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Problem statement

n Consider a finite set A of alternatives (actions) evaluated
by m criteria from a consistent family F = {g,,...,9,.}

n Taking into account preferences of a Decision Maker (DM),
rank all the actions of set A from the best to the worst
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Preference model

n T0 solve a multicriteria decision problem one needs a
preference model, I.e. criteria aggregation model

Traditional aggregation paradigm:

The preference model is first constructed and then applied
on set A to get information about the comprehensive
preference

Disaggregation-aggregation (ordinal regression) paradigm:

The comprehensive preference on a subset AR | A is known
a priori, and a consistent preference model is inferred from
this information to be applied on set A
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Disaggregation-aggregation (regression) approach

The preference model is
a set of additive utility functions
compatible with a non-complete set
of pairwise comparisons of some reference actions

and information about comprehensive and partial

Intensities of preference

n The additive utility function is defined on A as follows:

UKX) = 2u(x), il 1={1,.., m}
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The UTASMS method (Greco, Mousseau & Stowinski 2004)

n BRI ARX ARis the set of pairs of reference actions
compared by the DM

n The preference information is a partial preorder ¥ on a
subset of reference actions AR | A

n T — weak preference (outranking) relation

for each pair (x, y) I BR
x Fy U ,xis at least as good as y”
xFyo° [xFfyandnoty Fx] U ,xis preferred toy”
Xx~y°[xFfyandy fx] U ,xisindifferent toy”

n A utility function is called compatible if it is able to restore
all pairwise comparisons from BR (i.e. partial preorder) on AR

2nd Decision Deck Workshop, February 21-22, 2008 6




The UTASMS method (Greco, Mousseau & Stowinski 2004)

preference information

x fy |B"
zFfw All instances of

. analyst | preference model
YUV compatible

uft with preference
zfu information

. . ufz
Apply compatible instances on A

n Questions:

§ Are any two actions x, y I A ordered in the same way by all
compatible utility functions?

§ Is there at least one compatible utility function ordering x at least as
good as y (or y at least as good as x)?
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The UTASMS method (Greco, Mousseau & Stowinski 2004)

n Having answers to these questions for all pair of actions
(X,y) I AXxA, one gets:

8 necessary weak preference relation N , whose semantics
IS U(X) 3 U(y) for all compatible utility functions

§8 possible weak preference relation 7, whose semantics is
U(x) 2 U(y) for at least one compatible utility function

n The necessary and possible weak preference relations are
exploited such that one finally obtains two rankings in the
set of actions:

§ necessary ranking (partial preorder)

§ possible ranking (complete and negatively transitive
binary relation)
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The UTASMS method (Greco, Mousseau & Stowinski 2004)

n Two rankings result: necessary and possible
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The UTASMS method (Greco, Mousseau & Stowinski 2004)

n For any pair of actions (x, y) I A, and for available
preference information represented by BR, preference of
X over y Is determined by compatible utility functions U
verifying set E(x, y) of constraints:

UX)3 U(y) +eU xTy
Ux)=U(y)U x~y
U(%) —u(x)) 3 0, i=

u(x® =0, i=1,..,m

where e is a small positive constant, and w = m + 2 - |AR C {x, y}|
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The UTASMS method (Greco, Mousseau & Stowinski 2004)

n Given a pair of actions x, y I A

x Ny U d(x,y)23 0

where
d(x, y) = Min {U(x) — U(y)}

s.t. E(X, Y)

n d(x, y) ® 0 means that for all compatible utility functions
X Is at least as good as y

n Forany (x,y) | BR:
xfyp xfly
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The UTASMS method (Greco, Mousseau & Stowinski 2004)

n Given a pair of actions x, y I A

x Py U D(x,y)3 0

where
D(x, y) = Max {U(x) — U(y)}

s.t. E(X, Y)

n d(X, y) ® 0 means that for at least one compatible utility
functions x Is at least as good as y

n Forany (x,y) | BR:
xfybp xfy
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The GRIP method (Figueira, Greco & Stowinski 2006)

n GRIP (Generalized Regression with Intensities of Preference)
extends UTA®MS method by adopting all features of UTAGMS
and by taking into account additional preference
Information:

§ comprehensive comparisons of intensities of preference
between some pairs of reference actions,
e.g. X Is preferred to y at least as much as w Is
preferred to z”

§ partial comparisons of intensities of preference between
some pairs of reference actions on particular criteria,
e.g. X Is preferred to y at least as much as w Is
preferred to z, on criterion g;1 F”
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The GRIP method (Figueira, Greco & Stowinski 2006)

n DM is supposed to provide the following preference
iInformation:
§ a partial preorder ¥ on AR, such that " x, y 1 AR
x fy U ,xis at least as good as y”
f=fCnonf! ~=FCF!
§ a partial preorder ¥* on AR” AR such that " x, y, w, z1 AR
(x, y) * (w, 2) U ,x is preferred to y at least as much as w is

preferred to z”
f* = f* (; non I*-l’ ~* — f* (; f*'l

§ a partial prgorder f*on AR" AR i =1, ..., m, such that
"X, y,w,zI| AR
(x,y) £* (w, z) U ,x is preferred to y at least as much as w is
preferred to z, on criterion g.1 F”

f*=1%*Cnon £, ~*=1*Cf*
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The GRIP method (Figueira, Greco & Stowinski 2006)

n A utility function U is called compatible if it satisfies the
constraints corresponding to DM’s preference information:

a) U(x) 2 U(y) Iff xFfy

b) U(X) > U(y) iff x Ty

c) Ux) =U(y) Iff x~y

d) U(x) —U(y) ® Uw) - U(@@) iff (x,y) T*(w, 2z)

e) U(xX) — U(y) > U(w) —U(z) Iff (x,y) f* (w, 2)

f) U(x) —U(y) = U(w) - U@) iff (x,y) ~* (w, 2)

g) ui(x) 3 u(y) iff x Fy, ill

h) () = uly) * uw) - u2) iff (x,y) £* (w,2), il |
) u() - uly) > uw) —u(2) iff (x,y) F* w, 2), i1l
DU - uly) = uw) - u@ iff (x,y) ~*(w,2), ill
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The GRIP method (Figueira, Greco & Stowinski 2006)

n Moreover, the following normalization constraints should
also be taken into account:

K) ux9=0, il I
where x* is such that x* = min {g,(x): x| A}
2 u(y) =1, ill
where y* is such that y,* = max {g.(y): x I A}
Let as remark that like in UTA®MS method, constraints
b), e) and I) should be written as:
b)) U(x)3 U(y) +e
e’) U(x)—U(y) ® U(w) -U(z) + e
") ui(X) —ui(y) * u(w) —ui(z) +e
where e is a small positive constant
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The GRIP method (Figueira, Greco & Stowinski 2006)

n If constraints a) — |) are consistent, then we get two weak
preference relations N and £ , and two binary relations
comparing intensity of preference f*N and £**:

1. for all x, y I A, a necessary weak preference relation
x Ny U min {U(X) - U(y)}3 0
2. for all x, y I A, a possible weak preference relation
x Fy U max {U(x) - U(y)}3 0
3.forall x,y,w, z1 A, anecessary relation of preference intensity

(x, y) £ (w, 2) U min {[U(x) - U(y)] - [U(w) - U(2)]} 2 O
4. for all x, y, w, z1 A, a possible relation of preference intensity

(x, y) 7+° (w, 2) U max {[U(x) - U(y)] - [U(w) — U(2)]} 2 O

where ,min” and ,,max” are calculated over all utility functions satisfying

a)—1)
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The GRIP method (Figueira, Greco & Stowinski 2006)

n In order to conclude the truth or falsity of necessary and
possible weak preference relations N, ¥° and £*N, £*P,

one can use LP

n To obtain the result which is independent on the value of e,
one should:

Max ® e

subject to constraints a) — I), with b), e), 1) written as
b’), €), 1)
n If maximal e > 0, the set of compatible utility functions is
not empty
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The GRIP method (Figueira, Greco & Stowinski 2006)

n Then, to verify the truth or falsity of x 7y, for any x, y I A,
one should:

Max ® e

subject to constraints a) — I), with b), e), 1) written as
b"), e’), I')
and U(x) 3 U(y)

n Maximal e >0U x fPy

This means that there exists at least one compatible utility
function satisfying the hypothesis U(x) 2 U(y)
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The GRIP method (Figueira, Greco & Stowinski 2006)

n In order to verify the truth or falsity of x f\y, rather than
to check directly that for each compatible utility function
U(x) 2 U(y), we make sure that among the compatible utility
functions there is no one such that U(x) < U(y):

Max ® e

subject to constraints a) — I), with b), e), 1) written as
b"), e’), I')
and U(y) 2 U(x) + e

n Maximal e < 0U x fy
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The GRIP method (Figueira, Greco & Stowinski 2006)

n Analogously, in order to verify the truth or falsity of
(x, y) F*P (w, z) for any x, y, w, z I A, one should:

Max ® e

subject to constraints a) — I), with b), e), 1) written as
b’), €), 1)
and U(x) - U(y) 3 U(w) - U(2)

n Maximal e >0 U (X, y) F*° (w, 2)
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The GRIP method (Figueira, Greco & Stowinski 2006)

n Analogously, in order to verify the truth or falsity of
(x, y) F*N(w, z) for any x, y, w, z I A, one should:

Max ® e

subject to constraints a) — I), with b), e), 1) written as
b"), e’), I')
and U(w) - U(2) 3 U(X) - Uy) +e

n Maximal e* <0 U (x, y) F*° (w, 2)

n The value of €* is not meaningful — the result does not
depend on it
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UTACSMS/GRIP plugin overview

Current implementation of UTASMS/GRIP plugin works on
the first version of Decision Deck platform (1.0.2)

To verify the truth or falsity of preference relations it uses
GLKP linear solver which is the part of D2 platform (GLPK

plugin)

To visualize rankings of alternatives in the form of graph it

uses the JGraph library implemented as additional plugin

UTACGMS/GRIP plugin main features:
add/remove alternatives to/from reference set

add/remove/edit preference information (partial preorder,
comprehensive and/or partial intensities of preferences)

shows comparison of alternatives
view necessary ranking of alternatives

2nd Decision Deck Workshop, February 21-22, 2008




UTACGMS/GRIP plugin demonstration

n lllustrative example x1 : Skoda Octavia Wagonl;

: Opel Astra 1.9d SW;
Car rankmg prObIem x3 : Ford Mondeo SW;

: CitroenC5 2.0 HDu:
: Seat Toledo 2.0 TDa:
5+ VW Golf 4motion.
: Price [min] (Euros);
o: Speed [max]| (Km/h):;
3: Space [max] (m?);
: Fuel consumption [min| (liters/100Km);

gs: Acceleration [min| (seconds needed to reach the 100K m/h).
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UTACGMS/GRIP plugin demonstration

n lllustrative example — Car ranking problem

Alternatives: x1 : Skoda Octavia Wagonl;
ro ¢ Opel Astra 1.9d SW;
ra 1 Ford Mondeo SW;
4 CitroenC5 2.0 HDa:
rr : Seat Toledo 2.0 TDa;
Criteria: g : VW Golf 4motion.
g1: Price [min] (Euros);
g2: Speed [max] (Km/h);
gs: Space [max] (m?3);
gs4: Fuel consumption [min] (liters/100Km);

gs: Acceleration [min] (seconds needed to reach the 100K m/h).

2nd Decision Deck Workshop, February 21-22, 2008




UTACGMS/GRIP plugin demonstration

Performance matrix:

Price Speed Space Fuel cons. Acceleration

gs(zk)  gs(xk)

Skoda [k 17 35 188 7.4 12.4
Opel 190 5.9 10.8

-
i

Ford 11.2
10,0
10,0
12,1

o
I 4

Citroen [SS 200 8,6152

[ S

ceat R 201 7,8942
VW

(0920
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Conclusions and future works

n The preference information used in GRIP does not need to
be complete: the DM can compare only those pairs of
reference alternatives on particular criteria for which his/her
judgment is sufficiently certain

n Distinguishing necessary and possible consequences of
preference information, GRIP answers questions of
robustness analysis using all utility functions instead of a
single ,,best-fit” utility function

n Plugin future works:

visualization of possible ranking of alternatives

resolving inconsistency in preference information

visualization of necessary and possible relations of preference
Intensity for the pair of alternatives

manage preference information using ,,classes of attractiveness”
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