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Algebraic Representation of Negative Knowledge
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Abstract  For negative knowledge cognition in fuzzy systems, three different sorts of negation
developed by Pan are investigated and the intrinsic natural characteristic of contradictory, opposite
and medium negative relationship is proposed. Subsequently, a linguistic variable with three
types of negation is presented by considering three kinds of negation in the classical linguistic
variable proposed by Zadeh. In order to sketch the natural features and intrinsic relationships
between fuzzy knowledge and its three kinds of negation, we further investigate their set basis
and define a novel type of generalized fuzzy sets with contradictory, opposite and medium
negation, denoted by GFScom. And several basic algebraic operations of GFScom and its properties are
studied. On this basis, the approach to construct the fuzzy system equipped with the first-order
and second-order approximation accuracy is given, and the approximation capability of the systems is
analyzed. The demonstrations in fuzzy systems show that using GFScom, we can, not only make
the fuzzy reasoning capability of fuzzy systems much richer, but also design the fuzzy system to

any degree of accuracy under condition of only knowing distribution of fewer membership functions.
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(Basic Logic) B &, Bl mx=x—>0). Ferré! £
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FEME A — R BT E . B R  A E
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R I DX 0 JE A5 A8 DR R AL A E R R A
FERFR G IFESL T —Fhli o 7 5 & LA E il
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(contradictory) fl JZ X} (contrary) M 75 & 5 H Ath &
WA Z M\ A5 & STk L20 J W WF5E 1 2k A
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4 BR%L Caggregation functions) , H G 4 2 AR AY{HE
AR E T, I T — A EHBRE T .
— > HE A PR ) 2 A o] 1B il A Y R
XA DS B R g8 P A E B R
A BTSSR AR 7 8 T ] hy B — > B
AR FHRBE U SRR R BUE — 1R E R R

SR 380 328 Xof SR R D0 %) 23 A7 )5 % B« DA 2 1Y
MR V2 B0 78 Z R T A 2 IS 1 T2 m) LA
W B 3 A E R R RER. A TIEZ —
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(1) T0,0)=0,T(1,1)=1;
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3 Tla,b)=T(b,a);
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SoCas.b)=aV b=max{a,b};

S (a,b)=a+b—ab;

S..(asb)=min{l,a+b}.

EX 207, & [0,1]—>[0.1]5 2

(Dn(0)=1, n(1)=0; CER )

() Va,bE[0,1].4 a<<b, M n(b)<n(a);

GEFF 1)

WIFR n Ay Db, 2 Db n 38 i 2

D nn(a))=a,Ya€[0,1],
WIFR n by &b,

Bl 2., s, ()=

OORERED)

l1—=x

mv[)>—1,mu 5,9%7%[‘7

A Sugeno #b. 24 p=0 Kt ,s5,(x)=1—x,5,=c, Bl
() =1—x R R L .

X 37 (1) — A 2k H ™ 4% 3% 38 1) R 4
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PR fOREBNF. AL f(oO+fA—0=1,VxE



2530 it "

Hl

i 2016 4F

AL
-

Lo UFR f a1

(2) —A1HF ) BB i) 2 — > s 8 B B —
AT B — A M — DR R B 2 AR 0.1 ]
Lo Tt vl £ 375k [ FU)—>FU):
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P AR DL R v A B SR AR JR AT e K 1
WS  HEAT IO JE R B . 3 R A HLA R AR i
FRAE -
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“not Slow”7EA 5T I 4E MBI , SR8 FEAEE — X 4
2 H15“2 1s Slow” f1“x is not Slow” A g [7] i} N
H WA R M. 4 M) 35 B AP AE R — X R o il
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& not Slow” sk J& £ 0, B & = X B 7 4%
“Slow” ()5 J& BE A 0, T X BRI+ 4E “not Slow” iy
SIE R 1.

(2) XF 3775 KR A T

A FURF A« <A AE FEBR AN 4y WYL AR B B SR I
B4R,

XA EAIE RN R AR AT RS
R ST A E RIS R AR R B AELAS BE R A R O L
Bl 7E“ emotion” X ML T “happy” F1“sad” Z [A]
(9 56 R A2 X 57 A E K AR AT BE“happy” #1 “sad”
TEA TG BRI RO J& 46 AT REAFAE A — X R o il
5“2 is happy” fl“x is sad”# AR . (B 246 A7 48 Xt
%R [fifg“x is happy”f“x is sad”#F N H. 1 1) 1%
Ut WA — X4 o, 15 x XA ¥ 4 “happy”
A sad” (SR I8 BEHR A O LA XS A B — X R o fiff
15 X 74 “happy” Fl“sad” 1Y S J@ BE AT 1.

(3) HAr 1358 K AR A

AT REAE s A IE FR A g3 B AR B E AE
e,

B, 75 “age” X A MEE N A9 “ medium” 5 X} 57
75 HE A “ young” Fil “old” 2 [a] {4 5 & ol & — Fh op
ABE R FR. ATV medium” 5 X 57 & & B &
“young” fil“old” fE A it I A BLARME . B 48 WAF A 7
EFH—“age”r . i1 x X “young” Ml “old” i) F & FF
803 0. A medium™ SR Jy 1. 3625 4 67 )5
A1 12 5 2R 77 00
“not”, HETTFRATIN - BRS04 i vh A 75 2
WA 2 [] BT P R 7 B X S XU M A AT A
75 DU T X8 7 A S v AT AT — S RS R AT 8K
FUHL R IR AR O G S E R R P AT E LR
YA BRFAE 23 A7 S5 ¢ B, h A 75 8 M A AT LA Oy a2
XPMEE w BTGB E” 8] I 2 XS = w 1Y
X IEE” HTRATIN R A E ~w BZE X
Hw BFERES 2w T EEEZL L. NFX
A LA X Aol R AR A A Y Y.

o S5 I A ST FR 19 %) 37 7 2 (opposite
negation) fl F1 4175 % (medium negation) 5 SC#k[ 20 ]
Hr T FR Y S %F Ccontrary) Al /N [ % (subcontrary) J&
ANTE . R R SCERL20 JIA S “ KRR 40 B J& A” (most
B are A) 5“ K& 4> B J& not A” (most B are not
AD7 R RN 56 F L AR AR A B i SRR FRAT
INRRERSY B & A7 B X S7 A 2 T8 R /N4 B
s A7 R FESCIRC20 b, ¥ — 28 B & A7 (some
B are A) 5“—% B 2 not A”(some B are not A)”

S RPN RO s AR EATZ A 5E R AN R AR SR
FRAY A 5 72 R AR PO A 15 E K AR 4 Y e A [
— PN EBEZ T P PR (D 5 AL E
XUTT Z 8] ) —Fft 5 28 4 A3 U X 57275 3 X7 7E 1
—JiHeAL S o5 — O iy I AR B B B AR R AR
S AR
3.2 BMEBRRIMBEXRARMEX UL E

FERIPU AU A S B A B 12 B 2002 4
H AR EL P T RSN S P E . AR T PN TR
5B A 1 S BIVZ AR & P B R 1) 2 49 X 4
R A 0 P 5 A & By SN IE Al i X A 8E S BT s ik
1 5 R 03 L R AR A BT B i1 Ji ki S
Py el R AR AR P — B A AR S IE L A
3 W + AELHG A 0 02 23 T

AR 4B A Int(A) 1 Ext(A) k3R
N A AR RIS SE.

EX 7. UGS RE, X(XSU) N
KT U FMEH— DS X T XA E—1 R

éj\:{Xl’.“9X11}’X1‘QX9X1'¢/®/’ UXIZvaIJ% X
i=1

KX X R X G=1.2, ) X [ Fh
.

th T ] — X B 2 85 0 R 0 A A
AR S R I A A2 ) — A R B T
R B T 5 G AR PN S 7 5 O R B 5
feZlmi T

W= AR X= U X, X =12,

H X WL E. AR X PAAERE S XL XL X,
(XX, 7 X0 » HAR BRI RS 0

X GXBARR AL XDIXF#X,  Ext(X)
NExt(X,)# & . Int(X,) NInt(X,) = & . Int(X,) U
Int(X)=Int(X)} S XXX, M4,X, 5 X, Z A%
Rl &S E R R, i i CFC(Contradictory
negative relationship in Fuzzy Concepts) ;

= XoE XCBA KRR (XL X [ X7
X, X, #X, X, #X, . X, 5 X, B CFC.Ext(X,)C
Ext(X;) . Int(X)NInt(X,) = J, Int(X)HUInt (X,
CInt(XD) ) SXX XL IR 4 . X 5 X, Z A B K Rt 2
XL E K FR . ie N OFC(Opposite negative rela-
tionship in Fuzzy Concepts).

U R S X 57 A E MRS D I B AT
(B A7 AE P A R ) A& s 0T — X0 57 75 7 1 AR
WES KA EZ BB KRB RR N
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WA EEAS X=UX P X, G=1.2,.n)
i=1

N X WS A Xo 5 X, B OFC, HAF 1
X, EXmAiom7)) iR X, 5 (X XD H KR
(X, (Xi, X)X 5 X RA CFC. X, 5 XTRA
CFC,Ext(X, )NExt(X;) #J, Ext(X,)NExt(X,)
# L Ext(X) NExt(X)) =Ext(X,),Ext(X,) U
Ext(X,)) UExt(X,) SExt(X)} S X X (X X XD,
24X, 5 (X XD ZBEB SRR B ERR.
it MFC(Medium negative relationship in Fuzzy
Concepts).

4 HFEIMEBEENESTEZ= LVcom

EX S8 UlLa.b].(asb] [a b)), (a,b) 5
la=a) <a,<-<a,=b} N—AREMESE . IL/E D,
Horfa,b€ R, IF5 BN D 1 Ze v st A i A

EX 9. (R4 — U fA BREUESE D AR
4 £:U—D Jigsk U i (—48) A FREUE b B g

B AR Y Zadeh 2 10— AN IEAHES. B
ST AR R DLTE S N 2 O R = ) AR R
(age) , BAH (truth) F#UEIE S A&, —MEF AL &
xSRI T (o) 1 IBCE Y A2 o 1 B4 1) % 1
T BB A BRAR TE B &R 58 b 7 2 X0 AN Rl 1Y
“HE R P ER AL BRI A G L IR IR T AR
5 AR R X A — A B P JE B 6 AL A
FE R A 5 E Z ] 56 AR 2 U 2 0 ) —
Ji i) e HAN TR) 45 5 2 (] (18 LS &R e FRATT5 A

LU e
EX10. BB UM f U B (—

40 A FRBUEAC B — A TG & E W LA E
Frh A & s 5 L &
Contradictory, Opposite and Medium negation,
LVcom) 22— NHITH (X, T(x), f(U),G, M), H
X BN ARR T (o) (R T)RAR X 1A
P B X MBS AR £ (U & — A REE
e RSN asby B X RYIBETE G 2
AR, LA G X E R 4 B s MO X
B % B A4S 18 5 A ce€ T, M(o) & f(UD E Ry
WA IEE M~ =t~ 23RN ¢ 7 JE B 5E X
S AR E FI A AR E S HE )k
M) (w)=n(M@) (w)) ,
M@= (w=M(a+b—w) H MO (w)+M(=) (u) <1,
M(~1) (w) =M=t (w) * M(==1) (w)

=n(M@) (w)) * n(M()(a+b—uw)),

(Linguistic Variable with

Hrpue A, xR -0 Jpfh.
g5 g LVeom B4 #% X 83 LVcom.
Lo U 2 5B B, /o8 1H S5 B g, OfF HAS
F e L X BT LVeom BB 4L % Zadeh W8 =

=X
LIy =

T E AR ¢ B SE AR E = T SRR R 2R
M@ o) +ME0 <1 J&h T U IFAE T A
BRI ML & G 5 A BB A7 AE X S R E M GRE =
D AHTE L BRI — AR T IR AR X
HE— 2 B THE IR 3L

Bl 4. 4HE— LVcom™ 4 H”

X=%H;

T— (b % Z KD
fW)={1,2,++,10},HH a=1,6=10;

G A2 Hikm

BRI 1= L M) = M) =1+

T 00 i LVeom B Sk X T4

0.3,0.5, 1 1 1 1
) — <y O .
M) =MA //)——3 +—4 +—5 +—6 +—7 +—8+

ey
M(az):M(£)2¥+%+%+%;x
MG=D=ME£) =1+ T+ +1+1+2+
05403,
e M~ =MChgp =224 00y Ly L 094

%,/j@\j:pﬁx -1 A BN F min, n HER AR,

T F AT B FScom f9 %E SCL O B
R L AR T4 L iE T R A R B 2L T
L

L 1=/ H M) :M(//'\):%+%+%+

%,m;}g FScom 95 3. A1 1A

1
6

0.5

M=) — M(%) :%+ +%+ T
T+t +++4.

J T R T M(~) =M %),
HAHIESE A WME. A4S A=0.6,5F FizE
A O BAR B E PR A S50 A o] R0 A ARk B8 U]
B,
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M<~z>:M<qn%>:~T4+o.74 } 0.345 IOf 10'54+
0.4 0.4, 0.4 ,0.4 0.4
EE A I U

M0 =MCFA) =MaD UM~ =534 &4
0.45

05,1 ,1,1 1,1, 1
e R

M BT R AT DL W AT T 27
S ARSI T S22 T SR AS B ORS L a2
Pt FScom X 3 i 5 4 56 Z 114 b ¥ 75 2 o ik 3] n 7
BRI S =1{1,2,-,10} T, A~ Guc
SO SERR R TR F 4 MO X B 5% W
AR HH R 1€ U)X 748 M)
SRR Bl 1, X BB 7 5 MO D) 1Sk E B ok
0. 4 )G, 1 O 82 M 74 M), i X
T LR T e P JE S8 T4 MORD) 308k 8
HERATH E LS L ARE. i N2, X nl fEJ2
FSEA EEAE Y P8 F9 E, g4 FScom
(43 AT S AT A& BRGNS [n) AL

(DR — MW FE A EMTh AR EE A
JE— AR IE AW 7 4. NN 1€ FScom H, & AT 0]
DIEB Ve €U, #AH 1 —A<<A~ (2) <A(YH re
(0.5, IDEH AA (2)<1—A(H 1€ (0,0.5]),
X EWREMARB U PAREMLEBEXNETEL)E T
e S AT B 5RATH & AT

(2) X — AT A T JE & &4 A X
HEE ARG R A™ = F Z 856 R 1 %)
ANHER. IR AE FScom A 4518“A"=A"UA™ " %
ER DO WM, A Ve e U, A" (2) = (A" U
A7) (2)=max(A" () , A7 () =A" (2) >0. X it
JEUL BRI — W% €U XM 746 A fRE
BEA L. BEWSHa R THPERESE A .

(3) ML FH 049 1 FE 7 - FScom I LI 3 Fl s i
B B — X TSR RO 3R e, FRAT A A T 22
AN [ (9 557, LA X IO 22 6 1) 45 s S 1 21
I Kb P EAF G 2 WS PR {H FScom (B IFScom) Hr,
XoF 5 0 BT I B — e SOOI B ) T S B i )
Z .

(4) FScom H1 /) S8 A TR AR ME B 2 - &0 5
BLGUR T GG A AR

8% TFScom 7E — & FE JE I X} FScom i T ikt
HEEHABRA FRAT(2) . (3) FI(4) I ik B i [

EX 11. % LVcom WA % T i X M fEfg
= A 2ok 2R RRE i A 8 & & 2 b

SEAR E A A g 1 R TR 5 (Constructive
LVcom, CLVcom).

B 5. 455% CLVcom“HiB”.

X =4

T={% k&  EFEFHZ, )

) S RE AT 21 3o I SRR R A

G: T ={Z)UlHEH T}.T'=J. 0 T'=
(). TP={Z Ak &}, .

BT AL AR R R B M. E LT N

150
M(%):J S(u340,55,70) /u, ] M(AEH #)=(M

0

CED MUEAERAEW ) = (MCE)", . H
LVcom 342 CLVcom.

EX 12. L4 —4 LVcom,% t, BRI, [N
B . f () Rm fAER T ¢, =AW — DS
il & LVcom 11 45 B FI 9 Ak Oy b A R L
TCR A AL -

(Dt s [ R FER

)#AB AP AHREXIMAANB AV
B) =aA,~A fl-A # RN F XL

(3) HA (D) Fr A A & b A ik =
MFRZ LVcom A MEF AR HP AV, 5, ~,

SR EC BT RS A
A,

B 6. S A

XA

T={#% AER. 2. AL W FER ANER
HAE AR E . )

AU ] = AR, f="HE %7 W~ = A AE
B, ar="%",a=at="RE", f(O="FHFIER",
~r="HUE" (V=) =R ET, (2t N-=0) =
ANERHEHARE” - W TRIRR K T={t,-1.=31,
==t (), ~t, eV =), (at A==t) o 5

SW)=[0,100], Hrr 72 A5 3 s 53 3y a =0,
b=100;

G XFEARN RS R A 1 2 & A, V.,
=~ FHEMI £ G

AR =R E O M(0) = MUER) =

*100
J [1—S(u:25.35.45) ] /u, Hrkn
0

(

0, u<a
u—a\’
2()/—a>’ a<u=<Pp
S(u;avﬂa}/): y 5 ’
U T\
1—2(5=7) . B=u=yv
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AL
-
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LVcom W& X . H
*100

M(%):M(qt):J [1—S(u:25,35.45)1/[100—u]
0

AT AR 5

*100
:J S(u355,65.75) /u,

0

MORAER %) =M (= f(20) =n(M(f(a1))) =
n(M(3F#)?),
MUER B ) =Mt V=) =MUER) UM , .
MBI 6 7 LA H, LV eom H i o A iE 5 AR ]
PAFRIE B Ry A I 4 O HLAR AT Rk — A4 i
Tr] P SC o RV I ASERA 4R 114 SR ek B A T DA GE A R
BAH TSRS At AR T A 1 SRR ok B X O
— AR FR G R IBUSER T4R 1 SR TR R R AL T —
ol A7 {8 £ B A O 1%

5 HHE3IMEEN XEHE GFScom

T X3 FAL BRI R Gt SO IR 3 RlOR
[vi) 1) 75 A 22 100 114 P9 7R A 0T A 2R, FRATT 5 22 B2
AR ME &S — G & 7E Zadeh BIRI4E
gl A ik 3 FpGE.
5.1 - Xi#E#E GFScom

th FARAT IS Sk U 8] DL AT 4 PR E50(E 1L B g3
HEMIAG S (4 A REE S . A i LUE
PSRRI U W4 — A~ A BRBUE A OF DL FU)
FoR U EAaRER W EE.

EN 13, EACFW).a.b U ML. A
B VueU, » 2 t-B.n HHhE T

(D &t AU~ [0.10 2 A (w) =n(AG),
PR AT BB T4 A 1 n 7 JE & E 4. R
ML SRR A GO =n(A(w) =1—Aw)
T2 BT 4R A 197 & A5 5 4R

AT A U—~L0, 1] 2 A" (w) =Ala+
b—uw) H A () +AG) <1, MR A& HIROR 146
R A WXL A

) EWH A~ . U—~[0,1 [l A~ (W) =A" () *
(A () =n(A(w) *»n (A" (u) =n(A(u)) *
n(ACa+b—uw) Fr A HERIEM FHER AR x—n
H A . R A A« R ming e AR
M A~ (w)=min{l—A(w) ,1—ACa+b—u)} § A
(1 A 75 AR

IR E SO 4 BB SEFR R A A T S A A
XPAL A 2 A A 5 2 )T B A (Generalized

Fuzzy Set with Contradictory, Opposite and Medium
negation, GFScom).

EX 14, fE GFScom H, #5174 Z 7] /Y 44
VA IR B Zadeh BOMIAE G —HFE L HIA

(O A,B i GFScom,# Yue U, H A(u)<
BG) JWFFA ST B8k Ba& A ACB. %
YueU, i A =B . A% T B,icfE A=B.

()% A,B JJy GFScom, YueU,A 5 B it
AUB.3¢ AN B B3R & & e L H

(AUB) (w)=A(w) V B(w) =max{A(w),B(w)},
(ANB) (w)=Aw) NB(w) =min{A(w) ,B(uw)}.

1t Zedah B4R rp L0 8 VAR (BE A SCH 7
JE 5 7 ) AT e G JSUROR S E o AR A 2L 3R
o, FRAT A B e JEROR A B 20 0l 0l i 2 A X S R
E T P R E S T AR B S AR E AT A
FELR B2 Z) X S E R R E R T —
HARRARIE I 450 — XX L B E S AL B R A A
P A5 BREANGZR”. M A, B HA KRR,
] I XA RE RIS A L, 78 GFScom 1 %) Xof 37 75 7 2
T 1 b B S X AR ) BRI 5 5y — O T AE
i ML h AN ~A H -AN-=A7,
BI~A 5 -AN-=A ZEBFMB, LA H]
- AR B3] GFScom o il 75 21 %) rp A 75 € B
TR,

AN TR A T O L e R A A A S X
)27 & & RS, B 2R, XHE B A & T
S — S AFAE 5 HX B X 57 5 E M N A2
1] 1R AR B A A AR A B A A X L A R 57
5 RE M. A, e N P A TR AR A T B A
A NI S O R X ST A E L R
PSR 28 DA 0 37 7 5 MR S i Y R A AR A AT
HASMEENE, IF B AE R — P8 05 900 i
A P Z AR R 25 5L FE AN A
JE7 XA B S Z T A S A R AR S
Xof IO B Xof 57 5 AR A s B U R S A E M T R
SC.BRARIF AR BT A B RO M 1S A L A6 0T IO 18 X ST
5 R M IS 2 WP A ASHE ML 8 ) ) ST A5 1 MR A A A
FEECE YT 7 8 T 31X — 5 FATH AR 5 1Y £
JET AT A B8 3 s R R AT T ASOR ML s S o
— R — R A

i LA b A AT RS R L E

. AU BB 74, 0E
(A" AFAESTC R X

WRAEE 13, 55 &l Bk W E &G B, 4
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b Yu€Usash 53008 U W2 A i s n 4R
B A () =n(Aw) €L0,1]. — T
n(A(w) U (A ) =Ala+b—n(AGO)) {E—
AR O N ANAEAE BRI TE 8 . BRI n(AG)) €U,
SRATIFE (A7 G (H X B %A 52 B 3 . XS
I, SCHRL 13 TR A A L ) 45 L.
PUG - AT AR BB T4 A (9 7 J& 5 5 5 0
ST A5 8 R A A 2 SR SR AR B« B min, n IR
SR ANEOR TP
5.2 GFScom gyt &
EE 1. ®KA.B,.C¥HigHU LK GFScom,
a b 5 U M ZE A v i )
(H)AUB=BUA, ANB=BNA;
(2)(AUBUC=AUBUO),
(ANB)NC=ANBNOC); (EiaE)
BGHANBUO=ANBUMLNO,
AUBNO=AUBNAUO; riiH
(HDAUANB =A,

(LAY

AN(AUB)=A; C/TEE
GYAUA=A., ANA=A; CRESEHED
(6)UNA=A, UUA=U,

SNA=F, JUA=A. (PR )

. BT RRAPERUR R E T T
1M HAEH] S Zadeh BORIAE —FE. HEEE.

1E GFScom AT [ T 8 J& 5 5E » X 3L 5 58
Frp A2 . M H 5 FScom (8{ IFScom) Af L, %t iX
SHEERTA TR E S H I, Bl A T —2L
IR Y 1 o

EHR1. WAB.CY¥RHBHU LK GFScom,
asb o5 U W28 A i s

(ODAT=A,(2)AT=A, (HA =A"".

W, (D VYuceU,A " (w=1-A"(w=1—
(1—Aw)H=AGw . Fril A~ =A.

@) VueU,A" " (w=A"a+b—w =Ala+b—
(atb—w)=A ,JTLL A""=A.

(3) YuceU, A" (w) =min{1—A" () , 1—A" (a+
b—u)}=min{l—A " (w),1—A(w) }=min{l—A(u),
1—Ala+b—w =AW . Ll A-=A"".

PR 1 F A (1) FE FScom (8 IFScom) 2 A Jii 57
(9, HA (2) M3 JRAL X B — W] T GFScom
X 75 58 508 SR BRI R O BRI T X A
ZXALEFIH A G A BN B T g
B R ez mE”$EFEGE FTHASN

FAH.

MR 2. WA.B.C¥ N U L GFScom,
HAUB 5ANB) 1#1E, i Vu €U, (AUB) " (w) +
(AUB) () <<1.(ANB) () +(ANB) ()1, 0]

(LAUB) =A"NB ,(ANB) =A"UB";

(2) (AUB)'=A"UB ", (ANB) " =A"UB".

. HEX 13,14 B

(DA =A"NA"", ()(AUB)"=A"NB".

SEE. (D HE X 13,14 575,

(2) MR 1 dr i sc i A5 A DT 2 DL
BT 3 P (D F

(AUB)" = (AUB) N(AUB)™
= (A"NBHNAUB)”
= (A"NBHNA"NB ™
= (A"NA"HNB NB™
= A" NB".

R4 WA.B.CHhigl U iy GFScom,
asb 5y U W 7E A v s

(WACSBSB CA; (2) ACBSA'C BT
(3)ACB&=B CA™.

. (1) VueU.HW ASB, e X 14,
AG) =BG , \1fif 1—BG)<1—Aw) , ¥iiE X 13,1
HB (wW)<A ().t BCA". Rz, [RFA]E.

(2) Yu€Us,a,b 5350 U 75 A7 v i W Ca+
b—w)EU. #H ACB,BIEEX 14, ACa+b—u) <
Bla+b—uw) Bl A" (u)<B (w), lTA AACB". &
Z A ATSB LM ATEBT MR 1 (2,
A4 ACB.

() #ACTBEMRT 4 (D F2),BTCA,
BT CAT I BTNB T CA NA LB B-CA™.

MRS wARZEEU EM GFScom,*, A€
(=~}

AUA" =U, A*UA" =U,
ANA =T, A*NA" =
HBAS ST

PEIT 5 BB T 7E GFScom Hr, HE i F1 o8 i
HEAS BT

AT R PE BT FRATA 5 20 T 1 A5 8.

EFE2. A ARBRBU LAE—HBH T4 0
(A7) (A~ FICA™ )~ BEARAEAE B E 7 .

. HAEAT) " AP R HEZ.

PP 2 oy (20 A 3 R (1), AT A
(A=A NA ' =ATNA"T, X ilI ERHE
AR AR TC B X AT AT N AT AT
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BICE S BN A ) A FFAE ST X HEHE.

B 2 HURIRAT X T E R Kﬁéﬁ%—uﬁ‘in
ER TP BER T ~MmE I EEWA
A S BT DL L 1.

1 3IMEEETAEEAAESEFERR

FERERT - XMNIBERT = HAGERT~
A° X X
AS
A~ X X

5.3 3 #iEHIE S FScom. IFScom & GFScom YLk %7

3 Fh AR 4 FScom. IFScom K GFScom 4 ¥F
Zadeh ML G R B T 3 PRI 5 2 & & L #F
MM B )2 T B X 43 b 38T BT AR TR AR A
SHMAERR YR T Zadeh B 4E. JE L X FScom,
IFScom . GFScom [ 5%€ X 43#rJ5 vl LA % B, FScom
S TFScom X} 77 J& 15 7€ % 57 A5 8 Fl A 15 8 1 %
IRAEAER AR CULER 4 35 P 43 1) . 10 GFScom N
SEREMR T FRBFE. £ GFScom Hfr, — SRR
LANPAEEE A AT IERPR, LB
U HAFLE 20 o 113 ACx) =0 H A" () =0, W64
A (x) =L N B — AT n M- R AT 3 —
A I SEBR I 5t BT DLl s FANE T o F - 1R
XF P JE A5 A A E R AT 20 2 17 GFScom
HA TR E ) 2 M 18] i i 5 7 FScom A &
IFScom #1240 A (1 6 22 ] .

T HEFATX FScom 5 GFScom 1y 3 Fl 5 & &
FZ 0K R — BB, IFScom 5 GFScom 1] i
FAULT 7.

#£ FScom 1, Vo€ U, A X} 57 75 8 4 A4 E
X A () =1—A(x), g & GFScom W1y F J& &
E% A" ] FScom 1 X 37 75 5E 4 55 GFScom H1#y

JEGEEME ;Y A(x)=>0.5 B, B A 7E GFScom
'iljﬁ A" () +AO <1,k A" (&) <0.5, 31
A" (2)=0.5, XA (2)<<0. 5, M A~ () =A" () \
A" () =A" (), B, BB GFScom H %) A 45 2 4
55 FScom X7 8 g B AR 5 24 A () <<0. 5 I, PRIt
B 7E FScom H A HIE A™ (2) =max(A™(2) , A~ (2)) =
A7 (), L, LI} FScom H 77 & &5 E 5 5 GFScom
IR P B A E A 5E A AR TR T IR AT AN T 458,

mRl. AR ERE.

FScom H1Xf v 5 %€ 4£ 5 GFScom H iy 8 J& &
TE A A 5

M A(x)>0.5 B}, GFScom H A HEELES
FScom H1 3 37 75 & £ AH A 5

4 A(x)<<0. 5 B}, FScom H P & 15 7€ £E 5 GFScom
WP JE S E S A TR

6 EF GFScom M R L% 3t

P SCHRC22 ] BT 3R G002 —Fh 7 B JE T A% BB
W1 2R G0 Al AT BORG BE aE  E A  AT RE eRA H
Wﬂiﬂl_ﬂiﬁlﬁ%*ﬁﬂ%%ﬁ’]ﬁf P& AN S .

[ 2% B A 4R 3 e B AR 8 X — ) L, 1 e
%uﬁxi?%iﬁﬁﬁ@ﬂtéﬁﬁ@%& g(x):UZR"—>R 3%
Vb AT A5 BT LASRAF 0. — B o0, F6 A7 7T
SHEEWT 3 FAF DL .

(D) g (o) Wy fEHT =8 Al

(2) gCo) W AT X AR FEX FALE €U Af
PABA 2 FH R Y g ()

(3) g Cao) 1 g A 2R 0 A58 3 A B 000 174
A-HHBREX (2F g () Hod 2/ €U 2 A fEAT
HIER.

B 1RSSR BARA B H R g (o) W fE BT
ANRE LT LU g (o) o ik BT 2 40 48 2 54 5|
AATAT B 8 JLT A7 2 RO &R 48 5 UG g (o).
552 FhIE 00 TE HLBSE M AR S 3 B M O i AT
FE. 55 3 B AR B0 AE 52 B b DU B SR DL L 0 A B 45
il T R Gt PR O 4 R e i AR e M T BE SR AN
AT DT R e A A, A0 ] 5 ) ORI S T AR
3 FlIE B0 A B R G, RATTHE 53 SCEA .

UL A SCRE g o) 1 B 2R 0 (R XS F AT
B xe U, a] DL 2 iy A - % B X (s g (2)).
T AEA /N o FRATT A 8 BT 45 2 B3 — A LA b
L7 2GR g (o) B R 4.

6.1 —LEEARFIMIZS
EX 157 FUCR.U ERINT %28 k%
A FR R P TE 28 # (Pseudo-Trapezoid-Shaped (PTS)
function) ,
I(z), x € [a,b)
Alxsasb,cd h) = " z € 6o ,
D(x), x & [c.d]
0, x€EU—la.d]

ﬁqﬂ a<b<c<d,a<d,I(x)>0 Kla,b) LB =H
WERE D (2) =0 JyLe,d] b ™ s 3 08 bR £ Cn
IEllﬁﬁm).
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h

1(1) D(I)

0 a b ¢ d x
Bl 1 DhERIE SR s ek AL

U R IERUBORIZE ) PTS e Boms, I Fr H:
o PTS S8 R & X h=1, NI didh Alasa,
byc,d).

1 () D (o) B Rk i, B I (2) =

i L T R R B T

asb,c,d). ﬂ;‘ b=, W13 =L 3 & ok %L
ﬁﬁA(z sasbyd). BRI, PTS S8 s B0t — 43
& e K.

EX 1677 U FRBRAE A, AvER N
U FWE& 4. A VeeU, JAMH A (2)>0,1X
WP AR Ay oo s Ay R SE Y.

EX T U FRBRIE Ay, s AvER N
MM #x% 2€ULA () =1, M Vj#i, A, (x)=0.

H GEFScom [ LA A5 AR U 1 GFScom,
ORI 746 A FHX S A5 e 5 AT MY, 58 |
EWHE— €U, Ax) =1, XA +A" () <1,
M A™ () =05 [ 2Z » [a] BLURT A5 SO RO 15 A
HX LR ER AR AW,

EX 18P, XU LM BRI 4 A, B, #
ker(A)>ker(B), Bl V2 € ker(B), Y2’ € ker(A),
WA « >, MFK A>B, i ker(A) = {2 € U|
A(x)=1},ker(B)={x€U|B(x)=1}.

,D(l)— —

5l 1. 4 AN U=[a.f] EH GFScom. # A
AW RRTE R, U RS 57 5 78 4R A TRy P i TE R 4.
EH. A ARWTIEARAEEIE K%L
I(x), x & [a:d
A(xsasb,c,yd,h) = s € Lbo ,
D(x)s, x & [c,d]
0, x € U—Lla,d]
Hrp a<v<c<<d.a<<d,I(x)>0 HKla.b) I 1 ™=H
i Eu‘lZl%ﬂI D) =0 Sy le.d] b ™% ik sl ek £ N
A" (x)=ACa+B—x3a.b.c,d.h)

(a+pB—x)E[a\d)
(a+p—2)€E[b,0)
(a+B—ax) € [c.d]
(a+p—x)€eU—]a,d]

D(a+,8 ),

JI(OH—,@ ),

D(a+p—a),x€[at+f—d,a+p—c]
h, € (a+p—c,a+L—0]
I(a+p—x), € (at+pf—b,at+f—a]
0, x€U—[a+p—d,a+p—a]
AR A BB DR IE BREC AT AT IE N AT (s
at+p—d,at+p—c,atp—b,a+p—a). e
513 2. 4 ALA - Ay U=[a,B] L

aJr'BJJ:E’Jm:

GFScom. %“ A1 aAz st ’A\ﬂ‘j Ul :|:

B EHANY ATLAS AL U, = |:a—§—‘8’5:|

¥ 5¢ % 53 i
. B

E “”]LME%M@ Bl Ve € U, JA, i 3

A()>0. M VaeeU,, b at+B—x€U,, NI
AR A (a+B—2) >0, 48N H . H A (o) =
A (Q+B_l)>o9ﬁjfu A?9A29 "'9A7\1 j‘:’ UZ =

(L e s,

%Alvsz'”vAij U, =

T AT AT, ALy U= 2]

2
SRR B 1 RO LA = (AD LA =
(A7, A

= CAZD DT Fh L H 2 e g 4
WVEBI AT A1 A, A Ay Uy = [ aﬂ?}tﬂ’r

o0 i s

5|3 3. 4 A NU=[a,8] ) GFScom. #7 A
S IERLBR A 0 X 7 e S AT R IERL L I
Hid 4 ANA = MHF A {ESE A ®EIE
.

W, HA AR U=[a,B] i IEREOR 4.
WAEAE 2 €U i1 A() =1, X a+B—z€U, )\
A'(atp—x)=A(a+p—(a+B—2)) =A(x) =1.
AN A ANA = BVFAE 2 €U 43 A(x) =0
H A () =008 B o 115 - 46 € X 13,14 Ktk
i3, 8 A  (a)=(A"NA") () =min{A" (x,),
A" (xy) ) =min{l,1}=1. JEEE.

5134, HA LA AV U=a.B] EHAH
HWIEFLE PTS B ) GFScom, A, (x)=A,(x;a;,
biscisd))y i=1,2,,n, M

(D AFTEHED 1 tyaeee i I A <A, <T-<<A s

(2) 47 Ay <TA, <o <TAy I AR <T--<TAL <AL

ER. (DA i) JEREE] ker(AD =[bisci ]s
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kCr(Aj):l:bj9C]]9EE{A,‘}*E@%ﬂ?kcr(A;)ﬂkCr(Aj) E_Aq(\r()):o’ Eﬂﬁ%i‘é)‘( 139%‘ AN (\T()): (A_")6

=N IR ker (A) <<ker(A;) 8 # ker(A;) <
ker(A) U Ay Ay oo AT HETTHE 2T L RIAE7E HE
B iy siy s sinffif A, <A, <o <A,

() A <<A,<<-<<Ay, % i< FEH ker(A,) =
[0, J<<ker(A;)) =[b;,c; |, ¥ X 13 FizE X 15,
B ker(A]) =[a+pB—c,a+p—0b ], ker(A]) =
La+B—c; at+B—0b; ], i ker (A]) <<ker (A7), if
M A <---<<A; <<AJ. HEEE.

I3 1.2.3 ) 4, KATEZ BB T 458,

FE3 5 ALAL Ay U=[a,B] 1

"sANﬁ Ulz[ ’a+‘8i|J:7D
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Background

Negative information plays a very important role in
knowledge representation and reasoning. Dealing with negation
involves significant additional complexity. Nevertheless, the
use of negation is very natural in many knowledge representation
and reasoning systems, such as web semantics, natural
language processing, default reasoning, negative queries
(search of false information) , etc.

In recent years, some scholars suggested that uncertain
information processing requires different forms of negations
in various fields. In 1980s, Zhu and Xiao'"' proposed the
medium logic calculus system ML which strictly distinguishes
the contradictory opposite and contrary opposite concept, and
pointed out that there exists a medium object ( concept)
between pair of opposite concepts. Wagner et al. **) considered
that there exist (at least) two kinds of negation as follows: a
weak negation expressing non-truth and a strong negation
expressing explicit falsity, and established one type of partial

! introduced an

logic with two kinds of negations. Ferrél”
epistemic extension of the notion of negation in Logical Concept
Analysis and Natural Language, that is, the extensional

negation is traditional negation, for instance, “young/not
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young” and “happy/not happy” and the intensional negation
can be understood as opposition, for example, “hot/cold”
and “tall/small”. Esteva et al. "% extended the strict basic
logic SBL. with a unary connective ~. The semantic of ~ is
an arbitrary decreasing involution, i. e., the function n:
[0,1]—[0,1] such that n(n(2)) =2 and n(x)<<n(y) whenever
x=y. The SBL with an involutive negation just is the fuzzy
logics with both negations (the other negation is the negation
in basic logic BL proposed by Hajek® , namely, —x=x—0).
Kaneiwa® proposed so-called description logic with classical
and strong negation, where the classical negation represents
the negation of a statement, and the other may be more
suitable for expressing explicit negative information ( or
negative facts). In other words, the strong indicates information
that is directly opposite and exclusive to a statement rather

L2101 pointed out that

than its complementary negation. Pan
there exist three kinds of negations-contradictory negation,
opposite negation and medium negation-in fuzzy knowledge
and its negative relationships, thereby established a novel

fuzzy set called the Fuzzy Sets with Contradictory, Opposite

and Medium negation, FScom for short. One kind of improved
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fuzzy sets IFScom (Improved Fuzzy Sets with Contradictory,
Opposite and Medium negation) has been developed by Ref.
[11]. In order to provide logic calculus tool for FScom (or
IFScom), Pan!'® and Zhang!®! presented fuzzy logic with
three kinds of negations from the axiomatization and natural
calculus reasoning points of view, respectively. Zhang!'* did
some work on fuzzy reasoning with three types of negation.
In fuzzy systems, fuzzy knowledge is characterized by
fuzzy rules. As we know well, it is very difficult to construct
the adequate and effective membership function of a fuzzy
set. However, there exist hundreds of or thousands of different
fuzzy subsets in an applied fuzzy system. Hence, it’s very
difficult to construct such many membership functions of
fuzzy subsets. However, by analyzing the fuzzy rules, from
the negative point of view, many fuzzy subsets are not mutually
isolated but in connection with each other by means of the
above-mentioned three kinds of negation. One of the most
important aims of this paper is to give out this relevant method.
Given a nonlinear function, interested in

we are

constructing a fuzzy system that can approximate the function

to any degree of approximation accuracy. This is clearly a
problem that has important theoretical and practical implications.
With the help of the generalized fuzzy sets GFScom, the
additional main purpose of this paper is to offer a constructive
procedure to build a fuzzy system for a given function.

The purpose of this paper is to investigate the general
algebraic representation of negative knowledge in fuzzy
system from the language variable and set foundation points
of view, respectively. On this basis, the approach to
construct the fuzzy system equipped with the first-order and
second-order approximation accuracy is proposed, and the
approximation capability of the system is analyzed
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