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A Service-Oriented Partitioning and Encapsulation Method for
Java Legacy Systems

LI Xiang HUAI Jin-Peng ZENG Jin GAO Peng

(School of Computer Science & Engineering » Beihang University , Beijing 100083)

Abstract  SOA emerges as a new methodology for software development and system integration
through composing existing Web services. However, we face the lack of service resources while a
large number of enterprise information systems exist and need to be reorganized with supporting
of Web service technologies. Due to identification and partition the service from legacy system by
hand are low-quality and time-costing work, an automatic technique is needed. This paper studies
the problem of how to automatically partition and encapsulate Java legacy systems. Firstly, for
describing object-oriented systems, the authors propose a general model by composing static mod-
el for class relationships and dynamic model for object invocations, then, give an algorithm for
identifying and partition services. Furthermore, based on java bytecode rewriting technology, the
authors introduce a new method for automatically encapsulating the legacy system modules to
Web services. Finally, for verifying the work, the authors select a well known java legacy desk-
top system and successfully transform it to a service-oriented distributed system which can access
on internet by multi-users. The case study shows the work provides a promising method and

technology.
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iw] AR P 1 ) 3 Tl . ARl A0 6. 2 T BT IR L AR 3
Fp BT SR U T 26 250 B ) 1Y B IE DD 43 S PRS0
Z 16 1 Jir A R4S 1l ] — B0 L TR FRAT T A 2R TR
BN YA EA R A B, i N B R
0 IR Sl it R PR ARG IR S 4 iy
oy 9 3R 26 Jr ikt 3 ok T8 3R B B B, 7 it
Fenlt b — 2D A5 B PL A 2 FL SRt FRATTAR T i
1] JIR 55 19 & G2 V) 43 B8 1k

iR 1 RS MR Ak,

B XA R E ODFG

Bty s AR5 B Poe

/6 IR ICHE AT EN X 4

1. ODFG'=ReduceODFGByMerge(ODFG) ;

/ /3K Je R 5 T 3 AR LA AR AR HRAK i 49 []] MDFG

2. MDFG= StrongConnected(ODFG') ;

//VABEHBE Sy H AR R MDFG 94> R PTree

3. PTree=GreedyPartitioning(MDFG) ;

[/ FI R B d 2P0 E

4. PCs=-ecnumerate(Ptree,d) ;

/ /3t RSB K F BB m 0V T



1810 it =

e IR 2009 4F

5. PCs’ =TFiltePartitionings(m) ;

//VhH O PEAL AL RE S B b R B £ U0

6. P,..—arg max PartitionQuality(pi) ., pi€ PCs ;

7. return Pj.

TR 1A SR G AR A O B 2
FEAR A WA IF RGBT B 5L A IF S i RUE
JCHR P LR B BE AT 5 O BRI R A I —
M X GBI REAS R GEI 5 Ol AT DA — BR B
NS FRZ O EIRE L B3 gy i T — A B R A R
D143 J5 B A EI B 1 7 451

Fue, 85

B3 o F R HEIR R

TEAS BRI J5 . A2 BB FT < 2 8 T AR OF
Fig B VP R BE 48 AR DA o 1 0l R A L B
PR R R P IRAE T4 3.4 45, AR U 4
PEAE (0 AL A0 RS AT Aol DG AL 5 it % 3 — A h &
FUARE 1Y) 35t BA AR G0 050 s o M DA T W] 422 52 I [B) Y 8 L
FATE o Z R T Bom Pk —id #. B, ATE 5
R I — B o3 i 11 s DA/ S B H L AT 4
INEIFBTIIE R AN, X E RO RBN R RRN
B HARRRE Java VTR A 2 A SRR
I8 T30 BRI TR WSS 6 il SR 125 Al
56 L fE s HUR L A2 1 T Web i85 4% B % 5T, DI 1
ANBEA AL ] ) R A 2R B BT U T R A A )
— AR P FRATT R A X1 3 Y R S T —
A ALK [ AT DL 46 Ay SR T 1 iR B S AR L SRR
55 2 A SCH I RE. & TG 09 A R — AR A B
PR i 45 % K] MDFG , H o A3 A 55 5 % 6 J5t [
ODFG (15 % 38 5 s 750 757 H 5 U0 iy ol 72
FRATAE S SCHRL 16 e i Y A0 53005 L 3 2ok 5 4 SR 11y
Ja k& AT B ECE A B T R, BNBE S 3 B
i) GreedyPartitioning () Jy 5. SCHA[16 19 iy R A 5
HEgHTamE RS 2 PRAY R T X —H %
K A 1) B 3R] B 23 IR U T 1 R e R A it
AT & 5k 2 M A AU 10 TG B (DAG)
XAEFE 1 RS 2 AT B0 3% 8 73 SOF A ORI Y
b AR A B AR B XS 2 SURE 4R B B O
P10y, ZJ5 - AT TAE AR AT H0 B A SE AL b, i o TR
RTBE d 1535 3 02 A TR B OR &R U143 1Y
L BEER A L o 20 B0 2 XF T Web iR 552k B2 A &

SCHR. i s MR 28 1 23 e 8 4 v 2 S 2 11 F- o
PEREAAN e A 14 43381, DL b 35K S0 1 it mT DA K Ml 2
1 RG] 53 I TSR
k2 SN HEIBE GreedyPartitioning.
A IR R E MDFG (Vs En)
it 2> HIH PTree
// WG PTree W4 i AR MYy — AL o3 )
1. P=U;
2. for each m €V, do {
p={m}; P=PU{p};

}

[IRWE Iy R HBIETA G s R I— a

4. while |P| >1 do {

5. PC=d; //Fsr gk E

/A I A T 43 R Xk A BT Y 43
6. for each (prsp2)s p1EP, p €EP, e(py,p) €
Ew do {

7. p=compose(p,,ps); p.children=1{p,.ps};
P'=(P—{pi.p)U{p}s PC=PCUP’;
/ARG T IS I Y R

8. Amq(P")=mq(P")—mq(P);

}
/BB 43 B 6 B Th B K mg 34 Y 43 #)

9.  P=arg max Amq(P;), P, &€ PC;

}
10. PTree.root=P;

w

11. return PTree.

SRV 2 38 R 5 A R T SR A R Y AR Aot
. H R R B A I i), BE i L
WK f 2 R W N e 0 B 7 AT
504 EXREDW

A T E AL 2 IR AT AT A 2 1
HARBE. A n Flm 4359 ODFG B BR i 45 s %0 H
i % H (MDFG B ODFG & 915 55045 21, 5 it H:
ML/ F 4% F ODFG, R4 0L T % F ODFG [ #L
O BE 2 AR T4 4~9 L 1P 2T 35,
FCNZIEIR B 6~8 ) 7 B2 W % 3 4% 301 i A7 )
Wi FG A IR AR 40 i i X — A R
OG+m). B LW ANZ 0 F A F AT — K
HIF TR A B & T S E L R AT
T o WA E M E AR OCntm)n) X T i
B ER U O SEBRIE L, K 280108 8 R 450
) ODFG ISRy F g . vk 1, B8, 1 MR
FeBEIE OGo B IR 2 TR R s & 2y SR T
CHERL20 I i & M E A E R On+m). b
PR A~6ZRPEERS FECH kA6 k<<n) #0281



91 %

FHEE  — B Java i5t B R GEMR 55 (L U0 o3 F 26 05 1k 1811

OCk) AT LAZZ W W UL B0k 1 it B A 52 2% 38 B ke O
5 3 2SR A AL BRI E P A SRS A 7 L B30 2.
PG B80E 1 R EER N OGn®) 3k X T U170 R
Y I B AR SR Ul A A TR Y.

6 Java BERZEIY S MEREKR

EWE T YRR LA RE T A
IR 511 53 A e Ho R HAZ O AR 51X Java i
BHPATIES T H B I A & g0 0 A 7 2k 8
H s s i ry k598 . BHETC A 2 5 A 6 5
H Java iF 5 AT S 3 /E T H AL 45 Javassist®,
BCEL®,ObjectWeb ASM®Y %, A& 3¢ T4 Hh 3k i1 1%
JH ObjectWeb ASM. F AT Ry 3§ 2 T H n] LITE o/
Java JE A5 B B4 B0 F B A 4 3 3 58 BN Java it
ARG B s ALY o A 2 7.

XF T a5t B R G R] LUl gr s 2 A IR 55 i L L ik
FE MR S5 R I-B AT Vi 1) B BT A7 o R Bl 8 — 1 &% P
Uiy J 2 S WU 224> I 55 015 100 AT DA UE 485 Sy 5k 28 7 i 1Y
Z WY o1 BRI AN 2 — et L 3 B EE i A 3st B
RGP B — A IR 55 i F1— A% P B AL, £
AR5 11 DL S AL

PLTF 38 2 — A 1] B 7 3] Ul B R A D 3L 2 J 3R
AP T 0 i R 3k — e R 2 PR ) ) AR AT A A o
BB 4 A st B ARG, Kb A KWL a
IR T B2ER L bt B s LA L FRAT

AT RDRE B 2By Web ik 55 I 38 % 16 70 A7 R 558
s [ AT Java AT RS ES BORBE S A SR
D51 a G A A A — AU B T Bk
Sbr b St Web g 55 96 F R 19 B 2819753 b.
R A Ak B A TR A 35 B R G T A R
i, 0F Hoh T B 3Reas o ik 55 1 8 X AT DL BB
BEH) YT T RE VA L DT S BE 15 B R 0 4L
THE. H B9 Bk — i 72 9 4505 K 2 08T 72 7 5
F LS8 FE e B ACRIET L R A . H
By 58 U] 23 A 4 A 3 R RE AR O B i T B AL
JHEE A T A 0 A 1 O T R A o . 552 B I
S AR Java i 5 09 SAAT 5 $8 7F T2 Rk 58 1l
ke B py s BLT5 ik TGk 2 DL H Y X g ke 7
TR B R L REREAT 2 G 1 D) 4

AaOf CUBIbO! > b
BbO{) Bws.bO (1)

) = > :

) i

|

B4 BEARY 7 ik

b AT AT LA By Mook X 2 05k B
N R 55 R L R AE S B B 3 B AR ) O ad AR
SAREL A NEAVIE:S 37 Qi TN DO & N U = g R (T |
Java i 5 FEA FRIE S A0y — SEEOR ML 36 1 ok
B A 1 — S A (] UFRR B 09 A% R I3 i T TR
A0 G Hh F 20 A% ] RO iR — 25 BEA T M

R 1 3 Java BERERNEE RE V5 6 & R #R %

Tove E S TEIE R FE T HLH
AR AT B0 45 5 0 7 1% 7 AR T e B
L% TR H R G R B 12 A R R Ttk S 45 6 R 5 S 0 6. 1
R W 25 884K FLAT 746070 Wb T 25— R 45 BIJr 4 - SR 1R T 7 R
. R D 3 A A R P I X
44 T e Rl
51 X4 AL W 6. 2 4
Java B DK [ 40 31 Java i BLSC B4 26 50001 £ o PR R 25 50 2
PR o IR Java i 2565/ 3 FLAT S0t % B4 G 46 4
507 PR T 55 6 T W 250 e
1 7 5 Ko G2 B 4 ] A W 6.2 %
7 A R B S K ¥
5 e Java i & % F5 10 SRR LR 5 45K % %ig;gg;;ﬁf%!%%%”ﬁ@$3%“i
. R N g s o an
F s Rt YT R T 9640 % 5098 F 16 e DLA 56 B Tt FLFE 35 55— U W J R R 7 S A 5 i
GO B 5 i 7 2
IR 35 95 1 8 Iy o BLAS T 52 0 2 bl 2 7 R A L [ 45 5k 52 B A5 5

6.1 XWHRFEH

W E TR RE RN P) oy 0 — R S Y o)
AN IR RGBT G B RPNV /R K, —
FROME LA ) 43 1E 72 8 v 22 Ak 1 300 A% O B3O8 235 4 B T

@ Javassist. http://www. csg. is. titech. ac. jp/ ~ chiba/javas-
sist/

Apache BCEL. http://jakarta. apache. org/bcel/

OW2 ASM. http://asm. ow2. org/
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AR X R R Y 5y s BIAE S 47T 4 TR — A~ 2%
R AN TR 0T G2 S A5 3 ) ke A 95 i 0 2 7 a2
XX G2 WG A ¥ Bl 55 it 1 U0 1B 43, BT A AE &
Fu I IR) T %6 G 0 7 i i B E 1 17 A) A< H
XF G0 T A A8 . FRATT otk 1 42 i AR
T3V R i tRe 3 — ) R CHE I R AEE 2L B JE L
HL 444 BProxy . JF 785 43 8 FH 25 v 48 ool i 52
I AanAGH AaO NETHH B.bOALE A& 2R I
A BProxy.bO. 1fii % F % B 28 A& gle . A 4] o
C.cO N EBAIRTE T B.b O X AF 7] — A2 A A 7] 4F
GV 53 BN 7 v Rl 55 g o DATT 52 B 52 G
AP 4y, R ANE 5 () PR,

|

A.a(){ AaO){ : (lasg B{{}
B’.b" O i 1> bO

} BhOU I:> }Bws.b<><>~/>

|
C.cO){ y PP

BbO{ CoeOf Class Bl
) L{b(){}—r—? bO{}
}

(a) MBI RV 7 Tk

Aa(O){

: Class B{

1y bo=getB();
T bonO () —+]

Class B{
L»bO{}

Aa(){
B’.b’(O){
B.bO{} Bws.b(index){} t—
) |
} ) i

(b) SCFEXT SRR IR R GV 5y J5 ik
Bl 5 Java jgt 83 2 4004 et bl 4 O ik

6.2 XHFRiREA

XL RN Y] 53 F BT X AR A R B AR AR 55
I FH A i e o] (R 5 i R WL 2 R 1 X G U [0 S A
FNEM A L X TR B Y] 4 k55 AN
PG5 WA RS AF B 38 F T 48 IR 55 9 4R
ST ST B O TR RV 382 A5 2 RN AE
Y3 b B v s R S5 i F0 % P i 19 % 4 5 | 8 o 4 )
S4B XK — R R, FRATT i — 2D ek BE AR D) 4y Oy ks
X G T 4 JRy ME — 1 BR AR 6 80 4 0 I s R
RO W55 8 SR A 28 W G S 26 e R
2 FR. R B LA A 2S48 36— X Rt 28, 44
FITA IZ AT G AR R 2 A 55 R B X 2 bR 1R AR
3B 25 MR 55 S o 56 X G0t A R L H AR A 5 S 4] L AR
J P58 R . B AR & 5 (b) TR,

HAr. At 8 R G REH AR LA — &
F18) B ] x4t R 7] 5 380 TS 4 at B R 4 TR 45 AL e e
1 A A 43 IR 55 1 DD TS REAT BAE R LA B R

SR A 17 VLV S VR s ARSI O vk R
S 25 LA S A 1 5 LR AR 7 ik R TG ik
YE0 A sh V) or VYT AY. F A1l id % ODFG R Y 59
B 75 2 55 il 3L 2 iy Xof A Y R Ay 3o 3 R 9 AT s
S 3t B R A D) 23

7 EHISH

AT 38 3 — > S B i 0 22 0 SR il B R AT O
A S50 S I 15 IR BT AR /Y R BR R AT e 1Y i
Irik.
7.1 Infopad
Infopad® & SourceForge [ — 5L 14 FF U5
HH" M EATLRE A 550 K F 2. Infopad & —
K Java FF & 0 510 BAT %5 51 3% B B AT (To-do
List Software) , H Ty i 32 %2 J& 4 L 4~ A AT 55 F
% . Infopad &ML T FF IR RS , Hrp A 45 1069 1748
.29 D273 ATk X — R0 EAR R (R R
BRI AR 54V oy F B R R ), R e T
ASCH A WA HESR I A L IR BRIk 2 b X — %
B B 3 AR B A AR R BR TR AR AR AT I
SR AT LT T8 BUB AT & LAS LA 75 2] A
R I 33X A AT X — 1 AR AR A g FH 2 46
1) FE . Infopad B R GLiz4T FL WA 6 Fis.

© irfopad T o o=

File Edit Help

Title: submit paper deadline

Remsmber to submit a paper to Chinese

Journal of Computers before this day.

Good luck.

| Previous | wext |

Search; [ Fndmext |

Kl 6 Infopad #if

A, FATH A OW2 ASM T H AR BT e e
Infopad # & 45 ¥4 19 28 3¢ & &1, JF #| ] Eclipse
TPTP {EZ2 v [#) Probekit T. BHP2 5 T Infopad 1y
Z R PAT AR TR B T8 A% G20 8] A 0L 3
fith B FRATA A B 1 3158 7 H MDFG £ 8 &oR
UL 7 (b)) J 4o BRASE B B 1 73 i) B4R LI 7 () s
DA bR SR EED . 38 3 T 58 Tk AT = 2 Y0, P
Brigbrank 2 pron.

@ Infopad. http://infopad. sourceforge. net/

@ Eclipse TPTP Probekit. http://www. eclipse. org/tptp/
platform/documents/probekit
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|Note |
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and portioning of components have been widely studied and
have achieved some results. As the basic element of SOA,
Web services can be thought as a type of software component.
So these technologies for the components can be used in serv-
ice-oriented software partitioning and encapsulation. Howev-
er, Web services are usually self-containing, with well defined
interface and accessible on the internet, which make Web serv-
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provides the design and production of software a lot of new
challenges. This paper studies the problem of how to automat-
ically partition and encapsulate Java legacy systems. This work
is supported by the National Natural Science Foundation of
China under grant (Nos. 2007AA010301, 2006 AA0O1A106,

2009AA01Z419).



