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Abstract: Test case prioritization is a type of technique that aims at searching for the test case execution sequence to find faults early
based on the whole test case suite. This technique is flexible and barely can miss important test cases, which contributes much benefit to
regression testing. Multi-objective test case prioritization, where evolutionary algorithms have been widely used, aims to find a test case
execution sequence that suits multiple test criteria. However, the drawback of large computation cost of the algorithms can greatly reduce
the value of industrial application. This article proposes a CPU+GPU heterogeneous Computing orientation based multi-objective test case
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case prioritization. In experiment based on parallel structure, the sequential based parallel fitness and crossover operation computation is
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2PxN+P e AT ARG, 7 Bk 1 AR IR FH 9] P 410 4% th A% th 250 54 PV

C. Bl A1t

TEAE AT IR A, i T AR SR 97 2145 5 254 A 1Y) Block U7 il 1T 245 B A B 5K TRk
HHAE#E T GPU () Global Memory .78 41 i A R H 461 7 0 3ok 75 v, el T A0 AR 1) 1 S5 82 5 U 1), DRI ISR
FH T SR04 B = Cache HEAT AT .

BE T LA b B RAE OB HARIEAT SRS 11 4 Fvos, Hoeh 8] 4a) s o 83 AT o S04 31 AR DA PR B 4
HAN,5 S B N pos HEIEUE R 3,387 5 S5 3R RITE R BB B 3(0E A 0 TFURTHED), LA S HE.
Bl 4(b) T 7~ i —> Block P 1) 8 A Thread 43 A AL FE 8 AN B 1 (195 R B i A 58 DR 4% B pos 1198 3 BCEE X Y. 1)
P E b d 443 B TARM L R 3 41 AE AT A O FE o, B AN b AN TR AS X TR B b i N BB B A
Block 7FAb#— N AN Py 55 IR B A0 BT L, B0, GPU 75 B0K 55 (R 342 18 pos OIS 28 il T4 I 2 4]
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Fig.4 Parallel Crossover strategy
K] 4  Crossover JH47T M

3 THRER

IR SCER I BT CPUGPU S 52N 19 2 H A U H 0 e HIk P B R e vt IR v A /) 9F AT v 55
R AR R LI 22 53 RAVBEAT T — R 5 ) S50, A6 AN [F) RS A (0 038 P 4810000 5 1k P e Rt v B2 8 17 AN [R) R AT
BT NSGA-IL Sk & M RAEPAT ROR K 22 572
3.1 KIWINE

1 gy T S b i F B0 B R e B S A AT ORI H AR (1 2K/, 36 v8 O Google ) T3S
Chrome ] JavaScript 5%, J& FFYEI H L4 3 /AN B SIR I3 A 4 e b R 7 BUBAR G 8K AR P 2 T 3R
DU 15 £, F B S50 D00 3K PR 469t v iy B3 491, 1 R i B e R 5 BT X flex, space,bash SESa R 7 il
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ST M B B B K B NP BL SR 6 0 — B GPU RS #,lBCH 16 #% 345 /K Xeon(R) CPU
E5620 4 2.40GHz, JFAT 1 £ BTl ) 46t K O Nvidia 2 5] ) — 3 Tesla M2050,CUDA JiAN 5.5, 9 #2155 4
C++.
i Nvidia SDK FH 47 ) Benchmark /7 51256 1 & HOHs A2 v idt 22 A O - A A A7 3 A7 1R 4 58 4
2 961.1MB/s, \ A7 B Y AFIR 47 550 3 198.8MBY/s. st AL SV P R /N BE A 64,58 M 548 S E% 2 100%,
IEARIEL R 100.
Table 1 The statistics of software under test

R IR KR

B RE P flex space bash v8
IMEEEE G 3016 3815 6181 59 412
. e 1047 1208 764 2454
‘Mﬁt =

114 SN 1470 3229 1467 5585
SEY | 135017 189429  1063.17  3737.23

3.2 LRt

TEHT CPU+GPU B4 3147 2 B AR IR I S o, 31180 T Fitness F Crossover [ AT 5Kl 5
B, 03 AT T 584 HRAT . BAUITAT Fitness. HJIFAT Crossover BAK W55 [\ IN IFAT 1K) 4 2H 51256 4 LR UE 512 56 1K)
R B X flex,space,bash HIRFANEES, SEIG ERE AT T 30 UGENXS v8, I TFEF MUK B R A NS HER T
10 .52 56 45 R T 2 {H.
3.3 KWER

TESE T FRATG T T 56 A # AT HANIEAT Fitnesss HMMIFAT Crossover DL K P 25 R I JEAT I B A48 AT
IS J5) 01— AR o BT HRAT (1885 A B T o0 2 £ B TR) A A4 o AT AR 1R T X8 L A7 52 0 5 70—
oh BB VAN 23 B S S5 R

2 HUH T sE4 R AT IR S I 5 A I AT VAR IR TR) LUK A A T P S8 I TR AR 2 I TR) 2 R AR
RN HRAE T AR A I 1) R FR) S P4 8L, T UG PR ] 2y 382 4% S0E 5 AKX 100 BT I AR R I 1) 3L r ) s Al B4 6055
TESE BN — A WA ah 1 LA & B YK Fitness 1. A 2 1] LU H :Fitness T8 F1 78 FE 10 I8 1) fr
BT A UK AL TR I 1] 1) 248 D 38 20, FC I A8 AR AR TR I T3 A 5 8 73 < A SC IR AT SRS v v 1 A 10, 48
R AT SRR N PRI R 2 AT AL, B B AT DU K 3 v sk .

Table 2 Time consumption of serial process (ms)

F2 BATERAEPTE N R AL )

P WA EPERSIR SRR AR Fitness T RSICUESF  BAACEIYTH A TR]
flex 817.08 0.07 40.01 0.02 461.30 6.49 507.82 51598.81
space 4 486.93 0.07 55.32 0.02 722.38 7.11 784.83 82 969.75
bash  2053.04 0.07 28.40 0.02 1632.39 5.57 1 666.38 168 690.93
v8 6442336 0.07 99.67 0.02 44 794.12 8.39 44 902.20 4 574 940.76

3~ 5 S T BOMIEAT Fitness. HMUIFAT Crossover BAK P #5 i) I AT I 25 AN $ A 1K) AR I [a] 7
FETE R T IFAT ™ A T B0 A% i, A 7 (0 R AT SRS b i A (K RO R AER 3~ 5w, I vt 17 387 2
F P ) 9 4.

Table 3 Time consumption of different operators in parallel Fitness process (ms)

&3 JFAT Fitness I, 2N ERAT I ) FECRLA 22 D)

T . &R mX | [N | Fumes | Bl | WE | ER —
B I | e | w | et | et | sk | e | e | opsgene | B
flex 805.11 0.08 44 .43 0.02 3.88 14.25 431 7.66 129.51 13 756.37
space 1 095.03 0.08 58.80 0.02 2.20 50.09 0.98 7.97 202.44 21 339.20
bash 945.86 0.08 33.27 0.02 1.42 25.15 9.05 6.88 154.55 16 400.95

v8 13 427.14 0.08 122.53 0.03 4.92 547.99 3.20 10.72 1501.99 163 626.60
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Table 4 Time consumption of different operators in parallel Crossover process (ms)
F 4 AT Crossover B, & AN AE (1 I (8] 4 FECELAL: 22 D)
. W | RN | X | fEH | &R | Fitness | 4 AR .
5 G . . : N ’ 1 . . peYimL
R | PR | g | i | eem | e | e | eS| s | Rseem i
flex 899.65 0.08 0.47 | 20.69 | 0.39 0.02 458.47 6.64 486.74 49 573.84
space | 4377.85 | 0.07 0.63 | 28.87 | 0.53 0.02 673.76 7.56 711.44 75 521.51
bash 2221.37 | 0.07 0.34 1542 | 0.34 0.02 1677.34 6.57 1700.11 172 231.87
v8 899.65 0.07 1.09 | 54.37 | 0.92 0.02 | 51280.87 | 18.84 | 51356.17 | 5203 800.74
Table 5 Time consumption of different operators in parallel Fitness & Crossover process (ms)
% 5 [AWJFAT Fitness 5 Crossover W, 85N A [ ) (8] V8 FE (FAAL 22 D)
N L TX Fitness | _. Fitness o e
, W | X A Fitness e AR U
B | ®lht | B - fE : e o il \ e T i)
I 1) - I [l - Wy e K . | TR
flex 863.57 0.08 0.47 | 2494 | 2.87 0.02 0.65 15.25 1.29 8.55 88.66 9 730.02
space 121592 0.08 0.63 | 34.63 | 097 0.02 0.64 49.57 0.53 9.70 158.25 17 041.35
bash 983.48 0.08 0.34 19.19 | 4.23 0.02 0.46 25.81 5.56 8.66 123.73 13 356.08
v8 12 086.06 | 0.08 1.13 | 68.63 1.13 0.02 2.20 604.11 0.75 22.03 1 438.92 155 978.49

4 SKWERD

AR T HTF CPU+GPU [ 4 IH-AT 2 H Al 1AL 56 HE )3, 5 LA AT BT i SR I B AR R - 48 T 2 3k
178 B 1 ) 8 R BRAT T e T 2 B AR5 NSGA-II H Fitness fil Crossover [¥) 34T 5 i, AN [F] 111 34T
RS R A AR R AR TF RS S8 20 1T 19 o — N HE B, S8 PR A T B A A ) 3 401 4 K/ B AN [
LA 7, 56 W FEAT 2805 42 TH IR AH D¢ B8 28 20 At 2 SE B v B A7 B 5 B 1.

4.1 BRYERREASH

FPE 2 5 s, AT 1o 53 T AT B AR I [A) L A% [RJISF 94T Fitness I Crossover I BT 46 9% RS A4 I 8] 1) LG AL
R b, B 5 9. AT LU H 7R AT FR P AR /N flex &5 space B (A 2R AT 3 000 Z643), I LA 4 /2
5B X bash (S N ELE ) T 10 DAL TAEEN X v8 S a6 o FR P USSR N 23T 6 J74T A RARAS, n
LT 30. T2 — Pl ik % 5 Hdh v LAE Hov8 FEPIE A SCER I 2T CPU+GPU i AT R AT 2 H
Frill A 6 HE 7, 7T AFEA B 3 2380 N (160 B ) 58 Sk 7 X AN 9286 45 R L4 T LA Tl St i 2.
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Fig.5 Speed-Up rates of parallel Fitness and Crossover process
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(K1 IFEAT, AT BLE 25 3 v SRR B R P I T 7 K R i 2 2

AT B HIFAT A SRR TS DL 7 S5 T 4 AT B IR AT 58 SO T 34758 U s B
AP LA R AR 3 A 1.6~1.8 2 8], i v8 e e MIUASE foc K, BRI AT A8 SCIR Ik LE S 1 #5271y 55 Fitness FFAT A
[vi, AT A SCHR AT O I L B R Py B /I IR AR A AN 1 RAR AT SR 2.2 15 i o 1 PRAEAS S 1 IF AT
SRS (R0 T PR K A2 SCERAE 20 g W20 55 1 20 SR AT AT SR 2 2B AT AT I AR LEAN K 2545 % 1B R 4 Hh AT
SCIS ], b UGB AR TR IR 5% A7 38 T IFAT A8 ST (10 o LxT 2 04 n 32 EE 52 i A K

1.80
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25 .
i
e 20 l 1 1.70
1o | R = a0 I
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0 Ji_ ._'[
flex space bash v8 1.50
mFitness * Fitness & Crossover space bash
Fig.6 Comparison of speed-up rates beteeen Fitness Fig.7 Speed-up rates of parallel Crossover process
parallellization and Fitness & Crossover parallelization over serial Crossover process
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Ej Crossover %44 N Lt
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43 BAMELLEWMEZ S
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E¥/NF Ims;#E AT Fitness v 5 B A& 5 b B X B AR E 00 bash 5 v, B T2 7 RUBERI X 451 4 LA
IR T CAFE I 9 K (E 2 Al NI () BE AR 1 7E Sms A2 A7, 08 A8 460 (V0 FE I (v 442 AT I 8] (% Bl AT AS R % T34
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FEAT I T LL B 2 38 O BT LAFE B VA0 3mSR K, SR 0 3 461 400 5 HE e 432 AR 1) i 1) 7 2t KSR F
GPU FAT 1 AU R FH1% Dl I 2.

T Fitness 15 o 38 A ) 1) (0 2 K358 40, BATTIE— 25 0 BT T 50 FAT Fitness BN L. tHEE 3 AT LAfRH,
FEPEXT Fitness [ 0T Lk -5 4 0 RE e OB e 1 AH 90X 2 1 1, Fitness 1145 75 22 3 [ % FH 451 1) 78 5 62, 1
TS, BV SR B S 4 AR e AR AT 50— AT 500 TS, WO FEAT SBT3 Sk 804 T4 £ J 1 ) o B
P L AR A, B 6 H T SR FEAT 1A S L AR O T DA 5 3 space B 1 SHE L W AR DR /DS vl B 5 0 Ak 451 SE A o
KA XK.

44 IWERZME RS

FEAR LI T Fitness SR T P34 AU B 85 APSC, 3K by b A AT LR I P35 43 32 2 55 (APDC) B -3 7
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