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Logical metric spaces for interval-valued fuzzy reasoning

LUO Minxia, XU Donghui
(School of Sciences, China Jiliang University, Hangzhou 310018, China)

Abstract: In order to find the condition suitable for interval-valued fuzzy reasoning, this paper studies the interval-val-
ued logical metric space. This paper presents a new distance metric of interval-valued fuzzy sets based on interval-val-
ued biresiduals. Four famous interval-valued biresiduals are used to induce corresponding distance metrics to produce
four metric spaces, and the properties of the four metric spaces are studied respectively. Furthermore, it is proved that
the metric space based on interval-valued Lukasiewicz residual implication and the metric space based on interval-val-
ued Goguen residual implication are suitable for interval-valued fuzzy reasoning. Finally, in the interval-valued
Ukasiewicz residual implication metric space, it is proved that the full implication algorithm of fuzzy reasoning based on
interval-valued Ukasiewicz residual implication is robust, which provides a solid theoretical basis for the application of
interval-valued fuzzy reasoning algorithm.

Keywords: fuzzy sets; interval-valued fuzzy set; interval-valued fuzzy reasoning; triangular norm; residual implication;

distance metric; logical metric space; full implication method
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dy)o QR di(A,A) <&y, du(B,B) < &, M| di(R.(A,B),
RU(A,B)<¢e +&o

EE 6! PR —AIX ] A 2 .
1) BOWIR 5 #E L (fuzzy modus ponens, FMP) [i] 1
(14 DX () { R~ 4 20 Tk 4R B ARV A B R

B'(y) = S;E)I()S(‘R(A(x),B()’)),A*(X)),y €Y

2) FROR 2 X HE PR (fuzzy modus tollens, FMT)
(1] 852 P DX ] (L R — 75 4 26 o 1 P T f A

A*(x) = inf R(R(AX), BR), B' (), x € X

Eﬂf ¥ B F B 41 %l J& FMP(A,B,A") I
FMP(A", B, A™) ) IX ] B R—HU 4> 25 ) 41 30 550 7% 1
(W 6 1)), WdAA)<e, dB,B)<s, dA",

A< &, Wd(B*,B*) < &, +& +&;,

WERR X T X (A Eukasiewicz o] 4% 2 1 A X}
PR = A WA 3 K& 4 AT, di(Ru(A,B),
Ri(A,B))<e +&o

di (3, (R (A,B),A), I, (R (A,B),A")< & +& + &0

H, d(B*,B*)< & +& +&;30

EIE 8 LA MAIr & FMTA,B,B) Al
FMT(A’, B, B") [ IX. ] {5 R — 0 4> 2 3o 4 P 550 2%
(WLERE 6 1 2)), #d(A,A)<e&), dB,B)<s,, dB,
B*) < &, Md(A*,A™") < g +& +&3,

HEWIZRAL T B 7,

5 #XiE

AR SCHEF e i 2 X [E M = M B0A T R
ZTR, B2 — PR B X TRD BSR4 1Y) B S R
BT 4 A F 0 DX (BB T 4 25000, M35 4 S FREE
HE RS ], UERAR R S (LX), d6)
FNLX), do) A AE I Z2 IRS7 A5, AN 38 G 480X TA] (B AR
R 5 32 1 B 2 ) (LX), do VFETE— D IRSL B, 2
T B A 23 (B (LX), dy )BT RS A5, PRI, 32 B o
25 8] (L(X), dg,) FI(L(X), dy) 35 A A X 1] A5 R 4
M, #E—20, 7R85 B i 25 ] (LX), dy), kB 5L
T X [A]{E Lukasiewicz Z {1 DX [B] (AR 1 24 42 2
TR AR R B R, X Ta) (B SR 4k 3 53 0 v
PR AL I S PRI SR

F T DX (] R0 4 AT LA B ELA BRI ME 5 R
B PE AR B, DX [R) (BB 4 2155005 B A AR 4 &b
MEAXKE G EHER R B, 75K RIS
rh, FRATRE A EL A B S Y DX (R AROR 4 4
2R A o TR U 5 BT 2 B AR
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