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Abstract: The concept of n-valued modal model for multi-value modal logics is introduced in this paper, and the
corresponding semantics are constructed. The study points out this kind of semantics and generalizes the semantics
for classical modal logics. The definition of (W,R),-typed frame is presented, under which the localized mappings
induced by modal formulae are constructed, and the concept of localized truth degree for modal formulae is
introduced. It is obtained that the localized truth degree for any modal formula can be computed as the one for some
modal formula without modalities in the same possible world. Based on these, the concept of global truth degree for
modal formulae is introduced. It has been shown that whenever a modal formula contains no modalities, its global
truth degree coincides with its truth degree in the common propositional logics.

Key words:  multi-value modal logic; (W,R),-typed frame; n-valued modal model; localized truth degree; global
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Gi)w(xl’l,...,xl,m,xz’l,...,xz’m,...,xk’l,...,xk,m) =X W=W;,p; € D(j=1,..,k,i=1,..,m),
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o (X € (BB @, T 28 R @IS T AT RETE S w () Je) A0 L
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(p A pz)wl (0,15 %1,25 %5 15 X9 55 X315 X3 ) = (pl)wl (%) 15000 X3 5) A (pz)wl (X1 10ees X3 0) = Xp g A X 5.

(i) m=2,0 ©p,),, «(F,)"*>F,

(E‘Pz)wl (X500 X3 5) = ME/ZL (P2), (x50 5) = (Pz)‘11 (X 15 X3 2) A (pz)wz (X150 X52) = X5 A Xy 5.

(iii) B =LA TR (oapy),, (F)'oF, N
(oop, )W, (x],l’xz,] ’x3,1) = G])W, (xl,l’xz,] > X3 )A Gl)wz (x],] ’xz,l’x3,l) N @Wj (xl,] 5% ,x3,1) =X A X g A X3

(iv) Hm=10U (Op)),, «(F)"'>F,
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= E;Jw, (xl,] s X ’x3,1) Vv G])wz (xl,] 5 X ’x3,l) =XV Xy

W 2HEN 6 KBl 2 mTLEFRLRT AT w WJRMABGsEbr E RN mE, B AR
G=PP1seesP) TSRS, 2T w (1R BB AL RS 52 2 iy m AR TC Y AR 3 — B A KOG TR T g
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i W m=2,ll (p, /\pz)w, :(Fn)}z_)Fn H (p, APZ)m (xl,la---,x3,2):X1,1/\X1,2,iﬂl
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1 1
(o A Pz)w, = {(Ll,xz,lr-wxs,z) [ (1505 X3 ,) € {0,5,1} }:

11 1 1 11
(pl/\pz)wl E = 5,1>x2,1’-~~,x3,2 s laE,sz’--wxlz s E’E’xz’],m,x}’z

—_—1
AL | (py A py),, (D=3,

1 4
(X5 150005 X3 5) € {0,5,1} }

RN E) R

5

1 11
T, (AP =—| =3 +1-3 |=—+ ===,
wl(p] P,) 36(2 ) 6 9 18

(i1) W m=2, (E'Pz)wl (xl,1,...,x3,2)=x1,2/\x2’2.éﬁl,%ﬁM'T“%ﬁZ(i),ﬂf# Ty (@p,) = %
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6
. A A Vi 13
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n-1
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1 i
7, (p) = —
H((p) nm z 1

_ -1 i
2 (¢w |(F")m) (nlj (6)
45,1, R B ) LR

E:HE S 6 JE 2 L T o R AL X T w MR 5, 54 H3TAEE,)" L B
B DD

6w(x1,1a"'axl,ma"'axk,]v'"axk’m) = (ﬁw ‘(F”)'" (yla'":ym)'

KB AR je {1, o HER w=w, HEE ie {1,...m}H y=x; . 4

(i) |- S \ )*‘ i
2% *((Pw ‘(m”’) p— ((PW lis, —
5 (f| )71 b ].mk—l)m_i"f‘ ! (*| )4(7" O
?, 52 n—1 n" i:]n—l Py (F, )" 1 .

1 i
T - ) — .
SP)= 5 Zln -
(F,)" (ylr“,ym)";‘zﬁ/i— F%j%ﬂpl,,pm)q]

. nmk—m —

a* MG =1,2,..,n—1).

Kit,

¥ 3 =P 1D DA E X6 FHIEA TR G5, @, |
Fl,:] Plse-sPm ﬁj\%”ﬁ% ViseeosVm EX'TJ\:AFE'?%

F—J5 M E— M n-fH A S8 AR o[ AR (DB —A Y @ (F,)°>F,, HICHR[361EH T 4 AR,
=1 ) TR m AN, B BN @ (F)"—F, X8, % 5y 1B N 001 pi) T D1y 7
Y1y BATAF X RIES @, |, — BT b, SCHER[3617E — M n-{E dy B B 2 A X () X T 2R e
IELE o ), HLUE W] T B Iny
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r((p)=nim"2 i @"( ! ) (7

i=1 E ﬁ
O8], BRAT 1A G i R
Rl 5. W Kyg H(W.R),-TIHESE, it F(@)H AN Fr a1 11 24 =X, )
n(@)=1(p),Ywel.
SE T =Py, BT o R B B ], B U R - 0 BB 4 (020 2, EL o3 B X 6 B A (1)
VS 6, (Ywe )5 @ HIIE 3 MK B, |, =0 iRE 2O 5 AR5

| = A I = A A
rw((ﬂ)—nmzn_l(%kmm) ( j— mz 4 (n—lj

= n—1 n" on-1

=7(p). U

R 6. B Kyp I(W.R),-THELL, W={wi,...,wi} U] F( )L AR o=p(p1,....pm) Y we W, BAEAE—
AE RS 2 X y= 1) (' Zm) S 1 @)= 1A W)

A < S YA 4 1 D7 R ]

MERBEE A X o=0p1,..p) LY we W BAFAE DA GBS A X y=p(p1,....pw)(m' Zm) 13

@ (X1, 150Xk ) = W, (X1 1o Ximr) (8)
Hor, = 2 U AK 8RR A I 720 I, A (@) 455 22 A7 I B AT RIAE I TE SN X0 1A% 2 =00, 18%2.0).

TR T AR p(1<i<<m), 1%L 10 WAR KL B AR A o, 01,00 AL ARG R @, 01,0 W EH m AR T2
IR we W, 730 BIAFAEA E RS W I A Ky v, v 13 24 @) AL AT v, yn, v BIEAT m D18 0
T AR —o.on0, 0> 00 73,

(@), (X seees Xy ) = L= B (X s X ) S L= (X X ) = (20), (R eees X )
(o A wz)w(xl)l ,...,xk‘m) = @w(x]’l,...,xk,m) A @W(XLI ,...,xk‘m) =

@w(xl,lv-ka,m') A @w(xl’l,...,xkym,) =W AW, (X X )

(&= 9,), (X 150X ,) = @W(xl,l’“"xk,m) - @w(xl,l"“’xk,m) =
Vl)w(xl’l,...,xk,m,) - @w(xl,l,...,xk,m,) =W, 2 W) (X e X )

T A Rop AR A= Wi, wa,...,w} 2D (< k), LAFAEAR GRS 1 A Ky, v, i (XL BAT R B v
VAT m AT AR 5, (1) S Ty 61 ) (=120 HE 6L 7, 5 7, (i) R 2 A ]
1173 7T, ik

@w(xl,l,...,xk‘m) = HE/\AW gﬁu(xl)l,...,xk‘m) = (Zwl (xl,1>""xk,m) A @WZ (xl’l,...,xk)m) A A (ﬁu, (xl)l,...,xk,m) =
Wi (X iseeos X ) AW (X oo X ) A e AWy (X s Xy ) =

Wi (Dysees pm')w] (xl,ls"'sxk,rm') A ‘//Z(pm'+1""’p2m')wz (xl,lv-'sxk,rm') JARTIRAN ‘//t(p(t—l)m'+l>""ptm')wl (xl,ls--~=xk,pm') =

VA(Prsss Pt ) (R eees Xt ) AW 2 (Pirseos Pr Dy X5 esos X ) Ao AV (Ptyirstseees P ), (X115 X ) =

W (Proess Pot) AW (Dyystseees Do) Ao AW (Dt seeos ptm’)w(x],l""’xk,tm')s
Ji':F',(xl,1,---,Xk,zm')%(xl,lr~~,X1,tm',---,xk,1,---,xk,tm')Ef,‘]ﬁﬁg,’//i(P(i—l)m'ﬂ,-~-,Pim')(2<i<f)%3’{%‘ ‘//i(Pla---,Pm')EP 1) 1 2 2
Do TNV HN TR pictymrsts- P I3 IR 23

R B AT LA w1yt o oPim V(0= 1,2, OB EAT tm! N RT3 e o RS 24 3K

g Er g, A SN E@M AR B 24 ST

MK =p(p1,e.op) WA RIS A K we W H EIRER AL — MR EHE T AKX y=wpy,eccppr)(m' =
)RR @, (X1 1o X)) = Wy (115w X )T T B, AN A A 24 I ZE RIS, @, (X1 1yeesXtn) T Wy (X110 X ) ST
ge 4R AT 2R 3, T m = m WSS 50, B AR AT o B & m A7 e @, 5 v, AT
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58 S, H. (i=1,2,...,n=1).8HE X 7 W41, 7, @)=7,(¥). O

d=inde
P o1 Y n_1

I 3. W Kyp HW.R),-HHEL we W, H.pjt: F(@) TR B A X 7,(0) 5 W1 K.

E B U @ A AT AR 2 3, th A 6 0 A7 AE — DA B I A Xyl 15 r(@)=1(w). XA @8 S 5Lt Ty
ARG, (W)= (W) 3X B, o ) e yfE— M n-{E fy U8 40 P 0 B0, AR 5 WK

AT, 7 (@) B 5| W1k,

W 7. W Kyp JW,R),-THEL, o, e F(@),MIVwe W H:

(i) osr(p=I;

(i) n(-otnle)=1;

(ii) nlovtnlorv)=rn(@) ).

IR BB () AR T

O

G ) AR DT W=k Hodr m 4‘!%?’&&&?@”,—1—%,&&ﬁ(pwl(l—ij— (i=0.1....

n—1)
n—1), il A,

,_1( i j
q’w n—l
,,1( i ]
ww n71

1 n-1 .
£ ()47, (0) = (“f}

— i 1 n-1 i
( (P)w[ nl] Pz Zn%

i=0

de|

+

af i —f w» i
o (5 (o )
(i=1,2,....,n—=1) 5 SN 45 1 (iii) 7. O

TEX 8. W, yeF(D) 35T B(W,R),-TUHES Ky o XV we WA @, = w7, WAL WFK 055 w5540 30 0 o=y

EX 9. W oeF(@) A SHER(W,RY,-FMELE Ky MVYweW W1 @, =1, WFR ol KL 3.

WRR 8. n-B A AL,

IEWBE Kpyp NATE(WV,R),-TIHELE, W={wy,...owi}, o= (D1, spu) N F(D) AT AR 24 20, B A i 6 FROAIE
W1,V we W, B EE— MR TSI AR y= 01, oo p) ' Zm), 1L B, (X1 1o Xiom) = Wy (X1 1o Xm)- 1T
VAL B 5 V2 B B 6 Ky AT BRI e, 397 e(w, p)=e(w, v).

T RF AR p(1<i<m), %858 BB B ILE ST AR 0,01, 00 LT we W, 50 BIAFAE ARG &
2 Ky, w1, v, 5883 e(w,p)=e(w, p),e(w, 1) =e(w,yn) H. e(w, ) =e(w, yn). XS T2 Km0, 01 00,00 — 5 735317 :

e(w,m@)=l-e(w,p)=1-e(w, y)=e(w,~y),
e(w,pin@)=e(w, p)re(w, p)=e(w, pi)re(w, yr)=e(w, yinys),
e(w,p1—> pa)=e(w, p1)—>e(w, ) =e(w, y1)—>e(w, ya)=e(w, y1—> y).

XF A R NPT &A= {wi,wa,... . w 2B k), BAFENEHE R A X v, v, i 15 e(wi, p)=e(w;, )

(i=1,2,...,0).1%

G iR B gy B m T AR [ V,);[ J

i
n—

e(w,0@)=e(wi, p)ne(Wa, )A...Ae(W,, P)
:e(wla W])/\Q(WZ, WZ)/\"'Ae(WD ‘//t)
:€(W, yll)/\e(wa U/Q)/\.../\E(W, l//t)

=e(W, A ULA..AW)).
Zi LIt i 6 (kW45 0, L S5 18 AT RS 2 380
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B =o(prs-...pm) T n-BIFT A X T EBRW,R),-BUHEZE Ky AT IR LY e RvweW BT e(w,
=1Ll R G 5 AFAE — DA GRS A X y=wpr,.opw)(m' Zm) (113 ¢, = v, H e(w,p)= e(w,p)=1.

B e(w,p)=yi(i=1,eem’), HUEE 3 TR Ty NSRS, 7, | o Oreyu) B LR pAp1epu) T PP 7
SN Y1y BRI A W T S0 BT AT 0L AR A je {1, kAR x =vi(=1,.m") HL

V(g X)) SV e Diseess ) Z W0 e (€09, 20 ) = (W) = 1 ©)

TER LU e 76 Kyp THUEFTAT AT RERE I, (01,0 B HUE AN 25 I, ) W 7, gy = LA

v,=1.HHe, =w, e, =1 \MH w R, KA O

VE 4K B A RA—E A n- A A R F:
B o=0(p—p). M n-THFLASFT K=(W R,e,F,) % ueW it 4,~3,M e(u,p)= \2 e(v,p—p)=v=0.1] L, p A =&
n-BA 30 A SAH o AL A 35 b b B W=k BB m=1,VweW H (O(p — p)),,: Ff — F, i /2:
o NA=DH, (O(p = p)), (%, X)) = (p = P, (X,0x) =1
o NAZOIL, (O(p = p)), (%m0 Xy) = v (P = P)y (X x) =1 (O(p — p)), =17 W, @ K E A5

WAL 9. We,peF(@),N:

1) A o IR EHER Ky p XV we W £ 1(@)=1.(¥);

(i) @K E A Y AL SHESE Ky p KV we W i 1,(9)=1;
(iii) #7 o2 n-TA AT MISHEBHESR Kyr KVweW H r(@)=1.

RN
() RYTHt o5 wi A AR E BT A 30 B oe p BT EBAELE Kyp K VYwe W, AN (B4R 5 4 1) 7 )
w, @, 5w, B HEAEHRERER MG E ARG, cl@9)=1p).
(i) @R BLA 2 BALY AT BEHER Ky eV weW A ¢, =1 24 LAY AT EHER Ky VYwe W A
n(@0)=1.
(i) M58 &L 8 Sk, O

32 BEEAXMEREE

W wRBHA SRS E WAL ST fsw B ALL W k] BEE AR n-E ALY
K=(W,R,e,F,) VSR AT LLEEAL Ry L w7 g ml Bt FAR 1) n-{EALAS IR K'=(W',R" e’ ,F,).

LR (W' =R (W) ). H e’ (W' p)=e(f ' (W).p)(pe D).

DL FRATTNT 3 i A A A A4 AN ) 17 &5 40 56 A A0 ) B PR AS n-{E RSB AN I X 43

B Ky x={K=(W,R,e,F,)le:Wx D—>F,} J:(W,R),-TUHEHL 4

Ky={Ky g|R: WxW—F,} (10

H V| W=k, U 3R o T R Ky SE B AL T AR EAT kAR n-(E AT,

BT RE RWxW—F, N1 e Sk F 104G BRAE LS, 5 Kl R

FEX 10, B Kyg Z(W,R),-TUHER Horh w7 5 BR, pe F( @), W) 58 SUA R ok THESE Ky IFLEE K

1
TW,R((ﬂ)—W‘;VTW((/)) (1D

BEAT B W=k, W 5E SCo 3 ) -4 Ry B FE

1
()=

> twa®@) (12)

| K, | & eekiv

H Ky e A0y X.
B T, B HER 3 S S 10 W] BAAE 2, BARAT A A S I JR 384k B 5 AT R tHE AR (R 348 G (H AL
k-5 R BB 55| W=k JEAH SR, IX — 55 SCRR[37]H & LA S A () B — B HASE LW -EREKES

© PERREERSMROT  httpy/ www. jos. org. cn



3084 Journal of Software ¥4 %4R Vol.23, No.12, December 2012

SCHR[3 717 5 SR () ZTRE A A5 W] A ) X031
o (MEIEIETIHARMEZHMIE XL ER, T 2R EERETE— B2 EBEZENEXSE
s
o BEAA NI k-4 JR FLSE 0 i o0 A 0% S i SR, 1T J i A B JE S5 A 2 i 3 11 o 3 A ot S
PR DG, B -4 SR B AR 2 A B 10 500 1 2 2% R 1D T A 24 2K () 2 88 2 AT BRASE A v
T4 A 12 2 3R T B T A AN T Rt S 4 o ep T O B P TIAN S BE R R, e T R
AT X ).
5 SCHR37IZAL A ST I k-4 R ZLRE M 2 RS A AR B BT R i, L k-4 R B0 5 LA — ) n-
iy 752 A v 1 B — BRI R o B
EIE L(—BMEIR). 35 ot F(@)T RSB 12 2,0
(o= ) k=12,...
W Ky AT E(W,R),-TUAESE Foh | Wi=k. th T oA S B  Ba  5 /ALY we W B r(p)=d9),

11T 2, o () = Wl| S (0) = % S 2(¢) = 7(p) i W.R ML 4
weW weW

()=

Y @)= > w(@)=1(p). O

|K,, | &, ek | K, | &, 2

T BE R, BT A (1T B 2 3 (12) SR A 2 3 10 -4 J5 BB IO, 0o 2 L 3 2% o1 — S
5 TR ARAIE T % T8 S R A B2 3 1 2 3, G k- o 20 B T B A Sk — KB - i R 8 o 10 22032 AT 7 LA
VEVOEN BSLOPNLIATR Suy S

AT 7 S i 9 B E I 1 45 1 s

R 10. Wo,weF(D),NVE=1,2,... . 31

(i o0=M(p=I;

(i) =+ (p=1;

(i) #(pv )t pap=t @)+ ().

(iv) o=yl ()= (y);

(V) @RAKILARY AL D(p)=1;

(vi) ol n- A AR P p)=1.

4 EERRNMEEAENSEZERRIEH

I 2 B A M I A 1) — PR R T U2 A I 2508 A oh B R0 5 o 1 WA 5 S,

o Op RIRAERRIANIZ p N

o Op FIRAERRIIBEAN I Z] p #8 4 HL7.

ARSI 7% 18 B WU AT PRI 1] 2R 48, O AT B AT 68 TH 5 42 275 I T by i SC 00 A7 200, AT T LK P A4S 440 7] 14
f) AT At SR AN N DX 23 iR il R T AT BRASEZY g SR =l WU TR == (1,2} o bR 1R B8R DR L A A v 3K
T W= 1,2,k RS I TR]L I, d RS 2817 015 o35 SCRT U H 2R & R, Op J867 IR RT REE O, T op
ST AT e VBN LEtn, ] p R KRR, R Wy rp LA R v SR, > & BRI 5 I op BRAZ AT e b
ARRAEA K ke BRI 50 I, mp BT (K AT e B Sk ol A A5 B AR A SC SNBSS 2 s SRS 45 1
W T IN ASIZ A BB A

Fgz b AT, Fy={0,1}, 7E I 25328 58 rp 0 T 5> 2B K=(W,R,e,{0,1}), 83 R 2 W]
il 7, B

1, w<u

R(w,u)z{ (13)

0, w=u
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Hor woue (1,2, k3, WL 40 F 4548
WE 11 ¥ Kya={K=(W,R.e,F,)le:Wx D—>{0,1}} } (W.Ry,- RUHE S e vft w=W={1,2,...k}, 5= & R:WxW—>
{0,133 A (13) X ,pe @ :
()  zwr(op)IERE & BRI/, H.
l}im‘ 7, z(Op) =0.
(i) wr(Op) AR & (3 KK, B
,!i_I;[}OTW,R(Op):L
TE B UIIE B 458 (1), 45 18 (i) AT HE. B m=1,0Vie W={1,2,....k}, (0p), :{0,1}*>{0,1} K

k
@p);(x,%y,..,%,) = /_:/‘_\H(p)j(x],xZ,...,xk) =X AXpy A X

1

#1@p), ()I=2 M 7,(@p) = |@Z‘(1)l=#.¢t,

>
4 (DP):L z (Dp):lzk‘,r-(mp):l-(i+i+...+l+1j—>o(k—>oo). O
ot WS kS K\ 22T
A DA B, A7 R 11 RS b S e T T SCONS B A 2 o i A ST P T R A3 AT
5 ZERE
AIHESELLF, :{O’nlq"“”:,ﬁ’l} A I, 7 T 2 E R A IE A n-(EAST A AR (A 2, g A T A

i SCEBE V8, ) I 435 SR T SO 20 A2 AR T SR L AE [ 5 W] RE T SR 4 w7 5 0 K &R R ik B
WS e F RSN IELL T, E ST (W,R),-EHESL KL I AEZHE S A b i T A i T B s 24 oK 3 10
KEFATTRELE T we W K] Ja BEAL WSS, AT 43 H 22 3O w KR BRI O30 AR AR S 2 310 Jm i Ak B 5
H5 T REME SRR A9 H4T0 0%, HAE W] T A B8 a8 28 2K B0 Jm) F A 0 B2 A mT LU A O 53— A AN 35 B2 i) 1) 2 X AE T+
] B S A B R AL T AR F AL BB PR R L AR SO ST RS A O T(WLR),,-TUHE AR IS S k-2 )R)
FE VG T k-4 Jiy BB TR B IR E T 1 — B0 B B2 B 24 s S B ] I O - Jm) B0 P 5 L AE
P i AU e R B R A AN SORE TS A TORE B N T T I A8 R 4R A SO UL RE R
M S T I 2SI R SURE R OC T RS 2 S R B LR B A JR BRI 5 3 A 3SR F(@) LD BE T p,
EAF(F( D), o) Ko J 32 A L 2 18] ) o 2, FRAT RS 1 5 S rpish g
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