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Parallel Test Case Generation Based on Front and Back End of Web Applications with Genetic
Algorithm

WANG Wei-Wei, LIYi-Chao, ZHAO Rui-Lian, LI Zheng

(School of Information Science and Technology, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: Parallelization of test case generation for Web applications is an effective way to improve the efficiency of test generation.
Due to the characteristics of front-back end separation and event-driven of Web applications, the traditional parallelization technology is
difficult to be applied to automatic test case generation of Web applications. Therefore, it becomes a challenging task to parallelize test
case generation for Web applications. In this study, parallelized computing is introduced into the test case generation for Web applications
based on GA. By means of the design of thread pool and scheduling logic, the management of the multi-browser process and
the acquisition of the path coverage of back end code, the parallel execution of individuals on multiple browsers and the parallel
computation of fitness values based on the back end path coverage are realized, making test case generation more efficiently. The
experiment results show that compared with GA serialization test case generation, the proposed parallelization method can make full use
of system resources and greatly improve the efficiency of test case generation for Web applications.
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SobO I IEEE B 2019 4E 5 H 13 H~19 HiX 1 AR,ERE L %2R 6 5k M 2% o 4
363 A, T o N AR P R o Ll Rk 47.1% . Web N (R0 )5 3 3 B9 S AU B AR S O K Sl AR A A AR SR
PEUAR ) A2 B 1 ASIE F T Web B A B A2 B, %5 Web B F B0 22 A AR A K 7 BBk k. B wr, < F
Web 3 H 22 4= I AR B PRI 90 2 B2 A0 vl 70 7 i (2 ) i ) AR (00 3 A2 R iy (I 25 4 it ) A2 0 0k A o
7 T35 ot AR () AR AR 2K 22 AR R [ B (RPIR A AR AT B 780 4 H A, A e i 1 o e 1) 903
5133 P g i A 2 18 Jig vty ARG, DR b, L0 3R ) sl DA Ko i ot AR 1) 2 4 T Y AT AT 000K 1 3 T S o AR 11
IR0 A= LK 2 A LR S AR A AR, R % F& Wb I FH T 3 P04 X DAAT R Y bl — i A2 26
22 2 IR D8 b, S S A SR S0 b D2 R T b Web S FH I i Rl (100 0 FH 490 A i ik, LA Web 8
S Uity PR ABUER s 45 78 75 8 H bR, R FH 4L vk GA AT AT A #E% CBM(client-side behavior model)it 47 i H %1
B 1A B A B AR T A B RE 48 R V0 T Web 12 FH AR P 4810 A B, el A A (RO B AT 5 AR 7 e v B 2 |
(0 A PR rp AN 00 HR AT ST 23 AT )3 2030 B8 25 AT 85 AP (K 50 7 900, L3 I B T A A A B I A 743 30
T A9 A ol R ) FF 4 2 A DRT b T e 42 5 Web 7 FE S0 A9 F4) A e 3803, e — ML A9 A 11 ) L.

FRBEAS R IEAT AT 0] DL f bt ) P 2R 49 8 90, B2 o Yk P 0810 2 Jie 28 R = sl I 3 BV A O i1 bl
B8 R AL, I A 5 BAT R AT B IFAT M, 3% R I AE A A (0 3 A5 2 AT 19, B A VP AN 0 1938 B B o R0 AT 14
SR AR AT N S0 P IR AT 4 FH - Web B IR ZE P Lk A, FH - Web 3 (¥ 11 J5 o 20 35 S A 0K ) 5
etk 154 GA R T Web B R0 A R (0 FRAT AL BT A7 A 22 S0 S A R A5 B L 5 ol AR A BRAT B AR i 2
S B e L TR B 90— P S Web B FH (10 5 280 AT A D3 4910 A ke 7 2 AR sy LA A ik 3 1 40 0 22,

e ASCE R REIAT AT E S I EISE T GA 1) Web [N FH BT it A 160 D03 FH 4910 2 o b A8 b REAS R 04T
T o 2 R Yt R R D P R 3 AR, 50 2 Tl AN A 3 T 2 PR UL ) 22 ) S g R R R AT e B
FH S IR AEEA PR 1 FEAT AT B L3 I B8 A 1) AT o S50 A0 A8 2 A AR I R AT I D0 R O LR A RIAN 14
(1 i ity 28 75 15 2, R FH R AR HE f& URL BB DT PC A YA ] A4, 55 JH I 3 78 26 £ L HEAT X 20 T S B. Web
TS FE 09 0 490 A el R AT s, 388 s S P 481 A sk .

HIRAE Web JNF 47 AR FH 481 26 B 16 A 2550 AR SO AN Rl R e 3047 7 KR 26, 9 5 BAT 10 R AT O
VEREAT T 0T LA #5236 &5 AR -

o ATCHRME GA FEAT AN B B A 1 7V, RE 18 N Web N BT SR AT M AL CBM L 2B pi g 5 i UK

45 42 1D 00 491
o HHUAH Web N TG ALA I GA B AT AL IR A 1 A2 5 10340 Ll AR SCHREH I I EAT Ak 7 V2 S g
A 20 v W A 1 A % o HL R 1 25 3R T 2 48 11 0 R FH 6.

ARICE 1 A4 Web N RS A AL 5 i RO A2 S5 SE AN & S Web N I Sl & (1 GA HR AT Ik
DR A A SCH A SR 2 1 )R Web N FH 11 it il 25 (K1 GA JRAT A0 D03 A9 A= ol T W 114 =8 22 o f0 % it )y 5.
53 WA GA FEAT IR B 2R R 75 4 R I Web N HEAT GA IFAT AL DUAK FH 51 A= i sk 56, i
1) FF- 5 B 2 40 0 U R FH 246 55 07 THT 90 30F AT 4 7 15 0 2t 35 5 302 AR SCBIF 90 00 M 35 S e 45 4 S0 90t AR
£33 BBIE U [0 BEAT W10 R )

1 EAXBSRERTA

AT 24 Web W TGS AT A CBM. i3 it U 42 DA 6 T Web N 11 J5 Bl 140 GA I3 A 491
A A
1.1 WebR; F Bl B91T A1RE

Web N TR 3 16— M A R A2 F P 75 5 s i) Y35 1 Web T b ot e A fis 8 A 7 S 2 460 60 2 P a sk
R 1% 3 I g M 45 445, I i Ak BT S SHE K ) 1. 38R [ 2 i AR i, T s AR A VAT 80 1 I 1. BE B > i LTI 1) P, AT
S Web I FH BRI I S O B0 A8 # 76 oh 3ok 72 v, Web T 110 R S5 4F 2 3R AE Web I A 8 47 0 R BIAS EZ A 4T
Web LT, & 481t Web N BEASNTUM S T — M — %) URL, B b, U AT LAA URL &R AR T TE Web 2.0 1,
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Ffif JavaScript(JS)HI DOM(document object model)f])" 32 A FH, UL [HIAN T HH URL #5104 K7 i DOM B, Jf:
LIS ARG 4R AT ) LASE e DOM AR sgf A2 5, 02 17 174 5 4% £ DOM B (¥ 8l 245 U 1 g 5 e A, SR AT Ik Rt v,
S Kb TR R K P AR I T o £ M 453 4 o e AR S A B R R AN D BT £ 1 T i S BOR )
{10 T T Bk A, AT 5 A2 A [ 1) 22 $ 51 DOM. G 2% (#1748 4. DRkt W0 T 10 Bk 2 AN AN 5 A 6, 1T LR 5 2 1) fo o
ZAF LB B 408 DOM  JG 2 AR AT G R T, B AT (1 Web B FHAT A AR B A g 56 4 2 7 T4 il 2 4% 1R 0T Thi
Bk 2 TR AR R DR BRAT T LT — TR Web N AT SR AT AR CBML IR T — N3 F H P AT A B
CBM #70 Fg g 7 vR U4 R f) 52 SR

E X 1(Web 7 FI AT 1T A48 CBM)™L Web I FI i Ui /7 0 B CBM 5 O — MDY J641(S,1,0,T), 2,8
HAEFRPREES N ZETSPMASHES,O RSB SHES T RAFTHITHES.S PHIRAE KR Web
U R4 % % 7R, I (URL, abstract DOM)# 7, 271, abstract DOM %7~ Web T [fii [] DOM 45 #) 5 3@ 24| b (K1 43
AN TCE N FHALR A S EGO T IREA JC A A N B 1 ST RS T E R A Z M — A
L%, 07— TL o6 2H.(Src,Event,Cond,Action, Tgty K 7~ B AR Ui, 6 T T AT E t:Sre(t) HiT# t FIPDIRE;
Tgt(t) > H B AR Event() R H P 75 Sre(t)IRE T ik 1) Web Z44E, M event(InputList) 7, 3R B filt % event
F0E 75 4 NS InputList;Cond(t) 4 Fi 24 1 fih & 4% 1F;Action(t) /& 3T t 51 ) J5 £:3% 4, 1] action(OutputList) %
71, UL Wil 2 5 06 5 7 0 1) 2 5 B MR 45 i v 3R [P 1 2284 OutputList 33547 AH M [¥) action 45 B 26 7R £F 500K
25 Sre(t) b, i & S 4F Event(t) HLik 3T 8 414 Cond(t), 51 & J5 848 4E Action(t), JE K IR & F He 31 Tat(tyIR7.

10, FFUs A 7 5 P A 48 (SchoolMate) H - 4 BIBSTER ¥ 73 CBM A &) 1 735 e oy, S oAy X6 3% i i 4 8 B
149 ) 7 42 5B R % (T o/ T o), DU L 5 A7) 4 B A %68 S5 T (S 45 WUI(T ), JE N R 45 3 TUITI (S, ); L B 0 5% ) st
TR P AR ST ), 30 N F P A5 B 0T (S, 8 P 457 B 0T 1, AT B B3 TT DA A 2 A5 B A Bk P 45
SER I VRN — AN A 75 S T VR N AL (T ) BNV I P A5 R (S SRS S B P R P 4
R R T P A €0, T S T B AR A, D P A R OE B (T o), I 78 0 B T 3% [ R0 7 4% 1 B (S,); 785 WU (To/ T ), 1 AW
TR R (Ss). VAT RS A5 B L3R 1, EAA A 700 e 7 72 2 DL SR [ 14].
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Fig.1 CBM of user management module in SchoolMate
Kl 1 SchoolMate I/ 4 BLATHLIK AT A B CBM

Table 1 Details of transitions on the CBM of user management module in SchoolMate
% 1 SchoolMate Il /& BB KIAT A BIRL CBM i # 15 &

T | BIRE HAF ZAF Jo SRR HiRRE

T s click,Xpath://input[@value=‘Login’] username.value==*""|| (‘ﬁ]l\?zli’ltid S

0 0 > 0
(username,password) password.value== params’)

T s click,Xpath://input[@value=‘Login’] username.value!=*-> && document. s

! 0 (username,password) password.value!=:." login.value=1 !

T s $(“#btn-login”). username.value!=*-" && document. S

2 0 click[username,password] password.value!=""’ login.value=1 0

T S, click,link=Users - - S,
. 4 . ) document.

Ts S, click,Xpath://input[@value=‘Add’] - users.submit(-) S
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Table 1 Details of transitions on the CBM of user management module in SchoolMate (Continued)
F 1 SchoolMate [T /& HUEL AT AR CBM 1T # 15 B (4E)

T | RS LS ZAF JG LA HARIRE
Ts Sy click,Xpath://input[@value=‘Cancel’] addﬂgg:?ue;r;it(-) S,
T S click,Xpath:(//input[@value=*AddUser’]) password.value!=password2. alert(‘Passwords s
6 4 (username,password,password2,type) value||password.value==:"") do not match!”) s
T s click,Xpath:(//input[@value=‘AddUser’]) | password.value==password2. document. s
7 4 (username,password,password2,type) value && password.value!=*-" | adduser.submit(-) ’
T S click,Xpath:(//input[@value=*AddUser’]) | password.value==password2. document. s
8 4 (username,password,password2,type) value && password.value!=*-" | adduser.submit(-) 2

1.2 FimgRER

15 Web 82 IR )5 s ARG b, BT 4038 4 N TR 2o AN 50 2, 30 o 0 v e o DU i AT (8 N I (U8 ) (2
$_GET,$_POST))iit £ U i R 78 10 (w1 mysql_query)! ) Wi 51 & s A 56 0k I i 3 26 35 40 76 Ja I ARG T 1 7 —
AN 5y 2 BE N BT IR AT B8 AL A SCREIX AT A2 T8 A Ji i 4 R FR) AR B A2

EX 2(BURERR). w5 ui RS K 55 A) AT P 51 Sseq=(sty,Sta,...,stayiii A& T I 3 AN G54, W5 7)) )7 5]
Sseq HAR A HUR K A2

(1) B sty 3 S nT BUBRCA i N AR i AR SRR OV e AR

(2) WA sty ARG G AR B B ERAE, A5 ) B L B Web DTSR

(3) B sty BTG RAREAERIE sty I 584 T 5275 FOIRES B sty B sty (1A F 41,5 sty by Qs

B IEA RS

B0, 5 F T SchoolMate ¥ i F /7 A B i) )i vt /G 1% ManageUser.php 1,15 ] 2~15A] 4 )48 5 $username,
$password J¢Stype 4y¥5 GeAr e, SR ICAME i B AT 14 FIE A 15 K75 G855 ) A7 4 22 2508 P F e L )
T A TER) 2~8R) 15 RIBEAIAT P2 P AR Bl (1975 G4 1 b AT 1 98 Ab P, 201 (2-3-4-5-6-8-10-11-13-14-
15), W0 1 5 7 51 A — 4% WU I A2

15 H B 1. SchoolMate ¥ i H P #5285 2 /G5 ManageUser.php.

1: (?php

2 $username=$ POST[“username”]; //source

3 $password=$ POST[“password”]; //source

4 $type=$ POST[“type”]; //source
5: if ($_POST[*“adduser”]==1){ //trigger the adduser event
6 if (strpos($username,‘<script’)){ //sanitization
7 $username=htmlspecialchars($username);

8 if (Susername in $user)
9 echo ‘username already exist’;

10: else

11: if (strlen($password)<6)

12: echo ‘invalid password’;

13: else

14: $query=mysql_query(“INSERT INTO users VALUES(*-*,$username’,‘.md5($password)’,
‘$type’)”); //sink

15: echo $username.‘add successful’; //sink?)

1.3 Web[z F 81 & i R & B9 A 1510 4 A%
Web [3 F i i i R (0 90 10 481 26 B $50F Web I i CBM A5 2 L Ji5 i S50 B A8 F) 781 s 45 5 i Rk
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AT AR 90 A= i, BRI A i UK e 7 2 H e, R A 28 SRV AT AT O CBML S IR 00 S PR A1) s A A 13
%4, LA SchoolMate ¥ I J A H i sty £ 15 (1) R0 IR % 452(2-3-4-5-6-8-10-11-13-14-15) 4 H #5, K1) 48 R H5 T
Ui CBM BRI 1 i) b3k B B85 o5 12 MU A% (1 I T 497, RIS A% 9 470 (Bn( T TA T Ts)) A He i A i (i
T,(‘admin’,*123456),Tg(‘teacher1” 1111117, 111111°,‘teacher”)). F 358 FH 451 25 5 7 v 5503k 1 .

ELRT &R Web S (¥ o fBUBR % 42 4 Sspath, 78 FL A i CBM #:8_E BT 42 548 R GA BT
B A8 2 fie 78 i BUR B AR B0R B SLUR AR 1 AT~58 27 47), B CBM BB L BEALAE B N 20388 )7 FUAE A PI4E
TG AT U8 B A S SR 5 BRAT PR AN O SREAS KT I o B e A28 11 788 1 R A AN AR e % B 3 AT, R A H

8 B T 90 5 2% 12 47 DU U A 400 P 0 30 38 P B I I AR A A A KT i i B A P 2 5 155 00, ) 3 7
R B MR BEIR 51 K IR AN ind [KD6S 2% 45 B0 B AT IR 28 35 1 00T | R R UK BK 12 Sspath[j18% & A4 i
I35 290, 3 T 28 M[GTTKIFR 7R 28 K AN ind [K]% 28 § 4 sk i 45 Sspath([j]111 7 55155 40, B M[j][k]=approach_level+
branch_distance. fK4fi 2 75 5 BE M AT F SN A 3G WA (AN PR BT A S0 % A2 1) 2 25 175 400 ), 40 B R AT 10 A% 45
VB R R A 5 7 SR I A0 4 0 e e, ) JF Sk 481 A il 45 TR ANk B0 B AR 1 L WA B TR A R
FEALE K B SA TRAEINRT 21 b 1) N S 40, A8 2 fig 56 42 78 55 A0 D IR RO % 7R R 28 17~28 31 17).

Bk 1 LT Web B H i s Rl 1) DU 4 AR AR v

iy N\ Web T CBM 17 4 858 ) BlUK Bk 774 Sspath, i KiEARIKEL Max.

At U 481 4 TS,
1 /ETFAJREER GA KR 51 4 i
2 i=0, TS=J, TSem=3;
3 pop=random_generator(CBM,N) /74 i N [RIH] 4R Feb %
4 M=Executor(pop,Sspath) /AT A4, 1 3 5 75 55 FE M
5: for each indyepop do
6 Fitness[ind,J=Global_Fit_Eval(ind,M) /3154 ind, 3 3 B AE
7: end for
8:  while i<Max do
9 set childpop=&
10:  while size(childpop)<N do

11: ind,,ind,=GeneticOp(pop,Fitness) /4% T4%
12: childpop=childpopu{ind;,ind,}
13: end while

14:  M=Extend(M,Executor(childpop,Sspath)) /AT T AAME, 3-8 AN B S B R M
15:  for each indyechildpop do

16: Fitness[ind,J=Global_Fit_Eval(ind,M) /it 5EA AT 3 B

17:  end for

18:  Speov=Get(Sspath,M), Spsrccov=Get(Sspath,M)  //3REL 4k 55 o U A4 75 o5 i U % 12

19:  TS=TSuindspeoy /K575 55 T BBUBC B AR 11 A4 i N 20 038 FH 491 £ o

200 TStem=TSwemUiNdspsrccoy  //RF4 75 T HEURK BR AT YR 55 1004 00N 11 e 90038 P 457) 6 v

21:  Sspath=Sspath—Spco—SPsrccoy /M5 1T B 4% 78 75 I UK IR 4142

22:  if (|Sspath=0) then

23: pop=Update(pop,childpop,Fitness)
24: M=ReviseM(pop,M.Sspath) //F| 5 5 s B . BRI pop & A4 7 5% 11 Sspath 1511 M
25: i=i+1
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26:  else break

27: end while

28: //EET R 2R SA B IR A ik

29: if (|SPsrecov|#0) then

30:  SA test data_generator(Spsrecovs T Stem)

31:  endif

32:  returnTS

AL DU 5 HE D A K Web B (AT 5 CBM 5 284 L f i 50K i 40 D GRS ke, 100 AT i it 000 491 14
Az B AR T H TS TR A 2 K Web B IR A0 2B i s vk SRR 1 TN RS g S 2R R S i AT e v TN
7 S S 2R A ) 00 3K 451 g i s AR PR 28 i e 00 AR T T T i s AR PR K 8 2 W T VR L 1 BT
Web I H T A7 24,42 T 7 05 FH 05 i st £ Q) e 1] P A e

15 GA 1) BT AR b, o U SRR A A3 B2 2, 75 00 A B A A 1) J i 8 o £ . M RELB BEAT 44038 .M R B
AN ASAN AR 4 S RO B A 1 7 515 R AR SR FH 43 S 2 ok JBE AN A R R i A (1 7 2, DTG, M RE B ) 1
INF T 52 2% i 5 R % A2 2 <2 B DA M Bsb BE RIS B 1F EE, & O(|Sspath.branch|xN), H: v+, |Sspath.branch|3& 7 Jilf 47 #5U&
HEAR AL B A 43 SRR N S MOE LTI/ Web T GA HRAT A6 U 4610 2 b B 245 00 1 ,GA RIEAR IR
Hak 3 1 B IAE B M R 3 i R IR) &2 2% B >l O(|Sspath.branch|xNxMax), 3 7 Max & GA #5 K IEAQ VB 135 Bl
TEAN AT IS S AR SRR T 7 76 RELRE M, LI T 52 2% 5 B DR/ Jl T L, ol O(|Sspatth|xN), 1 o [Sspatth| A /g%
PRARSZELGA MR RIEAIRECA Max, A GA kA R vh 3 B BEAR vH S I [R) 52 2% B2 24 O(|Sspath|xNx
Max). K, 56T GA 1) Web [ 1058 T 451 25 il 1 38 4 I 1) &2 2% % 4y O(|Sspath.branch|xNxMax)+O(|Sspath|xNx
Max). 1] LA H 38 Y S8 R v 45070 D0 PR 4G A8 s A5 2+ 4 FR I 1.

BEAR AR BAT 5 590 B 0300 0 4 0 0L oAz <A e ) 1) i i R A6 97 5K I i AR T Ak B 4 SR 4
W 3% (] 2% Y S P o A I T PR 0K, 3 2 Web 1 TR 26 1038 3R 8L

2 Web N ABETRIREL S BT GA FHAT MK A 614 B K SR B R & IR 75 36

o GA H3 T2 1 Web [ F UG 513 AT W R B, Ak e 74T B3 7 BE VS0, CPU i i it
B LI A T T R R 2, R R P SRR B A, 2 RO FC R T GA ERAT A 492
PR R T AT I 1 7 L T 8796020 A BEA (347 BAT B I8 I I AT 1L, 1 B8 40 U 26 40 7 U8, 46
AFARBIRE (KT B 1] %00 I8 57 160 B2 25 Web [T U 2 eSO AR [ T A6 4R IF 19 GA JEAT 1L T
{51 2 i, Wb IS T 5 35 4 10 AT 1 U0 91242 P o 27V 22 O, 0 3 2 00 8 S SRR P D AT AT
P 3 L o A DT e ] B8 7 B 15 00 1] 25 5288 4 b, A 0 10 8 Weeb 97 D 0 S 4 0
PRV 2 B T T GA AT P £ 1 X L B ok 5
2.1 WebliL i Bl 5% A & HOGAFEATALisk FR 145 B 7 7E 0 36 52 1) 2

i, % R e

T GORE I, Web 37 Pk P49 PO A 05 2 £ 090 W ST P £ 9000 38 L M, B s o %
3« PR B T SR I O 0 N2 T Wb IR P 0 GA ERAT Pk i, A 4 B 6 47
HBE CBM (KR 79, BAUA AT B0 A i A S 0 T 1 50 0 00 8 0 2 5 0 0
P SN Ei

Pkt Web IFTHEAT GA JEAT HC IR HG1 A2 Fle, MR BEAN P 10 I AT BT 505 50 I 3 3 2 A 00 3 00 .
AN 2% 1 190 W ST, 2 A AT 90 Y S R 1 S B 3 4 9K A 7 U0 . ek T 910 A
RGN FEBOR, Ol PC — MTE ST RF 10 AN LA 00300 U 30 0 L 1 36 47 3 23t 2 M0 U e 0 &
SRR AU P A7 0 5 5, 06 28 0 P . DR, 2 BB TR 40 6 0 0 9 22 90 0 3800 24747 2085 B0, 2 GA OF
174 Web [T 6% FF 9124 1 1y — A 5% 1
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i, B AR T 5 A2 a6 15 S TR

GA HRATAERC Web N T i Rt 1 PR 00 95 R S AR AT 0] i i 6 A2 P 2 8 A7 00 T e R S 15
) A7 RSP 0 e A 5 S RBURR B AR (R REAN 23 ST IR A RN PR ROV AT SRICAN A AT I 0F 5 s A B PR 28 6 175 00 e
TAERATHATI A 1 AN ERRERAT 5 i AR, I3 i (K AT 2 ot (7 5 L0 I i o S A (ELE. GA JFAT ARk
Web T T, 22 AN AR GE B AT AR RE 2 T8 12 X 23 AN AR A AT A5 8, 30 T 325 ) b 1 9 A A B A3 I
TF ) 22 6 1 S IR BELAG T 14T A Il 481 £ 24 k.

i, AR A PR RAT IS TR 2 3 2 R A v S I ] £ 22 5

BT GA TR Web W I 491 26 Bl A AR AN AR ], A 55 BRPR 28 (Web B THT)VE S8 I [R] J 25 AN IE RS 1)
PUAT IR )L AN A, DRT 0, AR o A [ A A PR AT IR ) 222 5572 5 s 0 AN T A A s s 80 A0 ) 7 ot 8- A
AR TA] A A 2 7 AL P o S5 o) R A7 B AN ) X 28 20520 GA 4746 Web W 0 1k P 461 A B 1) 18 g IR UG £ GA
FHAT A Web 3T B0 26 B, i A A A 15 2R 73 T B8 05T, I A AN AR PAAT IR 1) 22 S5 00 SR AT A L RE 1R 52 i, A2 32
i GA AT AR AR B 0 — A SR i) AL
2.2 WebM A ATEiHal & HFIGAFITHMXABIERBRRA R
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Fig.3 Framework of test case generation based on GA parallelization
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Fig.4 Sensitive path coverage with iterations in GA parallelism of different Web applications
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Fig.5 Comparison of execution time for Faqforge by different algorithms
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Fig.6 Comparison of execution time between serialization and parallelization of GA population
for Web applications
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Fig.7 Box diagram of execution time of population serialization and parallelization
for five different Web applications
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Table 4 Average execution time of population serialization and parallelization and its ratio for Web application
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