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.FSP . "
.E-CSPE . FSP
E-CSPE . E-CSPE .
: TP311 BA

(feasible SY N-sequence),
(valid SYN-sequence),
.CSPE!Y(constraints on succeeding and preceding events)

.CSPE ,
E-CSPE(extended CSPE)?  CSPE , ,
, . E-CSPE
, E-CSPE e E-CSPE
FSP(finite state process) E-CSPE
1 FSP
1.1 FSP
FSP(finite state processes)!®  LTSA(labeled transition system analyzer) (process,
,FSP ) . , (behavior)
.FSP Java . FSP
, LTS(labeled transition system).
* : 2001-03-06; : 2001-08-01
“ (98-780-01-07-03)
(972 ), , . ; (1947 ), .
, (1942 ), ,
(1976 ), (1936 ),

© PEBREBALTU bt/ www. jos. org. cn



2163

FSP
D =, . x>P X, P .
2 s . x>Ply->Q X, P ;
2 Q
3 :when, when B x—Ply—>Q : B ,
y—Q X P ;B : Y, Q
. B .
4 (process prefixing): (process labeling), . “SWITCH=
(on—off >SWITCH)” , “a:SWITCH=(a.on—a.off>a:SWITCH)” .
, . “RESOURCE=(acquire—release—»RESOURCE)” . “{ab}::
RESOURCE=({ a.acquire,b.acquire} »{a.release,b.release} —{ a,b} :: RESOURCE)” a b
, {acty,...,act} , “ »
©) Il PliQ P Q
. P Q
(6) : :
12 FSP
FSP
(shared actions).  Barrier, ,
. 1 FSP “ready” “used” ,
MAKE_A,MAKE_B ASSEMBLE
(mutual exclusion). , , :LOCK=
(acquire—release—>LOCK). ‘WRITER=(acquire»>write—>release>WRITER),
||ICO_WRITERS=(a:WRITER||b: WRITER||{ a,b} ::LOCK). Java
synchronized
(monitors and conditional synchronization): ,
Java  wait()...notify/notify all , ) ( ) .FSP

when .2

MAKE_A=(makeA—ready—used—>MAKE_A),
MAKE_B=(makeB—ready—used—>MAKE_B),
ASSEMBLE=(ready— assemble—used—ASSEMBLE),
[[FACTORY=(MAKE_A|MAKE_B||ASSEMBLE).

Fig.1 FSP notation of the FACTORY process
1 FACTORY FSP

* FSP “ (process sharing)”.

- FSP

WAREHOUSE(N)= GSET[0],

GSETi:0..N]= (when (i<N) put—>GSET [i+1]

| when (i>0) get—>GSET[i—-1]),

PRODUCER (put—>PRODUCER),
CONSUMER=(get—>CONSUMER),

|IPRO_CON=(PRODUCER || CONSUMER || WAREHOUSE(5)).

Fig.2 FSPnotation of the producer-consumer process
2 - FSP

(safety),
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E-CSPE m ~
(progress or liveness). ,
(fairness) , (minimal progress)——
t {acty,act,,...,act.}, act;,t act; ,
(weak fairness)—— t,
( ); (strong fairness)——
t , . , E-CSPE a
m
, . E-CSPE m
3 FSP E-CSPE
FSP , . 1
:e::=(Action,Process,Other), “Action” S Process’ ,“ Other”
, . “P=(x—L),L=(y—>STOP)" (x,P,null) P X
, Y, (y,P,null) {y,L,null). ,
; ( ) “ : alL, ay
(y,a:L,null).
31 E-CSPE
FSP ( D E-CSPE .
D P=x—>Q. VeeFirstAction(Q), FirstAction(Q) Q 1 ;
Ce ( Je ( when ), Ci=true.  a[[(x,P,null);—€]](Ce).
P ,
al[#—>(x,P,null)]](true), #
2 P=x->Qly—>R.
VeeFirstAction(Q), a[[{x,P,null);—€]](Cy);
VeeFirstAction(R), a[[(y,P,null);—>€]](Ce).
P ,
al[#—>(x,P,null>]](true);  a[[#—y,P,null)]](true).
3 :P=when B x—>Qly—>R. C,=B,C,=true.
VeeFirstAction(Q), a[[{x,P,null);—€]](Cy);
VeeFirstAction(R), a[[(y,P,null);—>€]](Cy).
P ,
a[[#—->P,nulh]1(B);  a[[#;—(y,P,null}]](true).
4 : a:SWITCH=(a.on—a.off>a:SWITCH),
a[[#,—(on,a:SWITCH,null)]](true),
a[[(on,a:SWMITCH,null);—off,a:SMTCH,null)]] (true),
a[[(off,a:SMTCH,null);—(on,a:SMTCH,null)]] (true).
3.2 E-CSPE
FSP E-CSPE :
D JIP_Q=P||Q. VeeFirstAction(P) FirstAction(Q),
a[[#—€]](Co).
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2 . , m ~ . : 1
FACTORY
“ready’, e ,
MAKE_A(MAKE_B  ASSEMBLE),
~[[(ready,MAKE_A,null);—€]](at least one of the processes, MAKE_B or ASSEMBLE,
does not do the ready);
[[FACTORY, i, MAKE_A MAKE B ASSEMBLE,
m[[(ready,i,null);—(ready,j,null)]](i=jAprocess j does not do the ready).
“used” .
(©)] . LOCK, “CO_WRITERS'

~[[(acquire,i,nully;—({acquire,j,null)]](the lock is not released, i.e. (release,i,null) does not happen),
~[[(release,i,null);—~(release,j,null}]](the lock is not assigned, i.e. (acquire,j,null) does not happen),
i aLOCK  b:LOCK.“a:LOCK” a LOCK ,
LOCK :
a[[(acquire,i,null);—(release,i,null)]](true).
a[[#,—(acquire,i,null)]](true),
a[[(release,i,nully;—(acquire,i,null)]](true);
(no starvation),
m[[#,—(acquire,i,null)]](true);

m[[{release,i,null);—(acquire,i,null)]](true).

) m )
m[[(acquire,i,null);—(release,i,null)]](true).
4 . FSP , , when
. , 2 -
' (),
~[[#;,—<{put,p:WAREHOU SE,null)]](—(i<N)),
~[[{put,p:WAREHOU SE, null);—{put,p: WAREHOUSE,nul 1) ]1 (= (i<N)),
~[[(get,c:WAREHOU SE, null);—{put,p: WAREHOUSE,null)]](—(i<N));
a[[#;—(put,p:WAREHOU SE,null)]](i<N),
a[[(put,p:WAREHOU SE, nully; —>(put,p: WAREHOU SE,nul[)]] (i<N),
a[[(get,c: WAREHOUSE, null); —>(put,p: WAREHOU SE, null)]] (i<N).
‘get” ()
, FSP E-CSPE . FSP
, E-CSPE . , error,
~[[#;—>error]](true); , , milestone a[[#;—~milestone]](true)
m[[#,—milestone]] (true) . , E-CSPE (2

- . [IPRO_CON
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|IPRO_CON=(pro[1..3]:PRODUCER]||con[1..3]: CONSUMER ||
PRODUCER 3
“get” . WAREHOUSE

N(N=5), “null”.3

FSP
WareHouse,
“put

Java
.PRODUCER
RMI

“

put’  “get”
3

” “ get“ . (

“put”;CONSUMER

{pro[1..3],con[1..3]} ::WAREHOUSE(5)).
3

WAREHOUSE
CONSUMER
),“synchronized”

public interface WareHouse extends Remote{ ...}

class WareHouselmpl extends Unicast
implements WareHouse {
Object gSet[5]; ...

RemoteObject

public synchronized void put(Object o)
throws I nterruptedException {

while (count==5) wait();

gSet[in]=0; count++; in=(in+1)% 5;

notify();

}
public synchronized Object get()

throws I nterruptedException {

while (count==0) wait();
Ojbect o=gSet[out];

gSet[out]=null; count--; out=(out+1)% 5;

notify();
return o;

+}
Fig.3 Javalmplementation for the
3 WAREHOUSE

32

(1) a[[#;—(put,pro[i]:P,null)]](true).

(2) a[[{put,pro[i]:P,null);—>(put,pro[i]:P,null)]] (true).

(3) a[[#;—(get,con[j]:C,null)]](true).

(4) a[[(get,con[j]:C,null);—(get,con[j]:C,null)]](true).

(5) a[[#;—(put,pro[?]:W,null)]] (content<N).

(6) a[[#;—(get,con[?]:W,null)]](content>0).

(7) a[[{put,pro[?]:W,null);—{put,pro[ ?7]:W,null)]] (content<N).
(8) a[[(put,pro[?]:W,null);—(get,con[?]:W,null)]] (content>0).
(9) a[[(get,con[?]:W,null);—(get,con[?]:W,null)]](content>0).
(20) a[[(get,con[?]:W,null);—(put,pro[ ?]:W,null)]](content<N).

WAREHOUSE

Java
E-

CSPE 1<i,j<3,?

(12) m{[¢{put,pro[i]:P,nully;—(put,pro[i]:W,nul)]1(((put,pro[i]:W,null) did not happen)A(content<N})).
(12) m[[{get,con[j]:C,nully;—{get,con[j]:W,null)]](((get,con[j]:W,null) did not happen)(content>0)).
(13) ~[[{put,pro[i]:P,nully;—(put,pro[i]:P,nul1)]]1({put,pro[i]:W,null) did not happen within).

(14) ~[[{get,con[j]:C,null);—{get,con[j]:C,null)]]({get,con[j]:W,null) did not happen within).

(15) m[[{put,pro[i]:W,null);—>(put,pro[i]:P,null)]]1({put,pro[i]:P,null) did not happen).

(16) m[[{get,con[j]:W,null);—(get,con[j]:C,null)]]({get,con[j]:C,
(17) ~[[{put,pro[i]:W,nully;—(put,pro[ ?]:W,nul )]]({put,pro[i]: P,

(18) ~[[{get,con[j]:W,null);—{get,con[?]:W,null)]]({get,con[j]:C,

nully did not happen).
null) did not happen within).
null) did not happen within).
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(29) ~[[{put,pro[i]:W,null);—(get,con[?]:W,nul1)]]({put,pro[i]:P,null) did not happen within).
(20) ~[[{get,con[j]:W,nully;—{put,pro[ ?]:W,null)]]({get,con[j]:C,null) did not happen within).
(21) ~[[#,—{put,pro[ ?]:W,null)]](content>N).

(22) ~[[#,—(get,con[?]:W,null}]](content<0).

(23) ~[[{put,pro[?]:W,nully;—(put,pro[ ?]:W,nul)]](content>N).

(24) ~[[{get,con[?]:W,null);—(get,con[?]:W,null)]] (content<0).

(25) ~[[{get,con[?]:W,null);—(put,pro[ ?]:W,null)]] (content>N).

(26) ~[[{put,pro[?]:W,null);—(get,pro[ ?]:W,null}]] (content<0).

(27) a[[#,—(put,pro[ ?):W,null}]](content<N).

(28) a[[#;—(get,con[?]:W,null)]] (content>0).

(29) a[[{put,pro[ ?7]:W,nully;—(put,pro[ 7] :W,null)]] (content<N).

(30) a[[(get,con[?]:W,null);—(get,con[?]:W,null)]](content>0).

(31) a[[(get,con[?]:W,null);—{put,pro[ ?]:W,null)]](content<N).

(32) a[[¢{put,pro[?]:W,null);—{get,pro[ ?]:W,null)]](content>0).

FSP , Java 3 . {put,pro[i]:P,null)
pro[i] “wareHouse.put(...)", (put,pro[i]:W,null) “WareHousel mpl::put(...)"
. , (invariant), “content<N” “content>0".
E-CSPE
S r.s r, r, r . E-CSPE
E-CSPE , ,
5

Jeff Magee (3l FSP ,

FSP ,

Carver & , (semantic graph) : CSPE
, FSP E-CSPE .FSP
Java . Internet , Java Internet
, Java
X : (5],
’ E-CSPE , ,
] ( C++) (CORBA), E-CSPE
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Abstract: When a distributed program is under test, event sequencing constraints should be defined to check the
event sequences generated after the program was executed. Those event constraints shall be derived from
specifications of the program. FSP is a kind of process algebra notation that can be used to describe formal
specifications of concurrent programs. FSP describes concurrent processes as action sequences, where an action can
be mapped to a specification-level event. The E-CSPE constraints define the sequential relationship between any
two runtime events under given state predicates. Based on the operators and concurrency control facilities within
FSP, the E-CSPE constraints can be derived. Those derived E-CSPE constraints consider the safety and liveness
properties of the concurrent program, and based on them both the correctness of the program execution and the
sufficiency of the test work can be judged.

Key words:  software testing; finite state process; specification-based testing; concurrent programs; event sequencing
constraints
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