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ABSTRACT

In this paper, startlng from the angle of actual application, conslderlng the mcthod
of group declslon—making In complex systems and the fuzzlness of judgment In
palrwise comparlson of prolects, we construct the fuzzy Judgment matrlx by
using sct—valued statlstlcs method on contlnuous judgment scale”and prove that
every element. of the fuzzy Judgment matslx can- be -represented by ‘positive bounded
closed fuzzy number. After operated propertles of posltlve bounded closed fuzzy

number are discussed, the fuzzy welght vector of profccts can’ be Introduced’

by applled fuzzy extenslon princlple to the altered gradient clgenvector method.
Thus, the rank —ordering -of profects Is glven. In this paper, we also glve an
example to apply our model, i

INTRODUCTION

In AHP, the relatlve: Importance of a sct of proiccts arc determined by palrwlsc
compafison, That Is cfflclent for deallng with the rank —orderdng problems with
relatlve properties and without certaln I!dentical scale can be used. But when we
assign 2 number (o represent  the result of palrwlsc comparlson, we deny all the
other numbers, That Is not so good because people’s thinklng and Judgment remaln
fuzzlness and somctimes we also can not make out a -certaln -number- for  the palrwlse
comparlson especlally In complex systems. Van Larrhoven and W, Pedrycz presented
a mcthod fn which fuzzy number with (rlangular membershlp functlons were used
to represcnt fuzzy Judgment [3).  They assumed that the resukt of pafrwlse comiparison
of prolects can be represcnted as fuzzy numbers with trdangular membershlp Functlons,
That Is convenlent for operations but the problems of the construction of fuzzy
number with. trlangular membershp functlon and fts obiectlvism should be rescarched
further. In thls paper, startlng from the angle of actual applicatlon, consldering
the mehod of group decldon~—making In complex systems and the fuzdnss of Judgment
In palrwlsc comparlson of projcets. we construct the fuzzy  judgment matrix
by usling sct—valucd statlstics method on continuous Judgment scale and prove
that cvery ckment of the fuzzy judgment matrlx can be represented by positive bounded
closed fuzzy number, After discussing the operated properstiés  of posttivd bounded
closed fuzzy number, we cin extract the fuzzy welght vector of projects from fuzzy
Judgmént matrlx, Thus, the rank —orderlng of profccts Is given by corresponding
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lTuzzy wclghts.

PRELIMINARIES
H

In order to discuss the problem of the construction of fuzzy judgment matrlx and
its rank —ordcring, we have to solve the operatlon propertlés of positlve bounded

closed fuzzy numbcr first. Let R be rcal number flelds, RT = { x;, x>0,
xR}

1

Deflnitton- 1. Let F(R)= { A: A Is fuzzy subsct on R } . A¢F(R). If
(1) 3x%€R, such that A (x’ )—l
(2) vae(0:1]n An= { x, A(x)>a ) is a convex sct

Then the fuzzy subset A Is called fuzzy number on R,

+Definition 2. Let A be fuzzy number on RY, 1f vae( 0,11, Ax Is a closed sct,
then A Is called positive closcd fuzzy number; If AAls also a boundcd set,
then A s called: positive bounded closed fuzzy numbcr. Let F( R¥ )= { A:
A Is posltive bounded closed fuzzy number on R )

From Decflnitlon 2, we can get the result that If AeF ( rR* )+ then ¥xe(0.11],
A, can be rcprescnted as a closed Interval. Thls s because Aa. Is a  bounded
closcd convex sct, let a=InfAa. b=supA,. we can prove Ajx= [a,b].

According to [fuzzy extenslon princlple [1], we can get ‘the operation princlple
of positlve closed Interval.

Theorem 1. Let {a,bl, [cd] be positive closed Interval, '¢>>0, then
(1) [ayb)l+lc,d]l=[atc,btd]
(2) la:b]-fesd]=Tac,bd] e .
(3) [ab] /lcid]l=T[a/db/c]
(4) efa,b] = [ca,ch]
(5)-1/ladb]l=11/bs1/al

For the opcratlons of positive bounded closed fuzzy numbcr. by fuzzy cxtenslon
principle [1], we have followlng thcorem,

Theorem 2. Let AvB F(R*Y ),A= 1.0 1.B=[n.. Qg] + ¢>0,then
(1) A+B= ‘UL(A,,-PB& )= U&[s +p.rotg 1

(2) A-B= Ux(AB, )= Uals,p, .r.q, ]

[ L3 Lll

(3) A/B=_Ur(A./B, ) =°},{3&l $a /9,210 /T, ]

(4) cA= “I‘me( cA ):= A [es, ver, 1 ( where ¢A Is derlved from function

f(x)=cx by cxienslon principle )
(5) 1/A= Ya(1/A) = Ual1/5.1/5,. ]
*
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THE CONSTRUCTION OF FUZZY JUDGMENT MATRIX UNDER SINGLE
CRITERION

$
Supposc that the st of clements In some level is U= { ul, u2,, vy ) ... Under
some crlterfon, our alin Is to determine the rank —ordering of relatlve Importance
of every clanents In the kvel, We use following method to construct the fuzzy judgment
matrlx” under slng!c crllc:lon. - Lo

First, extendlng the 1—9' scn,le‘ that presented. by Sasty [2] to contlnudus’ scale
intcrvat (0,10 ], that ls, at 1, 3, 5, 7 9, we have their original mecaning,

and we use other polnt x, x ¢( 0, 0 ] » lo present the Intermediatc state, the blgger
the value x Is, the more obvlous the lmporlancc oomparlson Is. Supposc the declston
—making group have persons m, for any u..u,éU. every declslon —maker have
to make out hls judgment of lmpoﬂnncc comparison Indcpendently, .and according
to the scale described above, give out a range on Intervat (0,10 ] to represent
the Impostance comparison. Denote~the range glven out by the kth decislon —maker
Is 3x= [a,.b, 1, (k=1...,m). Of course, the rcsult maybc appear. to have §,, '
such that 30 3,=¢, (ks €¢{ L,~-»m } )+ for this casc,the result can be
adjusted by exchanging thelr opinlons between the kth declslon —maker and the lth
declsion—maker, and flnally the result, 3 N3, %¢ ( vk iée{l, .m} ) can

be reached. Under thls condltion, we have following concluslon,
Theorem 3. Let 3;(‘{* Q(Yk'l € {]9 i 'm} )q ,k= { a"b“ ;] ( k= ly*eesm ) . lhcn;
E,ij(x)=l/m$)(;x(x) xg(()-l] (1)

( Xg s s characterlstic functlon )
Is 2 closed fuzzy number on (0,10 ] .

Proof. We can It a, <a, < +--<a,,.. Since Yk, 1€{l,-*-.»m} . have ind=¢,
then we have ax<by ( vk 1€{l,---sm} ). So 2m numbers a,, zecv84b, s ee s
becan be ranked from small to big as followlng form;, i ’

a, Saa < “'S‘.‘,Sbg‘ébgé Sb;,-,

In the case of x€(0.,b;, 1, If xé€[a,.a,) (1=1,2,---.m=1), wec have &
x)=U/m; If x<a . then 3,5(x)=0; and if x€lan byl then ag(x)
"L 1. Hence, In Interval (6,5;1, 2;5(x ) Is 2 monotone: non—dccreasing right
contlnuous laddcr function. Simflasly, In Interval {2,101, 2:;(x) s a monotonc
non —Increasing left contlnuous ladder function. So Yae( 0,11, (2y)= {x: g
(x) =2} Is a closed Interval, namely,. (@3ij), Is a convex set, because of a

x)=1 for xefa,.b; 1, by Deflnition 1, _,’( x) Is a closed fuzzy number
on (0.101.

In the leved U= {u,, --.,u,) . there are n (n—1T) /2 ludgmoits required to
be made. When we compare the Importance -of u; u; (1<i }, If ujs tmportance
Is stronger than that of u;. according to the mcthod mentioned above. we can
flrst get g5i(x )+ by (5) in Theorem 2. we have 245(x ) =1 /a5 (x ).

the n (n—1) /2 judgmments can be rcptcscnlcd by a wvpper triangular m.xlrix as

.
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follows;

I % 2s... 2m
A= 1 .. B4

1 dan -

where dlagonal clements represent the Importance comparison of u, with ftself, so
gu=1(i=1} -:»yn), and cach clement a;3(1<4) is bounded closed fuzzy number

and Is Lebesgue measurable. n
=32

LOCAL FUZZY PRIORITIES +ROM UPPER TRIANGULAR FUZZY JUDGMENT
MATRIX

For the rank —ordering problem of upper triangular judgment matrlx

1 g, a3, ... A ¢
A= l ﬂ;, .- .

i hxn

the altered gradlent elgenvector method can deal with this problem [5F (@

D= n—1 B= [ b, 1,,.
nxa
(n=1)ry 1<§

HEE 1= ;20 Z_:'\ijz'.l
0 1> 1=t

where
vl

A;j are determincd by actual problem.
From the elgcnvalue problem
D-'(A‘OB JW=WwW ( where % ” Is Hadamard product )

we can derlve

wy =é.ﬁa;,w5 (1=h..cen—1) (2)
w, >0

can be asslgned arbltrarily

where (wp o<+ ,wn) Is welght vector that corresponds 10 { up+ss .un ). This

mcthod Is casy for operation, and the parameters ‘Aij can be adiusted by people’s
experlence, In the case of conslsicncy { namcly ag=agak ). the resull Is the
same as that from Elgenvalue Mcthod. So this method could be used as a basls
for our Investigation.
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For the upper trlangular fuzzy Judgment mateix

1 a2 3an ... 8n
A= 1 an ... a»m

applylng fuzzy extenslon princlple [1] to cquatlon (2 ), we have

wi= zﬁm’wl (|='l' e o, —1 ) (3 )

Wa 20" can be asslgned arbltrarlly:

where wi ( 1=1.=+, n ) arc thc fuzzy weights that correspond to the relatlve
Importance of u;. Go Into detalls, we have

o
wi= unh ( Wi )/; .&f p}.}‘ -4 ).,(A‘,'l )A.] (1=1,+ »n—1) (4)
Let  wa be positive bounded closed fuzzy number, since  aij are all ‘poshtive bounded
closed fuzzy numbers, by Theorem 2, we have wn-1Wn-2 .= »wi arc all positive
bounded closed fuzzy numbers. Let

(26)=[ (an)h (ai)l) (wi)=T[ (w) ) (w) 2]
we have
(W| );\ ; lj( EY] ) ( v )),
. [EM( ay),} (w ),'v‘.f‘js}( 20 ),2 (w;)2) (5)

where 455 >0, };—;,,&, 1. % s welght that corrcsponds 1o gy, By cquatlons
(4),(5), I & arc determined; we can cakulate’ the fuzzy priorltes, and henee,

get the rank —orderlng of clemments  up =+ ,un . Because &y are the weights
that correspond to aj when we assign a2 number to % » we haye to conslder the
propertles of ay  Jiself. On a2€(0,1] level, the bigger the Lebesgue mcasure
of (ag).!s the smaller confldence extent of Importance comparison of uy tij It
means, correspondingly, we must assign a smaller number to 25 . In this way,

we can Iet different confldence extent play different part 'In the declslon—making
process, Generally speaking, If L ( (a5).) =0 (L rcpresents Lebesgue measure ),

It means that the fuzzy number which have been assigned to. 2i; could be completely
confldence on the A level, If there are s (0 <I<<n-t}-—s) lllcmbt.ﬂ I {(a
1+1) s+ (am )} which Lcbesgue measure arc zero. then the corresponding
arc asslgned as [ /s; IF L { (ay ),.) * 0, then the corresponding a;j ase assigned

as
5

n
A= [1/L ( (ay),) i/l,g;yx/u( (ay)) 1 (1<i<e—2,1<i) (6)
. .
So far, we can calculate wi (F=1.....n ). cspeclally, we can normalize w; ( I=
Iv...sn). Let
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= /£ \\ (7)

Pt p
we have

w= ...1(3&)/}:( )\-(;V;)z./.f(zv,');] (8)
,&' "

SYNTHESIS OF PRIORITIES

Suppose Wi w2 et » W dre the loca) fazzy prlortics that correspond to clements
uy .=y under the crlterlon A" (1=1 == .q), a1 s> ,aq arc the overall fuzzy
prlositles that correspond to A} .- LAY Then the overall fuzzy prioritles of clements
u) »+= ~ua cun be represented as follows

3
=3: awg, (1=h ) (-9)
Let
(E{i),.=‘)(ﬁj).,)(§§):} (Wq)-[( ',) (l".’y]
then
(wido= 5o (i) (ij
fut ’ & .
P CT AT O ATTNETIN (10)
and hence . R
W= AR G N G b B (23 % (g ) (1)

This mcthod for synthesls of prlorliles scllects that cvery Jocal fuzzy priorities play
a same part: In the caleulatlon of overall fuzzy prioritles. Using the same method,
for cvery level in the hlerarchy, overall fuizy priorltles can ‘e composited from
lhc second level to the bottom level which contalns the set “of proiccts 10 be chosen.
Hnnlly, the global fuzzy priorltics that correspond to  the bottom level c.n be
gotton. According to the global fuzzy prioritles, wc can make the cholee.

AN EXAMPLE
f 4

Suppose that there are three colleges, called Bl, B2, B3 rsespectlvely, In order o
evaluate thelr standard of running a school, a committee, Including three members]
has been Installed to glve the rank—orderlng  of them. The declslon erlterla have
been made out as follows;

Al; the cffect In tcachlng and rescarching

A2; the conditions of “runnlng a schoo! and Input —output ben!fit

A3: admlinistratlve level

Apply the method presented above, The results arc as follows, ,

The upper trlangular fuzzy judgment matrix of the. criterfa together with his fuzzy
welght vector are
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Ay Az A3 welpht vector
145551 (1821} [0-50022. 0-68237 1
Al 1 140- 58} {16 22} { 0441883, 0-78607 1
135601 {15724 [ 0-35851, 090828
1032 03] 10-09323. 011854 ]
Az | ! {03.038] [0-08378 013571}
) {028.04] [ 007368 015138 1
[ 0-29035.:.0-32928 1
A3 ] 1027925, 0-35714 }
[0-26316. 0-37845 )
[ a3 'b1 ) i
Denote al a2 a3 bl b2 b3 as [ a2 b2 |}
[ al. b3 }

The upper trlangular fuzzy judgment matrlx of colleges for cach criterion together with thelr local

fuzzy welght vectors arc as {ollows,

Al Bl Ba B3 wclpht vector
10-95. 1-08 ] [20:211 0-37635. 0-443%3
Bi t 0-9.1-15 [)rs 221 0-30557. 053000
08.1.2 [1:75224] 0-19094. 0-34939
i [1819] 0- 36515 0-40651
B2 ] [1-7.205] 0-31794, 0-47302
- 116521} 0-25835, (- 54271
0-20083. 0-21395.
B3 ) 018702, 023074
. - 015657 058430
A2 B: B2 B3 weight veclor
0-73.0.3 [1-3.1.8] 0-30734 0-38203
Bi 1 0-7,0-34 [1-4 1.9] 0-26376. 0-44496
[06.09] (1-222] 0-20304. 054493
(21.22] 042274, 0-47550
Bz ) Iz-o. z~ss] 0-37650. 0-53309 |
1-85.2:4 0-33218. 0-60200
0-20131. 0-21613
B3 ) 0-18840. 0 22727
0-17956:_0-25121
Al B Ba B3 welght veclor
07508 {15181 O 0733 638203
B: 1 0-7.0-84 [ 14 1.9 0-26376- 0-44496
{06097, (122221 0-20304. 054493
[21:22] 0-42273. 0-475%0
B2 ) [2-0-2~35] 0-37680. 0-5M09
1-85.2:-4 033218 0-602%0
0-20131> 0-21613
Bj 1 0-18310: 0-22727
0-17956. 0-25121
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The global fuzzy, welght vector Is - -

Bl | B2 |_B3
13.8846 .0.56478 1{10.26746,0.39322 1{[0.17825,0.24157 |
[0.28574.0.75902 1} 0.20191,0.51985 ) |1 0.14721,0.29616 )
[,0.19752,1.187811 |[0.14811,0.67317 ] |[0.17708.0.36640 }
According to lhe global fuzzy welght vector, It uill be clcnr that the prlotity queue
Is B, B2, B3.

CONCLUSION

There are .thréic characters In thls paper, The flrst, let declslon —maker. glve out
the range of  palrwiss comperison Judgment of clements on -continuous judgment
scale,. that ‘s casy for declslon—maker, and can* .be accepted and be applied, The
sccond, by uslng the werslon of ncsted scts, the operatlons can be carrled on In
every kvel and. through the operatlons of endpolnts of closed Intcrval, So the complex
questlon can be changed to slmple onc for solvlng. The third, -In cholee of

‘welght Ay of gi; »  conslder that different’ confidence extent of judgment must

play diffcreat part: In_calculation of fuzzy welght, so we can caslly Introduce
the experlence and thinking judgment Into the rank —ordering of projects.
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