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Introduction

Ranking in the ordinal regression paradigm

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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Introduction

Ranking in the ordinal regression paradigm

Ordinal regression paradigm

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

Ordinal regression paradigm: Comprehensive preferences
on a subset AR Ais 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

criteria indices
I gj(a) is the evaluation of the alternative a; on criterion g;

I Gj - domain of criterion gj, G = QjZF G; the evaluation
space

I % - weak preference (outranking) relation on G:
I X%y , “Xisatleastasgoodasy”
X Yy, [x%y andnot(y %x)] “x is preferred to y”
X Yy, [x%yandy %x]“x is indifferent to y”
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Reminder on UTA

I Foreachg;, Gy =[ j; ;]is the criterion evaluation scale,

< .

J I

I Uisan gdditive value function on G: for each x 2 G,
UX) = e bilgi (X)),

I u; are non-decreasing marginal value functions,
UjZGj 7! R,8j2F
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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 = fay;ay;:;am1gis rearranged such that
ax Yags1; k= 1;::m; 1, where mg = jAR].
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Reminder on UTA

I The inferred value of each a2 AR is :

Ua)+ "(a) (a);

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

R o P FEEE R b A
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Reminder on UTA

The piecewise linear value model is de ned by the marginal va lues at

ui( i)

Ui(xis)
ui(gi(a))

Ui (Xiz)

Ui (Xil)
0
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The UTACMS method: Main features

UTACMS method generalizes the UTA method in three aspects:

I The preference information is a partial preorder (not
necessary complete): | = 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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General monotone non-decreasing value functions

The marginal utility function u,(x;)

ui(x;)

oY Vi w; Zj B;

y,Vv,w,zeAR

Characteristic points of marginal utility functions
are fixed on actual evaluations of actions from A
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General monotone non-decreasing value functions

The marginal utility function u,(x;)

ui(x;)

oY Vi w; Zj B;

y,Vv,w,zeAR

Marginal values in characteristic points are unknown
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General monotone non-decreasing value functions

The marginal utility function u,(x;)

ui(x;)

&4 Y Vi Wi Z; B

y,V,W,zeAR

In fact, they are intervals, because all
compatible utility functions are considered
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General monotone non-decreasing value functions

The marginal utility function u,(x;)

ui(x)
-
.. b
-
Qs ¢ <
f SEER X
0l—s 7 /
&4 Y Vi Wi Z; B
y,V,W,zeAR

Area of all compatible marginal value functions
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General monotone non-decreasing value functions

The marginal utility function u,(x;)

ui(x;)
r e
b
o
’ S
- gl
R ==
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- = 7’
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Qg 4 AT L i
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y,V,W,zeAR

In the area the marginal compatible value
functions must be monotone
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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:

9
U(c) Ud+", ¢ d .
U©) = U(d) , ¢ d for all (c;d) 2 BR §
ui(xij) ui(xiJ l) O;i=121:5nj=21;u50 +1 E(a;b)
l:y(gio)= 0;i=1;:3n %
BTG ERE ’
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The UTACMS 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:

I d(x,y)= Minyzy U(x)  U(y) and
D(x,y)= Maxyz2u U(x)  U(y)
where
U = fvalue fct compatible with the DM's statementsg

y, D(xy) O
I x Ny, d(x;y) O

I x P
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The GRIP method: Main features

GRIP extends UTACMS: 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".

Po(xy) % (w;z) . U(x) U(y) U(w) U(2)

2) Partial, on each criterion, “x is preferred to y at least as
much as w is preferred to z, on criterion g 2 F".
P(xy) % (w;z) . Ui(x) Uily) Ui(w) Ui(z)
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The GRIP method: Output
If the set of compatible value functions is not empty, we compute:
FoN:xoNy ., mingoy (U(X) U(y)) O
% x 9%y, maxya (U(x) U(y)) O
I % N-.

() %N (Wiz) . mingu (UX) U(y) (Uw) U@) O

I %P:
Gy) %™ (wiz) . maxuau (U(x) U)(UW) U@@) 0
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lllustrative example

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

sy = (14:5; 147; 4; 1014; 5:25) s11 = (15:75; 164:375; 41:5; 311; 6:5)

s, = (13:25;199:125; 4; 1014; 4) s1p = (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)

sS4 = (12;181:75; 16:5; 838:25; 4) s14 = (17; 147, 16:5; 662:5; 5:25)

s = (12;164:375; 54; 838:25; 4) s15 = (15:75; 199:125; 16:5; 311; 6:5)

Sg = (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)

sg = (17;216:5; 16:5; 486:75; 1:5) s1g = (14:5;164:375; 41:5; 838:25; 4—)

Sg = (17;147; 41:5; 486:75; 5:25) S1g = (15:75; 181:75; 41:5; 135:25;  5:25)
s1g = (15:75; 216:5; 41:5; 662:5; 1:5) Spo = (15:75; 181:75; 41:5; 311; 2:75)
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lllustrative example

First information: s;  s».

Ldleess
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lllustrative example

Second information: s,  ss.
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lllustrative example

Third information: sg  S1g.
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Conclusions

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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