voters have expressed their preference profile and
some others have not yet done it; in that case, the col-
lective preference profile is a collection consisting of n;
complete preference relations and n — n; empty prefer-
ence relations.

e all voters have expressed their preferences on a given
subset of candidates, and now new candidates are in-
troduced, about which the voters’ preferences are un-
known.

e voters are allowed to express their preferences in an in-
cremental way: they left some comparisons between
candidates unspecified, because either they don’t know
or they don 't want to compare some candidates (we com-
ment further on the various possible interpretations of
incomplete preferences).

e preferences have been only partially elicited and/or are
expressed in a language for compact preference repre-
sentation such as CP-nets [Boutilier ef al., 2004] which
induce partial preference relations in the general case.

In all these cases it may be worth having an idea of the
possible outcomes of the vote without waiting for the pref-
erences to be complete (which sometimes will never happen,
as in “refuse to compare” case mentioned above). In some
cases we may conclude that the preferences known so far,
although incomplete, are informative enough so that the out-
come of the vote can be determined; if this is not the case,



we may compute a set of candidates that may win the vote
after the preferences have become complete, thus giving the
voters an opportunity to focus on these candidates and for-
get about the others. Lastly, similarly as in [Conitzer and
Sandholm, 2002b], we may determine from these incomplete
preferences which preferences should be elicited from whom
s0 as to be able to compute the winner.

In Section 2 we give some basic background on voting pro-
cedures. In Section 3, after briefly discussing three different
ways of applying voting procedures (tailored for complete
preferences) to incomplete preferences, we will focus on one
of these ways, that we think is more suited to the case where
incompleteness corresponds to an incomplete knowledge of
the voters’ preferences; we will then introduce the natural no-
tions of necessary and possible winners for a given partial
preference profile and a voting procedure. In Section 4 we
show that in the case of positional scoring procedures, pos-
sible and necessary winners can be computed in polynomial
time by a very simple algorithm. In Section 5 we investigate
the notion of possible and necessary Condorcet winners and
show that they can be computed as well in polynomial time.
Section 6 considers related issues such as vote manipulation
and elicitation.

2 Background

2.1 Preference relations

We start by giving some terminology and notations about
preference relations and voting procedures.

An order R on X is areflexive, transitive and antisymmet-
ric relation on X (recall that R is antisymmetric if and only if
forallz,y € X, R(z,y) and R(y, ) implies z = y.) R(x,y)
is also denoted by x > y. > g denotes the strict relation in-
duced from R, defined by x =g 2’ if and only if z =g '
and not (2’ =g x)'. An order R is linear (or complete) if and
only if R(x,2’) or R(2/,z) holds for all z, 2’ € X. Let R,
R’ be two orders on X. R’ extends R if and only if R C R/,
that is, R(z,z’) implies R'(z,2’) for all z,2’ € X. Let R
be an order. A linear order 1" is an complete extension of R
if and only if T extends R. Ext(R) denotes the set of all
complete extensions of R.

2.2 Voting procedures

Let X = {z1,...,2,} be a finite set of candidates and
I ={1,...,n} afinite set of voters. A complete preference
profile is a collection 7 = (T7y,...,T,) of linear orders on
X (where T represents the preferences of voter ¢). A voting
procedure F' maps every complete preference profile 7 to a
nonempty subset of X: F(7) denotes the set of winners of
T wurt. F. Note, importantly, that the outcome F'(7) of a
voting procedure is always nonempty, i.e., the outcome of the
procedure is defined for all preference profiles.

Examples of voting procedures are considered in Sections
4 and 5. Among the many voting procedures that exist in
the literature (for an extensive presentation see for instance

'Or equivalently, since R is antisymmetric: = «” if and only
ifr =g 2’ and 2’ # x).

[Brams and Fishburn, 2003]), some require preference pro-
files to be linear orders and some allow more generally prefer-
ences to be weak orders (where antisymmetry is not required,
which implies that a voter can express an indifference be-
tween two candidates). However, for the sake of simplicity,
in this paper we assume that all preference relations consid-
ered are antisymmetric. This is not a real loss of generality,
as most of our definitions and results would extend to the case
where indifference is allowed (see Section 7).

Even if some voting procedures work on linear orders and
some on weak orders, a common point of all procedures is
that they apply to complete preference relations: in other
words, they are not tailored for dealing with incomparabil-
ity. In Section 1 we argued towards taking possible incom-
parabilities into account. The question now is how F' should
be extended when we have only a partial knowledge of the
preferences of the voters — in other terms, how should F' be
defined when the input is a collection of orders rather than a
collection of linear orders. This issue is investigated in the
next section.

3 Voting procedures with incomplete
preferences: definitions

3.1 Extending voting procedures to incomplete
preferences

A voting problem under incomplete preferences is composed
of a finite set of candidates X = {x1,..., 2z}, a finite set
of voters I = {1,...,n}, and for each 4, an order R; on
X denoting the individual preference profile of voter i. The
collection of orders R = (Ry,..., Ry) will be called a (col-
lective) preference profile. R is said to be complete if and
only if R; is complete for each 0 < 7 < n. In the rest of the
paper, R; is often denoted as =g, or as »=;: thus, we write
indifferently R;(z,y), * =g, y, Or & =; y.

The notion of complete extension is generalized from indi-
vidual to collective preference profiles in a natural way:

Ext(R) = Ext(Ry) X ... X Ext(R,)

There are at least two interpretations for incomplete pref-
erences: intrinsic incompleteness, where the voter refuses
to compare some alternatives, or epistemic incompleteness,
where the voter has a complete preference but it is only par-
tially known at the time the voting procedure has to be ap-
plied. These different interpretations lead to different ways
of extending voting procedures to partial preferences, as dis-
cussed further. Here are three possible ways that can be fol-
lowed, where F' is a given voting procedure defined for com-
plete preference relations: (1) apply F' to all complete exten-
sions of the preference relations and gather the results; (2)
select a subset of those complete extensions (ideally a sin-
gleton) using some completion process, apply F' to these and
gather the results; 2. (3) rewrite directly the definition of F
so that it applies more generally to partial preference rela-
tions (obviously, this extension of /' must coincide with F' on
complete preference profiles).

This completion process may consist in letting candidates grav-
itate towards preference such as in [Boutilier, 1994] or towards in-
difference such as in [Tan and Pearl, 1994].



In the rest of the paper we explore only the first of these
three ways, which looks the most natural of all three ways;
furthermore it seems to be more suited to epistemic incom-
pleteness of preference (see Section 6).

3.2 Possible and necessary winners

For applying a voting procedure to all complete extensions of
a partial preference profile we define upper and lower bounds
for winners.

Definition 1 Ler F' be a voting procedure on X and R a (
possibly incomplete) preference profile.

e z € X is anecessary winner for R (w.r.t. F) if and only
ifforall T € Ext(R) we have x € F(T).

e x € X is a possible winner for R (w.r.t. F') if and only
if there exists a T € Ext(R) such that x € F(T).

A necessary winner for R is thus a candidate which wins
in all complete extensions of R and a possible winner wins in
at least one complete extension of R. Hence, necessary win-
ners constitute an upper bound and possible winners a lower
bound for winners of a partial preference profile. We denote
by NWg(X) (respectively PWg(X)) the set of necessary
(respectively possible) winners for R w.r.t. F'. Clearly, the
following properties hold, for any voting procedure F:

o forall R, NWgr(R) C PWr(R);

e forall R, R' suchthat R C R/, PWr(R') C PWr(R)
and NWgr(R') C NWg(R).

Note also that NWgr(X) can be empty, but not PWg(X).
Whenever R is a complete preference profile, possible and
necessary winners coincide.

The rest of these notes try to evaluate the difficulty of ap-
plying some well-known voting procedures to partial prefer-
ence relations, by assessing the computational complexity of
the problems and by giving explicit algorithms for computing
possible and necessary winners.

Since there are, in the general case, exponentially many
extensions of a partial preference profile, nothing guarantees
that computing possible and necessary winners can be done
in polynomial time, even if the voting procedure F' is polyno-
mially computable. All we can say is that, provided that F' is
polynomially computable:

e Determining whether x € PWg(R) is in NP.
e Determining whether x € NWg(R) is in CONP.

The question is now: are there any voting procedures such
that necessary and possible winners can still be determined in
polynomial time? We answer this question positively in the
next two Sections.

4 Positional scoring procedures

A positional scoring procedure is defined from a scoring vec-
tor , that is, a vector § = (s1,..., Sp,) of integers such that
§1> 82 > ...> spand $1 > Sy Let T = (Th,...,Ty)
be a complete preference profile. For every x € X and every
i€l letr(T;,z) = #{y | y >, } + 1 be the rank of x in
the complete order T;; then

S(% T) = Z?:l Sr(T;,x)

Lastly, the positional scoring rule Fz associated with
a scoring vector § is defined by its set Fz(7) =
{z | S(x,T) is maximal }, that is, the set of winning can-
didates for 7 with respect to Fj is the set of candidates in X
maximizing S(., 7).

Here are well-known examples of positional scoring pro-
cedures:

e the Borda procedure is the defined from the scoring vec-
torsy =m—kforallk=1,...,m;

e the plurality procedure is defined from the scoring vector
sy =1,and s, =0forall £ > 1.

The question now is, how hard is it to determine whether
x is a necessary or a possible winner for R w.r.t. a scoring
procedure F'?

For this, let us define the minimal (resp. maximal) rank of a
candidate x for a (partial) order R as the lowest? (resp. high-
est) possible rank of x obtained when considering all com-
plete extensions of R, that is,

ranky™ (x) = minpe ga gy (T, )
rankF" (z) = maxpe per(r) (T )

where (T, x) is the rank of z in the complete order T, which
is a complete extension of R.

These bounds are actually much easier to compute than
what their definition suggests. For some voter, the minimal
rank of x is determined by the number of candidates which
are higher ranked in the order and the maximal rank of x is
determined by the number of lower ranked candidates.

Proposition 1 Let R be a (partial) strict order. Then,

ranky™(z) = #{y |y >r 2} + 1 and
ranky®*(x) =m —#{y |z >r y}

Proof: rank" (x): Let R] be the following extension of R:
(1) Rl = RU{(z,2) | 2 # a,not (2 >r 2)}

That is, all candidates which are not initially strictly preferred
to = are now less preferred: for all z # z, x > z holds in R;
as soon as (z >p x)} does not hold, that is, as soon as it
is possible to enforce x > z. Note also that it can be easily
checked that R] is transitive. Next, we show that R] has at
least one complete extension. For this, let {z;);cr, be an enu-
meration of {z | z # x,not(z > x)} such that i < j if
z; >gr z; holds for all ¢, j € L. Analogously, let (y;);ck be
an enumeration of {y | y >g «} such thati < jif y; >r y;
holds for all 4,5 € K. Then, let (r;);c; be an enumeration
of X such that <Ti>ie] = <<yi>ieK7 x, <Zi>ieL> Then, R/, de-
fined as r; > g/ r; iff ¢ < j, is an complete extension of Rl.

For all complete extensions of R] we have that x has
the rank #{y | ¥y >r x} + 1 since all other candidates
are ranked lower than x. For all complete extensions 7'
which do not satisfy (T) we have that x has at least the rank
#{y | y >r x} + 2 since there is at least one other candidate
who is additionally higher ranked than x. Hence, we have
ranky™(z) = #{y |y >r x} + 1.

3Recall that the lower its rank, the more preferred a candidate.



rank®®(z): Proof is similar by taking (]) R. =
RU{(z,x) | z# x,not (x >g 2)} |

Next, necessary and possible winners can be computed by
consider the best and the worst case for values of scoring
functions.

Proposition 2 Let R be a preference profile, where each R;
is a (partial) order, Fs be a positional voting procedure, and

SE @) = S Sraneeto
S%am(x) = Z?:l Srankg;"(z)

Then,

(1) x is a necessary winner for R w.r..
S (x) > SE*(y) holds for all y # x;
(2) x is a possible winner for R w.rt.
Sat(z) > Sp(y) holds for all y # ;

Fs if and only if

Fs if and only if

Proof: 1,<: Suppose that z is not a necessary winner for R
w.r.t. F. Then there exists an extension 7 of R and ay # x
such that S(y,7) > S(z,7), thus SF**(y) > S(y,T) >
S(z,T) > SE"(z), which contradicts the assumption that
Smin () > Sma(y) holds for all y # .

1, =: Let = be a necessary winner. Then, there don’t ex-
istsan 7 € Ext(R) and there don’t exists an y # x such
that S(z,7) < S(y,T). Since S (x) < S(x,7) and
S (y) > S(y, T) we have that there don’t exists an y # «
such that S (z) < SH(y).

2: analogously to 1. [ ]
Smin(x) considers the worst case and S77%%(x) the best case
for a scoring value for . Hence, x is a necessary winner
whenever the worst value is higher than the best value and x
is a possible winner whenever the best value is higher than the
worst value for x. Furthermore, we get the following result:

Corollary 1 Possible and necessary winners for positional
scoring procedures can be computed in polynomial time.

For each partial order R; and each candidate x, we just have
to compute the number of candidates dominated by x and
dominating z in R;, which lead to the exact bound O(n*m?).

Example 1 Let us consider the following example where we
have candidates X = {x1,x2, 3,24} and p + q voters. The
first group of p voters have the preferences R; = {x1 > xo >
Xg,m1 > X3 > T4}, for 0 < i < p and the other q voters
have the preferences R; = {xs > xo > x1}, forp+1<i <
p+q. For the second group of voters, nothing is known about
the position of x4 with respect to other candidates (it is fully
incomparable to them all). For the Borda procedure, we get

S%zn S}/gaz
xp  3p 3p+q
T2 p+q 2(p+q)
T3 p+2q 2p+3q
T4 0 3q

Hence, there are no necessary winners. Candidate x1 is a
possible winner whenever 2p > q, x5 is possible if 2q > p,
x3 is possible if 3q > p, and x4 is a possible winner if ¢ > p.

For the plurality voting procedure we get

S}/gm S}/gaz
T p p
X9 O O
zz 0 q
T4 0 q

Hence, we get: If p > q then x; is the only possible winner
and necessary winner. If p = q then x1, x3 and x4 are pos-
sible winners and x is a necessary winner. If p < q then x3
and x4 are possible winners and there is no necessary winner.

5 Condorcet winners

Recall that a candidate x is a Condorcet winner for a com-
plete profile 7 = (=1,...,>,) if and only if for all y # x,
#{i|z =iyt > 24

Analogously to positional scoring procedures, we define
upper and lower bounds for sets of Condorcet winners in case
of partial preference profiles.

Definition 2 Let R be an (incomplete) preference profile.
Then,

e 1 € X is a necessary Condorcet winner for R if and
onlyifforall T € Ext(R), x is a Condorcet winner for
7.

e x € X is a possible Condorcet winner for R if and only
if there exists a T € Ext(R) such that x is a Condorcet
winner for T.

Again, let us first focus on the worst and the best cases, this
time by defining, for a pair of candidates (z, y), the number
of voters for which x is preferred to y in the worst and in the
best cases when considering all complete extensions of 7. If
7 is a collection of linear orders, let us first define

Nz (z,y) = #{i |z >y} —#{i |y >i =}
Then
N (z,y) = minge gayr) N7 (2,9)
NR*(x,y) = maxrepa(r) N7 (2, )
NPz y) (resp. N (x,y)) corresponds to the the

worst (resp. best) case for x among extensions of R. Again,
these bounds can be computed in polynomial time as follows:

Proposition 3 Let R be a (partial) preference profile and
x,y two distinct candidates from X. We define

N = { F1 o)
o= 1 (it
Then
I Ng(a,y) = 3505 NE™(z,y) and Nget(z,y) =
> NE™ (@, y);
*Or equivalently, #{i | z =; y} > #{i |y =i =}. In the
more general case when indifferences are allowed, this equivalence

no longer holds and the latter expression is chosen as the usual defi-
nition of a Condorcet winner.

and



2. w is a necessary Condorcet winner for R if and only if
Vy # z, Ng""(z,y) > 0.

3. x is a possible Condorcet winner for R if and only if
Yy # x, Ng**(x,y) > 0.

Proof: 1: Let us first show that Y 1" | Np“*(z,y) =
mingegei(r) N7(2,9). We have

S Npin(z,y) = #{i | x>y}
—#{i | not(z >; y)}

Let T = (Th,...,T,) € Exzt(R). We have Nr(z,y) =
#{i |z >n yt —#{i |y >, z}. Now, z >; y implies
x >, y, therefore (a) #{i | x >1, y} > #{i| = >; y} Next,
y >, « implies not(x >; y), therefore (b) #{i |y >1, z} <
#{i | not(z >, y)}. (a) and (b) give (¢) #{i |z >1, y} —
Wiy >r o)} > #{i |2 >y} — #{i | not(e >, 9)},
which is equivalent to N7 (z,y) > #{i | = >; y} — #{i
not(x >, y)}. Since this holds for all 7 € Exzt(R), we get
mingcpe(r) N7(2,9) > D0 NE™ (2, 9).

To show the inequality on the reverse direction, we
consider, as in the proof of Proposition 1, the worst-
case (for x) complete extension of R;: for each i, let
(R)Y = R, U{(z,z) | 2 # z,not (x >; 2)}
Let RE = ((R1)},...,(Rn)k). We have Ny (x,y) =

#{ilx Z(R)L yt—#{ily Z(R)L z)}
= #{Z | € >(Ri)i y} - #{Z | l‘lOt(:l? Z(Rl)i y)}
= #{Z | € >Ri y} - #{Z | nOt(I >R, y)}
= Y NE (@)

Therefore, ming ¢ poyr) N7(2,y) < Y1y NE"(,y).

The proof for NZ** (z,y) = Y1y Ng'**(z, y) is similar.

2, <: Assume that x is not a necessary winner. Then, there
exists an 7 € Ext(R) and an y # x such that #{i | = >,
y} < #{i |y >, «}. Hence, Ny (x,y) < 0. That implies
that minre gee(r) N7 (2, y) < 0 and thus, NZ“"(z,y) < 0
which is a contradiction to the assumption that N2 (z, y) >
0 holds. Hence, z is a necessary Condorcet winner.

2, =: Let = be a necessary Condorcet winner. Assume
that there exists an y # x such that N3 (z,y) < 0 holds
for some xz. That is, we have #{i | = >; y} < #{i |
not(x >; y)}. Hence, there exists an 7 € FExt(R) such
that Nz (z,y) < 0. Hence, z is no Condorcet winner, which
is a contradiction to the assumption.

3: similar to the proof for necessary winners. [ ]

If z is strictly preferred to y, then NZ"(z,y) and
N7 (x,y) assign the value 1 as in the case for complete
preferences. Furthermore, if candidates x and y are incom-

parable, the function Np'“*(z,y) assigns the value 1 and

NE(x,y) the value —1. This follows the intuition that
NZ* covers the “best” case and N%i" the “worst” case for
candidates  and y. Hence, if N2 (x,y) > 0 forall y # z,
then in the worst case, strictly more voters prefer x strictly
over y than y over z. In this case, x is a necessary Con-
dorcet winner. Whenever NZ*%(x,y) > 0, there exists a
complete extension 7 of R such that x is a Condorcet winner
and hence, z is a possible Condorcet winner.

Example 2 Let us reconsider Example 1.

We get that 1 is a necessary Condorcet winner if p > q.
The other candidates become never a necessary Condorcet
winner. Furthermore, x1 is a possible Condorcet winner if
p > qand x3 and x4 are possible Condorcet winners if ¢ > p.
Candidate x+ is not a possible Condorcet winner.

As stated in Section 4, we can compute necessary and pos-
sible Condorcet winners in polynomial time.

Corollary 2 Possible and necessary Condorcet winners can
be computed in polynomial time.

One may wonder whether this way of determining possible
and necessary winners just by computing lower and upper
bounds of scores, which works for scoring procedures and
Condorcet winners, extends to Condorcet-consistent voting
procedures such as the Simpson or the Copeland procedures
[Brams and Fishburn, 2003]. Unfortunately, this is not so
simple, as the method consisting in computing lower and up-
per bounds does not suffice’. Computing possible and nec-
essary winners for such procedures might be NP-hard and
CONP-hard. This issue is left for further research.

6 Related issues

We now investigate the links between possible and necessary
winners and some issues such as vote elicitation and manipu-
lation.

6.1 Manipulation

The Gibbard-Satterthwaite theorem states that any vote pro-
cedure can be manipulated, or in other terms, that vot-
ers sometimes have an interest to report unsincere prefer-
ences. Manipulation was recently revisited from the com-
putational point of view [Conitzer and Sandholm, 2002a;
Conitzer et al., 2003; Conitzer and Sandholm, 2003]: given
(a) a coalition of voters J C I; (b) a candidate x € X and
(c) the individual profiles R\ ; = (R;) e\ of the voters in
I\ J:

e A constructive manipulation for x by J given R\ ;
(with respect to a given vote procedure F') is a way for
the voters in J to cast their votes such that x is guar-
anteed to win the election, that is, a set of individual
profiles R ; such that F((R 1, Ry)) = {}.

o A destructive manipulation for x by J given R\ y (with
respect to a given vote procedure F') is a way for the
voters in .J to cast their votes such that x is guaranteed
not to win the election, that is, a set of individual profiles
Ry suchthat z & F((R 1, Ry)).

3Consider for instance the Simpson (or maximin) procedure, con-
sisting of choosing the candidates maximizing the Simpson score
St(x) = minyx, N7 (z,y). Then, given a partial preference
profile R, we may compute in polynomial time a lower bound
SR (x) = mingepzy(r) ST () and an upper bound SE““(z) =
maxre pet(r) ST (). However, even if, for instance, S%*" (z) >
S (y) for all y implies that z is a necessary winner, the converse
implication is not guaranteed to hold, because it may be the case that
no extension of R simultaneously gives a minimal score to x and a
maximal score to y.



We then have the following easy results (the proof of which
are omitted). Let Ry = {(z,x) | z € X }.

Proposition 4 Let F' be a voting procedure, J C I be a
coalition of voters, v € X and Rp\; = (Rj)jer\j. We let
R* = (R})icr where Rf = R; ifi € I\ Jand R} = Ry if
1€ J.
1. there is a constructive manipulation for x by J given
Rp\g ifand only if PWp(R*) = {x};

2. there is a destructive manipulation for x by J given
Rip\g ifand only if v ¢ NWp(R*).

Thus, deciding whether there is a constructive or a destruc-
tive manipulation for a given candidate is a subproblem of
voting with partial preference relations. As an obvious corol-
lary, whenever computing necessary and possible winners
is polynomial, then deciding whether there is a (construc-
tive/destructive) manipulation is polynomial as well® .

6.2 Elicitation

Given a set of individual profiles R ; = (R;) ;e s correspond-
ing to a subset of voters J C I who have already expressed
their votes. Vote elicitation [Conitzer and Sandholm, 2002b]
consists in determining, whether (a) the outcome of the vote
can be determined without needing any further information
and (b) which information must be asked to which voter. We
generalize these notions to the more general situation where
the initial knowledge about the votes is any partial preference
profile: given a partial preference profile R, the elicitation
task is over iff it is useless to learn more about the voter’s
preferences, that is, the outcome of the vote will be the same
in any complete extension of R: for any 7,7’ € Ext(R),
F(T) = F(T'). This condition is easily shown to be equiva-
lent to the fact that possible and necessary winners coincide:

Proposition 5 Given a voting procedure F and a partial
preference profile R, the elicitation process is over if and only
if PWp(R) = NWg(R).

7 Conclusion

In this paper we made first steps towards computing the out-
come of voting procedures when the voters’ preferences are
incomplete, and we pointed connections to vote manipulation
and elicitation.

For the sake of simplicity, we required the voters’ pref-
erences to be antisymmetric. However, definitions of possi-
ble and necessary winners carry on to the more general case
where voters’ incomplete preferences are weak orders (allow-
ing for indifferences), provided that the voting procedure F'
allows for indifferences as well. Especially, possible and nec-
essary Condorcet winners can still be defined, and computed
in polynomial time.

Further work obviously includes the investigation of other
voting rules, as briefly evoked at the end of Section 5. An-
other interesting issue would consist in defining a middle
way between possible and necessary winners, by counting
the number of extensions in which a candidate is a winner.

%Note that the NP-hardness results of [Conitzer and Sandholm,
2002a] do not apply here, since they apply to weighted votes.

This probabilistic criterion will probably be much harder to
compute than the extremely optimistic and pessimistic crite-
ria underlying the notions of possible and necessary winners.

Incompleteness here refers only to preferences. Another
place where incompleteness may be relevant is in the voting
procedure itself: this is the way followed by [Conitzer and
Sandholm, 2003], who introduce some uncertainty in the way
the voting procedure will be applied so as to make manipu-
lation more difficult. Although both issues are significantly
different, it is worth considering whether studying both in a
unifying framework would be relevant.
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