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Fig. 1 Regular state-transition diagram.
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Sl,S:,Ss.Sc,Ss: ﬁf@ (state)
tx,t:,ts,ta,t:.tu,t1,t|: EB (transition)
ab,c.d,e f: AEAD

fa: PERH A (internal output) a

18: RiBH A B

a,f: WEAA (internal input)

2 PNEADE NS AHORERBN
Fig. 2 State-transition with internal input
and internal output.
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Table 1 Examples of test data generation.

rex | wem mmm JEAD oo 70 FESL @ﬁ%@g} A8

A 5 9 0 4 3 9 0.53 1
B 15 25 8 3 2 18 1.03

C 25 35 9 3 2 32 2.28 4
D 23 49 5 6 4 25 3.51 15
E 23 51 9 19 5 23 4.83 6
F 31 58 6 9 7 29 19.58 7
G 29 60 0 3 2 31 5.05 18
H 34 83 14 14 4 25 17. 40 14

FPXE: ABAT
FY YTXF: ABAA
fa,-. t¢: REBHA a,--, NEHT ¢

4 HRETIRBABHOH

Fig. 4 Example of state-transition diagram for test-data generation.
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SEQ = 1§

INPUT = A + B . C
F » G o X
] » C v F
E - 4 » F
K « 0 o J

OUTPUT = S1S2 » S283 » $3S4
S658 » 3883 » §389
$13815 . §1582 » S283
$586 » 83658 » §8S3
$8s3 » $389 + S9S514
$16S17 ., 517819 ., S19S20
$24825

SEQ = 2

INPUT = A + B o C
F ¢ 6 + R
K ¢ N . F

OUTPUT = §1S2 » $283 » §384
$6S8 « S8S83 . §389
$13815 ., §1582 » $2816
S$24825

SEQ = 3

INPUT = A + B « C
F v 6 o d
3 ) » 0

OUTPUT = §1§2 » S283 » S384
$788 » S8S3 » S$389
$2816 » $16S17 , S17S18
S2482S

SEQ = 4

INPUT = P

OUTPUT = S1§825
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e 1 o d « 2 .
1 4 D 1 ) l [ F 1]
. G * J L ] z »
v F

s S4S3 » $38S + $586 .
v $9810 » 810812 , §12813 .,
» S3S4 s S4S3 » 8385 ’
» $38S . §587 s $788 .
» 814815 ., S15S82 « S2816 .
» S20821 , $21823 , §$23s24
» F » D ’ z [
» l » J 1 ] l *

» S4S3 + $385 » $586 .
» $9S810 » $108S11 ., S11813 ,
» $16821 ., S21822 , §22s824

; . E . l ’
1 ¢ K o L ’
F

§4S3 +» $3§5 » §587 ’
$9S14 » S14815 . S1582 .
$18S20 . S20821 ., S21S24

B5 FXMF-24EA (K40
Fig. 5 Example of generated test data. (Corresponds to Fig. 4.)

SHBRINTVRNES A Y OEEEHER&HE
BiclBAT 5.

BROgETIBBPLPHAER, v bRy bl
LTHRETZ. AHvdih e BBER, L£5%
FFTAAL, AEREICENTRESELTERD. &
ABAFTIcR LTIR, 7R FF—2EROBICELE
ZBIDDANERN—F VXSS E 5.

A7os 5 nit, FRITEVIREEB ORI LD
RHRLTH 5. ERITREVEA, HONDOEBRER
KBNT, EHOMXFEBBEALVSEIREEOREE
YSE YA AN

Eliz, K70/ 56k 37R M F—2ERA%
AT BT, —fELT, ¥—XRCORE
EBRRER 4 1S THAT . £ OREMIT 25, B
BIIBTHD, WEAN ¢,87.6,6,0,¢ 259 A
BTERIhTWS. TR, AN a»rong
TOEFTRENTVWS. KFa s 5 Litk»TERD

FANTEAE, FNICES HHRIERS CRT. A

HEFlCKT BREEDLD P T RT DI, 6
BT, RES: »5 S ~OBBcHE->T, B
SiS; BELNB HDELTNS. ZOMTIR, 4K
DODANZIC LD, 100% OWBERBER I L TH
2. HEESRZ, HITACM 180 @ CPU BRT 2.3
BThHs.

6. H & bt &

RSN BB RICH LTIR, ANMORKERED
HEHAERBAIOZE LBKL LTEREN, AN
BAERF— 2 iICRS EWS HWRGEDTSE, B
BH5FA MDD OFR P F— 2 ERBAMLTES
TEERLE. 2 ORERMIE, RERPEBEMSHK
+@ETHNIT HITAC M 180 THH» & BB TH
D, ERLMESOCERCcBEIES. CCiIRRLET
I Y X a3, 43U SEE 100% OMBREZRT
XZ5DOTRBVY, ChERAVWSEE, BRERTO
KEFDHCH L TDODBAFTT R P F— 2 ZfERT
NEXVODT, 7R PF—2ERVBEBICE5EHD
T, FA MROUOPIEREVRIRBD 5.

AFXDBERTRIEATFL LTI, BFIBBOHE
g, v—,vRERAOY 7 ro 2 THETFONKLD.
HBE&EEBENTUEEABERIS SKIRE 3.

W A7) XaDF 0S5 LEDES, 55

Ui, REBBZCO>VWTOT VT Y XLHRIE, T

By 8RR & 2 7 LBERARFARERERICT> T
it ¥, RMFETEREHETEME LA
FIB LM, L OoUREFBREEMRICI, B
KEBELCTBENE V. CTIRELBHOES:
%7 5.



Vol. 26 No. 6

2 & XM

1) Miller, E. F., Jr.: Program Testing: Art

Meets Theory, IEEE Comput., Vol. 10, No.
7, pp. 42-51 (1977).

2) Howden, W.E.: Validation of Scientific Pro-
grams, ACM Comput. Surv., Vol. 14, No. 2,
pp. 191-227 (1982).

3) Clarke, L. A.: A System to Generate Test
Data and Symbolically Execute Programs,
IEEE Trans. Softw. Eng.. Vol. SE-2, No. 3,
pp. 215-222 (1976). .

4) Furukawa, Z. et al.: AGENT: Automatic
Generation of Test Cases with Cause-Effect
Graphs: Poster Session in 6th International
Conf. on Software Engineering, pp. 23-24
(Sep. 1982).

FEAINREEBNOLEBLBBTIFA M7 —FERT VT Y XA 967

5) Hil, i3&: V7 bo=T7FAMHEBERX
#2524 AGENT-I DBEZ &3 HHRL
BE¥LY 7 by T IHERRLSEN, 28-8(1983.
2). :

6) TBH, ¥, thfi: 7R+ - ¥ — % BBAERD
—FH, HRLEF¥LY 7Y T IFRRESR
¥, 25-2 (1982. 7).

7) Chow, T.S.: Testing Software Design Mod-
eled by Finite-State Machines, IEEE Trans.
Softw. Eng., Vol. SE-4, No. 3, pp. 178-187
(1978).

8) Jessop, W.H. et al.: ATLAS—An Automated
Software Testing System, Proc. of 2nd Inter-
national Conf. on Software Engineering, pp.
629-635 (Oct. 1976).

(MFn 59 4E 2 A 14 BZAY)
(BA1594E5 H 15 HRER)




968 HELEELRXIE Nov.

f & FRbF-2ERTATYZL (1)

== ALGORITHM TO GET THE SET OF INPUT SEQUENCES
- FOR COVERING ALL TRANSITIONS OF A REGULAR STATE TRANSITION DIAGRANM
BEGIN
GET A STATE TRANSITION DIAGRAM STD FROM INPUT FILE :
GET THE SET OF FEASIBLE ROUTES FOR COVERING ALL TRANSITIONS
OF A STATE TRANSITION DIAGRAM STD 3
GET THE SET OF INPUT SEQUENCES ALONG THE FEASIBLE ROUTES
FOR COVERING ALL TRANSITIONS : :
END
== GET THE SET OF FEASIBLE ROUTES FOR COVERING ALL TRANSITIONS
—-— IOF A STATE TRANSITION DIAGRAN STD 2 ~~
BEGIN
INITIALIZE TRANSITION COVERING LOOP
BY SETTING THE FIRST WAVE CREST AT THE ENTRY STATE OF $T0 3
PROPAGATE THE WAVE CREST FROM ENTRY_STATE 10 EXIT_STATE
BY TRYING TO VISIT NONVISITED TRANSITIONS :
RAISE NAVE_CREST_FLAG ON THOSE STATES WHICH ARE THE TARGET OF
ROUTE EXPRESSIONS HAVING UNCOVERED TRANSITIONS ;
IF UNCOVERED TRANSITION IS LEFT THEN
PROPAGATE THE WAVE CRESTS FROM ENTRY_STATE TO EXIT_STATE
BY SEARCHING FOR ROUTES WHICH REQUIRE LEAST ADDITIONAL
INTERNAL INPUT 3
WHILE C(UNCOVERED TRANSITION IS LEFT) AND
(COVERAGE COUNTER INCREASE) LOOP
PROPAGATE THE WAVE CRESTS EXHAUSTIVELY FROM ENTRY_STATE TO
EXIT_STATE IN THE ORDER OF NEAREST_TO_TAIL FIRST :
IF UNCOVERED TRANSITION IS LEFT THEN
INSERT THE LOOP EXPRESSION WHICH INCLUDE SOME UNCOVERED
TRANSITIONS OR SOME INTERNAL OUTPUT REQUIRED TO INVOKE
END g?COVERED TRANSITIONS

=~ PROPAGATE THE WAVE CRESTS FROM HEAD10 TO TAIL10
- BY TRYING TO VISIT NONVISITED TRANSITIONS:--
BEGIN
CHANGE_COUNT := 1 ;
HHILE (CHANGE_COUNT > 0) AND
- (UNCOVERED TRANSITION IS LEFT BETWEEN HEAD10 AND TAIL10) LoOOP
CHANGE_COUNT := 0 ;
LET ICYCLE := ICYCLE + 1 3
TRY TO INVOKE TRANSITIONS BETMEEN HEAD10 AND TAIL10
REQUIRING INTERNAL OUTPUT PRODUCED IN THE PREVIOUS CYCLE :
FOR EVERY NONVISITED TRANSITION T BETWEEN HEAD10 AND TAIL10
HAVING WHAVE CREST FLAG LOOP
TRY TO INVOKE THE TRANSITION T RETURNING SUCCESS_FLAG
IF SUCCESS_FLAG = ON THEN

- CHANGE_COUNT := CHANGE_COUNT + 1 ;
- END IF :
END LOOP ;
END LOOP :
END
== TRY TO INVOKE THE TRANSITION T RETURNING SUCCESS_FLAG : -~
BEGIN

IF TRANSITION T IS INVOKED BY AN EXTERNAL INPUT THEN
LET ROUTE_INF OF T := CONCAYTRANSCROUTE_INFCORG(T)). T) :
SET INFORMATIONS OF THE INVOKED TRANSITION T 3
SUCCESS_FLAG := ON
ELSE =~= INVOKED BY SOME INTERNAL INPUT,
TRY TO INVOKE THE TRANSITION T WHICH REQUIRE INTERNAL OUTPUT OI
RETURNING SUCCESS_FLAG1 3
IF SUCCESS_FLAG1 = OFF THEN
LINK T TO THE RAITING_TRANSITION_LIST OF OI WMICH INVOKES T :
F 3

END IF :
SUCCESS_FLAG t= SUCCESS_FLAGT
END IF
END
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—— PROPAGETE THE WAVE CRESTS FROM HEAD30 TO VAIL30 BY SEARCHING FOR
- Iaourss WHICH REGUIRE LEAST ADDITIONAL INTERNAL INPUT : --
BEGIN
CHANGE_COUNT2 := 1
HHILE (CHANGE_COUNT2 > 0) AND
(UNCOVERED TRANSITION IS LEFT BETWEEN HEAD30 AND TAIL30) LOOP
CHANGE_COUNT2 := 0 3
LET ICYCLE := ICYCLE + 1 3
TRY TO INVOKE TRANSITIONS REQUIRING INTERNAL OUTPUT
PRODUCED IN THE PREVIOUS CYCLE
FOR EVERY STATE S BETWEEN HEAD30 AND TAIL30
HAVING WAVE_CREST_FLAG LOOP
FOR EVERY TRANSITION T OUTGOING FROM S
AND HAVING WAVE_CREST_COUNT GREATER THAN 0 LOOP
IF T IS INVOKED BY AN EXTERNAL INPUT THEN
LET ROUTE_INF OF T := CONCATTRANS(ROUTE_INF(ORG(T)). T)
SET INFORMATIONS OF THE INVOKED TRANSITION T 3
LET CHANGE_COUNT2 t= CHANGE_COUNTZ2 + 1 :
ELSIF (PRODUCED_OUTPUT_LIST(S) CONTAINS THE INTERNAL OUTPUT OI
WHICH INVOKES THE TRANSITION T) OR
(S HAS NO TRANSITION INVOKED BY EXTERNAL INPUT) THEN
YRY TO INVOKE THE TRANSITION T WHICH REQUIRE
INTERNAL OUTPUT 0I RETURNING SUCCESS_FLAG2 3
IF SUCCESS_FLAG2 = ON THEN
LET CHANGE_COUNT2 t= CHANGE_COUNT2 + 1 ;
ELSE
LINK T TO THE WAITING_TRANSITION_LIST OF OI
WHICH INVOKES ¥ :
ENENDFIF ;
D IF :
- END LOOP 3
END LOOP ;
END :
—~ PROPAGATE THE WAVE CRESTS EXHAUSTIVELY FROM HEAD4O TO TAIL4O
-=  IN THE ORDER OF NEAREST_TO_TAIL FIRST : --
BEGIN
BUILD THE EXAMINATION_STATE_LIST BY EXTRACTING SUCH STATES AS
HAVING WAVE_CREST_FLAG AND RESIDING IN BETWEEN HEAD4O AND TAIL4AO
®  LET CHANGE_COUNT3 := :
WHILE C(CHANGE_COUNT3 > 0) AND (UNCOVERED TRANSITION IS LEFT
BETWEEN HEAD4O AND TAIL40) LOOP

LET CHANGE_COUNT3 := 0 3
LET ICYCLE := ICYCLE ¢+ 1 3
REORDER THE EXAMINATION_STATE_LIST IN THE ORDER OF
SMALLEST_NUMBER_OF_INEVITABLE_STATES_TO_TAIL FIRST 3
RESET NEXT_EXAMINATION_STATE_LIST ;
TRY TO INVOKE TRANSITIONS BETWEEN HEAD4LO AND TAIL4O
REQUIRING INTERNAL OUTPUT PRODUCED IN THE PREVIOUS CYCLE :
FOR EVERY STATE S IN THE EXAMINATION_STATE_LIST LOOP
FOR EVERY TRANSITION T OUTGOING FROM § LOOP
IF T IS INVOKED BY AN EXTERNAL INPUT THEN
LET ROUTE_INF OF T := CONCATTRANS(ROUTE_INF(ORG(T)), T) 3
SET INFORMATIONS OF THE INVOKED TRANSITION T
LET CHANGE_COUNT3 := CHANGE_COUNT3 + 1 3
END IF
END LOOP
FOR EVERY TRANSITION T OUTGOING FROM S LOOP
IF T IS INVOKED BY AN INTERNAL OUTPUT THEN
EXHAUSTIVELY TRY TO INVOKE THE TRANSITION T WHICH REQUIRE
AN INTERNAL OUTPUT OI RETURNING SUCCESS_FLAG3
IF SUCCESS_FLAG3 = ON THEN
ELc:ANGE_couurs s CHANGE_COUNT3 + 1 3
S
EN%I?? T TO THE WAITING_TRANSITION_LIST OF OI WHICH INVOKES T:
END IF :
END LOOP :
FOR EVERY UNCOVERED TRANSITION T ON WAVE CRESTS LOOP
SEARCH FOR ROUTES FROM TRANSITION T TO STATE EXIT_STATE
END LOOP
LET EXAMINATION_STATE_LIST := NEXT_EXAMINATION_STATE_LIST 3
FOR EVERY STATES IN NEXT_EXAMINATION_STATE_LIST LOOP
IF PRODUCED_OUTPUT_VECTOR(S)
= PREVIOUSLY_PRODUCED_OUTPUTY_LIST(S) THEN
ERASE ELEMENT S OF EXAMINATION_STATE_LIST : -
END IF
END LOOP
END LOOP 3
END 3
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