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AR IEHCR (software clustering technique) A& FH 104 B BLRAR 7 A RO 22— BLZEAR
BT iz WA A BEAR 2 48 P oA AL JC IR AR B2 R AR T T O 5 2 & R 48, iR
B BO R 7 BRAR N D25 5 DR e A G TR PP AR R D). el 2511 20 4R 1R, KERI#K
PEo3 15T OB . L, JRFR 2310 231 7 1k A IS Bl s ey P SR ARMICRI & BRI 2015 H A, 7B
TR AN R REE H AR SRR 73 BT RAT SR, a7 vE BSR4 i, B SARIE] ) G &R, s
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cascadeCommand
WindowMenu Command
Contextlnterface() AlgorithmInterface()
AbstractCommand UndoableCommand ZoomCommand
AlgorithmInterface() AlgorithmInterface() AlgorithmInterface()

1 —REERR AR ITR L
Figure 1 A DPI of the strategy pattern

I1(<context, {Event, atcher} >, <stratggy., {Tool}>, <concreteStrategy, { CreationTool, SelectionTool, ConnectionTool, ...} >);
12(<context, {JavaDrawViewer} >, < 8Qy. {Tool}>, <concreteStrategy, {CreationTool, SelectionTool, ConnectionTool, ...} >);
iQateg 3

13(<context, {EventDispatcher}>, ommand}>, <concreteStrategy, { CopyCommand, CutCommand, PastecCommand ...}>).

2 3 MEMAIKER LB

ee similar DPIs of the strategy pattern

BT S 4 (design patterminst I)[w] FEH—RYN T 2 AN oA = P 1T AH B
VEWIZ: 535 ITAe) IR A, IX 88 2 5 3 @RS Wik i AR 55, 18 1 e —AN 2R B IR 1) sk ms
(strategy) BELC I SEH. SR Mg AR 2 S 491 T text, strategy Al concreteStrategy — M A0, 7

K 1 BT r s, 2K WindowMenu Se 5 B AR 5
K3, AbstractCommand, UndoableComman ommand & 7 concreteStrategy 1473
. J4h, cascadeComand &% WindowMenu 7 1) /Ml 288 . 2 1 &SP dffiid — 4> DPI, AR
FAXIRE T DPL s AT STE IR A1 I S S AR NG R, TR ( A,
WS ) WIEACKZIE DPL filtn, K& 1 Bk (1) 5245 n] X FEE 75l ((context, WindowMenu),

and, ZoomCommand)).

o_context [FI#)7##, Command /& fi & strategy

R 5 3 A R A R e AR R R SR TR 5 AR R U S5 R 9 sl e VT K, T
AN SRR 7 T A5 BOARARANAT J SRS B AR BB I AR 5 E
F A AGT I 4

3 WiItEXFHEEXRST

MBS, RIS RIS 6 2 RO A S B A €2 )
SRR, TR R, W 2 Bk, BB T A G stratogy 104
# Tool M concreteStrategy SEA R CreationTool, SelectionTool, ConnectionTool S H EHAEH A
I aeE S, AT R TR (Tool)”, AUALRE % H HRTTMLEARRE A 1) Th 58 A A7 T AN, 17 £
1, context 437 # EventDispatcher HLAR 5iX®e « T H” £ 0B, AR IAK R, & HEN
IXEe TR ST AN HARERAER) BRSSO BN SO DO S R, et T
TR 12, &5 B BESES) TL AR 2 AAXAE T 11 o context HJ43i5# EventDispatcher
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% 1 JavaDrawViewer, M HE TR 5K 11 PR — B —FE. EBTHBSES] 13 1, 1% context )
PHEE S 11 M context HPEE A MIA], (HA M strategy HIFIE & Ml concreteStrategy HIF3iH &
Y5 11 AL BAR TR I3 A e EZERR K, (HAKER I E A% BIEM A strategy A (4
concreteStrategy I, RURE 0] FHIIALARFFRIRAG @ L IARLIYE, 78 11 e iR 82 < TR, 78 13
TEATHR YL “fr4 (Command)”. FsL b, Hyis# 2 1A AR AR H 2 th A 10 2 A [ 58 R ik
SE IRl 7T A A TR R T AT G B FRATT AT LASRAT S AL Y 47 2 1] 9OC 2R (R

AFNREREE

f @ T DU BB B &t 1A D g X R ORI BE AN IR 1), i i B id,
g strategy 514 concreteStrategy B R H B, 1ME 15 context IR R

3.1

PRSI 2. TRV AR o AR I SRR LU N DPT AP (R, AR5 AR 47035k Jie 43 3 1) 4 £
PALNINPS VS-Sl i)

B OCAR. X B IRAL L, R I K &R (close inter-role relationship), A0l & OB
M} (pattern rule) A% X Fh AT M REME P B THBEEAH Y. 1) 58 %5 A E4 4K (close-role set).

EX 1 (FERXHW). XG5 P, %1 ((R1,S1), (Ra, o), ..., (Rn,Sy)) kP RS, )
P A L B Al { RN oyt (1 < i < j < n), LA EEINHEEN {Si,..., 5}

(1<i<j<n). B, R, Fox PR . Sk R Ry WHEESR, (R, ... R;} Fosthifitn

EJZISN WIOIREIIRZ A, Jetfint— P BARK st h it

Ri,...,R; MBS,

EAFER M, {S;, ..., S} %ﬁﬁ%iﬁ@. LSy B ICE (B ) ARG, B
W) ATy B SRR A %o e A £ ) OG 52 B MO AN RO AR DR R
ROCH S R ) B A DU AN, ﬁ@é%ﬁf@ﬁﬂéﬁ&iﬁﬁﬁi%**ﬁ&

PR TR R B
PATT LA SR me A X Ay 4838 T o SR AR S PSS S ) stra tern,rule, ﬁ%ﬁﬁ%ﬁ%ﬁﬂ%ﬂﬂw)
KT BB H ML % DPI (( context, setT ), ( stiftegy, se
A AR USSR ) {strategy, concrete@ftategyy, HATN i) 5w st G
H {setS, setC} (KRHES setS FHRIFTHICREFES setC FHIITH 8% TR AES), LA setT
At context FAIPMEE L, setS M fih strategy PB4, setC M4 cong )
A 0T AR R I SCT7 AR, FRATTAH] I 2 9 Y AR OC TT R T AN 5
SCHR (9] A B In) AR AR A R R TS ) R I 23 NIRRT
(language-provided patterns), Z5 A IRENHE (structure-driven patterns), 17 4 X&) 5
patterns), A KA (domain-specific patterns), JEBIMEEEF (generic concepts).
R UK SR AT Ay B S RS RIS L S AT I ) 55 85 (0 5.

-driyen
3.2 ZEHIREhER }

SR O A GRS SM AL B VERT ) # 4 7 AR X
FESEE S 0] (R AR AR AR AELAN P WA T AL BT PR AT D 1Y

KPR, M5 abstraction (refinedAbstraction) 5 ffi{% implementor (concretelmplementor)
IS T TR S SEEL AN R 23, FEDRE S eI AR AR B TR, S AR A
AN FY N R T, TR, RAHCEANTBHER R E A s, Tk, RANg

, { concreteStrategy, setC ))
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x 1 FHEHEXARRN

Table 1 Pattern rules for structure driven patterns

Pattern rule DPI Close-role set Close-player set

I (( abstraction, setA ),
( refined Abstraction, setR ), {abstraction, refined Abstraction,
Bridge {setA, setR, setl, setC}
( implementor, setl ), implementor, concretelmplementor}

( concreteImplementor, setC ))

I ({ component, setC1 ),

( composite, setC2 ), {component, composite} {setC1, setC2}
setL ), ( client, setC3 ))

I (( adapter, setAl ),

Adapter ), {adapter, adaptee, target} {setA1l, setA2, setT}
( target t, setC ))
Proxy [ ({ proxy, setP Jf (‘subjcct, setS ), {proxy, subject, realSubject} {setP, setS, setR}
( realSuBject
Template method [ ({ abstractCl sct¥) {abstractClass, concreteClass} {setA, setC}
( concreteClass, setCiy)
I (( visitor, setV ),
( element, setE ), isitor, concreteVisitor}, {setV, setC1},
Visitor
( concreteVisitor, setC1 ), ntfeoncreteElement } {setE, setC2}
( concreteElement, setC2 ))
H T R TR S O, LR 1. 225 ) W\ {abstraction, refined Abstraction,
implementor, concretelmplementor}, AH R ) Ky A RN setl, setC}.

T AR, S ERR S ALE B AR 58 2 3 m—Fh) FHRF, o, M5 com-
i NN AT component
, BATTREX N
[ I leaf BR

WA 1. H34h, 1 thie s T aE R A AR L BT U i) SRR A T L
TEMBH IR
(EARTE R 2 BRI A (K 5 (S R B R S AT A8 client, T A0

b FATTBA R AR SCAHIE A ), AT AU ) £ €4 facade Rom— - 58 M,
1M £ €8, subsystemClasses et TlZ%%\éLEP%@é\E/]*%WfU%, FAVRMER 1% T RETHIILREZ
(7Ll fe 2 SR OCIBERE BE A i R
3.3 {TARMER

AT NIRRT AR Fh 5 T T vk, o, RATTHE . Jeifi. SRmE . IR Mg oy
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Table 2 Pattern rules for behavior driven patterns

Pattern rule DPI Close-role set Close-player set
Strategy I ({ context,setT ), ( strategy, setS ), {strategy, concreteStrategy} {setS, setC}
( concreteStrategy, setC ))
St T ({ context, setT ), ( state, setS ), {state, concreteState} {setS, setC}
( concreteState, setC ))
4510 A XA SE AT A Vet SRS ) I HL 5 A R 58 BAT W S AR T VE AR P S B

55 G5 @R AN RSN [, A7 4 SR AN AR D e b0 ORISR Z) T4, 20 AT A IR X
PR FH s SN Gl 2 5 IR D Re OCHK, XA S 2 5 38 AR A T REANN T 1) — L84H 2%
2. B g o0 T R H AR observers ‘eI 2 DR XnT fig 22 mARR, FUR i T 0140
T BN [A]— object BEAT U™ NG| LA A Ht W 22 28 55 5 S0 A 1 e 40, X AA s i 73X 2% observers
JIT EAT R — > S ] (0] T g L N FEAEXLE observers K HE. BATTREBI A M RLEE 0 T SEBLRE
% g — 48k B AN RARE TSR, BT AN R A AL B, X PR Bl FUR AL T X e 5
BIREE 452 BN SKIX— 7 1 TR, R T AN kB RV R A H,
XA 52 (A AE D e L 2RI @&?EX&%%. MR A H AL T — RO ] I 3h

NG LN T S, P BT UL Java Swing & HLIK) JScrollPane LA 45 Fif
A FAR R B o0 AR Zh g% S EARSEIT. b
J RS AR AAR L, St T X R AU
9 P B 2 AT 10 SR (0 2 TR AE Tl RE

Border FJSZEL, AT PEAR 55, DA i B
bb, AR ORI — N A S AT AR
B EL AR G A R g dab . 10
& SRS AR L I HEF.

KLU, AT SR R rh AT H o ﬁﬁ%ﬂﬁt?‘ﬂﬁﬁ. TRAT A SREms A P A
M SRAER 2 . TSR A S AR AR R N O A 11 B A BT 2201, IR
FAEMEART, E B SRV G AE L IR U I A (147 A X SE AN [R] 1947 2 73 Sl AE %A
concreteState ':F‘if}”u, _%&kﬁ%,gr1$ﬁfjﬂﬁlj‘]§iﬁ@?$ﬁl, ANLL P o A 2 R AN S SR R
FUTRVE B2 g s S0, DR — R BIAH OC I SR s GVE B bk R, g C ATTRENS 5 T8 BIL, R dsAl
. TOIRABE LS HEME AR UL, X TOIRARE, FATTE SCT H AR A W 2).

4 WIHERIESHNRY RS E

2 NN R AR IRE PR % 1, R UG I % UM R A B v SE ] 4R (DPLs) N 5| 4%
R A ISR B 1 2415 /2 DPT A E RO, T JRATT5E SRR B A 10 50 R K 0] L AR 43 I8 20 7%,
BT R LM%, S, PR REER S50 23 AR EE SR rTHLAL, (T FE )y SR B AT R 4.

4.1 HEEERA
TEH AR IR IE T A O B 0 % 5 1B 2 R, AT 1A Sl — N i o) g s — R i e 5 a0
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Source code base

D DPIs
L ‘:> 1. DP detector I:> (XML format)
Ele

|
|
Mddules/classes Q
? - T 2. Role-based

i |:> clustering engine

3. Visualization A partition
module (clusters)

{c1.e2).{c3)

{e1}{ea}es}

{ca}.{es) {ca){es)
{er.en).{es) | T (1=p && cy=py) 1:C2:C4} >
{ca}.{es} ) {3 {cs}
Splayer: {ps: P}

{c1:02:¢4} I : _@ - > {c1,¢2,9
if (cy=ps && ¢4=ps)

{c3}.{cs} © {e3}d
Splayer: {p7s pS}

{01502’04}s I if(c,-!=p7 && Ci!=ps) > {61902904}5

{cs}.{es} {cs}.{es}

(d)
4 —PRFRITERNES S E IR TS
Figure 4 An example of design pattern directed clustering process. (a)~(d) are 4 periods of the process
JIERI EARERAE. W0 4 (a) s, B 12— i der bRl 25 00 HE A s v BEase i, e 3 A
(S, A ) XIRIEEG B (r, {p}), (ro, {po1, paz}) T (rs, {ps}), Hh r; RoRMA, p; KoRPris
A Srole B T T AL A BV RN B 45 th i — AN A (U, AR 12 585 o 4
K BB ORI A AR T I AR B JR AR, W RAG— XS L BB P E R Splayer: {1, P21, p22}. 1E
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] 4 (a) 1, B AEIE Swe TG v By WSO pr, por B oy BORIELE—E. HRAE
A BRI Spiayer, 1 LIIIE A IR I REE D 1, eo (n = 5) BORIBAKIS)
(el {en} (n = 5) BAFELL AIFMUEASTREET DB A Spiaver TICEIFE S IE, BT
fer} A {eo} WAIERAHIE {ercady T e = pr, ¢ = pa, BAEAEIAFFRISHSE T pog. XA
3k, WIERIS I SRR NSO T 1, M 5 AR T 4.

o5 NI B ST, SR 5 L b R A, T AR S B o . MR A

RS P 4 (a) TR LR AR DAL 1B 4 (b) IR, I Splayer: {p3,pa} 2
—A R B AR, WK 4 (a) IR T HIER {c1, co} M {ea} WG EIF, B
{e1,ea} HIE BHPHHF LT ICE ps (KA o1 = p3), 1B {ca} B TEEHE LT TR
P4 (jJ Cq

(2 92

ﬁ’l‘?ﬁﬁ‘]&iﬁﬁﬁi% ARl BEFF AN BB, D RA W RE R D

R % ANEATEAE. W 4 (c) P, BBOE LR EINEE R Splayer:

{ps,pe}, BT ca/ps M ¢4 AE TR AR, IR R D ST RS I SR TR AR

A B {er, eo,ca} (BN el . s = po), PIRRETRIBLIN FEA SRR . S 4 (d) Pios,

AECBEFT ™ A 1R B I R Sp'@nps}, I FEAE Rl 70 R 1 rp AT TR AN BT A ) R e
I

R EIEEE DT R, IS IR H %, IRA A AR

h VARG oy e T aa ), B il — A I R P A R, BAT TR IR =L
BRI 4 (a), (b) A1 (c) B A BV =K 10 i 7 1 e VB 20849 (divect DPIs), M 4 (d) )
K 2. @

4.2 ETHAGBHHFRESIE

WEFEEATTA AR 2 AT B T 7 B 1R S B e L
T FHOHT AT B B AR B (KO RE P P 4 (AR B, DR
WP, SR 5 T 5 L ARAUAE R — A B v AR XS] g A SRS R

O BB B A TR DGR R K

paa PHEIE — AL o, (H T TAEAEATATRFRI 3 IR PR L 110 pog @KU {1} F {co} HEAT
THIF.

380, BBEAS S SR I 2 T B B AR 2 mT AR 1. XA 5937 Gt — L E AL
Wk 4 (b) Prow, LB 4 (a) SIFEKRIBE {c1, e} BEWES {ci} 7 DNGuadC

RIPHESE. 55— BORI UL TR HOAR 12 25— Br B S & F AL — el i
DAEEL T ERTE, BATEASLAL S AN SR LR AR O TR,

Horp BB BOIAb BRI 23 B BL R 3 AP ER:

1) KRR 0 R R 8 1 20 ST A — AN B TTHR, DT AT IZ L BT R I T — IR %) 2

2) KRR R BT ARSI, AR S B AL B AR AR Y, JRATT AT BLAS 21 5 1%
SCBIARSCH) B M . W TR SR A AR, WIATSOTIR, I R R A S P A O A K

45




FARFERE: BRI AR iR T ik

bRk R, AT B R Py ECE AR AR R SR E R 1, R R R A IR e b A R
WL R — A I A IR G AR BRI 43 S8 A R 53

3) AR 2) 2P A BB S 1 i Ak B

S B B AR B, 7R o) 45 R AT REAE A SR TR, TR I LR R AN IX L6 L TG %
it — DA X L IRAT T TSR R Bl 1 ] IR 4R AR O Rk e “PIOL” . R, 7R — BBl 7 5 1
A —ANRICHE {1}, IINEFAE—ANHERTCHE {co, c3}, 7 a1 5 co 8K e PR AE IR, WA
SR {coyes), B {a1} 5 {c2,c3} B

TR TR B I B I A R 5 IR AN 2 2 i AN A S A i NI PR RS M), DR A A oy i R
AR S GRS B, i R R (RIAES) MG IRk e ), ARG FEI S8 5 iy )
REANIA], {H 8§ : iﬁﬂ%*ﬁ [FI1. 4, 58 B B0 LAFR A E A 2 2 AT 10, el A2l 2
IR
L

BB AL HOH FEAKKII AR, o] IO A 5 25 B B b 2 s & AN BOA R 3 2
(e (4 5), TR %

KA SSHN R Bz BURI AR, A5 WA R 3.

5 RAELIETE Taste]
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Table 3 The comparison result of TasteJ and other clustering tools
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Design pattern directed softw ering approach
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1 State Key Laboratory for Novel Software Technology, Nanjing Univ Y nytRg 210023, China;
2 Department of Computer Science and Technology, Nanjing University, €¥angjingd10023, China

*E-mail: lzwang@nju.edu.cn

Abstract Program comprehension is the process of achieving knowledge informatiolf from coniputer program.

It aims to gain all the information from the program in order to understand the int&ation of @€ developers so
as to support reviewing, defect localization, reverse-engineering, re-engineering, porting,

other software engineering activities of existing or legacy systems. This paper proposes a desi

software clustering using the identified design pattern information based on the inter-role relationship among
design pattern roles. Last, we visualize clustering result to support program understanding. We also developed
a prototype tool, TasteJ, and conducted controlled human subject experiments. The results of our experiments

demonstrate the feasibility of our approach.

Keywords design, design pattern, software clustering algorithm, program comprehension, re-engineering, soft-

ware reuse, visualization
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