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Abstract:  Architecture recovery is crucial to supporting software maintenance and evolution. The clustering
problem that could implement architecture recovery is considered as optimizing problem in this paper. Through
improving important parameters and core steps of general genetic algorithm, such as initial population, select
operator, self-adapting ability of crossover probability and mutation probability, a hybrid genetic clustering
algorithm (HGCA) is designed and implemented. An experiment is given to analyze the availability, effectiveness
and synthetical performance of the algorithm. The results show that compared to general GA, the HGCA can
produce good initial population, better convergence efficiency and convergence precision. Moreover, the value of
the MoJo similarity metrics presents the correctness and effectiveness of HGCA recovering software architecture.
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SRS JEPETT I AT A AR S A 1) 13 P S A B S B Bk R S TR B AR SRR ETA,
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T e G 3 70, e 2L DA 3 DGR AR & A I B R M AT T 2 v 2 A G 5 Y LRI 43 A
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FET 1, 45 B 22l 6 g 11 3 LR IO) AT P R R AR CIQuia J8 B2 ) LA S 2R A 22 IR R I

TR 3 A TLZZ WA ARL AR B 2 A0 JR BV AR FRATT I 3 i) T T B v, 43 3l ) v A A
& WCDG. & ClQua. YA 4L 5 IS E 3% HGCA (hybrid genetic clustering algorithm) 52 ¥l iX 3 3%
BRI, RO R T 28 8 BT 3R SRR A A R B IS P I i AR AT 8 e AN T L6 T S S A R I 4 3 11 O
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B R AN DS S By 3 I8 B B A e U BRI 40 6 N bR 2R 4 e 2 A B — b g AN 4 SR R 4
M 22 7% T2 DU 52 # 2C L B, 9 fn A T FL b LA i/ Rational Rose 1) package ) sterotype 7. BB 2EIK B
Bl 1R,
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Fig.1 Automated clustering environment of the reverse engineering tool
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EX 1.3. K Cy Hl Cy FEAA RN (class coupling) e CICplyp € N CICply y=OpCply s+InCply p.

EX 1.4. B K WCDG(weighted class dependency graph)i& X &4 WCDG=(C,4,W),
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Coh; fHBR JEf% B, P ISTA)AH OC & .

EX 1.6. B B A B 43 TS N AT N AN E; ;AN 3 ] (R AROE 0G 3R, A5 A 2S5 TR AR OG22 3 B2 91T L
B4 Wi(k=1.2,....E; ), W25 B; F B; #45 k (coupling)Cpl, ; 52 LA

Cpl,, =30, [N N, .
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EX 1.7. % WCDG #Xl55 Bt m AFEE,Coh; MEE | NMEIRIVNIRIE, Cply, IEE | ANEEFIEE j A KR )
HIRGE 4 B, % WCDG W38 28 i (clustering quality)ClQua 5E XK

Cloua - {(m —)Y Coh /37 Cpl,, ifm>1
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EX 2.1, T NP(P)NSBEARAE WIB S Ex(S) WBENLKRE S S h— 03 8 5, UAME 401 p A0
X155 XA

2p
A, (1) = Ex(NP(...Ex(NP(Ex(NP(A,(1)))))...)),

p 78 SUAAER AR A ()2 ) 140842 2 8y
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1. FH P MR ST A 30 0 52 FL 4 A\ K1 43 o (O)FE S W IR B4 o((0) 1) )5 K TG

2. Ea*(O) A BIVILEFEE a(0)H;
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AT LA 1A B U TR PRl 4 A1 0 &5 6 T X, B 88002508 82 R OB AR T 3R A5 ) S AR /T 2
SRR BEAE 2% A 508 B S0 5E I d5e KA B &6 & AR B ARSI i | Z a(r+1) -2 o)/ N<HEA~ B E
& 200 Y TN < AR P AR TR A ST 25 38 I B 1 22 5907 | ot (e 1) — o (6)|[< 5 A B AR e ik v T << o5 AN 4k 38 7 3 {1 22
S o () 5 ¢ ARERARA R I AN IE B B 22 I ) 45 1 R T4 s A S 2 B e KA 3 Max G T F
s dhil o 6 48 1 41

FE BB ¥ 5 7 T AR SRR P B BB AR 0, L Y 3 2 R L 491 9 fi AR P05 7 3 B 491 9 0 3 T A
%ﬁﬂ@ﬁi?%,é?%ﬁ%%%ft%%%,ﬁﬁ%%ﬂijiﬁk?ﬁ%ﬁﬁﬁﬁﬁ%%ﬁiAl::ﬁﬁ}/ZZZﬂf;D@%%iﬁ%ﬂﬁ?izﬂFﬁ‘?ﬁﬂ%ﬁiq“ﬂ@%ﬁiﬁ,ﬁﬁXﬁii
SUVER (FL ) /N BSR4 T I FH 3@ I B B 4819
2.5 HGCAEXIEZR

TR AL IR B,

N H R RGBS S WCDG WG FHAE a(0) 3 K TG a*(0) MAEBEA ZE TPL,

iy R AR 2 TR — S AN KT Y. WCDG S C — AN P

W
1. N<FEAR (A 7% N TR Y D 0.08|C1~0.30|C

2. UMK a*(0) 1 3 K TG FE VUG BEAA o(0)

3. MaxG~—5e KA ; E— B 15— BIME 250~ BIMH 3 //* MaxG $5 il 40t &b 41 Eh FBE AR AR AR A1k
J7% T8 IR 2 ) L A e A 0 A A DI A AT I 2 ) VR B AL e P A8 S T R 1 .

4. DO WHILE (1<MaxG) 7% ¢ AR AL AL WIE R O
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4.1, TEAETABAR R A ME G N EE ClQua(al()),i=1,2,...,N;

4.2, LAIIEAE f/5f/N FUBER £/ 5 AT R PARAE LA m(m<N)y DM BE D B K a(0),i=1,2,...m.
BEIEFE b RGP Zk=N);

4.3. DO WHILE (k<=m) //* T4 5 — A
4.3.1. s o R REANANMASR ST &, ANIE N REAE R AR Bk 43 NP TC L
4.3.2. 48 kA NP X400 A N 258 — AR o+ 1)

4.4. END DO

4.5. pu=1Uppe(a(t+1),a(8))  11* prew(dt+1),0dt)) 2 NI o) BIREAR e+ 1) 72 A MR I AT e 1%, 5 4%
1% SR p,, e KRR

4.6. IF (p,,<pr) THEN AN e b3 BOCE AN A 29 iR A o 0 88 /S R A4
1178 S 44

4.7.1F (X ey(t+1) - o(H)|/N< E& &|a* (t+1)—a*(f)|<n) THEN %% a3 1% 6

4.8. t<r+1

5. END DO

6. TEBHE a() T AR IEE N EE ClQua(ay(t)),i=1,2,... N R GFHB A a*(£)

7. a* (ORI SR 20 R EES C I — NI P /PR P 5K, DAAS 3 2 AN I i

3 ZRMRSEREDT

BT AL BATC 58 8 7 AT H SR A0 17 T2 A 2.0 BOAS, BT DASE B )2 28 M i 2. F AT 1T 1 2
TFR % 7 %5 RGO G 75 i iICALLY I — AN SRBEREERIEAT T S0 BT 67 A2 00F S 36 45 S N By e 52
YA R VL 255 P RE P AN 7 THEAT T 437
3.1 AL

FATH Moo JiE A YU OUfe g o AN Tl o 1) 22 Sk il TR AR G B AT B BT R (K SE B nliE 4T R 40 3L
15 2 R AR 5 AL AT A R U 1A — B0 LA R SORY . FRATT DA AZ v 2 28 R S R G 8 (1 S 4R A 1R R 434 D b
11122 % 43, LAAS 550925 v o B 2 B D it ml b AT 22 IR 28, RT3 B HGCA B I R A 2 B8 A v 23R 26
S5 R .

EX 31" B 4,B A RAESHIPIA KI5 2 AE Move 5& SCHERI S b — AN Kb i — N R B8 8] 5 — K
1B R AE Join & SO LA KL IF R — A KR Mno(4,B) i€ SUAEKI I A Fe 4 Ay 0143 B 1) /NE) Move Hl
Join AR E, M Molo J AR EL & XK MoJo(4;B)=Min(Mno(A4;B),Mno(B;A)).

Molo 2 0 F s #2358 44145 MoJo B B, AN R 43 25 S Mkl ok

EX 3.2, W5y B ARSI MER SR 50, KI5y A AHALUT  (similarity quality)€ X4 SimQua(A)=
(1-MoJo(A4,B)/n)x100%,n A HKEAL P ITLRAE

TEAR S p B E (12 2% 3 43 D0 A 28 40 1) 8 2 BRI BB o) B 1) Rl 4 TR G SRR BN 3 N F TS
WTEAREA . BERRIRE, R S A,

Table 1 The influence of the parameters to clustering effect

R UM RIBOER L WA R

Initial population Population size Mutation probability Similarity quality (%)

HGCA strategy 10 0 62.08
Stochastic strategy 10 0 59.55

HGCA strategy 20 0 63.33
Stochastic strategy 20 0 60.02

HGCA strategy 10 (0,0.01] 79.34
Stochastic strategy 10 (0,0.01] 72.97

HGCA strategy 20 (0,0.01] 81.34
Stochastic strategy 20 (0,0.01] 74.12

© HHEREBAAIGUT http:/ www. jos. org. cn



EF0 SR et AR Bk LB MIR B

1227

SO0 5 UL LE AR HUBE RN S7 HE 4< p A Z B0 R (5 00 T R HGCA (K48 A A 2 TR R 45— 5 B 1Y
BIGEAE AR 7 25 g HEAT BRI Im 7 AR K 20 O AH ADUE B LU B L™ 2 00 6 30 A4 S 3R 249 31 1 23 1) AR DL
LR IR, HGCA SR 7™ L (KA Ur E A L BEAIL ™ A2 (K040 Ay TR 80 R 0 S el e A SR PR A S R A T A3
i e J2 SR AR S (Y PG P s RS AR PRV A A 1 0 S 00AT 2 AT 2

3.2 FEEMEEST

TNV hR . B hT . efUFE bR A (3R bRU R 4 i Al S b e it A B0 £ 1 o i 10 7
9 T HLAE W] HGCA [IMEREDL 2 JRATLL L GA 10 21

i¥1xﬁﬁﬁﬁ)X@MD:%Z;me¢J%ﬁwﬁﬁﬁm%%zﬁ%?ﬁﬁ&&&ﬁXmMD
FRF) TR 1L A I I R B 107 P Bl % 1 R PO s 7 2 S b P 0 S0 7 2 e

EX&«%%%%)thm=%Z;ﬂh»ﬁ%f&ﬁﬁ%&%%%%%%@@ﬁ&ﬁﬁxmdnﬁﬁ
ST ARG I T3 7 R RGP0, 6 1 F i R 4 B PR I M R AR % 18 B e 1 - W)

EIEVET G

TE X 35(EMIBFR). £o,(0=1 (O 0 (A BV ¢ 1R 1, Bl (K038 1 3 o 0.

EX 36(EITIRAR). PN, 1, K S T B AR T S8 bR, p,, h 3 38 AT B A0 I 2 45 b

}@:%Z;ﬁqymw%Mz;UﬂnJ@féﬁwﬁm%ﬁj&%ﬁTﬁ%ﬁﬁﬁ%ﬁﬁ%*ﬁ%%m
HBR, £, B8 1 YHSEIEAT BT B AR T, p,,, B r UGEAT BT 00 FUARE (bR A O 22 . o F 1A% 51
RV 2 BENLIE AR AR RIS AT AN R 5 A UL I I8 T HL 5% 5 B v e, IR S I SR AT S b T
(9, f o FH T BRSO SRR RE, p,,, T UL VR RS AR B

M 2 FE 3 7] DU I, HGCA L GA TRk e A 25 S PERE#1, Ui W HGCA IR B VE RE RIS ST

LA, B 0 B0 DR Ml B B 0 FLRG B S .

Online performance

0 20 40 60 80 100 120
Fig.2 Comparison of online performance
between HGCA and general GA
K2 HGCA 5 GA fELMERELLE

cra

Offline performance

12
- HGCA
10
s [ e
- £’ a4 General GA
6 /
/
/
/I
4 3
/
/
2 [//
/
! l l l l l
0 20 40 60 80 100 120 era

Fig.3 Comparison of offline performance
between HGCA and general GA
Kl 3 HGCA 5 M GA &M RELLEL

Table 2 Comparison of computation result between HGCA and general GA
%2 HGCA LM GA IH5E 45 RILEK

Prun Jop(T)

S
HGCA 6.527
General GA 5.298

0.784
0.429

5.046
4.921

A 2 L5 T HLHGCA 1K £ oon FLHRL GA B, 10 W1 B I2 AT 1R AT R 450 7, 9 UCIB AT 45 L
I foe P AR 3 v, ST I RS AR B W £, (T) 2 20 UKABAT HHORS L B iy — IR IR 45 SR HGCA L L GA IWCSIOKS B2

L3N
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4 HXRE

AN ST I 1) TR v e o SRR IR B2 (10 2R S 1 U AR e DI A I 80, 30 e e A0 A A A B L B AX B R
W IEPETTIE . AT XM AR SRR IS A A A SR OB S B, S DL TR A A R Al e
BT, IR AT M AN ER B PERE P AN T T 0 M 17 S0 R 906 465 R AR WL HGC A IOBEARTE REANRUE TR RERR
M, RE 4% T DRt ik 3 de U8 I HORG B e [ I i 3 A R0 S L v 22 R e 52, T AL I I 4 21 22 S T LAk,
Fe it 22 Wl 1P A2 5L AU RN & SRR IR A N2 1E— 258 i B P 2 R MEAf 1 R B
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