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Test-cases play an important role in improving the rcliability of software. For sequential pro-
grams, we have practical methods for generating test-cases. Few studies on test-cases for concurrent
programs have been performed. Recently, concurrent programs are used for solving practical prob-
lems, thercfore, it is necessary to improve the quality of testing for concurrent programs. In this
paper, we define the test-case for concurrent programs. And we describe a test-case generation sys-
tem (fcgen) and report experience in using it. We define that test-cases of concurrent programs are

Copaths on an Event-Constraint Model (ECM). The tegen makes sufficient test-cases there are no
overlapping.
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procedure dining_philosophers is

seats : constant :=5;
type seat_assignment is range 1 .. scals;

task type fork is
entry up;
entry down;
end fork;

forks : array (seat.assigmmuent) of fork;

1
2 accept up;
3 accept down;
4 end loop;

—1 end fork;

generic

N : in scat.assignment;
package philosopher is
end philosopher;

package body philosopher is

cat, think : constant := 10.0; - - seconds

- - active all fork tasks

- - used 1o identify each philosopher task

- - and right fork

~ ~ and right fork

task p;
task body p is
(] begin
1 loop
2 forks(N).up; = ~ acquire left fork ...
3 forks(N mod seats + 1).up;
4 delay eat;
5 forks(N).down; - - put down left fork ...
6 forks(N mod seats + 1).down;
7 delay think;
8 end loop;
-1 end p;
end philosopher;

package Aquinas is new philosopher(1);
package Bonhoeffer is new philosopher(2);
package Kierkegaard is new philosopher(3);
package Schaeffer is new philosopher(4);
package Tilich is new philosopher(5);

0 begin’
null;
—1 end dining_philosophers;
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Main Fork(1) Fork(2) Philosopher(1) Philosopher(2)
begin begin begin begin begin
end loﬁp ————— ljop ————— — lc%op ————— = loop———="
acjept. up; acjepl: up; Foik(l).up Fork(2).up
accept down; accept down; Fork(2).up Fork(1).up
end loop end loop Fork(1).down Fork(2).down
1 Fork(2).down Fo_rk(l) .down
end end )
end loop end loop

end

end

B 2 WEEN 2 AORAOYES T 7o SR B loop B b DU # KT

Fork(1)
begin
loop
Philosopher(1)
accept up;(\
begin
// accept down\
—- loop—7 / { Q \
} '/ end loop \
Fork().up y / \
Fork().up / end \

Fork().down
{

Fork().down, \

end loop \ \\ begin /
W v/
end \\ lorp —77-

end loop

end

Philosopher{2)

begin

— loop
\ ork() up

rk().up
SX:‘ork() down
Fork() down

cnd loop

—

end
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Fork(1)
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begin begin
* ‘ begin
loop loop
loop
Fork().up «——+ accept up; &
Fork().up +—m—-———t- o -+ accept up;
Fork().down-—-accept down; Philosopher(2)
Fork().down<——-—-1 ————— +accept down;
end loop begin
end loop end loop
* 1 loop loop
end loop
accept up; <—» Fork().up
accept up; <-——-¢- —————— +» Fork().up
accept down; -+ Fork().down
accept down; - memmem e e e = Fork().down
end loop
end loop end loop
loop
loop ; end
end

cnd

B 4: HEED 2 N\OFEOF A b — 2 (k) ol
HRISTATIHF 2 KT MR TR E L L, MERCE
TERBT EXHHKT S,

4. FXME#

3 BT, FREHEFNV ETORRE R BTAs 70
TI3LDFAMr—AEBHE L BEZERT A0,
BRI 7CBT2%E, BANOBSRITELETH
LERAV, IR TRIT, v—TD 1 2TLELET
iE, SEEREROBIER SRS, 7 A ML, TRk
T—AER, BLU, FAMOETOL0DELER EH:
bDOTHBH, COFRTE, BFTFRBES IS5 LDF X Mt
HokRY, ,

WITRBT AT FLADFA M — ADEHRTREF X b
HHE LTRUTOLDAEL Shs Y,

i) BRLET R bk — $FUB ST T 5 ANOET
DI ATV TH, TRERD Y R 7 710 E K0T
TUTFALLTDTF R MERRFET 5,

i) FMBEBEN — TR T07 7 ANOLETOHY
B, FAMRTRIBIT, A d 1EIEISR
b,

ili) ¥ A7 BF A b — BITRE SO AMNICY R
J BT AL, FOF AN 2BEK S NS
bDELTTFAM2F%I,

BRI, S A7 DPPICEMET S b0 L

THWMBD B VETF AP r—AEEI bbb & 2 HRET

250 TH2, COEHELY, BRI TDFA M — A

ERET BB NFORMEME TS LT 5,

D) BEEN MRS ITOETORELRLEL LN
13405
i) V=T — V- T EECLHAB 00 L 1HEEYE
TIHEEELS
W—7&BEMvaszicd ), EREAD KO, &
Rk s Lidhv, EV—-TEELHEAS, V-T2
SOEMEIEHEZ LI LIZE Y (H2BI), ZoKHET
FRCT DI EHFTEL, MMEELRT A0, 3
R7T77LEpb, LROEMEHTHREED . HHEER
EMRT AL ERLOB AN DESL, LA LGN
b, BHRHGEF VDT A M r— A% KT 28, AR
PR TE LW H 2, OB, BHEEEHS
EEBET B, ThbL, BMBRSERTED LI, B
B557 LOBEAEYILT,

FRABBERIE, BHE LTEfTRE SIS A0
DPAEEEFT D LEHEL TRV, HHIREERH
EFVICG L TEHEL2TREL SR v, # A BICR
FHL7 Ada 7L STV 5 Ac20nWTD [F 77—
Bl geHe MO R [k 7 — % 7o—] 5 & b3
HAEEEY Ada ITHE L. BfEE LCEBTRERUILL
BBV EE I NRBo72 L EDF A i TH B,

SATHRT A MEREER, WTAMNTOT T AN AT E
EEATOIBEOEMTH L, ¥ A7 3HIMICERSR
BN, TOHWENE 1 DLPHEEL RV, FAZEF R M
WEBRTEIEILY, SUYFADEFEFTNVERAIR
WCHA. POLRM LT A FETRL B,

5. Y—ILOPEE

COBETE, BTRE TS5 6500, BEBKEFR b
T=RELTHRIET 57—V (tegen) 12D WTEIHET 5,
tegen iZ, Ada DV —Ra— FRL5YBHHEFN LD F
A M= A (W) 2 DB0NCERT 5, tegen i, LT
KRT 4 208625 (K5 B2H).

i) 79— 5 7 ke
BFRB7OT 5 506, GMvO—-r7 7L, H5
BIfRE WD BT, AD, Ada®V—RI— FTH
VN Vil i = PPN Xa oL b e e A
MR TH 5,

i) MRS T TVERT
W#70—-25 703, 7055 AhDLTOL (state-
ment) & Mk iCF 0, Wik 7 7 7 MRIH, WM
=557 %0875 710832, ADHE7
O—=737ThY), MHRZoHH 7 u—2r5 7%
BLHR T 77 ThH B,



A DV—RTUS T A

I

M7 -7 78

i +

(ﬁﬂm'/n—ﬁ—r/ ) ( HFIBIER

MRT T 7 s YR T T 7 O

i

N e e mmma— =t

ARR2E

TRY T 7 LOR

U

WHATRE SO TS5 L0
B AR

N A Mt

m————

&

R (7 A P r—R)

¥ 5: V= tegen DY

i) By
75700, BRI LOBEERT 2. AD
BHET57CTHY, BWHRFOHR S5 7 L O%T
5,

iv) BRI
HR777 LOBPL, FIHIERCETSE, Bkt
E S B0 ANBERT 5 70 ERNBRETHD .,
R TH 5,

70— 9 7 EEE, Yaccd!'® & Lex' %JJnT
el L7z bbb, Ada DRESTHEE U9 @iz fid L7z
TrvavilkoT, v a—-r5 7L, HHRGHEE%
MY LIz 2040 3 on%kix, 5 C TR LA,

B 613, B LRl BF Ada THSNBEEO
REMES TSI 2%V -0V tegen CEHLEEETH
%o [Constraints] i, T D 408 (prl,nl,pr2, n2) »
LERER, 7TOEAprl OFifinl &, 70€R pr2 o
Bimin2 &85, FRHCHEATENDILERLTVE, 2 &
Ty 70 EADFBE, 0, 1454 A2 Fork ¥, 2, 34
% A7 Philosopher %, €N ZTHET. [Event Graphs|
B, 70L2ZL0RER. n (n K BEHORE L
THEE L, n+ 1 FHOWFER R AL T2 43
Fo [Paths] i, 7OEATLicH SR, BEOE U,
BB X P EREEWT) 2N 5 TR TH
%o [Subpaths] &, 7O EATLICESA, HigrS5 TR
TOBMEIRA LI CH B, [Test-Cascs] 13, BD

[Constraints]

2202

2212

3202

3212

2503

2513

3503

3513

2302

2312

3302

3312

2603

2613

3603
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[Event Graphs]

pr=0 01122334411 -1
pr=1 01122334411 -~-1
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pr=3 011223355668811-1
[Paths]

pr=0
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[Subpaths]
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[Test-Case0]

pr:0 - 01 -1
pr:1 - 01 ~1

pr:2 - 01 -1
pr:3 - 01 -1
[Test-Casel]

pr:0 - 012341 ~1
pr:1 - 012341 -1
pr:2-01235681-~1
pr:3 - 01 -1
[Test-Case?2]
pr:0-012341-1
pr:1 -~ 012341-1
pr:2 - 01 -1

pr:3 -01235681 -1
[Test-Case3]

pr:0 - 01234112341 -1
pr:1 - 01234112341 -1
pr:2~01235681 -1
pr:3 -01235681-~1

B 6: TEF QLM% tegen \HM L 7555



fleksha,
6. HRbBLUFHE

T OFETHE, R L2y — M tcgen, R LAF R b or—
A (HMER). B, HIgheFTvERWAET X ME,
FRERICOVTEMI%ZIT% S o
6.1 Y—Jb

CITE, Ada WSO ST ARLTF AL r— A%
TERT B Y = tegen IV TR B,

#® 10 V=l tegen DYATIRR

program tasks | statements || time (s)
Producer_Consumer 3 58 0.15
Dining.Philosopher 4 59 0.13

SIEVE 4 78 0.12

1, V—Nicgen . Ada b ATRE SO/ 5 A
M, 20BChdPo B TSH 2, Producer_Consumer
3, bW L EERNREMELITENL S OT, 47
Ny 77555y, BEEFFICES AR, HREI L
EPLENERATWL bDTHS, Dining_Philosopher
i, B USRLAD D TH B, SIEVE ik, 52510
BHISH LT, 2ORITRESINHILEHERBL,. 1D
THLOTH S,

Ada @ &5 RTREISEIL. BISLE O D,
BUED tegen T, FINRBE A EL 7S5 A2 DMD
ZkidTE L, B2, Numeric errors H, Ada i
B THEMLPNRETH S, ZOBAIE, FHHHE
TMEBWT, 70T T ATOETORAL LRI ML
L. BISMABE S BEm S & T AR s EE S v, L L
LH L, BREKET NV, RACHIBT 58 A% 17
Bvo bR, HOLIKEELTL, HOBSER IS
(e d,

EHIZAda Tk, Dy A7 AR T 82 74—+
XHH D, BUED tegen THL ZO7 K~ X EEL 70
TIABRHY B EHBTELN,

6.2 FXMyr—2x

CoTR, YoMk THEELZT R Mo — R (B
B oW TERT 5,

PRUHET M LETERE NI, 7R P r— ADTFF
TEERERE T 5, SEREK LR, FA Mr—-2%
BBMICERT2b0TH B, F0IR. SR F X b
ToARETCT, SOT S AT TE BETIE W,
Thbb, V=Mt lo THEESREF X Fr—XoiEbh
ELBFAMNTOT S AR FITERBLDDTF R F— b
PBTHETD, ERERX LV, WA E R 60D [Test-
Casel] 38 & UF [Test-Casc2) 29T TE B &I 7 R b 57—
YRFLEL TV,

1# 1,2, 3 LBV TIATRIORMICH, SUN SparcStation 2 %
BRI, 22220, # 211, 3Bl s olicsh 2,

% 2 WATIRIE S 5 7 ORI 22 B I

philosophers | tasks || states | edges | time (s)
2 4 19 28 2.4
3 6 84 186 2.8
4 8 375 1112 3.5
5 10 1653 6130 5.4
6 12§ 72821 32412 21.6
7 14 || 32063 | 166502 648

# 3 MR T 7 ORI 2 B RERE

{tasks nodes [ edges | Constraints | time (s) |
[ 4 28] 28] 16 0.09 |
6.3 FAbE

T TH, HERMPEFMENWAT A PE L, MIcit
HENLTF A PELORBEIT L),

Taylor & ix. WATMH 70575 MBI BHERNT R B
EOMSEREL P, BFFUB TS FADEFLEL
T BITRES S 752 EH LI, BHRESS 713, &5
A7 ORBOMTH 2 HITREE, 2OHOHB OB
EIHEDP LR, Wbk, BFREZ S 7 Lo, KER
BOBERICESWA TR MEERE LA, L2 LGS
5, COBFTREZ T 7. (1) ¥ A7 DEXT D> o
TORITHIEES S EXFTE R, (2) ¥ A2 DREMH
Bz B0, BIFRBOMSBRICES, Lvd) BEA
Hhb, 20, LAARES S 71, BTUBTOSS
LDEFMELT, EAMRLOTIE WV, & 23, THk
Bl & piiore L7z, WgMEicsy s, $5KRES5 70
BRI AP 2HME, EROBITIRERTH 2. £ 3,
HEHWET VLT AR ER L, B2E0RT
BT 7 A, FAIHMEGATOS, 4SETEDLT
AMERICET L, BEEFMATH-Th, HRHH
ETNVIIE 3TRS K, MAMAH R 2F 2w,

IHIC, WFA MU I A RIS T, FA My —2
ERIZIELTD, BTRBY I 71, TOFOr548k
DI EHHE L v BEEHEF VG, BHFAEMFI75 A
DY =Z20—- FIHTEMEONRL, D20, TOTOs
S HERBICHE T B LA TE S,

Tal FIEFTUR TS S LOBEFTEELF R F 22
L. HYOER 2B, RGOS, 647 BT
b2 TEIT B, HREGEFLOBRABE. WY
BEZHET2HOMNTHL, 0D, $L40HEESS
TEBNT, FHENREBL T 5 ETRII 2 EB L T»
B, BMEEHWDZ L ICEo T, BTAE ST 5 4K
DLNFPRE TS Z L DTE B, 8510, HiFRE 7o
T7LDFAMr—ZAQN, WAL IDKCEEE L
LT&2, LALads, BRHUNEFLE R/,
FTAMGRIES, T AN TOS T 4%, 620K



THEXONFA P r— R0, MWHICHETSE5 T
LHLETH D,
7. BHYIZ
ABEL T, TR ST FLDF R P r—AZ20W
T FOERLEER DT, B ST 7 EG LA
& Constraints ¥ v, LRHEHEFV ECM & LTk
TRBTU T8 %ETMEL, TR Mr—2 () %
TEIRT %0 THOEILTHERENRLZFA M r— 23, &
BHPOREMIES D0, RUPLERO RS I
FTE%, 3BT, WITRB 7O ANLFA -2
(HsRIss) 2ER T 2 Y — MV tegen 2R L. BEMi%477% -
Joo BRBBHET NV, TOFFAD Y —Ra— FlZHT
SEFEIND, 2O0, BHIZ, TOTOY T A LB
TIFHIENTE R, &6, kL AHREZ. fom
BEWHLTHOMTHLDT, BL4DHETF S TICBN
T MR R WA T 5,
SHOBEE LT, DTOANBTLNS,
i) e R 7T LDV =N tegen DR
4l tegen % 3D Ada BITNHTO T T A
BH U LALLAS, 3 Hi%E D statement 2547
100 fFiCiiz v, WhIENE RSO TTATH B,
L%t bo b AHELR 7OV I ANOBE LT
50
ii) BUFTALER IS
BUED tegen Tid, PHMLEREE 7025 A
TERNWI LN FhoTVDB, $Hik, FOLIR TS
OYIACHIMIETE S, LR tegen 12DV THES
15,
iti) A b — AOIAFI N
CAEBATE BRI, FA R - A R
FTHLDTHD, 20D, TUT 5 ADEKITThE
BICOVWTORIER WV, 2O LB LCRYT S
WEFH B,
F R b — AOMEIFET
AE, V- Witcgen Itk o T, BRI TT T 5 A
LFAMr—A (BFE) 2 HTZEXNTER, &
OWHBD Y I, BF A b FOT 7 A% BB
SEDLTEFUETHL, BT, Lo
TR M= A0FEFTERICOWT S, 75 2DMBE
PO ND MDD B,
B
EARET DT 5 LD THERT 8 - 2 M REL
IR O AT T BRB) Bt . BRI 1T
BLEFs £/, FRAMECOWTHRBLTHY 2, LN
KEFETEREMLER O, SIHTUE. U Ry
LET, "

SE M

[1] Denney,R.: “Test-Case Generation from Prolog-Based

iv

~—

Specifications,” IEEE Softw. Vol.8, No.2, pp.49-57, 1991.

[2] Tai,K.C.: “On Testing Concurrent Programs,” Proc.
of Compsac’85, pp.310-317, 1985.

[3] Taylor,R.N., Levine,D.L. and Kelly,C.D.: “Structural
testing of Concurrent Programs,” IEEE Trans. on Softw.
Engin., Vol.18, No.3, pp.206-215, Mar. 1992.

[4] Chang,C.K. et al: “INTEGRAL - An Integrated Frame-
work for Distributed Software Validation and Verifi-
cation,” Proc. Workshop on the Future Trend of Dis-
tributed Computing Systems in the 1990s, pp.301-310,
1988.

[5} C.R.Snow: “Concurrent Programming,” Cambridge Uni-
versity Press, 1992.

[6] Unaited States Department of Defence Reference Man-
ual for the Ada Programming Language, 1983.

[7] B, diaes, -t SRRl ra 79 Al
BIFBTAMr—ACD0T, HRLESEAE 43 F42
EIA£, Vol.5, pp.321-322, 1991 4 10 1.

[8] Katayama,T., Furukawa,Z. and Ushijimna,K.: “Event-
Constraint Model of a Concurrent Program for Test-
Case Generation,” Proc. of JCSE’'02, pp.285-292, Mar.
1992.

(O] WNEE, FRAk: EATRM SO YT ADOT X PRI
BT 5—58" ARV 7 by 2 THPEE 6 (ASRL
4, pp.185-188, 1989 4.

[10) dE, SRR “FRs T 72 Bviz Ada 7O s
FADETIAL” BERY 7 by = 7 HERE TEARS
SC4E, pp.149-152, 1990 45

f11] &NEE, FRRER: “F 77—k 7 Ads i
TRHETOT T ADF A M-S0, BT EREES
SXfwCEE D-1, Vol.J75-D-I, No.5, pp.288-296, 1992 4 5
R.

[12] ARHHE, HFNBE, FENL ST Sar g sy
BIRBT— 5 70— WO [iHREMEAE 42 [
ZEAS, 199145 3 5.

[13] YACC - Yet Another Compiler Compiler : ULTRIX-
32 Supplementary Documents, Vol. II:Programmer.

[14] LEX - Lexical Analyzer Generator : ULTRIX-32 Sup-
plementary Documents, Vol. II:Programmer.

[15] Fisher,G.: Philippe Charles A LALR grammar for
ANSI Ada Adapted for YACC (UNIX) Inputs, 1984.



