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Reliability Analysis Algebraic Approach to Software Evolution

ZHANG Jie"? LU Yang' ZHANG Ben-Hong' LIU Guang-Liang!

Abstract Because of changes in the environment and needs, software evolution often occurs and leads to changes in
software architecture (SA). The existing structural software reliability models have a beneficial effect on the evaluation
of the initial software architecture, but it has limitations in real-time analysis of software evolution. From the software
architecture modeling, the software evolution is described as an atomic operation sequence by using the algebraic method
and the reliability influence of each step in the sequence is tracked. Accordingly, a procedural reliability analysis method
is established. The approach can be used to analyze the key links and the overall trend of evolution, and further feedback
and constrain the evolution scheme design, ultimately to improve the quality of software products. Two practical examples

are analyzed and discussed in detail, and the validity and usability of the proposed approach are verified.
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Fig.9 The reliability trends in evolution process of
ESA software
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Table 2 Evolution process calculation results of Case 1

JERAR TSP FHABIR A 2 7 AT B JEA RIS FHABIRA 2 7 AT B
Ry, 0.87623 Ry 0.85580 Dy 0.00268 Cy 0.55552
R, 0.87167 D, 0.00456 C; 0.91264 Rip 0.85302 Dy 0.00278 Cio 0.55552
R, 0.86810 D, 0.00357 Cy 0.73408 Ri; 0.85213 D+, 0.00089 Cy1 0.19840
R; 0.86671 D3 0.00139 Cs3 0.27776 R.> 0.84826 Dy>, 0.00387 Ci2  0.79360
R, 0.86532 D, 0.00139 Cy 0.27776 Ri5 0.84409 D,3 0.00417 Cy5  0.87296
Rs 0.86532 D5 0.00000 Cs 0.00000 Rys  0.84231 Dy4  0.00179 Cha  0.37960
Rs 0.86175 Ds 0.00357 Cs 0.73408 R.s 0.83806 Dys 0.00425 Ci5  0.88330
R; 0.85868 D~ 0.00308 C7 0.61504 Ri6 0.82888 Dys 0.00918
Rs 0.85848 Ds 0.00020 Cs 0.03968 Ry7 0.84053 Dy7 0.01165
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Fig.12 The reliability trends in evolution process of
ESA software
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Fig. 13 Reliability trends in evolution of Case 2

4.2.3

e — B Bos A B S 5 LR B, b i
16 O SE PR UK B B s AL Ny Ny & N,
FEIX L AF AR 5 T 5] A B i ] Sk 3,
R T-T Ja BT

BB 4 NHRERAR Ay o~ Ay, 53
XPBA Nyv Ny B Ny A4y 375 i) UMD £ 4
PE. 3 AN AR AR NE: Ny A TR BRI 4G A
&, N5 HA &K Distance {H, 1M Ny 5 451 P HAX
T NG AT SEME GBS A

X UMD #AE 50 N HEAE T2 28 . N
WA Ay PR, B8 Ny BOSEIR A T 0, g A%
RIS e A Ny ~ Ny Z R 6l R R,
RIMAH R IR )B4k, 78 Ay 28, AR
Tk APOCHL UMD #:4F, 45350 SR M LUl
Py o:Py3: Py H0.6:0.2:0.2 5514 0.5:0.2:0.3,
HA Py 5 Py 1ERSHL M P RFEAE. K
15 (a) P& 1T FRIA TRA W FEE Ry 75 P 5
Py AFERSHEAE LN A AT REREUE. Y Py BT
PEBOR I, Ry MBS, SEPR Ay BMORE Ay TRAS
PETF TSN AR, M T 4 R, i
SR P o Py ZAIMRR, Bl 1T —3, 39
TAEEA I R R th e TT 73 e e B MR 5 i 2 A7 0
7.

100 V) Distance
—ua— Criticality
% 801 /4]
N ew v
S = 7
= 7
=4
k=
e 401
g
N
20 %

o]

D, D, D, D, D, D, D, D, D, Dy D, D,
Distance
14 B 2 AR )5 H R
Fig. 14 Version distance and component criticality of
Case 2

1t Ais B, WA PyoiPygiPrg SBACERT N
0.4:0.3:0.3. X Py 5 Py EASHEL Py R
FEAAE. B 15 (b) Tl IV XY Ry AT Al AEHL
fH, %50 Ry BEAG Py s A7 EEHERMERTE. RS,
LI KL T Ryys 5ZH P o Py 2R R, 1E
MSHEHME IV —80 R Ay A PP
AR SR B8 T ] g O R — 22 (1 0.6:0.2:0.2 %
0.4:0.3:0.3), ¥4n 1 DA ZHTCRE K T 73 A
J&, IRANESS H I I LU ASE A B 46 R, WO T B0 v
WERAE T BE— A7) (Anbdd Avis Ave), ¥ 5E R
TIAEA 2 DS HTAR MR O AT R 3
AN B VAL R e B SIS R 4% e 23 A

MR 3, Ry BT —RCAHT N, i WX
Ny M5, Ja SR M N5 70 KA AT 0T
FEVERTT. 1M Ryy AHBCHTID, BEHIRY AL N, £
TR E N, R P EOTRENE N sk 14
Dy ~ Dyg #B7r, 2B B BOBAK AT SE B B
FERX 2%, AR, Dy (0.00497) BI% KT Dyy
(0.00234). D; (0.00185) A D;3 (0.00205). hxA
Ay RS WA I S OO B2 5 2 R A AR I, JL R
e R P2 R BRI S3 — F FERGAIE 119 5 N5 £E %
RG5Ot s R BE RN, X SR [29] HH UK RE 23 B
a5

LR S PR R0 4 i e A% 0 SCIBURK FE 1K 23 A
IR EZ A RN ITIE, W KA 2 ZHU I T AEAE
PRI, — LT AR IR AT FE PR AR (24, 26, 290 o ff ]
T 2T BRAR AN BT R 2R AL 1
o, A X R VE TSR B, AR ] W 3 B 5 Bt
R I 73 SCRUR L. A SCHE e ZA s A e 78
A P Jt 7 B AT A0 ALl T R R R AR AL
PR A B TE I SN A A QR R T B T SRR AR
A, T I S A T SEPE KOG IR, HAT AT R
(BERSEIES -9'8




158 H | 1k & £ 47 %

® 3 Hp 2 WA R AR

Table 3  Evolution process calculation results of Case 2

Ji A ] S AASBRR A 2 22 AU SRR A T SEE ARER A 2 22 AU IR

Ry 0.82996 Rg 0.78002 Dg 0.00690 Cs 0.72890

R; 0.82159 D; 0.00837 C; 0.83725 Ry 0.77697 Dy 0.00305 Cy 0.32505

R, 0.81440 D, 0.00719 C> 0.72890 Ry 0.76908 Dio 0.00789 Cio 0.82996

Rs; 0.80731 D3 0.00709 C5 0.72890 Ry1 0.77142 Dy 0.00234

R, 0.80406 D, 0.00325 Cy 0.33490 Ri2 0.77327 D:>  0.00185

Rs 0.79332 Ds 0.01074 Cs 1.11305 Ry3 0.77532 D3 0.00205

Re¢ 0.79145 D¢ 0.00187 Cs 0.19700 Ry4 0.77035 Di4  0.00497

R7; 0.78692 D, 0.00453 C7 0.48265
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