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Abstract For the better management of software evolution, more and more software evolution management models have been
proposed. However, most of the software are stored in the models in the unit of files or projects,and the models lack of the evolu-
tion history information of those software components, which make the evolution process hard to be intuitively and effectively un-
derstood and managed. In this paper.,software evolution binary tree is defined to express the evolution history of software and its
components. And a method to recover the evolution binary tree of software and its components by software architecture reverse
technology is proposed as well. First of all, the (atomic) components of software system and software architecture (taken as a
special composite component here) are recovered by software source codes and architecture reverse technology.and the multi-di-
mensional attributes of the corresponding atomic components and that of the composite components are measured, based on which
the software evolution histories are constructed by the evolution binary tree construction algorithm. Finally. after analyzing the
main factors that affect the construction of evolution binary trees according to two groups of experiment,some evolution binary
trees are generated according to similarity thresholds with different attributes and some are generated in the basis of the combina-
tions of different attributes by Bunch and ACDC (architecture reverse tools) respectively. Through the experiments of four open
source software (Cassandra, Hbase, Hive, Openjpa, Zookeeper, RxJava, Groovy, Sqoop) » the best similarity thresholds affecting
the construction of evolution binary trees and the best attribute combinations suitable for the software are realized. And it’s also
can be seen that the evolution binary trees of composite components recovered are extremely similar to their corresponding real
trees in framework. And using the architecture reverse tool ACDC to restore the evolutionary binary tree has higher accuracy.
Consequently, the proposed method is effective to recover the evolution histories of these open source software and that of their
components.

Keywords Software evolution, Evolution history reverse,Software architecture, Evolution binary tree
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T 55 UL s A1) 56 22 81 11 e L 3 I8 R 46 R AR i
FF AL F B9 28, DA B3k 26 28 2 [H) B ) RE 5 oK 2% & R 28 T 4 1 Y
R A AR U, T TGI8 AN BB T B B 2R G A B R A A R RTAS []
B R G RS 2Z [R] (1 AL A5 U, .
3.1 REFHHESEEER

ARG NA R W] LU a3 A5 8] — S 250 08 R R
P& T 288 Y 26 28 MM 1) 2 |l 2 A 7 DA B b Y 26 =2 1) A AR
O FRAE . TEAH T HEAS R G0 MU Y 28 1 O R O 18 DL B i
F G0 NUAS 0 PR ARG 98 ) A BT A B T A AR L AR
K F MR T i A A TR R 3 ) B Ry — AN B A A A 44
S X R R 15 44 5 I8 55 T BT A 08 2SS N B AR B R A
s SRS AR R v 0 I 22 I A AR DG 2R ek I A A 22 TR Y
Provides 3 Z& fll Requires % & » I 4 5| & 47 2] & 7 # 144 19
Provides % & fl Requires 4 9 5 i Ji » AR 4 5 48 AR A 2K B
AT K 0 22 2 Js v (E S B, I R A7 B4 I 0 I 5 44 1
wh s LURE 5 AR 91 22 2k B M 15 B 3 TR 4 1 1) B AL AR

JE PR AR RGN B — Al SE A SRR BT, BB
Uik KAk JE kel e s R AR ARG, TEXS IR — R 4L
B 22> F2 8 WA 385 [ A= 80D g 2 B %o 398 1 o ke B g —
AR KA A T RE AR R IR A 548 12 RRAS , 7T B A
AN [ 1 Do A A
3.2 EaHHEEEK

JEF AR R G MUAS i — >k S7 B9 B RE B G T E
FACR M RER R GG, R, — > RS A B R
A 35 1 A R R 2 P X i R ) A
— MR RREMANEREHWNE ST, BHREM
ERA R — BB, A B A4 % R R G4 IF
BTG NUAS 35 1) 4 e 9 BT A D A 1 A S R G A B R
SR, W ARG RTA TR 2 g E EE BT E A
B 2 4 AR B I DR AE BN B 0 & A A 1k v, DUfE
S WA 9 22 4E ) P A5 S 3G 52 A 1 1 i AR AR

HEMMERE DRGSR NIRRT, R 50050 7
A U A O IR A R R T RE s R AR TR AL BV R B2
A ox R AR PG A R R — A R G818 22 A WA 39 1) A Y
E 2R RU G R Ui =R R LR N i NN TN B D
T A R AN R E AR

4 BUFHEFEE

TR 2 G WAR 22 10 0 9 O 3R 7T LA B AR AR R 7R L
TR T 2R R AL 3, AR SCOR A AL T O 2R R B R A
ZIAWE A R,

4.1 EUWREKZXH
QL) 5 A A8 R A — SUAR f0 5E X

EX N AR MR T= Groot, ), 1 4.2 15 2(a)
s o HH roor BREHLEE 8L F 52 m (m=0) BT W 44 1 14 2%
MBI E= (T, s Tyweee s Tiweer s T, s TR NAR root B5E @ B
TH.

TERRAF AL TR 2 MORUAS 38 Ak — SO Y Al it 1 25
N BB — A T8 5N AFAE — SR AR W RO A7 A —
MON, BN, BB A4 3, AR T REAETE N N, th R 1Y £ F il
o332,

FEX 2 WAL UM — Bl R SRR SCR AR R B T=
Groot, L,R) A 4.2 T 2(b) iR . HorP LR 43 BIR AR 44 5
root H@Eﬁ&%éﬁ'ﬁo

1) AR SCHE A DA IR AR T8 Ak — SR P AR B — A R T 45
N, R E . —BIFE %45 5 Ui 258 045 80 N, #4 Jm
A0 A3 ST R AL AR ST WA ERSS AL N, IR BNK LI N,
785 R SO T AR S5 R N A 2 SRR
DAl 73 32

DMEETE RN N AHFELEZTH A N R, N.RE
N B —A$ 0L, B0 N, R=Clone(N) , HLER¥E DL 2% 550 M 45 15,
e D25 F O S ah

(2) T8 A RS o0 36 A — AR 1 2 46

R AL AR root EAEAR T AZETFE RN LNy, e
N, o DU e i A 3 b — SO I 7 B4 0 4

¥ N ERIEEFHEAE root b

2) SLRE— L 8L Clone(roo) Y root AT T %
N, VE N Clone Croot) B 72 % F 5 % B — A~ 37 1 45 55 Clone
(CloneCroot))YE R Clone Croot) W 4 % T ¥ N HER Clone
(Clone(root)) W72 % F s LA ML 28 HE . 4% root 19 m — 1 45 45
N N, B N, OVER AT F HEAEX I se B4 5 L

3)XF root IREANEALFHE TCND L TON, ) s+, TON, ) 4%
MR R PR ST AL PR,

T8 B AL B AR AR R S N R — A
AR S S R AR AL U R N B EE AR P N
R JHG Al 43 3 v A4 25 R0 VR E AR L A A N R 38 AL 43 S

BB WAL — XX AR root FEXEZE T F root. L MG ETF
root. R W 5 Ak i A 5 B4R 4R b 2

¥4 root. L VEH root WIS 1 ANHEF4545 .

2) 45 root. R FFAE UK Groot. R) . L AE N root W56 2 % T
45 1575 (root. R) . R F#7E, W ((root. R). R). L AE 2 root 1Y
53 LT A DL R L 2 roor 958w — 1 S AL 43 3K
AETE WSS n— 1 SO AL 23 ST AR &5 s ZE B FAE R root
HIEE n DT AR

3R roor WA AR T RELS IR PR IRE E A,
4.2 BN X E & AR

BEXTAG A 1) — ZH AR T8 Al = SO 388 1] 25 R A U ) A4
P 0 22 4 J P A VT LA 36 A 1 R AR 22 ) B Al O AR L B
A UM T8 Al T OB R AT 2 R R R 2R AL Y
G5 0, LG U RAE T I PR A T X N IR R B8 RRA 1 R AR
FL AR L 2 Y JE RO LR R A 1 A R R
ARG B R RARAE T HAC S, S R 44 TN R A R
BRI RRAR S, TE A 3 Ak SO B e R 1 PR A i — R
T8 A SO T 35 A A 424 98 5 A A 21 A IS % R 1 A — SO
g — A S g L



552

Computer Science TTHEPE#  Vol. 47,No. 11A.Nov. 2020

) 35 AR 1 0 A SO, T SR K i 1 i £
ARG AR i BB AT ] 396 1) AR 0 5 ) 0 4K U AR S 45 i O
A BN A SO R SE Y R A A R A A Y
LB QIR A B AL — UM tree R, L FE BT SBIT
P AL SR T SRS Q Z I AR LR AR )R 4 AH
AL DA v )AL 0 T AR TR 328 438 A — SRR o 1) S5 45 AR O i
AR EL R PR IRYE Q 5 P ZIRIAH LB 19 K/ 34T H)
T o R A0 S BT 1 95 2R e B R S S Q 45 PR Sy T Ak 43 ST
AB] P T Bk S 1R M A 4 303 A 8] PR % 1
L EHE QI AREA L Z XM o ik, FER AR TR Y
JLFETE

(DAL 3O 28, WK Q A Sy T8 A — SO AR 25 o5
A QWA S AW IR A S .

()AL Z WA Ry 28, 43 g R LR TE -

DQF P [ — ML RRA , K Q Fl P X A~ 45 ki
I W Q WMUASLL RIS P 0y A SL )7 51 Y, 4
QWA S 5 P (WA S A [ ;

2)Q M P R M A, HARM ER S, H P A
BTSN QIERNP WEHTH S .2 P HRASH
BARM 1/ER Q BIRA S ;

3) QM P RAFE I A, BARRIER S A8 P A A
45 50 DU H R 3 B — > AR L 1 S 45 VR S T I e A A
FLE S5 5 P, IFHH 4 W

D P R AR 0K hA . HAHRUE AL, H P &A
i G AL 1 — AR Z5 AL clone(P) , IF4% clone(PYTEN
P A48 R 5% QIER clone (PYWAZFLHE L. AP
B AR AR5 5 N <. 0" VE A clone (P) I RRAS 5 . & clone (P)
B MUAS 5 BB AR AL 1 1R Q B RRAS 5

5)Q P Ry AR 0¥ 1 A . HAHMLEERBAR 2 P A 4
745 00 AR B Py d A 00 1 M A 43 S A AR 45 A R 4 1
— ML 5 clone(R) , 144 clone(ROVE R R A T 45 55, 9%
Ja¥ QVEA clone (R)MZEH T 45 8.4 R WA S 5 | N -
“COMEN clone(R) W IRA S, & clone (R) B AR AL 5 19 Jie K Aif
1 ER Q RIMRAS

TE XS Rl P 18— R A A 3 A Z SR, S T R
BN RAS 2 B 52 25 A A B 38 A = SO R 3 2 Ao

BB PR AR 22 (B AT AL PR R L AR P B
B:1
P:p
V:1.0
v
B:2 B4 B:6
Pp, Pipy Pips
A V:1.0.1 /:1.0.0.1
B:3 B3
P:py Pipg
V1.2 V1.1
B:5,7
Pps
V1.3
(a)tree

5 B0 45 X ) 22 48R 1S AL T i (A SO R R R
NG Bk FLAE 45 58 B WA A AR 22 [ B AR DL BE . AR SR
T = AR A S AR B2 i 3 A 5 BRI T

S * S,

S SCSOTTS T s T

n
Dla; * b
i=1

St xS

H SO M S, IR A IRA S5 S, e 2wt p b
B J P A 1) i B S X AY B A AR AR ) R O Cay san sas st
Ve, So IR BY SR AL AL T A (i b s by s e s
Disrabymy s b, s W PTAS KA WA 04 FH ABLEE 7T LA R 7R 2 < simi-
larity=Sim,(S,,S,) . R, APIE M E A F 0, 1]Z 0, 5
(BB R AR R PTG B AR BLRE B, F 2 JUPAR BLRE B /N,
Sh AT K G A Z TR AR AL PE R B B L N B T — S AL
o 204 9 4 A P 2 ) 9 AR B E S /0N T I8 R DU Sy 3 TR
A2 22 18] £ AR B2 28 i 2 R RS /DN T 18 (B I 00 A Ay 3k 7 4
A 22 1) £ AR B AR

JE A £ B AR BBE 5 BT 01 1) Y 22 4 D 2 D T A 1
2R AN B T A P e S SO RS B A A R 2 SR Y
KN A

ST G PE R AR (A BE S i 0 Y 2 4E TR M 2 A
R AR AR A R R P R R AR RN B B A
PR R AR ZR 5 A0 RN A R AT B LA K java SCHF R,
r SR PR g 6 8 s 0 1 D SO B ) 2 1 R R 5 8 RN i
Trefl, 1

ValueSA (V;) =GraphEditDistance(g(V;) —g(Vy))
H,i>0.g(Vi) =0,

Pl 2 () 2 e B LA b #9000 4 365 1 ok 1 — BRI Ak = SO,
Xof N B AL AN 2 () s . Herh, B SRR 1A 1 AR X iz
W) R GERA I IRA S 2R, P 278 % 0 1 AR 119 22 4t ) 1 1E 4K
HAFE .V RRIEM M RRA B RA S L FI R 233 R R 72 7
MO TS, WE 2 ] UE 1008 b = SR 2
Hi 8 AL PR R AS K I, HoP 8 7 AN RRA 55 5 DR
I AS 2 A ) 5 PRI OG0 A SO U 7 AN SRS A A
FRAHEZE Ay 1 285w DUAE LT 2 A B 45 m L, IRAS SR 2R
2L RPN AR T 1A A

Ajs s Ay

B:1
P:p
V:1.0

L | R

l /:1.0.0

L
2
’:py
1.1
L | Kk

[se)

~|

~

=

(b)binary tree

P2 R R AR B A A 038 — SR 7R 4

Fig. 2 Example of component version evolution tree and evolution binary tree



PPN S5 < BRI A D Rl A 390 1) R A T Y

553

5 EBISH

AR 32 B R Al AR SR AR S 0 R AL SO i
0] — BB TT PR FR G S5, I R R B IR H B 3EE Al
U H A TR R 1 T A SO L R S S A A
B
5.1 HMEELZXHRE

ARFT e 4 1~ & 48 (Cassandra, Hbase, Hive, Open]pa) &
TR TR S R A O, X 4 A RS B A E B
LR 38 o] R R IR M A B 2k 1 s, Kb REER
A5 R github PBE I RRAS S G T 19 B A ik 2k 2 4 B4R B
B T U528 G0 WA TR 4% 77 4 4 O 1 JT 4R s BR 17 1 T e

?E’Jﬁﬁ\%!ﬁ)ﬁt%Diﬁﬁibﬁﬂﬁ@?*’]#ﬂ@"%ﬂzZ% #

W4 Hive RGEIL8 0 £ B T 58 MR F M i fb — X
W,(/assandra RO I A g T 37 BRI TR T A SO
Openjpa F 48 3k 30 ] A= B0 T 43 B R F 49 44 86 1k = XM,
Hbase F G033 ml A= i T 64 B #4170 W16 — XM, ik oh,

BEAS R GEAR I ) AR T — B A R AR T A

PR 1Tk BRI 4 ARG 40 AR GRS BEAT 30w
— A T 4 BRE G AR AL SRR 202 ifﬁﬁﬁ%’f’]mﬁi{t
TR, HoH, 4 Hive, Cassandra, Openjpa #il Hbase i%X 4 >
FRIR & g8 A2 AR LB B AE 43 3 B 2 0. 999 85, 0. 999 50,
0. 99990 F1 0. 99950 B, £ H 4 1 & A # 7 3 fb — R 4n
& 3 iR

F 1 RGBS WA I8 i) Az B JE T4 1 9 4> H

Table 1 System versions information and number of atomic components generated by each version
M A& Hive Cassandra Openjpa Hbase
£ 4% AR5 & T 3 AR5 BT A 5 AR5 R AR5 BT
1 0.3.0 19 0.3.0 19 1.0.1 31 0.1.0 13
2 0.4.1 34 0.4.1 14 1.0.3 31 0.1.3 12
3 0.5.0 37 0.5.1 16 1.1.0 33 0.18.0 15
4 0.6.0 40 0.6.2 23 1.2.0 33 0.19.0 16
5 0.7.0 46 0.6.5 22 1.2.1 33 0.19.3RC1 17
6 0.7.1 46 0.7.0 28 1.2.2 33 0.20.2 22
7 0.8.1 54 0.7.5 29 2.0.0 40 0.89.20100621 23
8 0.9.0 55 0.7.8 29 2.0.0-M3 39 0.89.20100924RC1 26
9 2.0.1 40 0.90.2 35
10 2.1.0 41 0.90.4 35
11 2.1.1 41 0.92.0 40
12 2.2.0 42 0.94.0 48
Version 5.2 *M‘-‘FE@K:RWE%‘E'TE%EB@
baseNum

|Cassandra| |Openjpa|

B3 4 ARG A A A H R A = SO

Fig. 3 Evolution binary trees of composite components generated

from 4 systems

AL H T 8 A FF B B R 4 (Cassandra, Hbase,
Hive, Open] pa, Zookeeper, RxJava, Groovy, Sqoop) [ JE % 5
P R S5 Ak, LA AT LR BAS ]

RQU - AHIRLE B AR X 38 Ak = UM 52 o 6 52 1) 3 i) L 72
TR A B T R AR DL (B B R TS [ A R 45 e T A

(Bunch) % S 44 1138 b = SRR B #E3f Z

RQ2  J& Wk 21 & % 38 Ak = SUR I 52 9 B2 1) R T TE B
(E N B U N AR 2o DS I NN N AT A R 2
(Bunch) % 5 44 1138 b = SUR O 15 2

P T KA A 3o o o O R AR A T Y R T A A — X
W T0 TR A U A 1 Ji A R i A — O 5 LSS R i AL — X
WHEFT XTI . PRt A S8 B T R R S ) SR A (B
T 22 58 WA 13 52 010 A B O SR P 4 A B B 0 00 9 58
i AR A S A A SUAR e A D LSS A R SR A
TR R 4 e AN A A g TR AR B R AL B A

[R] B J0 22 S 56 v B A R R AN A
_K
P=3

Horb, P 3RIR 0 1 AL — UK R S 30 A HE B L S R A
SRR K R S P oK B S IR . A SOk S
LI OB B G R B N TR T 3 A ST o
WK E

X RQL, B 4 JEos T8 A 8] B9 4R R 254 3 ) T &
(Bunch) 7E 7 [7] A7 AL B2 89 {8 BB 16 20 F de /N A8 A0 19 22 1k
1H 0L

P 5 J R A Bunch AN [A] Ja 4 41 G 0 et 7 (1 A8 2 266 1
AR ARG B



554

Com puter Science

LR

Vol. 47,No. 11A, Nov. 2020

0 10 20 Hive 40 Openjpa
g 15 — g 30 g 15 g 30 —
w - w - W w —
|10 |20 — |0 - =® 20 —
k4 — k4 _— ' _— k4
5 - 10 5 10
09877
0914 8 0941 58 099471 0999 95 096391 099451 099783099842 1 _ 097232 099019 099994 099914 0999 740999 80 0,999 82 0.999 84
094353 096222 099976 1 “777099227 0997 040998 11 099899 1 099949 0999 78 0999 83
AN B 1A AN B B 1A AN B 1A A B 1A
(a)Image 1 (b)Image 2 (¢)Image 3 (d)Image 4
2 Zookeeper _ 20 Rxjava _ 20 Groovy _ 20 Sqoop
Ei 15 — 'fwf S g 15 _— g 15
w — w20 T w J— w
;' 10 — = — ;' 10 ;' 10 -
k4 - ® — k4 k4
5 — 1o 5 5 —

Cassandra

Hbase

. 098278 0995 410997 570,998 29 0999 97

0998 89
099 99 0980170996 23" "0.999 85 1

"0.984 010996 09 0997 60 0999 27 1

AR A

(e)Image 5

086684 (1353 06 (985 30 0.998 24 0999 77 0999 97
80 JBE R
(D Image 6

__ 096614

0998 44 099958 1

__ 099705

A BB

(g)Image 7

T T T T
097286 098367 0999 50 0.999 99

00 E B B
(h)Image 8

P 4 I Bunch AN [E] A B E B R 68 S A4 RS 44 5 B 125 #0728 1

Fig.4 Change of tree edit distance corresponding to different similarity thresholds by using Bunch

Cassandra-Bunch

Hbase-Bunch

0.999 47 0999 92 1

T T T T
0997 56 0.999 43 0.999 70 0.999 95

< 5 <
@_é scidieiabia,ciadibdid,e;abdiadesh,desab.. I n§ bicdiesaba,cadbdideabdadebdes,. NN 7
f”f‘:ﬁa& o I f;ﬁﬁﬁ e ——
é—? & §§$§ be NENNNNNN 5 gtii%ﬁi beabebecabee I 19
BV hocdaboncdhedbocrdenbedad. —— 15 e s
N&iv @ % E—u ae
’é-ﬁ;{ b 4 'ﬁﬁ beabe I 11
o abe I 7 o b s lbed cnnludasdededes. T 2
0 2 4 6 8 10 12 14 16 0 5 10 15 20 25 30
P B 4
(a)Image 1 (b)Image 2
Openjpa-Bunch Hive-Bunch
bl beabebeeabee I 23 3 cdacdbedeabedacdebodes. . MGG O
£ = .
*%ﬁ*‘ cdencadachddeabdadebde. M. 7 %éﬁﬁg f— 2
pRERELG besbe I 17 It benbabosabos M 11
ﬁitijﬁ*ﬁ ﬁﬂttﬁ“’é cdeabacadbdbedeabdabende . N3
TSRS o E— ETEEE S
)&"Etﬂ‘:ﬁ &Ktﬂ‘:.d’ b I 3
o a1 © e ~
_aﬁ b 53 oc N 5
@5 cence I 11 ® cepde MM )
0 5 10 15 20 25 0 2 4 6 8 10 12
W 4 HIE A
(¢)Image 3 (d)Image 4
Zookeeper-Bunch RxJava-Bunch
i 2 I 5 i sbicidiesa,bsa,coa,dsd esa.d,
’E & bedabedbedeabed .
ﬁ,ﬁgﬁﬁg beabebocabee IEG— 15 iﬁg}ﬁ%g Db e b L,
§¢§§$§ ac I 8 gtgigﬁ ceace MM 5
#HTE LT #HEELET ae 2
EWEEE S cdacdbededenbedacdebodenbede u_——SN 20 m TRy .
Sl BEERT  csiodened »
”%ﬂ’“ o I 7 “%ﬂ’c be I ¢
z @ bembobeeab -
) bieidia,bacb,dibeceideiabdiabeacead N 6 @5 b, .
ebdeabde abe I
0 5 10 15 20 25 0 5 10 15 20 25 30
GBI G
(e)Image 5 (D Image 6
Groovy-Bunch Sqoop-Bunch
< bedeabacadacdeade I § X wbicden bacadacbddeabdades
\&_ﬁ @_ﬁ bdeabde 0
Poaessd cence I 11 Poaes s _
ﬁ%iigﬁ L — ﬁﬁiigt peete I 2
e | e
E‘&fﬂ”i 8 | cednbencstbendbecedenbedabes % b Fed cducdbededeabodacdebeds I 10
smiE e hodanbadn I 1 smiE
-] -]
& & abedebeceaboacebeeabee
o « I = bedebeecabeacebacabo | G
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16
7450 B 440 45
(g)Image 7 (h)Image 8
&5 Bunch A [ Jg A 21 G Fi Xk 7 6140 45 4 6 B 85 1) 722 AL
Fig. 5 Change of tree edit distance corresponding to different attribute combinations by using Bunch




PPN S5 < BRI A D Rl A 390 1) R A T Y

555

DAL 4 BT LLF AR AR 1 1 B 7E — 28 XS, 396 ) A=
A B A R A SR 5 S Y R G AR B AL R 2 ]
) s P 0 A () ) D Bk 4 X Ay 4 A LB I A 33 )
A I 52 R T A SRR SR AR R Y 5 Ak 38 BT LUE L Bl
AFARLJRE [ 1 AV T 1 R o) A R 52 B A PR AL — W
B R G RRAS T A SO 2 (R] Y 4 R P S R B A
K IF AL B IUE A 1. 0 I 4R BE s A B i K .

HRYE bR 8 H] Bunch {4 5 45 #4) 306 1) T2 1 5236 T A1, 78
8 YRS I v A S R R N T AT 3 IR 3 I T A i A
P =37.5%,

ME 5 v LLF . 78 Cassadndra 3£ 5 5, Fl Bunch 38 [
H A 8 A — SO S 3 S A SRR B A g R R B ol 3,
36 FH 3% 2 2B A b OB 5 3 S A B Ak R e A
ol 7E Hbase 5258 v AT RLFR H , G308 16) 2000 Lo 50 1 T 4 5
Wi S B F A B R/IN  AE EJ E TF AR E AE  U S R S
LS A SO 0 g 48R B 0/l 6. R Hive (9 S2 38 P
Al LLE L Bunch i 17 Hive FR 48 A i AL — X W, J&@ P
M) Ry S R A AN B 36 1) AV Ak UM S I S R S T
A = SR B i 4 P BS B /N  2, A Openjpa 555 b ] DL
L 4d A Bunch 39 [a] 75 21 9 38 10— SUREHECh & 3E 19 8 M52
HB Ry S5 R A B DR IS BRI A R TR A T A O S
FR Y LS AL T SORE 4 AR 2 i B S R /NER R 6

A2 30 B4 T R, P A4 3R 45 4 36 ) T. B Bunch K & (1
AR AL DT S B HER E N P, =37.5% . AT DL AR
IFi] f) A2 R 2R 8 4 8 ) T L, DA R A 6 R ) 1 R 6 R AR
IF] f1 Je P 2 5 X A 3 R B A SO R R B s
B AN 5] 19 04 2R 6 7 6 A A 1 B 3k 8 6 38 1Y) J 1 R 36 1)
ORGSR

GERAE N IRAN IR AR AL R B K BEAR I M 3
R IR PR DL B R A 2R 5 4 1 AR AR SO SRR
FE SC Ry — R AL SO, T R L T A T O A I L R
Je 38 2 B R B A 1 DL RO A R A 1 22 A S 3 ) AR
A 1 i Ak D3 s 9V Ak OB Y TR O LSRR TSR AR T
AL B R BOR . R 3T Bk X 8 SRR
ARG IAT T L5 A3 8 7 3% 2 TF I8 0 R G0 00 4 A
B F G AR F G5 A0 (B AL Dy Sl S 38 43 B T A SO AR
JSC A 52 AR AL BE [0 1 FAS) 2 J Pk B S o . DA S R B 5 SR T LR
3 a3k 3 1) A R T AR D SR S R S AR v Ak D s
JE T A3 AR ALY, 0 50 S AR SR Y T R LA R0 3
B 0 AL D s S8 e AR S vk T Ry A A R B T
RHVE SRR B

£ % X M

[1] WESTFECHTEL B,CONRADI R. Software architecture and
software configuration management| M]. Software Configuration
Management. Springer, Berlin, Heidelberg,2003:24-39.

[2] VAN DER HOEK A,HEIMBIGNER D, WOLF A L. Software
Architecture, Configuration Management, and Configurable Dis-
tributed Systems: A Ménage a Trois. Technical Report CU-CS-
862-98[ R]. University of Colorado,1998.

[3] MOKNI A,HUCHARD M,URTADO C.et al. An evolution
management model for multi-level component-based software
architectures[ CJ // 27th International Conference on Software

Engineering and Knowledge Engineering. 2015:674-679.

(4]

[6]

7]

[8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

GERGIC J. Towards a versioning model for component-baseds-
oftware assembly [ C] / International Conference on Software
Maintenance(ICSM 2003). IEEE,2003:138-147.
MITCHELL,BRIAN S,SPIROS M. On the automatic modular-
ization of software systems using the bunchtool [ ]J]. IEEE
Transactions on Software Engineering.2006,32(3) :193-208.
TZERPOS V,HOLT R C. Accd: an algorithm forcomprehens-
ion-driven clustering[ C] // Proceedings Seventh Working Con-
ference on Reverse Engineering. IEEE,2000:258-267.

MOKNI A, HUCHARD M, URTADO C, et al. An evolution-
management model for multi-level component-based software ar-
chitectures[ C]// 27th International Conference on Software En-
gineering and Knowledge Engineering. 2015:674-679.

MOKNI A, URTADO C, VAUTTIER S, et al. A formal ap-
proach for managing component-based architecture evolution
[J]. Science of Computer Programming,2016,127:24-49.
GIRBA T,DUCASSE S. Modeling history to analyze software e-
volution[ ] ]. Journal of Software: Evolution and Process, 2006,
18(3):207-236.

GIRBA T. Modeling history to understand software evolution
[D]. Bern: University of Bern,2005:13-19.

ZHONG L H,XIE B,SHAO W Z. Supporting Component-based
Software Development by Extending the CDL with Software
Configuration Information [ J]. Journal of Computer Research
and Development,2002,39(10):1361-1365.

ZHONG L H,HUANG X M, XUE L B,et al. Research on auto-
matic detection technology of multiple software reconstruction
based on version [ J]. Journal of Jiangxi Normal University
(Natural Science Edition),2018,42(5) :28-33,36.

HATA H,MIZUNO O,KIKUNO T. Historage:fine-grained-
version control system for javal C]// Proceedings of the 12th In-
ternational Workshop on Principles of Software Evolution and
the 7th annual ERCIM Workshop on Software Evolution. 2011 ; 96-
100.

HAMMAD M. Design Observer: A Framework to Monitor De-
sign Evolution [ M ] / Information Technology-New Genera-
tions. Springer,Cham,2018:635-640.

HASSAN A.OUSSALAH M. Evolution Styles:Multi-View/
Multi-Level Model for Software Architecture Evolution [ ] ].
Journal of Software,2018,13(3) :146-155.

WANG ] S,Al W,PENG X,et al. Recovering Traceability
Links among Multi-level Software Evolution Information [ J].
Computer Science,2012,39(7) :135-139.

JIANG Q.PENG X,WANG H.et al. Summarizing evolutionary
trajectory by grouping and aggregating relevant code changes
[C]// 2015 1IEEE 22nd International Conference on Software
Analysis, Evolution and Reengineering. IEEE,2015:361-370.

PAN W,LI B,MA Y,et al. Multi-granularity evolution analysis
of software using complex network theory[ J]. Journal of Sys-
tems Science and Complexity,2011,24(6):1068-1082.
SERVANT F,JONES J A. Fuzzyfine-grained code-historyanaly-
sis[ C] // Proceedings of the 39th International Conferenceon
Software Engineering. IEEE Press,2017:746-757.

SERVANT F,JONES J A. History slicing: assistingcode-evolu-
tion tasks[C] // Proceedings of the ACMSIGSOFT 20th Interna-
tional Symposium on the Foundations of Software Engineering.
ACM,2012:43.

WEN W,CHEN J,YUAN J,et

al. Evolution = slicing-based



556

Computer Science TTHEPE#  Vol. 47,No. 11A.Nov. 2020

change impact analysis [C] // 2017 IEEE Third International
Conference on Big Data Computing Service and Applications
(Big Data Service). IEEE,2017.:293-298.

[22]7 GUAN H,YANG H,WEN Z,et al. A dynamic model slicing ap-
proach for system comprehension during software evolution[]].
Multiagent and Grid Systems,2018,14(1):1-29.

[23] AGHAJANI E,MOCCI A,BAVOTA G.,et al. The code time
machine[ C] // Proceedings of the 25th International Conference
on Program Comprehension. IEEE Press,2017:356-359.

[24] SCHNEIDER T,TYMCHUK Y.SALGADO R,et al. Cuboid
Matrix: Exploring Dynamic Structural Connections in Software
Components using Space-Time Cube[C] /2016 IEEE Working
Conference on Software Visualization. IEEE,2016:116-125.

[25] NAM D.LEE Y K.MEDVIDOVIC N. EVA:a tool for visuali-
zing software architectural evolution[ C] // Proceedings of the
40th International Conference on Software Engineering: Com-

panion Proceeedings. ACM,2018:53-56.

[26] LANZA M,DUCASSE S. Understanding software evolution
using a combination of software visualization and software met-
rics[C]// Proceedings of LMO 2002. 2002.

[27] WANG W, LI T,HE Y,et al. A Hybird Approach for Ripple
Effect Analysis of Software Evolution Activities [ J]. Journal of
Computer Research and Development,2016,53(3) :503-516.

[28] ZHONG L H,XIA J,PENG Y,et al. Research on a Method of
Software Architecture Change Measure with Graph Edit Dis-
tance and Its Application[]]. Journal of Chinese Computer Sys-
tems,2018,39(3) :425-432.

ZHONG Lin-hui, born in 1974, Ph.D,
professor,is a member of China Com-
puter Federation. His main research in-
terests include software architecture,

software evolution and maintenance.

(L% 534 7))
26 Fodm i

Table 6 Data prediction
ARIMA(0,2,0) 2018 2019 2020
B m 31969 32919 33869
UCL 32834 34852 37104
LCL 31104 30986 30634
X 40 000 4 I = ﬁgg
N L @ - UCL
2 i e X - Lol
w000 & - anl
% =
20000 =
= &
& =
410000 X«
& ®
a*_
0——7"7T7r7rT T T T T T T T T T T T T T

12 BE
Fig. 12

R YA 700 iy L1 25 R, 2018 — 2020 4 Ay 4 1) £3¢ 1, T AR F50 )
LRI 31969 AW, 32919 21 .33869 A,

GRIE ASCWE RT3 R R AL ARIMA Fi 7Y
P BV A SR S Al T ELAE % T HLES 24 S0 i 2 B AR, 74 A
T SPSS #5411 5 g R 4300 #E 4T T 3h @B A o 5K A A
TR R B . WYL G A B AR SE 0 A e 2 T Sy
ARIMA #5533 F1 SPSS #14F ThBE i 25 4 45 51

AH AR B IE T X ARIMA B 750 3 3R ORI ™ 4% (14 i FH
Yy se T DL A AT AR AR P AR 2 k. T
SPSS H A X I ASTRY 1) 46 56 Ty R I R 58 3 , — SEKG 50 46 AR T Ik
BT R ARSI I A AT E AL, W
I X ASE A ) A6 56 B 22 1) 3 2 DL T AR 45 A AR R LG ST R
7T .

IR A SO BT IR R BORATY SR A B 25 ], ] DA 2l fd
ST AR K 95 45 Ty BE SCRE M B 4P B BOfE, dn STATA,
SAS & B IBCHE B AR S AR R A R W R
BHRF PV EHE A S 5HE  UIERW X LS % R R o 2
e I BA AR 45 AR A 36 7 4

Data prediction

£ % X

[1] HU C Q,SHU D. Predictive Analysis and Policy Orientation
Research of Urban Landscaping[ ] ]. Journal of Green Science
and Technology,2015(12) :108-109.

[2] ZHANG G H. Analysis and Prediction of Precipitation Trend in
Weinan City Based on ARIMA Model[ ]J]. Value Engineering,
2019(34):197-199.

[3] ZHANG Y J. Based on ARIMA model Simple comparison analy-
sis with index prediction results[J]. Marketing Research, 2019
(11):23-26.

[4] ZHENG M G, LI Q. Scenario prediction of China’s oil resource
demand in 2020 — 2030[ J]. Advances in Earth Science, 2020,
35(3) :286-296.

[5] YOU Y L,LIJ,GAO S Y J.et al. Application of the combina-
tion of ARIMA model and SVM model in the prediction of infec-
tious diarrhea[ J ]. Journal of Medical Pest Control, 2020 (5):
432-435.

[6] YANG X N,ZHANG K X,YANG H G,et al. Multiple Regres-
sion and ARIMA Model Prediction on the Yield of MSW in Xi’
an[ ] ]. Environmental Sanitation Engineering, 2020,28(2):37-
41.

[7] ZHAO C Y. Research on the Stationarity of Smooth Transition
Autoregressive Model[ J]. The Journal of Quantitative & Tech-
nical Economics,2012(1):152-160.

[8] PEI W,CHEN F,CHENG L Q. Research on ARIMA prediction
technology of traffic volume time series[ J ]. Shanxi Science and
Technology,2009(1) . 75-79.

[9] LV S L. Application of ARIMA model in precipitation prediction
[J]. Water Sciences and Engineering Technology,2012(2) :6-8.

YAN Xiang-xiang, born in 1989, bache-
lor. He is a participant of the Advanced
Course for In-service Staff. His main
research interests include big data anal-

ysis and application.






