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Test Case Generation Based on the Combination of CPN Modeling and On-the-Fly Method
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Abstract: The generated system state space can be very large when a complex software system is tested. In order to avoid the
unnecessary traversing of the entire state space, a new method is presented based on the combination of CPN modeling and on-the-fly
method to generate test cases. During such a process, only part of the state space is traversed according to the tester’s personnel interest.
Firstly, both the definitions of CPN and the extended reachability graph are introduced, and the related concepts relating to the on-the-fly
testing method, including system specification, test purpose, synchronous product and test cases, are introduced. Secondly, a synchronous
product algorithm is implemented, and the test cases are designed to test the algorithm as well. Finally, an implementation under test is
selected to sample the combination method of CPN modeling and on-the-fly method. The interactions between the tester and the
implementation under test are realized through an adapter, and the test cases are generated and executed simultaneously. Thus the
feasibility and the effectiveness of the proposed method are verified.
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Q) P REFTARES,;

(3) T AT A RES,
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(8) E RIRFIE R E U 4 BIRIEAX MBS 26 R, B2 Vaed:[ Bpe(E(a))=C(p(a)ushType(Var(E(a))=2],
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peP HBL B — N FRIA R, HRIERETEN Cp)ws. FTE A RIE KRR SR E W RIER.
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E 2 Aok,
1'(2,"OUR")++
1'(3,"ED")++
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S -
PacketsReceived

INTXSTRING

INT NT

Fig.1 An example of CPN model of simple protocol
K1 A7 R CPN B R 4

(1) £={INT, STRING, INTxSTRING }.

(2) P={A,B,C, D, PacketsToSend, PacketsReceived, NextSend }.
@3
4

~

T = { sendPacket, transmitPacket, receivePacket, transmitAck, receiveAck }.

=

A = { PacketsToSend to sendPacket, sendPacket to A,A to transmitPacket, transmitPacket to B, B to receivePacket,
receivePacket to PacketsReceived, receivePacket to C,C to transmitAck, transmitAck to D, D to receiveAck,
receiveAck to NextSend, NextSend to sendPacket }.

(5) N(a)=(SOURCE,DEST) #7alf1J%x{ ))SOURCE to DEST

_ [INT 17pE€ { C D, NextSend }
6 = .
© CP {INTXSTRING ot
(7) G(t) =true.
n #7a€ {C to transmitAck, transmitAck to D, D to receiveAck, receiveAck to NextSend, NextSend to sendPacket }
(8) E(a)=< n+l #ia= receivePacket to C
(nd)  HAb

1(1,"COL" Y++1°(2,"OUR" y++1'(3."ED" Y++1'(4"PET" )  #p=PacketsToSend
©) Ip)=+ 4 LA

Fig.2 The many-tuple representation of CPN model in Fig.1
K 2 1+ CPN B 2 Je R0
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£ R GURR A 56 B 3 2 R AT R R I 2 B AR SR F) PR 25 2 8], B AT A ] (reachability graph).CPN H1]
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(AT FEIE S AT AN A5 T AT 23T

Fig.3 The reachability graph generated from Fig.1
B3 K1kl

A SCAEIETAR Petri AT 3% B (9 S Al _E AR 75 SR AT A EME S AT Y.

E X 2. CPN 14 JE vl ik B2 — AN B G=(V,E,R,vo), 3, V={vo,v1,...,v,} R AT IE T SIS AT Sy,
Xif B CPN 54 7] 3k B o (K] — AR E=Legsen, e 7B FT FIHRER e, R B — AN AT I AT A8 5 — AN FA T s
FISGR= {to,t 1, .ot} A FE IR REE,RE— VXVt 2R EI 55 b, BLRFAS ¢ % B2 CPN AR R (1) — AN ARE v 2 Y R AT
EERPIAT AL B A BRI L SR G B IR A s, T REAN I —.

EEXTE 3 Fitom 1 AT Ik B AR B S 2 6T R, AT A AR b R A ) 2 oo AR R, i T 4 F.

(1) V={1,2,3,4,5,6,7,8,9,10, 11, 12,13, 14, 15,16, 17, 18, 19, 20, 21 }.

(2) E={1-2,2-3,3—4,4-55,5-6,6—7,7-8,8—9,9—10, 10—11, 1112, 12—13,
13—14, 14—15, 15—16, 16—17, 17—18, 18—19, 19—20, 20—21 }.

sendPacket Fre€{ 152, 67,1112, 1617 }
transmitPacket Fie€{2—3,7-8,12—13,17—18 }
(3) R(e)= < receivePacket Fie€{3—4, 89, 13—14, 18—19}
transmitAck FieE{ 4—5,9—-10, 14—15,19—20 }
receiveAck Al
Fig.4 The extended reachability graph of Fig.3
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Fig.5 The architecture of on-the-fly tester
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Explorer 1 F () @ 4515 5 /2 AdmL BX Spec#,on-the-fly 32 it S2 0 & AR H5 B 48 1 B EE N 50 785 5038 ) SRS, 34k
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XFSERF RS0 on-the-fly WA, € & X on-the-fly 4iF AR UPPAAL HEATH™ fE 3 2. SCHk[18]5d i 18 F
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PR A, T8 BH X TUT FOER 35 (1) ) 8] [7) 25 38 477 1) 8. Lars Frantzen 26 N SEEL T2 T/ 5B E R G A4 @R
J7 £ on-the-fly Mk, JF & T Jambition . & %} Alarm Dispatcher eHealth IR 55 & 4t 347 36 E A1k, 3% B
O ERA 25 35 % G S5 R AT BB R IUEH on-the-fTy W38 J7 ¥ T DAAR K 135 20 I X491 14 4 o1 A0
A AR AEL R BT 0 X A0 o B 1 AL £ A5 0 4K P R R AR, B D A Y b R R — AN RS T AR
IEPOAE X Web T 5 G0 Bk 3 K 2 4500 DN AR D T, 20 £ A £ 5 R 8 240 10— S5ebk AR B AT 1 B A s iR 451 #
MR AT AL B A SR [24) 58 T B AIHLEL 1R 0 Web B $2 H —Ff on-the-fly W13 77 v H e, Web B2 A A X
H 455 F A BR AR A HL(finite state machine, & F% FSM) &5, F T 3% 5 058 A 491 52 36 45 R 35 B on-the-fly 3 7
I [E] D e RAEEAE — B R B R D TR AR A (R NE I AT RE I (R AE AT A FSM AR A 1Y [ 2 Ffe R
B B AR B ROR.

SCHR[25]38 1 8 NModel T H X 40 4ii X Web N R AT 2 T BLELY) on-the-fly T, SE 50 45 Rk
B, TR B 1Y on-the-fly AT DA A% 0 K P S B i LI 2 A L 5k s 2 X Web B &R 48 1 2
A5 L0 A R B, T L 28 37 R AE 28 1) 3 AR LA B Ak SCR[26] I /E 3 van Weelden %5 A\ fH B L JF &K ) GAST
T. B X} Java /N2 (smart card applet)idf 17 on-the-fly Wi, 45 S 38 B1,1% T2 7T BASZ B on-the-fly Wi, 3% 7]
H 2l R IS 1R

I LA B A AT LR I TEST on-the-fly MOMIRATF A, C A 5 B AL FRid BiE R & T b 7 ik 45 6 1
M HE CPN 45 & 31T on-the-fly Wl 10 7ok AR /. 55 HoAh T 204k 45 77 2 A L, CPN JB Ak @ AR 7 V2 e
IR U b STRFXT 5 AR I R R G B, I ST RF R T AL T . CPN Tools T A% S 30 %o 455 B0 10 G 25 A 7 B A58
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RANRGEINLEEL R I, B 8 R A B R ORI RS A T IA Bl AR 1
Je K52 K2R R £ 20 ).

EX 4. MR H Ry Bk ERE — AN B TP=(V E™ R vy ) e VTP R AT PR AT AL ETY SR R
TR REE v RIS A A TR S 5 3L 2 FA.
3.1.3 [FPkRM

] 5 3fe A5 A 48 [EI I 3 [ 2R G 29 A0 IR B IR A5 =S 18], 90 A R G20 P 3 B Uk B 16 A 26 1630 0tk
2575 1), 138 T S8 AN 4K BT 9 o 190350 4 DR A 2 1) 3R AT I X481 1) 28 BRI AT . R A8 e mT ik I 5 ik H
HIY ATk B & A0 R B 5 18 20 (10 [F) 20 e ARy B vl 0k B B R J5 22 i 72 v 75 B R IR S 2 R R A
SO i, R T 45 H DD e A 8 mT Ik P i A

ENX 5. B RBY R ERE— N B SP=(VF,E R v, o /5P 2 BT s 4, ES 29N 4E, R
FE KRR VT RAIET AL S E A RIS E 2 AL Bl R

(1) R"cR® 5 RS'R™ W [ 5 AL 5 R AL T R G020 (SR H ) 195 R4

(2) HIUEAT R voS =(ve® v ™), FAth 5 o V=05 V) AE [R5 SR R Y i w3k I rp AN T AR R G
FADER H A 07 AR R — o

(3) B v,S N S LS,V R TP (4 5,00 SP 2% 5 v/ =,5, v,
3.1.4 PR

7t on-the-fly BIIUE 77 v A, DU 10 A2 e RN BHAT A2 IR B B AT 1. 1 2 0t R Ge R 409 g Tk Ak B 19
JE AT IE BT [F) 20 e FU15 2 [F) 20 e B T 4 i ] 3 TR A U AR 0 0t 0 2R 4 1700 S o i 92 s g [ 20 e FR () 7 Je T ik
B, I 5 45 20 SR SR 0 R 5 S B 3@ AT AT D A5 38 1 R A5 S AR e T A PR A 8 ) i 4 — 5 Uk ) s
g g eadiad > 7 W e R0 2 DU AT DA I IR 25 45 A, 4 Il R oo 1 i A R AT T T 4A
W 9 e n] s B N A

EX 6. WRAGIHT RAEERE —NERE TC=(VE™ R v ), Hrb VT A IRAT pi 4, E™C ZIN4E,R™
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Fig.6 The process of on-the-fly testing method
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Fig.7 The flow chart of the synchronous product algorithm
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Fig.8 Pseudo code of the synchronous product algorithm
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Fig.9 The CPN model of system specification S1 with two concurrencies
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Fig.10 The CPN model of system specification S2 with three concurrencies

K10 &AH 3 NIRRT RGML S2 11 CPN Y

AR I R A T 7 o i U N 5 2 B U e T R 1 s AR, 3 i R i R L2 5 I E IR
P 5 ld IR 2.

Table 1 The test cases design of synchronous Table 2 The symbolic description of system
product algorithm specifications and test purposes
R AP FRARE R I ) Bt F 2 ZRSEPAFMMEE KRR SRR
RGMA k4 Eiipa
M H 2R E3IANIK S1 B2, 32 MERETN RS
AL L3 RGML | o) 2. B3R 41X 3 NIRRT
N x EY
B 2AIFREL SIxTP11 S2xTP22 TP12 t3->t4
& 3 AN IERAT - S2xTP21 TP13 t1->13
TR T RGEML SIxTP14 S2xTP24 TP14 t1->t5
JiHZETHAIET RGML  SIXTPIS S2xTP25 ik Ef | P15 5216
TP21 t3->t4->1t2
TP22 2-t4
TP23 t3->t5
TP24 t1-=>t6
TP25 t6—>t7

FIF CPN Tools T. B> AT RGN S1 A1 S2 () CPN B I A s AL WA LR G B REMAH
Ak LA Y Rl L B E 11 FE 12 fios.

[ 25 ofe ULV HR (R H (9 T s R A AT B0 RGP e vl ks B R R B, OR B TR R I
JAR 2 B9 AE ARG AR AR A RGN SR S2 Hr A BRI 3 45 MR B 1, L3R 2.8L TP22 il o JE vl ik
i 13 frw.

VLRGN L S2 5 B 1) TP22 347 [R5 Fe flia B oM, Bk 1247 45 R B 14 s 15 211 [F 25 e i1 SP22
My ek E e 15 iR,

SARPFEAERT  httpe// www. jos. org. cn

"l




KER F:CPN ZEAL on-the-fly 7 ik A045A-49 MK ) & A&,

2573

Fig.11

The extended reachability graph of S1
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Fig.14 The execution result of S2xTP22
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Fig.12 The extended reachability graph of S2
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Fig.15 The extended reachability graph of SP22
Bl 15 D SP22 1 e Ik

MRAER 1 A BTk f I ], 20 50k R gL 5 00 H R EEAT R 25 SR BUE 5,45 2 A sl 1 RO 3 AT 45 2R, L

MR 3 AT ML, A — R G S AR RN B AT [P R AR IE 55 45 2[R e 9T e wl ik B A
[Fl. R G ML e rT b B vh 500K H R < B0 B8 A0 0L R0 SR AR 07 e ml s & v O B AN A 5K AR 42 22 LI .
BEAh B AR 3 T4 H 2 1 [R5 SR A A T LASEBILAE R G L T AT ok P o 6 55 0l B AR AR %
{1 8 2wk B LA H A PR 7 B I AR IE BA RS A AT I R AR IE A R B, R A — R R X A
FCHA R 20 SR AR 47 e T s P A 7= 2 R
Table 3 The test results of the synchronous product algorithm
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| MIASTS TPIL | fih | % Tk B % A Ty -
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Table 3 The test results of the synchronous product algorithm (Continued)
=3 AP FRBEENNR S R (L)
ER] Wi 2 TS SEBREE R WA
6 HiN:S2 5 TP21 i 1 &SR i 1 ST A R AR i
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Table 4 The meaning of places in the CPN model
4 CPN BRI &5 3C

JE FT 4 B KM g JE FlT % B KM B
start USER YRR hasUser USER CLE M
noUser user REMH P customer user BB
admin user (=21l user user 5@
nStulnfo STUINFO (ERyNEE KPS\ info KEYWORD (SR ¥ P
finish user AR 58 A end user R
nnStulnfo user FRIAS N A R hasRecord user I Th B e
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Table 5 The meaning of transitions in the CPN model
5 CPNBAI AT & X
judge W P EMHE B login R
isAdmin Ja T 75 S L R search EANECEN
newStulnfo wWhn¥EER searchStuList A ERYIR
searchStulnfo WRETENFEER logout EH ARG
addStulnfo e =g ) succAdd DRI A A5
queryStulnfo THEAER succQuery R A B 2 AR R
exit SEN
Standard declarations
colset BOOL= bool; var uname, upwd: STRING;
colset INT= int; var exist, login: BOOL;
colset STRING= string; var role: INT;
colset USER = product STRING * STRING * BOOL * INT * BOOL; var stulD, stuName, stuGender, stuNative: STRING;
colset user = product STRING * INT * BOOL; var stateAdd, stateQuery: BOOL;
colset STUINFO = product STRING * STRING * STRING * STRING * BOOL; var keyword: STRING;

fun JudgeYUser ( uname, upwd, exist, role, login ) = if ( exist = true ) then 1" ( uname, upwd, exist, role, true) else empty;
fun JudgeNUser ( uname, upwd, exist, role, login ) = if ( exist = false ) then 1'( uname, role, login ) else empty;

fun JudgeLoginInfo ( uname, upwd, exist, role, login ) = if ( login = true ) then 1'( uname, role, login ) else empty;

fun JudgeYAdmin ( uname, role, login ) = if ( role = 1 ) then 1'( uname, role, login ) else empty;

fun JudgeNAdmin ( uname, role, login ) = if ( role <> 1) then 1'( uname, role, login ) else empty;

fun Logout ( uname, role, login ) = 1" (uname, role, false)

fun AddStuSucc ( uname, role, login, stateAdd ) = if ( stateAdd = true ) then 1'( uname, role, login ) else empty;

fun AddStuFail ( uname, role, login, stateAdd ) = if ( stateAdd = false ) then 1'( uname, role, login ) else empty;

fun QueryStuSucc ( uname, role, login, stateQuery ) = if ( stateQuery = true ) then 1'( uname, role, login ) else empty;
fun QueryStuFail ( uname, role, login, stateQuery ) = if ( stateQuery = false ) then 1'( uname, role, login ) else empty;

Fig.16 The statements of the colour sets, variables and functions in the CPN model
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Fig.17 The top level model of student roll management system
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Fig.18 The sub-page of substitution transition newStulnfo
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Fig.19 The sub-page of substitution transition searchStulnfo
Kl 19 #{RAIE searchStulnfo T T1

4.2 MRE LR

£ 58 O 4 R B B R SN A, e BN R A3 SOs AT I, AT A3 2R AL R rTGA 1L AR R A AT on-the-fly
DT 00 He AT Il A A IR AT

—REGL T m AN RGN, R G IR T IE B BB I AN 2 IR R AR SR token & AN
AR AL i SR BETE TR 6 B iy ilikis 5.
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Fig.20 The extended reachability graph of S1
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Fig.21 The extended reachability graph of TP1
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Fig.22 The extended reachability graph of TP2
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Fig.23 The extended reachability graph of S1xTP1
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Fig.24 The extended reachability graph of SI1xTP2
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Fig.27 The extended reachability graph of S2
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Fig.28 The extended reachability graph of S2xTP1
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4.3 WIKER S

MIEL 23 B 24, & 28 R 29 AT DL H, 249 F g8 b A S0 e, A Bl bR 25 242 18] B 8 18 K 04T ) 20 3fe
HRUE AT B USSR SRR P B0 T R T ik B rp 500 B TR 1. TUR B B4R AEXT
[FI2P SRR SxTP {4 e vl ik P BEAT 30 1 B AR 405 2 458 ) S I i 32 A 0 36 00 1k A AR AT B A2 i 24 ] LAAS 21
JB F2 G0 SIS I S PRI A8 ASE P AR SC R 2R 6 rR v FR IR 3 s A 0, R A R LR 7.

Table 7 The test result of on-the-fly testing method
# 7 On-the-Fly Wiz J7 % 1 45

Wi | Z5HA | AT | RERR P
W% | SEEN | MTP | ScTPEEN T E
s1 3 TP1 1 1,122,2-3,3-24,4-6,59,6—>12,6
TP2 1 1,122,2-33->44->55-8,6>11,7>13,7
9 9 TP1 21 1,122,2->53-59,4->13,5-19,6>27,6—>33,6>37,6
TP2 28 1,122,2-553-594->12,5-18,6226,7>34,7->38,7-39,7
$3 3564 TP1 658 1,123,2-6,3->10,4->17,5>28,6242,6>55,669,6>83,6296,6>102,6>104,6
TP2 798 1,123,2-6,3->10,4->16,52>27,641,7->56,7->70,7->84,7-93,7->100,7-103,7

A5 FH A% SRR 7 i HE AT DN BRI 5 0 ) AR e 240 Y e R 3 2 B, T AR SCT7 925 R 7 3 1 45 K H ) R
TR )5 15 2 1 [R5 T AR T 34 B BRI AT T X 58 6 o i3 5, 40 5l oK A% S8 AR 7 v2: 0 on-the-fly iR 7 V5 #E 47
I 0f 3 A Ik i v o 0k D FROAR A A 1] 4T LR AR, LR 8.

Table 8 The comparison of the state space to be traversed in traditional testing and on-the-fly testing
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S on-the-fly MR V7955 TUT SR e F2 ) 45 8 5 73 SR Al o 3 e 2 SE L (H 5 BRI R G < /9
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