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commutative residuated lattices £ TR T T SN 32HRBE
%;Rﬁéﬁﬁb,u?®4j®%#ﬁ%h%hﬁﬁT55:té
R_RY
e (PL): E5(EA(A—> B))V(EA(B— A),
¢ (C1)+ (Ca): E» (A— B)V(B— A) B&U
EAN(AVB)— (EANA)V (E A B)
e (Ef) : (ANBS>C)ANE—= ((A—>C)ANE)V((B —
C)AE) ,
¢ (E3): A—>BVC)AE—S ((ADBYAE)V((A—
C)AE)
ZDMERENS, LR OMBERO—D 2 FHRANEITED CRL O
BLITBWT, Tk A THEEDDHRETHEREZ, £RDOLIAF

7% CRL RE X &% D LEDERED valuation v IZDWT, v(y) >e
(VyeD) B5E v(A)>e &IEBT L) BbhB.

1 Introduction

residuation IZEFESRPATF T —HBRITB I HEANLZIEETDH 3
728, residuation DREKAENE < OBEAERICH L THEIN T
5. &AW, K<Agsn-mEwE, HESTHENOHRTE, Hijek I0X3 BL
(basic logic) ® Lukasiewizc IZ& % MV (many-valued logic) 1%, €HhE
N7 —I R, Heyting R¥K, BL-algebras, &L T MV-algebras £4&T
RO 5N32, ZN5I3T T residuation ZdDOHREZEFDRESE
LTW3. LaMNST, residuation 25 DOHE (R 2R TIZ &
i, INSORBEICIHESEENANE, BRI DL, TORBICKE
RERIIFANEERTDEILIRZ2D, EECEETHS. I T3,
CRL I NZ2mBEREZEX, TNBNERL commutative residuated



lattices 2R TRHEOVTIENBZ I EZE2RT. £, ZOHRBEIZBNWT4D
DEH (PL),. (C1) + (C2), (E}), (E3) WEMETHZ I ELZERT. D
SHIE, ThZE2HZTHEED CRL REM linear 78 CRL RETHARSE
N5Z&LERL, LAENS>T, T 2@mBICH T SEEAEENIT linear
7% CRL REZBNTETERTNETINILEZEBEKTZHDTHS.

2 Logic CRL

7, wEHAER CRL 2T&KITS. #TbhbhaL3iz, ZORBIIER
7% commutative residuated lattices EAETRHEEOTES NS DT, CRL &
EXRZ LT3 ZORBRIROLOBEEEZDD

EIE@@@%%& . Po,P1,P2,° "
E¥:E L
WHEEE : AV, >0

CRL OmBERIIEEOLDICEREINS
(1) EMEEEIIVERRIHERNTHS
(2) A, B @wERZS5E, ANB,AVE,
A— B,AoB bmERXTH 5.

B0 = {po, p1,p2, - YU{E, L} &%, CRL DREXNL4kE & TET

Z&iITT 3. CRL DRERRKROILSITHEAGNS
INEE:
(Al) A—-AVB
(A2) AVB—BVA
(A3) AAB— A
(A4) ANB—-BAA
(A5) AoB—BoA
(A6) AoE — A
(A7) A— AoE
(A8) L— A
(A9) (A—=B)—» ((B—=>C)—>(A->0))
(A10) (A—- (B—=C)) > (AoB —(C)
(All) (AeB—=C)— (A~ (B—C(C))
Heam A R
A—-C B-=C
(Rv) AVB o C




A—-B A—-C
A—-BAC '

A A— B
B
I ZHRERDOES, A Z2RERETSLEE, CRLIZBWT AXT
NS EEBAEIRE (T Fopp A) TH B &L, ROGHZ2HETHRERXNDF]
Ap,orAp(=A) (n > 1) WEETBHIETHE EBD 1 (1<i<n)
DWW,

(BA)

(MP)

(1) A; WABETHS;

(2) AieT;

(3) A; 13 A, Ay (jok < i) B SHREHZHNTESNS.
COEE, RDTENROELD:
S 1. EED A B Ced KHLT,

() FA— A

(2) FAo(A— B) — B

| E— A A
() A ' E-A
(4) F(AoB)oC — Ao (BoC(C)
(5) FAo(BoC) = (AoB)oC

(6) A—- B A— B
ANC - BAC’ AvC —-sBvVvC
A— B
(7) AoC = BoC(C
A— B

¢ BSOS ASo

A— B
O) TS AHS(CSB

3 CRL ¥

T T TIR@EAR CRL ORKOBKRESR, TOMKMRILLDES
WEBENRRDILD I EZ2RT. RER (X,A,V,,—,6,0,1) BWROGHZ
Hjed LE, CRLARETHS LHEINS




(1) (X,A,V,0,1) @RTH5.

(2) (X, e) IFBALIL e ZHDRABAEET /M1 RTH2.
(3) EED z,y,z€ X THRHLT,
z-yYy<z<szcz<y—=z.

Wl 2. X 28D CRLRELETBEE, 1,y,2€ X TDNT,
(1) <y <= e<z—Yy
(2) z-(x—>y)<y
(8) t<y = z-25y-z, z—z<zY,
(4) yrz<z =2
(5) e 2z =2
(6) c—>1=1
(7) 1=z <2
(8) e<0— 2
(9) (@Vy) 2= (2-2)V (y-2)

KIZ CRL REC B 2HBEROBREEET 5. X 2EED CRL R
WETREE, B v: Dy — X T X LD valuation EFEEN, ZDE
BIZRBEREAICROEID KL T—ENITHRTES

(1) v(AA B) =v(A)Av(B)
(2) v(AV B) =v(A)Vv(B)
(3) v(A — B) =v(A) = v(B)
(4) v(Ao B) =v(A)-v(B)

YOS, ZOWEREIN/ valuation BRICEH v TEIT I &EITT
5. ZDEE, v(L)=0,v(E) =€ &23N, & SICROFEEARD LD
ZENbMS

T 1 (RetTEE). CRORER A LHRENOEA T KDWT, I'kcere
A > FE&D CRL R¥EEFD LEDEED valuation v ITDWVWT, TN
TH Bel KDOWT y(B) > e A5 v(d) >e THS.

4 CRL Ok

I Z T, CRL 2B T3 & THOI<ASNEREBARNE LN
5T EERRDS. £, EEEER t-norm Z2HORETRYUDO TSN 558
ErlLTkAgsnTWnd MTL EDOBEKRZEHFANS. MTL RRDOLER
ZHD ([4) :

INEE;

(MTL1) (A— B)—=» ((B—=C)—=>(A—=C0C))



(MTL2) AoB — A

(MTL3) AoB —+BoA

(MTL4) AAB — A

(MTL5) AAB—BAA

(MTL6) Ao(A— B)— AAB

(MTL7a) (A— (B —=C))—> (AoB = ()
(MTL7b) (AoB —»C) = (A— (B—C))
(MTL8) ((A—=B)—=C)— (((B—=A4) =C)=C)

(MTL9) L - A
R A

A A—- B
MP) —5—

ID&E, CRL i MTL 5 (I) A - (B — A) & (PL1) (A —
B)V(B = A) ZRMOBRWEDDEFRETHZZENbM S, ThAbS,
MTL i& CRL T 2 DDONE (1), (PL1) ZBMLALOTHS. LDIE
WEIZIX CRL+ (I) + (PL1) %2 CRL OB EH L BMENZ 2 DD
HIOA—->B—A) & (PLY) (A>B)V(B—+A) 2b0OmBERED
W}iE, MTL & CRL+ (I) + (PL1) &[F{#E, $74bs,

Frrr A <= Foro+(PL1) A

ERBIENOMS.

5 ®EMR CRL DLk

UFDOREDNSDNZ CRLICEMTZIET, BEERHDIIEIER
MEAERNBONDS. BMENIANEILUTOREY THS

(I) A— (B— A) '

(PL1) (A= B)V (B = A)

(PL2) (EA(A— B))V(EA(B — A))

(C1) E—(A— B)V (B — A)

(C2) EAN(AV B) = (EANA)V (EA B)

(E1) (AANB—=C) = (A—C)V (B—=C)

(E2) (A= BVC) = (A— B)V(A—C)

(PL) E - (EAN(A—= B))V(EA(B = A))

(Bf) (AAB—SC)ANE - (A= C)AE)V((B—=C)AE)

(E3) (A= BVC)AE 5 (A= B)AE)V(A—C)ANE)

INSIIHMIET2RENEHIRITNTNROLIIREIND ;

(I) e BBRATLTH B, TRDB, e=1.




(PL1) (a > b))V (b—a)=1

(PL2) (eA(a—b))V(eAn(b—a))>e

(C1)e< (a—=b)V(b—a)

(C2) eA(aVb) < (ena)V (eAd)

(Ey) (aAb—oc)<(a—c)V(b=c)

(B2) (@ =bVe)<(a—b)V(a—c)

(PL) e < (eA(a—b))V(eA(b—a))

(Ef) (anb—=c)ne<((a—c)ne)V ((b—>c)Ae)

(E¥) (@a—=bVe)Ae< ((a—=b)Ae)V((@a—c)Ae)

CRL D& & FERFER T, monoidal logic ML ([2]) & CRL 1IZ5%
# (I) ZBMUZZHRE, monoidal t-norm logic MTL ([1]) 1Z&# (1) &
(PL1) &8MmMUkwE, XXk uninorm logic UL [4] V34t (PL2) &BM
LERETHDZENONSE. THEROKIIIEI LTS

ML = CRL + (I)
MTL = CRL + (I) + (PL1)
UL = CRL + (PL2)

CNSOBMENZABIHELUTRD I ENRDILD

wE 3. ITROHRER A, B IXXNLUT, Fgrr A = (B — A) < FcrL
T FE.

DT EMS, Thy A < e ERATELTHDERED CRL RE
X EF D LEOEED valuation v IKDWT, v(y)=e (VyeD) &5
v(Ad) = e BT ENDLD. HORBEARIIDNWTHRAKIILUTOZ
EMRRDILD ¢

EH 2. A ZEEORER, BMINBRHE {(I),(PL1), -, (E]), (E7)}
DILEDNL DO E o, -, ETBHEE,

[ FORLt{a, 5} A THBLEDDRETHRMEE, HIET DK o, , 8
EHETHEED CRL RE X &FD LOEED valuation v : $g — X
K UT, v(y)>e (Vyel) BEE v(A) > e ERDBTLTHS.

TR

MTL (%3 WX UL) REDIFA, XTD subdirectly irreducible MTL
(UL) REZSIEFERTH S I ENMSNTNS ([5]) P T, wWEER
MTL (UL) 3 2ME/F7 MTL (UL) RETEETT 53 2 Eitbhs.
b, 'ty A (T Fur A) TH3DDOHLETHERER, £
DEMEFE MTL (UL) RE X &£ D LEDOEED valuation v IZDWT,
viy)=1 (WyeD) BB v(d)=1LBBIETHS.



/e, MTLREZE MTLIE (C1) (z =2 y) V(y = 2) > e BHTE
3 CRL RE2M4 WL 28 0BR/INDHEEE variety TH D Z EhbH
5. EEE, V& WL 2EUHERNL CRL RE24ET2E, AEOREK
AEMTLBHEKTHDNG, RE (Cy) eA(aVd) = (eAa)V (end) &
HI=F. LEdtio>T, AR2DD4H (C), (Co) BHELTNBI &K
B, TDEE, [5] ORENS MTLCY &5, LiktisT, MTL
X (C1) (z 2 y)V(y = z)>e AT CRL REEME WL Z2E8T&/N
DHELHIR variety THD.

HONEICEL T, ROZEBHASNTNS @

o &tk (I) ZHA/T CRL ITBWT, &# (C1), (E1), (E,) WXFEMET
»%. ([6]) ;

o Rtf (Cy) 2H72Y CRL RBNT, & (C1), (BE1), (Bp) FRE
TH3. ([5).

INETOmBNS, ROERBESNS

EE 3. CRL ITBWT, &# (PL), (C1) + (C2), (E}). (E3) i XFH{E
Th5.

L7z23-> T,

BH 4. FBANBELT (PL), (C1) + (C2). (E}), 3V (E})
DNTNNERFD CRL DR THIHME L ICHWT, 'L A THS
D DBETHEER, EROLEFMCRL B X EDOLOAEED
valuation v ITDWT, v(y) > e (VyeD) BEE v(A) >e &IxBTE
ThH>.
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