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PART A — (10 x 1 = 10 marks)

Answer ALL questions.
1. om Gseleunm sarsdn@ o-Ceul(h wOHmL 2 midumer
o -Qaul_(h g dwueihern euanyuim.
Define « -cut and strong « -cut for a fuzzy set.
2. @mn GAbs Sp s QemGsri(h Csefleupn sarsdnsE
2 STTETLD &(H&.

Given an example of a subnormal fuzzy set that is
convex.

3. BLA sFzieubd eratpmed ereven ?
What is extension principle?

4. Qzefleupn sewmr 261 SLGGFomang CuTHNSSES 2 midlwimer
CQaul () erard STl (hs.

Show that fuzzy set inclusion is strong cut worthy.



10.

11.

S Qzefleupn Qaweurhaamer UL igwedHs.

List standard fuzzy operations.

auenrwm. Ggefleupm @enLGeul (H/i— QpHbomd

Define fuzzy intersection/t-norm.

cuengwm. Ggefleuhm erer.

Define fuzzy number.

A+ X =B eaap swaur® auQurys @wm & oeus
Q& TETIY (HEGHLD ?

When does the equation A + X = B have a solution?

Qgefleudm (1pigey TETMTE 6T6MmEn ?

What is meant by fuzzy decision?

vepl  pigCeiBUusaien gmmnsmar &(ms.

Give the components of multiperson decision making.

PART B — (5 x 4 = 20 marks)

Answer ALL questions.

R & Ssrar @m Osefleupn samd A eureig @elbss
eTefl e, eranéd L (HLd
A, + (1= 2) x,) = minlA(x, ), A, )],

x,% €R Ae[0,1] arar Blmeys. @mi@E min  ererug
GdnBSULL g hanar @N&Hng.

Prove that a fuzzy set A on K is convex iff

A(/bﬁ + ( - /1) xz) = min[A(xl), A(xZ)]

for all x,,%, € R and 1 € [0, 1] , where min denotes the

minimum operator.
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12.

13.

14.

15.

A,B e F(X) aams. o, f [0, 1] n

(@) “(AnB)="An“B  wvpgb “(AuUB)="AU"B
(@) “(A) =" A cansan @s.

Let A, B € F(X). For a, 8 € [0, 1], show that

(@ “(AnB)="An“B and “(A U B)="A U“B

b “(d)=tr A,

Ogefleupm Bt 9esafier @) yaT_Teug) Queumiiey

Cappgdleaar eripdl Hlmieys.

State and prove second characterization theorem of fuzzy

complements.
R -simaisg Qsalleupp eransaier samd A, B,C € R ns
MIN[A, MAX(B,C)] = MAX[MIN(A, B), MIN(A,C)),
MAX|[A, MIN(B, C)| = MIN[MAX(A, B), MAX(A,C))
TAESTL_ ().

R = set of all fuzzy numbers. For A,B,C € R show that
MIN[A, MAX (B, C)| = MAX[MIN(A, B), MIN(A,C)).

MAX|[A, MIN(B, C)] = MIN[MAX(A, B), MAX(A,C)).
“geflpL Wpylaupsse”  wrdfleow  aOSgESTL (HL6T
ollemd @ s.

Ilustrate “Individual decision making” model with an

example.
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PART C — (5 x 8 = 40 marks)

Answer any FIVE questions.

QuiQuarseiamed <war X = [0, 10] ererm Qe Qauafluler
x 1
1 Alx)=——,Blx)=27"Clx)= ————
& (x) x+2° (x) (x) 1+ 10(x - 2)2 o
aumrunssiulQerer Ggeflaupn sarmmsar A,B,C smers

&GS,

(o) A

(=) BYC
@) AnNnB
(FF) AnBnC

(&) AuBu(C

AnC BnCAUC

(er)

S Fweupmer 2 miiGer s CFwd®  sFmmsEhssTeT

GSHTHRSET LHHID eUmTULBEIGMaT & raldseLb.

Consider fuzzy sets A,B and C defined on the interval

X = [0, 10] of real numbers by A(x) = Lz ,B(x)=27"
X+

and C(x)= _ . Determine formulae and
1+10(x — 2)

graphs of the membership grade functions of

@ A

by BucC

¢ ANnB

d AnBnC
e AuBuC

® AnC,BnC,AuC
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17.

18.

19.

wse Seosas  Ceppsms  awd  Hmlss  Si@s

2 SIS 64leTéaa M.

State and prove first decomposition theorem. Illustrate

with an example.

Qar@ssiul(earer @ —CApPlbd I wHmD FRHUT®
Qsaflaupm Hrdss ula,b) = clic(a), ¢(b)),v a,b <o, 1]
aaory  [0,1] & By eumpumssLULGeTer  FEHDILILGS
QFwiedlwimeng <i,u,c> @M @@L (PLELWTS  @)(HEEW
Ligurer e ¢ —ApHlo erar fpes.

Given a t-norm 1 and an involutive fuzzy complement c.

Prove that the binary operation u on [0, 1] defined by

u(a,b) = clic(a), c(b)) for all a,be|0,1] is a t-conorm
such that <i, u, c> 1s a dual triple.

AeF(R) eans. A g Qzefleupm erewr erefled, ererfled
wL (Hd
1, if x<la,b]

F¢ #[a, b] > A(x) =4 l(x), if xe(-», a)
r(x), for x e (b, ).

aar pmeis. Qg [ aang (-0, a) dopg [0, 1] &8
auerumssIULL  efludurs gmbd  LOMD UG
UssSHAMmBE — CQsrL FSlwuneargiorer &7 UMEGD  LOHMHID
lx)=0Vx e (-, w); r erarug (b, ©) Swpg [0, 1] 6@
auerumGsIUL L fludurss @Gepubd  HmID QLg
UssSHAmBE — CerL FSlwunargiorer &7 UMEGD  LOHMID

r(x)=0 wpmd x € (W,y, ).
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Let Ae “F(R). Then, A is a fuzzy number iff
1, if xela,b]
F¢ # [a, b]> A(x)=1 I(x), if x (-, a)
r(x), for x e (b, x).
where [ is a function from (-, a) to [0, 1] that is
monotonic increasing, continuous from the right and such
that {(x) = 0 Vx e (- oo, wy ); r is a function from (b, ) to
[0, 1] that is monotinic decreasing, continuous from the
left, and such that r(x) =0 for x € (w,, x).

al(® wpuLea@liue smer  Caram @ @peilal(mbgl,
eeCeur saflpumbd @ wrHms sawrd X ={w, x, y, 2} &
Bg Geraumorn @@ Gwrss elnlu afles P, (€N ) ow
Qe (HLUSTS GlETeTs.

P, :<w, X, Yy, z>

P, =P, =<z, ¥, X, w>

P, =P, =<x, w, y, z>

P, =P, :<w, Z, X, y>

P, = <2, w, x, y>

SSsGailer SHsul s @liups Hlawaw Cums.

Assume that each individual of a group of eight decision
makers has a total preference ordering P, (i € IN,) on a set

of alternatives X ={w, x, y, z} as follows :
P = <w, X, 2>

P, =P, :<2, ¥, X, w>

P, =P, =<x, w, y, z>

P, =P, =<w, z, x, y>

P, = <2, w, x, y>

Obtain the maximized agreement level of the group.
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22.

23.

A A e F(X), iel (BNS_Hs sambd) erens.
(@4) Ua+Ai _a+ UAl LD[DQ_ILD ﬂaJrAi ga+ ﬂAl ,
el el el el
(<) ay = ﬂﬁAZ ﬂ/”A TAESHT ().
pP<a P<a
Let A, A, € F(X), i e I (Index set). Show that

(a)

(b)

(=)

(=)

(a)

(b)

Ua+Ai :DH[UAZ‘J and ﬂDHAi gaJr [ﬂALJ
iel iel iel iel
a, = ﬂﬁAZ ﬂ/”A.

f<a f<a

C:[0,1] > [0,1] <yeg efluoduTs G®DWS dnigwgb,
FRHUTHETETGIDTET 6(F &T L 6Tald. C  GUITETE GUFLDL|S
sL_(Huur@hasener Blepmaey QFlWSFn g WIG)ILD
Qar FHlunergiorer e @ blenad &r L erem Hlmie|s.
eaGeurmp Ggafleupm Wens Hrlduyb Fsulsb @
sblaneen i CETeaTiy (H&@GHD erean Hlmie|s.

Let a function C:[0,1]—[0,1] be monotonic
decreasing and involutive. Prove that < satisfies
boundary conditions, it 1s continuous, and 1is
bijective.

Prove that every fuzzy complement has atmost one
equilibrium.

Gemeuouameupdled  eTeneu Qgefleupm  erawraer  eren

& wrefésa.
sinx, for0<x<rx
A(x)=
(<) () { 0, otherwise
x, for0<x<1
B(x) =
(<) ) {0, otherwise
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1, for 0<x<10

0, otherwise

(@) C(x)={

D(x)= min(l, x), for x>0

() Y= 0, for x <0
1, forx=5

(2) E@®)= {O, otherwise.

Determine which of the following are fuzzy numbers :

sinx, forO0<x<rx
(@ A= { .
otherwise

®  Blx)= x, for0<x<1

0, otherwise

© Clo)= {1, for 0<x <10

0, otherwise

@ (x) = m1n(1 x), for x>0
- for x <0

1, forx=5

© Bl= { otherwise.
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