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Test Suites Generation Method in Consideration of Data Flow

Yong Seung Kim' - Sung Hee Woo' - Byeong Ho Oh'' - Sang Ho Lee '""

ABSTRACT

Recent evolution of communication networks has led toward increasingly a complex, large-scale protocol. Pro-
tocol conformance tests therefore, which consider only control flow, have many problems on testing data flow,
transition condition, delay and so on. We propose, design, and implement the tool to solve these problems. The
tool, which solves nondeterminism, generates test suites from an integrated flow graph and excludes infeasible
path with reachable tree. The presented tool reduces the length of UIO sequence and is efficient partially to test
the path that error rate is high. Our automatic test suite generator provides basis of protocol testing environment

and high production.
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struct control_table {
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}
) =ZdAolE ol &9 YAt 72
s HolE % ZYHAoE Holg 44 &



1980 St FEX 2B =FX| M4 M 8%(97.8)

g & HAHE ZUAE HolEe HIE=E
Fxe &t 2
struct predicate_table {
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WHEN dr(disconnect.reason, add.clear.reason)
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t8:BEGIN
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output tdind(ts.user.reason., ts.disc.reason);
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TO data

t14:BEGIN
remove(out_buffer, dt.out.user.data);
(.Iw\tlxmut dt(user.data);
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ndreq.disc_reason dr.disconnect_reason

tdind.ts_disc_reason dr.disconnect_reason

tdinds.ts_user _reason | dr.add_clear_reason

out_buffer empty
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ndreq.disc_reason: = dr.disconnect_reason ’ﬂf E FEFH RS
a8 tdind.ts_disc_reason: = dr.disconnect_reason i3
tdinds.ts_user_reason:=dr.add_clear_reason pl tcreq.in.qts.req = ok
al4" | out_buffer:=empty p2 tereq.in.qts.req { ) ok
2 .in.max.tpdu.size= nil
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@4 lidle |witr |L.or.pd U.tcind ad p9 dr.in.disconnect.reason ¢ ) ‘user.init’
t5 lidle [idle |Lerps  |Ldr as plo tereq.in.qts.req (= qts.cstimate
t6 wfcc {data |L.cc.p6é U.tccon a6 pll teres.in.qts.req)qts.cstimate
t7  |wfcc |data [L.cc.p? U.tccon a7 ] (& 6) FSM H|O| g
(Table 6) FSM E|OH@
t8  |wfcc |data |L.dr.p8 L'.ndreq,U.t a8
dind d e 28 oA
9 |whe lidle [Ldrpo  |BRIreRUL Utereq.pl wice()")
dind ] U.tcreq.p2 idle(7")
t10 |wftr |data |U.tcres.pl0 |L.cc alo idle(7) L.cr.p3 wite(/?)
t11 |whtr [idle |U.tcres.pll [L.dr, U.tdind |all Lerpd wite(/)
L.cr.pS idle(7?)
ti2 |wftr {idle (U.td Ldr al2
S L.cc.p6 data()
ti3 |data |data {U.tdatr al3 Wil L.ccp? data(})
t14 |data |data |” L.dt al4 |c2 L.dr.p8 idie(7)
t15 |data |data |L.dt - al$ L.dr.p9 idle(/)
t16 |data |data |° U.tdati al6 |c3 B Ustores.pl0 data(7")
. witr(77) U.tcres.pll idle(7)
t17 idata jidle |U.tdreq L.ndreq al7 Utdreq idle(7)
t18 |data [idle |L.ndind U.tdind alg U.tdatr data(f/")
t19 [data [idle |L.nrind U.tdind al9 L.dt data(?)
data(7) U.tdreq idle(7?)
SojA E g gn
a <E4 o '-J‘%;r ."°|'%T n L.ndind idle(7)
able 4) Context Variable Table Linrind idie())
9 Aol U.tdat data(f/f)
PEEF L HE5Y tdatr a
wE z7A data(f/") - data(7")
cl T outul_buffer = empty catalle - data(f/")
c2 F out_buffer{ )empty ata(t/f) B data(7f)
re
c3 T in_buffer = empty c " data(f/f)
data() Ldt data()")
c4 F in_buffer( )empty g
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(Fig- 3) Reachable tree of TPO
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(H 8) AlAA
{Table 8) UIO sequence

cL UIO sequence

U.tcreq.pl, U.tcreq.p2,

idle(/") L.cr.p3, L.cr.p4, Lcr.p5

L.cc.p6, L.cc.p7, L.dr.p8,

wled(7) L.dr.p9

U.tcres.pl0, U.tcres.pll,

wite(/) U.tdreq

data(7") Ul.tdreq, L.ndind,
L.arind

("L.dt) (14, t15)
("U.tdreq) (t14, t17)
("L.ndind) (t14, t18)
("L.nrind) (t14, t19)
(L.dt ") (t14, t15)
(L.dt ) (115, t16)

data(7f)

(U.tdatr ) (t13, t14)
(U.tdatr ) (t13, t16)
data(f/") (" U.tdreq) (t16, t17)
("L.ndind) (t16, t84)
(" L.nrind) (t16, t19)

(77 (114, t16)
data(f/f) N e, t14)
("Ldt) (t16, t15)

(B9 HAE AE
(Table 9) Test Suite

HAE 29 E

(E 7)0iX| 2|AE
{Table 7) Edge lists
49 Azt el o} e
U.tcreq.pl (idle(7"), wie(7))
U.tcreq.p2 (idte(?"), idte(7)
L.cr.p3 (idle(7"), wite(7)
L.cr.p4 (idle(7"), wite(77)
L.cr.p$ (Gidle(7"), idle(77)
L.cc.pé (wfce(77), data(7")
L.cc.p7 (wfoc(7"), data(7?))
L.dr.p8 (wiee(7), idle(7?))
L.dr.p9 (wfee(7"), idle(77)
U.tcres.pl0 (witr(7), data(7?))
U.teres.pl 1 (wite(7"), idle(7))
U.tdreq (witr(7), idle(7))
(data(7"), data(7)
U-tdatr (data(f/"), data(t/0)
. (data(7f), data(y))
(data(f/f), data(f/")
(data(7"), data(f/"))
Ldt (data(f), data(f/f)
) (data(f/"), data(7")
(data(f/f), data(7f)))
U.tdreq (data(7"), idie(77)
L.ndind (data(7"), idle(}")
L.nrind (data(7"), idle(7)

rtreq.p2/treq.pl

rtreq.pl/dr.p9/treq.p!

rtreq.pl/cc.p6/L.ndind
rcr.p3/teres.pl1/treq.pl
rer.p3/teres.pl0/L.ndind

rtreq.pl /cc.p6/U.tdatr/null/L.ndind
rireq.pl/cc.p6/U.tdatr/L.dt/aull/null
rtreq.pl/cc.p6/U.tdatr/L.dt/null/null
rtreq.pl/cc.p6/L.dt/null/L.ndind
rtreq.pl/cc.p6/L.dt/U.tdatr/null/null

rtreq.pl /cc.p6/U.tdatr/L.dt/null/null/U.tdreq
rtreq.pl/cc.p6/U.tdatr/L.dt/null/U.tdatr/null

rtcreq.pl /ce.p6/U.tdreq/U.tdatr/null/U.tdreq /tcreq.pl
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5. dat 24

B =89 A Wy oste] A E HZE 29
EE 7EY AAEE AFe] A E= vwst
A &5 2. & Eol AH “idle”o A tl, t6, t14,
118% E3tod e “idle”2 HEoo = Wi O
H2AE AHEE AojEZE0E 23T 4 g2 2

o} 7},
rtcreq/cc/null/ndind — —AJ @2 2

9 AlE 2 2014 fereqe tl, 129 A] cce 16, t79) 4]
dYPoz AL AR FA7F 4T 2
23 tl4e] ERAAL 28 uy ¥4 & &
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Yo TR 23 gFozE 4 BASH
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3 7ted davte® ¥HE S99/t EdERy
AR H2E Nd2e tg Ald2 33 2.

rtcreq.pl /cc.p6/U.tdatr/null/ndind/tcreq.pl — — A B2 3

t140] HFH+= 4H A null 1139 o 33
€ Utdatrg A3 fgoz g gk maA Ao
B E Aoj2AL 71&T FYALe} T dAoE
E AFAD AlE2 38 Ad2 204 ER5He A3
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2 T/ HEAE 29 EE YAY & o) o3
AHEgolY, L /M) £& 54 AR g #
A HEEZ Yag F9o] 5830 ALY
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g B4t dANY 22ege 7Rt 3
33 BAAE 2599 A v]Fo] B o 28

e Z2EE AY9 F&¥2 S o e 3
ot AREEFE X5t & A9 4AF AE 9
A ¥ Eyl5s AAE HAE 29E. BB
Hog 4y EVMed A7t BAHE § #AAS
ZA Ak

£ M e ola @ EAYS A sty
Aolx 9 7lge] AHEE EHHSFE AT g
Efele] REFHo2 AEBEo] g AY %
IEEE B39 vjARY EAE 2EHoz 3
AL, =@Vt EQE 489 49 B3 A
27} AAE Hl2E 29ES 223 Pe A
Ast ol & FAFAG AQE YYYHL =47}
T EdE ALEte Ay 7t HAE 29ede
BE F A A YUY BEY] 8 F2A472 9Y
od Holz& F7 € 4¥& A3 3l UIO 2
°olg £Y & Utk EF g AH ) o FF2 UIO
7t EAFEZ LT Aol g Zte o8] 79 HA
E 29ES 4T + o} AHEEol, 2 H/IMEA
o]l & B3 AZE 5830 g2E ¥ & Ao
TEE 4471 A3} H2E 29E Y47
B AU E Y o ZREZ H2E A9
7192 A F gk

go o APWHPL H2E 29E YA7)d ¢
e T2 EZ YAAI) Estelle 099} e =7
EZ gAQolg AN ¥ + e HAE 29E 44
718 47 L AAZEe Aol ol§ /e e
HiY @F8A285E A7 § 571 4Asto AL
ol & 3tte] AP T2EZF HAY @7
T3 3ot

5



#n2d

(1] BS.Bosik, M.U.Uyer, “Finite State machine
based formal methods in protocol conformance
testing,” Computer Networks and ISDN System,
vol. 22, pp.7-33, 1991.

[2} B.Sarikaya, “Conformance Testing: Architectures
and test sequences,” Computer Networks and
ISDN System, vol. 17, pp.111-126, 1989.

{3] K.Sabnani, A.Dahbura, “A protocol test Gener-
ation Procedure,” Computer Networks and ISDN
System, vol. 15, pp.285-297, 1988.

{4] S.Fujiwara, G.V.Bochmann, F.Khendek, M.
Amalou, A.Ghedamsi, “Test Selection based on
Finite State Models,” IEEE Transaction on
Software Engineering, Vol 17, No. 6, pp.591-603,
1991.

[5] H.Ural, “Test sequence selection based on static
data flow analysis,” Computer Communications,
pp.234-242, 1987. '

(6] H.Kloosterman, “Test derivation from non-
deterministic finite state machines,” Proceedings
of the 5th International Workshop on Protocol
Test Systems, pp.254-265, 1992.

{71 W.Chan and P.D.Amer, “Test Case Generation
for Protocols Specified in Estelle,” FORTE’90,
Marrid, No. 11, pp.197-210, 1990.

[8] M. Chellappa, “Nontraversible Paths in a
Program,” IEEE Transaction on Software Engin-
eering, Vol. SE-13, NO. 6, pp.751-756, 1987.

[9] P.G.Frankl, S.N.Weiss, “An Experimental Com-
parison of the Effectiveness of Branch Testing
and Data Flow Testing,” IEEE Transactions on
Software Engineering, Vol. 19, NO. 8, pp.774-787,
1993.

[10] E.J.Weyuker, “On Testing Non-testable Programs,”
The Computer Journal, vol. 25, No. 4, pp.465-470,
1982.

{11 $43), oW, o|A4%, “Estelle® RHAE =2
EZ9 HZE 29E 440 ¥ 97,7 L
#33 £4 & X =83, 214 135, pp.

URSES 0243 HIAE ARE MA71 1985

463-466, 1994.

(121 &3, 943, o|3%, ‘=21 29 448 18
@ AAEEE 44 71, FFEUYY A
204 123, pp.328-337, 1995.

[13] 438, ¥, o3, “E2EF A{Y AlY
€ A H2E 29E HF =79 44, ¥3
FA83) =52 208 63, pp.1619-1630, 1995.

[14] A.A.A Loureiro, 8.T.Chanson, S.T.Vuong, “FDT
Tools for Protocol Development,” Dept. of Com-
puter Science University of British Columbia,
Technical Report 91-5.

(15] B.Sarikaya, G.V.Bochman and E.Cerny, “A Test
Design Methodology for Protocol Testing,” IEEE
Transaction on Software Engineering, Vol. SE-13,
NO. 5, pp.518-531,1987.

[16] G.Luo, G.V.Bochman and A.Petrenko, “Test
Selection Based on Communicating Nondete-
rministic Finite-State Machines using a Generalized
Wp-Method,” IEEE Transaction on Software
Engineering, Vol. 20, pp. 149-162, 1994,

4 2
19801  FAdlsta MAA AR
3} 2Q(F AN
1983 SAdige oide A
A4 A 2 gk (F- g AD
19913 Hddigz & A#
AlAYetat wialaby 8
1983d~1991d 849 ZFFFYA
B AAA L 2
19914 99 ~8A AFAE 2y
FA R ARTEA, T2 EF T8}, T #

? N 3
1990 d P Fdi g AAA L
3 EJ(FHAD
1993 FEAgE iy A=
Al 3 gtah(o] &4 Ah
19959 FEAE ¥ AA
At Al o8
19953~8A HFAEY A
A 3 A YA
AL EIZEE Fo UEYT, 22X EH0] 3 F

of




1986 StDFE K 2SS =2X| M4 M8%(97.8)

2 ¥ 3 o & %
19749 FFRE&U EHEAD 1976 s st AAA LG
19919 AFost A3 9 # EAF D
89l A x}pA A8k aHo] 3} 1981d  Fddit= g A
AP A A 2H(F A AD
1996d FHvigty distd A 19899 sddigs dtd A
2} A Ak 8t 3H(o] gHEkAL) A 238 3HF A
1985~ 29AEY Az W 1981 d~8A FEHAGE HF
B34 83} a4

Az B4

DA XIS T8, HRH, doly ¢ 19949~84 FEQE AAANL &3

BAROH:ZZEE 28, AU, AXEH O T
%5



