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Problem statements

I Choosing, from a set of potential alternatives, the best
alternative or a small sub set of the best alternatives

I Sorting alternatives to pre-de�ned and (ordered)
categories

I Ranking the alternatives from the best to the worst (the
ranking can be complete or not)
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Ordinal regression paradigm

I Traditional aggregation paradigm: The criteria aggregation
model is �rst constructed and then applied on set A to get
information about the comprehensive preference

I Ordinal regression paradigm: Comprehensive preferences
on a subset AR � A is known a priori, and a consistent
criteria aggregation model is inferred from this information
to be applied on set A.
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UTA-GMS/GRIP

I Robust elicitation of a ranking model,

I Preference model = set of monotone additive value
functions,

I Preference information = pairwise comparisons of
alternatives/evaluation vectors and information about
intensities of preference.
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Elementary notation

I A = f a1; a2; : : : ; ai ; : : : ; amg is �nite set of alternatives

I g1; g2; : : : ; gj ; : : : ; gn n criterion functions, F is the set of
criteria indices

I gj (ai ) is the evaluation of the alternative ai on criterion gj

I Gj - domain of criterion gj , G =
Q

j2 F Gj the evaluation
space

I % - weak preference (outranking) relation on G:
I x % y , “x is at least as good as y”
I x � y , [x % y and not(y % x)] “x is preferred to y”
I x � y , [x % y and y % x] “x is indifferent to y”
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Reminder on UTA

I For each gj , Gj = [ � j ; � j ] is the criterion evaluation scale,
� j < � j ,

I U is an additive value function on G: for each x 2 G,
U(x) =

P
j2 F uj [gj (x)],

I uj are non-decreasing marginal value functions,
uj : Gj 7! R, 8j 2 F
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Reminder on UTA
I The preference information is given in the form of a

complete pre-order on a subset of reference alternatives
AR � A, called reference pre-order.

I AR = f a1; a2; :::; am1g is rearranged such that
ak % ak+ 1; k = 1; :::; m1 � 1, where m1 = jAR j.
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Reminder on UTA
I The inferred value of each a 2 AR is :

U(a) + � + (a) � � � (a);

I In UTA , the marginal value functions ui are assumed to be
piecewise linear, so that the intervals [� i ; � i ] are divided
into 
 i � 1 equal sub-intervals

[x0
i ; x1

i ]; [x1
i ; x2

i ]; : : : ; [x 
 i � 1
i ; x 
 i

i ];

where,

x j
i = � i +

j(� i � � i )

 i

; j = 0; : : : ; 
 i ; i = 1; : : : ; n:

Mousseau, Zielniewicz UTA-GMS/GRIP Plugin for D2



Introduction
UTA-GMS/GRIP: Robust elicitation of a ranking model

Software demonstration
Conclusions

Notation - Reminder on UTA
The UTA-GMS method
Considering intensity statements: GRIP
Illustrative example

Reminder on UTA
The piecewise linear value model is de�ned by the marginal va lues at
break points: ui (x0

i ) = ui (� i ); ui (x1
i ); ui (x2

i ); : : : ; ui (x

 i
i ) = ui (� i )

ui

gi

ui (� i )
ui (x3

i )

ui (gi (a))

ui (x2
i )

ui (x1
i )
0

� i = x0
i x1

i x2
i

gi (a) x3
i � i = x4

i

b

b

b

b

b
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The UTAGMS method: Main features

UTAGMS method generalizes the UTA method in three aspects:

I The preference information is a partial preorder (not
necessary complete): I = BR � AR � AR

I It takes into account all additive value functions compatible
with indirect preference information, while UTA is using
only one such function.

I The marginal value functions are general monotone
non-decreasing functions, and not piecewise linear only.
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UTAGMS

I For any pair of alternatives (a; b) 2 A, and for available
preference information represented by BR , preference of a
over b is determined by compatible utility functions U
verifying set E(a; b) of constraints:

U(c) � U(d) + " , c � d
U(c) = U(d) , c � d

�
for all (c; d) 2 BR

ui (x
j
i ) � ui (x

j � 1
i ) � 0; i = 1; :::; n; j = 1; :::; ! + 1

ui (g0
i ) = 0; i = 1; :::; nP n

i= 1 ui (g
! + 1
i ) = 1;

9
>>>>=

>>>>;

E(a; b)
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The UTAGMS method: Main features

The method produces two rankings in the set of alternatives A,
such that for any pair of alternatives a; b 2 A,

I In the necessary order, a is ranked at least as good as b if
and only if, U(a) � U(b) for all value functions compatible
with the preference information.

I In the possible order, a is ranked at least as good as b if
and only if, U(a) � U(b) for at least one value function
compatible with the preference information.
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Computing necessary and possible relations: � N , � P

I d(x,y)= MinU2U U(x) � U(y) and
D(x,y)= MaxU2U U(x) � U(y)
where
U = f value fct compatible with the DM's statementsg

I x � P y , D(x; y) � 0

I x � N y , d(x; y) � 0
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The GRIP method: Main features

GRIP extends UTAGMS: additional preference information in
form of comparisons of intensities of preference between some
pairs of reference alternatives.

1) Comprehensive, on all criteria, “x is preferred to y at least
as much as w is preferred to z”.
! (x; y) %� (w; z) , U(x) � U(y) � U(w) � U(z)

2) Partial, on each criterion, “x is preferred to y at least as
much as w is preferred to z, on criterion gi 2 F”.
! (x; y) %�

i (w; z) , Ui (x) � Ui (y) � Ui (w) � Ui (z)
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The GRIP method: Output

If the set of compatible value functions is not empty, we compute:

I %N : x %N y , minU2U (U(x) � U(y)) � 0

I %P : x %P y , maxU2U (U(x) � U(y)) � 0

I %� N :
(x ; y) %� N (w; z) , minU2U ((U(x) � U(y)) � (U(w)� U(z))) � 0

I %� P :
(x ; y) %� N (w; z) , maxU2U ((U(x) � U(y))( U(w) � U(z))) � 0
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Illustrative example

20 alternatives, 5 criteria (all alternatives are ef�cient ).

s1 = ( 14:5; 147; 4; 1014; 5:25) s11 = ( 15:75; 164:375; 41:5; 311; 6:5)
s2 = ( 13:25; 199:125; 4; 1014; 4) s12 = ( 13:25; 181:75; 41:5; 311; 4)
s3 = ( 15:75; 164:375; 16:5; 838:25; 5:25) s13 = ( 12; 199:125; 41:5; 311; 2:75)
s4 = ( 12; 181:75; 16:5; 838:25; 4) s14 = ( 17; 147; 16:5; 662:5; 5:25)
s5 = ( 12; 164:375; 54; 838:25; 4) s15 = ( 15:75; 199:125; 16:5; 311; 6:5)
s6 = ( 13:25; 199:125; 29; 662:5; 5:25) s16 = ( 13:25; 164:375; 54; 311; 4)
s7 = ( 13:25; 147; 41:5; 662:5; 5:25) s17 = ( 17; 181:75; 16:5; 486:75; 5:25)
s8 = ( 17; 216:5; 16:5; 486:75; 1:5) s18 = ( 14:5; 164:375; 41:5; 838:25; 4)
s9 = ( 17; 147; 41:5; 486:75; 5:25) s19 = ( 15:75; 181:75; 41:5; 135:25;

T
5:25)

s10 = ( 15:75; 216:5; 41:5; 662:5; 1:5) s20 = ( 15:75; 181:75; 41:5; 311; 2:75)
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Illustrative example

First information: s1 � s2.

s1

s2

s3

s4

s5 s6 s7 s8s9

s10

s11

s12 s13

s14 s15 s16

s17 s18 s19 s20
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Second information: s4 � s5.

s1

s2

s3

s4

s5

s6

s7

s8

s9

s10

s11

s12 s13

s14

s15

s16

s17

s18

s19 s20
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Illustrative example

Third information: s8 � s10.

s1

s2

s3

s4

s5

s6

s7

s8

s9s10 s11

s12 s13

s14 s15

s16

s17s18

s19 s20
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Conclusion

I General additive value function,
I Intuitive information required from the DM,
I Robust elicitation of a ranking model,
I Necessary and Possible rankings,
I Inconsistency management.
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