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Abstract Intuitionistic fuzzy implication plays an important role in the intuitionistic fuzzy reasoning,and provides basic
theory for applications of the uncertain reasoning and decision-making. The instuitionistic fuzzy implication was re-
searched, The basic knowledge of the intuitionistic fuzzy was firstly reviewed,a new kind of the generalized intuitionistic

fuzzy implication was constructed, and its properties were proved, such as its monotonicity law and boundary, etc. Fur-

thermore, it was proved that the implication can construct the intuitionistic fuzzy residuated lattice.
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pa (OB, A SRR — B RBRISE. W E, ERENE A
AEIEAN A@ =(ua(x)sua (D).

EX2EREN LR HXFY RIFSUBF
%, EXEEHSE XXY EHAERENTERAINXAY
ZIEIM S E BN R, IE

Rz, )= {{(x, ) s pz (530 ssr (2, y)) | zE X, yEY}
R, XXY—L0, 110 3« X XY—[0, 115> 9 E R i
JB R IESR R B W R it 0 (5 ) +Hur (2, I,
¥ (23 EXXY, '

BERENXAOLRE—MEXENES EEETHERE
B AR 4 .

EX 3 #A,BEIFSWU),z€U,A@)={{z,ua (),
va(x)) | z€ U}, B(x) ={{x,us (x>, vs (D> | xEU} . B X
HUEEMENOEXR EMAERNT

(1) ASB, % HY pu (0)<pp (@) @<n®;

(2> A=B,%HY pa (D =pp(x) yua (@)= (x),

EX 4 B A,BEIFSW) ,z€U,A(x) ={{x,ya(2),
w (@) | z€U},B(x)={{z,us(x),vs ()} | €U}, & XFH
HEREMENZ I FERWT .

D ARMB={(zrpa (D Aps()ma (@) Vs (2)) |z €
Uis

(2 AYB={zrpa (@) V pa (D) sva () A (z)) |2 €
U};

D A @={xoma (@) s () | z€U},

BY 5 HRERIE E R ERE .

(P =z, | €U}, HH a,p[0,1]H ot+p<1.

TEIFS b, &8 1ps =U=(1,0)={{z,1,0) |z €U}, 28
£ O0rs=¢=(0,D={(z,0,1) | z€U},

EX 6 B IFS={(z,2) ;i + 2 <1, (21, 22) €
[0,1] X[0,1]}, M TFAEE (1 522D » (315 32) € IFS, B LT X
A<rslT:(zr2)<ws (31,3), YEY 21 <y ,2: >
Yz o

FE1 HIFS={(a,a) | t2<1, (2, ) E€(0,
X0, 10, % FEE (@, ), (ns ) €EIFS, B X E R
<wrs JUWUFS, <ps ) BTEHM . HPB/NITH Ors=(0,1),
BXITH lrs=(1,0),

EW R4 E X 6 FNTE& 4% B S, B ABE, .

BR, BB U EWERERES A AFLRI<esHR
(A, <ms) RTEEWH.

EE2 HA,B,CEIFSWU, WHMEMERA LT
5t

D) BEHE AvA=A,ARA=A;

(2) Xt AyuB=BywA,AnB=BnaA;

B3 &6 (AuBUC=AUuBYCO),(AmB)a C=
AnBaC);

W iR AaBUO=AUnBulmC),Au(B
MO =AUUuBaAYC);

G B An(AyB)=A,Au(AnB)=A;

6) BREAE (A)=A;

(D PR AUlps=lps,AM lps=A,AU Ops=A,

A M Ops =0ms 3
(&) XHEHE (AuB)X=A"aB,(AmB)X=AUbB,
T REEEENENE L, (D —QBRML, TH
Xof o JL A M B EATHE

W AMBYO)

={zpa (@) A Qs (D) V pc (@) 50 (@ V G (@) Ase
() |z€U}

={<x’(#A(x) /\,uB(x)) V (ua () Apc(x)), (o (x> Vs
@) A Ga(@ Vi@ | z€U}

=(AaBuwAmC

FETUE,AuBrC)=(AuB)n(AyuC),

GIAmAYB)

={{zspa () N (ua (@) V p8(x)) s (D V (us (2D Ay
() |z€U}

={{z,pua (2) 514 () |z€U}=A

BIAD =Lz (@ s pa (D) |2€U})"

={{zspa(x)ma(2)) |2€U}I=A

(DAY lps={z,pua (@ V Lua (@) AO) | z€U}

={{x,1,0) |z€U}=1ps.,

FBAE,A @ 1rps=A,AY Ops =A,A A OFs =0ms o

(8) (AyB)*

={{zspa (@) V pB(x) sva (2) Aus(2)) | z€U})"

= {{zsua (@) Avp (@) s pa ) V s (2)) |z EU=A" @ B*

BRI, (A @ B) =A° y B*,

2 —FETRE MR

HEEENEECERM b WET —MHNT XWER
BEWERE T iE T HA Rt AR ESEERR A FEE
M E E MR R T B R

EX T(EBENER % A@={z,m (@ 12|
z€U},B(x) = {{zyup(x) 518 (x)) |z €U} € IFSU), H 0
pa (@) Fua (DKL, W= rs HEFEEBER, RWEEWNT
otk :

AUB={xspa () V p () sva (@) N (2)) | z€U}

AmB={{z,pa(x) A pp(x)sva(x) Vs (2)) | z€U}

A= psB={{z, (Q—pa (@D A Q= (@) V () V

28€x)) s pa () Nvp()) |z €U}
o, pa (D)<= (D) ua (D)< —pa (). R EHR,.IE
1 (@ =—p (D) 1—m (@ =—m (), Wi A=>psB {4k
&%
A=>psB={{z, (Fpa (2D N s (2 V Gu () V ps
(@) pa (@ Ayp(2)) {z€U}

EE 3 =g IFS L, BEDREMNH

D Ops=ws Os =1ms 5 (2) Ors=>mrs Lirs = 1ips 5

(3) 1ps= s Ors =0ms 3 () lrs=>rs lrs =lws o

UEH AR EE L 7

(1) Ops=>ms Os = ({2, (=0 A =DV AV, (OAD) |
z€U}={{z,1,0) |z€U}=1ps;

(2) Ops=ms Lps = {{x, (=0 A =0V (1V 1), (0A0)) |
z€Uy={{z,1,0) |xEU}=1ps;
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(D 1ps=psOps = {{a, (=1 A=V OV, (1A
x€U}={{z,0,1) | €U} =0ps;
W 1Ips=>pslrs = {{x, (=1 A=0) VOV 1), (1A
€U ={{z,1,0) |2€U})=1ps.
EE 4 FACIFSWU),M=>rsfE IFS FHEAHR
D A= pslrs=1lgs; (2) lps=>mrsA=A;
(3) Ors=>mpsA=1ps.
M ARIBZR IR E X,
(D A= pslps
=Uz, (Hpa (@ A =0V Ga (@ VD pa (@) AOY | z€
U}
={{x, 1,0 | z€U)=1ps
D lps=>FsA
={z, (=1 A—va @D VOV ua) s 1 Awa () |2 €U}
={zopa (@ () |2z€UI=A
(D 0ps=>psA
=z (50N —va @DV AV pa (@), 0 Awa (2D | 2 €
U}
={{z,1,0) | 2€U}=1ps
B S(HEN) B A,B,CEIFSUD,iFH BB
B=>rs RFBE N EERBEEBB.XTHE I EAFR
1,
(1) {5 ACB, M B=>psCTA=>rsC;
(2) R BEC, N A= psBCA=>sC,
HER: (D BHEE X 7,1
A= rsC= {(z, (pa () A =0 (@D V G () V e
(@) spal@) A (@) | x€U)
B=gsC= {{zy (—pp () A —oc (@) V G () V e
(x)) s p8(x) N ()0 | z€U)
4 ACB, B pa (@ <pp () s s () Zp () , W
—pa(x) Z—pp(x) s —ya () <—up (1),
B—pua (@) A —ve (@) Zpp () A—uc (D) yua () V e ()=
we () V pe () s pa () A we (@) s () Ne ()
Blrm @ A= @)V G (@) V pue (@) = (—pp () A
—ve (@) V Gl Vpuc ().
# B=>psCTA=rsC
(2) RIEFEXL 7,
A=ps B = {{z, (—pa (2> N —us (2D V Gu (2D V s
(X)) spa (@) N () | 2€ U}
A= psC= {{(z, (pa (2) N =0 () V Ga (@) V e
(@) pa (@) A () |2 €U}
2 BEC, B prn () <o (1) 5 wp () 220 (), WY
—pup () Z—pe (1) s (DK —ue (@),
B—pa (@ A —vp (DK< —pa (2 V=1 () s ua () V s ()<<
vl V e () s pa () Avs (@) Zpa () Awe (),
B (—pal) A —up (D) V G (@) V s (2)) < (—pa (2D A
v () V Gal@ Ve (2)) 6
B A= ps BCA= s C,
EEE6 ®A,B,CEIFSU), M H KRB s W 2
THIXF
1) (A= psOM(B= 1O (A R B)=psC) s
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(2) (A= psBIYN(A=rCHT (A= s (BU C)) s
(3) BE(A=>psB);
(4) Am BCA ®(A=>rsB);
(5) M ACB H CCD,M(D=>5sA)(C=>5sB) .
E# (D) HFARBZA,ARBCB, RIEEE 5(1#
A, (A>rsCO S A M B)=rsC, (B=>rsC) (A M B)
=5sC L, (A= rsO) M (B2 rsC) ) S(A A B)=5sC) .
(2) B F BCBYC,CZBY C,RIEEH 5(2) Bt s,
A=>psB) S A=>rs (BUC)), (A= psC) S (A=>ps (B WY
C A (A= ps B)M (A= rsC) ) S (A= s (BY C))
(3) A=>psB
={{zs(Zpa (D A=V Ga (@ V e (2D pa (2
A () |z€U}
={{z,u (D V (—ua () A —ve (2)) Vs (x) 518 (2) A
pa()) | z€U}
(D pp () V (—pa (@) A—wp () Vva (@)
ve () Zvp (x) /\#A €}
e X 3(DAH,
{<x sp8(x) s (@ |2EUY Sz s (2D V (—pa () A
= (2)) Vya (@) sus () A pa (22 | €U}
Bk, BE(A=>mrsB) .
W AAB={{z,pa (D Aps (@) va (@ V gz | z€
U}
Am(A=>rsB)
=AM {{z, (pa(@ A —vs (2N V (va (@ V (),
2alz) ANop()) |z€U)
={(z,ua (x) N ((—pa (x> N —vp(x) Vvalz) V pn
(@), (@ V (@) A—va (2))) [ z€WD
={{x, (a @) A s (@) V (pa () AN va (D) V pa ()
A—pa () A —vs (x)) s Coa () Avs(2)) A (va ()
Vpa(d))) |z€U}
Py v
{Cxspza () A pp () sva () V us () |z€ U S {{x5 (ua
@ Aps @)V (ua (@) Ava () V (pa (@) A —pa (2)
A—vs(2)), (val) V us()) A (vs (@ V pa () |2 €
U}
FiLl,Am BCA m(A=>rsB).
(5) D=mrsA
={{z, (—pp () A —va @ENV (o @V pa ()5 po
(@ ANvalx) |z€U}
C=>rsB
={{z, (—pc (@) A =v (2D V (ve (2D V pp (D)5 pc
() Avp () | z€ U}
B ACB,CED 1, pa () s (2) 5 va (2) Z 0 (2) s pre
(@< pp (@ s e (2) Zop () 6
B—up () A =04 () <—pc (2) N —vg (2) 50 (2) V pa (2)
Lo (@) V s () 5 pup () A va (@) Zpc () A os ()
BT
{{xs (S (@) A—=0a @DV (wp (D) V pa (2 5 p (2D A
v () |2 €U S {{xy (—pc (@) A —va(x)) V (e () V us
(@) s e () Ao () | €U}



Ak, (D=rsA)S(C=>psB)
EE7 ¥ A,B,CEIFSU), N E RN rs ¥ 2
AT HER
(1) (AY B)=psC=(A=gsC)M(B=>rsC);
(2) A= s (BM C)=(A=>psB)M(A=>rsC);
(3) (A m B)=rsC= (A= psOOU(B=>5sC);
(1) A=>ps (BYC)=(A=>psB)YW(A=>psC);
(5) A= s (B=rsC)=B=>ps (A=>rs(C) 5
(6) # A= psB=B=>rsA=1rs , M} A=DB;
(7) A>rsB=B=ysA°,
HERR (1) (AU B)=>rsC

={{x, (= (ua(@ V s (@) A =1 (2D V (wa (2 A s
@V pc (@) Cua (@D V pp () A ()Y | z€ U}

={{z, (= {pa (@) V s () V Ga (2> N () V pc
@M A (@ V Gal) AV pc (2D (ua
(@ Vps (@) Awe@) | z€U}

={{xs, (= ua @) V() V pc(@2)) A (=1 (2D V1
(@ A (@) s ua ) V s (@) A |z€ U}

={{z, (> (D Ve (@) A (—pp () V ge () A
e (@ Ve (@) A (= () Vs (25 (ua () A
we )V (s () Awec (@) )) | z€ U}

={{zs (—pa (@ V pc (@D A (= (@D Vaz) A
(= () V pc(2)) A (—we (@) Vg (2)), (ua () A
w (@M V (e (@) Al ) |z€ U}

(A= O R (B=>psC)

={{zy (—pa (@) A v () V (va () V pc (1)) pa
@) Aoe() [z€U)

M{xs (pp (@ N —wc(2))V Gex) V pc(x)) s ps (2)
Auc(x)) |z€U)

={{x, (—pa (@) A o@DV (Zpa (@D A (D V ¢
(D N=w @V pe (@) Avalad) s pa (@) Awe () |z

e}

@ {{xs (~pp (@) A —uc () V C—pp(x) N (2D V e
() V —wc (@ V e (@) Avg(x)) s pp (@) Aue (@) |z
eU}

={{z, (—pa DV pc @) A (e (@) V va(x)) s pra
(@) N () [z€ U}

@ {{xs (—pp (2 V pc (@) A (o () Vug (2)) 5 us
() Nove () |z€U}

={zs (Hpa (@ V pc () A (e () V oa (x)) A

(—ps (D V e (@) N (—oe (@) Vus (@), (pa ) A
v (@) V (s () Ao () |z€U)
BTk (AW B)=psC=(A=>gsCOOM(B=>rs0) .
(2) A= ps (B O

={{zrpa () rma (@) |z€U)}

= pes {(xs 28 (@) A pre () 508 () V e (20 |2 €UY

={{zs (—pal@) A=) Vic(2))) Vi (@) V (s
(@D A e (@22) 54 () N (a2 Ve ()} | € U}

={{x, (—pa () Vwa () V (up () A e () A

(=GB (@ Vic (@) Vua (@) V (up () A e (2))),
w2 N G V() [z€U}

={z,(Zpa @V (s (@) A pc (@D A (=G () V
e (@) Vs (@) 514 (@ A G (@) Ve (2))) |2z € U}

={zs(—pa (@ V pp (22 A (= (2) Vaa () A
(—=pa @V e @D N (e ) V ya (25 pa (1) A
v () V pa () Awec () | x€U}

(A=>psB)n (A= rsC)

={{x, Copa () N —va (D) V (va (2D V pp (2D 5 pa
(x) Aup(x)) |z€U}

Mz, (=palaxd) A—=vcla)d V Galod V pue () pa (2D
AN () |z€U}

={{z, (—pa @ A—vs(@))V(—pal@ Ava(x) Vs
(@ A= (@) V s (@) ANvala)) spa (@) Awg () |z
e}

A {{zs(—pa (@ A—uc(x)) V (—pa ) Avalz) Ve
@ A—vc (@ V pc (@ Nva (@) spa (2 Ave (2D |z
eU}

={zs (—pa (@D V s (D A (—up (2D V 0a (2D pa
(x) Avs(2)) |x€ U3

W {{zs (—pa (2D V pe (&) A (e () Vo {z)) s pa
() Nuc () |=€U}

={{zs(—pa (@) V s (x)) A (v (2) Vwvalx)) A
(—pa(@V pe () A (—ue (@) Voa(x)) s pa (2 A
v () V pa (@) A e (2)) | z€ U}

L, A= s (B A C) = (A= psB) Al (A= 5s0) .
(3) (AmB)=>rsC

={{zspa(x) A pa (D) sua(2) Vg (2)) | 2z€U}

= s {{x pe (&) suc{x)) |z €U)

={{z,—(ua (@ A s (2)) A v (2) Vs () Vv (2

Ve (@) s pa () A e () Awe () | =€ U}
={{z, (s @V —pp (@) A —=uwc (D V(DD Vs
@V pc(x) s pa (x) A ps () Awe () | z€ U}
(A= psCOOW(B=>rsC)
={{zs (—pa (@ A= (@) Vua () V pe (2 5 pa ()
A (@) | z€ U}

W{zs C7pp (@) A= (2)) Vs () V e (2) us (2 A
vl |z€ U}

={x, (—pa (@ A —wc (@) V pc (@) Vwa(2) V (—pus
@ A—wc @V pe (@ Vs (@) spa (@ A () A
w8 Nuc () | z€U)

={z, (pa (@ V —ua (D) N —c (@) Va (2) V 1
@DV pe (@) s pra () A ps () A e (D) | €U}

ikl (A @t B)=> psC= (A= psOu (B=>5sC) .
(O A= ps (BYW O ={{zspa (2) 14 (2> |z €U}

= ps ({Zspp (D V pe (@) 508 (2> Auel2)) |2 €U}

={x, (7pal@) A—G(@) Awe (@M V Galzd Vs
@V (@) spa (@ A G (@) A (D)) |2€ U}

={z,—pa (@ A (B (D) V —wc (@) V s (2 V pe
(@ Vua (@) s pa (@) Avp (@) Awe () | z€ U}
(A= ps BYYW (A= rsC)
={ (x,(—7,uA @DA— (@) ViulV w8 (x) s pa ()
Aws(2)) |z€ U}
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Wz, (pa (D A—wc (@D Vs (@ V pe (@) 5 pa () A
w(x) |lzeU}
={x, Copa (@ A—ua() Via (@ V pp (2) V (—pa
@ A= (@D Vi @V pe (@) pa (@) A s (2) A
palz) Awe(x)) |z€U}
={ (Zy—=pa () A (=g (D) V e () V (us (D V pe
(D) Valx)) s pa () As (@) Awc(2)) | z€U}
Bl A= ps (Bu O) = (A= ps YU (A= C).,
(5) A= s (B=rsC) = {{z, pa () yua (2)) |z €U}
= gs{{z,—us () A —vc (@) Vs (2) V pe (1) s ps ()
Nuc () | z€U}
={{zs—pua (@) A= (s (2) A oc(2)) Vua () V —pp
@ N —uc (@ V@V pue () s pa (@) Aps () Aue
() |z€U}
={{z,~rpua (@) A (—ps (D V v (@) V —ps () A
() Vovalx) Vg () Vuc(x)spa () Ape() A
w (X)) | 2€eU}
B= s (A= s C) = {{xs s () , v (2)) | x €U}
=S {({xs—m (D N —ve (@) Voa (@ V e () pa (2
Nuc ()1 z€U}
={{zy—pp(x) N —(ua () Avc (2)) Vo () V —pa
(D) A —uc (@ V oalad V pe (@) s ps () Apa () Awc
() |z€U}
={<I’—7#B(I) A (—pa () V —oc @)V —~ua () A
—ve () V valx) Vup(x) \/ftc(.r) s UA () /\,uB (@A
vwe(x)) | z€ U}
={xy—pp () A —pa (D V —ps () A o (2D V
—pa(x) N—vc ) Voalz) Vup () V pe(x) s pa ()
Aps(2) Auc(x)) |z€ U}
={{xy—pa(x) A (—ps () V —vc (@) V —ps () A
— e () Voalx) Vus(o) V puclxd) s pa () Aps () A
v () | z€U}
Bl , A= s (B=>5:sC) =B=> s (A= s C)
(6) MR 7
A=>psB
={zr=ua(@) A —us (@) Vva () V ps (2D 5 pua () A
vg(x)) |z€U}
={<I’(—/,uA(I) V u (@) AN (v () Vualx)),pa
(2> Nvg () |z€U}
=1rs
Bop (@ V(=1 —uln)Vul@ =1,
pa () Aup(x)=0
B=>rsA
={{zs—us (@) A —wa @ Vo)V pa(x),up () A
wnl(x)) | z€U)}
={{x, (—ps (@ V pa () AN (—0a (2D V 0o (x)) s up
(@) Ava(x)) |z€U}=1ps
B—up (@ V(@ =1,—va (@) Vv (x) =1, s (x) Avalx)
=0,
H R A= psB=B=rsA=1rs X LiR75
pa() =pp () va () =0p(2),
204 -

R E X 2 F,A=B,
(D REE L7 50,
A=psB
={{zy7pa(@ N—vp (@) Vva(@) V up () s pa () A
vp(x)) |z €U}
B=>psA°
={(zyvp() ypup (@)} |z€ U= {{xsva (2D pra (2
|z€ U}
=z, (D A—pa (D V s () V va ()5 vs () A
pa () |z€ U}
={zy—pal@) N~vs (DD Vua (@) V s () pa (2) A
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