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The reverse triple I algorithms based on a class of residual implications
induced by the family of Schweizer-Sklar t-norms

LUO Minxia', SANG Ni', HE Huacan’
(1. College of Sciences, China Jiliang University, Hangzhou 310018, China; 2. School of Computer Science, Northwestern Polytech-
nical University, Xi’an 710072, China)

Abstract ; Since the family of Schweizer-Sklar t-norms is flexible, they have good characteristics for fuzzy reasoning
based on the logic systems which are based on these operators. Combining the fuzzy reasoning reverse triple I algo-
rithm and a class of residual implications induced by the family of Schweizer-Sklar t-norms, the reverse triple I al-
gorithms and a-reverse triple I algorithm are proposed, as well as the corresponding expressions of reverse triple I
solutions and a-reverse triple I solutions. Combined with the characteristics of the class of residual implications in-
duced by the family of Schweizer-Sklar t-norms, this paper discusses the reverse triple I algorithm based on—,
—,,—¢,—p, when the parameter takes some special values, and the corresponding expressions of reverse triple I
solutions are proposed. A flexible fuzzy reasoning reverse triple 1 algorithm is provided.
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FMT: %580 A-B A B”, Hi A",
HeA,A* eF(X), B,B* e F(Y),F(U)ER
W U ek EWBnES.
FEARHFEE RN TEMEEN 2R =1
B HEABRWT.
BHMIAcF(X)MBeF(X),3tHA" e F(X)
(BF B e F(Y)),FKREUHK B e F(Y) (B &
A” eF(X)) ,[#18 A-B B RBREHIZR A" —-B" B
(A(x) »B(y)) > (A" (x) »B"(y)) x e X,y € ¥,
(1)



FoH

BHE , % . ET Schweizer-Sklar = A E RSN SERENRMN=1EE . 495 -

RAHARH W REfE.
RAEFMRBAESCER] 3 ] 5 k52 A
B =18 Ru=TEEMERERNT .
(1) B E 8 T, K&K B”
F(Y)(BEA" eF(X)), 15 A" B " BRRBEX
¢ A-B, X (2) AR AT RBME:
(A" (x) B (y)) = (A(x) >B(y)) x e X;y e ¥.
(2)
o~ = T B EEARBEWNT
(1) B RiiR T, X T4 EM ae [0,
1], FRBMH B* e F(Y)(BHE A" eF(X)),
8 A" B BRABE R A-B, BI(3) BorL.
(4" (x) > B (3)) — (A(x) > B(y)) = a,
xeX,yel. (3)
DM =T/ = 1T EERE R EBA
BSPNBHAEELE = ABPEFHRREARET.
SCER[4 145 T 25T Lukasiewize ZHHGH R 10 = 1
R IEFRZ. SCR[S e T HE TR e NE
BETHRM=1HE. A0 FRER—BREK
SSPNBEBE T, FFSENEER M = 1 B%RS
AR, HLFRRL R A E B — B MR
k. Schweizer 5 Sklar 32 T Schweizer-Sklar = £ 75,
¥, BEANBEAET 4 NBREAN =/
TE4L. 2003 4, Whalen ZESCHER[8] F IR T H
Schweizer-Sklar = f {EHUKE T H B R AWK, IF
B HP WSS BRI Z B 32 B AE AR E B R
AEK. SCHR[ 91 B5E T FTF Schweizer-Sklar = 57541
BRBIZE RS UL+, IEA T XRG4
MM, FRAT A% UL P35S U AR
TEATAUMERE AP DL SCERL 10 ] 35138 T 26T Schwei-
zer-Sklar = 35 407 H BRI LA AL 19 22 1. 3C
BR[ 11 ] %5 H T 2T Schweizer-Sklar = /70 EE K
=185
Schweizer-Sklar = Jo %05 BB ik, 15
HEMENZEAGEREMERETREGRTNE
. ARSI RN = 1 B 5 B Schweizer-
Sklar ZAWHHEE F R RAWHEL Sk, I
BT Schweizer-Sklar = f R HE AT HF K
TR = TEBEM o- W= 15, HaHXT
W = I R AR, B Schweizer-Sklar = TEEHE
BRNEKRBERENE A, THE S HBUHRE
B, BEXT R R R B B T — oo —p IR
= 1R, FEHE M= TR ZRER.

1 F&mR

EX 1171 Schweizer-Sklar = £ Ju#05E [0,
1] &S m W=ATH®,: [0,1]°>[0,1],H
SHEE x,ye [0,1],meR,

0V (& +49™ —1)#,

m# 0,
= Ony = {xy, m = 0.
Fepli, Hm=+ o8,
_ _x/\y, xVy=1; B AR
x®w—x®w—{m S (RAER)

Ym=10,s®,y =@y =(x+y-1) VO
(Lukasiewize = B EH); ¥ m =0 B}, 2 ®,y =
x@py =xy (FR=ZATEHD ;M m = - o I, 2Q),y =
sQuy =x Ny (BH=FHTEHO.

2 2 i Schweizer-Sklar = A EEE AT
MR ARBEEE >, [(0,11°>[0,1], AW E

x’ye[o’l]’mER’
1
LA (1=2" +9")%, m0;

ey = |
1AL,
X

m =0.
R, 2 m <0 BHEWTFHLE 0,0 =1,
Y x50 B} ,x—,0 =0.
FeBlH, ¥ m=+oh,

y, %=1, ZRAREY .
1 (RZEHW) 5

%’Imzl HTJ‘, x—)myzx—>Ly=1/\(1 -x +y)
(Lukasiewize ZHI ) ; 4 m =0 B, x—,y =x—py =

1AL (Goguen 1) Y m = - o B,

5oy =5y = {

1, x<y;
Xy = Xy = { (Godel ZHIF)
Y, X > 9.

/& 1 Schweizer-Sklar = VB EFHEFHIE
WHEXTEH 1 IO 2 BIURAELN, Hm>
0 mf, XT3 1 IR ESN.

iERR X m>0H5},
R L, XSy
vy {(l—x'"+y'")1?, x > .
RiEESEE XIRELBE—, XT x.y HREE
ZEH).

w L o<y

Hm =0 ey = {y/x, x>y#0, By =0,
lim (x—,0) =07#(0—,0) =1, Fit—, KT x AR
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AESEN. HEF 5y e [0,1], lim (x—,y) =

%o

lim () = (v—,3) , Blb—, XF y ZE85E [FRERT

U, KT » %S
1, ASE
U m <0 i,y = 0,
(1-2"+y")7,
By =0, lim(x—> 0) =0#(0—,0) =1, HIt
=, KT s ARAHEEW. IEE 5% e [0,1],
hm(x—>,,.y)—hm(1-x +y")m = (2, B,

%0

—n KTy El_ﬁ R, KT« 2%

2 #-F Schweizer-Sklar = A 5t $ % %
FWHRBEAEN FMP-K 57 = 1
473

x>y =05
x>y >0,

THELAZETTANE, BHXTHE 2 BuAE, M=K
(2) KB RMER

M(x,y) = (A" (x) —0) — (A(x) = B(y)),
FHORTH L AZEITTME 2 BIUHRAAESER,
FMP-f2 ] = T it — ).

EFHE1 R FMP HEPTHEAERE FE
Schweizer-Sklar = fEHESE F MR REWHE, I
4 FMP-R = T R RER N : M xeX,yeY,

i {(AG) ~B(0) @4 ()],

Xe, (%) +xug (x), m <05

B*(y) =1
xlerg/z{(A(x) —B(y)) @A™ (x) VOf,
XEyz(x) +XE?z(x), m > 0.
A
E, = {xe Xl ms<0,A(x) >B(y) #11,

E,={xeXlm>0,(1-(4" ()™= V
(A(x) > B(y)) <1f,

EX ST EORE XMV REZRE A, gene s pAHERS, B
A* eF(X),BeF(Y). 1£ FMP [+, MR B" &2 1, zxecA
FY) % (2) BUBOK L0 BCBRISE, Uk B° e =4y L
B IMPREZT# 2 B3I 12 R KR

S EFEoTEF o [0,1)°5[0,1]%

xreX,yel,
1 m m - X m x) —

e - <03m >0,(1- (4" (x))")7 <A(x) > B(y),

¥t xeX,ye YETFEIJLAEIEIHE:
1) Y m=01. W M(x,y) =1, FEA A" (x)
—B" (y) SA(x)—B(y). & A(x)—>B(y) =1, I

B"(y) =1. % A(x)—B(y) #1, %L;<A(x)—>

B(y), BTEAB" (y) <A™ (x) x (A(x)—>B(y)) =
(A(x)—B(y))@A™ (%), WM B* (y) =  inf

ACx) B0y w1
{(A(2)>B(y) )®A™ (x) }.

2) Y m <0t BB M(x,y) =1, A A" (x)
—B* (y) <A(x)—>B(y).# A(x)—B(y) =1, I
B*(y) =1. & A(x) »B(y) #1,(1 = (A" (=)™ +
(B* (y))™)= <A(x)—B(y) , Bl

B* (y) < ((A(x) >B(3))™ + (A" (x))" = 1)7 =
(A(x) —>B(y)) @A™ (x),
MB*(y) = inf {(A(x)>B(5)@A" () }.

A DB(y) #1

3) ¥ m>0 H(1-(A" (x))")"<A(x)—

((A" (x))™ + (A(x) > B(3))™)",m >0 J(1 - (A" (2))™)™ > A(x) — B(y).

B(y)Bf. BLif M(x,y) =1, A A" (x)—B" (y) <

A(x)—>B(y). % A(x)—>B(y) =1, W B" (y) =1.

£ A(x)>B(y) %1, (1= (A" (x)" +(B" (y))™)7 <

A(x)—>B(y) , FFLh

B*(y) < ((A(z) >B(3)™ + (4" (x))" = 1)= =
(A(x) —>B(y)) @A™ (x),

W B* (y) = {(A(%) =B () ®

inf
m<0,A(x)—1>B(y) #1
(1=(4% (%)) ™) m<A(x)—B(r)

A (x)}.

4)%m>0 H(l- (A" (x)™)7 >A(x) >
B(y)M. BB M(x,y) = (A (2))" + (A(x) >
B(y)™)= <1, B4 (1 - (A” (x) >B* (y))" +
(A(x)—>B(3))™)™ = ((A" ()" + (A(x) >
B(y))™)™, BTk (A" (x) > B* (y)" =1 -

(A" (x))" 25 A" (x) =0, M B* (y) =1. &
A" (x) #0, 34
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A*(x)>B" (y) =1 - (A" (2))" =47 (x) >0,
B* (y) =0.

GEAMEE, €81 FHRERE FMP-R
] = 1.

WiR1 fBIR FMP [ AR E T R EEH
&, W4 FMP-fa = 1 ## B™ iRIBAN: W xeX,
yeY,B" (y) =xiEn:Efy{A(x)—>nB(y) txe, () +xe; () 3L

HLE, = {xeXIA" (x) =1 HA(x)—,B(y) #1}.

WL 2(SCH[4] WER2.1) Rk FMP [a)81
I ZE IR A T 2 Lukasiewize ZH¥%, 84 FMP-JZ |q]
SIBB MERRELN: XN reX,yeY,B" (y) =
xienhfy{((A(x)—*LB(y)) +47 (x) =1) VOixg (2) +

X (), HH E, = {x e X1 (1 -4 (2)) V
(A(x)—,B(y)) <1}.

#iE3 B FMP MEFHWARE TR
Goguen ZH1#, B4 FMP-K |7 = I #% B* R ERK
H: XxeX,ye¥,B (y) = inf {(A(x)—eB(y)) x

A (%) b xe, (%) +xe (), HH,E, = {x e XI1A(%)
—eB(y) #11.

¥t 4 Rk FMP [ KA EE T & Godel
B, o FMP-R I = 1% B* HIRIKZA N : Xfxe
Xy VB (5) = inf [(AG)—=B()) A" ()
o, (5) +xss (=) oA, B, = {x € XIA(x) o B(y) 7
1}.

HEL #Hiel1~4 032 EH 1 $4 Schwei-
zer-Sklar = ATEEIRE SR REBHENSE m B
+o 1,0, -, ACPHHER 2 EICEK[4]HH
ER2. 1. CR[SIWEH L. LS A TET
Goguen ZH# i) FMP-fZ 1] = 1 ) KB A FE— 2
GiR: WRNBEN yeY, FExecX,
A(x)—cB(y) =1H A" (x) >0, et R =1 #%
B*(y) =1, HEEHXEM[SIWEH1. 1.5 733K
B (y) :xig:fy{(A* (x)} E, = {xeXIA* (x) >0}, —JB&

BOF, B (y) #1.

3 #-F Schweizer-Sklar = # e ¥ %% 5
WERBEREN M- R =15&%
AV THER R Y Schweizer-Sklar = f T 4% 15

FHEREEENSE m >0 BEIEE.

BXAY BEREEASXMYRESES Ac

F(X),B,B" eF(Y). 7£ FMT [a]@, R A" 2

F(X) it (2) B RAE i B /MBI 42, OBk A
REMT-J2 7] = 1 &

51 2P EFE oSBT [0,1]°>[0,1]3%

T2 1A, WR(Q2) WEKER
N(z,y) = (1->B"(y)) — (A(x) = B(y)),
FRTE 1 AnES:, W FMT 2= 1 fge—.

B2 A4S 1, FTEANRPHEY Schweizer-
Sklar = FAEHEFZE RN RBERENSHE m >0
B, XFREEY FMT [ o = 1 R 2Rk,

EH2 BRE M HEPHERETFE
Schweizer-Sklar = f G R R R RBEHE (m >
0), FMT-Ra =1 f# A" FREXN: WrxeX,ye?,
A" (x) =ysg£{ ((A(x)—>B(y))—-B" () ANixe (v),

HAE, ={yeYIm>0,B" (y) V(A(x)—B(y)) <1}.
iR X m >0, M2 4,2 (2) BKE
B EExeX,yeV, B
1, B” (y) < A(x) —B(y);
N(x,y) ={(1-(B" ()" + (Alx) —Bly))")",
B*(y) > A(x) —B(y).
5t xe X,ye ¥, EFEJLRERL:
1)%m>0,B" (y) <A(x)—B(y) i, Juit
N(x,y) =1, 4 A" (x) >B" (y) <A(x)—>B(y).
£ A(x)>B(y) =1, M A" (x) =0. F A(x) >
B(y) #1,(1- (A" ()" +(B" (y))")m<A(x) >
B(y), BT Bl A* (%) = (1 - (A(x)—B(y)" +

(B* (3))™)™ =(A(x)>B(y))—B" (y) ,MA" (x) =
B=<y>sf<'f§ls<y><1{ (A(x)—>B(y))—B" (y)}.

2)% m>0,B" (y) >A(x) >B(y) i}, M
N(x,y) =(1=B" (3))" + (A(x)—>B(y))™)=, B
(1= (A (x)—>B" ()" + (A(x)>B(y))™)7 =
(1=(B*(5))"+ (A (x) > B (y))™)=, W4
A" (x)—B* (y) =B* (). £ B" (y) =1, W A" (x) =
0.2 B (y) %1, M A* (x) =1.

2 12 BT, EFL2 ARAR R FMT-R 0=
I ##.

WIS B FMT R S T R a2
W, B4 IMT-R = TRA° RERN: HreX,
yeY,A" (x) =x; (y). HH,E, ={yeYIB" (y) #
1,A(x)—,B(y) #1}.

W 6 (SCRI4] BT 2.2) (B FMT 5
FHIZRE T2 Lukasiewize ZHH, A4 FMT-JZ |
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BT1%

ZIBATHRELXN: MreX,ye¥, A" (x) =
fSR{ (1-(A(x)—B(y)) +B" () Aixe (y),

HpE, ={yeYIB" (y) V(A(x)—,B(y)) <1i.

T2 #B5.6 2H 2P 2 4 Schweizer-
Sklar = AR FEFHRREWENSE m B+
w 51. #E1R 6 BICHR[4] FHyEH 2. 2.

4  F-F Schweizer-Sklar = # 30 % % %
FHRRBREN - R =15k

A e Ry FMT A 824 Schweizer-Sklar
EABHEEAEFHHRATENSH m >0 B
1®IE.

BXSY BBEEAXMYREZER.A,
A" eF(X),BeF(Y). 7£E FMP [}, W2 B" 2
F(Y) i R (3) M KB &, WiFR B™ Oy FMP-
a-R I = 1 f#.

EX6® BEEAXMYRESES Ac
F(X),B,B" e F(Y). 7 FMT [FJf&s, IR A" &
F(X)Hil R (3) ByE/MERI&E, MIFR A™ Jy FMP-
a-R I = 1 f#.

513" F_jmE T [0,1)°>[0,1]%
TH 1A, XTHE2BITAR, AXTE1
M5 2 IR R AN, MITE

0 <a< ((A"(x) —»0) = (A(x) = B(y)))
%M, FMP B o- R = 1 2 tE—0.

5134 EomET [0,11°>[0,1]%

T 1A Hikse, NFE
0 <a<((1-B"(y)) — (A(x) - B(y)))
%M, FMT B o- R = 12—,

EFHE3 RERFMP AETHEARE T L
Schweizer-Sklar = B EHEE RN RREWE, I
4 FMP-o- R W] = 1 % B, WRZEXN: MreX,ye
Y,B; (y) =xier;5£y{a—>((A(x)—>B(y))®A* (%))}

xe, (%) +xe, (2) HHE, = (v eXIA(x)>B(y) <af.

iFR StxeX,yeY, H=AH0EE RS, R
G EHT

A" () = B"(y) < a— (A(x) > B(y)). (4)

HA(x)—>B(y) za Bt,A" () —>B" (y) <1,
MB* (y) =1.

L A(x)—B(y) <a B, A" (x)—B" (y) <1,
A" (x) >B" ().

#ZFm<0, NF A(x) >B(y) =0, P4

A" (x)—B" (y) <a—0 =0,B1 A* (x)>B" (y) =0,
WB* (y) =0; 40k A(x)—B(y) %0, (1 - (A" (x))"
(B (y))™m<(1-a" +(A(x)>B(y))")= 3K
2,B"(y) < ((A(x) >B(y))" + (A" (2))" -

") =a—((A(x)>B(y) @A° (x)) M B (y) =
inf  {a—((A(x)>B(y)@4A" ().

(i (@ Sere S
B'(y) _A(x)—>B(y) ,.
=0 < , B <
Hm A (x) - (y)

w“* (a) =a—((A(x) >B(y)) ®

A'(x).B ()= il [an((A(x)>B(1)®

A(z)>B(y) <a

A" ()]
Em>0,(1-(A" ()" +(B* (y))™)"<(1 -
" + (A(x)—B(y))™) ", B* (y) < ((A(x) —
B(y))"+ (A" ()" - a™)7 = a— ((A(x) —
B(y))@A4* (x)) 1
B*(y) = inf
A(x)>B(y) <a
A" ()]
2 b3 MEERE MP-o- R = 1.
WILT B FMP RS RS TR AT
W, o FIMP-o K= 1% B WyEER N X
xeY,ye?,
B (y) = inf {A(x) =uB(5)) bxs, (%) +xu,(2).

A
E,={xeXIA"(x) =1,A(x)—,B(y) <l,a=1},

g

E, ={xeXIA(x)—pB(y) Sa B A(x)—pB(y) <

¥

fa—> ((A(x) >B(y)®

a<l}.

HEie S (rHE[4]1MEIE 4. 1) Rk FMP [
TR ZE A F & Lukasiewize 251, 34 FMP-a-f2
=1/ B, BWFRZERXRN: MreX,ye?,

B = inf [(4G2) —B(0) +4° (@) - alge @),

AH:E, = {reXIA(x)—>,B(y) <af.

L O(XM[SIREE2.1.5) [Hik FMP A
IR A TR Goguen A, A4 FMP-o-f2 o]
=1 B, MEBEXAH: SHreX,ye?,

B (y) = ian{A(x) —an;B(y)

i X A (2) xe, ().
AH:E, = {reXIA(x)—>B(y) <a}.
L 10 R FMP & K2 H T2 Godel

G, R4 FMP-o-R 0 = 1% B, BIFRZEAN: 3
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reX,ye¥,
B2(3) = inf | (A(0) —B()) N A" () by ().
et E, = e XIA(x)—pB() <al.

B3 LT ~10 2 HIREH3 P4 Schwei-
zer-Sklar = ATEEIRE SR REBHENSE m B
+0 1.0, —o . #ER 8 BICER[4] PHyEHE 1,8
9 EICER[S ] PrEH 2.1.5.

g 4 e 1, X318 Y Schweizer-Sklar
EREBHEFE IR REAE RS En >0, 3
N FMT [R]ERE) o-f2 e = T Rk .

EE 4 RERIMI HETPHEERE TR
Schweizer-Sklar = A G E E S W R L HEHE
(m>0), IMT-o-R [0 = 1 ff A; B9RBA N Nt
reX,ye¥,

A; (%) = ySEIJLg{(A(x) —B(y)) = (B (y) @) e, (v),

HpE, ={yeYIm>0,A(x) >B(y) <a,
B*(y) <1t, Zi B" (y) =1,A(%) »B(y) <a i}
FMT-o- 2 [0 = T i AFFAE.

iEM: XreX,yel, H=MAMEHAH, X
(3)FMTH(4).

HA(x)—B(y) za b}, A" (x) >B" (y) <1,
MA*® (x) =0.

L A(x)—>B(y) <alit, BIA" (x)—>B" (y) <
1,A"(x) >B"(y),B0 B" (y) <1.

Wm>0,(1-(A" (x))" +(B* (y))")mn<(1 -
" +(A(x)—>B(y))™) ", A" (x) = ((B" (y))" +

" = (A(x)—B(y))™)= = (A (x) > B (y)) —
(B* (y)®a) ,MA" (x) = L o {(A(x) >
B*(y) <l

B(y))—(B" () ®a)}.

ik, B4 HREAR FMT-o- 0 = 1 #.

it 11 R FMT M@ T HEERE TR RS
I, A FMT-o-2 ] = 1 A, BIREA N : X
reX,ye¥,

A, (%) =XE,‘(9’) s

KH:E, = {A(x) >pB(y) <a,B" (y) <1}, &
B (y) =1,A(x)—,B(y) <a i PMT-a-RH= I 4f
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