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Abstract

The existence of the difference between two fuzzy numbers has always been one of the bottlenecks
in the research of fuzzy number space and fuzzy numerical function analysis. The reason why the
difference of fuzzy numbers is weak is that the subtraction of fuzzy numbers is not the inverse op-
eration of the addition of fuzzy numbers. In this paper, the existence and extension of fuzzy num-
ber difference are systematically analyzed and studied, and various corresponding examples are
given to illustrate it in detail.
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1. 518

1972 4, Chang #1 Zadeh 7ESCRR[L]H#2 7 ROMIEIME S, S5 S MR Bk, ¥R E—jk
FA RN TR BRI SRR 75 SCHR [ 2] P AR EICE P2 1) 8 SLIn R

id B ={a]u: R —>[01] 2 LA F 1R 1)-4)) »

1) 02 AEROBEE, B x e REHT(x)=1;

2) ORI, WAHEEM Xy R, ue[01],

G (px+ (1= ) y)=min{d(x),a(y)} s
3) 0 bEgms, B[] ={xeR:a(x)>u} £IM%E, Hhue[01];
4) 08 suppd (IFAEL]A]" = {x e R:a(x) > 0} 4.
XF 0 e EYARONIERIZL, 10 E RRBORIE A A .

TER 3 A SO R R, BT PO 2 B AEPEAR 55, I ELBORN B ) Jek 1 A R BRI E0n
EREE, X TS NS R T ARORIA A . SRR SR T Zadeh $OK R B E OB, T
HAFMNE, Zadeh ¥ ik JFHLw X PIBIR L X R BUsGE S H Ry e, ARIESO A ik oz &
K SUBRAEI RS, A5 AN B ) Z2 A7 AE o (ER I U BIBDRA IR A R AR v i 12 5
FHHELTTO0=0MMER. b5, 1967 4, Hukuhara 75 SCRR[3]H B VE X T 448 BR 51 Hukuhara 22 (fA
PR H %), %83, 1983 4F, Puri fl Ralescu ZEJb Kk, EMTESCHER41F, BEMREN H ZHE) F)6
WIHEOL T H 20 X0 T BORIIE R 72 —ASH T e, I H e ik 75T Zadeh 47 9K i 2 e SO BOR)
WL IR . (HREBMIIE LT, R R SRR R SR, AR H 24 24742 [5], 1 HAF
TEVEIRSS . RN RO H 22 S B SLPr i @ iy, SEEAREMIN G KL, k2 )G,
HLF 2008 4, BOMIRIER 7RIS, Stefanini £ESCHR[6]H 4 H 222474, FRAES™ L Hukuhara 2 (f&
FRgH %). gH ZAHLL H 25, & SCEMM™HE, TSRS RIS R TS, A B AP AE .
Stefanini &I 7 bLHREG, 2010 4, Stefanini 7ESCHER[7]9% gH Z#HTHE T, FRAEST LE(EHK g %). 9 =
fipl 7 gH ZREk . IO gH ZEAARAERT, H g ZEEFAE. ik, EREETEZE S,
g ZMWE CRTHE R AR e B A& A » (2 g ZE RIS ARX R 2% . feilt, Mazandarani, Pariz 1 Kamyad 7t 2018
FESCHR[B] R T — BB BRI, RRAERLZE, TAR gr 2. AT HARZE, WAERIET) gr 2R
TELE, FFH gr 2848 BT BORIRIE TN 5 2 — MRV SOE, 38488 T ENERIM:. ARG ir
FIRTE T 3R JUSBOM B 2 A e R 2 AP E M R, S0 5 TR I &5 & A 0 TR B =6
—MRNHI R

2. IHWBENTFEMT RO
AFTBEIOE TUY, 7 FREHE LTS, + RREHECTHRmE “o” R
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W, ¥k

B R SCRRE,  “ @7 FRoRBRIE SCRIEG,  “® 7 FoRBE N EskRIZ .
THA BRI ZE 200, E eI X R s S EIs 5, o Ta ks
A=[a,b], B=[c,d],
A+B=[ab]+[c,d]=[a+c,b+d],
A-B=A+(-B)=[a,b]+(-[c,d])=[a,b]+[-d,~c]=[a—d,b—c];
Bt A=[1,2], B=[34], N
A-B=[12]-[3,4]=[-3-1],
C=A+B=[1+32+4]=[46],
&Z)
C-A=C+(-A)=[4,6]+[-2,-1]=[25]=B,
o X RGeS, EEMINEEE SEiE s AR TN, R, A
A-A=A+(-A)=[12]+[-2,-1]=[-11]=0,
PRI, XA A B A— A= ORI, 1AM PRI Gk 0T T X TR R0 2 SR 2 F 46 25 2
—ERFE
2.1. &£F Zadeh ¥ 3K R E X AVIRMIZE
SEX 2.1.1[2] (Zadeh ¥ 5K R IE) ¥ f /2 AR 4 X B4R Y 1 simisi, el R Un] e SO # (X)) 3
F(Y)RA(Y) 2 A (X) Bodamesgt f & £,

sup A(x), yef(X)
F(A)(y) =400
0, ye f(X)
f(B)(x)=B(f(x)), xeX
548, FHAeF(X), BeF(Y), WAxBeF(XxY) I FUE L,
(Ax B)(x,y):min(A(x),B(y))o
FT Zadeh 79K SR T E SR OC TS0 4R BE 22 1 BN E B 225 SCRR[2] .
PR 201 W a=(u,u,), ¥=(v,v,)eE", 5T Zadeh § 7k 5 B E SLIINE, 0% RAERIE AT
1) GOV=(u +V,U,+V,):
2) GOV=(u—V,,U,—V;) 5
_ |(kuy,ku,), k=0
3) ka= o
(kuy,kuy), k<0
T Zadeh 95K JFHLE SR EIRMMONPRAERTII S5, R IXIAIEGRER) — N . R IR PN
FABORI RIS A, R = A ORI SORT R T AR £
1) S F=ABRIET = (u,U,,U5), V=(V,,V,,v;), HITER 2.1.1 0] 45
TV = (U, +V,,U, +V,,Uy +V,)
0OV = (U —Vy,U, =Vy,Ug =V, ) o
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2) W TRAEBMIALT = (uy, Uy, Us Uy ) V= (V3 V5, V5,V ) > HITER 2.1.1 W] 45
U@V = (Uy +V;, Uy +V,, U +Vy, Uy +V, ) s

TOV = (U =V, Uy =V3,Ug =V, Uy, =V ) o

Bl 211 =MERMI%G=(123), V=(345), A
W=007=(123)®(345)=(46.8),
&Z’
WOV=Wwe(cV)=(4,6,8)®(-5-4,-3)=(-12,5)=0,

BRIV bR v ASOR S v (s A A Ie SR AN I . [FIAE,
Tod=00(00)=(123)®(-3,-2,-1)=(-2,0,2) # 0, MARHEBRIEERFERT God =0 MR, X4
P R PR S R T AR 50 1 B 140 45 SR AN S G 28— AN

N T T RIET Zadeh 75K JFER S PR BRI 0 © G = 0 S0 JIE IR 2 AN R BORI £y iy it
IEEEE, Puri M1 Ralescu 2 H ¥4 18 BG40 Hukuhara 29 R BIBDHIE LT, H X B 24
N8 UL AR B ZE A1
22.HZE

EN 221 [4]%0,VeE, HEHAWeE, @B 0=V®W, I WF NGV K Hukuhara Z(H %),
AT, V.

W2210THZE, HUTFJLERER:

1) 00, V=W a=VOW (“® " FRRUERRIINE);

2) FNEIERERGO0=0®0=0, A H I, d=0 MR, H ZMe URIFHb ik 73T
Zadeh ™5k J5 HLE S BRHEBDBIIRIZ: T 0o 0 = 0 [MBkAE; (XL 0 &R {0}):

3) WR H EHFE, WEMa-KFPHEN

[Ge, 7] =[u; -v,u} —v;] , ae[01];

4) Wa=(u,u,), V=(v,v,)eE Mao, V=(u-V,u,—V,);

B) WAL O = (uy,u,,u5,U,) 5 7= (V0 V5,V ) o 0O, 7= (U = Vy Uy = Vo, Ug = Vg U, =V, ) 5 3
Uy =Ugs V, =Vy A= BRI

6) H Z i JTUAE UM TREX MM E 1, LMES A5 B M H ZAA/EMBERMZ Ao B+{c};

7) EIE X 2.1.1 A1EIR 6) TR, BUHIRIZO B IR IR S, (HEPI BRI H EA SR A
FER), AFAEVEIRES .

Bl 2.2.1 BIEBI% T =(2,358), —AMBMI%T=(145), f

0o, ¥=(2358)0, (14,45)=(1123),
Gc, 0=(2358)0,(2358)=0.

M« =0,0.5,1, XFMH) ORIV FZKFREE T,
[0’ =[2.8], [] =[15],
[a]"° =[35,7] » [V]"° =[25,4.5],
[T =[5.6] . [v] =[4.4]

DOI: 10.12677/pm.2021.118163 1454 P2k


https://doi.org/10.12677/pm.2021.118163

W, ¥k

A,

[ac, v] :[a]"' on [V]" =[13],

30, 9P <[a]” 6 )" =125,

[L] SF \7]1 = [a]l O [\7]1 = [1*2] '

Mo T ael0l], #A U, -v, <ul -V . LLERAIGO, VELFLE,
Bl 222 =MERI%G=(123), V=(1,35), H
ie, V=(123)0, (135)=(0,-1-2)

BAR

N
A

o (0,-1-2) AR = ME, UARLE = MABHIET = (u,u,,Uy), JFH U <u, <u,.
B e =0,05,1, XFRIFGAG RAKPFEED T,

[0 =[.3] [ =[15].
[0 =[15,25], [v]" =[2.4],
[a] =[2.2]. [7] =[33].
B,
[a e, 9] =[a] S [7] =[0.-2],

[ac, 7] =[a]"* n [v]"* =[-05,-15],

063 71 = [0 o (o] ~[-1-1].

W2 X A [0, —2] FIX ] [-0.5,—1.5] ANAFAE, WG, ¥ EAAFLE.
B 2.2.0 Fifg] 2.2.2 a1, PEAMERIELN H 2R KR, fAEGEN, il 2.2.2. e
SCT R A ——H ZHE IO, BT H 2, WK gH 22, (1S AR BCE INAF ARV R

23.gHZE
EN 23.1[6]%0,,weE, MGV K gH ZHE LR
Mi=vew
0Oy V=W <or (1.1)
2QvV=00ow

EAEENRE “@7 , “o” faiShrEtizs.
W a A ) gH ZEH o KT :

[W]" = [U O \7]’1 = [min{u; -v_,u’ —v;},max{u; -v_,ul —v;}}

FIRE, 4= 0oy, VAELER, FEEL[W] =[w;,w! ], LU R AR (O)):

DOI: 10.12677/pm.2021.118163 1455 P2k


https://doi.org/10.12677/pm.2021.118163

WL, Mk

wWo=u' -V, w =u -v,
i 1) e e e T e T ae[01]
w, iR, w B, Hw, <w).
Wi 2): { Wo =ty Vo Mo =y Y, a[0]
wo EEEE, w g, Hw, <w!.
R D) S50 )M RAE R —, AnTEBNEE. T gH 2, AU MR
PR 2.3.1[10]%a,ve E*, N
1) # gH ZA7AE, MME—;
2) Ao, VAL, Waoy, v —EFE, Wic, V=tc,, Vv, [HRZANEIL. FrulEEre,
00, U=00,0=0-
3) HUoy, VIEHNL D)HAEE, Moy, GERL 2) AL, RZIFK;
4) (G@®V)o,, V=0;
5) 0Cy, (IO V)=V, 0
6) U0y V=00, 0=WHHMHW=—W; MH, W=04H{{Ha=V.
] 2.2.2 HH H ZRAAFAEN, FIHT®— T 2.2.2 111 gH Z 11
=R 0=(2,23), 7=(135), A
00, ¥=(12.3)c, (1,3,5)=(0,-1,-2)
B AR H ZAFLE, WS TF e 2.3.10 Fr.) Q)AL -+ 2.3.0 F1(1.1) 1 (2)=\h
VO 0=(1,35)0, (1,2,3)=(0,1,2)
0 Oy V= (VO 0)=(-2,-1,0)
|

[aey, 7] =[a]° o:gH [7]°° =[-15,-05]

[00,, ] =[a] égH [v] =[-1-1]

Hae[01]. Aw, =u;-v,, W, =u,-v,, W, w i, Hw, <w . @ide2.3.1F[H1.1)
A Q)ANELL 27Tk, G oy, VIS
N AU gH ZEAAALE RIS L
B 1.3.1 =B =(0,2,4), BEERI%V=(0123),
00, 7=(0,2,2,4)c, (0,1,2,3)=(0,1,0,1)

Oy V=—(VOy 0)=(1,0,1,0)

[a] =[0.4]. [7] =[0.3].
[a]" =[1.3]. [v]" =[05.25].
[a] =[2.2]. [7] =[1.2].
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bEAIIEC]

FEAGI, JAgNAT1G
1) Hae[0,05]8, w, =u; —vi, owiHE, wlEig, Hw, <w!
2) Mael051), w, =u,-v,, W, =u,-v,, w bk, w B, Hw, <w .
2R, DM 2)FEIAEERE L DANELL 2), HA RV TFE. ooy, v M MFEE.
MR FIREB T gH ZEAFAE R DL
B 1.3.2 BRI 0 =(2,3,56), —ABMI%T=(0,4.8), N
0Oy V=(2,356)0,(0,4,4,8)=(2,-11,-2)

- +
_sz ’ Wa

+
o
a

0Oy V=—(VOy 0)=(-2,1,-12)
T ael0l], A
2=Uy —Vy 2Uy -V, =2
“l=u -v, 2u -y =1
X T o e [0,1] FLAUH [FRE D7 [ ARSI RAIEE T — AT & . aoy,, v MFEE.

P =AU gH 22— EA7AE. gH ZEfR T H ZAREMRIVERK, ([ERIAEERRLE,
gH ZAFAE, W H Z—EfFfE. E0%, H ZAFE, gH ZA—EAAE. HAaiEdl, gH ZH H ZAAERE
I ] 2.2.2. (HE gH ZHARX A M R Z 4748, il 2.3.1 gl 2.3.2, e LBAA
A ERRE . MoK gH ZEHEAT THEST, DGRM T FUBTROBIIZE, B g 2=

24.9&
E 2.4.1([9] [10] [11]D ¥t a,veEY, M aMV K g ZiBid o -/KPEES E LT,

[G0,7] = cl( U([a)’ e [ )] . ael0]]
pza

b gH % “ o, 7 For[a) M) WIXRZH, “c” ZREamHL.
PR 2.4.1 [10] g % IRt AT LA 5E SUITF

[ﬁ Oy \7}“ :b}rl]; min{u; —Vy, U —v;},igg max{ul; —Vj,Uy —v;}} .
MR 242 [9]%a,veE, W

1) REdo, Ve, Wae, v —EFE, Miey, V=00,V, HRZAWL. FHEZRZ,

0o,0=0
2) (G@V)o, V=0
3) 00, (00, V)=V0,d
4) 0o, V=vo, 0 HHMEW=—W, [[(FKE, W=04H{H0=V.
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*241 #aveE, B

1) GV [ g Z—HAAEH HoA— MR

2) PIANBREL) g ZEREL T S/ IMEDR AR PR

TEB 2.3.1 W gH ZEAFLER, REH g ZHE SCREd, BP

[aqﬁf:d@%ﬁﬂﬂ%dﬂﬂj,aemﬂ
=0, H AT RITE,
o, 7] =l U([aF o 57 )|

/>0

=([0] €y [97° U+ U([0]"* 0 [ )u V(0] g [71)
U-- (~' [9°)U---U([0]°* €4 [91°* U U([a] 04 [9])
=([m])u---U([o-s.o-s]>u---U([off))

~[o4]
PR, W RS, g 2887 gH ZHWMAIEN, @ Pos EMESI A, FRFHET

SE X 2.3.1 BB D)FEDLL 2), DR G gL 1) 5150 2) RN IR, AP & . 7E o e [0,1] Th U B
I EAR g ZZ0n7F (A 1):

0.8

0.4

02

0 1 1 1 ]
-1 -0.5 0 0.5 1 1.5 2

X

Figure 1. The g difference G,V between the triangular fuzzy number @ =(0,2,4) and the trapezoidal

fuzzy number vV =(0,1,2,3)
B 1 =R 0=(0,24) MBHEME V= (0123)MgZEdo,V
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FIREXS T 2.3.2 thra oy, VAFFIER, do, ¥ FF7E. W 2.

1_

0.8

s 0.6

04

0.2

0 | 1 I 1 1 | |
-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

X

Figure 2. The g difference GO,V between the trapezoidal fuzzy number G =(2,3,5,6) and the triangular
fuzzy number v =(0,4,8)
2. BRSO =(2,35,6) M=AEMBI=(048)MgETO,V

Bl 2.4.1 BEERI%O=(4,5,6,8) , —MBEIEV=(0,510), REHA, HATTLER 6o, VREIHF
FER), FAER 1) 510 2) 2FBOPE. HEao, v BJRALER, WX 3,

1L
0.8+
s 0.6
0.4+

02r

0 I ! ! 1 !
-2 -1 0 1 2 3 4

X

Figure 3. The g difference 0O,V between the trapezoidal fuzzy number G =(4,5,6,8) and the triangular

fuzzy number v =(0,5,10)
[ 3. BERAAEHA% 0= (4,5,6,8) I=AEMEK V=(0510)MgZEdc,V

PR g 22 AR IF Hog — DEUIE, E X 2.4.1 T RIFA AT J, RT3 g 220 B
o (HEMET gH %, g ZAEEEYT R, ¥R 7P MR gH ZAFAERIIE L

25.gr &

ANy T X 73 SR P S AR BE B AR B (RDM), #5388 FZAE 0 o .

SEX 251 [8]BBMIAL 0:[a,b]c R—[0,1], G(x) /K F 58 ik B u® :[0,1]x[0,1] >[a,b] , EP
U (pa)=x .+ il “qr” For x e [a,b] KU AL, e [0,1]Fm x £ a(x) PIRIFIRIE, a, e[0.1] %
RDM A5 (0 BB IR ), IR H U () =0 +(T —u" ), -

VE25.1[8] 0(x) e KT R BACHE SO H(0(x)) = u® (pr,) o T EL, P
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H* (" (ma,))=[a]" ={inf minu® (B, a, ),supmaxu® (B, a, )} .

Bza oy pza %

on (x) e B 3R B BR8N o /KPR, SERR BT IS 2045 EORE A A s L
FE5E X 2.5.1 HIRE] T KPRIE R E[12], (U B RS R EMUE x> 1, B[a,b] >[0,1]. thak
UL, HE A X MR g, BGE—A o, WSAAHER x XN R, KR ERERE X
Wi 5IN—" RDM &R “qo, 7 , RN T—DGEER u, WA ME—fER x XA, &
[0,1]x[0,1] > [a,b] o @I AR5 R O A — A x BIRATRAE “f5RAL” o HIBL N7 R B8 .
Bl 251 =MBMIKG=(1,23), FEHRERBERUT:
x—1, if xe[1,2)

(x)— 1 if x=2
HU)= X+3, if xe(2,3]
0, if x e otherwise

2 =050, W[u]™ =[1525]. @it L 251, KT 0 MAKTFREELFRN
H(0) =u" (w0, ) =1+ u+20,(1-u), pe[01], a, €[01] (Wl 4).

0.2

03 04

Figure 4. The blue area represents the horizontal membership function of G =(1,2,3), and the black arrow represents the
direction in which ¢, changes
B4 BEEXEHRTO=(123) WKkERBEY, BEgiRnt o BhAH

ST H(T), B u=050, H(T)=u"(05a,)=15+a,, ¥ a, €[01] FHIMEEIE AT,
a, =0, H(0)=u¥(050)=15,

@, =0.1, H(0)=u"(0.5,0.1)=16,
@, =02, H(0)=u"(0502)=17,
@, =05, H(T)=u"(0.5,05)=2,

@, =1 H(0)=u"(051)=25,

u
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(PSR iR T BT o, M O B H) 1 ok ARet, H(0) IREEBHI AL . HebliEt,
4 g, 14 [0,1] P IS/ MBI, 199 (0) S35 47 SR 10 = 0.5 B 101K T4 [L.5, 2.5 i — AL
B4 —A M (0) ITLARERRAE 5 BB (5 2 a, M O BT (L3] 1 3L 2).

1.5 T T T T T T T

Figure 5. The green solid line indicates the process that «, gradually changes from O to 1, and the arrow
indicates its direction. The black solid line indicates the level cut-set [1.5, 2.5] composed of a plurality of
“information granular” 7 (00)

5. REBFELFRN o, NOFHENRE| 1B, ikRmEF B BBEEERTEZN “BRKR" H(0)
IR AR EEEE[1.5, 2.5]

X 252 818 0,7 € B, 4MIRERIH KPS IR B B M 1219 U (1,0, ) BV () » FEEL, “© 7
FORVUNEEEE, BN, ik, FEMBRE. Fik, 0oV BRI H(M)=u" (1 e, )0, v (1a,) .
EAERIRY 0”7 RRBREN, 0ev' (1a,).

SEX 253 [BIE5E X 2.5.2 F13 ST/ METHIBIO R (R 22, IFK or 2. 1 LU RIS BIPE

1) 00, 7=-(V0O,0);

2) G©grﬁ=00

Bl 252 % 0=(2356), V=(0,4,8), MIILoHIuRIIKFH )@ B R HCh

H(0) =u" (pa,)=2+u+(4-2u)a,
H(V)=u" (1a,)=4p+8(1-n)a, ,
y
[W] =17 (W (e, ,))
= H [ 24 u+(4-2p) e, —4u—8(1-p)a, |
)

:[inf min(2-3u+(4-2u)a, -8(1- )a,

pza oy ,ay

supmax (2-3u+(4-2u)a, —8(1—#)%)}

pza %t

= [—6+5,u,—5,u+ 6]

W R ZE AN 6 P
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1.2~

0.8

2 06

04

02

0 I I -
-6 -4 -2 0 2 4 6 8

Figure 6. The gr difference 0o, v (black dotted line) between trapezoidal fuzzy number G =(2,3,5,6)

(green solid line) and triangular fuzzy number v =(0,4,8) (red solid line)

[E 6. BEARMIE 0 =(2,356) (REEL)M=ARMH0=(0,4,8) (LEIELK)M gr£d00, V(BRELK)
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Figure 7. G,V is indicated by red solid line, 0o, V by blue dotted line, and green solid line indicates
the part where 0o,V and G, V overlap
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