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YA el A -2l 7F gk A Follis YA 2 a5 Fos
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2 Apzslel o) aol 1 g 2ualy AT Abzel mo} 2bh el A
gl 37 6} o] $o] uhR W x| o F(furzy theory ol th walA 21 Al 7] & ¥ st
Alckel) chul sho] 4t Bl glof 4 o] 7} e b o R B Ab g 9l
A Ak galslel Wl ol g whg o R B AR Sl ofo Pk # X
of Stof) th ¢ BPA ] ALILe 3} 387 & whFatel. Fakiz Auh 39 ¥y
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W) 71 2A A4 A Pk

-

AL Aol 43 W12 3he] A F A AT Bl 2, HA A3 3
ol 7l WA ol 44 fHael 270, 2o n T el %y A Pk,

A IV el A3 A Sl e TS uh o R HA 3HBA, Al DA,
HA o BA. HA A BA 222 AR DA T4, HA DAL a-FFBA )
7ol AP o)

AV el M3 A Zef sl siA B HA| EA A S FA DA oD
FER A X A

AT Aol 3= 2 2ke] Ahd ) Al kel WAk BW S Fue) %A )
R APzh A Sb, AR B A AL S F o) stel TEe] A4 4 AT} #4)

hilell o) g 2Alghell el ZARSIT e % Al Al ek



UL PN E3] 25 ofof D AL oz FARD s oR

shi= o] o HAo| Folth. o & BT "obFUHE of AR BY", “FAUL B

2 sk BAUAY w3 vl sk Aok S ol £ 7 YA Bl A

W3he ol o] H T S REAE e %S ol E & gk Z¥d 9]

HE o Ase 2ol YAAY ATAH TR o 5he By oo A E

[¥

v ol Kot A7k #af ofof 3 ek AL ol T F Ak F Sl
AR AL E FRs e AAs B sl oh S ook 1 Fe FEhe
olgEA = F wgor T oy mf o) i 2ot ey $-2]9
AN M o] FER =M BET S A HBY 5 = 28 of
s HaAor dF e six =2 EM P AT F Yo o)
of A #HA =2fo] daAo] Mt o g o] ool B} B AT el ==
A8E #8Y 2ARRE TE7] Sl HAAR Y, HA DA, AR 22 G A
T RSt FaRoR AL F UARS T Aol HA o] EQ Aol 9o
Ao ztol B AL oo & i 5o Y-S HAZ TSR YEbd & A
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Ha) Ao X o REAS 4 = v} o] A5 = S35

A X — {0,1}

o ofato] el 4 Utk Z ja(e) =129 Suji= g 7h Aol £33 2435
10l pa(e) =02 ouj=r 7b Aol $8 2482710 Y& vk
S5 s X — (0,1 & AAAZ A o 2% T4(membership function)z}
2Eg AANR A 2 752 A = {(z,palz))c € X} 22 YA H
AR 3HE DT [0,1] AbolY AF g 2&ALE Hel: ALER 74

Hop 22l 2 AH A 5§38 B E(grade of membership) & o|3f o224

b

HA 23 AFAA HEH A A Adole B & Ak

< B > AARZ A o BA Y
A={(e,pale)r € X} B2 A= [ (nala)e).  (
A=Y paledle (A7 HEUTY o)

o 7| A8 4zto] 0 9 A9 )= ATd 5 9o

r
k>
il
1o
re
b
>
e
2

A= 21%ke] B 7HA oA F A A,

il
—
[e]
2
N
N
N
>
ujn
Lo
ta
e
o,
i)

of 2-1. X = RAFE9 AF), 4
& A = HANG2EA

1
A:{(’/’t Neala =i‘+—(;—‘_1—0)2}



So) W x| 7 ghol 2} ShA 24 USE

{(w.pra(x))|r € N} 2F 3

of 2-3. A F ol § 2 5 HA ol et

1
— if >0
) 1000 + 2
jrala) = —r+1
if <0
—r+2
2 AT A= {(rpale))r eR} 2 29 F Ak

Ol 2-4. A & 717} 160em 3= @259 HA 3] 3tel 2} &

A={(rpa(e)r € X} X = g5 gtor s of &%

palr) = (14 (r — 160071 2z Bl 8 5 AUt

SRS CEE RN DR

{ 0 if <50
(r —50)° .

W i 550

(r—502+10 = 777

ki

s o 58T

e

Pt
o

rir



[2] HAIFEH 22 e &

Ao B AAAZ N o HA BEFSolet shak ojul Yoo r e X

of thate] pa(r) < pplr) A FS "B = A4 5 L3 et s AC B

2 BB A B AANAGY @ A o B Ak BA(AEBA)BE AL
A} X o] RE U7t A Bo 2548 327 S g & F3o

P

L)

A=B < jualr)=puplr), «&i.

of 2-6. 7t o 2%z Uig HE 35 E ZAHGT kAL
) AE s A= { (k7 0.8) . (F+.0.9), (59, 0.7), (7. 0.5) }

o}

2ol METE B = { (oFF. 0.8), (7. 0.6), (¥9,0.6), (V. 0.4)}

k

Atk o7l A 7ol AE Ao 4E FERG AN 2AL VS A F
Adth Z, ztol SHCAWHOR A2 FolohE AT ¥ F Atk

2tA B C A4 o|th

AAZ S X o 94 Folld 24385 ol Y YLER o] F I g
2 A 9 A (support)zt ek F, supp(A) = {& € X|pa(r) >0} olth. A
o szol(height)i= het(4) = Ték\-"'-“(‘r) & gu . 222 pua(r) =1 ¥
=4 7 EA o 4 B8 normalized) s ATk ghek. H 2] 3 gt
EFHE PAag FAM 2585 @l a (0<a < 1) oY VLEET T

AE A3 a-FEH$Ho-cnt)2h 3t 4, 2 vhebd ok

-6 -



O 2-7. A= {(1.0.2).(2.0.5).(3.0.8).(4.1),(5,0.7)} 22

o= 0.5 thd}o] 4y, = {2-3-4~5} o] t}.

AN X 7bn Y Euclid 30| 2, HAAF A REDLr,ye X,

A€ [0,1] ol thate] thFo]l B3l uf “4 & E53rh 2t 2o

palAe + (1 = XN)y) > min{pa(r) ealy)}.

%57 ol h @ 42 Lobnt,

Mol 2-1. AAAT BRI D YAFREANE BE 0-5ET
Fol HEA HORA BHH o] 51 ok

<z > AN A 7} BFol T Va € [0.1) g 5

A, ={r e X|palr) > al.

vy € Aq o1 min{pale) iy} > a o], A 7F EFF ol 2R

el A€ [0.1] ofl o 5hef

pralAr + (1= Ny) > min{pae), ppaly)} 2 .



ot Az +(1—- ANy € d,. ZHER A, & E53 gl
ooz 9olelac(D.1]o st A, 7} REFGOZM B3] }o] 2} s}x}.
dole) o,y € X o hated min{pua(x), paly)} =a 2 3H A, &= E53 3

olm g ¢Jeojel X e [0,1) of th 5t

Ar+ (1= Ay € A,.

i

palde + (1= Ny) > a = min{pale)oaly)}.
chebA A 3 25 Fol ok

HEAN bR R ARG E W ee) 278 vehd £ A

A7) 8ol A7 & el Al 742 g S 2 e g 2o

A et 7] 4
AANG X b SR L W, HAAHY A o 2 D2 255 g $E
20 A% bl ol X,

|Al = Z jealr).

reX

ok 4 7F FRA O Z A L(plecewise continuous)e|'d |4| = fr palx)dr

o2 Aol gh.



<EDA> A AAYFH X o §3 TN pa(r) =0 &

5kl B
palz) =1 € X olth wabd (4] = > pa(e) = A Aol o= A4
reX

o A4E vehdch D8z HA7 e Age) 18 ME Tl B3 7]
F9l 2 bl o,

=R gl 7] 5

Aol 2718 AR X o vl wabel vehy = ot =

_ A
1= g7

A H 2] 7]
A3l 2718 A S H A 33 |A] 2 dehd = ol =
//.";H(|A,,]) =a, o€ Ly,

of 2-8. X ={1,2,3.4.5,6.7.8.9.10} o} =
A=1{(1,0.2),(2,0.5).(3,0.8),(4,1).(5,0.7),(6,0.3)} 2 &2
4] =0.2+0.5+0.84140.7+0.3=3.5 ]2 |[A|| = 32 = 0.35 o] }. 4 9
HA 7)15& F38t7] fl8ke] A o @35 Ly = {0.0.2,0.3,0.5,0.7,0.8,1}
of thaf A 7} (- F &3 3H:S Fah4
Ay = X0 gy = {1.2.3,4.5.6}. Auy = {2.3.4.5.6}. dys = {2,3.4.5},
Aor = {3,453}, 4ps = {3.4). 4, = 4.
223 A =10, [Aga] =6, |4gs] =3, [dos] =4, |40.7] = 3.
|dos| =2, [4)|=10128 49 HA7 4=

4] = {(10,0).(6.0.2).(5,0.3),(4,0.5), (3.0.7). (2,0.8), (1, 1)} o c}.



1. IHX| 0%t

(1] HHA| oiYE &2 =AU

AR F AT = HAG A v o vaE WS RAsE HEoRA Oe
e HE O (0,1 — [0,1] o SJshAH ) D = Uk ARG B4 C
7 57] Sl M kg F2 8 whEslelo} s

(B2C)): RG] A AW S DEslof ok =,

C0)=1, C(1)=0

(ZelC): 35 C =8 F7) ghgolch &

pale) < pple) = jpae(e) > ppe(r),

ST £ g 98to o] 4] 7] 22 9o thge MR L TS F7E

F= Ut

A% g4ol o,

(B2[Cy): ¢+ C

re

(32|Cy): 3+ C = Involutive o]t} =, f(aeye(2) = pa(z).

- 10 -



Aoz o WS 4T Tt 2ol BBk o T 99} 4 7

oH
A
4 'l'“
58]
40
3
N
>

211)

re X, jpacle)=1—pa(r).

Of 3-1. the-® 2T} Sol 77t Folst: FARSle] =& vhebd HA W
o] ok,

A= {(1.0.7).(2.0.8).(3.0.6). (4.0).(5.1).(6.0.4)}.
B = {(1.1).(2.0.2).(3.0.9).(4.0.3),(5.0.8),(6.0.5)}.

tol aojat: FAMS] o) HAAZ Fol Aot FARS] o HALE

A7 = {(1.0.3).(2.0.2).(3.0.4), (4.1).(5,0).(6.0.6)}.

B = {(1.0).(2.0.8).(3,0.1),(4,0.7).(5,0.2).(6,0.5)}.

sle] oS s ololl hE Tt B ol A3 FEE AR Bk

(1) A - o 3%} (sngeno)

1 — jralr)

Yr e X () = .
fia 14+ Apealr)

Ne(-1,x) & Aot}

oo, ANA #o. AUuAdA# X 9 Y F . 22 1 Involution 3} &

maz g ae] BT o FIME A £ oA RA A 9 ghell wet ool

—71 -



Ml ZA=00 HF N3} GF7H 2 A 9 grol AMFEF o35
28 4o] ghe AopAich o BHlY pa(r) = 0.4 4 of,

A= —09 0] jac(z) =094, A=—0.301" pac(x)=0.75 ol th.

A=0 0% pac(x) =06, A=20]% pye(x) =033 0]}

A=10o jiqe(0r) = 0.12 o] T},
(2) Yagere] o 31 3}

Ve € X, pac(e) = (1= pal)")¥, w€ (0.00) 2 o2} o] AT
SiA 2 e o mha} moe] WETh Z w =1 oW HE Y 7} 5
2w ol AN o ASe) A%%E AR AT oS palr) = 04
o w. = 0.5 01 paclr) =014 w0 =101 jg(r) =06 =20

pacle) =092, w=>50°" jae(r)=1.00 o] =t}

[1] T{X| 8tzl8t 8140 =7
A2 A5 A 9 B o e dvrHoz o T U o M B2

U2 {0.1] x [0,1) — [0,1]

= WA We] BE Qe of tatel HAYT A o B o} A 2%

S

S paus(e) = Ulpale), pple)) 2 34T

-12 -



o B3 T b S FEl E UF el of Tt

U(0,0) =0, U(0.1)=1. U(1L.0)=1. U(1,1)=1.

(B2lUy) 34 U = 2 Hel 4 dch 3,

Ulpale),pp(2)) =Ulpp(r), palr)).

(B2Uy) &5 U = dx3tsel. 3,
paley) <gralog)e ppley) <ppley) o™

Ulpealey) o piplaey)) SU(pale), ppley)) ol ek

(Belly) 3t U = Ashd de] 433, &,

UCU(palr) ) oie (o)) = Ulpea (). Ulpp (e )ope ().

ol el 4 el -Felix A Stel 1 -gfoln 2L ofell thFe] 2 sfe] Fe

% F7kstel Abg bzl w o,

(F2|U5) 35 U = d5%5olth

ofN
N
N
B
e
lo
N

F,opale) Yopple) 78 Z23F ek 202 paop(e) o 23

A -t}

(Je|Us) Uppala), pale)) = palr) : Idempotency

_13_



A ool 5T 4% Ao wet oy AN BT F Aok Yo

2 34 U 24 max & Wol] AL 83}, &

Ve € X praup(r) = max{pa(xr), uplx)}.

Of 3-2. The® 3H3 ol 27} Fokshi FASI) =& vhekd #A W g

o] .
A ={(1.0.7).(2.0.8).(3.0.6). (4,0). (5,1),(6.0.4)},
B =1{(1.1),(2,0.2),(3,0.9),(4,0.3),(5,0.8),(6.0.5) }.
AE & F BAROIAE Folats FAM o) AA WS FaY

AUB = {(1,1),(2.0.8).(3,0.9),(4.0.3).(5,1).(6.0.5)} °]ch.

max o o] 3 333 F5 elel) ohsH A2 FFEE ARSI E T

(2 3 AwD
Vr € X, pawp(r)=palr)+pple)—pale)-pp(e) 2 38 of g4t
o ZayE, A A, 35Uy, =rag i HFT AvX = X 7}

Ay, ol AAHE BEF Jlelelim ot

o 3-3. 4 ={(1,0.2).(2,0.5),(3.1).(4,0.7)},
B ={(2,0.4),(3,0.5),(5,0.3)} 2 &}
AWDB ={(1,0.2),(2,0.7),(3,1),(4,0.7),(5,0.3)} ol ck.

—14 -



(2) A3 A B
doje] r e X,
pasp(r) =min{l, ga(x) + pp(r)}

14 pualr) +pep(e) = |1 = pala) — pa(r)) ol &
= 5 2 Bl gt

(3) Yagere] 3308t
Vo € X, paop(r) = min{1 [(eale) + (ua(a) )=}, w € (0,00) 2 B2
skch o] AALL g 3ol o] F Idempotency v WEsHA| @43 299 ¥
2= wEshoh 3 o groll apel $5e] meFol iR B R F el uwpeh w gk

o =u3 Astch ¢ =1 oW min{l. palr) + pple)} 7k 5ol A el 51

w =2 ol min[l./(ale)? + (eple))?] 7b Bk w — oo o]@ Yagere]
A dim min{L [(a(e)"” + (ep(e)*]5 ) = max(palo) ps(e) o

o] # ereiA ek,

o 3-5. A= {(2.0.4).(3.0.6).(4,0.8),(5.1).(6.0.8).(7.0.6)} ol =

B={(2.04).(4.08).(5. 1)} et &1 w =235 9ste] 7t o o hE Yagere]

1

—]5 -



3Ha gre) Ak At R

r =2,min{1,((0.4)° + (0.4)°)%} = min{1,0.46} = 0.46,
¢ = 3, min{1.(0.6° + 0°)7 } = 0.6.

¢ =4, min{1.(0.8° + 0.8%)7 } = min{1,0.92} = 0.92,
z=5min{l,(1° +1%)%}) =1,

z = 6,min{1,(0.8% + 0°)5} = 0.8,

r = 7,min{1,(0.6° + 0°)s} = 0.6 o]t}

7322 Yagere] §H3SHE

AUB = {(2.0.46).(3.0.6).(4.0.92),(5,1),(6,0.8),(7,0.6)} °lck

(1] HX Layg geel =8

AAAG A o B o BAe ApAoR b B4 [ o skl ojd
t}.

I:[0,1] x [0,1] — [0,1]

=z ANAFUHY BE U2 r o thatel HA T A 9 B 9 TR a5

52t e panple) = I(jealz). pple)) & BTk

of ZAT BEE eI B FUF UFsolof Vo,



(B2lhL): & = BEFSY] A5 AAte) 43 & TEFI
I(1,1) =1, I(1,0) =0,

1(0,1) = 0. I(0,0) = 0. (A Z7)

(Z2e2|L): 351+ 2o 4. F

I(pa(e), pp(e)) = Ipp(e)oeale)).

(3ell): 51

palzy) < palea)oppl

r1) < pplrg) o™
I{peafr,

Joprplry)) < I{pealay), pplrs)) o] t}.
(22|1;): st 1 = Ak 2ol 4% &=

T{I(jea(x) pgla))pce)) = I{palr), I(pp(r), pce(r))).
olarel 4 el 22l mAl el sl Felek s, 2 ool thie) 2 e} B
4% FokA ARSI Dk

(Bell;): =17 25

JL>

gHol ot

(Bells): Ipalr)geala)) =

jra(r) o Idempotency

27 %) B S %A

. O !

ol mhet o 7} R Aol %+ ot durgo

2 34 1 24 min & @o] AH&3t F

Ve € X, jiamp(r) =min{pa(x), pp(r)}

—]7 -



191 £& Yerd HA 33

=L

2
o
o]
-
S
rr

of 3-6. ThE-e A3 &2 %

o] t}.
A= {(1.0.7).(2.0.8).(3,0.6). (4,0), (5,1).(6,0.4)},

B = {(1.1),(2.0.2).(3,0.9),(4,0.3),(5.0.8),(6.0.5)}.

243} &0l EAlol Fobehi ANl wol HAWHE T

AN B = {(1.0.7).(2.0.2).(3,0.6), (4,0).(5,0.8),(6,0.4)} o]}

o]

min o o8 w3 Fir A o asWFY U B o aE5dFY U T
shuhe Antg 9oz M £ F sue gro] Mt T Aol 9%E VA
o] A7) of Zoll thF 2 e FFE ALV = T

SRS

~]18 -



Yooz € X,
pacp = max{0, pa(xr) + pplr) -1}

_ HA(I) + ,“‘B(‘T) -1 -:Il - “A(I) - /‘B(‘E)l 2 ;89’]?}5}'

<

22 BEAL A0S = 6,

t

iy

t}. o] HAFS Yagere] ZH3 FFollM w=1% d,

o] AArS X3 A,

r$l

AG AT =0 B W53

panp(z) =1 —min[l,2 — pa(r) — up(r)] o Ao

of 3-8. A= {(3.0.5).(5.1).(7,0.6)}. B = {(3,1),(5,0.6)} & &2

AG B ={(3,0.5),(5.0.6)} ol th.

(3) Yagere] 233}
Uojel » € X of thato] th3 3} zho] Aot

panp(x) =1—min{l,[(1 - pale N+ (1 - /:,B(.r))“']%}, w € (0, 00)

o] A4k Idempotency & A 913 w3 §e] 381§ THF AUY £ w @

ol ulg} 4] moFo] v ZA wet w g SH3 I w =1
1% yianp(r) = 1—min{1,2 — pa(r) = pp(e)}yel 5o} A F} ot

w = 2 o]l'a /‘Aﬁ[}(-l') =1 - Illill{l, \/(1 — /1,1(.'1‘))2 + (1 - /lB(([‘))z} 0] C]’
87w — oc ol Yagere] L3I

panplr) = hm (1 —minf{1, [(1 — palz)) + (1 —pp(z)) ] 3]

— 00

=min(pa(r), pp(x)) Yol & gl A Yt



0f 3-9. A= {(2,0.4)(3,0.6),(4,0.8),(5,1),(6,0.8),(7,0.6)},
B = {(2,0.4),(4,0.8),(5,1),(7.0.6)} & 82 w = 10 2 & =3te] 2} 1 o

08 Yager ZATHS) 25F5E A 0,

r=21-min{1,[(1-04)"°+ (1 - 0.4)10]%0} ~1-—min{1,0.64} = 0.36,

r=23,1-min{1,[(1 -0.6)'" + ~0)'°]7%} = 1 —min{1,1.00} =0,

z=4,1-min{l.[(1-0.8)" + (1 —0.8)'°7} = 1 — min{1,0.21} = 0.79,

r=51-mn{l,[(1-1)°"+(1-1)""%}=1-0=1,

z=6,1 —min{l,[(1=0.8)1 + (1 —0)!°%} =1 —min{1,1.00} =0,

z=71-min{1,[(1 = 0.6)"° + (1 —0.6)'°]76} = 1 — min{1,0.43} = 0.57 .

2882 Yager A S ANB = {(2,0.36),(4,0.79),(5,1),(7,0.57)} ol ch.

4. HXFEe Jel

$He HA o] Bst= & 2ol & vetl 7] S8t AdMEE

st AdS et 35S 08T 2 Aol Ack

(1) g A2

2y

Sohel HANE A, B o U ALE e 2ol 2 Wao) 255 %

Aol 2 o oz el vt

= |palr) = pa(z)].

reX

-20 -



0" 3-10. —‘f— 7H9] fﬂl]ﬁ‘;—]’ A= {(.l'].0.4).(.I'Q,O.S),(‘I':;,1),(.’1'4.0)},
= {(r;.0.4),(£2.0.3), (r5,0).(24.0)} ol hall 4 A 9} B o] s g A2l =
d(A,B) = |0 + 0.5 + 1] + [0 = 1.5 o] t}.

(2) 522 = A2
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< Abstract>

Fuzzy Relations and Fuzzy Numbers

Kang, Sun-Gu
Mathematics Education Major
Graduate School of Education, Cheju National University
Cheju, Korea

Supervised by professor Yang, Sung-Ho

We study the fuzzy sets, an extended concept of ordinary sets, in this
thestis.

Firstly, the basic definitions and notations of the fuzzy sets are defined
and examples are introduced in Chapter 2.

In Chapter 3, we introduce the basic operations on the class of fuzzy
sets and the various examples.

In Chapter 4 and 5, we extend the relations on the ordinary set to ones
on the fuzzy set and investigate the various properties of them.

Finally, we define the fuzzy numbers and the operations on them and
introduce the method of finding the approximation for multiplication and

division on the fuzzy numbers in Chapter 6.

A thesis submitted to the Committee of the Graduate School of Education. Cheju
National University in Partial fulfillment of the requirements for the degree of Master of
Education in August, 1995.
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