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Abstract

Multiperson decision making problems in-
volve using the preferences of some experts
about a set of alternatives in order to find the
best of those alternatives. However, some-
times experts cannot give all the information
that they are required. Particularly, when
dealing with fuzzy preference relations they
can avoid giving some of the preference values
of the relation. In previous works we devel-
oped a procedure able to estimate the missing
values in the experts’ fuzzy preference rela-
tions and we gave some basic approaches that
would allow to solve tolal ignorance situa-
tions, that is, situations where an expert does
not provide any information on at least one
alternative (which could not be completed by
the only application of the procedure). How-
ever, those approaches did not take into ac-
count any available external information in
the problem. In this paper, we present some
more advanced strategics which take advan-
tage of other possible available sources of in-
formation as proximity among alternatives,
proximily among the different, experts in the
problem and consensus information.

Keywords: Ignorance, [ncomplete Informa-
tion, Consensus. Multiperson Decision Malk-
ing, Fuzzy Preference Relations.

1 Introduction

Multiperson decision-making  (MPDM)  consists ol
multiple individuals (usually experts) 2 = {er...tm

which interact to reach a decision, that is. to choose
the best alternative(s) from a feasible set of solution
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alternatives X = {1, In}, (nz2) for the problem
to be solved. Each expert may have unique motiva-
tions ot goals and may approach the decision process
from a different angle, but have a common interest
in reaching eventual agreement on selecting the final
solution(s) to the problem [5, 15]. Fuzzy preference re-
lations are a preference representation format that has
been widely used to express expert. preferences over the
set, of possible solutions [3,6, 7, 10, 18, 19].

It is a tather common situation in multiperson de-
cision making when experts are not completely able
{o provide all the information that they are required
[4, 12, 13, 14, 20]. For example, an expert might not
possess a precise or sufficient level of knowledge of part
of the problem or might be unable to discriminate the
degree to which some options are better than others.
In such cases, an expert. would not be able to efficiently
express any Kind of preference degree. between two OT
more of the available options, an therefore the fuzzy
preference relation provided is incomplete 4, 20]. As
usual decision models are not prepared to handle in-
complete information situations (they usually require
complete tuzzy preference relations as inputs) it is im-
portant to provide the experts with appropriate tools
that allow them to overcome this lack of knowledge in
their opinions.

Two dilferent kinds of incomplete information in a
MPDM problem can be identified:

e Purtial incomplele information. ln this case at
least one expert does not provide all possible pref-
erence degrees over the set of alternatives. but
provides information on his/her preferences in
which every alternative is at least compared once
against oue of the rest of alternatives.

o Total incomplete information. In this case at least
one expert. does not provide all possible prefer-
ence degrees over the set of alternatives, and pro-
vides information on his/her preferences in which
at least one alternative 15 not compared azainst
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any one of the rest of alternatives. We call this
an ignorance sifuaiion.

The resolution of MPDM problems that present partial
incomplete information has received some attention in
the literature [I, 4, 9, 20]. However, the resolution
of total incomplete information situations has yel re-
ceived small attention. In [2] we pointed out four basic
approaches to solve this kind of incomplete informa-
tion situations. Nevertheless, those approaches were
ad-hoe and consistency based strategies and thus, they
did not make use of any external information that can
be present in the problem.

In this paper we introduce some additional strategies
that allow to solve total incomplete information situa-
tions in multiperson decision making which make use
of information from different sources as information
about the proximity of the alternatives, information
about. the proximity of the experts and consensus in-
formation in order to improve the results of the ex-
istent strategics. The use of these external sources of
information can lead to the obtention of better quality
solutions than the previously mentioned ad-hoc and
consistency based strategies.

To do so, the rest of the paper is set out as follows:
In section 2 we present our preliminaries. Section 3
presents three new strategies to solve the ignorance
problem in MPDM which make use of one external in-
formation source (proximily of the alternatives, prox-
imity of the experts or consensus among experts). In
section 4 we present an hybrid approach that is able
to selve the ignorance problem using two or three of
the possible external sources of information. Finally
in section 5 we point oul some conclusions and future
works.

2 Preliminaries

Fuzzy preference relations are commonly used Lo rep-
resent decision makers’ preferences over the set of pos-
sible alternative solutions X = {x1,.., %}, (n = 2)
[3, 6,7, 10, 11, 16, 18, 19].

Definition 1. A Fuzzy Preference Relation (FPR) P
on a set of alternatives X is a fuzzy set on the product
set. X x X, Le., it is characterized by a membership
function pp: X x X — [0,1].

When cardinality of X issmall, the preference relation
niay be conveniently represented by the n < n matrix
P = {pu). being pip = pplei, o) (Y k€ {1.....n})
interpreted ag the preference degree or intensity of the
alternative o, over o pi = 1/2 indicates indilference
between ., and e (r; ~ i), pae = 1 indicates that r,
is absolutely preferred to vy, and pie = 1/2 indieates

that r, is preferred to xy (r; = 74). Based on thig
interpretation we have that p;; = 1/2 Vi€ {L....,n}
(z ~ x3)-

Since each expert is characterized by his/her own per-
sonal background and experience of the problem to
be solved, experts™ opinions may differ substantially
(there are plenty of educational and cultural factors
that influence an expert's preferences). This diversity
of experts could lead to situations where some of them
would not be able to efficiently express any kind of
preference degree between two or more of the avail-
able options. Indeed. this mav be due to an expert
nol possessing a precise or sufficient level of knowl-
edge of part of the problem. or because that expert is
unable to discriminate the degree to which some op-
tions are better than others. We must note that an
experl which is not able to provide a particular prefer-
ence value pi: does not necessarily imply that he/she
is indifferent between both r; and ry alternatives, that
is, we cannot directly suppose that py, = 0.5,

2.1 Incomplete Fuzzy Preference Relations

Usnally, we assume that experts are always able to pro-
vide all the preferences required, that is, to provide all
pir values. However, this may not always be the case,
and experts end providing incomplete fuzzy preference
relations [1, 20]. In the following definitions we express
the concept of an incomplete fuzzy preference relation:

Definition 2. A function f: X — ¥ is partial when
not every clement in the set X necessarily maps onto
an element in the set Y. \When every element from
the set. X maps onto one element of the set ¥ then we
have a totel function.

Definition 3. [1] An Incomplete Fuzzy Preference Re-
lation P on aset of alternatives X is a fuzzy set on the
product set X x X that is characterized by a partial
membership function.

When a particular preference value p;; is not given by
an expert we will note py. — & and we will call it a
missing value.

From a particular incomplete fuzzy preference relation
P we define the following sets [1]:

A={(E7) | L5 € Qeeont Ai £ j}
MR =Jlgled [pl =l
Evh = ant
EVE =t ) | () € BV" A (@ = v b =)}

where M1 35 the set of pairs of alternatives for which
the preference degree of the first alternative over the
second one 1= not wiven by expert oo that s the set
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An igno
as follows:

finition 4. Let E = {€1,.em} be a group of
experts which have expressed their preferences on a
q;t of alternatives X = [a1,..., In} by means of a set.
;f incomplete fuzzy prelerence relations {P', ... P™}
e define an jgnorance situation in MPDM when at
Jeast one of the experts e € [ does not provide any
prefcrence value involving a particular alternative r; €
X, being T the unknown or ignored alternative for ep,
S, ik | BVE =0

e must note that in [1, 9] we presented an estimation
procedure able to estimate all missing values in an
incormplete F PR except in ignorance situations, where
the values that involve the ignored alternative could
not. be astimated. Thus. in the following we suppose
that all the missing values in the FPR are the ones
involving the unknown alternative (if not, we could
use Lhe procedure to estimate them).

:e Relaiions

vays able to pro-
i5, Lo provide all
ays be the case,
fuzzy preference
tions we express
ference relation:

3 Criteria Guided Strategies to Solve
! Ignorance Situations

is parfial when
wrily maps onto
v element from
:set Y then we

In this section we present three different strategies to
solve ignorance situations in MPDM which are based
on the exploitation of external to the experts informa-
tion. We will also provide some examples of applica-
tion of every strategy. The first strategy is based on
the proximity of the alternatives, and the second and
third ones arve based on social properiies that can be
obtained from the problem (proximity of the experts
and the available consensus information).

Preference Re-
uzzy set on the
*d by 2 partial

18 not. given by

> will eall it : ;
call it a 3.1 Strategy 1: Estimate Ignored
Information Considering the Proximity

rrence relation of the Alternatives

Iu some decision problems there exists information
which relates the different alternalives among them.

7 it
For example, for a particular problem, some of the
} alternatives could be similar. If this is the case, the
preference values from an unknown alternative may
be computed as some small random changes from the
ivh =i} values provided for the similar alternative:

ves [or which
tive over the
al ik, the set

Estimnation Procedure 1210 an incomplete fuzzy pref-
erence relation P has an unknown alternative @, and
we know that alternative ry is similar to alternative .r;

gica Fuzzy
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(that is, they share several characteristics), this strat-
egy will compute every missing value as:

ply, = rand( Pt — 8Pl +6)
ph, = rand(py; — 8, plt; + )
Yk e {1, .onhk #1177
pg;rmmmﬁ—ans4&
pj*a — rand(0.5 —&,0.5 + &)

where & is a small factor (for example 0.1) that de-
termines the magnitude on the change from the pref-
erence values of the similar alternative. This factor
must be chosen prior to the beginning of the decision
process (for example, the moderator can set this factor
when defining the alternatives in the prablem].

We must note that this kind of information {about
the proximity of the alternatives) might not be present
for every MPDM problem. Additionally, this kind of
information cannot be obtained from the preferences
provided by the rest of experts involved in the decision
process. That is, il many experts choose very similar
preference values for alternatives r; and I, thev can-
not be considered as if they were similar options. be-
cause it would just mean that both options are more
or less equally preferred, and thus, this strategy could
not be applied on the unknown alternative.

oxample 1: We have to solve a MPDM problem
to find Lhe best of 4 different alternatives: X =
{x1, ro. ko, L), An expert € gives the following in-
complete fuzzy preference relation :

= 0.7 r 068
pt— 0.4 - i 07

& s - r

0.6 0.75 T -

If we know that alternative rg is similar to To and we
assume that § = 0.1 we can estimate the unknown val-
ues following the estimation procedure 1. For example:
pia = rand{piz — 0.1,p12 +0.1) = rand(0.6.0.8). A
possible result of the application of the procedure is:

— 07 076 068
m. | o8 - 092 0.7

041 049 - 063

06 075 071 -

Strategy 2: Estimate Ignored
Information Cousidering the Proximity
of the Experts

3.2

This approach studies the similarities belween experts
to find which experts are similar to the expert which
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has not provided preference values for an unknown al-
ternative. The preference values aboul the unknown
alternative provided by the most similar experts are
then used to estimate the ignored values:

Estimalion Procedure 2: 1f an incomplete fuzzy prefer-
ence relation P* given by an expert ez has an unknown
alternative o, we apply the following scheme:

1. For every expert e, € E, ¢y / €n {
2. Compute dy = dist{e,,en)

30}

4. NE ={e, | du <7}

5 f#NE <2

6. INE = Lhe 2 nearer cxperts

T}
h o _ veNE

k=9 JuENE 6

o
Pir Py @ P

[¥e]

where dist{e,,e;) computes a distance funciion be-
tween the two experts e, and ep, 7 s a distance thresh-
old to use the preferences from experts which are near
to ep and ¢V is an aggregation operator that is used
to aggregate different expert preference values. For
simplicity reasons we propose the arithmetic mean as
aggregation operator. Note that we do not provide a
particular distance function as there are plenty that
can be suitable to a particular problem.

Example 2: Lets suppose that expert e, provides the
incomplete preference relation of the previous example
(P"). Additionally, experts ¢z, e3 and ey give the fol-
lowing preference relations:

values given by each expert:
dy = distles.cr) =013 1 dy= dist{es,e1) =03
f!l_l - f)ri‘--?:'f((".;;, E]) =0.16

If we set the 3y = 0.15, then NE = {es,e4} and we
compute the ignored preference values as the arith-
metic mean between the preference values of experts

e and ey:
- 0.7 045 068
p 04 = 067 0.7
0.55 035 — 0.65
0.6 0.75  0.35 -

3.3 Strategy 3: Estimate Ignored
Information Considering the Consensus
Among Experts

If the resolution process for the MPDM problem in-
volves obtaining a global opinion of consensus (con-
sensus preference relation) |8, 16,17, 19] (by means of
an aggregation function over the different preference
relations, for example) and it can be applied even if
there exist missing values (aggregaling only the given
preference values. for example), its preference values
about the unknown alternative can be used to com-
plete the ignored preference values:

Estirnation Procedure 3: 1f an incomplete fuzzy pref-
erence relation P has an unknown alternative r;, and
we have a global preference relation P° which repre-
sents the current global opinion (solution of consensus)
of all the experts on the problem, we can complete ev-
ery missing value as:

pho= b ph = pf Vhe {l.nb k£ L

Example 3: Lets suppose that expert e; provides
the incomplete preference relation of the previous ex-
amples (P'). Additionally, we know that the global
(consensued) preference relation P© is as follows:

- 06 04 0.7
0.4 - 07 04
-
heom 0.6 035 - 0.6
03 07 04
= 0.3 0.6 0.25
07 et 0.55 0.5
%1 s P
o) 0.4 045 - 0.7
08 05 0.3 -
- (LG 0.5 0.y
0.4 - 066 0.75
1
P 0.h 035 = 0.y
03 025 0.3

We compute a distance between the experts, for ex-
ample. as a mean of the error between the preference

298

043 057 042

. 05 — 061 055

Talae B o 8
6T 05 033 —

Then we can complete P! taking the

ence values from 4

unknown prefer-

- 07 0567  D.Gw
pt (1} = 0.61 (LT
038 05 0.44

06 07 0.33
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4 Hybrid Strategy

The prescnted strategics solve the ignorance problem
py taking into account only one external sonrce of in-
f(;rmat.i(m (promixity of the alternatives, proximity of
the experts Of CONSEnsUs among experts). However,
we think that to obtain better solutions it would be of
greal interest to be able to integrate all the available
external sources of information. For example, if for a
pﬂri,icu}ar MPDM problem there is information about
proximity of the alternatives and we can compute the

roximity of the expert with an unknown alternative
to the other experts it would be interesting to solve the
jgnorance problem taking into account hoth sources of

information.

To do so, we provide the following generic procedure
which is able to solve the ignorance problem taking
into account the three possible external sources of in-
formation. It makes use of the previously presented
gtrategies. We suppose that expert ey, has an unknown
alternative @r; in his incomplete fuzzy preference rela-
gion P

=
1. StrategiesCount =0

2. if information about prozimily of alternatives |
3. Compute (pft)! and (pf)" with stralegy 1

4 SirategiesCount + +

5. }else {

6. ('P?;\-)l i (Pﬁ,‘}l 0

i)

8 Compute (p)? and (pf;)* with sirategy 2

9. StralegiesCount + 1
10. if information about consensus {
1. Compute (pf)* and (pl)? with strateqy 3
12.  StrategiesCount -+

13. } else {
4 PR =Er=0

15}

Fa 1 42 h 4
e . bR
6. (““II}HIE' Py = Stralegies ount
wh ) e El Y
Sirategie s ournd

[7. Compute pf, =

We must note that strategy £ can alwavs be applied {it
is possible to measure the distance from ey, to the rest
of the experts and it uses at least. the information of
the two nearest experts to compute the ignored values)
whilst strategy I and strategy 3 ¢can only be applied
if the appropiate source of information is available,
and thus, the StrategiesCount variable is needed to
control the final computation of the ignored values.

Example 4: Lets suppose that expert ¢ provides
the incomplete preference relation of the previous ex-
amples (P'), that experts €2. € and eq provide the
preference relations presented in example 2, that there
is information about consensus (the P preference re-
lation of ezample 3), and additional Iy we have a picce
of information that says that ra ig similar to ra. Then
we can use all of this information to compute the ig-
nored preference values (as the arithmetic mean of the
values obtained by the application of the three strate-

gies):

p! 0.4 =5 0.6 0.7
| 045 045 x 0.57
0.6 075 046 =

5 (Conclusions and Future Works

In this paper we have presented some strategies Lo
solve ignorance situations in MPDM, that is, sltua-
tions where at least one expert involved in the reso-
lution process does not provide any information on at
least one alternative. The presented approaches dif-
fer from some previous efforts to solve this situations
because they make use of external to the experts infor
mation (the previous approaches used ad-hoc and con-
sistency based methodologies to solve the problem).
Some of the external information that is used in the
presented strategies comes from some social properties
present in the resolution process for the MPDM prob-
lem. such as the proximity of the experts {the prox-
imity of their opinions) and the available consensus
information (information about the current consensus
solution). We also provide a hybrid strategy that al-
lows to exploit all available cxternal information.

In future works we will study how to hybridize the pre-
sented strategies with consistency strategies, that is,
we will define strategies that will solve the ignorance
problem taking into account both external informa-
tion (consensus or proximity of experts) with internal
information (consistency of the experts).

Additionally, the strategies will be improved by inte-
grating them in an on-line decision process which will
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allow to incorporate user satisfaction on the ignorance
problem (the experts will be able to accept or refuse
the estimations obtained by the different strategies ac-
cording to their point of view).
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