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RESUME

Dans la premiére section les conditions et la formalisation du
choix trichotomique sont &tablies sur Ja base des concepts de relation de
surclassement et d’'ensembles de références. iTs permettent Ta modélisation
des préférences dans-le contexte décisionnel &tudié.

Deux applications suivent. La premiére appliquée 8 la deécision du jury
de sélection des candidats & une institution d' enseignement commerciat, permets'
fgrace & uh exemple numérique de préciser 1'ytilisation dy modale. '

La secbhde décrit une application faite & la répartition de subven~
tions aux écoles d'une académie. Nous montrons que le type d'aide & la décision
choisi répond au contexte orgdnasatxonnel en ce qui concerne la gestion du '
systéme d'information et de relations.
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SUMMARY

. In the First ssction the conditions far and formalism of
trlchotomlc choice problem - formulation are stated on the basis of the
fondamental concepts of outranking relations and reference sets, used to the
mddelling of global preferences within the given context . Two applications
follow. The first one, applied to the decision of ths admission committee
of a business school, makes the explanation of the procedure more concrete.

The second one is the description of an implemsntation for ressource
allocaticns to schools of an academic region. It iz shown thét the
appreach to decision aid we propose fits to the Drganisatimnal background
'regarding the management of information systems as well as the human

relationgand orgenisational developpment.
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INTRODUCTION

The procedurses resulting from the aperational research ara
usually‘conﬁerned to show up, in consideration of a given criteria, an
optimal solution cut of a2 set of possible soiutions which is given
beforhand. The procedure for deciéion aid dealt with in this paper does’ not
come within this traditional problematic. In fact this one does nct seem
to be suitable to aid a decision maker who, out of documents or conversations,
proceeding from multiple applicants, has to answer to the same type of
guestion (sventualy spread over time). The demand may regard a credit or
a diploma grant, the attribution of a promotion by selection, an increase
of wagas, the launching of & new product, of a research project, the
processing of a damage, or a claim file a.s.0...

In that kind of problems sach demand. and consequently each
decision, is in competition with the others only in the range'of a rather
fuzzy or glastic constraint which limits (for physical, financial, _
technical human reasons) the global capacity of acceptance for a given period.
In such conditions the Dptimisation problematic leads to the implementation
of quite a:fi?icial or difficult solutions (7).

Furtharmore the criterias upen which the decision maker basss
his judgment to give to =ach demand a favmrable.or unfavorable answer may
involve quite varicus factors which are not necessarily quantifiableu The
available information may he inexaﬁt or vague. The particular influsnce
of eéCh criteria.and more generally the way in which the combination of
their values influences the Judgment of the decision maker (in terms of
"better and worse” or "bad and good”] may oniy be partially known
according to the decision maker's good will.

In such conditiens the decision maker.may wish to rely on a
procedurs which out of the only information available during sach processing.,

helps him to chese in terms of acceptance, refuse, or postponement for

further informaticn.

(1] B. ROY. A concepiual ﬁmme work for & nommative theory of "decisfon
aid" Management Science Speciaf issueonMuliiple Crniteria Decision Making 1976



How can ws <conceive such a procedures of trichotomic choice ?
That is the problem we are studying there [section one). Can such a
procedurs be implemented in the contexi of adminisirative organisation ¥
Thaf is what we are trying to show by describing two applications in the
field of educaticn menagement (section two and threel.

The first application wiil enable us to make the explianation
of the procedure and of the model used more concrete by studying the
well known case of the decision inér;admission committes in a business school.

The .second application regarding a decision procedure for
ressource allocations to schools takes place in a large and rather
bureaucratic administration. By describing how the precedurs has been
implemented we shall try to show thaf such an approach to decision aid
particularly fits to the organisational background regarding the management
af informaticon system as well as of the human relations and‘organisatimnél

development.



I. THE METHODOLOGY OF MULTICRITERIA TRICHOTOMIC SEGMENTATION

1e Type of ald intended
) Given, actions, chjects or candidates {we are now going

te speak of objects), which are not fundamentally in competition, we
want to help an identified decision maker by saying whether such or such
object is compatible with his reguirsment.

We have thus to defins and model a referential system which
will allow us to establish by comparison' (on the basis of n criterias)
the intrinsic valus of each object. Thanks fo this particular modelling f
effort we don’'t need to consider the whole objects at once to be able to
com2 to a conclusion on each of them.

The procedure lends iteself to a sequential examination of
the objects. Nevertheless fo insure a sufficient relisbility we shall admit
that in some cases the intrinsic value of the objsct can not be difined.

More preﬁisely, on the basé of just the initial information
introduced in the model, the main point of the trichotomic segmentation is,
o
- accept all the objects declared without the intervention of the decision
maker as sufficiently good {category A1J
- refuse all the obhjects declared without the interventiocn of the decision
maker as too bad (category A3] _
- demand a further examination by the decision maker for the others
[categoryfAz) - '

By assigning esach object to cne of these categories we
discriminate bsetween |

- thoss for which initial information is sufficient to found
~a splid assumption about the intrinsic value of the objsct (category A1
and ASJ _
~ those for which initial informaticn dogs not allow us to
come to a conclusion.

For these obiscts we must have recourss to the decision maker ;

a search for new information and a deeper reflexion are necessary.



When the initial infbrmation alows us to build a discriminating
trichotomy [population of A1 and AS not too small), the implementation of
these principles leads to a better organisation of the decision maker's
reflections and effort by directing, in a selectiv way, his reflexion,
the mobilisation of his experience and of all diffuse information he
can have, toward the sxamination of the most difficult cases.

To implement such a trichotomicfsegmentation we have to model
in thres stages (1)

1= In the first stage we have to represent and consider &ach

‘objectﬂa? the set A (a& A), and the bonséquences or main
attributs of eaChha: svaluated on n scales Ei and

represented by the vsctors Bfa] = Ei (al ... 5; (a)
gﬁ (a) € £,
i i

2- In a second stage we have to model ths decision maker's
preference : choice of a consistent family of criterion {2}
g1 cas gn adapted to the discriminating power on each scale E17
formal definition of the global preference to be able to ssta--
blish on the basisof the n criterias the dscision maker's
preference :"a'is best or woret than a;, Gf‘ancaﬂ‘t be
compared to a’

3- In the last stage we have to build the rulss to decide
wether an object a must be assigned to Aq, A2 on Asn We shall
see that this assignment is chosern on the baaisof”a "

comparison to particuler objects of reference.

2. Fuzzy out ranking relation

Let us assume that for the objects we consider the study of
the relevant conseguences and attributs has been made and formalised so
that we can sum them through a consistaent family of n criterias{Z]). So lst
us assume that to each object a is associated = vector :
g la} = g, (a), ous g, (a)

Let us agree that "a"is better as g; (a) is greatsr.

(1) J. MOSCAROLA Adde a La décision en pulsence de critires multiples fondde
surn une procldure trdlchotomique. ThZase PARIS IX DAUPHINE 1975

(Z2) B, ROY Outrnanking and fuzzy outranking a concepi making Waﬂ onder
analysis. - Declsdon Making with Multiple objectives  TIASA
Vienna 1974



This vector represents the initial information. Each
camponent gi (al grasps more or less precisely an aspact of the
intrinsic value Dfuaf To compare two objects on the base of that initial
informaticn we use the concept of fuzzy outranking.
It can be introduced in a quite‘nafurai way if we accept that
the modelling of preferences is not complete and only depends on the
part of greferences which we are able to know with sufficient objectivity.

and confidence {(see takle 1].

The term oufranking refers to those of the preferences thus
modelled : given two potential actions & and a’

~ a' outranks “a° signifies that the scientist has good

reasens Lo admit that in the eyss of the decision-maker a'  is at least

as good as s {consequently a' is indiffsrent from or preferred totlg] 3

- a' does not outrank & signifies that the argumenté in

favour of proposition "a' is at least as good as a", are judged insufficient,

that there exists or not militant arguments in feavour of the proposition
n"a " is at least as good as a' " (consequently a is incomparabie or
“preferred to a’). ' ‘

' Witﬁin the framewsrk of such a bonceived modelling, the scientist-
may bg more or less exigeant {take more or leés risks) to accept the
outranking, whenée the concept of fuzzy outranking. ' |

A fuzzy outranking relaticn S can be characterised by the

definition of a degree of outranking d asscciating with each couple (a’'.a)
a number d (&', a) : d being a criterion destined to fix the more or less
high credibility cof the outranking D?"aﬂ by a'. More precisely; the degree
of credibility must possess the following properties

1°) The number d (&', al only calls into play a' and "a"
through their évaluatiuns on the consistent criterion Familyjotherwise :

d(a', a) =d [ g (a'), g (a]]

2°) d[é', a) increases with the reliability of the outranking
of a by a’, thus in particular :

d (a', a) is a non-decreasing function of & (a') v L

4
and non-increasing of gy (&) v i



TABLE 4 & SITUATIONS 7O WHICH MAY LEAD

THE COMPARISON OF TWO POTENTIAL ACTICNS a, a’

__________ Definitions

The two acticns are indifferent in the senses that

there exist clsar and positive rsasons to chooss

gguivalence

Four examgle : gla) = g (a’}] ﬁ:i some of the egualities

not being rigorous but only a approximate

e e e e e e

fundamental

. Orne of the two actions (which one being known) is
strict preference : : -

strictly preferrad to the ather

exclu- gxample ; gy (a) = gy (') \ﬁi # ok, 2k (a)

a significant difference

One of the two actions (which one being knownl is not

sive large preference.

strictly preferred to the other but it is impossible
to say 1T the other is atrictly'preferred to or indif-

. , ferent from the first one because neither of the two
situations

former situations dominates

o = ’ ' =
example : g, {(a) = g, (a') Vj‘# k. g (@) = g (a)
neither sufficiently small to justify indifference nor

sufficiently large to justify strict preference

e o o o A mm ettt o o o o o ] e~ ot m o e = E ek AR T e A A e v e R WA AR W T = T L e e ey e e e T — — =

; J The two actions are not comparablé in the sense that
incomparability :

neither of the three former situations dominates
example gi‘(a} :>gi (a’) for 1 =1, ccoy P

g, (a') > g, (&)
for i = p + 1, «a., N the mejority of the differences

being significant

. v A e e e e A o




3°3'd (a',a) = 1 implies a certain outranking of ®a% by a’
whereas d (a', a) = 0 implies either a certain non-outranking of a by ‘a',
or the total abssnce of arguments in favour of such an outranking ; it
follows that

0 &£ da, a) £ 1.

‘Given a fuzzy outranking reiation 3. It is interesting to
introduce the outranking relation fnon fuzzy) defined by:

a SAa'<;qp dia.a') >» A

JA can be interpreted as a threshold generaly near 1 and which
is in all cases at least sgal to 1/2. Ths mutranking.through S% can be stated
as soon as the credibility degree has reached this threshold. To take into
cenaideration a decreasing saquence of values f\ comes down to introducing
a nested family of outranking relations (non fuzzyl more and more richer bBut
more and more risky. The scientist can in this way test the behavior of the
model, ir. function of requirements of varieble security and severity.

In the Annexe we describe a way to build such an outranking ra-

lation.
3. The references sets

Given two particular objects (real or fictitions] b € B and
o € C called reference objects and characterized by the vectors g (b) and |
g (cl. :

These vectors indicate on ths set of criteria the “combined
limits" of what we consider sufficlently good and sufficientiy bad.

B and C must lead to the following propsrties :

- if an object ism such that for a b & B, the credibility degres
d(a, b) is sufficient to garantee {(without too much risk) the preference
of"a” compared to b, then "a" is presumed to be "sufficiently” good and
merits acceptance on the basis of initial information '

- if an object "a"” is such that for - a c € C the cradibility
degree d (c, a) is aufficient to garantee (without too much risk] the

u o

preference of ¢ on a, then'a’ is presumed to be "for toc” bad and

merits rejection on the basis of initial information.



The elements of the set R = B U C may be real chjects, it

not they are introduced as combinations of limits on the n criterions.:
4. Segmentaticn proecedure

A Ts the minimum threshold which indicates the limit above
which we have a right to garantee through the model the preference of'a’
compbned to a' (a S}‘ a'l. This threahbld ig fixed by the decision
maker.

Thanks to natural graphic convention we may represent S A with
an outranking graph (7). The analysis of such a graph (fig. 2) built on the
objects of “a’ U R 4s useful for the scientist to locate in the context
of the decision maker's preferences, the cbject which is beirng studied.

-4

b

a8

gl

Figurs 2

Thus on the exampla of figure 2

a 1s at least as good as b1 and 01

& 18 lass good as 52

a can't be compared to 92

a is equivalent to bS

To analyse this outranking graph let us define the subsets
8,8,8° & C,C,C%:

b& B if d (a, B2 A thus a3 b

b& B if d (o, a1>r\ thus bs @ a
b€ B if d (a, 8L A andd (b, a)< A thus non ast b and
non bS}‘

(1) B. ROV - thene/,) mu,&’;r,pﬁezs et modemmon des meﬁmanaa& (!i'appomt des

P L I SR - R A ST - N PR Na ¥
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c&€c  if d (e, aly A thus st a
c £€C if d (a, c)p A thus aS Ao
c&C° if o (a, ). p and d (o, aldaA thus non aS

non CSA a

\

c and

Figure 3 is an illustration of these definitions.

Figure 3

When the relation S’\ is antisymetric these subsets form a
partition of B and a partition of C

BN 8 = g, CNC =3
This partition (to which it is always possible to refer {1}) characterizes
the situation of a and the scientist uses it to work out the rules which
are necessary to assaign a to F\.,] ’.AZ or AS

Given a partition of B and C, it can be characterized by
5]
lc)

4 P -
x = (Bl ., x

y+ = 1C+]1 F) y_‘

i

{1) J. MOSCAROLA - B. ROY Procldure automatique d'examen de dossierns fondée
Auh une 4egmzhiation trichotomique en présence de
cnitines mubtiples - R. Ao 1. R.0. Opérations |
Reseanch Vol 11 n’ 2 Mal 1977
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To each & & A we can therafore associate the vector E g tal =
+ - - +
(x » X s ¥y , Yy ). Following ths configuration cf this vector we shall
assign ~a“ to Ays Ay

ar AB’ The tree in figure 4 shows an example of
decision rules. '

The combination of the four basic exclusive situations (Table 1)

on the set of the pairs (a, c) and (a, b) and the non necessary transitiorty

A

as surprising.

of S , leads to quite complex configurations, some of which may appear
So on figure 5 a appears both as less good and better than two
different elements of B, and at the same time less good than one of the

references which is a iimit of the "far too" bad.

Although particular conditions imposed on the preference
modelling allows us to reduce such incoherencies (I} it is nevertheless
nécessary to build assigrment rules () which ars able to take such
incoherencies into account. So in the case of figure 5}iF we apply

the decision tree figure 4 hau will be assigned ta AZ“

. EA(&):(&;’%QJ'{)
\5-2 : .
L] : ¢ '

(1) J. MOSCAROLA - B. ROY Procddure automutique d'examen de dossiens fondée
sun une segmentation trichotomique en présence de
critenes multiples - RAIRO Operations Research
Vol 11 n® 2 Mal 1977

54

&

Figure 5
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Figure 4 : Assignment rules Built out of the configuration analysis of

+ - - +
Eﬂ)\ia)_'{x:x ;y :y]

xF >0 =33b€B : aS’ b

X >0 =33b'€B : b'St a
y'S0=23cec o5t a
Yy 50=yc'eC o aS_)‘c'

% tThis D can be rsplaced by x+ _ ¥% This O can bs replaced by y+
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I1. THE SELECTICN OF CANDIDATES FOR A BUSINGSS SGHOOL: ADMISSION

1. The problem of selection

The admission to the school is proncunced by anadmiésion
commites of about 6 members (professors and professionals).

The number 0? candldates is superior than the admissions o?Faredn The selec-
tion rate is about 1/3. ‘

For each candidate the admission commitee haé got a dmséief
‘including information abaut his curriculum, his past school results and his
psychological profile.

The commitee’s task is made quite difficult for the following
reasons : the dossiers are guite numerous the guality of informatiqnn
regarding each candidate is not very good and the decision criterias to
take intc account are various. As & consequence we can cbserve that

- there is an implicit tendenby to privelege some criterias
‘such as school resclts, although every hody doubts the pertinency of this
information _

7 - the behavior of the cummitee is not always the same : some
criteria only play an incldental part -

- somgtimes exceptional information not included in the dossier
are brcught in by a member.

This distorsions within the procedure mainly appear dufing the
examination of the candidates who are just at the limit of admission
conditions.

The following solution can be considered

1/ selection from dossier : we try to get a partition of the.
candidates set A in three groups

Aq offizial admission from dossier

A2 convocation to a selection interview

AS officially refusal from dossier

2/ Final selection during an interview of the candidates affected

to the graup Az, and sventually ranking on a complementary list.
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2. The modelling

L : .
To affect a candidate a' to one of the three groups A1, AZ or AS

we use the model which has been discribed before
2.1. The consistent family of criteria

The admission commites is looking for candidates who will he
able to succeed in their studies as well as in theilr future professional
integration. The candidats should therefore be able to adapt himself beth
to quantitative and rslatively litterary mattérs, but his own human gualities
and metivations are considered as important to His futur ﬁrofessional -
integrétionn This initial and gquite confused psrception can be precised
by the definition oftdimensions considered as useful to value as well as
possible the consequences of ths admission. By defining a scale Ei upon
aach dimsnsion 1 we cen bulld a state indicater K; {a} which is the
formal information taken into-account. According to the variation of the
decision maker's preference along Ei we can build g; out of K}

The table 6 gives an example of that modelling work.
2.2. The references

The admission commitee chooses two refsrences for the "good?
candidates l:l‘1 and b2= The vertices g_[b1) and g [b2] mark the Cumbiﬁad
limits from which the candidate can be considered as sufficiently "good” to
be officially admitted on dossier.

These two references are usefull to express in a Tormal
way the fact that ths édmmitee considers that geood pupil without any
particular personality [b1], should be admitited as well as a hard wofking
candidate whose personality seems to be particulary suitable, but whose

school results are rather mediocre [bz}u



59887 OTJ18WoYoASd

I
|
3
I
1
[
1
]
[}
i
]

L
1
|
|
|
I
|
4
59587 OTJgsWoyaAsd | “
[
]
I
—
]
I
]
]
t
!
H
l.—

T
1
I
]
I
|
"
|
1
1
|
"
& Bg 1
(=) \m = {E|) wm c 01 L 40 s3Insag uo paseq caﬂpm:ﬁm>m 1saJ33UT [EUOLSEajcdd *§
g g |
= cw = (=) mm ¥ 01 i 40 S1TNSHBI UQ Pasa(g COﬁQM3Hm>mm UDT3BATIOL °§
||||||||||||||||||||||| e o i e o e e e e e e e e e e e e
; / “ UOT3IENTEAS TOAAT =104 PadooT
1
(=) cm = (2] m“ c 03 | 818 S8T]1IATICER [RPTOOS JC Hmﬁcoﬁm“ fATTEUOSIE,
! -s8jodd UT S83PDTRURD pasuaTJdadx] .g§soustaadxa Jayland */
i T
||||||||||||||||| o e e e o e e
? m [2USTI20%3 ,.pummum m
i i 87E05 STEAST § B U0 Pal1ENIeAS | i
(e S h = {2] 9g | 5 01 L ST 9 *J8TSS0pP §,81BpPTPUBRD BYJ | Jeaf 18P papuajiE [00yds i
. i | UT papniout TesTesdde. TRGOTE STUL | B8Ul 40 pEAY Byl 40 TEsTRIddy g
i I . . i
||||||||||||||||||||||| s e L T
" w pautgap sae | m LvoTiea88qUT 100UOS
m ) auawanagdwTt BUuTSE3J0UT J0C S3SEPD _ saeal Toayos ;
(2] mmw - (=) 78| § 01 {1 §-SJ9231BW JSWI0S ¢ SU UT SYIBU | qsed ayjg SUTINP 81EPTPUED “
, ; i ased ay1 40 UOTLIETJIEA 9Y: UO pe8seq . 8yl 40 S9T3TTTAe JUswsAoJdul g “ AlTITRUOSI8,
i 1 1
IIIIIIIIIIIIIIIIIIIIIIII LII[!III!iIIIIllIIIIIIIIllllIiIllIIILLIIIIlIIIIIIIlT(ISIIIEIIIIIII!IIIIIllIlIIlIIIIITIIlIiIiIFiIIIIIIIIIlllil
1 ; | YsTTHug ut 2eak |
¢ _ ¢ i 1 1 . . . . {
(e} = (B) "3 GZ 01 D1 ! To0yss 3sed 8ayi 40 SHIBK “p |
.......................
I I ) youaJg. ut Jeadh !
=] m%, mm _ | _ d : B _ r
£e) = (E] ! 02 o3 01 ! Tooyas 3sed syl 40 SHJIBW ‘g ! sjoalgns
|||||||||||||||||||||||| e e s308lOne TRIFUSE UT SBPATMOUY ko—-mm—mie oo oo [eJ8Us8s UT T8AnsT
: i g ,31EDIpURS ayz Jo A3TTenb ayj i yiPw Ut JIeah _
(=) N(w = (2] cg ! Gz 01 G! ©NIeA 03 SN 8[gRUs SJ87318W 858Y] i Tooyos ased ay3g ;O SHIBW g ¢
uuuuuuuuuuuuuuuuuuuuuuu Lnlnx|||||||||Lu||||||i|1||1a|||||:|;a:|14|||||||||W|;x|«u|s|||||:||||||||||||||rr:|“ SNSIND TOOUDS J8UWI04
; : aniea BUTSERJOUT @ ! :
(e) va = (2] by G 03 || 40 s7=aA8T ¢ o3 SuTpIcooe siyoalans “ 88T TOOY
|||||||||||||||||||||||| m;|l||||||| B m_ | I8A87 ¥ BY3 SyuBd 833 TUWWOD mchm s31oalfgns TansaT v b
' 1 T T TTT T T TToTTT T T T T I T
BTJI31TIN m ﬂu m Rapjuswwog m T UDT8UBWTEL(Q i

§81NQTI31E JO Pnot

- 5p - SVYIM3LTIYE3 3HL 01 SALMETIYLLY 40 aN0T10 FHL WOHS ¥HOM ONITTTR00R 391 40 AYYRWNS ¢ 8 J19vl



_js._

This choice enable us to give a chance to candidates whose
personnality is considersd as very positive for a good protessional
integration. _

One reference only is defined for the "had” candidate. Not to
penalizes candidates on ths base of psychological tests which may be contasted

= (c] and Eq (c) are fixed at the lowest grade af the scales EB and E9

The Table 7 gives an example for possibles values to give to

g‘(qu, g (b,) and g (cj.
2.3. Fuzzy, outranking relation

This relation can be built using nested outranking relations
as shown in the Annexe at the end of this paper.

The Table 7 indicates

- an gxample of weights for each criteria : Py

- an example of admiittable discordance intervals : Di
Z2.4. Segmentation procedure

Un the base the ocutranking graph which SA defined con the
set (a, b?, b2’ c] we shall try to affect 'a® to one of the three categories

A1 : to be admitted

AS : to be rejected

AZ : to be invited to a sslection interview
l.et us assume that we may apply the decision tree of the figure 4
“and that, to come to a partition B+, B DF.B and C+, C of C we decids
- to affect ¢ to © when both d (a, c];aﬁx and d {c, aJ;gA
- to affect b to B' when both d (a, b];i?% and d (b, a)pp
which means (7) that the admissinn commitee prefers to be mistaken in admitting

a candidate rather than in reiecting him.

{1} J. MOSCAROLA Adde d La dBcision en prisence de critines mubtiples fondée
sun une tulchotomie -~ Thise Pands IX Dauphine 1977
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3. ‘Numerical applicaticn

Applying the rules defined in annexg and refering ourselves
to concordance and discordance tables [(Table 8) we get

d qu, bzl 0.58 d [sz bql 0 d (o, b13

d qu, cl=1 _ d sz, c1=1.d (c, bz}_

Then the outranking graph associated to S%‘ is the following

A, = 0.8, 4, =07, A, = 0.6
by '

1
1

0
0

3}

b | -O.Sl’a’
| \ by
[l

We can see that the good pupil {b1] is prefered with a

- guite a low degree of credibility to the candidate with a high individual
value {bz) « S0 if we are exacting in establishing the preference betwean
b, and b2 these two types of candidate appear as non Dmmparable which

1
correctly expresses the commitee's opinion.

3.7. Illustration of the eveluation of candidates.

The three following examples (Tahles 9, 10, 11) illustrate

how the method works.



TABLE 4

Table of criterias value

| | t | | | | | |
I } 3 f . | i |
| A.LEV {Math  |French |Englich | IMP. 1 APP. | EXP. | MOT.  !INP
-------------- e R s S R it
a ! 5 : 15 \ 12 o8 | 7 | 4 ' 3 : 2 i3
————— e I e S R S
i |
e 14 oqz 12 14 A - L
----- e e e
I ’ I
b ! 2 : g } 3 10 : 8 ' 4 i 3 ! 4 ! 3
i S fommmenes frmsreno bonnnnnnes e mmen o mnon e oo foemmemees —
|
c b i 8 7 &8 .10 b3 2 . p g1
______________ [ NN BYUPERp P IR PEPEPEREPREEP PP RS S it T
:concordance : discordance X : concordance : discordance %
8y t:J’1 E 0.83 f 1.2 (Engllsh) bﬁ’ a, f 0.25 ;
a,- b2 f 0.86 : : bz‘ a, E 0.58 f 1.2 (math]
.aq, C : 0.83 C, 61 : 0.16
cutranking graphs
b1
= 0.9 . 52, L h
4 o Ea.j(@d)-:[ﬂ,o,o}@)mvﬁ&

Eoa(as)= (0,04,0) — Qz'

. o
0.83
c ¥
"”A‘ - | ﬁ_
' ) 5 Eoclas) = (A04,0) —=Ha
(\: 0.6 e
& bt
6.83
¢ .

Notice : This candidate is too bad in english to be considersd as a good ﬁﬂpil (discor-
dance effect). With a guite low credibility degree he could be considered as
better than the reference b2 which might allow to admit him. :

% In table 9, 10, 11 the discordance indicate is notice only when it is superior to 1



TABLE 10

Table of criterias value

— 18by.

] | | | 1 i
] I 1 | 1 1
| A.LEV | Math ! French | English EXP. | MOT. | INP
————————————— T e Tt M S
a, P4 1 8 L7 i 9 P2 ;o i3 P P2
_____________ S U U SO U U E R AU AU SIS NN
1 | | 1, ? i | | |
b1 | 4 112 12 |14 !5 | 3 b Vo2 A
et e mme frnmmm e oo e o omme e fommrm e -
b, o2z 8 P9 | 10 . P4 I3 L4 i3
————————————— R A T e
c ! 1 , 8 ! 8 110 .3 H 2 o1 P b
____________ et e e e e e e e e e
dee—e-_._%_concordance_; disgordance__ ee—e-.____i_concordance_: _discordance_ __
a5 b1 0.25 bq, a, | 0.83 1
85» b2 0.16 b2, a, 0.9
y
45, C 0.33 G, a, 8.75 1
outranking graphs
by
(\: 03 L . '
.23, = 04(92) = (0, 4,0,6) —» Ay,
=S _
. Q/g‘g{i
(O
b, . |
' ! b E().’—i— (%)._[@,2}0,4) —® 4.5
A 0. 2t | |
0494
)
i)t.& *
o.85
C.
Notice : This candidate can be rejected. The outranking of a, by c is obtained with a

high credibility degrae.



TABLE 11

Table of criterias value

I 1 | I
{oaPE, | EXP. | MOT. ! INP
T e oo
R
T I Lo [ L
i | I I
AT T S B
[P EE . | | |,
] i 1 i
! 4 : 3 | 4 I3
[ S D,
| :' ' |
I 2 1 1 I 1 | ,]
e R, | I
concordance : discerdance
0.58 :
0.50 :
D 0

______________ /i i i H
TALLEY ) MAT | FREN I ENG ! ImP.
-------------- . o e
a L3 {10 o0 11
3 ] 1 o L Lo
------------- e it et F-=-=- i
b 2 RV o1z 14
1 ! l N I [ L
_____________ | et S ' I i
b |4 R L9 4 40 |
2 t L Lo Lo Lo
""""""""""""" g M I i i
c I O
__________ I U SOV SN SUUP
== .I
:concordance : discordance
ab1 f D.41 : bq
ab2 f 1 f b2
ac H 1 H c
outranking graphs
bi. -
aa o 1
-4
¢ ‘
| )
A= 0.55 653 \/» b
A
. d‘ Q3
: ¢/<2/ '
Cos
Notice : As for candidate a

this examplereveals the advantage of the use of two non
comparable references. Here althcugh he obtains middle school results, the candidate

has a personnality which justify his admission. With a lower credibility degree this candidate
appears as less good than. the good pupils, which explains that, if wa apply the decision tr?e..
of figure 4, (basad on a majority rule] he will be affectad to A unless with a higher credibi-

lity degree he would be admitted. This may suggest to

the most significant slemenis of B on C (7]

apply an o%her decision tree based apon

(1) 7. MOSCAROLA - Aide & £a décision en prdsence de critines multiples fondge sur une
trichotomie - Thise Paxis TX Dauphine 1977
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4. The use of the procedure by the commites

The choice of criterias as well as other elements of the modsl
(the vectors of references g Ebﬂl, g [bQJ, g [(c} the weight p;» the thrashold
<o) explicitly expresses the policy of the commitee (during a first
meeting}, which is certainly one of the most important contributions of the
procedure. With respect to thié Tormal elicitation et us point
out that the use of the model may bring out some underlying dissensions
ambng the members of the commitee regarding the admission pelicy.
Nevertheless thanks to the modelling effort the consensus to which the
commitee debate must necessarily leadshbecome clearer and more
transmissible.
) In this way the model is also a report of the decisions taken by
the commitee. ‘
Buring the second mesting the commitee members have a look
at the resulis of the prucedure-and deﬁide wether the resulting partition
Aq, AZ’ AS can in all cases be appliéd, '
Let us notice that at this stage the commitee remains
sntirély free of taking the final dscision.

- Thus if during the first meeting the members of commites have
not come to any agreehent regarding the admission puiicy, the scientist may
dndicate what are the cocnsequences of each pelicy in view.

‘ In this way the final arbitration no-mare appeals.ta principlés_
but rather to the consequences of thaese principles applied to the case
of some candidates.
It is also possible to rank (using Elsctre Methad: (7)
-for example} the candidates assigned to A, which enables us in cese of

2

desistances of candidates assigned to A1, the admigssion of the first

candidates of A2,

{7) P. BERTHIER - B. ROY La méthode Electrne I1  Une application au média
planning VIT  Conglrence internaticnale de
fechenche opirationnelle Dublin 1972
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111, RESSOURCE ALLOCATION TO.THE SCHOOLS. OF AN ACADEMLC REGION

"4. The distribution procedure'

1.4. The financing of the schools of an academic region :

the initial situation

The french administration of the national educational system is
centralized and mainly financed by public subsidies.

It is centralised;at the top the central administratiaon
controls about 20 academic regions, each qF which administerﬁabout 300
colleges. The colleges receive their. resources (teachers and money) from
the academic regicnal authority, which itself receives its resources
from the central autﬁority,

We are interested here in the allocation of furds from the
academic authority to the school. These subsidiss are necessary to the
schools to balance its budget (7) (figure?2) and results from a division of
ﬁhe-total subsidy allocated by the central autharity to the academic regioh,
This division is made by the fipancial department of the regional autharity.
and should take into account the situation and needs of each school.

An initial study on the financial situation of the schools and’
en the division procedure showed that :

- the most important ériteriun upcn chich the financial director
foiciély bases his decisich is the number of pupils attending the schnol'é'
however, that critericn does not reflect very well the operating costs (the
direct charges - increasing with the number of pupils - do not represent the_ 
faurth of the subvention)

- the.financial director adjusts the theoritical amount of maoney
computed from the number of pupils. Therefore hs bases his judgemsnt on
diffuss information which is not systematically taken into account and so-he
tends to favour some schools; morse than others often dus to subjective
factors such as personal relations (manager of the schocl, financial

service)

(1) the payment of teachens is not part of that budget
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- there are very impdrtant disparities of financial exigencies
hetween schcols. These disparities can most frequently be explained by the
history of the school and the principle of status quo.

. The financial department was realy consclous of the indue

) iﬁportance given to the number of pupils and of the fact that basing the
adjustment of the Figﬁreacalculated an diffuse informations was a very
partial, too_subjective, and biaised methodu It tried to take mors systemati-
cally into consideration some elements such as the building atructure, and

the financiel abilities. of the schooiHowsvar. the available information

was too extensive and varied to be systematically taken into account and 8o to

balance the very praponderant weight given to pupils number.
1.2. Objectives

_ The aim of the study is to build a model for decision aid. This
model must be used to éolve managemant difficulties resulting from the
" ipcreasing number of schools{more than 300) and the complexity of information.
The solution is based on an enrichmenﬁ of the formal information system, -
a diagnosis aid and a selective orientation of the search for further
information (regarding the school which can't be evaluated through the formél
informaticn system and the diagnosis aid].

More precisely the model must aliow us:

- a) to carry out a multidimensionnal aﬁalysislcf the school
and to multiply the information elements systematically taken into conside-
ration for the division and so to lower the importance given to the number
of pupils and the appeal to badly controlled diffuss infarmation

~ b} to start from the preférances,the objectives ang the
pulicy of the decision maker,.as_he puts it into words ; to combine this with
an automatic data propessing system used to compute an agregate evaluation
of the school. This diagnosis has to reveal the disparities between schools
and to call into guestion the established situaticns.

- ¢l to implement a procedure which does not fix the division
policy ; and so to forbid any rigid standards. There?ofe the procedure must
let the decisicn maker entirely free of his actions, the reciprocal
arrangsment of which is the setting up of dialogue between the schools and
the financial 5ervice : possibility for sach school to dgfend 1ts own
case on the bass of particular inFDrmatiun'exceptiunaly fakan into account

by the financlal service.
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1.3. Work method

As there have been aiready at disposal in the ?inancial servics
a lot of information which have not really besn used, a study constraint
has been fixed not to create new basic information from the schoois, but
to try td make the existing Information useful. This constraint led to some
difficulties in difining some particular criterias. | '

The decision maker of the financial serviece as well as the |
school managers have besn tightly asscciatsd within a working g:oub in the
‘definition of the model. |

To make the explicitation of objectives. preferences and criterias
clearer we ayatematically try to interact with the decision maker and the

school managers on the basis of the study of well known and reckoned cases.
1.4. The solution

To maks the understahding of the ohjectives and of the use of thev
model clearer we have to describe the whole procedure. It includes two

operators and an information system.

1.4.1. The operators (fig. 13)

a) a division function computes for each school a theoritical
amount of subsidies. It is computed from :

- the last year subsidies and the budgztary structure

~ the variations in the building infrastructure and activities
during the past school year .

- the external modifications applied to all the séhocls {total
amount of the regional subsidies, increase of prices...)

This computation keeps up the former situaticns, and disparities
between schools. '
| b) a method of systematic diagnosis gives for each school a global
gvaluation of its financial situation, and urgency of its needs, based on
the examination of the last exercice and of its own contraints. This infor-
maticn supplies the financial director with an aggresgate indication about
the policy to follow to'correct disparities hetwegen schools .

so for each school we can automaticaly sstablish one of the
foliowing propositicns

- the financial situation and urgency of neads Jjustify an increass

of the theoritical amount of subsidies (the school is "poor®)
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_ - the financial situation and urgency of needs justify a
decrease of the theoritical amount of subsidies (the school is "rich”)

- the available information (intreduced in the model} do not -
enable Qs to conclude wether the theoritical amount should be corrected.

Te the proposition regarding gach school is associated a number
wich indicates the credibility degree of the presumption of ease or
difficulty of the school.

1:4.2. The informetion system (figure 14)

The theoritical amount of subsidies and the diagnosis are
elements of the decision maker’s "dashbnard”. The table 15 shows which
- information is edited. In the second column one can read the diagnosis. The
sign - (+) indicates that the theoritical amount (column 4} should be
lowersd (highered). The figures indicate the credibility of the proposition{l)

The decisian power of the Finansial‘diréctﬁr remains entire. He
may add to this'data his own knowledge of fhe schaols, or a futher informa-
tion when necessary.

The information basis. The datas used in the operators are
reported by the financial servics to the school’s managers in a document
called the "dialogus chart"”. To sach indicator regarding each school is
aésociated the average level calculated from all the schools of the region
[pr an cbjective given by-the Finanéial servicel. _ i

Tﬁe choice of the elements of the information basis, parameters,
the division functiocn and the diagnosis method is made in a conference where
the school's managers may advise and give their opinions to the financial

director;
2a Modeiling-of the diagnosis method

We apply the methodology described in I. Given a consistent
family of n criterias we are able to associate the vector g {a) = &, {al +.
g, (a) to sach school. This vector results Ffrom the indicators of the infor-

mation basis and dialogue chart.

Following the method described in I we affect each school to
) . w o
one of the catsgories A1, AZ’ AS. More precisely the school a will be

assigned to

(1) For futher explanation see J. MOSCAROLA Thise Paris 1X Dauphine
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A if the initial information introduced in the model is sufficient to
fund a presumption of financial ease, which indicates that the
theoritical subsidies should be lowered.

A if the initial information introduced in the model is sufficient to.
fund a presumption of difficulty which indicates that the theoritical
stbsidies should be highered.

A if the initial information introduced in ©he model does not ellow to cc
to any conclusion than a further information is necessary.

Through out ths 300 schools the diagnosis leads in-this way
the attention of the decision makers toward a further examination of the

less clear cases.
2.1. The criterias

To build the sonsistent famlly of criterias the working group
started with the definition Df 5 main aspects regarding the evaluation of
a school. They refsred to the different cbjectives of the financial depart-
ment (to assure the schocls with sufficient ?inancial autohomy and quality
service) and the garantees ricuired by the schools (incompressibls charges, .
building infrastructure, financial autonomy). These main aspects were desc:
bed more precisely by defining n dimensions Ei on which an esvaluation sée
can be used to compute the state indicators Y (al.

To build the criterion g5 (a) fraom the state indicator X’i (a) the decisior
makers had to say how their preferences vary along ths scale Ei.

For example (table 18) the higher the reserve ratio is the bast
igs the ease of the school [gﬁr (a) = 5/4 [a])or the higher the subjective
evaluaticn of building degradation is, the worst is the ease of the school
[gB (a) = - 65 [aﬂ.

Let us point out that for some dimensions no criteria can be
defined : the differences observed along the scale are not significahtgjbr
the decision makers (here member of working group) didn’t come to any
agreement concerning how the preference vary. .

2.2. The references _

The sets of reference B and C (part I) were reduced in that ap
cation to one element. Each of them marks the combined limits for each
criteria from which we can say
- for the reference c¢ (the "peor" school) that the situation of the school
regarding the criteria i justify an increase of the theoritical subsidies
- for the reference b (the "rich” school) that the situation of the school
regarding the criteria i justify a decrease of the theoritical subéidiesu

(1) 1n some cases the concept of pseudo criteria on pre craiteria (ROY-JACQUET LAGREZE) may be

o m o o oa e ah  pt g L o AL ot P Lot v rin s P A demmr it Arlloronng,
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In this application the cholce of these thresholds must be
based upon the examlnation of the different situations of the school,

for the following reasons.

- the concept of intrinsic value, or here of "poverty” or
"wealth” must take into account the situstion of the schools as a whole and

the extend of their disparities

- the wholé procedure 1s based upon the restoration of balance
of the theoritical subsidies within the congtraints of the regional
aubsidy.

To make the diagnosis operaticnal the partition A1 (school
to higher) AS (sthool to lower) AZ (indeterminaticn) have to be balanced.

This objective can be introduced as a constraint in the model.
Therefore we can change the values of refsrences so long the rialibility of
the final affectation allows it. To make it a shorter trial and error
proccedure, the working group was given a graphic presentation of the

diestributicn of school on each dimension.

Z2.3. The modeling of global preferences and the outrarking

relation.

The Fuziy outranking relation used to compare a school “a”
to the refersnces b and © is dsscribed in the annex.

Let us notice that :

~ for the first implementation and to make the understanding
of the method easier the scientist did not introduce the discordance concept
which was naturally introduced later at the decision maker's request.

’ - the choice of the weights p, was mede after a discussion
based upon several tests where different sets of weights were applied to
well known schamls.

The choice of the weights as well as those of other elements
of preferences modelling (criteria, outranking threshold] 1s the occasion
of an interactive research process which characterise the gclentist-

decision maker relations.(7)

(1) J. MOSCARCLA - B. ROY Procédune automatique d'examen de dossdiens fondée
suwn une segmentation trichotomique en présence de
cnitenes multiples - RAIRO Operations Research

Vel 11 n® 2 Mai 1977
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2.4, The affectation precedurs

Several decision trees may be built to decide, on the base of
the fuzzy cutranking graph on f{a, b, cl, which proposition should be
affected toua”(T). Through the variaticns of the credibility degree
we can get several diagnosis of deéreasing confidence, sach of them is

characterised by the absolute value of the number in coliumn 2 (table 15) -
3. The effects of the model upon the administative environment

The procedure and the diagnosis model we discribed has been
used for now 3 years to allocate subsidies to more than 300 schools
evaluated on the basis of abeut 15 criteria.Thers was some evolutions :
some criterias were left, new others were taeken into account, the
outranking relation, the references were modified, inm a word the procedure
is adaptative and may develop an apprenticeship process which may reveal
a better control of the decisicn process;

In addifion to the information system enrichment due to the
formal multidimensionnal analysis, and the use of the diagnosis method
as an auvtomaticaly procedure for quick reading of dosaier the main
effects upon managment mathods are : |

- @ better crganisation of the financial department effort
to lopock for a selective information

- a hetter organisationof the human relations thanks to a
better rationalisation of choice and decision, caming from the prefersnces
modelling.

However there is a natural tendancy of thes financial department
as well as of the school managers to substitute the mocdel to the decision
maker by trying to reduce the number of schools for which therg is no
diagnosis EAZJ. This behavior is typical of a bhureaucratic behavior, where
the refuse of any personnal engagment, the habits of rigid scales and the
attachment to the psychological security, they garanty to the decision
makers, are real difficultiss which must not be underestimated
Nevertheless even,if such afuzzy procedure don't really fit to the tradi-
tionnal administrative management.we think that they may be useful to
promote an organisational developpement toward more adaptative and parti-

cipative managment methods.

(1) the decisdion tree used in this application was more simple than the iree
of #4g. 4, fon funther information see J. MOSCAROLA These Paris IX

Denbiine
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CONCLUSION

This decision aid apprdach may be situated irn the background
of large administrative organisation which can bs characterized by :

- the great number of files which is often a "goulot
d’étranglement” for the -decisional procedures

- the complexity of the problems and the multidimensionality
of their consequences '

- the weight of too often purely gualitative externalities

~ the increasing demand of having decision open and above hoard

The implementation of the model and the resulting procedure,
may undoubtly in guiet numerocus situations, contribute to solve some
necessities of administrative work without loosing the control of the
management. '

This may be mainly achieved thanks to

- the increase of cognitive abilities of the desision maker
involved by the implsmentation of the preferences modelling with mﬁltiple
criteria

- the better management of informaticn system based upon the
selective ability introduced by the trichotomy

Finally these improvments involve a better investigation of the

solving proklems due to any modelling effort.
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OUTRANKING RELATION (7)

Given gy gi, v gn a consistent family of criterias

Pi 1EF = 1T awws B the weights assigned to each criteria g4
. :EE;_ P,o=1

A

Di the maximal admitted discordant margin for each criteria

gy i1&F

For each pair (a, a') we can build the following partition of F :

Foo=F UF UF

+ , ,
o {ive ) ey (e
P yi/g, (a) &£ g, (a1
Fooo= {i/e, (a) = g, (8"}

Concordance coefficient

We call concordance coefficlent the number calculated as follows

Con (a, a’) = ;§£ * Ps +

i€ F

Calculating for each pair (a, a'l of A the value of the coefficients Con (@,a’)

ier  Pi

we build a concordance table

Discordance coefficient

Given di the discordant margin observed on the criteria 1 :
E; (a') - 24 (a} = di
We call discordance coefficient thednumber calculated as follows
. 'y . i
Dl; La, a'l = Q%gF 0
i
Calculating for each pair {a, a') of A the value of the coefficients Dis (a,a’)

we bulld a discordance table.

(1} One can §ind similan definitions in B. ROY - E. JACQUET LAGREZE and
G. HIRSCH - see Bibiography. '
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Making up an outranking relation

- Glven the thresholds of concordance and discordance C and O
For example C = 0.6 means that we are at least exacting for the summ of the
concording criterias (i& £ UFT) to be superior to 0.6 to make up the
outranking of a' by a (a"is prefered to a’)

D = 1 means that, if at least one observed margin di [iéEF“] ié
superior to the maximal margin Di admitted for the criterias i (i&F), then
the outranking of a' by & cannot be made up (we cannot say that“a"is prefared
to a’)

To =ach pair (a, a') of A, and using the tables of ecnncordance
and discordance, we may make up or not the outranking of a' by a out of the

following tests.

Con{a,a’) }C]

| =y ,,. Sy, o y B 8
Conla®;a)2C | | Dis(a,a’ )LD |
ves \ no N
— g incomparable aSa®
[5ie(ea)<0 . & a' g non aSa’

Fuzzy outranking relation and nested outranking relations
- We can make the threshelds C and O vary. We obtain then mors

or less "severe” outranking relations. They are called ngsted relations if
Siagj@a 5;a" = a5 a’

The relation Sj is iess severe than the relation Si



In
we use 4 nested
3

1
threshold © for
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the application regarding the selection of candidates
outranking relations

e 5, € S‘ €~ S, obtained by making vary the concordance
a leed threahold D$ dlscordance (0 =13 3

0.9 for 81

0.7 for 82

u

I

0.6 for 83

0.5 for s,

Then we are enable to characterize the fuzzy outranking thus

obtained taking for the degrea of credibility o (a, a') the value of the

coefficient of concordance Con (a, &")
wWhen Dis (a, a') & 1

d fa, a'} = Con (a, a’)

When Dis (a, a') > 1

d (a, a') =0




(2)

(3]

(4)

(5]

(8]

(7]

(8]

- ROY Outranking and fuzzy outranking a concept making partial order
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