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Abstract: Because the program is running in a distributed way, both the concurrent features and the runtime
environments should be taken into account when testing a distributed program. A Java oriented distributed program
test system is put forward in this paper, which is called JDPT (Java-oriented distributed program testing system).
JDPT defines events based on the runtime environments, records execution processes of the distributed program as
event sequences, and defines event sequencing constraints to check the validity of those feasible set of event
sequences. By the technology, the JDPT can effectively estimate the correctness of concurrent executions of the
tested program within distributed environments, and can be used to test Java programs running upon multiple
platforms.
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1 ’

MAD(monitoring and debugging environment)™ PSET(distributed
program structure and event trace)? OrcShot®™ SPINM, LTSAL!

MAD,PSET  OrcShot , ;SPIN  LTSA
JDPT(Java-oriented distributed program

1

testing system)

1
1.1
. , , (

TCP/IP) ( common object request broker architecture, CORBA),

L4 il

. (

)
1.2 E-CSPE

E-CSPE(extended CSPE)!®! CSPE(constraints on succeeding and proceeding events)

.E-CSPE E-CSPE .E-CSPE
.E-CSPE op[[evty; —»evt,]]uC. .U
evty  evty , C , evt; evt,
;0p .op 3 : 3 E-CSPE , :

o a[[evt,; »evt,]]yC:(always under condition), U , C ,  evty evt;

o m[[evt;; »evt,]]uC:(must under condition), U , Cc ,  evl evt,

o ~[[evt;; »evt,]]yC:(never under condition), U , C . evt evt;

U S U E-CSPE rs r 3 (1) s

r;(2)s rr(3s r . r, 3 :

e ConformSet(r,U): r ;

o ViolateSet(r,U): r ;

o NonsenseSet(r,U): r

Feasible(U) U ,

ConformSet(r, U) ViolateSet(r, U) NonsenseSet(r, U) = Feasible(U).
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1.3

WAREHOUSE(N)=GSET[0],

GSET[content:0..N]=(when (content<N) put—>GSET[content+1]
|when (content>0) get—GSET[content-1]),

PRODUCER=(put—>PRODUCER),

CONSUMER=(get—>CONSUMER),

, ( CSET u E-CSPE ):
. (| NonsenseSet(r,U) ={3}, s,CSET s (
VreCSET
CSET u .
e  VreCSET.ViolateSet(r,U)={}, CSET r, r
CSET
FSP E-CSPE
FSP(finite state processes)®  LTSA(labeled transition system analyzer)
(behavior) .FSP

Java

FSP (process), )

LTS(labeled transition system). - , FSP

||PRO_CON=(pro[1..3]:PRODUCER || con[1..3]:CONSUMER || {pro[1..3], con[1..3]}::WAREHOUSE(5)).

1
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, .FSP -, .
“|H “When” “:H ll::” LL||H ’FSP
3 . -
E-CSPE m : ~

m ; , a m ~
2 Java JDPT
2.1 JDPT

, Java JDPT.JDPT
L4 1
. E-CSPE :
: | Graphica |
. , ; v i
. Specification Program

* E-CSPE ! analysis verification

* v v t

JDPT Test case Program Events

. Java : selection Instrumentation collection

° X A T

. —>| Program execution |

: Fig.1 System structure of JDPT

1 JDPT

[ ]

2.2 JDPT
TFDS(test system framework for distributed software system)®  JDPT 1 )
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1) . . FSP , E-CSPE
Java , ) ;
, Java Java
RMI(remote method invocation) RMI , Bind, Client
( Producer  Consumer) ( WareHouse), stub,
try {

wareHouse=(WareHouse) Naming.lookup(“//”+serverAddress+“/WareHouseServer”);

... I* other codes */
} catch (Exception e) { /* code related to except manipulation */}
3 :  Bind ;  Bind ;  Bind
stub , 2 RMI .RMI
try {
wareHouse.put(parameters);
} catch (Exception e) {  /* code related to except manipulation */}
(WareHouse) ,
public class WareHouselmpl extends UnicastRemoteObjectserverClass
implements WareHouse { ...
public synchronized void put(parameters) {
... I* implementation code */

return;
}...}
WareHouselmpl WareHouse JavaRMI
5 : RMI ; RMI 5
; RMI .
2) . , 3
, . JDPT , (T,S,D,M,1,0).
. (type):
. (source): , Java
. (destination): , Java
. (function):
. (timestamp): )
. (other): , .
JDPT public :Collectlnfo, ;
RecordInfo, . :
Self.CollectInfo(...); Monitor.RecordInfo(...).
3) . Client JDPT
, . Client ,
JDPT E-CSPE ,
E-CSPE , .
4 - : :

stub  skeleton

RMI 1

RMI

Monitor,

Client FSM

© PEEREBEAD

http:/ www. jos. org. cn



Java 747
; Monitor , ,
. ( RMI synchronized wait()-notify() ) ,
L4 ]
(5) .Monitor , Monitor ,
Monitor  Test Center Monitor ,
Test Center, ,
, Monitor , Test Center
Test Center.
,Test Center
) , ( send receive) ,
(6) JDPT h ,
y E-CSPE :(CSET E-CSPE
F S )
e VreCSET.VseF.s¢ViolateSet (r), ;
e VreCSET.3s e F.s eConformSet (r), CSET
@) JDPT ;
, E-CSPE ; ,
(trace )
2.3
2 JDPT - 2 !
FSP E-CSPE , E-CSPE ,JDPT
3
SPIN M SPIN (interaction)
, . 3 : (rendezvous
primitives) (buffered channel) (shared variables) (asynchronous
interleaving product of automata) , .SPIN :

LTL(standard linear temporal logic)
) PROMELA(process meta language).

(design choices,

© PEEREBEAD

http:/ www. jos. org. cn



748

Journal of Software 2003,14(4)

Java source program

class Producer extends Executor {
private WareHouse wareHouse;

private int no;

private Thread prodThread;
public Producer(...... ){

Structure
analysis

Finite state machine

prepare

get

Collect event
sequences

Event sequences

(LOCAL_RMI_CALL, ...)
(REMOTE_RMI_RECYV, ...),

(LOCAL_RMI_CALL, ...)
(REMOTE_RMI_RECV, ...),

FSP description

WAREHOUSE = GSET[0],
GSET[content: 0..N] =
(when(content<N) put ...
| (when(content>0) get ...
PRODUCER =
(put—>PRODUCER)

Derive E-CSPE
constraints

E-CSPE constraints

a[[#;—(put, pro[i]:P, null)]](true)
a[[{put, pro[i]:P, nully;—
(put, pro[i]:P, null)]](true)
a[[#;—(put, pro[?]:W, null)]]
(content<N)

Verify the
program

Results

seql covers rl, seql covers r2,
seql violates r3, ...

seq2 covers rl, seq2 covers r2,
seq2 covers r3, ...
for consumer 1, total execute time

is 21s, ...

Fig.2 Test procedure of producer-consumer problem

2 -

,MAD
(stampede effect), MAD
condition candidates”,
( “race condition candidates”

JDPT
E-CSPE '

(race condition)
.MAD 3

MAD(monitoring and debugging environment)

,MAD . )
“race
:EMU(event monitoring utility),
;ATEMPT, )

, trace ;PARASIT,

)
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JDPT ,
. E-CSPE , E-CSPE )
. JDPT,
CORBA :
JDPT '
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