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% ,3E 80 T GSAR % 7 % B & FMP(fuzzy modus ponens)it /& & . i it & B 55 4] % vk, 42 40 3 22
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Abstract: In fuzzy reasoning, both the compositional rule of inference (CRI) and the similarity-based approximate
reasoning (SAR) methods are built on classical fuzzy sets with only one negation. With considering the
characteristics of the generalized fuzzy set(GFScom) that possesses three types of negation (contradiction,
opposite and medium negation), an extension is made to the implication operator of the CRI fuzzy reasoning
method. The definition and formula of GFScom closeness degree, which incorporates three types of negation, are
presented. A new computational method of fuzzy approximate reasoning, named GSAR(generalized similarity-
based approximate reasoning), is proposed. The method is proven to have reducibility for fuzzy modus ponens

(FMP). Through comparative examples, the new GSAR fuzzy reasoning method not only overcomes the
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subjectivity and arbitrariness of the CRI method in establishing fuzzy relation matrices, but also objectively and
effectively reflects three types of negative information in fuzzy reasoning, thereby enriching the forms of fuzzy
reasoning.

Keywords: generalized fuzzy set; three types of negation; similarity measure; fuzzy reasoning

BB #E BB 0z b 0 TN TR AR RO 4R B 4 A A A T o AR A B A
Zadeh 1Y & AR DU 4 B 7 75 (compositional rule of inference, CRI)™, F [H & i) 4 25 1 = 15 15", Turksen 55"
$ A0 35 T 00 3T B G RROR 4 PR 92: (similarity-based approximate reasoning, SAR) . CRI J5 2 5% AR R 25 T 4
) T BRI OC RO HERE, Hz B 1 SOR IR, A B2 AR A B A5 R SAR U7 ik 2 aE i) 1B R A
5 R0 DR RSB A 5 0 U A0 B AL BE )R IR 25 2R T H B T ELA & S B, | RS 1R PN Ah 2 3 | DG i3

il 5 AR 0 TR A AF 98 1 XA AR B DGR R AR BRER M TR R VDR MR e S i e
ANREWE L AL F Y T B, AR A E SR TR B2 MO [R5 E B AR AT Pan!™ R H TR AR R PR
FEAE = BN TR A5 58 < 8 & A5 8 X575 8 R A 2 o sk BEALAE" R T — i X4 =i 5 s 1 SRR
£ GFScom, Jf b TEASEM £35 6 DF 1) BOH 2 42 B il

A 28 OB 32 A FVRSORY 1 3 B AR OR B LA AR e B D 7 9 AR RR M L (A AR B AR A A AT B DX 43 X AT A
EMT GG E, HIE BT WRATN A, ~AA R E)" . P, 72 BOB 4 3100 2% A&k b (i, CRIF 2 |
SR AE) W TC R R R BRI A IR B =R OR R S E C R . NI, 7E GFScom & Al X CRIZH A 4 4 = Fi
T T2 2 X A3, T 40 R T A0 HE BRI A 2. B X5 CRIFIE AN 2 BF5E T —Fh 56 T GFScom I i B
A RS A1 BRI SRR AR A T 4 T AR T 4 R DU T I B A R R EL A R A W B X 4
JGAF B B 25 B FF R B ek B B 25 2R BT Rz Iy ik N AE A 4 3 ) S5 4 b ST SR (o T EL A A5 M X 43
TOBORT RN AN TR A E AR BRI A B ERE . IR X LA RO A FOO R B4R Ae
FX)TE S xeX A SR BN 4 (x), A RN A ANME B xeX, 4° (x)=1-A(x), B A& 4B (1 LS SRR 43 51l
HN:A-B.AQ B, HZGFiaH BV-Ns .

1 M&EHIR

SESCTAY WS £ XY g sk X i BREUE AL X, Y T A [a, b), (a, b], [a, b), (a, b)BX {a=x,<x,<
ce<x,=by , HH a,beR 5 BIFR A Y (R 22 A7 Ui 44, o

FE 12" B T (0,17 [0,11FR S = MAAL 27 Tl 2 s et 45 A B8 M RN B 4444 7(0, 0) = 0, T(1,
=1, £ & T(a, 1)=a (Ya €[0,1]), WFK T~ -1 (r-norm); 25 = A T & T(a, 0)=a (Va [0,1]) WF TN
- s-H5 (s-norm)

FESC13" B h:i[0,1]7 — [0,1] 36 /2

Dh0)=1,h(1)=0;

2)Wa,be[0,1],47a<bAh(b)<h(a).

3)h(h(a)) =a,Ya e[0,1].

WIFR i R b o

X 14 FAeF(X), ab WXL s ,x e X, * et h AR HE .

1) RS A X — [0, R A (x)=h(A(x)).FRA @R THENAN T IE R EE, B, 25 h
LA JUFR A (x) = h(A(x)) = 1 = A(x) W% BB TR A BT TG ELE

2) WL AT X — [0,1 136 2 A7 (x) = A(a + b - x), WIFR AT 1 5 BORSER 145 0 A B0 75 52 46

3) A St A7 X— [0,1]0 2 A" (x) = 4" (x) * (A7) (x) = h(A(x)) * h(A7(x)) = h(A(x)) *h(A(a + b - X)), FR A i E
IR TN AN DA B E 5 Fr I, 25 -5 B min, A B HERD , MR 47(x) = min{]l - A(x), 1 — A(a + b -
)R AR E S
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R E g R BRI AR RO X 0 P AR E X AL AR E AR AR E )T SRR 4 7 (generalized fuzzy
sets with contradictory, opposite and medium negation), it & GFScom,
i1 EAEREE U=[0,100], Y="F 4 N" 2 UM —DEH 14, HRE mECh
1 , 0<x<25,

Y(x)= x1—25)2 , 25<x<100 , (1)
15

R SCRTH 48 GFScom & X, “HAE NI F G G EE R EFEN Y (x)=AY (x)=1-Y (x), H X7 75
FEE V=" N V(x)= Y(0+100-x)= Y(100-x), 1 A B M="4EN": Y (x)= Y (x) * (V) (x) = AY(x))*
LY (x)=AY (x)* AY(100—x))=min(1-Y(x), 1-Y(100-x)). A AN x=35, 0 i X ()Pl Z4FE R 8 T35
BN VAEE RN CEFEN AR SRR B 408 :0.69,0.31,0.12,0.31,

Horp ) TR (S B RN AZ B b AT AR 5 52 PR BOA W] A9 B

PER 11" % 4, B RS X F ) GFScom, a, b3 9 b X W75 A7 i a5, 0

DA =A4,Q)4 =A4,3)4 = A",

IEH DVxeX, A (x)=1-4x)=1-(1-Ax))=Ax),Fhd =4,

DVx e X, AT (x)=A"(a+b-x)=A(a+b—(a+b-x)=A(x), L4 = A4,

3)Wxe X,A7 (x)=min {1-4"(x), 1-A"(a + b -x)}= min{1 - A7 (x),l — A(x) } =min{l-4(x), 1-A(a + b -
) =A), A =4

PEJR 11ROV T 9558 Z A5 2287 O 3775 28 FIUP IS 5 /8 ) S WA 22 Sr 7 5 5 A B A S5 0 rp A AR

PERR 1.2 % A, B IS X b5 GFScom ,a, b4y 5k X 45 A7 i 5, )

1)ACB < B CA

2) ACB < A'CH'

3)ACB & B'CA

FEX 1S FXOJRE I X BRI 4 FREEHRA . F (X)) x F(X) — [0,118 FQO LT B, St ¢
W 2 LAR 2544

Va e F(X),(A4.A4)=1;

2)VA,B e F(X).,{(4,B)=t(B,A);

3)Va e F(X),((A4,49=0;

4) # ACBCC, M «(4,C)<t(A4,B),t(A,C)<t(B,C).

T 2 R SC 1S B RS o BN S I — WU T B A ST O T AN — |, LR 48 S LA LA S

B2 WA N, (A,B) 5L RN TR N, (A4,B):"

NH(AsB):l_%27:1‘MA<xi)_uB(xi>|’ (2)

1 n 2
NE(A,B)=1—/H2,_l(uA(x[)-uB(x,-)) o (3)
R T B BRAEE SC 15 AR Z2FIE R 0 BL RS UT B Y SO N AR A — A E 1 28
B4 F(X) b E SCLS RGO T KB b A S EWHIE T 04, A)=0 A~ —E NS . Wi e
X4 = A A A2 B T USRI 5 GFScom W3 J8 5 SCRE Jii

2 GFScom BNk &

T X21 GFX)EiEH X F) GFScom, %7 YA,B,C e GF (X)), K% t: GF(X)xGF(X) — [0,118 GF(X)
B O 0 R, A0 R ¢ 3 R AR A

1) #(4,4)=1,4X,D)=0 ;

2)t(4, BY=1(B, 4) ;
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3)#& ACBCC, M «(4,C)<t(A,B),H(A,C)<t(B,C)

PEBT 2.1 & ¢ GFScom WL 2, XF VA4, B, CeGF(X)A :

1) (4, A)= (4, A)=t(4, A)=0"Y% HIL Y4 4=X;

2)24 ACBCC, N

(A4 ,C)<min(«(4,B"), (B ,C)) ;

d (47,C)<min(#(A",B"), «(B",C")) ;

147, C)<min (((4°, B), t (B, C)) -

3)min{«(4,B"), (4,B")}< #(A4,B)<max {#(4,B), {(4,B")} .

WEM 1)l GFScom 7 X, A=X=A=4"=4"=0, Ll t(4, A)=t(4, AV)=td, A)=0,

2) tH GFScom (1€ S 1.2 £ %0

ACBCCoCCBC A4, A"CB'CC' CCBCA,

AT LIE 1(A4°,C)<min(t(4,B"), (B",C)) ;

1 (A7,C)<min(«(47,B"), t(B',C"));

t(A", C)<min (¢t (4", B),t (B, C))o

3)H GFScom HY & S -

min{B, B'}< B<max{B, B}, Il A"

min{#(4,B), t(A,B)}< ((4,B)<max{t(4,B ), H(4,B")} ;I LE .

FEX 2.1 Z5H T GFScom WL B (A BEALIE 20, DLUF 108 B 20 30 3 78 S B oz A e i i A U

EM2.1 GFX)ZEIEH X FH GFScom,V4, B € GF (X)), VxeX, B4
N(A,B)=1-21n Z(|A(x[)—B(x,-)|+| A (x;)-B(x,)

JERTMIEE GFScom [ By I B2, Hovbr, oA * B min , b BRZE P AR . Horpr:

A(x)=4(x)*(A4") (x),B(x)=B(x)*(B")(x).

WEAH 1) BAR N(4,4)=1-0=1.

M4 =X VxeX,4(x)=1,4(x)=1-4(x) =0,4(x) = min (A (x), (47 ) (x))=0;

A=, 4(x)=0,4(x)=A"(x)=1,00 4 (x)=1,07 LAk N(X,D)=1-1=0,

2) 5.4k N(4,B)= N(B,A) W57 o

3) X} Vx, € X, i GFScom My i , 24 ACBCCH} CCBCA, A A(x) < B(x)<C(x), C(x)<B (x)) <4 (x),

2 A(x)-C(x)<B(x)-C(x), B (x)~-C(x) < 4" (x)-C (x,), Fr LA

E\A(x,-) - C(x)|+ 14 (x) - C(x)] §|B(x[) - C(x))+ B (x)-C(x)
N(4,C) =1 iz o N P

[FIFE AT IE N (4,C)< N (4,B), i LA (4) & UBM 42 GFScom AT & . JE5E .

SEHL22  # AL BAEWHX I GFscom, M N (4, B) :% [A4°B+(1-4® B)]ZB R4 GFScom 1l

) e (4)

=N (B, C)»

VTR, 4B :% VLA A B(x)1+VI(A -4 (x)) A1 =-B(x))]1}4 ® B :% (ALA(x)V B(x,) ]+

AL =a(x)) V(A =-B(x))1}4-BRHHNE, 4 Q BRI,
WEM . HN(4,4)=1,N(4,D)=0, N(4,B)=N(B,A4),5E X210 1)Q2) 8T .
FRUE A ()WL o
XtVx, e X, ACBCCHT A(x) < B(x)<C(x)),C (x)<B (x) <A (x)o
AB=1 VARV =4 (), A C= (VACr) V(1= A (x) | FFLAA-B=A-C.

4® B =% NB(x)+N1-B(x)]. 4® c=% (NC(x)+A1 -C(x,)}.HA4® B4 ® C,
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1-4 ® C<1-4 ® B.
g 1 1
bk [4-cr(1-4® C)]<
FREAIE,N(4,C) < N(B,C). iFtE
3 EF=MEEMNEMEESHREX

T FMP (fuzzy modus ponens ) HFIAAH DI A-BHIA A" Hiili B'. FMT (fuzzy modus tollens )"y
FKIXA N :CHMA—-BEAB it A" Hh 4, 4" 20X B4 B, B 210 Y F B 4 .

XJ X 2 Fi S A ORI HE R CRI TR R M B R A — B — X x Y EIBMI C R R ¥ A S5RE
AR BRI : B'(y) = A" (x)°R(A(x), B()), He ', R(A(x), B))FE1E (x, y) BI5R & R 8, 2 Gas 5 o |V-Niz 5,
Zadeh 4 HI % 28 10 551

[4B+(1-4® B)]. BIN(4,C)<N(4,B).

RAa, b) = (1-a)V(a \b), a, b€[0, 1], ®))
RO F5 1] v T A 260086 58 38 4 45 Mamdani UM
R, (a, b) =a N\b, a, b€[0, 1], (6)

Xt R, (a,b) B FHE) B X 43 = Fh 15 2 (OF JG 15 2 - 37 75 2 F A 75 2 ~) B 48 GFScom |, 37 Y
A T RR N

R.(a, b) = —a\/ (a \b), a, b€[0, 1] ; (7)
Ri(a, by =3a\ (a \b), a, b€[0, 1] ; (8)
R(a, b) = ~a \/ (a \b), a, b€[0, 1] & )

GMP %5 % (fuzzy modus ponens base on GFScom): 4, B, 4", B j{] 238 X I A9 GFScom, #5 A—B H x } 4 W,
SR x A AL B Ay B BN A KR N B =47 R, E A BHERNV-Ns 8, X4 = Fh 5 & 09 20 H
R A (7)(8)(9) E 3.

GMT % ¥ (fuzzy modus tollens base on GFScom): 4, B, 4", B A i3 X | i) GFScom, #7 A—B H.y } B/
SR A xR ATSE TR R AT =B R B R A2 RV-N2E L X S MR N ZETRE T R, (a, b)=
R (b, a)H(7)(8)9)E Lo

4 ETF GFScom yif EHEMHEIEE %

LT AR A2 GFScom U 3T B (14 45 A5 4 PR 54 15 (similarity based approximate reasoning for GFScom,
GSAR) /Z7E SAR B L ELAL 1 AE 7 otk . GSARSEVE AR T 45 i 45 A R0 T 265 FL 00 7% 1 4t 4 =2 () ) AT = e
TR F G 3T B2, Xof i 2 B DU J - B i el efs J8E 722 A 118 7 1o Ok 20 285 1 R A R pR BT B S5 R BT, SRR INE

1) THRHTR AR 4 2 6] 19 5T GFScom [ I 3T B2 N(4, A7)«

2) VRN BE N(A, AT BE AR AL T

f(A A*)=[A(x»>—A*<x.)]

3) XF KON A B 4% A J3E AR Ak 04 5 o) 8 455 35 1 8 DR 1) A R pR A S L 0 = 1,2, A BIHERR SR B

WAL RS, : B'=min {1, B/N (4% A)};

S,:B'= BXN(A* A4),

JHHEF W if £(4,47) > 0 then S, else S,

4) 27 A 2 S AN I HE FR S AT B . GSAR B 4 3 Jy 12 J2 1 ) 7 A O 00 %) B, R T UE R
FMP ifs J5 4 [1] it

SEFE 4.1 GSAR%;(ztﬁﬁ FMP & it . BIE FMPBIE B 26 0F 2 A'=AWF , GSAR LR 1519 B'=B.

WEH] 2 A=A R, BARE NA,4%)=1,

2 R B bR RS, I

B'=min {1, B/N (4% A4)} =min {1, B}= B*,

24 T bR B S, 1
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B'= BxN(A* A)= B*,
L2 FRTIR 2 A=A, B'=BiF .,

5 Rz FsEB

FEARANLEE ® R GE, KA IR TT 0 T SRR B A O, MR i 52 8 28 06 G &85 118 R0 D« 5 7K AL vy, U g 1T 4T JF R
K7 WEKM xS XS KITAIT A RE y e YA 0 58S . X=Y={1,2,3,4,5). # 4,B,CR=
02 04 0.5 &

L >

GFScom*ﬁ*ﬁ%,,ﬁ\ﬂP,A(x)ﬁi‘@k&“%”lﬂ@ﬁ}%fﬁ:A(x):T+ 3 +T+%,B(y)ﬁi§ﬁﬂl‘?ﬂﬂ?ﬁz”

ORI B () = &

Jia] F51 .
1) SR KA AR F0 v iF 0 1 1) T TR B
2) BRI A, A*@)= 22h + 0+ S 0L R 1T TR (O BRI B
fiff: 1) KRl A 1.5, % AR AN TR 1T A T A o e S e A PR U(E B (x, ») BRI (0,6) . HEABTHIEE A(x) . B()
FER B A(x)=(0 0.2 0.4 0.5 0.8),B(y)=(0 0 0.3 0.5 1.0) FERHEIN “E A A7 v, T THT IFFEE R, £m
HA(x) — BRI 2 5 R R(x,y) K H Mamdani BUIN 57 V-AS R, W
R(x,y)=A4(x)"°B(y) =

0
0.2
0.4 (°(000.30.51.0) =
0.5
0.8
00 0 0 0
0 0020202
0 0030404/,
0 0 030505
0 0030508
N Ny e b 08 05 04 02 ..
GFScom M5 S 1.4, /KA “ Ik 7 J& /KA 15 E@XﬂL\LEE%,mUAﬂ(X)=A(6—x)=T+—+T+T,L—J
J R A7 (x)=(0.8,0.5,0.4,0.2, 0). RO BE 9 CRIA IR 2, E SB 8 ° WV-NB 5,15
B.(y) = A4 (x) °R(x,y) =
00 0 0 0
0 0020202
(0.8,0.5,0.4,0.2,0)°| 0 0 0.3 0.4 0.4
0 0 030505
0 0030508
(0,0,0.3,0.4,0.4),
U 7K 36 1 14T TR AR < B, (y)z% | % ; % .
AR Hh R A R AT A () B R ()RR B A (x)=
] HE 6,0.5,0.2).

/-Z\
=
by
~
e
o \E\)
e
(9]
=]
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By(y) =4 (x)°R(x,y) =

0 0 0
0.20.20.2
030404 F
0.3 0.50.5
0.3 0.5 0.8

(0.2,0.5,0.6,0.5,0.2) °

S O O O o
S O O O o

(0,0,0.3,0.5,0.5),
T 7K A v B T AT R B, Qo——447+4253 957 YRR T B KA 5 BT AR N L B K AL AR R T
MRERE 2K,
MaﬂAmmmﬁGme%%ﬂﬁ%mA%ﬂJ%+%§+
A% 55 A WL JEE RS BE AR AL )7 1]

N (4, 4) =1—2—1n ﬁuA(x,») -4 (x)H A (x) - a(x) ]) = 0.92,

2§+2f Eg—mﬂumARﬁﬁ»%k

S (A= 35(A (v)= A () ==
0 0276 046 092
+ +

ﬁﬁﬁ%%ﬁ&ﬁéMNmﬁmjﬂmnﬁ&@F&@NWkg+E+ 3 . F

7 (X R R 26 ) CRIJT 7 H 0 44558+ B, (y)_i+%+%

WSS M, B () F1 B, (v) 7 {1,2,3,4} T2 0O 3R J&8 1 350 43 A0 [A] 5 6 A A7 0L, 17 {5 33X A~ o0 1Y SR g
HW FIRAESHE W B, ()B4 0.92 [ B, (v)H 0.5 B 4323 2 WL 52 Br o

6 ZERIF

D) 78 HA =M BN B4 GFScom | IX 20 T CRIFT RIS TIARR & E R, B8 TP R
B IO AR P U5 % o 72 GFscom H 5 4™ = A4 * (A ), i AE 2 S (Y CRIFE L P DR X S 5 2 5 7 i 7
SEA R —, NI 4™ = 47=4",

2) WESE T HAT =P 00 W 3 5 28 R A SCRIME T, 25 1 T W RO [ 1) GF Scom I 3 B 19 3138 A 5K

3) JE T GFScom W T B 2 tH T — Bl X 4 = Bh 45 %2 A9 TRk 2287 77 1 GSAR, IE B T 32 530 95 6 2 B W1 4
O ) AR S I B SR R ) T A2 R O S 0 D T R R S DL B RO T FLSE IR T CRI
D5 AR ST ASOR G R R IR ELAT 2 O R B R R A

4) 25 T — A B HE BG5BT L 3 oS24 3 W, GSAR VA 5 4 S CRIF LA R M &5 R A R
[e) AEL T 5 3k 2 R T BRI R S RROR TR A T R T R R A SRR N R AE LA,
GSAR F I AT % W2 52, S ASOR 30 AL HE B R A1 1 —Fh o 09 T vk o

o

S 2% 3k
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