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Detection of Crosscutting Concerns Using Method Call Patterns
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Abstract Aspect-Oriented Programming introduces a new software module unit named aspect for encapsulating
crosscutting concerns. However, it is hard to find crosscutting concern code completely since its implementation
‘spreads across many different modules. In this paper, we focus on method call patterns for detecting corsscutting
concerns. A method call pattern is a sequence of method calls to imlement a particular kind of concern. A pattern
is a candidate of a crosscutting concern since many instances of a pattern spread across the whole system. We ap-
plied a sequentiall pattern mining to detect method call patterns as érosscutting concern candidates and inspected
the patterns extracted from a Java software. The experiment shows that method call patterns include not only
homogeneous but also heterogeneous crosscutting concerns.

Key words Aspect-Oriented Programming, Aspect Mining, Crosscutting Concern, Method Call Pattern
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MHTELZD, HMEHELEORE L2 EETAZ ENBH LR
b. FEEV 2D LEHINELEIC» 2D DR HNE R
B2, BEVA—VOBBLRSI: .

TAXRZ MRAITO 7SI vV REVEELREY 2 - VLR
AL THY, BENOTOT I 0% T ARy MEMEEZE AV
TEEEITORFEELIA NP2, ZOEHAD 1 DI, 7
ARY M REBHOEIIC L 2%, RoFH32
ENBH TRV LTHD. ZOMBEZFRRETLZD, TA
R IRAZVTEFEINE, BIFEOV 7 b 2T h 57T AR

7 b WA I B 72 0 OB OB T AT B 2]~
4). .
AKRFETIE, V—RA2—FOAV v FIFUH LS — > %3

B a2 ek, WMIMELESAY v FIRFUH LY — >
ELTHNTWAS D Java 77 75— 3 0 12 JHotDraw
EMFIHELT, XAV Y FIFUH LSS — > 05z o
WTEME TR o7, AV Yy FIROH L Sy —2 kid, V-2
I— FOEHRERICHBRT 2L -EEr b 03— Mo
ZEThHhDH, AEOER, MHBELEITY 2 - VETEL
WAV Yy FIFOH LSy — 22 LTV —Aa— FHZ3E
NTWBLOPHFEL, FN0 OBMIAE.LH I — I
B LEZT T CIE—HBNBELELFELTWE I L
ZHERRL /2.

LARg, 2BiCIR7 ANXY MRV 7 I 7 BLUPT AN
T RRAZ Y TIIOWTHBAL, 3EITAV Y FIRUH LSS —
YEFORBAFFEICOWTRRS, 4 HiCIIEBRBEL ML L
72XV FIFUH LSS — v OFFli 24T % 5. &#I, 5ET
RIFFED T LD LS HBOBEIC OV TRRS,

2. VAN MERTOTSILYT

2.1 FINY MEEOEH

TARY MERTO S0, A7V 2y MERT DS
FGIVIREDRERDEY 2 - VOB ) 705 3
YTEETHB. TARY MEATOF S 3 v 7 IR L
FHEDHE - SR T BODFEY 2 —VH [FA~RY ] %HE
AT B,

TANRY MERTOY S 37T, BETREOEICET 2
MER % BRI T O TR, 7AXRY MSFASH D
KAV IV —AT0TTLANLEIRL, I3 V84 VERIZT
AN M EO- FPRIERY AL, 20X REMATERT S
72HODT AT MEAFEOREE LTUTO L) b 0bFE
fET 5.

TaArRAL b FTVy MERTO TS AIBITAT A
I EBATEIENTELY —A2— FLOMNE, 50

BETROREDNDY A I V.

KA bHy b EBIITANY FR2EATE 3L V8

rNOES.

TRINAZ KAV EHy MIXoTHRNENETHEDOR

FLRBBRIHBASNLEa—F, S LE, RKAY bbby Mk

THH SN EFBEICBWTRREFTINLI - FORbY

WKETshpa—F,
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ATz UMERIOT ST (12 &%Ha—F PARYER IO 3T 2k HI—F
Java ) ( Aspectd )

_,.ﬁi.'ablic aspect Logger {

pubtic class Logger {
H pointeut joggedMeathods{ ) i
execution{void Sumpie.doti{ ))

betfore { } : loggedMethods{ } {
if { isExec){

message{ “stant™ };
}

boolean isExes;

void message (String msg ¥
System,oul.printin { name ); §

}

)

fublic class Sample { \ !
i Loyger logger: i boolean isExec;
void dolt ( ){ void message (String msg }{
r System.out.printin { name };
i it {logger.isExecl H T
i logger.message( “start” k Ny
) H
. public class Sample {
1/ dolt( ) DAL void dolt ( ){
1l dolt( ) DA
} }
}

1 KAy PET NS AV a— FHEZRZ OB

F 7Y 2y MEEFE Java 5] TEMNII - FE EFEROM
DEHVTT AT MEMEFE Aspectd 6] DT 17T LIZE
EPRIHER LIRT. ZofizBiF 510X Y 713 Sample
77 AD dolt( ) AV v FNORKROMBOETHIZ, nF¥r 7%
FIDEI DaeilErd, LETHNIOFY VHEAY Y FEIE
UL, XV y FOEFTEREFL TS, Java 2 X HEHTIE
OXY 7T 57 7 ARER LERMIZIZZD 7 7 A0 0¥
YIDOMBEEHE L TWAESY, Sample 7 T AR OF TS
T3 F (BBETHAZLS) "ol TLEoTwy
5. —~F, TARY P&/ — FTiE, Sample.dolt() ®
FETREETRTRA Y P v b loggedMethods Z1ER L, %
TREOER (Vad Y R4 ) uFr 72 itco
12, before 7 F/NA A& LTEEB LT3, Logger 7 AR
FA% Sample 7 T A% SR L CIZVad, ¥/ Ic@+ s
I — FiZ 3T Logger 7 AN PRIZREB L TW5b 720, O
Fr 7 OMBEAEIE - RT3 A 13 Logger 7 A2 F A
ERETE IV,

2.2 MEMBELEDLHSE

IR B39 — P & R —TE D) 2 DI 548 5 B (7).
¥—14ERTRYES/ D E (Homogeneous crosscutting
concern)

WIRERT IS TH 2B FNEFhO T — FEtd i3y —Hhs
& HBEREALELER TS, fiiX, H—0x vy FIFUH
L2, ALa—-F2a¥—-LTERTS L) 2RBIRI IS
s, H—EEMVECELERTLHE, BV aAa
YRAVITHERLT RNAREZENTIENTEDLLDT AN
7 MEDPELHTH A,

FEH—MERERTRYBS/ L F (Heterogeneous crosscutting
concern)

HIRREFT R Ch 5705, HIBTAH/AT T Lica— Fitais
R0 ELERT 5. Y- MEBRNE.0FE, B
—DT7 FNAATFEETEY, TARY P TOEEHZIZE
HThHb.
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2.3 FARI bYA=

TARY b4 =07, BEOF TV 2s MERMT RS S
LEANELT, ZOHPLT AR PEIREEHEZRRT
LEFEETH 5.

TARY OB ET LIRS, BV aA N0rrbEER
TARY POBEEROUTBITEETH L. Fvv v TR
RERTLTARY b ED L) IC—oOBINIEH 5 H%, FEK
BT AR POBEHE LTETORAL L DRBEREOF 7Y =
7 MIELIEoTWwA. L L, 58EICETLa— F257
075 AOBEROEFRIESE>TWANEI D, 20t
EZRHOIEo TV AP IFEMLAREL SR WRY, 7
U077 A0ETOENEALITELr SR, KK, F0
I BRI AGER E 7075 AT 5 BESY
B DBHIC3TR I hw, TARY =L v 7L, V—
23— FOERDP S 7T ARy OFEME BB B+ % 7o
7T LBNFETH S,

INFTOMETE, ROLI BT 70 —FHFHASNT
W5,

a) I—FI7UO—VETARY POBHET S (2

HLIREDF A ADERR 2 MBI b 2o THA
A, Thoa—FRIZa—Frao—r e LTHRIBTA S
EWTEL, BB ERLZZ7O0—-0D L, F—2 5 A7 T A
BBIOBRL-LOTHNEEFOA 7V 27 MERTO 75
LTODY T 7287 E@BRTRENN, 77 AKBIZEK
GAGELIZaA—FIR7ARZ PELTHBIRETH AT
REMAEV. TOFRE, a-Fru—rolEL, HHEE
FLESHTAXDUBETRITNERR TCELRVE V) FHEDT
5. :

b) BENDF—T—FE2ELLETARY bOEHET S [3)

BEDOA YV Y FIRUH LA AR FDEFHZE bh->Tw
A4, grep B EE o CTETONUHE LER%2EET A HiE
BHENTHD., F—T7— FRENFEOT1LI M), 7740
PORRBEINTHAERRDLIET, VAFLOFTEDIEER
BLATI—- FESHLTY222MbIEHNTEL, F—7—
FOBBERRVPHENVIIERDEY 2 —MIIHHLTVD LD
THIET AR PELT—HEIICTE L DT I RL vz
b, FAERIZT TR CERBERLFERICERT L L0
Eh RV BEREEL. L2L, FPRTHEKRO—FEIELS
TREEIEDH D, EETILEND S,

c) AV vy FZTE® Fan-In 2 X—ZZR D5 [4]

Fan-In &1&, $5 2V v FHPAEFTH SFENTWE D E N
VBEMTH A, ZOFFEIR, AV FILIZEIALIRUHE S
NTVEPEFIELTWE, RUHERTVWIHDE L DR
LIEIZT ARY P OBHICL LR VDR TWL T 70 —~FT
HA. List ° Arrays B EDL—F 4 )54 XV v FEBRAT
BUEDNHDBN, EDORAV Y FINTARYZ M) ZH b
LEVIBESICAEMETFETH .

INLDTARY VA =V FRETIE, FIZH MRS
BOFELHERE LT,
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3. XV FRUHL/INZ—>

3.1 XV KFEUH L/Y2 — > 04

AV FIRPH LSS =2 &3V — A0 — FIEZICHET
LREED LM a—-FRIETH A, BAEMIZIE, 2V Y FIE
UCH L, £BEFEELV—TEVI AV y FIZEENL [HK]
DFIE LTRBEEND. 2V y FIFUH LYY — v 2 BT 5
LRV UTOBREBL LN TES ).

a) FEHLAVMBIZUELR AV v N

VI MY TRBIIBWT, 1 OOBREERO AV v FD
HMABDENPLLDIEDVEL, TNLE—BFICT LOTE
L EH—F Lo TWVD, ZDzD, AV vy FIRUH LS
= —EOMBIIWLER AV v FIFOCE LG T TV
57:012, TNEMETLI & TRIBICLELR AV y FHEZH
BT ENTED,

b) BEDODHL XV FOMUH LIE

1 DOOWEEETERT A AV Yy FEORUH LERIZL —FED
REVNDB. HBHWBFIZBVT, 2OHSOWEIEE ST
BY)AV Y FEYKR—FWOWIFOCH S Rl R 62w,
HBEAVY FILLoTHBONIMEESHETAL AV Y FIZZFOA
Vo FEDBICUH S ZITRIER S 2w, AV y FIFUH L
Y — VBB AV Y FREOFIZETIE R L, FHEFBERL—
T o fHEEOEREH- b0 TH A0, FIICH
NBAYy FIFUH LOMEF 2 BE T 5 2 &L TAEZIFOH
LIEZMAZ EHTES.

3.2 XYy FIEUHL/IISZ -0t Ax

KR TIIBEF O TRE S NBEEIFOH LSy — Vi
WFEEER) 2FAL T Java SEE R L LAYy FIRUH
LSy — OB 2T4 5. COFEEIREIMITITI>NOX
Ty TS EINS, FTHROIATEbREON Y —Aa—F
DY = YV AERIFETAHILTH A, RIZ, My shr:
V—Ad— FOFMI —r VAP OARELRL O BRET L. &
I, B ENUFH Y — 7 » X223t LT sequential pattern
mining EMFENZFEEEHTAH I L TAY v FIFH L/
y—r T s, L&, £X7 v 7OFEMELRRS,

3.2.1 ¥ —4 A0

VA= FOEXY v FIZL, v—Aa— FOEYg —
FUYAEREND b OB TS, B - v AL IIBHO
FABZHBAL2bDOTHY, BAMIZZ, 120XV F
EBEACBIT LV —AI—-FOBHOIAITHE, V—A
I— FORMETIUTOLNTSH 5.

e XUy NIFUH L., 5#s LTHE IR AV Yy FIRY
HMUIE, RO2BYOHETHEH—OIFYTH L0 ) »HM
T 5.

- FT7Vxr MERIEETIE, AVY FEIIATEILE
FEINLDT, AVYFOFRBTAITAL AV y FEOWS
=B TNER—DHMTH L LHET 5.

— MWHEOEICEET LAY v NI, OB LT TR
CEZBHRLBBHITHL2BEDTHDLDT, 75 A8 T
THAV Y FEDP—FH L TCOIEFE —0BMTh 2 L HMT 5.
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R —r

-| Sample.method2(}
A.meth1(

Ry RO

2 BT -7 ADERK

o X OBRM - RTNE

o KRDE LD - WTRE.

TSI LDMERD HEEETEE LAY Y FEEEHMA
FEbELI LT, LV RELBREEERL TV, AV Y NI
CHLIEBZFDOA Yy FREEI Vo722 e FEHRLLIE LT
LHEMBIOOERLRFREPYTHY, V—XI— FOFFE
ThHhbEVZD.

LaL, AV FIRFOH LEMAEDE THELERT 5,
BRI AV Y FIFCH LEZERZZGTERTEL LW 2L
WA, AV FORVEICE o THREEZEZ 2, WEH
BbLZFTRILAYV Yy FIFUB LA #DET Lo/l 8k
{Arleb b, WAL, FHXOREE - #FTHELHENELX
OB - FRTHRBE Vo2 X %, 7077 5O HEEEZ Rk
ETHEIREELY—AI—-FOBHTHL LV 5,

[ 2 1 Sample 7 7 A? methodl( ) AV v FirHAERL 7
WY -7 ATH 5.

3.2.2 Sequential patern mining 2 &% /%% — Vi

ER LS — 7 v A% RI2L T sequential pattern
mining [9] & JIENBFREERTHI LT, AV v FIFUH
L/sy — Ot 2477% ).

sequential pattern mining ¥ (352 LI/ HD ) X
5, —)HeE LBEL EOEECIHE L THELAESY
A N&RDBFETH A, sequential pattern mining x 177 )
TIIT) XLIEEED BH, AFRTIE, —HK AL
Z L A3%\» PrefixSpan [10] 2 $RH L 72,

PrefixSpan 7 )V 1) A 4 %] L 72 sequential pattern min-
ing DFAUIRD L H 2% 5.

(1) BY—7 AEBHELTVEETOELEIIOVT, 20
FAR- MEEETET A, YR MEEWREZESHBEL TS
V=V ADETH L.

(2) ¥HR—- MEPRNFFR—- MEULEOBEZEZ T vy
Wy =2 E LTHAT 5.

(3) BAYR—MEXZBIABERIIOWIHELTLD.
WELld, ETOY—r AP BENER» L DOEREFL I
DHTEBIETSH S,

(4) 3) THEET R0y =T AL T, B Q) &
F CAEEZAT% 9
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&= 0T
Hh

i abek

3 WY AFE—ME 212

pattern mining

B} % PrefixSpan % F 272 sequential

(5) - MEIGRNATF R MEUEZ O, 20BEEL 1
LY R AVAE S AOF ST el AR WO A/ A &7
Ry = ELTHIT S, (3) BV THARBRENIIY W
ENBL b, (4) CBWTRATR- A LOEEZFOE
EVPFELLRLLBET (3) ~ (5) 24 DET.

X 3 12 PrefixSpan 2 & % sequential pattern mining 38 2
ZolBEORTERT. 22T}, /8- VHHOBETS
BEANTR=-MEZ 2L LTYA =V T %2 4T R o T 5,

4. EER EFHM

ARE T, EELAY-VEHOWTHE LAY v FIEUH
Lty = 2HETLIEICLY, #METAE.cEoRICE, 9
FLETV2-MbTER wtbcxx;bﬁomtny—/k
LTHIEBETAL005H 2089 pEFRENR, 20L& MRy
DFEICEET D AV v FIFUH L8y — 2 O8I 5 % 3Rl
1779,

4.1 EBRBE

AV FIFUH L3y — v odlitixd 4 & L Tid JHotDraw [11]
%72, JHotDraw XHEHEE T 7)) 5y —2a D1 DT,
TARY b A 2 THAROERHZ L LTHWSLRTWS [4].
YV — X 01— FOFBITHIZN 18000 1T (F A + 7 7 4 MIZKAL) ,
WAV FId# 2900 TH 5.

EBITHI Y -V ERAWT, RN R— ME 4, RPSY -
VEATAY y FIRUH LSS — U 2 L2 25, HilE
LT sn7zxyy FBROH LOET 227 F A% KFIL 723
&, THREEIZN 118, MBSy — BT 38 TEETH - 72,
T, 7IRARRET AV Y FEDATHENE—TH 2%
£ MWL 2354, BRI 17 8, Sy — U #UT 55

HEHETH -7,
4.2 HEEhAEX Yy RIEYH L/SR — > E RO E
DEEEM

AV FIFOCH LOBS A2 5 A5XBLTHE LAY Y
FIEUFH LYY — > % FAEETHRET L7 R, BIBRLEIC
BEE L/ —VEBEL TRy — I ENRFRED
L) B D 5 ,ICOVTHRRS, 75 A% % XEIE$H
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£1 i shisy — L ORLEDH

8y — v RET 5 0F | Support | Class
W= TWED A T4 7 L 54 31
a7y NOEE 14 14
g v NEGEH OERRTF 12 12
BT 0 SRR B B 10 10
B 4R 9 9
W—TRED AT A F L 8 8
Oy NEFOEESF v » 6 6
< 7 AR 6 6
K)o LB 6 1
A4 A =T O 6 1

WL EDERIIOWTIZ4.3ETHRRS,

RUICHBENZZAY Y FIRUCB LAY =B ED LI 72
BMOEICEELTWE20f 25T, EOZHEENH B, “ 8
Y— Y OBELEBEONRY -V EELTWAELEY,
“Support " X F DNy — OB O %, “Class " 3£ D3
=BT 57 7 ADEERT. “ Support " DENE L T
b “Class” DEN 1 THRIE, Z0/87 —VHREET LHLE
12075 AZEHENTV SO T2,

4.2.1 BEWHBELEICEEL Y —

SN2 AY Y FIFCH LYY -V I3E&E T 38 TEATH
D, F05H 22 FESHMNELREICEET L85 — Y Tho
7o, REWTROR L EICEE L2 A Yy NIRUH LSS — v D %L
DERD &) R E R - T,

o NY—VDEHRTHHAV Y FIFUH LD XV v F&IZ,
ED b — 7 YHSHIEAE LTz, BIZIE, Undo HEAEIZRSE
L7zxAY y FIFUCHR LY —  O8E, BT getUndoMan-
ager(), pushUndo() % &&¥bh, Ry —VDEETHL A/
FIEPH LD AV v F4Zundo L W) =27 U BB HEEL
Tz,

o NRY—VOERTAHREN N —UHBHBETAEAY Y K
DEEL —H L TWBE, NI —UHFHRETLAV v FO4
AEFED =7 U HPERETEL T/ B, Ry -0
HIET 5 XV v KOLETH mouseDown, mouseUp % & Tdh 5
INE = DEE, Y- OHBET A AV v FOZHIIZ mouse
EVI) b= UPRBSHEBELTBY, ZOZErb vy AEE
WHEETLAY Y FOAEBED 7 SATEESNTWL I END
5.

4.2.2 HEWHBLEICEEL Ty —

WM LAYy FIROH LSy —>omizlE, EHN7 5 A
WWHIAL TV 27S, HETELE L IIEN VNS — b
L H4Bl%ERT.

E4DAyy FIFUH L% — i3 57 BT CHELTEBY,
FEEIHBEEOB Y- THA. LhL, TO/85—~
KEINLIEZIRYVELABORBETR S 2V v FIEY
WLOATHY, EBICHED R LT R DN S MIRICHEES S X
vy FIRUH LIZEINTh RV, 07D, TRy -1
MET 20— FAERT LRI, §0ELAEOBRETHT
HEnd AV y FIUBLTHRATH Y, —ETIERWV.

I nf ormation, and Conmuni cation Engi neers

org.jhotdraw.standard.StandardDrawingView

public vold addAfi(Collection figures) { FiFRUHLAS -

FigureE fe = new Fig um Fi E ation. hasNextFigufe()
white (fe.hasMexiFigura()) { w;ﬂé ! i .
}add(fe.nexiﬁgure’()); | FigureEnumeration.nextFigure().

y )

4 MEHWHECECEEL TRy = Ofl

DL, AV FIFCH LY — ol {550
MOFLEBTL-00METIERL, TnNo2ERT L0
DEVNEEEEDSI LD 1 DB L7288 — U DFE
L7z, STO&) %88 — visEBRT 8RS, BREEAMIV/NS
TETHEOHENNELEICEEL/Z/ Y - Thb LiTn
2,

4.3 77 ADEXFNC L BE

4.3.1 BEDI 7 AREBIZLBT 85—~

BEDT I AREBIZEND AV y FIFUH L/8% — i
X, 79 ARBHNOETO s FAHBET A Y- &, 77
ABBAD—ED 7 5 ADKIHIRT 535 — V DELE L 7=,
B 21E, Undo #EREIZRET %/%% — 13 AbstractCommand O
BLALDY 7277 AHIAL T3, CopyCommand 7
Eo—Ena<y FIZIZHBE L.

DL B8y = UM SNEE, Y — VAT A
TG ADIEBERE LI I ARBOREEITE D 2
ENTE L. B2 1E AbstractCommand #4727 7 A2 Un-
doableCommand 7 £ % {EfK L, Undo #EEIZEA&E L7238 —
YHHE L T A2 F A3 UndoableCommand D77 5 A
ET B, 2T AT L D EBTHYELE TS 5 Undo HEed®
AbstractCommand D EDH 77 T AN HIE>TnRb 9% 7
T ABBOERE LTHRT A LN TE S,

$72, MLy 7ARBHRO/RY — i s dhoizr T
A, EBICHEIHBELCECEEL TRV od, EIEL
HOEEY LEN TV 200 DMBOMEII LY 2 5.

4.3.2 AV FZEOIRO—BTHB Ly — >

Ay I L2388 — OBz B v T, 7 7 A%0
XA %#4THT, AV v FEHE U ThIULE —DR L HIW L
TAY Y FIFUH L Sy — 2 &l LR, 7 7 242Xl
LBEREonTnA Yy FIRUH LSy — Ul &
72, Bl 512R Y.

EDAV Y FIFH LY — > DEFTH S setUndoAc-
tivity(), getUndoActivity() {3 AbstractCommand, Abstrac-
tHandle, AbstarctTool @ 3 DDIMHE 7 I A TENEFNEH
ENTBY, createUndoActivity() i£ 3 DDIMFE 7 7 A D
T2 TATEIWEREEINTWS, I bIXFE— DKL
HUndo lZBE LAY Y FTHY, AbstractCommand D
77 5 AT 11 EFT, AbstractHandle D47 27 5 X T 6 &7r,
AbstarctTool D72 5 AT 9 HpT, FF 26 @A CHIET .
P IABEAV y FEOWMEEZZER LIS, TREROX
Vo FIZELZL2BHE LTHIRENS., AV y FADOKRTHK
L7BE, SNODRAY Y FFBET A7 5 AN ELR> T T
bE—DA Yy Feflkrah, M5DAY Y FIFUFHH LSS —
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org.j d: D

org.jhotdraw.figures.BorderTool

public void execute() { public void action(Figure figure) {

super.execute();

setlindodctivivlerastolingoActn); setlindodctivid createlindoAciivity));

FigureSelection selection = view().getFigureSelec- - List | = CollectionsFactory.current().createL ist();
l.add(figure);
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