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“1U1.T¢ ASPECTS DECISION PROCEDURES BASED ON MINIMUM CHOICES
FUZZY OPERATIONS
B. Apolloni - A. Donnarumma
SUMMARY - A selection method is presented which is based on fuz-
zy-gset s procedures and a new procedure is proposed for reprodu-

cirg membership functions.

[NHALTSANGABE - Eine auf fuzzy-sets Theorie gegruendete Auswahls-
me” hode wird besprochen und ein Verfahren zur Darstellung der

member ship function wird vorgeschlagen.

SOMMAR IO - Viene discusso un criterio di scelta fondato sulla
tanpsa dei fuzzy-sets e viene proposto un procedimento per la
ranpresentazione della funzione di appartenenza.

Description of the proposed procedure. A procedure is proposed

based »r a small number of extremely simple hypoteses and con-
et tutad by very elementary operations ,in order to be shared

by *he largest part of the "rest of the world".

Wh 1} reference to the classical definition of fuzzy-set /1/

we coralder only stepwise membership functions(figgZ%Qwith an
unide*ermined ordinates scale.So the job of the designer consi-
=t 1 rationalising the membership function into a lattice con-
<t tuted by a finite (generally very small) number of ordered

va ues, representing the hights of the bars of the diagram.

We cupoose that more complex membership functions can be splitted
in an analytical part,i.e. shape and parameters.

The tirst one - e.g. linear shape, bicubic spline and so on -

ig tle follow-out of some theory and therefore can be taken into

acoount in yhat framework; the second one are fuzzy parameters
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anc therefore they are the items of the proposed procedure.
Fuzzy-sets are merged in Rn in a different way from the one ge-
nerallv followed in literature/2/.In this paper indeed the.
product of the stepwise diagrams 1is représented in Rn by a set
of n-dimensional cells.More in details, we refer to a Rn whose
cocrdinate axes of the previous stepwise diagrams; the product
of n fuzzy-sets generates a set of cells whose edges are the
lenght of the steps, one from each initial diagram, in any combi-
naticn , and each cell is affectedby a level vector whose:com—
porients are the membership function walues of the corresponding
steps.With reference to fig.3, the product of P and B give rise to
set of cells P.B.

Two problems arise to read such a picture:1l) to draw a scalar
waiue “rom the levels vector;2) to put in any correspondence
the scales of the coordinates axes.It must be pointed out that
both the points are matter of choise for the designér, so that
what follows is no more than a likely viewpoint of the authors.
It could be reasonable to assume equal weights of the levels

in eacn vector,and, at same time, equal weights of the coordi-
nates scales, once normalized to a same maximum value.

Rut other criteria could be the same subjectively assessed by
the designer.

Equal wheigts of the level components allow to syntetize them
by their product, equal coordinate scales allow to use simple
matrice in Rn.

How tc compare these multidimensional fuzzy-sets in again the
desigrer's job.Really the semantics of the fuzzy-set-theoreti-
cal operators generally involved in this step/3/assume heavvy
hypoteses, such as symmetry, associativity, and so on, which a-

re nct necessarily agreed upon by the'rest of the world".

For clearness'sake, the authors think it is more useful to ap-
proach the problem under the point of view of pattern recogni-

tisn.Ir such a frame, the designer formulates as a natural
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fal -our of the statement of the fuzzy-sets, the patterns of

the "yes" decision and the one of the "no" decision, so that the

last ‘05 is to recognize one of the previous patterns.

Applications example. The proposed procedure has been implemen-

+ted to deal with multi-aspect design problem actually arosen in
selecting the bearings for a marine engine.

Suggestion exist in literature about the parameters of such be-
arings based essentially on the experience acquired with re-
speat the tree following aspects: cost of materials and/or si-
ze, life, cost ofmanifacturing.Each aspect will be affect by

a fazzv attribute ( importance attribute) meaning the importan-
ce of aspect with respect to the design problem in hand ,

eacnh acpect will be evaluated by a fuzzy attribute (merit attri-
bute) with to each aspect.

Ir. correspondence of the available design alternatives, the fol-

lowing matrix alternative/aspect has been drawn'(tab. 1)

A A, gy W
Cl B M ‘ G P
c 0
> | o G Y
C 0 G B L
A Ay = APternatives G = Good W = Weight
cy = Size 0 = Optimal p = little important
C2 = Life "M = NMean v = very important
03 = Manifacturing cost B = Bad i = important
The problem has been treated following two approaches: a clas-
cisai cne/4,5/ and the proposed one.
Tr tre first case , we suppose in a realistic framework/5/that
+he fuzzy sets supplied by the designer are linear functions
(fig..).we start from th non-fuzzy /4/evaluation z; of the i-th
alternative
2. x...
3 13 3
zZ; = = g(v.)
1 .
Z‘j YJ 1

where .. is the non-fuzzy walue meaning the merit of the i-th
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aspect, yj is the fuzzy evaluation of the importance of the
1~Th aspe .= . . .. 5 .
] aspect v, ( X571 2 *40 2%43 N Yo ,¥3 )
The corresponding mapping from the space R3X3 of viinto the

space R, of zs when dealing in fuzzy context , is done by

operator

m(z.) = m Xy, (min (min (x..),min (y.)) v.€ER ;z.&Rl
givVi/T2y 121.3 3 5=1.3 o8 )

where m(z) is the membership function of z.

The resulting membership function of the tree alternative are
showrn in fig.ia.in fig.1b there are shown the corresponding
furzy-set generated on the basis of the non preferability measu-

re

u, =z T 1/2 25— Zj

1=1

AL

From the two pictures appears a global smaller goodness of the
alrernative A§ but is not easy to distinguish between Al and A2.
The proposed approach requires a new statement of the initial
fuszv-sets.With respect to the ones of fig.l, the maximum points

have been substituted, more realistically, with maximum segments
and tre ramps have been substituted by steps of height increasing

with the absolute value of their gradients.Really these last
parameters are the fuzzy parameters which have to be taken into
accourt in the final choice.

Sice the ordinate's scale is undeterminated, the heights of the
teps ,once ordered in growing order, have been kept equal to
the product of its positional index by any standard height.In R2

ea-h alternative is represented by tree domains which are the
product of the fuzzy-sets of the importance attribute by the
cocrresponding fuzzy-set of the merit attribute.Each domain con-
tain: & set of cells characterized by constant values of both
the membership functions of the initial diagrams.it has been as-
sumex equal weight of the normalized scales of the axes, and the

membership function value of the cell equal to the product of the
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iy - ialmembership function values.The so obtained picture of
fi2.% wis interpreted by the Auhtors as follows.

Atl 1. alternatives show highly weighting areas around the right
upoor ovner of the picture,i.e. the point affected by the highest
vali.e: f importance and merit.so a measure of preferibility among
the a ¢ oomatives was assumed to be the dispersion of the three Dbi-
Gimensiomal fuzzy-sets with respect to the cell with maximum mem-
“er b, function near the right-uppermost corner.Because of the

41 meaning of the membership function in this case,it was

se5me 5o dispersion measure the static moment of the membership
v uct a4 way the tree alternatives are clearly distinguished,
.in ¢ 're rate of this preferibility measure was 1, 1.3, 2.2
in orrespondence respectively of Al 5 A2 . A3.

. 2+ o i,LehA., Puzzy-sets, Inf.Contr. 8,338,353 (1965)

o Zeden,lehe, Calculus of Fuzzy Restrictions, in "Fuzzy sets

v eir sprlic tiong to cognitive and decigion processeg",
iw ot o=l,edt, ,Academic Press (1975)
e rrotiey e ,Prade, He , New results about properties and se-
‘e of fuzrv—get theoretic overstors, in "Fuzzy-sets,
- aprl. to molicy snsl. and Inform.Systems",Weng

.+ 0 S.E.Cheang edtes, Flenum Press N.Y.(1980)
Ty "= Geie 1 Kawakernaak H.,Rating _nd Ranking of multiple
=1tern tives using fuzry-sets,"Automatica"l3,47,58(77)
. Av Tomi 0. =nd Donnarumria,Ae., Un apnroccio fuzzy alla proget-
‘ v e veccanica ,"Progettare",Vilsno,n.14-15,p.65-68(1031)
. ol oA I Gregorio, 3., Arbitrary order in determini-

b

Ceorhitae for NPe problems. Submitted at TCALP 83

ol 1 sduthors

Dimartimente del 3istemi, Universita della Calabrie
T—07C 36 Arcevacata di Rende (Cosenza)

e C oy, Ae,Pacolti d'Ingesnerie ,Pole Tecchio,I-80125 Nepoli

TOREY #3 - Kovenrghen, Ausust 1083



137

2 34 5

-y pl‘e/-ef /‘.Jr A S | ‘

r o _ SR LSRR N % N e P
TS~ 1 0 3 25 B N
- il“ > I~ o m! .u...qUI(“ _l-__".“l-lﬁowunlu. u&l“ _!-Hlm.ﬂ._-llm
-~ ] ! ' I/b _U o~
] T I L I B A
=== e _nlnaq N _ IR _!4_.1_
_ o I b
» i .N_ _,:7_ 2 "N, _m“n_ _"m a,_“co_"ca..
T A _ S O T R A RN e
1 o - b — w/a.rfir:lnllllt .“I. ey
A w | |
< x Ly do P < _N“m“
¥ [ O Ny
T - FoTe e e w la
_ o - N R A I I 1
| SO MESSRLNIFYHN
— a_ ‘ T 9
ﬁ 2 e Tl
e 2 v,_ - _l:.l- ~ (W) F’ Y
0] ! ! 1 ~
J — Ll
M»(‘\L?\I&mo J 1< ~ m -~ '~
oY MmN~ ") M N~ . o
-
Ry
e
i .;wa v 0:{ L :l ~

6 7 8910

fj,. )

- — A,

-=---h

As

-1



