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STOP | =P, |.uP,. F(P,) | P,OCOP,| P,1IP,| P, | P,, v P, B— ALK ILHYHFE.

CSP R4t T — R I8 FRiE XALAL, 40 trace LA, failures/divergences LAY, CSP [y trace BRI & — 4
7, H— R B AR — AT REMAT o, B 450 B A R 0 B B 4 T8 A, JF US4 R AE T HES. trace #E
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BN 2 (CSP #Y trace BEED A E—N P ##, H trace AT 5 A traces(P) ,JENMER P WA
AT RERIAT N
Wi LA TAEAERA trace A, B4 H B K trace BEI T DUE S 18 A E A H K trace A
N
# Pt N L (STOP)HAR , W trace AN FIR 2 « traces(P) = {p| p=<>}.
Z PR R : P=0a—>STOP; M trace BRIT F/R N traces(P) = {<>} U {<Ta>).
#P#HRBR . P=a>Q, H Q=z—>-—>STOP BB R ; W trace WA W KRN .
traces(P) ={< >} U {<a>~p|pEtraces(Q)}, “~"HHHWEEET.
= Pi#tBN . P=a>—b—>P, & Q#EN P WATH, B} Q=a—>-—b—>STOP, & Q WA RKR N
T, T WA TR sub_TT; W H trace BEIT] KRR A
traces(P) ={<<>} U{T®} U {sub_T7}.
#HPHBERN.QUTQMT RATSHREHEBHR , NI trace BT RRR
traces(P)={q|q€ traces(Q)} U {¢{t € traces(Q)}.
# PR QUTQMT RATHst et R ; K trace AT KRN -
traces(P) ={q|q¢€ traces(Q)} U {t|2E traces(Q)}
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flow(X,Y,P)ERHABPW X BEAKY £t ;event( X, P)EREH XBFP i#
R Bifirst X, PYERREH X BPHEAMNEHF not_first( X, PHOER X REFERP

o LS T

event(X,P) :-flow(X,Y,P). event(Y,P).-flow(X,Y,P).

| 3 .
H AR 38 not_first(X, P) :-flow(Y, X, P). first(X,P) :-not_{irst(X, P), event(X,P).

Wi pre(P,QRA P #RE Q#BMAAXEMAER s invoke (P,Q R P HRET LU
R AMQ RRIEHEME srepeat(P,QEF Qi P B F AR,
Ry#fEsg  BH

A e flow(X,Y,Q) :-flow(X,Y,P),pre(P,Q). flow(X,Y, Q) :-pre_last (X, P), first (Y,

#E  P),notflow(X,Y,P),repeat(P,Q).
G| flow(X,Y,Q) :~flow(X,Y, P),invoke(Q, P). flow(X,Y,Q) :-invoke(Q, P), pre(R,
P),preset(T,Q), pre_last(X,T), first(Y,R), not flow(X,Y,P).

init_flow (X,Y,P)RRHYMS EHENEFRA low(X,Y,P);
B 1A concur(P,Q, TR FHE P Q &4 R Tif_flow(X, Y,P)RRBELY flow
(X,Y,PERRK

flow(X,Y,T):-init.__ﬂow(X, Y, P), init_flow(X,Y,Q), not f_flow(X,Y,P), not {_
flow(X,Y,Q), event(X,P),event(Y,P), event(X,Q), event(Y,Q), concur(P,Q,
™.

¢ -init_flow(X,Y,P), init_flow(X, Z,Q), not {_flow(X, Y,P), not f_flow(X,Z,
Q) event(X,P), event(Y, P),event(X,Q), event(Y,Q) ,event(Z, P), concur(P,Q,
.

: -init_flow(X,_,P), init_flow(Y, _,Q), not {_flow(X,_,P), not f_flow(Y,_,Q),
event(X,P), event(Y,P),event(X,Q),event(Y,Q), concur (P,Q,T).
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XH ¢ FRREBLL.
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traces(P) | =a iff Fiia=n () traces(P) | —a iff x| #a

traces(P) [ =¢: A¢, iff = |=¢ Hml=¢, traces(P) [ =¢ V o iff x| =¢1 B mJ =

traces(P) |=Eg iff Jx Etrace(P)H n|=¢traces(P)|=Agp iff Vax Etrace(P)H x.|=¢
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.l =X¢ iff 7 (2)|=¢ x| =Fg iff Jim@D|=¢
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PP RHEFHE pet-f(A,B,D. s(A,B, D) ¢ -flow(A,B,T),Ip(A,T).
pe t -fC(A,B, . 51(A,B,T) ¢ -flow(A,B, T, Ip(A,T). s(A,B,T) i -not 51(A, B,

—P

.
fihfe fi-fis fa. e -el(A, D).
elo(A, T) : -flow(B, A, T), flow(C, A,
nvrfe fi-f1. ft-fa.
.
G f1 ft-é,notgq. g*-s2(A, B, T). s2(A, B, T) t -not 5s1(A,B,T),flow(A,B,T). nl(A,B,T) ¢ -flow(A,B,T), elo(B,T).
o
FrAl fi-e,q.9%-f1(A,B,T),be(A,B,T). be(A,B,T) : -elo(A, Ty, flow(A,B,T).
X f1 ft-f(C,AD. f(C,A, T ¢ -f1(A,B,T) ,flow(C,A, T) , {irst(C, T). be(B,C,T) : -flow(B,C,T), be(A,BT).
Ef Brave reasoning: f is Bravely true, Bl f B4 9 225 48 B #3 81 SL
Af Cautious reasoning: f is cautiously true, B) f 7E 346 2548 7
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BE/RRIEHERE p, UE CTLAR FL=EF L.up MIARX F,=AF (1.upA2. up),HH 1. up,2. up &
R p WIETHM
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ft-fi. fit-es notq.q*-w(A,B,T).w,(A,B,T) * -not w, (A,B,T), flow(A,B,T).

w; (A,B,T) * -not wy; (A,B,T). w; (A,B,T) : flow(A,B,T).lp (A, T). lp (1. up,p).
Hoep, Fy W5 ESR A R B 2 07 K
F, WIBIERF AR RN .

fE-fi. fi-fe
fi1 ¢t -e, not q. q* -y:(A,B,T). y9,(A,B,T) : -not y,(A,B,T), flow(A,B, D).
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v (A,B,T) : -not t;(A,B,T). v;(A,B,T) ¢ -flow(A,B,T),lp (A, T) . lp (1.up,p).
Szt -leynot p. . p-z(A,B, D). 2z, (A,B,T) * -not 2 (A,B,T),flow(A,B,T).
2, (A,B,T) ¢t -not 5;(A,B,T). 2 (A,B,T) : flow(A,B,T),lp (A, T). Ip (2. up,p).
He,F2 RAEEBERY XK.
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[Ji. down_fork. i &1-—>i. down_fork. i. —i. up—>Phi.)
—REEK [ 4. pick_fork. i @1—i. pick_fork, i—=(i, down_fork. i—i. down_fork. i @1—i, up—>Phi.
HiE 0 i. down_fork. i1~ i. down_fork. i~>i. up—>Phi.))
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Model Checking CSP Concurrent Systems Based on CTL

WANG Yali'*, YANG Yujie™", ZHAO Lingzhong?, ZHAIi Zhongyi’

(1. a. College of Computer and Information Engineering; b. Engineering Lab of Intelligence Business & Internet of
Things, Henan Normal University, Xinxiang 453007, China;2. School of Computer Science and Engineering,
Guilin University of Electronic Technology, Guilin 541004, China)

Abstract: CSP is one of the main methods of model checking. Denotational semantics and operational semantics are the
two approaches adopted for model validation. Compared with operational semantics, denotational semantics computation model
is intuitive, and easy to extend. This paper mainly completed the trace model’s generation by denotational semantics and ASP
mechanism, and developed a set of CSP model validation method based on CTL. Results showed that, this method has a good

description ability for the properties of the branch type, and can ensure the accuracy of verification.

Keywords: model checking; trace model; computing tree logic; answer set programming



