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Crosscutting Feature Analysis-based Automatic Software Architecture Refactoring Method

LI Bing-xiang SHEN Li-wei PENG Xin ZHAO Wen-yun
(College of Computer Science and Technology, Fudan University, Shanghai 200433, China)

Abstract Crosscutting concerns in software architecture increase the complexity of software architecture and the diffi-
culty for evolution and maintenance, This design problem can be improved by refactoring on architectural level. This pa-
per offered an automatic software architecture refactoring method based on the existing analysis of crosscutting feature,
At first, this method analyzes crosscutting features based on traceability between features and components. Then those
components which are direct trace relation to these crosscutting features are extracted from initial architecture as aspec-
tual components, finishing architecture refactoring. We developed a architecture refactoring tool based on Aspect-Orien-
ted Architecture Description Language AO-ADL. Experiments on architecture refactoring were taken on a business sys-

tem. The result shows this method can refactor crosscutting concerns in software architecture effectively and automati-
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cally.
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H B AT I, S AT AE AR R A BB VIR AE » FF AR B X S8R 4
FHEM R SHWHT T RAENRARYY. HREZAT
— SO R TR SRR R S5 MR H () B 0 T T 4 M i ek (B
BRL4 D (B FAHRL B 7 BT R TAE R X B A, &
SCTESCRRL 4188 e R 2R G5 B LR IR 2 07 ok RO 2 b, %o
T [ B YRR ) Ak RS M OTIEBEAT T OIS . BRATTT
PR T R[4 BI04 7 i AR IE S Z T
BERX RN EEBERR SREBE R R, B EARERE
Sk R BT Z 0 §ERER KR, PR EAE R R
FHE. )5 RIS LU R I ik R 51 P 5 S
DIFHIER B HGE BR 5 R MR IR UL SR , 2 N 1 55
A SLEN, B G R R SRS R ILX 178 .
TR T BB b, A4 AO-ADL #RMEREWFF &
THEYATSERSHWERLTRRE, P — sk sl
SRGEHTTER. NP LRGRERY, ZTERE &Y
FRAE , - REAR S X SRR U R IE XA R HTERM .

AICHE 2 A BEY TS T R 7 T R G
WIES AO-ADL; % 3 WIHAIN BRUIRHEN T SRR &
B 4 WAGET AO-ADL Rk RESHEM THIFA,
AN EREEREMAERGWERKLE 5 VAR
BB R, X AR ST B B IR LA B LA BRI T 1) 04T T 4R
s B X2 S0HAT B .

2 HBxXIE

2.1 By

FEME YIS )7 H > Klass van den Berg F AR THT
BEERRATE R PR TER. BEERERGITR
R B B T 2 B KRR R (LR 5z
D) X R R E R PR R R R R . TE T M O T R
F & 8 R MRYE AR (scatter) 15324 (tangle) iR
B, SCER(4)4 1 THE R RILE L. 7 Source &5 Target
SRR & A R B B R 4 S A Source H Tar-
get FIEBERR.

1E Source ) Target BJBLET £ 1, Source PHTTE s 7F
Target FHEZ MUK S XA, $iil s BAHAY ., BR
WEXIT s KoM, ¥ HANY s& Source, fls)={t€
Target|t 5 s BAEXE) , H Card(f(5))>1,Card FRESH
#,

£ Source Bl Target HJBGT £ #, Source FH L NTTE X
BE %) Target PEIRI—TTE ¢, 8Ei t KAEZH, BRE X
W e RS, BHALY ¢€ Target, H Card(f ' (1))>1,

1E Source 3| Target FJBLGt £ A, Source HH—NILE s
AT Target PRENTE JFFHERXBETER B DFELE—
AMEETER, BHPEET s, 8l s BETHIY, BR
B X AR ;51,52 € Source H s15£s2,s1 854 52 24 HAU Y
Card(f(s1)>1, H t€ f(s1),Card(f ' (1)) >1,52 € !
@,

21038 « Source= {s1,52, 53,54}, Target={t1,¢2,13,
14,65}, Ri% Source & L& &, T Target 2 #4945
F. BAFGD={e1,13,14}, f(s2)={22}, F(s3)={13}, f
(s$)={e5}, LEE AR s1 RETEAM, 3 KETZH, s
B 53,

2.2 AO-ADL

Monica Pinto £ AP BH T —/MEET XML MEHE 5 &
BA R ZHHRIES AO-ADL, 5548 ADL 24481, AO-ADL
R SEERNIT AR . T ARRRRY
HEO R ER I EITUFE, AO-ADL #, X 847 R R BT
VEM., AOGADL F# 5% BB EBREWHESLTE,
HABZEHWILE 1. AO-ADL Eid ¥ RiE 85 SOR ik
REsW YT MR, SR T FEARSE
H40E , B ZIHEITh#R, FTHAGRRSZER
R E A, FERERAEYRES, R at_S
EF T FEEREEERZHMMEEXR. FEHHSER
YA SR . Advice, Operator 55 Advice Ordering % . Op-
erator 5 Advice 4§ %€ & Before, After £ & Around, Advice
Ordering 3R T advice FIHATIF .

BaseComponent.

AspectualComponent Operation

RoleCon 1 |

AspectualBinding

Role

L.* 1..* 11

1

| R ) =

Binding ProvidedInterface RequiredInterface

ProvidedRole RequiredRole AspectualRole

PointCut

Provided -RequiredBinding

1

=

Oper:

Advice AdviceOdering

E1 AOQ-ADL A g5

2.3 fatfT AN
Robert Allen Z A48 T —Fh 3 F CSP MK R 451
ERAFAET Wright, MEHAQFBEED SHTENTR.
HAptERAREORMFERFIAR. AR TE£EOFH
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ROAT A SRRSO LR LA 5 IR - B 58, AO-ADL 1B 5
AT R TR AR G R T R Y HE AR TR & Tk
HK, Wright B3R KB R AL R BE 7, REAR I o i SR £F
HAT Ry LRI RS . 9F BRI s TR (E T #8475
BJG , Wright $2EERH M 3F ZIT AR RIR REWER T TT
EA SRR . RIS T A B B R R DA SR
IR B T RN, KT XA, 4305 m A
A .

A5 SOH A 5 SR 4 42 th fR B THE BR SR R MR U o Hr A
o AR IR P R AE S (R RGP Z A KB B R R
oM DIRRAE  SRIE R S0 T 45 RO R G BT T T 1
B, HAYIEE RS BA RGN LT AT EALE A R
W5, R M ST A B

3 BUBESWERRENEN

3.1 FHEMgiR
ASCHITIETEY TR A FR IR M 438 B3 50 R B Rl b, AT
BEUIFHE A7 . 1B B DIAFAE » SRS TR R AR IR Rk s
BUFHER BB R RS T EAES., XERE
MR A G PR R G5 _E AR UIAT AR B R, A7 AR
RFm. FEEANBLE 2, G5 W XBLR, 45N H

T,
R ER
REH
h 3 L A
| teeuwsEs | | iEatxsEs |
¥ ¥
BAERA K HEXRER
v 7 .
[ FEBuREER | ey
¥
&«wlﬁﬁ AO - ADL##
[ w%%ﬁim |
EHERE SRR

K2 JrEed

B BUIRHMES T . ROV R T SCRR[4 ] e
Y5307 07 ik » B B AE BB R B RFAE N Source, R R G54 9
¥t A Target, HREEHEABRFIEA I8 ER S0 RIEREHATHY]
FHED BT B BRI AE AR R . BAREE 3 /NP IR

DR B 55 1 5

DI EF R

DHERUHFAERERE

B RARGHWEN. 213 PEPEURES. &
ARRGHE R EHSXSERUARE ) B HGE B O R B4 LAY
THF AR B
3.2 HRUMHES AT

XS BT R B AR AE AL 118 BR OC R AR, 19 B
YIFFAERE RF B TR AR AR 3% SR AT 43007
3.2.1 RIPHAESAT I ik

BATH 7 Z BT LA B PRI S M BEAT R D) 44, 2B
HLUTIAEE S — AT 2 B R BT B AR
ARG B B X SR VDT B 1 T AT LA AE SE B GORs B D
7 AOP S2BL. 3oBE, FERR I & 7L S0 oM 8 ) 4R B ot 5k, 42
BRI AL B T S E . B FJRPABETIC
EABRBEY T HEFRR GRS KRG L

vk AR TR RGHHIR PR ELS . RITWBAR
R EAFRZ PRI S, BIRHE, REHEFE RS
HIRRAT A LR, B =, B RN RIFR KRBT
E R E AN, ZEREH PR EN LWL T £
A RE, XA SO BRI ST T R TR
#,

A3 O[4I P RBER R REREHEAT TV R O RE S
M ZAB R R RN EHEBEX R SEEARXR. H
BB X RFAINERZFHENERELHRANE, LnE—1
ZEHEHRGET . MRFE S X — M ERITREEICRA
A, W5 —HFIE T Log BERBEE X R M4 Log
¥afh e iT 8 Create Order Process ¥ {8, % H 1T B Close
Order Process #3{4f, 1 Log MR EEBE X RMHBGE, B
KA REEBEX RO, B BRE—MEERIERN
HEBEXRNWEGERE A, RE S HE W EE—1
BEAta4E. BEEXRHTT RNIEHMRETH]RR
M EM .,

WHESCERC 4T, AXER BB T E . BErAA
EFHEM B ER R R traceability[#][m], 13 n MHFHE
Em M2 RGBSR R. BN crosscutting[ n][n], #
A n MFEZRIBEIX R . % crosscutting[ ][ ]=1, %R
FRIE § BRI 7 BB §,0<j<n,crosscutting[ i ][ j 1=
0, FRAE ¢ REBUFAE, E AR UIAFIE. B4, BUHFHE
A —EREXRERE., BEBERLA 3.

Input. FAEAHBER R RER traceability[n][m], n HHFAEHH . m
S GEE
Variable: 1 8 fa 55 RE scatter n ][ m ], M {EAZ LI % tangle[m][n],
temp{ n][n], F#f# scatter[n][m]5 tangle[m][n]#y3E
Qutput; #FE 1] 36 &R % FF crosscutting{n ][ n]
for i=0 to n—1 /AT EHFFE B
begin
if INRRRAE | RAERUH then
for j=0 tom—1
scatter[ i ][ j]= traceability[i]{j]
else
for j=0 to m—1
scatter[i|[j]=0

end
for j=0 to m—1 //HH B ZREHE
begin
if SR § RESLA then
for i=0 to n—1
tangle[j][i]=traceability[i]{j]
else
for i=0 to n—1
tangle[j1[i]=0
end

temp=matrix_mutiply(scatter. tangle,n,m) //%EFEHiF
for i=0 ton—1
begin

for j=0 tom—1
begin

if temp[i]J(j] > 0 andi! = j then
crosscutting[i][j1=1

else

crosscutting[i|[j]=0
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end

end
K3 BREM TR

3.2.2 EHILH

FA118 i3 % % # & 4 (Transportation Management
System, TMS)#ATRVIFFAE 4T . REGEFFERE R WL 4,47
HRERGEHAE S, ZREHFUT :Receiver AFTIEZE
FEIEZ M TT L, Scheduler VBT 4, Bl BT R 2L R
Fizkhi. ME, TR Manager, i Manager 12 37 52 UE
%. REEBCRE, ELUSSE. BRI 5REITRZ
PIEMAURR 2, 18 558 M7 850 % Log, LIELL R &
.

ransportation Management
S stem

e D
=

Create Ord ]
Schedule Ordery o™ Order

B4 PRIEER

[Becelver Ull [Scheduler U] [M: UII
reate Orde Schdu e Close Or er
Process rder Process| Process
%

QO Q O
6% [0 6 5P S ]
[ Client ] {Receiver}} [ Order I [ Truck ]

5 HBAEREN

3t TMS R4 RIVAH T BT HHFBEEXR
5 traceability, WE 1, 0 F/RFHES MM 2 IR TE B BR
REZ, I FRAEEBEXR. K, KAERFTHEBER
F. RITEA 3. 2 WA TIRRIE 47 7 i, 7T LA 43 31018 4
TEBARHERE scatter W4 32 BUE [ tangle FIARERE VIR RIE
P4 crosscutting, FRTFESIE, 7Elk H 45 H crossCutting F8 /%, W,
#2, BFE 274, Log 5 Authentication B Y HFE, FE
HATEWM,

F1 FE-HEERE R A

Components  Receiver  Scheduler Manager Create Order Schedule Close Order
Log Authentication Client Receiver Order Truck
Features Ul Ul Ul Process Order Process Process

Create Order 0 0 0 0 0 0 0 0 0 0 0
Schedule Order 0 0 0 0 0 0 0 0 0 0 0
Close Order 0 0 0 0 0 0 0 0 0 0 0

Log 1 0 1 0 0 0 1 0 0 1
Authentication 0 1 0 1 1 0 0 0 1 1 0

R 2 HRUMNFIEER

Features  Create - Schedule  Close L
Log  Authentication
Features Order Order Order

Create Order 0 0 0 0 0
Schedule Order 0 0 0 0 0
Close Order 0 0 0 0 0
Log 0 0 1 0 0
Authentication 1 1 0 0 0

3.3 HhERE&HAEN

X VR A R AR — P R RRAE 24T ) BB X 4R
R RGBT AL B R, R R R T Oy A A
B, AO-ADL Xk R4 0 U7 R4t 17 35+,
) R R IR T (AOPY R £ T S B2 i Bl 4R AR ML

PR RGBT X H 5@ R4 B4, WA KT
HEMBITh, XRASH. FENT B BN AE
FHRTEREWERXREGE S UL S %8, B
FER R IR R G B B W] AR (A1 R, SR R A A
WK B RGN EIE R B T RS UMW EENE
FE T RAR RSB ER .

2. 3 WRIAMMAT AU HA R REWERDIE
IR EER . FATEE A Wright 4k R85 #8138 7 W17
IR, FEWGRERAFELE 3. RIGHTEHE
12 B (Advice Type) . ¥ 417 & (Behaviour) F13# &1 (Ad-
vice) 3R i% £ & (JoinPoints) 5 E # J5 # {447 & (Behaviour _
Refactoring) B iz, H A preMethods (behavior, method) 3%
7~ Behaviour #1 method ) H #2581 2% 5 1 £ 4 ; postMethods
(behavior, method) #7 Behaviour F method i) HIE/G 8 -4
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TS H 8 18 7 4414 A8 JG B 7 B % &5 preMethods
OfMethod(behavior, method) 3 78 method $hATRT B =&

I
o
£3 TEHEFREE
Advice , . o Behaviou
Type Behaviour Advice JoinPoints (EHE)
= >
+«» — >> methodA methodA %, I preMeth-
Alter “>method— >+ method ods(behavior, method) TeﬁmdA
ere—>method—> methodA 4, B postMe- >
Before  ethodA—>w 1 ic(behavior, method) T";‘“’dA
ere—>method—> methodA %, | postMe-  «» — >
Around (methodAIT method  thodsOfMethod(behavior, methodA
methodB) — -+ method) e
«se — > methodA methodA %, B preMeth- -+ — >
Around — > (method I method odsOfMethod ( behavior, methodA
methodB) — >+ method) >

B2 AOP, ¥ 525 & 4> 4 Before, After, Around 3 #
PR, H Around LI B &, BRI LATE B 8 H Z R TA
17, A AR S AT . RIS Sy ifh S5 —FhR1E
ﬁﬁﬁ(]om Point) 2 BT HATIE A1, 343 48 38 20 AT 17 0 40
EREE RS BT, it method— > (method ATl methodB) , X
B 2)5E methodA 2 method BT B 544 B A $AT #5855
B TR OR AT B A S FIWE AR E AT, I methodA
—>>(method I methodB) ,
MR R AR b RIBE TRRSEHE
WE . BENEARMIREREWN AO-ADL #3858 —



AU S AT 15 2 B R DR 56 19 LA B B M) 5 TR (4 1)
Y12 (Advice Type) s i i 2 H M 5 K1k R4 AO-ADL
WS, ARGSHWEREENCESREILE 6.
Input; crosscuttingfeatures p |, S VIR IEE &
traceability[ n][m], R{EMI {38 BF 36 RAEFE
initial, MR 1K R G , TR R 254 ACG-ADL #1538
Variable: advicetype 1 £ & , component, #J44 , connector, & #: 25
Output: result, BHG KR EW
fori= 0top—1
begin
B SR | A BB B X R B4 component
FI B 77 T B8 N2 A advicetype
FEAR R 45H) initial F R B component iR 45 3 H & & pro-
videdInterfaces
for j=0 to length(providedinterfaces) —1
begin
providedinterface= providedInterfaces[j]
B3 51R %3 0 providedinterface A EE XL RMH M ES
basecomponents
B2 AR 554 1 providedinterface 7 f¥) 7 B advicemethod
for k=0 to length(basecomponents) —1
begin
temp= basecomponents k|
FENTIREAT R I, B R 3, BB EELA T ER A join-
pointmethods
& temp WFA D, R B E joinpointmethods
o HFEGITURAE—-MHEDES

for =0 to length(interfaces) —1

interfaces

begin
interface=interface[ e
18 3# OO interface 44 7E joinpointmethods H
R4 4 joinpoints,
KI5 interface O EM A EERES con-
nectors
for m=0 to length(connectors) —1
begin
connector= connectors[ m
B8 — A A aspectualrole, X R4 11 2%
providedinterface, 1 ¥ connector §1
BB — YA R pointcut, BB HEE LA
joinpoints
Bl — S E aspectbind, BB YA &
pointcut , il HZERY advicetype, F il advicemethod
N connector ¥ N—~ 77 E4FE aspectbind
end
end
B, ¥ 44 temp B interfaces W BT & AR SE AL, B
F 3 EH temp HIFT K HMX behaviour, K4 temp SR F D
providedinterface X} i BI3E K18 0 R Z Bl g% 4
end
end
end
result=initial //FFABRVEELE intial & 347, EW L HE intial B2

result

Bl6 (hRSHMENESE

4 TEXHRXE
4.1 IRXH

AT LB TEFENEREWER, B JavaFF R T
By 5 'MW T H ArchiRefactoring, FEATE 4 MEH,
HE53HT . AO-ADL ¥k R 45 #3888 5 847 . /i 14847 4 (CSP
R SR REMWEM . ArchiRefactoring T RAR$ER A
BIRFAE -H4h38 B R R B R R IR BIRE UDAFE , SR TR iR R B A1k
R (advice Type) i 188 U1 4 4 A B 1R 1 R G5 40 P 4R BUAE OB, MK
ML T IR R ER.

4,2 LIy

£t TMS R4, BB 3 TR YIFRE ST, FRE LR
F#E Log 5 Authentication 2 BEYI4FIE. M3 2 AT A1, B4
XohRiE B BB R X B HE R Log 55 Authentication, #R#ER ]
FI s MR R R M EGEEL T ERRk. B,
Log B4 26 B & After, Authentication 5] & & Around,
KA ITHEM L, ENENEREWRE 7, KhKE
MR FEG. MCEHRIRERRSH, FEFUT L.

DR & AL B : Receiver Ul, Scheduler Ul, Cre-
ate Order Process 5 Schedule Order Process.,

DWRKRAEMBERER:1,2,10 5 14,

@Wﬁ%ﬁ%ﬁﬁGQ%m

[Receiver Ul] [§chedu]er ul)
A

ose rer

Create Order} i: Schedule
) Process

Process rder Process
6o B
G r{'
— T | e T

Client | Receiver Ord Truck T

B7 BEMERRSH

RGBT BT AT X, & 4,
RTEE, R4 B T #14 Create Order Process 5% %5 10
HEMBGH#R, HER2Ml. Create Order Process EHI AT
SRR LA 8, RS 10 EMBIE ALK 9, B8, /L
B B4 Create Order Process MBI GAT A Z 4L, B At &
BxY VB8R Log ¥ 0 8 o A TRIKIM AR EWFH
B, BnaER - #R T G812 55 /510 % Log BIBETIFT N .

#*4 BRSO

% EHH EHE
it
Behaviour=Create TAR. checkAuthentication— Behaviour = Crea-
Receiver Ul >(OrderCreateUL creatOrderI] teUL creatOrder— ™ Bo-
T CrateErmor. createOrderErrorHandling) — > 1':1 X u?‘[é]a J
Behaviour 1/ Vo

Behaviour=Close TAR, checkAuthenttication—>>
Scheduler  (OrderDispUL dispatchOrder T
Ul DispError, dispatchOrderErrorHandling) —
Behaviour L/

Behaviour = OrderDis-
~ pUL dispatchOrder — >
Behaviow{ W/
Behaviour = ClientRole.
Behaviour=ClientRole, setClient— > Receiver- setClient — ~> Receiver-
Create Order Role. setReceiver— >>QrderCreateManageRole, Role. setReceiver— >>Or-

Process  createOrder—>>1ogCreateOrderRole. Log— > derCreateManageRole.
Behaviour [/ createQrder—>> Behav-
iour [/
Behaviour = Resouse-

Close Ord Behaviour= ResouseRole. realseTruck —>Or-
I derRole, closeOrder—>
OrderCloseLog log —> Behaviour [/

Role. realseTruck —>>
OrderRole. closeOrder —
> Behaviour [/

(interface name=“ClientManage”) {operation name=“setClient”/)

(/interface)
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{interface name = “ReceiverManage”) (operation name = “setRe-
ceiver”/){/interface)

(interface name = “OrderCreate”) { operation name = “createQr-
der”/){/interface)

(interface name= “CreateOrderLog”) (operation name= “log”/) (/
interface)

{interface name = “CreateOrderUI”) { operation name = “creatQOrder
Business”/) (/interface)

(W —EHRIH#R

{component name="“Create Order Process”)

(required-interface role="“ClientRole” uri=*//interface{(@name=
“ClientManage” /)

{required-interface role=“ReceiverRole” uri="//interface{@name=
“ReceiverManage” ]/}

(required-interface role="“QrderCreateManageRole” uri=*//inter-
face{@name=“OrderCreate” />

{required-interface role = “LogCreateOrderRole” uri=*//interface
{@name=“CreateOrderLog” />

(provided-interface role=“OrderCreateBPRole” uri=*“//interface
{@name=“CreateOrderUI”]/)

(behaviour) Behaviour=ClientRole. setClient—>>ReceiverRole, set-
Receiver — >> OrderCreateManageRole. createOrder — > LogCre-
ateOrderRole. log— >>Behaviour [/

{/behaviour)

{/component)

(F —EHERR-

{component name=“Create Qrder Process”)

(required-interface role=*“ClientRole” uri="*//interface{@name=
“ClientManage” />

{required-interface role= “ReceiverRole” uri=“//interface { @ name
=“ReceiverManage” |/

{required-interface role="“QOrderCreateManageRole” uri=*“//inter-
face{@name=“OrderCreate” ]/

{provided-interface role= “OrderCreateBPRole” uri= “//interface
{@name="“CreateOrderUI”]/)

{behaviour) Behaviour=ClientRole. setClient—>> ReceiverRole. se-
tReceiver— >>OrderCreateManageRole. createOrder—>> —>> Be-
haviour [/

(/behaviour)

{/component)
8 {4 Create Order Process T HT/G Hi ik

{connector name=“c10”)
{provided-role name="“QrderCreateProvided”) *
(role-specification) / component/ required-interface[ @ role= “Or-
derCreateManageRole” ]( /role-specification)
{/provided-role)
(required-role name="“QOrderCreateRequired”)
( role-specification) /component/provided-interface [ @ role =
“CreateQOrderRole”] (/ role-specification )
(/required-role )

(aspectual-role name=“CreateQOrderLogRole”)

(role-specification) /component/ provided-interface[ @role=

“Createl.ogRole”] ¢/ role-specification )

(/ aspectual-role >
{componentBindings)

(binding name=*“c10CreateOrderBinding”)
* 146 -

/connector[ @ name= “c10” ]/provided-role[ @ name= Order-
CreateProvided| and/connector] @name=“c9” ]/required-role
[@name=0OrderCreateRequired]
{/binding)

{/componentBindings)

{aspectBindings)

{aspectual-binding name="c10 lL.ogBinding”)

{pointcut- specification)

/connector @name="“ ¢10 ” ]/binding @ name=

“c10CreateQOrderBinding” ] and/operation[ @name=* cre-
ateOrder”]

{/pointcut-specification)

{binding operator="“after”)

{aspectual-component

aspectual-role-name="/connector] @name="“c10”]/as-
pectual-role[ @name=“CreateOrderLogRole”]”
advice- label="“/operation[ @name="“log”]”/>
{/binding)
(/aspectual-binding)

{/aspectBindings)

{/connector)
9 IR 10 EHRIS MR
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,ix5 AOP B . IR EHHF 4R 5] Before, Af-
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