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Abstract:  Software testing is the most time and resource consuming stage during software development. For series-parallel software
systems, as the reliability of the system changes as the testing time advancing, if the strategy of testing resource allocating is still executed
in accordance with the original plan, it may lead to a vast waste of testing resource. To address the issue, this paper tackles a testing
resource dynamic allocation problem for series-parallel software systems with bounded resource in the field of search based software
engineering. Firstly, the definitions of testing resource, system reliability and testing cost are given. Based on these definitions, a multi-
objective dynamic allocation model for testing resource is established with the objective of allocating the testing resource among different
modules to maximize the reliability and minimize the testing cost subject to the available testing resource. Then, a “l1-dimensional integer
vector coding” differential evolution algorithm with improved colony initialization strategy is proposed for the dynamic model.

Comparison results with existing models show that the proposed approach is effective and efficient for solving the testing resource
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allocation problem, therefore providing a way to reduce the consumption of the testing resource and to improve the reliability and
development efficiency of series-parallel software systems.

Key words: series-parallel software system; testing resource dynamic allocation; reliability; differential evolution; 1-dimensional

integer vector coding; colony initialization
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Fig.1 Series-Parallel software systems
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FroR:

Jj-1
rand| 0,T; - Zmax{t, ‘ ], r, <6
= ( 5 ) (22)
0, Py =0

Sl A RBEYE My CEHE N TSI BT, T2 B L2 S P O B 2% P2 7 LK S P .
23 % B
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1) DE/rand/1/bin:

t=t, +F-(t, -1, (23)

2) DE/best/1/bin:
=t %t F.G $ ) (24)

3) DE/rand-to-best/1/bin:

Tt +F (e — 1)+ F-(f, -1, (25)

4) DE/rand/2/bin:
=t +F(1, ~t)+F (1, -1,) (26)

5) DE/best/2/bin:
T=t, +F (1, ~1)+F- (1, -1,) @7)

© TEBREEEEIEDT  htp/ www. jos. org. cn



&M 58 AT 2 MK KR 3 A0 T AR KR 1973

Heh F A4 ¥ Fe0,2]; 1 AR5 5 1A 0 ,x0.x,xs 2 BEHUIE L F R AMALE R RE D )7 55 4, 22410
HARANAE.

SRR (17)REAT K B (1 5256, R B X DE/best/2/bin (1) DE SRR foc i IR A SCRFH i K (27)FTom
1A% S B A
24 & X

£ DE S A SURAE RIS JERAE 4, =[1 s Dy T, VRV SRR A, = [, Ty 1, T HEAT I,

B T 030 S A S R A8 SRR SR I & = [y P Py B e = [ P P 11

. I, rand;(0,1)< CR "
Y\ Iy, rand (0,1) > CR (28)

- | £y, rand,(0,)<CR 29)
| Iy, rand (0,1) > CR
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BH i, Cp 53 NS TN IAT T REWIE § ATCRBEY A S a3 AR AR 0, C 2 BN ER A
AT T RGNS tE . AR B AT AC A
3.1 KIWINE
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Table 1 Model parameter generation interval

F 1 RS HCE R

Ajk brk Xjk Vik Zjk
My, Ma, [30,35] [5.8x107,6.2x10] [3.4.3.55] [6.0,6.2] [4.0,4.1]
My, M, Moy, Moy, My, My, Msy, Ms> [200,350] [3x107*,9x107] [3.4,3.55] [6.0,6.2] [4.9,5.1]

KH DE SL7R AR BA AR B S H M 2h 4 TS A DE 105 50505 W R R B N=20, A0 8
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Fig.7 Distribution of Pareto solutions of different numbers of test phases in a randomized experiment
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Table 2  Solution of the maximum system reliability of different numbers of

test phases in a randomized experiment

R 2 KERBEHLSEIG, A R Be H L 28 48 m] S8 IR B ORI 6

p=1 p=3 p=>5 p=8 p=10
R 5k 0.471 577 0.937 797 0.999 976 0.999 998 0.999 999
RN 47.210 878 75.270 063 100.833 471 91.433 065 88.092 116

B W NI ONGN D 8900 9392 8 887 9616 9463
P IEAT I 17 (s) 0.121 000 0.394 000 0.775 000 1.186 000 1.288 000

N T BE IR R A R A SCHEAT T 10 R SR I 8 4yt T A RN AE BEELH) Pareto fif 414
Sr AL 8 R LAt R £ 10 sk, R SCRR[14] 7 (R B p=1 1 Pareto MR 4R 173 AT 7E 0.7 Jedy;
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Fig.8 Distribution of Pareto solutions of different numbers of test phases

for 10 repeated times randomized experiments
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Table 3 Average solution of the maximum system reliability of different numbers of test phases

in 10 repeated times randomized experiments

R3 10 REEHLS A RN B H 2R Gt nl 5 ds KN A~ 22 i

p=1 p=3 p=5 p=8 p=10
RG] FEPE 0.692 356 0.999 983 0.999 988 0.999 999 0.999 999
RGN 54.340 058 80.890 534 83.873 532 84.367 851 83.898 993
G TR (A< /N 9508 9487 9463 9397 9373
FRIFIBAT I 8] (s) 0.121 900 0.393 900 0.776 400 1.190 100 1.298 100
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