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Robustness of the Reverse Triple | Algorithms
Based on Schweizer-Sklar T-norms

LUO Min-xia, WANG Ya-ping
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Abstract: Since the family of Schweizer-Sklar t-norm is flexible,they have good characteristics for fuzzy reasoning
based on these flexible operators. In this paper,the properties of the Schweizer-Sklar operators family and the robustness of
fuzzy reasoning algorithms are studied. The family of Schweizer-Sklar t-norms are decreasing for the variable m. The family
of Schweizer-Sklar t-conorms are increasing for the variable m. These perturbations of Schweizer-Sklar t-conorms, Schwei-
zer-Sklar t-norms and its residual implications are given. We proved that Schweizer-Sklar residual implication operators ( in-
clude Lukasiewizc implication operator) are more suitable in fuzzy reasoning for m e (0, o« ). Moreover, we showed that the
FMP reverse triple I algorithms based on the Schweizer-Sklar residual implications are robust for m e (0, % ) ,and the FMT
reverse triple I algorithms based on the Schweizer-Sklar residual implications are robust for me (0, ).

Key words: Schweizer-Sklar t-norms;reverse triple I algorithms; Minkowski distance ; robustness

ST S5 S 3 (FMIT) [ f

1315 FMP 455 B A—B IERIA 4™ Hitli B
1M Zadeh T 1965 4¢3t BB S UL, 46 5 FMT: 2 U A—B IERIA B 4t A”
KX o e B A 0 5 7 o B A (0,1 HriiA,A" e F(X),B,B" e F(Y) ,F(U) R it B
X)L B 0 0 FUIELIE , MOV BEIE A 02 BORE T U % MR 7 S 4 5
TR AN IV T4 R, 15 52 % o 8k 8 2 1 A (87 B4 3 — 6] B, Zadeh 48 i T CRI ( Compositional

BAAME IS 522 E WARMME  Rule of Inference) BRI 77 11, i CRI J7 8 4 %,
BFFE T A2 4 AR e TR SRR R A R P B BB B, B0 A R 1999 4 1R
T HE T v 70 B A HE PSR AR 5 S MR (FMP) o] ORI TR T R, B T2 = 183" %

TR F 01 :2014-08-25 ; 15 [a] H 191 :2015-04-05 ; 5 1.4 8 V5
JEAH « [ A RFHE A4 (No. 61273018)



960 H, *

S ¢ 2016 4

SR T CRI Jy v & iz B R R, IR 45 1t
ABR A FRAEL 15 7 ™ A% 1 22 B A S BRI T
FET L = M EOE SRR AWM = 1B I
AL THEF MTL 24 R 500 = 1 5Bk 0] 558 45 3
il B B B — S T B, W S PR
R0 = F3E80%E , 1HEe 7 5 T Schweizer-Sklar F6 4% 25 i
PRI A 2000 = 1 S0k A M ™

REFEFRBES TR =18, R
MR CHAcF(X)MBeF(Y),JFH A" e F(X) (8
HB eF(Y)) XM—VxeX,yeV, FHEMLK B e
FOY)(8E A" e F(X)) i3 A" B J KRRFEER L
FfA—B BT (A™ (x) >B" (y) ) —>(A(x)—B(y) )ik
F e KAl RE

B G — 2 45 B BT Schweizer-Sklar 8 4% 25
TR R I = T AR g9 B 07 4R 4t o L 32 v g
R AR

TEROR 2 i v, S5 s 1 A58 4 B B AR 5 5 AN
() Py Mg P A 0. AR PO T o BT B A e ) AR R R
AT SR AR T G R R R O T AR AR 4
P —E B AR 22 0] DAg R 2 R B i iR 22 B i
TR 2 WIS BRI A AL Hamming #F 2 | Euclidean i
5 \Chebyshev B S35 6 - $Lsh M (T,8) - Hsh
SRR R (R B R SCHR [ 15 ] 48 b 10 0 ik
IR , 28 Ay SRR A B R 1 Sy — 2 R bR v X
ST A I i R A A 1 A AR A e — I 1
SN A BN S, T AE 57— Fh B S 1 8 N A
KEGHEZN , St %2 ) 8, A b 55 A AE STk [ 17 ] o iz
A W B S HLE AL Minkowski B 25 F 57 A6 14
$51n] o CRI BCMAHEBR VL ) P30, 15 B AR BRI I 2518
A A FH # Y8 4k Minkowski B BS #7 ¥ #F 9% Schweizer-
Sklar BB MIPL 8N S 3L T Schweizer-Sklar 8| 4 25 1 7
R Ia) = 1L I e

2 FEMIR

EX ™ P TR[0,1] i —otiEE, T:[0,1]°
—[0,1] fE&E x,y,2e [0,1], Q02RH6 2 TIN5

(T1) T(x,y) =T(y,x);

(T2) T(x,T(y,z)) =T(T(x,y)z);

(T3) Y y<zif,T(x,y)<T(x,2);

(T4) T(x,1) =x.

MIFR T Je—A =M s

WS J[0,1] Efy —Jtis®,S:[0,11°—[0,1] {F
Hoa,y,ze [0, 1] WML (T, (T2),(T3), Hif e
($4) S(x,0) =x, WFR S &—"1 = FRIE.

E X 2" Schweizer-Sklar = fFEEE T, (x,y) :
[0,11°>[0,1], HXHEE »,ye[0,1],meR,

T,(x,y) =

(max(0,2" +y" =1))", me(-0,0)U(0,»)

min(x,y), m= —® <TVI)

xy, m=0 (T,)

{ ' 0 (x,y) ELO,I) ’ m=o (T,)
min(x,y), HeE

FHH M m = 1T, (xy) = max(0,5 4y — 1) £
Lukasiewize = fA 70451
EX 3™ Schweizer-Sklar = ffi 47685 S, (x,7) :
(0,17 —[0,1], HAHER »,ye[0,1],meR,
F= (max(0,(1=2)" + (1-3)" =1))",
me (-0 ,0)U((0,0)
m= -0 (S,)
x4y —xy, m=0 (S,)
1, (x,5)e(0,1]
{maX(x,y), He
R, 2 m =11, S, (v,y) =min(x +y,1) 2
Lukasiewize = f4370.

max(x,y) ,

S, (x,y) =

m = <SD)

EW 4P Schweizer-Sklar = MRS SR
REWFEL, (x,y);[0,11°5[0,1], HXHER «,y € [0,
1],meR,

1, (x,y) =
min(1,(1 =x"+y")"), me( - ,0) U(0,x)
1 <
{ b X y’ m= _w([(;)
Y, X>Y¥
min(1,2-) m=0(1,)
x
y, x=1
= 1
{1, x#=1’ m=e (1)

B, Y m=10},1,(x,y) =min(1,1 —x +y) &

Lukasiweize 25 K.

EXSY AR B RIBH X = (%, ,x, | |
Ry B R 4, no d,(A,B) =

le | ACx) = B(x,) 17 SBERISE A A1 B MG 1

Minkowski #185 , Htf pe [ 1,0 | HZ%L.

EN6 %f:[0,11°5[0,1],ee[0,1],% X =
A E X = g, x FRIBER U =
wy, e, b FIIBERIEE, Y = Ly Ly, E 5 Y =y,
o, 0 EIERERE 6 e

RN

yz,,}’nf%i/t\»iﬂji V= %Uﬂvz"“
[O’l](i:l72)’

A/(<X’Y) ,(81"92)) =



%4 W

BHYES . BT Schweizer-Sklar = MR R ) = T B A1k 961

SUP{Ji; | [y =F ()1
d(X,X) <e¢,d (YY) <e¢,
FRA RS TE(X,Y) I (&, ,e,) - RALSEE. Hrp

P n
, 1 ,
d(X.X) = [ =% 1x 21"
RSN R
171 n
d(v,Y) = =N 1y —y 1"
(YY) «/nZ Y -y

EXT
Ale,e,) =
P n
1 o ) ,
x%gg{an lf(xi’yi) —f(x,-,y)i |1}JP(X’X) s 8,

YeF(V) i=1
d,(Y,Y) <e, & R RES Rk REUE.
EX8 X

P n
, 1 o
dp(X,X) :\/n; l %, —x, 1" < g,

p
, 1 < .
@WJ):JHZI%—%V<@,
i=1

LUEN
d,(f(X,Y) f(X,Y) =

\/,1121, f(xy) = f(xy) "< e,
FREREL S H (&), 6,) IABIRR <& (% B30
SIE1™Y % x,y>0 Ha#y B4

N (w—y) >x =y >y N (w—y) (r<0 B r>1)

T (x—y) <x’ -y <y (x=y)(0<r<1)

N (x—y) =8 =y =y (x—y)(r=081,x=y)
513 2™ & R R 4
[Va,- Vb <V la -b,l;

\ Na, = \b, \ <V la, - b, |
5|33 ik x,ye[0,1]Hr>1, Al -y I <

Pl =yl HSIE L AT
14 SHHS(x) =(a"+2"-1) vele,b]

Cl0,17(c<b),ac0,1],m=1 H m=0, 04 I1f(b)

-fle)I<lb-cl.

WERR it T f(x) s [e,b] BRYR] SR 8L, i

(%) :(a"’+x"’—1)’%_1 e a7

=((a"=1) x4 1) " <I,
A f(x) TE[ e, b] #ESE, H Lagrange H{H & B, &
DAFE— 5 E e (c,b) ffifs
J(b) =f(e) =f" (&) (b-c)<b-c
U, WS f(e) —f(b) =0, Wi ] Lagrange H{H &
LB Ee (e,b) Hi15
Sle) =f(b) =f"(&)(c=b)<c-b,

HETA, 1f(b) —f(e) 1 =1f (&) (b-c)I<Ib—cl.

BIES AMHiig(x) =(1-a"+x") Ml h(x) =
(1-2"+a") " 16 g(x) Fl h(x) BFiAE0R ae[0,1],
xel[b,c]C[0,1], MY me (0,1]0},1h(b) —h(c)l<

le—clm;lg(b) —g(c)lSle—cl'". Mme(l,o)
m m

i, 1h(b) —h(e) | <(mlb-cl) 51g(b) —g(c) |
$(m|b—c|)"7.

5| IE 6 ( Minkowski ~Z3()
(b, ,b,,>-,b)eR" Hlsp<ow.I4
( Z La, +5,1")7 < ( Z La, 17)" + ( Z b, 17)".

SIE7™ #A,Be(0,1)8HA,Be (1, +o),M
HA+B>1,M(A+B-1)Ln(A+B-1) =ALnA
+ BLnB.

AR 1M R FMP P 4 T Schwei-
zer-Sklar = F Y K 175 = 1) 0 4R 250 7%, IR 40 FMP-J2
m = LR RIBL N reX,ye,
inf {((A(x)>B(1))" + (A" ()" =17}

inf {((AGx)>B(1))" + (A" (x))" =17}
Hf L E, = {xeXIm<0,A(x) >B(y)#1,
(A(x)—=B(y))" + (A" (x))" =1 >0};E,={xeXIm
>0, (A(x) >B(y)" + (A" (x))" -1 >0,
(1-(A"(x))™) "V (A(x)—B(y)) <1}.

2t B FMT [l B3 b (9 283834 2 Schwei-
zer-Sklar = A HUE A SIORI AL 1, (x,y) (m>0),
FMT-Jz ] = 1 fi# A" BIRIE X v e X,ye,

AT () =supl 1= (A0 =B())" + (B ()"},

é\(a]’a2"“’al1)’

wa={

Hep E ={yeYIm>0,B"(y) V (A(x)—B(y)) <1,
B™ (y) < (A(x)—B(y))}

3 Schweizer-Sklar #2##iZE 257 B0 R KR B sh

3 Schweizer-Sklar =BT, (x,y) KT
m S R Y, HL
T,(x,y)<T, (x,y) <T,(x,y) <T, (x,y)

sT,(x,y)<T, (x,y) <T,(x,y),
Hir,m e(l,+w),me(0,l),me(-%,0).

UEH

(DY me (1, +o )W, T,(x,y) <T,(x,y) <
T, (x,y) , HT, (x,y) KT m 2 BB 080 ).

SEUEM T, (w,y) <T, (x,y). 2 max(x,y) =1,
Aifkicy =1, T, (x,y) =x =T, (x,y) ; HAOEIE
T,(x,y) =0<T, (x,y).

TIET, (x,y) =T, (x,y)(me (1, +x)), H



962 H, + = % 2016 4F

T, (x,y) (me[1,+w))3CT m ik n. £ té&,, me(-0o,0)U(0,o);
§m€<l,+w)ﬁj‘a Vx’ye(0’1>’xm+ym_]$x ‘9]+82_‘91‘92’ m:O;

+y—1'%xm+ym$1 Hﬁ"Tm(x’y) =0$TL(%J);¥I%W max(€1’€2)3 m= —®,

+y" STEM T (x,y) =a" +9" = 1. 1 m= o

&Tm(xyy>: [1’ + °°)—’R+aTm(x,Y) =
(" +y" = 1) "RKTF 2,y m D ZITERE N
Ln(T,(x,y)) =Ln((«" +y" =1)"")

m

1 m o, om
—an(x +y"-1),

LN

L (T, (x,)
T.Gey) om

x"Lnx + y" Lny
m(x" +y" —1)
= (&"+y" =D Ln(s" +y" -1) +x"Lnx" + y"Lny"
- m*(x" +y" = 1)

1 C (T, (x,y))
T (x,y) om

<O, M\, T, (x,y) = (&" +9" - (me

[1,+0)) kT m(me 1, + o)) &R X
T (x,y) =x+y—-1=T,(x,y) , AIfii (x" +y" =1)" <x
+y=1, 01T (x,y)<T,(x,y).

2) Y (me (0, 1), T, (x,y) <T,(x,y) <
To(x,y), H T, (x,y) KT m By s n.

(3)%/[ me( - ,0) Hd"Tp(x’Y) $Tm(x,y) $TM
(x,y) , B T, (x,y) KT m &I B,

ZELCL) MUERA , ATHIE(2) 5 (3) 2.

E1 HaE 3 WATER S A S8 = MIEE0E
528 m Z AR &, HUFH F 8 = A8 57
Ho, W EI BN Z e 22

Ty(x,y) <T, (x,y) <T,(x,y) <T,(x,y).

58 4  Schweizer-Sklar = fi B LT m A
I R

Sy(x,y) <S8, (x,y) <S,(x,y) <S, (x,y)

<S,(x,y) <S, (x,y) <S5,(x,y),
Hr,me(-9o,0),me(0,1),me(l,x).

A 4 ST AR 3 UEHT.

E2 B4 ROV S ASHMN = ARk
528 m Z AR5, H R 0= A R0 ST
Hop, NS EI BT Z IR

Sy (x,y) <S8, (x,y) <8, (%,y) <S,(x,y).

WS {Hitd (A,A4)<e ,d (B,B)<e, IB4
d (T, (A,B),T,(A,B))<

:%Ln(x"' +y" =1) +
m

Hi 5l 27 <0, g

a(T,(x,y))
aom

IEFA  fliX
A=(a,,ay,,a,),A =(a,,a,,,a,);
B=(b,,by,-+,b,),B =(b,b,,-+,b,),
C=T,(A,B) ={c,},C =T, (A,B) =}c},
i=1,2,,n.
X m=1 M,

le,—c,l =1(a" +b" =1)"" =(a " +b" =1)""1

$1E|(a;" b —1) = (a " b = 1) (B3 1)

si( la” —a™ |+ 15" =b™1) (5|3 3)

=la —al+1b, b
M m<1 H m#0 [},

le, —c,l =1(al +b" =1)"" = (a7 +b7" =1)""|
=l(a" +b =1)"" = (al +b 7 -1)""
+(al +b" =) = (a b -1)""
=l(a" +b =1)"" = (al +b" =1)""]
+l1(al+b 7" -1 = (T +b T -1)"
<Ib,-bl+la —a | (B|H4)

nynrfg3],

d (T,(A,B),T,(A,B))

[)1 n
— il e
—\/ 2 l e, —¢ |
n =
p

n

— /\/12 I (azn + b;n _ 1)l/rn _ (a';n + b';n _ 1)l/m Ip
n

i=1
'
s\/

P n P n
L — a7 L _p
s\/nZIai a, | +N/n§{|bi b, 1"(5|H6)

i=1

n

Y (la, —a I+l b -b1)"

i=1

2 =

=g te&,

Mm =0 W,

Wla, —a;l =Aa,<e,,1b,-b| =Ab <&, N d (A,
A)<e ,d (B,B)<e, AUiE¥ a,=a,,b,=b, N a, =
a, - Aa;,b, =b, — Ab,.

d (T,(A,B),T, (A ,B))

r n
1 ,
:\/E l ¢, —¢; 1"
n o=

- Jiz | a, + b, - (a, - Aa,) (b, - Ab,) I”
i=1

- J 3 1 a,Ab, + bAa, - A,Ab, 17
i=1




%4 W

BHYES . BT Schweizer-Sklar = MR R ) = T B A1k 963

1y )
< \/n ; | Ab, + Aa; — Aa,Ab, |
»

< \/ii l g, +&, — g8, |’)(SP B LR )

sg, te, —&£,8,
HEWHIERMTIE.
Wa =1,a,=1-¢g,b,=1b,=1-g,, N A, (&,
&g,) =g te, —¢€,¢&,
Wom = — oo fif,
Wla, -al<g ,1b,-b1<eg,,

d (T,(A,B),T,(A,B))

P n
1 C
= 72 l ¢, — ¢ |
n =i
P

= le | min{a,,b,} —min{a,, b} 1"
n

i=1

P n
lezmax fla, —a, 1,1 b, —b 1 1"(B|FE2)
n =
P 1 n
= N/,LLZI,HIB-X {31,‘92}1J = max(sl,az)

Ya=l,a=1-g;3b=1,b=1-g;d (4,4)
<e,,d,(B,B) <e, MtHH
d,(T,(A,B),T, (A ,B))

P n
= le | min{a,,b,| —min{a;,b;} |’
n =

=m3—X<31 ’82)

% m = B,
0, (x,y) €[0,1)°
Tn(xJ)={ . y PR ’
min(x,y) , He

Ba=l,a=1-g;b=1,b=1-g;d(4,4)
$81’dl;<B’B/) s“/‘z’ﬁlﬁd,;(T[)(A’B>’T'D<A”l;’)) =

P n
/1—2 I1-01" =1.
noi=

E3 AT RS SN = MR Eh.
FE m =0 B, R =M B R R BUE L &, + &,
-&,8,; 2 m=1 B}, Lukasiewicz = f J0 501 e K R U
e teim= — o I /N =T iR RBUE
J& max (g, ,&,) ;2 m= oo I, A8 = M FEEN I R R
JER X RE A BA G k.

W6 {Hitd (A,A)<e ,d (B,B)<e B4

L ver) me (0,175
m

. " (e* +er 1)
4 (L AB) L4 B)) <™ e e me s
L, m=o;

1, m=0;

1, m= —o;

T 6 1] AL T A 5 EW.

T4 Yme(0,»), TSENE WA THELAE
etk 8 A T RO HE L FR 5124 m =1 B, Lukasiewicz
A TR KRBE R &, + &, WO, 245 m =00,
Goguen Z{ A T I K REE 1,29 m = — o B,
Godel Z i 1Y fie R R BUEARIE 1525 m = oo B, 5848 25 16
F e R R B 1, 53X = g B AN B &k,
PIARTE A F T HROR 4 2.

W7 % d (A,A)<e ,d(B,B)<e, A

d,(S,(A,B),S, (A ,B))
81+827 me(—oo,O)U(0,00);
e +e, -6, m=0;
<
max(€]’82)9 m= — ®j
1, m= o
HEHT ik

A:(al,az,-",a"),A' :(a;,a;,---,a;);
B=(b,,b,,,b,),B =(b,,b,,~b,);
C=S,(A,B)=}{c},C =S, (A,B)=1{c}
i=1,2,---,n
Y m=1,

le, —c;l =1{1=((1l-a)"+(1=b)"-1)""}

—{1=((1=a)"+(1=b)" -1)""}I
<I((1=a)"+(1=b)"=1)""
(I =a)"+(1=b)" =1)""1
<I((1-a)"+(1=b)"-1)""
—((I=a)"+(1=b)" =1)""I
+1((1=a)"+(1=b)"=1)""
—((L=a)"+(1=b)"=1)""1
<la,—a;| +1b, = b, | (53 4)
Y m<l H m#0,

le, el =1{1=((l-a)"+(1=-b)"=1)""}

1= ((1=a)"+(1=b)"=1)""]I

<11 =a)" + (1=5)" = 1)
—((L=a)" +(1=b)" =1) (5|3 3)
$%(m|ai—a;| wmlb, b 1) (FH 1)

=la, —al +1b, b,
w45 3],
d,(S,(A,B),S, (A ,B))

P
— L \ | ’|11
n =i
P

L w aials b1y
$Jn2(|ai a;, |l +1 b, =b, 1)

i=1




964 H, *

E I 2016 4

P n
1 "p
< 72 Il a;, - a,l
n =

f "
n i=1

g te&,

i m =0,

Wla, —a;l =Aa,<e,,1b,-b| =Ab<e, N d (A,
A)<e ,d,(B,B)<e, AP a,=a,,b=b,,Ma, =
a;, + Aa;,b; = b, + Ab,,
d,(S,(A,B),S, (A ,B))

| b, — b, 1"(3]76)

m

P n
1 Cip
= 72 e, —¢ |
n =

P n
=\/12 | (¢, +b, —a, * b)) = (a, +b —a, - b)) 1"

i=1

E

1 ) \
o l &, +& —&& " (S, BHIPE)

i=1
=& t& —e8
He WM e,
Wa, =¢ ,a; =0,b, =32’in =0, As,,(gl ,8,) =&
+&, —&,&,.
Mm= -, ¥la, —a,| <e,,lb, -b|<e,,

d,(S,(A,B),S,(A,B))
P n
= Lz | ¢, — C; |p
n =
p 1 < - )
= 72 | max{a,,b,| — maxi{a,,b,| |
n =

1 « , o
SJn;mdx{la[—ail,lbi—b[|} (5132)

[ =
SJHZ {max(eg, ,e,) |’ = max(g,,e,).
Wa =& ,a,=0;b,=e,,b=0,Md (A4,4)<eg,
d (B,B) <e,, It
d,(S,(A,B),S,(A,B))

= «/12 | max|a,,b,} —max{a,,b}||"
n =

= max(é‘] ,‘92)

M m = oo I

0, (2,y) e (0,172
S . =
””y){mqux Hi

Ba =0,a,=g;b=1,b=1-g,;ld (A,A)<

& ’dp<B7B’) $€2’ﬁzﬁ

4,(5,(4.8),8,(AB)) = [-3 11-01" =1

S ARG RS SEO = A aRiE .
RS m =0 B R = MR R KRBT S o, +
&, —&,&; 8 m=1 B}, Lukasiewicz =i 4370 Al B KR B
ke +e,m= — oo B MK = AR KR
FEJE max (&, ,6,) ;24 m = oo i}, RAFFI = MRV TR
RS 1, X FE A A S
4 EF Schweizer-Sklar |4 25 i #% 1 & [6)

ZI1EENEsl

1 Bikd (A,A)<e,d (B B)<e,,
d (A" A" )<e, B Hl B~ J& FMP-J i) = 1 fit (m e
(0,00) ),
me (0,1]

S |=

, —(&) +&)) +&5,
d(B",B")<
m#(g{%’+82'1"7) +&,,
WM me (0,0 )0f, %

vay,) A = (ay a0y, ,a,,)
B=(b, by, ,b,),B =(by by, ,by,);
C=1,(A,B),C =I,(A,B);
(C"+(A)"=1)""=1d,};

(C"+ (A )" =) ={d,};
g=1,2,---,nk;i=1,2,---,n

Mo,

me (1,0)

A=(ay,a,,

o Lereen), me(o1]
d(c,cr<| ™ .

1 1 1

m" (e +&;), me(l,»)
i

AR 1 Fa 5,
P nk n
« 1 .
dp(B ,B )S \/nzk . 2 | d,ﬂ. - dqi | 7

m” (&7 +e7) +e,me (1)

F6 AEMMAHET -HESSENEWE TN
FMP-f ] = TR &M R3S m =1 B, BT
Lukasiewicz Z5 54 T 19 FMP-J [n] = 1 i i) B R R 50
e +e, +ey A6 AL HE = Fpw H B4z
S IAANTE A5 ISR 41 P 3% 422 1),

T2 HiEkd (A,A)<e,d (B,B)<e,,
d,(B",B")<ey, A" Fl A" J&E FMT-J i = 1 ff (m e
(0,00 )), 00

{;(3';‘ vel) +e,me (0,1]
<

Lol w mvym, om
o [l e el me (0.1
d,(A" A ) m "

L L 1 4 L 1
me L™ (67 +e5)" +er | ,me (1)



%4 W

BHYES . BT Schweizer-Sklar = MR R ) = T B A1k 965

IEBH 2 m >0 B, 4
A=(a,,ay,,a,),A =(ay,ay, " a,);
B=(b, by, ,b,),B =(by by, ,b,);
C=1,(A,B),C =1(A",B);

(1=C"+ (B)™)" = {d, |5

(=€ + (B = 1d,
g=1,2,-,nk;i=1,2,---,n

Hi T 6,

1 m m
7(8’1 +‘92)’m5 (0,1]

<

=
1 1

e i L 1 1
[(m" (e +&))" +&i ] ,me(1,0)

{Hiﬁﬁ+éﬁﬁ+dkmele

5 #Hig

AL LA Minkowski [ B8 BE B ARYE , iF9F Schweizer-
Sklar = EE = 1 4% Y0 B A7 5 110 0 4% 280 TR
B S LR Bl IEW] T Schweizer-Sklar = £ 5 8174
KT SHUm 2 H B Y ; Schweizer-Sklar = ff] 4% i 7
KTSHOm 2 B G ; IF HL25 ) DU 2544 19 = 47
R = MARIEWIT. 450 T Schweizer-Sklar = f 4278
W = AR ST T T A ZE R A B s e T
me (0, ) [}, Schweizer-Sklar Fo| 4> 25 & T 5% H A 1R
UF T, RS A T T RO M. SCER (1] 45 1T
BT Schweizer-Sklar F) 4% 2 o 12 S 10] = 1 312k 1)
Tk e A B, 254G Schweizer-Sklar = ff 1l $1 7%
L5 11 9 A 25 W0 PR Bh A 545 5, Y me (0,
o ) i}, 3T Schweizer-Sklar F8] 4 25 i % ) FMP-J [n] =
1B EAEBEME; Y me (0,0 )R, kT Schweizer-
Sklar o 43 25 A5 (1) FMT-J 7] = 1 5595 HA & H .
HOA AR A ) S5 0 T PR AL T AT SR A B AR A, (15 2
T A Schweizer-Sklar — 1 715 55 7 i AR 4 3 539 B
Az B SRR Y R R

&% Sk

[1] Zadeh L A. Fuzzy sets[ J]. Information and Control, 1965,
8(3):338 —353.

(2] BRI, R &0, B T HOB 53 125 19 B8 s Bl de N 48 ML &)
[J]. B 724 ,2011,39 (4) .971 -974.
CHEN Wei-dong,ZHU Qi-guang. Mobile robot path plan-

ning based on fuzzy algorithms|[ J]. Acta Electronica Sini-

ca,2011,39 (4):971 -974. (in Chinese)

(3] FE2Ei U . T RO AL 0 B 2R S8 R A
PR T ). 722 40,2013 ,41(4) :674 - 680.
YUAN Xue-hai, LI Hong-xing, YANG Xue. Fuzzy system
and fuzzy inference modeling method based on fuzzy trans-
formation[ J]. Acta Electronica Sinica,2013,41(4) :674 —
680. (in Chinese)

(4] B, T L= RGP AXBITEM R TTELT]. B
F2£4R,2011,39(2) 1424 —428.

LUO Min-xia, YAO Ning. Syntactic graded method of for-
mulas in the system L [ J]. Acta Electronica Sinica,2011,
39(2) :424 -428. (in Chinese)

(5] ERER. BOWHER A 220 = TR hEBE(E
%5),1999,29(1) .43 -53.

[6] Zadeh L A. Outline of a new approach to the analysis of
complex systems and decision processes| J]. IEEE Transac-
tions on Systems, Man, and Cybernetics, 1973,3 (1) ;28

-44.

[7] Pei D W. Unified full implication algorithms of fuzzy rea-
soning[ J]. Information Sciences,2008,178(2) ;520 —530.

[8] Pei D W. Formalization of implication based fuzzy reason-
ing method[ J]. International Journal of Approximate Rea-
soning,2012,53(5) :837 - 846.

[9] Luo M X, Yao N. Triple I algorithms based on Schweizer-
sklar operators in fuzzy reasoning[ J]. International Journal
of Approximate Reasoning,2013,54(5) :640 —652.

[10] SR, R ORI RO By = T3L [T ] By

(E%§),2002,32 (2) :230 -246.

[11] B, 347 5T Schweizer-Sklar = ffj {U U FE % 1

RIRGIRFERI S = THIL[T ] B RER G4k, 2012,7
(6) :494 —499.
LUO Minxia, SANG Ni. The reverse triple I algorithms
based on a class of residual implications induced by the
family of Schweizer-Sklar t-norms[ J]. CAAI Transactions
on Intelligent Systems,2012,7 (6) :494 —499. (in Chi-
nese)

(12] BRIT, BRECL, i A, 4 oF. T B A5 B RO B 32

R R RO HE T ] e 72441, 2003, 31 (12)
1835 —1838.
CHEN Ming, CHEN Wu-fan, FENG Qian-jin, YANG
Feng. Medical image registration based on mutual infor-
mation and fuzzy gradient similarity[ J]. Acta Electronica
Sinica,2003,31 (12) :1835 —1838. (in Chinese)

[13] Dai S S,Pei D W,Guo D H. Robustness analysis of full
implication inference method [ J ]. Approximate Reason-
ing,2013,54(5) :653 - 666.

[14] Li Y F,Qin K Y,He X X. Robustness of fuzzy connec-
tives and fuzzy reasoning [ J ]. Fuzzy Sets and Systems,
2013,225(8) :93 - 105.



966 H, *

S ¢ 2016 4

[15] Wang G J,Duan J Y. On robustness of the full implication
triple I inference method with respect to finer measure-
ments| J |. Approximate Reasoning, 2014, 55 (3): 787
—-796.

[16] Hung W L, Yang M S. Similarity measures of intuitionistic
fuzzy sets based on L, metric[ J]. International Journal of
Approximate Reasoning,2007,46(1) ;120 - 136.

[17] Dai S S,Pei D W, Wang S M. Perturbation of fuzzy sets
and fuzzy reasoning based on normalized Minkowski dis-
tance[ J ]. Fuzzy Sets and Systems, 2012, 189 (1) :63
-73.

[18] Klement E P, Mesiar R, Pap E. Triangular Norms [ M ].
Dordrecht ; Kluwer Academic,2000.

[19] Whalen T. Parameterized R-implications [ J]. Fuzzy Sets
and Systems,2003,134(2) ;231 -281.

FEE £,1964 FATINPEBI, B
[ RN e S M R EE DN I = 6 e S N =
BRIV T R 2E S T EITFREN S S
EHEHSEMEHEL IR A ST FEPR
J5 1) RS ALRE 7 v i AR 25 32 B B 4 B
S B AL AR, S )5 1 E B E Nl ST
PO T R IS0 90 R R ARE 3 2 78, Bkt
1 #. E-mail : mxluo@ cjlu. edu. cn

[20] He H C,Wang H,Liu Y H. Principle of Universal Logics
[M]. Beijing ; Science Press,2006.

[21] Hardy G H,Littlewood J E,Polya G. Inequalities(2nd edi-
tion) [ M ]. Cambrige ; Cambridge University Press,1952.
PRI HRE A T, A R T IR i 2k 1
B FE T [T ] BF2# 4L, 2004, 15 (10) ; 1485
—1492.

XU Wei-Hong, XIE Zhong-Ke, YANG Jing-Yu, YE You-

Pei. Continuity and approximation properties of two clas-

[22

[

ses of algorithms for fuzzy inference[ J]. Journal of Soft-
ware ,2004,15(10) ;1485 — 1492. (in Chinese)

(23] BT, el iz 2 o ii i Fe [ M. Je st B il
fit:,2010.

[24] Wang X Z,Ruan D, Kerre E E. Mathematics of Fuzzi-
ness—Basic Issues| C]. Heidelberg : Springer,2009.

FRF 40,1990 LT H 2. A of
FEHE  BESET5 T AR G M R AR A J Ak



