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Abstract: The modal graphs are effective graph forms for the predicate p-calculus. The consistency between the
predicate p-calculus and the modal graphs is strictly established. Moreover, the relationship among the predicate
p-calculus, nested predicate equations and the modal graphs is discussed in detail. An optimized transformation
algorithm from predicate p-calculus formulae to nested predicate equations is presented.
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IR A T s A U 2% MR AR T B A Al B R T AR B Bl b BT AR TR T O ] i
SRR A (L 0 R AT R TR AG DN, SCHIR [ 11958t 17 1 3 st S 1) — P R R s IR A —— RS I R g i T SR A 5K
SRR 28 P (1 e 4 S0 AELRE 1% SR 2 B0 U0 e (L 0 R A 2R A 0 5032, T X U 3] o S RS 285 R ) S — S (B
e 3 R 7 LE ) B AT R T 93 M AR ST A 2 5 B 8 2 0 ) 35 5 A OR Sl ST 9 2 22 1) R IBC 3R, AT R I T e
He i E.

AT 1A 52 SO A i 52 s T IE R SCIFIE I — SEAH OG5 5 2 19 78 SUBLAR IR IR TE A s (o4 T
E U i i B 28 ORIV 2 B (1 7 SO 3R, 26 3 1 S I MR T 1 5 AR 0 — P ) 3R e 3025 4 1 e i ig
3 PRI A 1B 50 2R 1 S0 2 U8 T DA PR ot 80 30k 0 ] 458 AR A0 e 80 0025 T T 02 B0 O 5 Dt iy R )
97 25 AR IR S B0 LR 1 1 9] 45 2R MIBE A P 7 TS I OG 3R%  LHe A1h, 7  4 S ad vb  JRAT T 0 1 48 5C
A AR SR JFORT e i REREAT T D04 Jo i JE A 9% A B0 BRI 0] 4 SCREAT B 45

1 BiRWREREEIEX

AR 5 SC—ANTHT 1) A AP0 FE A0 1 1) it A 2R e, LA SOBE R L A (8 A 45 53T B B (STGA) LR T 4%
i, 3 FLAS P45 HR A5 3 B TR 1) s S A 6 AR AR 538 2 I SC k[ 1,2].

1.1 BRWEEREZE

VT o B A T A 48 119 i 00 Y R PR e i A B T DA A A U ] s T TR

A Act EIMBNERE S L IGEH a FaBES T4 Modop = {[al(a) | a e Acty FILEH g RN B
ST A th A2 AR AN A2 22 ARG E SO f([e]) = f{e) = () , bv([e]) =bv({@) = bv(e) % X 7 1HTH22
BIES, XYY e X AR &I n e ZJ& AN SR B R AR U T AR B 1 H B (arity). 1 A i A
K 1 F BNF 5325 %

p=blorplove|ixp|Vxe|Bp| e,
A=X)p| X |uXA|lvX.A.

A AT )FIB T (A )RS EY Ay B8 i Al /R RIA S BRI AR v . — B EIa v R 3 DL RS
1] B R RV ] R A B 3k o H oy 0 R B, T LR R R R X L G () BUE B KD AN ) S
LX A v X A KR W R RS U 15 26 8 Ae .

A Vxe,Ixe,[c?x]p,(c?x),(X)e 11, x (B X )& 52 [ 11, S50k @ . o o LI AR 2 [ E =K 0 B i
M. o (B0 A )Y B B AR A 2 [ B AR 3R AR T N fdv(p), bdv(p) (B fdv(A),bdv(A) ) TR AR ¢ (B
A EEE P, ALY fdv(p) =D (B fdv(A) = D ). ASC FAE T EE P40 5, BDTE () 2K fdv(p) < {X} .
BRI b, T 7 D 38 ) 0 A2 i P 1, BN 2 Ae Y9 fadv(Ae) = fdv(e) .

AR puXAvX AT IRAZE X ZHE LN A o3 A )P i iE 6 728 & R 52 6 15 17 722 5 4R 5
AL R fov(@),bpv(e) (BL fpv(A),bpw(A) ). A FEHL, FR A X @ (B A ) A28 17 F1, 24 B ALY fphviep) =D (B
Sov(A)=D).

HT BRI EH 4,8, FAAT R A B A B ek 15 W H o FRAT BB s 57 B pmk v 35 AN A 20X
TR AR 2 44 BT, MR EATE o SN IR R 2 2180 o AR e m A5 3 v o B0 52 A% 6 P PR AN T
1.2 BRAWEERIEX

VB I g 5528 2 DU R 1) 55 3 B A D i A2

A GRS T A A AT 5T B BB I Wi A U TE U T g MR R 5T RAA H .4 S 2%
TR AGIPRESE, E B ENBUESER Q={f|f Val" 525 neZ} ¥ 2° LEGNNO SRR CcE LY
78 n CHE B EE X Q BRFRARCSH M g™ B HMNUIMERE v eVal" #A @) c g ) X
BEAOUNMEFEVveVal” (P 1 g")@) =) N g@) M P u g =20 U g”@).ix
FE(Q, =) A58 &4 E,8,6,,.. R X EIEREECH 1B 17 48 & 1 IRAE), Hoh &0 r—> Q R A RELH B
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Jon BRRAS R X WU E(X) Val" — 25 A8 A i 5 2 A0TE SCHISTFIIME p FIEREE & & LR
(1) Xl g
S, p(b) = true
[21 pg_{@,gﬁb;:false’
Lorng,l ps=Lpl pén Lol ps,
love,l ps=Tel pév Lol ps,
[vxpl pé=Nu Lol plxvis,
[l pE=Uu Lol pixvié,
a1l pé={pI3p,p——p'rp'e Lol p&},
Llalp ] pE={pIVp.p——piitip'e Lol p},
[icleypl p&=i{p|3p.p—L9sp'rp'e Lol ps,
[lctelo] p&={p|vp,p—L9— p4itip'e Lol pé&},
L2l pé={p|3p.p—>p' AVveVal,plviyle Lol pix>viél,
[lc?2xlp ] pé=1ip|Vp,p—L pditivveVal,plviyle Lol pixoviél,
[Ae] pc=TA1 p&(pe).
(2) AFiFE A
L@l pe=av. [p] pix—viE,
[x]1 pé=¢x),
[vx.Al pe=uf{f:Val" 525 fc 1Al p&X— f}},
luxAl pé=n{fVal" 525 [ A] p&{X fic [f}.
EHALHL X5 B 1) g FIREE &, p 0B SCREL [-1 p& ¥ 8RR S I3 — AT 45 K8 iR 2 i3
N pE
| gﬁ;g 1 B¢ AN, (X} = fav(p) ; & RIBL; p, p' AT RV,
FiVxelxh,px)=p' ()W gl pe=1¢"1 p¢.
BT 2 =R D0 AT TR T ) A 02 B T 1, R Ue A DA R o
HIL 1. WA BT, & RIEE, p, o' AATEVHE, N
[A] pe=T1A1 pé.
HEWS 1 Ut R R 1] A S SR p U TE 9% 76 BUG AR A, 24 A B 2138 1 1978 S, 58 A 8T p 0.
SIH 2. B A I, @ A p,& ARG T o A ST
[)e)x] ps=Tel ps,
[A] p&=T0GNM)] ps.
SIHL 2 B, (o) Bl @, (D) (AY) Tl A TEAREIAEL p,& T HUEZRAH S DUG FRATEA X 4 (X)dx T o LL L ()(AY)
oA
I3 W ARBIW, X ZBALZE, CEMAERE, Y AN TEocXATEBHINH N [cx Al &=
Loy ALx/Y]] EHH, AIX /YRR AR BHEING X Bl Y.

2 HESE

AR TINS5 v R e ST A Pl U ) 3 P 2 K PR 4o T X, ARk T T8 0 i i
AN P A A R R Y S 2R A 00 v
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2.1 #EEEWEE

E X 1(#& 75 B (modal graph)). H& K E —ANH L4l M=(N,EL,,T.r) , L NZESHAEH
L£,ECNxN 2UMAEFE. Ly=(L,,Lo,Ly) W& M neN B2 BHERE LMW 5T Lne
{A,v,Vx,3x,0} U Modop U BExp JASREL L,y (n) (n WHKERIE). re N & M WARG . T 2 N BREE {1, v} 1
W BOE (L (n) | ne N} 22— 0 FRURTIES: BARBE, XM i20,T(6) = TG +1) RBEE v 2 R,
e T A BRI

(1) %5 L,(n)=be BExp W] fu(b) C L, (n) H.45 5 n 847 114,

(2) #5 Lo(n) e {vVx,3x} W n G HAUH —4Hidn—>n' H fp(n)c fp(n)U{x};

(3) # L,(n)=f € Modop W) n H BAVH —4%Hilin—n' H f(n") < f(n)Ubv(B), f(B) S fu(n);

@) #HLy(n)=0=x=¢ W nfHHNA—KHBLn—>n H file) c f(n), (n') c {X};

5) EH Lym)e{rvy W n HHEHRLHMNERE RG>0, ()< fn).
XL T8 R A .

h T ARUR T A 7 LA ) N 2 O RS T o A T (R B R S e Ly (n) =0, WE n=0b;
F Lo(m)=vVx HAFH A n—n' WHEA n=Van LR SR,
2.2 EBEEMIEX

BB v BE SCHX TS 2w RERN TS IE RSB SIIE REL 1,4 S RS IB 2K
PR W n e M AT RESS 2, Ly (n) 52 n (RS R4, WK 3% n BB 23 1802 Ly, (n) BRI A (partial) 5 21 2°
HI WS R RIS &, 38 0 S, | f, Ly () > Val - 2%} X B f, #onkn I —BUE. P14 ne N FIHUE S F 4
IS @ ={f, | [, L,(n)>Val >2°,ne N} J 2° LIESGCUE KRR B Ry R F n i E 20 e X
O LHmFFREN £, g, DHMNEMHLE pel,(n) > Va #H f,(p)C g,(p) XFE (O, S ) FH K —4 5%
WAEN ERENESN T={|:N>60 HEnd . RaREPR AR SHMER &, el ¢ HHEAMNY
MALE n Fl p #H Shp = Chp .

SRR AN i A R G : N > Eval > T — 25

S,  p(b)=true

[le¢ = {@, p(b) = false’

|6i|p¢ = gi'(@p).
Nie(1,2) ”f"pg = mis{l,2}§nip’

Viewa 1iP¢ =Uicuz Gnip,

[Vxn'|pg =N, qun'pix v},

106 =V, otz vl

||(a)n’||p§ ={s|3s",s—>s'Hs"en'p},

||[a]n'||p§ ={s|Vs',s —> 545" € tn'p},

||(c!e>n'||pé’ ={s|3s",s—2LO 5 ¢ Hs' e n'p},

||[c!e]n’||p§ ={s|Vs',s—2LO 5 ¢Hi &5 e tn'p},

||(c?x>n’||p§ ={s]3s",s—L s HVveVal,s'v/yleln'p{x v},

||[c?x]n'||pé’ = {s| Vs, s —LE s s'TAYY eVal,s'Tv/ yle tn'pfx > v}}.

B SEENIRES IS M W i B.={ne N|Ly(n)=i} 45 j<i JUFK B, /& B, FAMHIE B, /& B, It 1Y
HERABUE M AT k+1 (B, |0<i<ky HH T()=0, e{ pv} HAMER 0<i<k % B={B,|i<j<k} & BT B,

A S
XA E IR & i MR F8,¢ T — T WF:
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o Ni=k+1W ,FBy, {(m)=17.
° %’[OSI'S/{[H‘,

"n"p( [8..1 4[77|—Bi]), neb,
([B., 1<l 8. )np, &N

o, p [ B IR n A6 B, &5 05 b (R U K B IR (partial) 3155 ; ¢ [ B )& R4k n [ B, A X ¢ HEAT 12
o | 5 T Fa, &S 1,0 BOR L BN ANB RN vF B, ¢ R uF B, ¢ WE X T ¢ Ao =,
m [l ¢=vFas,¢ ;5% o, =p0 (8] ¢=uFs,¢ .
R e IS ¢ o OB e & BRIEX [m] &N [l c;i [B] ¢ 3572 v L83 1 i, 4 UL,
[l ¢ ZVHE p BPRALE 2° %L

F@i,é(n)np:{

3 MEBREXAR

AT SR N ] i RS ] 2 T R T G R AR 5Nk 1 A5 AR (KR 1 ] i B 3 nT U 4
AV ST P ] A R A T T AR Ay k1 ] 45 U R 1 B B R
3.1 REBHEARMITEEX

CHEANBh A2 11 ) i 1) 2 5%

X(X)=, ¢.

Ho, X B—DWWED, x &2 FEAMREMEEERE, oe{ wv}; o AT A S 71 H
fav(p)=1{x}.

ik T 1 45 2RI AL R Y BNF A

E:=¢|(X(X) =, ¢) E,

Horp e R FHLAF A € € €. FRREIB SRR L e AR —E XA/ P ATEHAEA M AL
PR T ] A P AN [ G i B U 1 A iR A R Ths (B), B Ths ((X(X) =, @) B)={X}U lhs (£). 4774
BT AR B R rhs (). ths (B) T IS TR € (132 [EH 28 &K rhs (€) —Ths (B) T ISR A € 1 B HiF
WA N E M E,2Y s (B)N Ths () =B N exe RS BB TE B A28 184 R A4
X(X)=, ¢ it € TN, Y e fov(p)— (X} R X BT Y HOBOC RIS w430 10 X 1R = b (4
It K Dep(X).

W ERREIRIANENXR, ¢ LW N €7E & BB XLER) [€] & LT

o HiE=¢,[€] £=¢;

s HE=(X(M)=,0) ¢, [E] {=[F] ¢ [X/X.(X)p [E] &

« HE=(X(X)=, )€, [£] ¢{=[F] & X/ uX.()p [£] 1.
Horpr:

wWw®e [E1 ESniflf2 @] (€] LX),

X (@ [£] &2 uiflfe [@e] [£] dxo /1.
ke, [@el [E] X o f1ERERGHE [£]) SX o 11,0504 [ e 1 1 Uk
[®p ] 1 LY ELX > 15 M, i 10 25 72 B0 T 1, HE X5 p 6. R4 LA 31 2,
JLIE Bk 25 5 e 3k s AHIE
3182 4. W E,E RIS R R
lhs (E)) N Ths (Ex)=D ,
Ihs (E) N rhs (B)=D,
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Ihs (o) N rhs (B)=9,

WIE)lEe]) E=16::6]) & HMER Xelhs (E)( [E::5]) EXNX)=([E] &)X )MER
Xelhs (B)( [E:: 8] E)X)=([E] &) X).

SIES W =160 (X (X)=,0):(X,(X)=,0):E]) .6 =16 (X,(X,)=, 0,) (X, (X)=, @)
] f,')_'\[J =6

513 6. B X, ¢ Dep(X,)HX, ¢ Dep(X,), & = [E:: (X,(X)=,, 0)::(X5(X,))=,, 9,):E] &,&, = [&::
(X5(X)) =, 9):(X,(X) =, ¢ E) & E =4,

2 REBASEARNIEXZE

SE SR RF R RER: & C & B HAYMTE X e X, &(X)c &(X) AR I GE &%

A X, C IR E RE B EIE] 0 B 45 3 () (partial) FR 55, BIXSHT X e x, E[ X7 (X)) = E(X) 45 5,24

XIEREGH - MEENES XN EN X ZoRET{X). & (x> f1 RN EFE X WBUEE A £ Ab R
AR X XGH E S X EIIREE N [ & RomHg & 18 X0 IR Ty & 110 FE S EARE, At A AN A% B

fffuv=f“XLX6X/

EX),Xex"
T4 R A R R i
W © RIS A SR, & RIREE N 48 & L IE AT B R 7 2ok A
(1) % E=c i}, (E) E=¢&;
(2) M E=(X(x)=, @) EW MERE Fra(X—>02) > (X>2) N
: @ N aelxn, Y=Xx
&‘@X”:{Jf»ngxxn, e

Hi Fe M58 SCE S WAL Fy o X—> Q11 500 08 3, Tarski & PLORIE T HAFAE B KA '5$UB§UJ\7TK)J w7

KV FpF e WE S (EY &t o=vIll (£) & o Vs 45 o = U (E) § e 'uF{E,&

R 1. AR A UR, ¢ AR

(£) ¢=1£] ¢.
SEHL 1 PR SR € LR (E) M (€] &SRR € o BATAR IR AN Bl i 28 8 (1 S 114
AW T 55BN € 1 (block). & T Ros Jy K750 &= (B,, B, ..., B,) (. E= B, :: €, £=(B,,...,B,) ). 3

Hi,B sk € B, AR i# )/, ths (BN hs (B,) =@ . B, 1SR M R E KRS N o(B) , HAHT
O<i<n,o(B)#0(B)) AE E PRI 1 B Bekic & BEBIR] IS B 5 Ff,ﬁl] () & EIBR LB

(1) M E=¢clf, () =€

(2 M €=B: €N, & B =(X,X)=, 0. X,,(X,) =, 0,) , B EE X={X,..X,} WK Fra
X>2) >X>2) N
[, 14 £ DT, V=X,

FeeledN)= {«@> ey, @l

EXAE) EHti o=l () & = VFestiW,2 o= ul] (E) & = uFp oM BLE 1035 ST 7RSS
3 F R I8 S M A SR A 3 M 2 BT e o, 2 2R il 4 > 0 A o AT
i O UFF A IS BT T Je s & UMK K98 BRI 3230 R 0 77 280 £ 5 SCR A ELA T RO 2.

4 BIRWEE L NFESE XX R
AN G H O ] o 2 o 10 ) S R IR e, D Sl ST b 2 1 ) A8 R R 2 1T PR 0T B 5% 3%, A T 753
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B U8 1 i 55 SRS TR 13 L Bk
41 BRAPREARIBREBRAEXRANERE L
gyl o v LB 5K trans FHONIRE IR A SR I, @ Ron “HHE T @={Av} 0k n —HET
© € Modop U {Vx,3x} .
A VL: rans: o —> E
Procedure proc (p,0,i,k) (TE F IR L fdv(p) ={X;})
Begin
case ¢ of
p = return (X, (x;),{X;(X,),=,,p,k},i+1)
0, Do, =  (Y),E.i):= proc(p,,0,i+1,k)
(Z(2),E,,i,) = proc(p,,0,i;, k)
return (X, (x,),{X;(x,) YW@ Zz,k} i E, i By ,iy)
o' = YO),E,i) = proc(¢’,o,i+1,k)
return (X, (X,),{X;(X,),=,, © Yp,k}:: E,,i;)
(x")pe = YO),E,i) = proc(¢’,o,i+1,k)
return (X, (%), (X, (%), =, [(PYFI.h) 5 E,.0,)
ve S BV REA X, (y<i) B X, 0E IR R,
return (X, (X)), {X,(X,),=,, [(¥;,)Xx,;]e,k},i+1)
W, return (X, (X,),{X,(X,),=,, Ye,k},i+1)
(cX.(X)phe = #Hi(oc'zoMl{c=ck=k+1;X,,.d =k}
X;.0=0"Dep(X,,,)= UYe/pv((p'[X/X,-H])fX‘-H Dep(Y);
l=max{Y.d|Y.c#X.oAYeDep(X)AX e Dep(Y)}
return (X, (x), X, (X)), =, [(MX i yle !+ 124X (D), =, Y, L+ 1 €y

s T o

End
Procedure trans( @)

Begin

XF ol oAZ 4 A8 v HH 1) 52 A% 5 o 5 S T

(X (x),E, j) = proc(e,0,1,0);

Return (X (X),E);

end

Trans Kl o F oy R EIFIHNEAR €FEEZHE Xx T RAK o P& 7ol ix—id
T IE g 3 T H R H proc SRSEM.proc £L5 3 NS o RELRLILI AL o 41T A B s 2R B 8 i F R AR 0%
FGINK T —MNE AR B T AR, kO A E I IREIR B proc BIIR [MMEE — > =041 X (%) % B AR R ) Al ¢ ;
EXAR € HE X MIES j o F—Aw HIIE WA &N M e i i, X 2508 € B | /MW ETE
proc FIAHE O T4 B LR AR KP A X PN TE RS X SIAWAEEE: Xo 2 X 1
B REAL; Xd 7 X R IR LI RE 3 SR 7t ar LUK 885U RS IR B R B4R T A 45 BBt i e gy
g R A A X X oY [y ApZ [I(X v Z) AR EFE AN EXRG R p/o/ p ZEHRER AR, T ET
Y & Dep(X) AN E AT DL A AN p/o WEIRERTER.
4.2 ¥R E LR IE R 1HIE R

EE 2 Wo il 2T il 2 MEEWENER k>, X, AT o b AL A
Proc (X(X),E, ) =(X(¥),E/) W [ ()] &=(E) & &X).
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tE P 2 ArE 1 A Mg
HiL 2. W BIHWA MG, (X(X),E) =trans(p); & RALRIFEEL H (X, |1 > 1} AE @ | E I,
[l &=1£] & (X)=(E) & (X).

0 b, 3T g S 1 ] DAL i R U R e 1S U S R R E A P, 3L TR ORI T IR ¢ R 3% )
TR IR BT LU € AR SR 43 BRI IR B O i (035 AR G BT B, vh 5| 31 5 RIS BE 6 ORAEIXFE (15T P4 AN 5%
Wi & (175 X I 2T oK € Ron A (By, By, B,) B

EIE 3. B LW MG, (X(X),E) = trans( @ ), 4% 5 2 115 R 0 8 53R A E Skl 70 )5 159 21 10 25 5K
ESVSEI S8
43 HREBRERNANESERT

W o 2B H W, (X, E)AE trans (p) IR [EME.E 2 IR ER R R NPT (B, B,..... B,) JUF T 5I#
W n] AR SRS B = (N, E, Ly, T,r):

o W X(X)=b 2k B, A& TE v PAEAEL v 5 X AR, L, (v) = X} Lo (V) = by Ly (v) =i

o WX(X)=0Yy &tk B, AR WAE v P AFAESS Riv 5 X XY, L, (v) = {X}; Lo (v) = ©; Ly (v) =i HAF
Y G 4E A u U (v,u) € E

o W X(X)= [(MW](e) &k B, T WEXTE v PR fvE X XYM, L (v)={x};L,(v)=y:=¢;
Ly(v)=i; HE Y X Ng:iiiu W (v,u) e &

e WXX)= V(3)®Y,(y,) & B IS, UE v PAEL S v E X N, L) ={&hEL,0)=9;
Lo(v)=i; A5 Y, S N4 i u,, Y, W45 L w, U (v,uy) € € B (vyuy) € E

o WML T X 0<i<n,T@{)=0(B).

o M IFTHLES AT r A 5 X 0] N 46 R

MR B BRI B ES B g 2 R

EHE 4. W MR IREHHEXR €0 NEESE. g € B I AR B RS W IE & X Q 3
N—>O [H——Md 1 H

A& =1(&), n F X XRLUFHTRE Y BHE p=L, (n) > v M1 Gip=EXv .
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Call for Papers for GCC 2003
December 7~10 , 2003, Shanghai, China
http://www.cs.sjtu.edu.cn/gcc2003/index.htm

The Second International Workshop on Grid and Cooperative Computing (GCC2003) is to be held from December 7~10, 2003 in
Shanghai, China. GCC2003 is the follow-up of the highly successful GCC2002 Workshop held in SanYa, HaiNan. It will serve as a forum
to present current and future work as well as to exchange research ideas by researchers, developers, practitioners, and users in Grid

computing, Web services and cooperative computing.

TOPICS OF INTEREST

The main topics of interest include, but not limited to: Performance Evaluation and Modeling

Grid Computing and Grid Security Web Services and Web Security

Grid Information Services P2P Computing

Grid Middleware and Toolkits Cooperative Middleware

Grid Monitoring, Management and Organization Tools Software Integration Technologies

Grid Applications Software Engineering Support for Cooperative Computing
Information Grid and Knowledge Grid Computer-Supported Cooperative Work

Advance Resource Reservation and Scheduling

SUBMISSION

GCC 2003 invites authors to submit original and unpublished work. Papers should not exceed 10 pages of text using 10 point size type on
8.5x11 inch paper. Papers will be refereed and accepted on the basis of their scientific merit and relevance to the conference topics.
Submission of full technical papers is called. Papers should be written in English and submitted in PDF format. All papers are to be
electronically submitted to (Please also include the address, telephone, FAX, and email of the primary contact person in a separate sheet):

gcc2003@cs.sjtu.edu.cn

IMPORTANT DATES

Electronic submissions due: September 15, 2003
Acceptance notification due: October 15, 2003
Camera-ready due: November 5, 2003
GCC2003 Workshop: December 7~10, 2003

http:/ www. jos. org. cn
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