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Abstract: The complex network theory has been used to reveal some typical features of software networks. It provides a new way for us
to understand the software structure from the system view. However, there exist some gaps between the theoretical results and the
practical performance of software systems. This paper aims to reveal some essential causes for the above difference by analyzing the
characteristics of software network nodes. This paper proposes a novel weighted network model to much more accurately describe the
dependencies among the software network nodes. Based on this model, this paper analyzes the actual dependencies of the software
network nodes and several statistical characteristics. Also, this paper further analyzes the relationships between these statistical
characteristics and the nodes impact. Furthermore, this paper introduces the concept of the key node and four fundamental hypotheses.
Finally, this paper verifies the effectiveness of the above four hypotheses by designing the experiments on two software systems. This
study provides a guide to research in defects propagation, software reliability and software integration testing.
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Fig.1 Software network at class level
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Fig.4 Topological structure of software network at class level
K4 LA B0 BB 0 2% b S A
P 5 TV 2 AR 0% 28 BTl EBCFRT 18] 3 BT 70 FRD 0P 445 Ry 30 1 TT AT 5 P BT s R P 2 P8 199 2% LS4 D K
N C &5 ST ENRBCE AR T PN, AN E B R 4 i AT T 45 R TR RS 2 OB DG &R Hh N &5 1 B RO &Y
M C T FQ, AU T % e (), IXFE 1 ¢ R AEA SO AT B 25 B IN LA 7R T A 20 A S04

RIS AR A4 ) 5% A A2

Fig.5 Real topological structure of part-dependency software network
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Fig.8 Relationship between S;; and node impact
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Fig.9 Relationship between S;, and node impact
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Fig.10 Relationship between L; and node impact
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Fig.11 Relationship between key node and defect propagation
K11 SCBE4h m 5 R AL 4

M 10 R IR 4 R RT LA AT LA s PR 5 M 0P P ik S L A 5 e 0y 00 PS8 K 3K B 445 gl i O B 5

ATTAE 3 B AN [ R BT 100 5% I A I 3K 26 O B 45 KB O T FUA &5 0 D Bt 4 i L 2y Al g A 45 il 7
PR 2R ) I 3K 8 G B 4 et K M gl At & e BT A G e ST I 8 v A 23 T DR S 3 28 G B & 2 T

L AR BB 4 2 AR

TR B 4 AU UEA PR 2 2R R TG 1 5 6 A 3 2 FC A 1) 45 i RO R ARG T G B & e K e o o
FUATARRAR AN s 13 BRI o 588 B, DR APk AS (AR 7 2 2R 4 L DT MRS 01 AT 408 5 i 1) Sl s, [ U AR 78 B g T
P A 8 BRI OC BRE 45 o (0 HE A &5 s 253X S 5 R AR U 7 T SRR (L] H AR B AP e o P AH DG R B

6 HiERARKMIE

CAAR G0 K A0 w3 A R AR R o 3 B 55 (1 AT R 2 — AR AT R 5 s R S M 4 BRI N 2K
T RE AR ATTIER, B L TP 10 26 R, DA AT TRA VR P A et {4 7 KB AT 75 9% i P P 90 g 1 (1 4
JRCER T (L (R A% ) ] B b filt 5 Ay 90 288 1) 45 e T 9 10 8 e X 208 (R 1) — S8R 1k b AR, RS P 1 4 5
RSB (R PRI T A 199 2%, T 10k YRR 1 b S 10 AP ) 206 ) L S I, T — SR T PR I 2 O E 5T, BRI
T SRR 9 2% (1 (R I SR P A P 10 S B R DA ZE L. Dy T X T A D), AR SCIA Ly
T T R A 20 85 a1 — AR 3R M T — A S R A 9 4 45 SR WD 5 R ) I ASL R AP ) 5 AR WSNINLAE LA 2
(KIBEAM b, A SCG T LA B AR 9 208 (K STk 20 AT 1 IR LU G5 R B I 245 45 R R PR DG AR e O F
B T 4 AMEBE R AR RAE A K 77 A SR T ok 4 AMEBE & B, T 45 78 T SCHR [ 20 L
S AR BRI Bl b AR AT AR DG AR R T WSNNI IR B A ol S0k 5 b7 SR A 5 R AR AR 5, DA B X 1
BRSAEFAF I e A 4R 2

© PERREERSMROT  httpy/ www. jos. org. cn



2828 Journal of Software #:fF 4R Vol.24, No.12, December 2013

References:

[1] Fenton NE, Ohlsson N. Quantitative analysis of faults and failures in a complex software system. IEEE Trans. on Software
Engineering, 2000,26(8):797-814. [doi: 10.1109/32.879815]

[2] Torres-Pomales W. Software fault tolerance: A tutorial. Technology Report, NASA/TM-2000-210616, 2000. [doi: 10.1007/978-3-
642-22655-7]

[3] Taube-Schock C, Walker RJ, Witten IH. Can we avoid high coupling?. In: Mezini M, ed. Proc. of the 25th European Conf. on
Object-Oriented Programming (ECCOOP 2011). Berlin, Heidelberg: Springer-Verlag, 2011. 204-228. [doi: 10.1007/978-3-642-
22655-7_10]

[4] Shi MJ, Li X, Wang XF. Evolving topology of Java networks. In: Proc. of the 6th IEEE World Congress on Intelligent Control and
Automation. Dalian, 2006. 21-23. [doi: 10.1109/WCICA.2006.1712345]

[5] Wang L, Wang Z, Yang C, Zhang L, Ye Q. Linux kernels as complex networks: A novel method to study evolution. In: Proc. of the
ICSM 2009. Edmonton, 2009. 41-50. [doi: 10.1109/ICSM.2009.5306348]

[6] Myers CR. Software systems as complex networks: Structure, function, and evolvability of software collaboration graphs. Physical
Review, 2003,68(2):046116.1-046116.15. [doi: 10.1103/PhysRevE.68.046116]

[7] LiuJ. Research on software structure analysis and optimization by applying complex network methodology [Ph.D. Thesis]. Wuhan:
Wuhan University, 2007 (in Chinese with English abstract).

[8] Yan D, Qi GN. The scale-free feature and evolving model of large-scale software systems. ACTA PHYSICA SNICA, 2006,55(8):
3799-3806 (in Chinese with English abstract).

[9] Li B, Ma YT, Liu J, Ding QW. Advances in the studies on complex networks of software systems. Advances in Mechanics, 2008,
38(6):805-813 (in Chinese with English abstract).

[10] He KQ, Li B, Ma YT, Liu J, Peng R. Software Networks. Beijing: Science Press, 2008 (in Chinese).

[11] Han MC, Li DY, Liu CY, Li H. Networked characteristics in software and its contribution to software quality. Computer
Engineering and Applications, 2006,20(3):9-10 (in Chinese with English abstract).

[12] Ma YT, He KQ, Li B, Liu J. Empirical study on the characteristics of complex networks in networked software. Ruan Jian Xue
Bao/Journal of Software, 2011,22(3):381-407 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/3934.htm [doi:
10.3724/SP.J.1001.2011.03934]

[13] Zhang L, Qian GQ, Li L. Software stability analysis based on change impact simulation. Chinese Journal of Computers, 2010,33(3):
440-451 (in Chinese with English abstract).

[14] Pan WF, Li B, Ma YT, Qing YY, Zhou XY. Measuring structural quality of object-oriented softwares via bug propagation analysis
on weighted software networks. Journal of Computer Science and Technology, 20102,5(6):1202—1213. [doi: 10.1007/s11390-010-
1095-2]

[15] Valverde S, Cancho RF, SoléRV. Scale-Free networks from optimal design. Europhysics Letters, 2002,60(4):512-517. [doi:
10.1209/epl/i2002-00248-2]

[16] Sun. Java development kit 1.2. http://www.oracle.com/technetwork/java/javase/downloads/index.html?

[17] DependencyFinder. http://depfind.sourceforge.net

[18] Pajek. http://vlado.fmf.uni-lj.si/pub/networks/pajek/default.htm

[19] Yook SH, Jeong H, Barabasi. Weighted evolving networks. Physical Review Letters, 2001,86(25):5835-5838. [doi: 10.1103/
PhysRevLett.86.5835]

[20] Barabasi AL, Albert R. Emergence of scaling in random networks. Science, 1999,286(5439):509-512. [doi: 10.1126/science.286.
5439.509]

[21] Jenkins S, Kirk SR. Software architecture graphs as complex networks: A novel partitioning scheme to measure stability and
evolution. Information Science, 2007,177(2007):2587—2601. [doi: 10.1016/j.ins.2007.01.021]

[22] Wang Q, Wu SJ, Li MS. Software defect prediction. Ruan Jian Xue Bao/Journal of Software, 2008,19(7):1565-1580 (in Chinese
with English abstract). http://www.jos.org.cn/1000-9825/19/1565.htm [doi: 10. 3724/SP.J.1001.2008.01565]

Mt o 305 % STk
(7] 5 3 52 A0 0 28 0 PR 45 0 53T J DR AR L1243 3 301 i i BUK 3,2007.

© PERREERSMROT  httpy/ www. jos. org. cn



JEALTE E A A M A Gt B W L B AT 2829

[8] MR, AIS = KU A 22 S 1 T b S8 A 1 g 3 AL B 2L 49 3 2% 417, 2006, 55(8) :3799—-3806.

[9] Z=J%, 51 ¥ Xah, T B AR Bk R GE B 2 M 45 9. 4 1k Ji¢,2008,38(6):805-813.

[10] 1 5 ¥, 2% 5, 1 - 5, 0l 05 B2 % 3 1 ) 24 AL i o k2 1 AR £, 2008,

[11] 5 gy, 2 B )5 58 AP vl 1) ) 08 Ak A A0E B LSkl 1 ot 10 ik v S5 L AR 5 T, 2006,20(3):9-10.

[12] ZhF 3 4 503, 25 5 XU . 9 4% 4k 3 10 52 2% 9 446 o Pk SIZAIE . 1 22 41, 2011,22(3):381-407. http://www.jos.org.cn/1000-9825/
3934.htm [doi: 10.3724/SP.J.1001.2011.03934]

[13] 5K, ek 1, 24 bk e A T A 477 B R B RS 5 M 4 AT T S22 4R, 2010,33(3):440-451.

[22] E55 1458, 25 BB A e B TR A 401 2 41 ,2008,19(7):1565-1580. http://www.jos.org.cn/1000-9825/19/1565.htm [doi: 10.
3724/SP.J.1001.2008.01565]

B®E1974—), 5 18 L w4k
S0, IEEE Fellow, T % BF 57 4% 45K Oy 53 2%
ARG I 4% W AR Al Ll b v it

E-mail: jhlu@iss.ac.cn

EAEPR(1973—), 5 WAL AL BE N 18 A UF
Ui, 2 I 50 U B R, S B 4
P % ALK BT TR A ).

E-mail: wang_wwang@whu.edu.cn

© PEPEESESUT  httpy/www, jos. org. cn



