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Abstract: Non-additive measures and integrals based on them as Choquet, Sugeno and
fuzzy z-conorm express aggregation operators in the multi criteria decis ion making
problem. A characterization is given of the preferential independence of attributes . T he
properties of the aggregation operators represented by the Choquet in tegral are
discussed.
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1. INTRODUCTION

Theories of fuzzy systems include many concepts that a llow the modeling of
uncertainty and ambiguity in econom ics, sociology, indu stry , the army, etc. If we agree
t ha t in telligence is the possibility to manage decisions under uncertainty , t hen the
results obtained in the decision making theory modeled by fu zzy systems a lso give a
good base for artificial int elligence.

Previously used additive probability measures cou ld not model some situa t ions
as e.g. t he Ellsherg Paradox, although the people's reaction is to prefer to act on the
basis of known rather than unknown 01' vague probabilities I] 7L1121J.

For the non-additive set function (measu re ) III defi ned on a o-algebra ~ of
su bsets of set X (for fini te X it is usually taken ~ = fJ)( X ) t he family of a ll su bsets), the

difference m eA v B ) - m(B) depends on Band C<1Il be in terpreted as the effect of A

joining B 1261, A monotone set function In with m (O) = 0 is usually called a fu zzy

measure .

More than contr ibu ting to the extension principle of fuzzy sets 1321 , fu zzy
connectives (16L 1121, 11 7L 1:36 IJ and fuzzy measures are im por tant in t he problem of
modeling the behavior of decision makers . The u tili ty t heo ry q271, 112 1J deals wit h

•

•
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preference rela t ions describing decision making behavior, and as the basis of decision
making theory . is well based axiomatically on fuzzy measu res and the Chnquet in tegral .

For a non-negative measurable function (the Choquet in tegral on A E ~ wit h
respect tu fuzzy measure 11/ is defi ned by

CIII =(C) f [dm = r' m (A n F" id a .
1\ JII

where F =:x /'(.r) / a: is t he a -w t of [.
"

'I'he Suge no integral ufl' on A with respect to 11/

(~) f [dm = Sli p (min (a , m( A n j,:, »i.
'" IU,. " I

is defined hv•

•

2. DECISION MAKING PROBLEMS AND THE CHOQUET
INTEGRAL

,

Definition 1. A decision making problem 11 21 i ~ a 5 -11pie ( A, H , ¢. X .> )w h ere:

- A.' set o{ altem a t ives or ad s, am ong w h ich the d ecis ion maher m ust ch oose:

•

- X .' set ul' consequences, or results. Th ese consequences come [ro m th e ch oice o] 01/

01 tcrn aiioc:

- H .' sci ofth» s tates uf t he world. A ccording to the sta te 01' the world () E H ( lI s li u lly

u n k noum l. the consequences uf't ll c choicc ofa n alt ernuu oc a E A II/ ay diftcr:

- ¢,' A ,, (-I-~ X spccifi,» 1'01' each state 01' the world () oncl each oltcrnotioe a 111, ·

rvsu lti ng consequence .I' = if/( II . () ) ..

- C" 1(J 1· 1I 1.~ on /a rela tion on X, i.c. a binary relation ueriJ.'vil/g.'

t i) .1' ::' v or v ;- .r, 'VX, \' ..= X
" ,

II( ' st r ict

t ii. ) C I S 11'(I1/ ~il i 1lC , i.c, (.r - v, v ;-- . . -

::. is t.1H' pre fe re nce rc- lnti un which
( .1' ,- V), and indi tforc-nt ( x - v l ,, ,

,-)= \' ,- - ," ~ - "' .

cha ructe r jzos the decisio n mnker. ami muv,

,
mto a
1/ X

TIH' basic idl'a behind tho u t il ity t heory is til t runs fun u t.lu - wonk order ..:.. 1111 X
usua l order _ lin 1'< '11 1 1H1I 1Ihers , by 1I \( 'a1lS Ill' the su-ca llod u tili ty fun .t ion
H whoso fund nnu -n tul pl'lI pl' rty is:

•

.\ . y -= 1/ (.1' ) 1/ ( ,1' ) :

whe-n t he prllperty is ve ri fi ed , 1/ is sa id to represent C '
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There arc two su hprohlems:

- multicriteria de 'is ioll - the s ta te of tho world is a ssuuu«] to hl' k nown and X
is umltidiuu-nsional : a conseq uence is x = ( x I" . . X " ) • where x , _X , is a ll e l ' \Il Pllt III'

t he ~et representing H cri te r iu m :

- decision under uncertain ty - onedin ic ns iona l sl't of t ho l:OllsPqUl' IIl:l' l-o Is
cu ns icle red whe n th« t rue s ta t e of the world is unknov 11 .

TI lt' unce rtain ty measu re Oil l-I m igh t ht, k IlOWIl . a nd lis t.h« . l't of

l:IIIlSt'qUt' nl:( ':-; X is uned ime ns io ua l, tho eleme n ts of .A a n ' acts { l-I • X and II<'

pr l' f~' re nct' re-la t ion is defined on the Sl' t of a d s .

Probuhility measu res ca n be identified from r 'a ll'xpt' r imc nLs hy LIlt' frequency
intc r prctatiou. hut not when su bject ive probabi li ty mensures an' co nce r n ed. S u bj« .t iv«
belief that an eve nt wi ll occur or that has occurred ca n Ill ' modeled as a su bject ive
proha hility measure on t he sta tes of the world , so t hat the set of acts ca n h ' com pa red .

Different au thors Ill. 181, 1121. 1271 , 1281 ha ve exam in ed the co nd it ions ftJr tlu­

existe nce of the utili ty fu notions II X -~ R a nd the uniqu e probabi lity measu re I ' " on
r-: rop rose nting the pI e fere nce rc lat ion .- on A th ro ugh tho «xpe .u -d u t il ity I'; of Ill'

act ion wit h respect to I'

( r g -= 1:.'111 (((0, )1. 1J I I~ I II ( g(O, )l. ? "1 .

o r . in the ca se of sim ple probability m -asu res o n R as the c leuu-n s of X
I I ' = ( PI ." 1' · · · ' fJ " · .>' ,, I where y , may he nega t ive I . II R - . I{ such t ha t

{ r g -= f1:.'II ( { (O, ))d l J
_ fC'II (g (O, » d l J

•

'I'he previou s resu lt pu ts specifi c requ irements o n the prefe rence relat ion a nd
if the requirements arc no t so st rict (independe nce is rep laced wi t h co-monutun ic
independence - for this and other defini tio ns 1121. 12Gl may bc consu lted ), decisions may

1)(' com pa red by the Choquet integra ls with re pect to the unique fu zzy measu rv III" 0 11

l-I

f t. g -= (c) fEII ( { (Oj » d m " ~ (c ) fEII (g (O, ))d lll " .

(Each of t he utility functions is unique up to the positive lin ear transfor mat ion ).

The clear in t erpre ta tion of tl re Chuquet in tegraI a s the ge ne ra liza t ion uf the
expectat ion in decision making is an im portan t resul t . It ha s a b o bee n prove n that tho
Choquet integra l com pa r ison for decisions exist , when independence is replaced wi t h
max-min independence exist ing for the relations of which eithe r the bes t lot tery
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(m oney lot teries are the elements of X ) is ass igned or the worst lot tery is assigned fur
each pa ir of decisions conside red for independence .

If there is no information a bout uncertain ty measures on H, there a re

differen t clas sical cr ite r ia to make the decision that ca n all be represen ted by the
Choquet integral wi th respect to the su ita ble fu zzy measu re .

3 . PREFERENTIAL INDEPENDENCE

In multidimensional non-probabilist ic problems two a lt erna tives differ
according to their differen t consequences. Sets of the com ponen ts X, of X ar« ca lled

attr ibutes or factors , or cr iter ia in mu lticriteria decision ma king . To re present the
pre fere nce relatio n , a uti lity funct ion /I ' X R has the property

x >- Y = II(X ) lI ( y ) .

Definition 2. Lei J c I =:1.2.... . /1: . T ile space of attributes X .} =X, .t X , is said fv be
,

preferentially in dependent X .} , ill: lor every (x .) .Y.]) ofclement» o] X.j

(x.) . x .}, ) :::. ( Y.] . x f) fo r some ),".1' ~ (x.) . x .], ) >- (Y .) . x.}, ) lor all x.} , "= X .} , .

Til l' 1V1l0/e set or att ributes is said 10 be m utually prefercntiallv intlcpcn dent ir X .} I S

prefercntiolly independent or X .](' lor eoer y J c I .

The exist snce of an additive u tili ty fu nction implies mu tual pre fere ntia l
independence , bu t the co nver se is no t true. Equivalen t cond itions an' given hy
theorems too complicated to he used in pract ice. Murofu sh i a nd Sugen» have
esta blished im portant resul ts on the rela tion hetweon tho addit. ivitv of t ill' utility. -
fu nctio n in the form uf the Choquet integral a nd mu tual preforu nt. ia l independence .

J) ef'i rr i t. io n :1. A n attribute i I S sou] lo be essen t ia l ill' there exist x , . Y , ... X , and

x ., X .( , such 11101, ,

(x, . x ., ) ( v, .x , )., . ,

A n all ,.,1)//11' IV 11/(' II is not essent ial is said 10 be II/esselll ial.

If t.h« utilitv fu nci.ion is till'
•

messvn tml ut.u- ih u tos is II I (.\, ) ('o lls /,

T heo re m I. Lel .J / . '1'1I ,'n:

•

Chuq uot, integrn l, t.h« characn-i-i st. ic o f th«
x , - X , , or :/: is th« null sot ,

•

•1 is pn'/l'ren!la!!y uulepen dcnt or .1(' III' either ,I IS a positii»: scm t-otom ( I-'CC 11:!1l, or
I J I (' I ' f // '
I " I I S all t n cr-cu f tt t uc part ttr on 01 / ( SCI' I/:!I ),
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conditions are equivalent:

7

and

and

I J' ,
I I

•

is it s subset) J is not a semi-

Ii: C are preferentially independent , as well asa nd
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follows as Ii :

from Lemma 1 it follows that :il is preferentially independent of

that U: is preferentially independent of :J: C :

m(J u K ) = m(J )+ m(K ) ,

J ~ l i.j : . K cJ c . m(K ) <m(K u :i : ) < m(K u :i . j : ) :::: m(K uJ )

as :i: a nd U: are positive ; it fo llows that ( Ii:
atom a nd (T heorem 1) t he fo llowing must hold

U: C (Lemma 1) .

1. the att ributes are mutually p referentially independen t;

2. Ii: and U: arc both p ositi ve;

3. m(: i. j:) > Ill:lx(m( :d ). m ( Ul)).

which is true as the Choquet in tegral is addit ive for the comonotonic functions
•

126, Corolla ry 7.8 1 (constant function X KU(! ) a nd X.J u (! ) are comonotunic,

K c J C is a su bset of the set of inessential a ttributes (that are not nu ll sets),
or the Choquet integral form of the utility fu nction has the same value for the
functions that differ from the null set);

1. the att ributes are m ut uol ly preferentially independent;
? . JJ' .~. m. lS adduuic.

2 =3 follows from the definition of the positive set.

:3 =2 if Ii: or U: is not positive, then mC: i . j : ) = m( U : ) or mC:i.j: )=m(:i: )

consider-ing the measure space over Ii. j: .

1 = 2

(See 1121 for the proof.) For the next character izat ion of preferential independence we
need the following result.

Proof (i l :

Lemma 1. Let i be an essen tial att ribu te. Then Ii: is preferen tially independen t of :i(

iff Ii: is p os itive.

Theorem 2. ( i ) If (J set of attributes has ex actly two essen tial attributes i and j, then the
followi ng condit ions are equivalen t to each other:



8 E. Pap, M. Kapor / Decision Theory Based on No n-Additive Measures

if J 'l i, J C 'J j ,

C11/ ( Il (x ,1 ) , Il( x J " )) < C11/ (u( YJ ), Il ( X f )) for x. -< Y '1 ,

l Ii: is preferentially independent of ii: c) for \Ix f E X ,j (' - interaddit ive

partition (J \ {i i , :i,j~ , J C \ U: ) can be considered or the integrated functions

are comonoton ic as the elements of I \ {i. j: a re inessential and :il is a posit ive

sem i-a tom; thu s lilly J is preferentia lly independent of J C .

4. AGGREGATION OPERATOR

Using an aggregation operator .te, a su itable u tility function 19], 1121 is

const ructed to represent the preference relation, starting from the onedimensional
utilitv fu nctions:

•

•

u (x ) = .1( 1l 1 ( X I ). . . .. " » (x ,,)) ,
•

x >- Y <=> .1( III (x I ) . .. .. u" (x " )) > .1( III (Y I ) .... , u ; (Y/I ) ) •

Valu es in multicriteria decision making a re not interesting in themselves , but
for the ordering implied by these values.

The equ ivalence of the aggregation operators is defined to lead to t ill' same
ranking of consequences. Weak equivalence is defined by the implica tion

.1(1(x) > .1(1( x ') = .'/(~ ( x) > .1(~ (x ' ) ,

where the arguments are fro m the product space X I x X :! x .. . x X /I and agg)'egatecl

va lues are in R, and coincides with the concept of co-monoton ic fu nctions ensu r ing t hat
no cuntradictory decisions will be made.

Leve l surface or indifference su r face 1121 of the operator .If' :I0.11" 10.1 1

.,( - 1 6 0 /I '1(
.f (z ) - 1a E I ' 11 I.f . ( a ) = z :

is the locus of t he alternatives left undecided by the oporatnr. The elementa ry algl'hm
result is the equ iva lence of the two ag/:,'1'egution operators having till' same indiffon-nco
su r faces a nd the existence of the u nique bijection U( ./('I ( .r)) = .1(~ ( .r l. 'v'.r E X . SIl , t.h«

s t r ict equ iva lence of the two operators is equ iva lent to till' hijectiu n /I Iwi\lg' i\lcr('<I sillg'.
Weak equiva lence is equ iva len t to /I being "non , de-creasing": 'v'Y I · Y ~ .-: /" 1 '

Y I Y:1 =\lz l E II (YI ) ' \lz '2 E II (Y '2 )' Z l > Z'2 when

u, Ii '2 !:; R respectively . and II : IiI -~ R '2

,1(1 and , ,/(~ an' mapping» from .\ (.<'

is llIU lt i-valuod such t.l uu
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II

:JC2 ( x) E 11 (.'1(\ ( x)). Vx E X . The level su rfaces of the two operators can not cross each

ot her.

If the aggregation operators are st r ict ly monotone , weak equ iva lence impl ies
st r ict equ iva lence .

T here are II ! ca no n ica l regio ns of 10.1 1" de pending on 0' E a of the

permutations of the index set 1 = :1.. .. .1/: , in which the Choquet in tegral is linea r : they

ar e ( 1/ - 1) -dimensiona l hyperplanes R (T . The indifference su r faces, 1121:

or
•

of the Choquet integral are the same as for the nondocreasing continuous operator wi th

level su rfaces t: JIt ,'! O (T ( ; ) = z , with I ;' J/( = 1 in the ca non ical region R fT when the

u n ique fuzzy measure

•

JnJ{ (IX(T ( II _ I +I ) , .... X fT ( II ) : ) = ~ It ,'!
; - 11-/ , 1

is given by the permutation (T ' which coincides with 0' in a t leas t I e lements .

Because of continuity and monotonici ty , t he indiffe rence su rfaces of t he
Choquet integral are con nected when passing from one R fT to a no ther. T he

equ ivalence class in t he str ict sense is given by

if
•

- II

= {J( IJ((a I , . . • , a II ) = ul ~ It,'! 0 fT(; ) II
;=J

•

u is a s t r ictly increasing real function defined on 10.1 1,

•

I ;' J I( = 1. '11 0' E O' ,

0' is a permuta t ion such that 0 rr(l ) < .. . :s; O (T( II ) ,

Appropriate analysis of the indifference su r faces of t he Sugeno integra l is
based on the expression of t he integral as the median: in t he region a I ~ ... S a II

•
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SII/ (a \ . . ... Q,, ) = medea, ..... a ".m2.....,,· · ···m,, )

where m i.i+I... ." = m ( lxi . x .; I .... • x,,: ) and

The restricted fuzzy t-conorm integral 120I, [121 based on a system of the form
( \ . S . \. 0) is interesting for a multicriteria analysis as it is regarded as the mean value

of the integrands. If the generating functions of L\ and S are hand g, g( 1) = 1 , the

in tegra l

(,'!') f Fdm= h- i l(c)f ho F d( go ln) 1

can be analyzed analogously to what is known about equivalence classes of the Choquet
integrul.

•

5. MULTIATTRIBUTE UTILITY THEORY

Multicriteria evaluation is present in a very wide field of applications, such as
resource allocation , designing new goods, environmental planning, quality control.
evalua t ion of creditworthiness, etc, and some concrete examples in 1121, 1271, laal are
given to illustrate this variety .

There are two approaches to the multiattribute utility theory:

the ordinal approach compare alternatives two by two, but the formed Hasse
diagram might be. with objects not all comparable to each other as the transitivity
property of the preference relation is lost in the ag6'1'egation step: the approach might
derive some fundamental results and references from 1121 can be followed towards
them ',

the cardinal approach, given in the sequel, gives an absolute evalua t ion to eve ry
alternative for a given criterion and real values are aggregated to get a global
eva lua t ion; a ll objects an' comparable, whatever their cha racter istics.

The problem considers a list of similar objects S = :8 I... ..8,,: described by the

set attribu tes Z = :zl ... .. Z Jl: ' Information , precise or not, abou t the values of tilt'

attributes for l'ach object exists . Each object is then evaluated according to a set, of
cr iter ia X = :xl . . . .. X Jl: , which an' defined by the decision maker himself. The gt' lll'ra l

1'01'1 11 of expressing a cr iter ion is assumed to be

•

where A j is a fu zzy set on the universe of Zj . To solve the problem, marginal tpurtiul:

a nd global eva luations are to he performed .
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Each object Si is eva lua ted with I' ispect to one particu lar cr ite r ion x,

defining a mapping" j : S 10. 11 . It te lls the degree of a n object from .'oj to sa t. is ty th«

cr iter ion x i : " ,; (sJ) is t he degree of compat ibility between till' fu zzy se t A J li nd the

value of x,; for object s, .

The mapping may be defined by II J (s , ) = A J (Z~) when the precise va lue :: ',

of attribute z,; of ::; i is known . When zj as II fu zzy number be tter represents the

value of the attribu te , t he definition of Zadeh based on the extension priucipk-

results with the fuzzy set consider ing the compatibility between t lu- two (ti zzy Sl' tS .

For an object with a ll margi na l eva lua t ions II I (s, ). . ... h p (s, ) • t h« problem IS

to determine a single eva lua t ion with respect to a ll the cr ite ria . The globa l va lue is
su bject ive a s decision milkers differ in their decisions when the cri te r ia an' t h« sallie :

- criteria weights express ideas abou t what is important a nd what cou ld he
neglected ;

behavior ca n be tolerant or disjunctive-oriented when "it is su ffi cient if some
cr iter ia are met ", or in tolerant or conju nctive-or iented if it is declared that "a ll crite ria
must be equally well met".

Quasi·Sugeno, z-no rms or fuzzy z-cono rm integrals ca n be the operators used
over the marginal eva luation values for they lire normalized li nd the u ti li ty fun ct ion
shou ld be determined up to the posi tive linem' t ra nsfo rmation .

6. SOME PROPERTIES OF AGGREGATION OPERATORS
•

A su itable p-place opera torZ" shou ld be consistent with the prefe rence re lutiun

of the decision maker to give a globa l evalua t ion and shou ld possess th« fo llowing
pro pert ies:

1: ,1f'(O... ..0) = 0 , .IC(1.. .. .1) = 1 ;
•

- idempotence U) .IC( (I . .. .. a ) = (I . Va ;

continu ity; .

- monotonicity (M) (usually non decreasing) with respect to each argument ;
•

2. properties requested in eva lua t ion and measurement problems:
decomposability (0 )
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.'J(p)(a l .. . .• a". a"+ I a p ) = .'J( p )(a . . .. . a .a" +I . · ·· .o p )

where a =:;e(" )(a ] , a ,, ) fur all ( a l, " " Op);

order linkage property lOLl

.1(1'+ ] ) (.'JC(p ) (a(l ) . . ... a (p» . .1( 1' ) ( a (2 ).·· ·· a (p+ I» . ···

.7-C (p ) ( a ( j J+ ] ), ... . a (2p ») =.'Je ~ 1' ) (:;e{jJ+ I ) ( a(l ) . . . . . a (p+I » '

:;e ( jJ+ I ) ( a (2 ) " ' " a (p+2» . .... .'JC(1'+ I ) ( a (p ). ' '" a (2p ) ».
where W denotes the particular permutation such that a (l ) ~ ... < a (2m ) ;

ordered linkage property with permutation (a LP) (Grabisch [10j)

.l(UJ+ I ) (I .f(p) (a(l ) ... .. a (p » ' .'Je (p ) ( a (2 ) . . . .. a (p + I ) ) •. . .

:;e (P)(a ( p+ I ) . . ··.a(2p»] (T ) = .'J( p )(.'JC(p+ I )( [a(l ) .. . .. a (p+l ) I (T ) '

'IC(p+ l) I ] 'lC (P+I )(1 I » V~ E ~,r . ( a (2) a (p+2) (T) r . a {jJ) a (2p ) (T' v v

where la] , : a p+ I I(T means a (T(l )_... . a(T(p+I ) (a permutation uf the indices )

and a is the set uf all permutations un a given set;

stability under the same positive linear transformation lSPL)

.'J(( ra I + t .... . ra 111 + t ) = r. 'IC( a I ..... alii ) + t . Vr > O. Vt E R ;

(changing the scale does not change the result) ;

stability under positive linear transformation with the same unit, co-monotonic
zeros lSPLUC)

.'J( ra(T(I ) + t (T (I ) " .. Ja rr(1' ) + t (T ( 1' ) ) = r .'J( a rr(l ) " ... a rr(p ) ) +T (t rr(l ) ..... t rr ( p ) ).

Va l < .. . ~ a p . Vr > O . Vt l ~ .. . < t p E R . V (} E (} ;

3. possibility of expressing weights of importance on criteria if this is necessary;

4. possibility of expressing the behavior of the decision maker (extreme exam ples
are max and min );

5. possibility of expressing a compensatory effect, or an interaction between criteria
(redu ndancy when the criteria express more or less the same thing; and support or
reinforcement when the criteria with little importance taken separately become
very important when considered jointly);

6. possibility of an easy seman tical interpretation: we should be able to relate
parameters defining .'Je to the behavior implied by .'Jt

The operators used were different models to express both conjunctive and-
disjunctive behavior (Zimmermann and Zysno [36\, compensatory operators [1 7 1J , or
were the generaliza tion of the averaging operators as the weighted operators , or were
symmet r ic sums defined to be auto-dual. They were either easily interpretable, but
restricted and particular, or with a wider range, but not interpretable ; they may exh ibit
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him; in exper imen ts, which is expla inable by the interaction ur dependency be tween
cr iter ia; even if they express the com pensatory effect of human decision ma kers
(Zim merma n n, Hayashi ), t hey may lack the theoretica l founda tion .

Knowing previously used aggTegation operators , their prope rties and
drawbacks, discrete fu zzy in tegrals are a good ca ndidate for aggregation.

T he fuzzy I-conorm in tegral is a generuliza t ion of the Sugeno and 'huquet
integra l defined by the [-conorm system for integration ( \ .S. \ .0) :

where (I <, <, (I A · - 'Cl . (I ' and tile( 1)- ' ''-(11) ' (,)- t( ,) .. · .. ( II) " spaces of values of the in tegrand

lI O. l l. \ ) , measure (IO. l l. S) and in tegral (IO. l l. S) shou ld be chosen to adequa tely

re present till' needed model : if, as in the decision making theory . an integra l is
rega rded as the mean value of the in tegrands , the I-cono rm system has the funu

( \ . S. \ . 0 ) .

The fu zzy measure represents weights on cr iter ia e it he r on individua l cr ite r ia. . ,
0 1' any grou p of cr iter ia (represented by a subset of X = :xl .. .. .x1': ), that enables the

fu zzy in tegra ls to express in teraction between cr iter ia .

The properties fIJI ' t he aggTegation are the cha racter istics of the in tegrals , 01'

require their particular form or the restricted fu zzy measure values (commuta tivity or
associativity for example ). TIll' cha racter ization of discrete fu zzy in tegr als and the ir
re- lations with exist ing aggregation operutors is given in 11 21 . As a mapping, t he fu zzy

integra l is defined by a set of 2" parameters and a /-cono rm system. We lack a ny
com plete method for constructing a fu zzy measure from sc ma ntica l cons idcrutiuns
on ly, bu t 1121 sunun arizes the results abou t t he in terpre ta tion of fu zzy measures as a n
im portan t step towa rds the solut ion.

The contr ibution of every e lement of an index set 1 = :1. .... n: is cha racte rized•

a nd the known result (T heorem 2.li ill stated as the introdu ction to the problem of'
c.in nccting some kind of in teraction lUliong a ttribu tes with some kind of non-addi ti vity
of t ill' fu zzy measure.

As intuitive facts , it is accepted that su per-addit ivity be tween a ttribu tes " alld)
en tails a st rengt hen ing in teraction , synergy, or su ppor t between " a nd ) a nd tha t su b­
additivity be tween " lUHI ) enta ils a weakening interaction , redundancy , or destru ctive
effect between i and) . The recent definition uf an in teraction index (Muru fush i, Sonoda
1121J ca n help t he formuliza tion of theso in tui tive facts.

The algorithm identifying t he fu zzy measure, according to Yuncda e t al 1I 1 ~ il
com bines the scma nt ica l analysis and the optimization approach . The cr iter ium to be
minimized is the quadratic form of the difference between the resul ting measure and

•
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•

the additive equidistr ibu ted measure
I

In /' = - . The constraints a re monotonicity
• 11

constraints, constraints from the train ing data , and constra ints coming fro m
sernant ical considerations: the importance of the cr iteria expresses the decision maker's
preference or his knowledge and the dependency and support between criter ia
(interact ion) are modeled with su itable parameter values equivalent to the lingu istic
representation.

7. CONCLUSIONS

The paper summa rizes some results of the decision making theory with the
aim of introducing fuzzy integra ls lChoquet, Sugeno, z-conorm ) as the base for the
analyzed phenomenon or process . To identify the model , such integrals require the
parameter identification of the su itable fuzzy measure. T he consistent theory of the
seman t ical interpretation of the fuzzy measure is st ill open and so are practical
procedures fo r the identificat ion algor ithms.

•
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