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WE OTHANALAPAARR, AUAANARARN RS HF XA EH W, LAEBEARAHY
AR XLARREBEIR 0 EFRAFHFA HAANTEAFAFEEFMGRMARFHT R
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BAFRNR R 3ALABEMNAR, 535 T 3HFR LD ¥4 4 %, B H 025 RATR BT &
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X@im HAHAXEZLNNE, 5EHERE, ¥ o,CSPE (constraints on succeeding and preceding events), ¥ 4

HE.
FEESEXE TP

Wi —TBFTUABITMEAF IBFTHMAEARFUAME. ABFTHMAEHETLURERS
SW. FETHHESAEMNEAN MEFAAARL AT ERENSHNERFAITHERNE. BTAAWE
5 EATE RN, $E (data) . B U (ports ), 3l 4E (actions ), 3F fF (events ) L B #% % (threads) . B EX 5 T EET
LAy B AR FF 89 47 5 R (behavioral model), 42 3C3R & & T 40 i L 22 FF W 20 R B Bh LAY,

1 ETEHARMNSBABRFAUR

MESHEABRFNSLUBRNLY EMY, FEMNEF T REL L E (behavior specification). 17 H 1 F L)
ERAZM METERFERERA THNERFF. X TomlRF, B 7 # % RE I %I (state-transition
and test case explosion) B, T LAM AR P E LW AR M E L X AN1E KEYACTION (KA, BI S fE R 7
54— CACTION 0 KA K As s oo o KA ACTTON G B30I 2 0050 5% 4 52 sl 15, of DUE 9 O H e 0158 ko
FEEMF KEYEVENT (KE) BB EF A B AR5 5= (ACTION KE W KEss. . KB ACTION (-

MTEFF S ELEEHFRNEME STANELAME (1) EWTXEHN KE 1 KE, M HKH X
B (2) PP HT M % R R R s AR HE.

EF T g A7 2N AR o R i ] e s W W A, M TR AR R N ENERREE N
WO AEMmORERAESNARRE B R GEEZRE. B R®HF & W E AR A & K (operational pro-
filet N ~EAHE HHUMREMAEAATETREFERNSES 8RN TURSURHAANEER . B5
B0 12 52 e () .

RARHTEWA T A RRFREZBATTENRE. A ERERTHERAN L0 E#FIIR
& HIFABLAFANANAE; A - TEHREAATE - T F AR RN EN L AEH
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88 BT Rz R ﬁﬁ%%ﬂﬂﬁﬁf?ﬁﬁﬁ{tﬂﬂﬁﬂﬁ.ﬁﬁ!ﬁ%‘ﬁl‘l%ﬂﬂiﬂﬁﬁﬁﬂ‘]ﬁﬁ.

2 BT E-CSPEARMOBARFAR

Wik — AR ERERERENBRETINAT. AT TUETAM TS LA EES AT
ARBRAEETAEYMNTATAR. FTFUASNMBEER TN AXEE, —HUTH#RTRE CSPE
(constraints on succeeding and preceding events) # HEBI,

CSPE Y G 3R EFHIRAN, 45 R

Rl. a[E v—~E Jv: (always) ERTRBFEUNRGT R . HH EREFESHE ZFEAFA R AR ENRE
A E 2B E BT URRAE.

R2. ~[E, i —=EJ:: (never) , BN HABF U BB P #H L, RATE ZREEERRGR),. FHEA
R,

R3. p[E.;—=E, v (possible) ERHABFU MG F FHE JUAATFE B BEIFEEL£H4
P H#R. :

HMYBELGAAEF.CSPEAFETUREHNZEFNAAGMERERETAASH . ETURAFEFIHRE.
2.1 E-CSPE #13R

TR PR CSPE #R#fr £ L F 8.

« M R1 B “alalways )" R &, B0, EAH FHRAR -MOREE . WEGE RER.FHE E
AER R BB IR,

- B R3 R p(possible) " W MY , B 20 EAUE T 80 7T RE .

cCSPEERBEWAF4RHEAE MELXFULFTREERAME. FlDALEPE LK T
BAFXE S .

v BB HLSE M E-CSPE (extended CSPEYARMMINT . # U - A HABF.E #HE, KITLEH
THEEEBEENEF M AANTEN TP ERNFEEFF(TFES OB > hBFNE -BA CHHE
R FRErnIEE.

RY. a[[E,;—E.]]sC (always under condition)  FERBF U HITHA > B . EFENELR B  E HRE
FC M BEHEETHR R M8 o GHERGC. ok B E HEMAME 4.

R2". m[[E s> E. 1] (must nnder condition) ERF U7 JITHA » B EFENEHWE o . E WEE
HCMAEBTFTR R MB ek AHELENFC, H ok B F; RERMEMITH.

R3., ~[[E :—E,; JuC: (never under condition} FHRF U HFTH A o H . FEFEEPWESHE o E HEE
& COMARET TR LAGE o . S MERMNCLH oF. 5. E, AERKETEHFATE.

2.2 E-CSPE WA E CSPE BHX R

BALGHN RUMMI R2'F INF XA,

EE L M R H AW RY. B m[lE  —E ] C M a[[E, s —~E; ] LC.

W e L EE.

RURFTHRBXEMN MM, EETHUAEHER MR2EIAEF-—FHILRE.CERAREN.EAHMA
EHE. O

FEH 2. F-CSPE A5 # 7 L CSPE £ X.

. ERESNEBHME AE.H.

YLD R, 0T IH MR E L.

« EHA R] S8,/ a[E\s—+E, Jr=>al [E s>~ E: 1 (trueds
< N RIS H Y pLE = E v=a[[E+—+E, ] Ju(P).

SEW R, AT LA F AR E X

© HIERRESSAHIIFTR  http:/ www. jos. org. cn j



Bk F A TFHFNG R0 5H XA ER MY — 1037 —

BARELEES{ELE,. . EVEBFUNTHRREATRER,F8 o[Ei—E e, XY i0£2. ~
E—EJo T LS om[ [ £ —~E, Ju(true).

AW R, ATUANTFEL:

c (M R2 G B ~[Fs—E: =~ [[E) 1 —~E, ] u{true);

s (O R3 S, pTE ;—+E, > ~[[E;—~E, ] (~P).

.3 E-CSPE S1REIMXE

HWEFL.E-CSPER S MR AN ZHAMTFHXE@RREEACAELEBTRE —HEEHF. 00 £
E. & E».

FEI EAXEACRTHOBERT AWM RV AEEE4. 0. 54 o[£ +E 11C. 2 a [E—~E 13C,
#H a[[E +—=E:]DC.

W EEL BREUERATHA N PEHFEHFIN B EBEEHC.HFETHI B.IER «E. IR
S CHHeFE, 8. E RAERMEANE. it 35 C R, MEETRI 7, liBeE,. 8. E,. ¥ R &H C, 3
Hab\. . . E.V.E, RARWEHNE. H.UENTHA c H LN BT R e EHEXGFC.HFETHF
B E.Y B aE B E.YVREEHC HA L. . E.V. . E; AHERWFEHFINE, AT al[E—~EJLC. E#R

HEEEMSS RGN LT AR,

it 1. BE ml[EiE]WC B m[[E;>EJWC—BH m[[Ey—E; 11oC. WEH B

HEER 1, TR,

't 2 #HH ml[E—E]lC, B al[Ey—~E]C A ol [E5—~E,]1C. B m[Eyi—E ] C %K a
[[E:;—E;]1TuC.

R LM RS 7T

BE 4 FH~([E—E]1C H a[[Ei—=E]WC WA ~[LE s~ E]]C.

it R BB ol

Gl MUH—-FBBUTAREER.

i 3. FH~[[E~E)WC, B ml[E:;—~E 11C WH ~[LE, s B ] TC.

?E"FQ 4. HEH ml(Es—=E ] JC, B~ [[E:—~E;JIC A~[[Es;—~E.]]C. W& ~[[E;+E:J]C. iE B 8.
.4 BT E-CSPE HRHEBAFRIE

'E-CSPE # i # 3 M EAHGEAM, 4500 N F 3 M EAAH. B— LRGN EEFR S,
EHUEEHS) - HEAR . RESE-TBHAR. RENREFLE. RERM.F:

cal[E =B C. &s FAE—ANFHWEE. B E, b o, MaE,. fHRERKEC. KT BT
B AR, '

e ml[Es—=E]1C: & s PEE&— P EFWH aE,. §.. E,, P oF, M oE,. B HBWEE &4 C.MEFH s W
BEELAR. Hs PASHIFNRE MREEHCALERFERE LRRHMN A . B MHEFF s &
REBHAK.

o~ [CEG—=E1RC: H s PABSHENSE L AR GIFHWNE E. L. . 5 HEs FEETENE. B oF,
flak, fARMBEERGC. MAFD s MEZREAAK. K2 . Hs PUESRHHB ok, £ E;. H eE, M
o SRIMHREESCURFA s R EEHFARE.

3 EHFR

FHRUEEE-BRERE LA HEETFECSPEARNSARRSNR. ZRIEH 3 FATEBR EF
E HAERaE bR TAN RSB S EEETRCHRE RO &,
BHEREAEBONRETE, AEXLXBEGMEEN LA, 7 LLE H FSMy -« (finite state machine)
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M FSMapax-30H 1 Fr .

Producer @ Consumer @
 Idle 2 ®¢fﬂ%’
(to Produce) (to Consume) =R,
produce OK) {consume No) Ok,
Produce'®_producer, m1 consumer, consu @FfF [ W
(Produce No)y ; Wareho se G L ER

. —— 7‘\‘\_
W%k‘ producer Ak concume
Fig. 1 The F3M presentation of producer-consumer problem

Bl AFEANNEENRNANET

MEFEFEE1PRELT 3 P HHE . “toProduce”, “produceNo " #l “produce OK ” ; 1§ 1 1 £ 3 T ,“to-
Consume ”, “wantNo"fl“consumeNo”. £ @A HEMW R ZEAGES L REA(EPRBEE R TE LL0E
14 % “produceNo” # “consumeNo™ , i #t 57 8 £F ) Wi — ¥, 7T I b 48 7= & #1104 28 35 1) 7= b B9 652 B “produce-
xNo-:"f“consume- yNo-j”.

R|EFE- HRERENERAATURNE 1 FRWENNERT, THEE-CSPE ARE RN E N TE
HFHARBREEFBLE TN B AP EANREREE —HWHFEIR Aoy BR, v RRE—EFERNRE; T
TrEmBEE—RERIR AL ERT RRE-TR)

Bi.a[[ & ;—produce- * No-? ] (true)

B2. ~[[# s—=consume- * No~i | (2§ produce- » No~ i3 % 4)

B3. m[[preduce- * No-i ;—*=consume- * No-i ]](true)

B4. a[[produce- * No-7; —» produce- * No-7 1] (MK 3 # th 89 produce- » No-7 B 8 —— M # FF 42 1)

consume- * No-? ${< N)

B5. a[ [consume- # No-7;—consume- * No-7]]CM # H 18 produce- * No-7 ¥ >consume- * No-7 %)

Bé. ~[[produce- * No-7; ~produes- * No-7]JCM # 7 85 ¥ produce- * No-7 3§ % —— M FF 52§ con-

sume- * No-7 #{=N)

B7. —~[[consume- » No-7; —consume- * No-?J]CM # #F 1§ produce- * No-7 ${ = consume- * No-7 #{)

BS. a[ [produce- * No-? ;—consume- * No-7 | |(true)

B9. ~[[produce- * No-iy—=produce- * No-i1](rruey ([ —7= 4 H B4 7= — ¥

B10. ~[[consume » No-i;—>=consume- * No~]]{trued (@ — = & R #H—y)

B11. a[[consume xNe ;—=consume-xNo-;]](F FF| produce-yNo-i. 3. . produce-yNo-j DE R £

BN BIo MBI EBEHITIRE.

B12. ~[[consume-xNo-j; —~consume-xNo- 1] (F FE 5 produce-yNo-i, 2. . produce-yNo-j B2 K4

FHBRIER LR FRAAME, ROV Java BFTEUTAEFE HBERE X £ LN RE S
AR B R RGBT — 7 # (synchronized) W § , 4 7= F U5 1 & B A “pur O F 35 W T, W14 B0 2 & A
“get ()" - .

TEEMPRAMANEET 5 PERFHR.

(D EekEEE, MeERTLHNEESE;

() EFERERE, PO FEREHBER S FER;

D HREREAL . B gt O"FEREFERAFF LR,

) “put " H A L HHBR;

(5) "get O H WA FHER.

HA R OMBERCOTAESE, BN © 75 L5 500 8 02 F B I 4 %.

RIFBTRATHEEN AN HURER B IURFALUHT OABREHER, 0FESR
N=6).
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Table ¥ Test results of the producer-consumer problem

£ EFH-HRERNBONAGR

¢ i -
Test casell 1 prodicer® 2 produrers 10 producers 130 preducers
Fault typed 1 consumerd 2 cousumers 10 consumers 100 consutmers
1 Kules¥; B2, B3,B7 Rules; B2,B3,B7,B10 Rules: B2.B3,H6.37.B.0 Rules; 36
Number of events®; 5 MNuimber of events; & Number of events: 5 Number of events: §
. % Rules. B§ = Rules; B§ Rules: Bj Rules; B§
- Number of events: 13 MNumber of events; 15 Nueaber of cvents: 128 Number of events; &
N=12 N=2 N=§ N=8§
3 Rules: B3,B7,B10 Rules: B3,B7,Bl10,R12 Rules: BZ.R3,.B7,B10.Bi2 Rules: B7.Bio
Number of ovents: 22 Mumber of events: 19 Number of events; &8 Mumber of events 64
4 Rules: H3 Rules: B3 Rules: B3 Rules; B3
Number of events, 6 Number of cvents; 6§ Number of events . § Number of events: 10
5 Rules: B3 Rules: B3,B10,012 Rules: B3 Rules: B1o
Numher of events. 5 Number of zvcats: 7 Mumber of cvents: 6 Number pf events: 16

Here the “riles” denote the sct of E-CSPE rules vislated when :he first error was found.
= Denotes that the size of the warehouse is ot e delaull value, Fou exanple, N=2
B o AE S int MR M B ) & LAy R i By s I A R L
» FTRLESERNERYEME. M N=2
O AF . DHREY DLEFE.QERE S OF B F .

BEEBE. FHEAMAYES SN EERN EERPER . MORT A GER2), PEELES
EHMEET.NA 00 MEEER 0T ERE ARE T ROT AN MAARFHE - ERTFEFRR
<700 R R 2, AR E T, A T EH R T R HRE A A U ERAR TR ET
E-CSPE £ 5 #f ik i I 80y 8 17 28 3wy

4 HimMPRIE

ETHEMAMWHILHERLEERT Ada B 5 BF MRS L. Carver F AP B CSPE B F 44,
HFRHCSPE-1 EMABEHREAN CPSE R MBEEN - RBE. R I BN TARERER D HE—$
HAL.

Chen 2 AP T - /38t 0FT 26 58 (0328 BT 490 0 B 5 % S 48 4 10 CIE B0 B0 W R B R B A 403
WA REMABGTFF A S EAREH S FEA S B0 R RAEM .

AAEABFNRAN I EESENES RN TARERHASAY Y TFTETHIHE TN LA AW ST
BEURHEAXNE#TRAHIR. HYX LR ST RS RSN R RA TR E TSR
WHERERAE - AFHEE. A XAEFHAAEEE . IHFMHAEIRMIRANBEFASKREEL. BE
WE-CSPE iR kSN EERBEKR LR DEAAE YETHFANAONBFEHELAERTBERVEFETR
FRHPE LM F FEN,TLEE E-CSPE AN MM E R ELHFREFYR REKRD WS LI
WaEmLsEA AT AN —-RERR AR RS AT E R TSR &
RGN ESAASREN -EHMBEREETURAM BN RFNERME.
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Validation Test of Distributed Program Based on Event Sequencing Constraints

GU Qing CHEN Dao-xu YU Meng XIE Li SUN Zhong-xiu

(Sraze Key Laboratory for Novel Software Technology Nanjing University Nanjing 210093)

Abstract Because of concurrency and non-determinism, the inner-states of a running distributed program
should be considered a part from the start and the end states, when the program is to he tested and the validat-
ed. According to specification hased testing, these inner-states will tranform into event sequences through the
ports of the program, and the co-relations among these events, i. e. the set of event sequencing constraints
should be provided by the program’s specification. In this paper, the authors introduce the E-CSPE (extended-
constraints on succeeding and preceding events), a method to formalize these event constraints. The E-CSPE
includes three basic discription rules, which correspond to three different types of such event constraints. Based
on the consistency with and coverage of these event constraints by the event sequences produced by the program
execution, the validity of the distributed implementation can be tested.

Key words Distributed program testing, finite state machine, port, CSPE (constraints on succeeding and pre-

ceding events}, event sequencing constraint. © HIRERABIAIA  hip www, I




