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Abstract

nance and refactoring, Researches on design pattern recovery during the past decade and more were summarized, and

Automatic recovery of design patterns in codes can promote automation of program comprehension, mainte-

shortcomings of existing techniques were pointed out. To solve the problems and achieve more accurate and general re-
covery technique,a research framework was introduced that is made up of researches on multilevel recovery target, pre-
cise definition and identification of semantic features based on static program analysis, software framework description

based on semantic features and exclusive rules,formal design pattern description technology based on description logic.

The main idea was presented and feasibility of the framework was demonstrated.

Keywords Design pattern, Program analysis, Reverse engineering

1 5l

Bt R R s R R R SRR R T R, B
RERGKATERER Y B, RO E
PR BT B B R AU R 2, T B AR
Al B TER Y AR FABEIBO TR A BRET . BOHRRIRAI BT
TN T8 BE A 5 20 R B E AR SC: B P 3 AP iR
H B AT LU B E R R A, R BT S
AE B 5 B RA R IR A R, A AT AR e 4P
PF A A W AT ER AT Y RE S, RZ T RERR E
AR R E 58 = 8K 40 BA f FHBOTHE N SR BB M P iR
S AT E A RO AU BT LA B SRR M  E
TR

BRI R 5 — D EEAE R A LS B 8
B SR BR R T IRBI 8 E L. BA BTN E R

[}

FH A #9.2008-06-25
(BK2006094) % Bfr.

WRERHER. ARIEE HEHESE KNI P RRE
AREUIME L. BHTHIE [ TR SCERXT R 32, T i
TR B SRBIBT I RS — P BURE 4 ™ 48 € AR5
FHIE . XFE SCLATEAR I E RIEHEHRTR T AR
JR AR E S B ERR B B A AR FE . X R TERE RE
MRV AT R, B3 {ummiiR.

BB IR AP A T _E 22— Fh I ) X R P X 538
B ARG, SIS AT AR AR R AR A X R E
IR ERETEAR , KRR KRR ST AR
BB EREX. AXHBRREMMTHELE TAERTH
2B SRR AL B AL B XX SRR R T — A&
48 ATTHIFTSERESR .

2 MRE5ESH
2.1 iR EENRE

AXFERNEFFERERL A (60425206), HFR A KRB EFE SR BIT H (60503020), ILHH A RP¥E S

BT 1972—), B, BIEE, TEHRHAARFRIHES BT S0 TR B RE fEX 0961 ). B 88, L AE W, 25

FOTEARFRIHES K TR ST SRS RS,

+ 124 -



Erich Gamma & xR BRELN AN S RE
#E, {EAB T8 TAEUIE 1 T H Y, X B IR U AR Fr 4
FEAL G T —sem Bl — Rt idie, A s A E RN
B S5EBLESY RABESIERABENRRY, ;T
WA EMEERS , A WIRITHERRAN R S, A H
SCHERRTHR SRR AR B AR E R B K, REMR
R R IESER B DL g, SRR DR B . fdm, kL3,
7,10,16,33,34 % “ W H "B AY B4 FFAE B9k B AN R
ZRBRHFBCRAELLLE .

2.2 HRSERBIFR

WHEAEREI S ENEHESLHRFENE H
HRAE BT AMGE IR ANE R ORI RFIRA . B i H a5
TS EEEARE MBI R IR &, i LB R 15 BN
BRI, FEETEAERESEHS 1 an i
F5¢2HF., Hiin, lka Philippow 5B FRRS MRS
HTESHENEBERSED , FUERREE S NER
FEAE (BT &3 SRR AE A AR AT o o 40 358 B S5 AR I #9183
B, B R 0B 2 45 M AR Tl 4% (Tlka Philippow 34T T
Hor B B RR ™) o (8 — B XRD BI e 96 2 ik LR AE , 5 AR 7T
PABIEE h - 3LFE M, B R BB E R,

A BB TR TC B s SOE U IR T A — ik
HREAE A . B i — SR T B U 38 SO
BAER LA RIF LR E. FHIBRAREIE L
ERREE N EAE LI AR, b RIGEHE. WREEX
FRIE AR AR B A E BRI R B, Biln, WA FHHE K
BT T N E R MR & AW 7] 3h A b 57 R B,
B THRARIAEN RS X R, A AL Add”
ZFREFF LB ME HE LR AN S EOARES AR TR
ERC T AN, PR E R R R RE R B AR, B
RIWARER B ERMLER.

HA BT RAEE iR A BTN shSE
Sy fr0-16.33.30.38] 4R AR BB P PRAT I B P HEAT Sh A MO L IRE B
B, HEHREBTRR . (DEMEXHASREHELEMNE
FR A SRR AT A I AR B RAERT S PR AT 3, N TE A
KFWIEEATH; (OFERIMAEE LHWIEHEEAR
RAEEEERTHER P AREBR R W BB AR EL,
iR BN ZERE LB AL, f A8 E N AT R A B
FREFEHNEIE SRS HRBERN A CEENH A
EIE SRR ST 5 (3) BhaS M B 0 75 B T T sy L &2
FHHBRNABBEARERFNEYNE, FEETEMNERE
Fe4r B RFERE b, F ST R LR B UK,

B K BE ORI B 208 SRR E BB A 2 H Rt
BERAI R EE 88, SEHSERE AT, RIEER
2.

2.3 BEXBEMNRE

AR, FH AN EB TR WA XA
WA BB EEE TXMER . AR B R
8. AESCERERA A, B — N2 EF 43 07 2L ORI AR B 7 A
AR BE , Hw B AT B B T I A B AR ST,
EANEMAFRR G BARMER, Hit, BERE I
T B AR B BT A e A AR R BT B R AR B
AEITEGT A CEE. BRIt et

it BB R AT 8 4 i R LR 51 A (6 MR OB ST .
2.4 BRUBRER

BRI R, LAUE —E % T e ik &
HRRFIF RS 5 R, EBRTRIRAI RS, — 1 E
ERES SR E SR AR R,

WHRRER, RARRTFEEUTFEE. (D FEES
TETESRAHE A 07 I, ST AR BB AR D 5 (2) 18 U1
HEZ D E LA RHIR

MR RTFBOR Y, EEFEUTEE: (DXL
BB 5T R FAN 2 B 26 B AR EHE 1R B3 TA) 4 008t , XA i K A
KRNI RIEARRER BEESS  ARBRRSENER
i QIR A RNEERE , BFEE KRR
E 7 B3 RE AT NS AT RHCR AT B A7 R R ]
TR EEEMANE CLBKSE, BRI bRk R HEEE
MR EFRE—FEH BRI TERNRLE: (DRF
R AR R BN A TR EITHER AT, Bikk
MELLTF LA

« BT S B ME A e W E R X R AR U EE R, i
Object-ZB W A4 FIES (OCL)BP | 3244 (Contract) 3131 &5
BEAERGRRANT RORR, S Z AR F T FINEET] .

c REVMBAVBREETREA IMIERRE.

cBSEEEEA RO RBRAKEHERTIALZR
SR HER ERARE ST E BT S BIE AT A I BUR FI S .
WA P B R X7 A SR E R, AT A L
R, AR EARX _EHTES.

« BARITAHHREAFER IR LI RENHMR AL
MR, 7T 23 i GoF A A B I+ R LA R .

« WA RHARE AR R R T 52 B 6 7 R AT A T
W, AT AHESR I BE ) LSS

 WIHEAPIT RN EERREGE IR I ELF RS
FAT R ERRHE, BAB AR TR A BER N ITERE
BHRELEH,

WITEAHAS RERRE MEE 4 HitERNNER
ERFAREARREZTY B, XREHEHRITHEXAHRE
FHHRBHMHERWEFE., YECE£LAXARTHREZE
A EIE S OWL R B 3 250, (BB R O
BAGMIE . R OWL XM E &S s FR#ER
IR P E S U RS R, R RS IT R E R
KB, HETERMEBESHRMERIT IESS, FAER
EHRHER IR

3 — M EHITRIER

AT B IR 2 E AR B 0 T B [R1RE, BN T
SEEE A B LA R R 2 R R RE o X R B B SR R

[FHERTGAR. XE. ®E] [ ukkamy. zetre |

[}
RN ERRREERY. k. AARAR g

3 5. =X
%%, RETY 7 ud
A RERVR ERAES | AT [YEEnT X
RRMEX O A TR || EBRA o s

_* .Y

bl TRS & X E:
LIRS B 5 RE SERHRGES
HY: FH  —

EmmEA
%

rx  —

B 1 BB RGBT I B A 1 i (AL A A IO R AR D J ik
+ 125 -



HEATTE . ARG E AR Z B g FE | B il R
APGIRES) , SR ER R BE S, SRR B G B M5 —
IR SE . BATHE 1 REHRE T AR R EH
IR 22

3.1 BRALESIRA BiR

TR THE R R RS BT R R R AT,
AT ATLAM 4 DNBEUCRIR TR, X 4 MRRE:
Bl 2 B R B A ATEMIES. BOBIRLAT DK
JA AR P s LB TR AR IF R AT A B MBI SE R G 2
B B AR 5 IR (LR S Ao Z A
B AYOF JE L (R M X 7] B, BT DAY FE R BOHE R e U TR
T TEMESEAR ST E SRR, BT
BAYE X5 A — B AR DI AT DA B iR K
HABES.

HATR F AL X R P E L8 E 7T
K # EBRS IS ARK FEHTH TR RS
FR L B 0 2 B R B R 23 LA RGBT 2 L AT AT 25
ERy & RUCRI o B IEB AT A Bl L A R 5
IE B TR S AT Sk . W B s BEE T
IR LR AT R E R AP A GBI S A G N Z A K
B LKREK .

WATIAA X R X 53 4 BRI A BURRAE 849 J2 U3 20 3o B
RO AM SR A RRER. FN, XFERB Ry
BB R T RAE M SR BB R R,

3.2 HeBRtERERAO R 8

A MO R P, KBTS A R % B A R Lt
ST X SRR R R R B RS R Z BRI AR B R
MXF, EXEERAR D, EERETE - LHRELHR,
FIINERE AMMX B AHMB S HELA HEAE NS
WX A FH% B, AR dEaE&HE B WX TR EEAX
A ByJrik. FEIER TS, b TR B A R B H A
FHWHARTEROX SRR E BHBR AR Ex T3 18 TR
B RO ZTURE HE R 24 SR B B 3 2 2k b R A I T 2 PR — R M
SER AR,

B AR —NMRAESR, ERTREEK A 2 R ATk
IEE AR AR L HOR SR 552 , i 2 B, Dk, HEBR
HARERAERN RN ER TR, HETA TP
A T HEBR ME AR, R 5 IE R A RAMB R, U RIEE Y
WAL B EISY . BATIA N  HEBR A A RO % K S
HE, ZRBETHIEAARONELR BENESE T
RARMEE T D% R 188 SOZ H R HERR AR, BUA BEEX
AR ab TR Z S0, HHRAA 2 H R B T, AT
W, BRI T E X 28 R AU A 4 B R AT
HE BN AR 4 CREERIR R A S MAAT ) .

FERIE 4 K

8 i R AE
G

B2 EHARSHREAREAREHRITRXR A TAEE
3.3 ETREFHSSMENLTHESEUE HEAR

BRI REBEOME—WHE” " ER”. &
« 126 -

7ERVCRNESE RBRMSRERS . AT EEME
M, ZEBEHAHES EIABR R BEAR T B UK
BRI P RE . TR ERER A5 R A AR UE T 4
HWABIER AR LI, RITRZB, Wit Ml AR ERE
AT LAE S R AR R W L A R SIE O RE D)
R, il R E SR LT HROR 1S B B R
WAl fln, SOt R S — KB . RATRH, X
KRESHBAERLHARIMEX T X X RN EETE
Do HZHXNACT N NEERI N RETEEE, OF
W ER B, AREATHREMRECHRELRA
ARBIFIE . BA BEFALAE R A b H R A 88 2L 58
PR, NERBIE R Z M SR AN RE. RITE
Brsteh 2 BB 54 ot D P EE GBS ST R
AT LA R X o B IR SR 54 1O B SR R IR 1 B, 3R
BFRRIA FRE A B R E X R MR EE IR, WTiRH
HARE AR . AT ST R BA 38 5 61 4047 AT LR A
AR R BT 8 S S A 50 R AT
Ho

B RITEARF R E SR O EIMELH—E R
WS AR PMER ™ A N R B BRI » 3 FpIE SCRFAE PT LA
BB R R KDL . B ITX TRAIERE LA
LEEL, WOTRHE TR &R0 BFENKE R, A
BTN A B U RKBC 2R RRAE LA R R]— RS 20 B9 A [ U £
KRBT EA M FARBPERE . FE B A RE R oA T
B 3 i ZE kb 38 A AR 5E 2R AT AU B A
B ERBIGERE L EE . Bl AR S A ET AR
FIRMEOR PR KA A EEEE, RIS R E I HB 5%
B XA RENHSE. WL OIRGIRE T XTF
BXLBMELER ERHNEREREE FE. HAEHR
FEP AN T MBEERA & TEAME RN F R R ZH
RIBIERBIE R, AMUB V2. EREIRN T A AGT
9,3 AT LASR A GE — B WL TR R T I S ) 4R e 3, an B
PREEFIREE S RE, LIRAIZTE N A .

BATR IS 5T BRI T A A BARTIA
BT E R IR A A BOBTE IR R TR U R Fik
A & BB S 2 BN R, X R R
BESHRAE T8O B BT SARER R FOR AN T 8 . B
FIE LB ERFE, ERFEEE L HERE LT ARSI
ABEGE SR ARSI TR, ERE LT BEARMARIES
HE AR BATE N, Ly ZERE R 5 50Kt B
Ho B B 8 R

AR EE B AT LIS NP5 1T B R R R IEE K
HIE AR AR I, R R TER I P RIS SO IE A
EBRAGER., WG T ARERN . MEETREKE
iR, Bk A BEEERK 2RSS iR B
L xR E 8 BRI LB ASE TR R4
W2 RS TEAR B T B AR R B RoR
ZEHTHE. ROHEE, b TRESTEHHERAR, HH
RS IE SLAr AT LU B RESUR A R IR A R
3.4 WEHARTEXHAE R EIRG

X FEEGITTEAMF LHEHEA - ELREE.E
REHZT B S A SRR ERRE mRETYE. TER



KB R MBI TR L LA BR YR, EEE T IE XA
fEFRIK . LK L FQAD 06 41 B SE Xt 15 IR B AR 7 #4778 o
W RGP R P HATICAL. 2RMEESUMHT TR X
Ko % EPRRTAE R iR T AR R 3 N R o SR
BV B 5 ¥ .

FEUM AR P, W] LA E A BB AT R AR B P ) X
o7 i €5, L AT LA HE— B B A e R R B AR R
HAzk.

3.5 @B HEXLRHRER

A I AR B AR R e S B — 2 | 454, e >
SERMRRES . BATAN AT IR A 20T & R B BB B AR
FREE R BB N BOHE AT LR T 0 2
B, #idZEE - RAIRRRIE S TEHERAE LR S5
RN RE SO BA R B R R R B AR f R H
A RAMREMNRA RO X LR AT DU F R
IR B AR SR 1B R LA T B R R AR A7 E AT
PRt TR R B B R SOR T B AR R i B R R E
B, CHERREREL T RAHSERMaIST hat2 8
EE ALCCDP ™, B RIS T, AFEEXKIES
O EE AR R BT IR B R RN AR L X
WO FAT AR Tt — 29 . BEBHTRET L
4%

« BT EGRA BT K MR AGE R AR R R
HAE R R P REARE, RIS SHE FRES
JRBCH RS IR AR BB AR R R B AR
PR BB S A R B MRS AR R R
HEWY R, FTURESE LR,

< M FBIBT RPN FRR T B AT R
AT M A B B (R M R B LR b 3 R A R Y
W} PP IR IR R S AT RL A B K R

o R BT R R R 2 R RFAE A A R R 2
BESERD FNRES SR RT R R, BETAK
REITHHLHER R

AR R P T EREEFEERAMERTES
TR NI — B AR E BRI

B BITE A At R R B UR BRSO B 1R
FE AR B B TR AR A AT LUBE X o 0 A A A
MIEBE . ARTHRA M X HR T ERE b, 7T Lo
— R R R B 3. R R AR B B S R
b ATRUHE — BT ST i R IR B A B 3R

g¥iE WP AR RA B T
WA A B T EE AR R A B THEE TR R A E
BTN, HAHREFRTEER AL UERSE
L HBEEEANIHT T B BT P BT AR A e B B - (D 3RS B
ERZ G — BRI R 5 (2) B0 Z M 58 CHIMEBR IR HIIE X
FHERIRE S7 5 (DIERFXBE N AR ; (O XHRBHFE 5 = 18
ML AR . X R B R BOR B A B 403 IR 51
TrkshZ @A FENE, SR L R R, A SRR T 4R
PER9TT R BLE (DR WAL RS AR B (O HEBR 23
MR RS ERARNES (DB THRAMTIE ST E
XEPH (OB TRHRZEOE A ARSI B
KR REE, 5 T EARPRER. RIS HUMEX

NHE S {5 PR CHE AR A 0 E 0 A BOR BRIt U0 T R AR K
0 EBHHE, ik, BRATA X MRS HESR R B A S M 47
.

& % X W

[1] Erich G,et al. Design Pattern Elements of Reusable Object-Orien-
ted Software[ M]. New York: Addison-Wesley, 1995

[2] Lutz C,Haarslev V,Moller R. A Concept Language with Role-
forming Predicate Restrictions R]. FBI-HH-M-276/97. Univer-
sity of Hamburg, Computer Science Department, Hamburg,
1997

[3] Philippow I, Streitferdt D, Riebisch M, et al . An Approach for
Reverse Engineering of Design Patterns [J]. Software and Sys-
tems Modeling, 2004,4(1) :55-70

{4] Huang Heyuan, Zhang Shensheng, Cao Jian, et al. A Practical
Pattern Recovery Approach Based on Both Structural and Be-
havioral Analysis [J]. The Journal of Systems and Software,
2005,75(1/2) .69-87

[5] Jarvinen H,Kurki-Suonio R, Sakkinen M, et al. Object-oriented
Specification of Reactive Systems [ C]// Proceedings of the 12th
International Conference on Software Engineering. Los Alami-
tos: IEEE Computer Society Press, 1990:63-71

[6] Allen] F. Towards a General Theory of Action and Time []J].
Artificial Intelligence, 1984,23(2):123-154

[7] Nguyen-Cong V,Wang Yingxu. Specification of Design Patterns
Using Real-time Process Algebra [ C]//Proceedings of Canadian
Conference on Electrical and Computer Engineering, Canada;
IEEE CA,2004,3:1545-1548

[8] Wang Yingxu. The Real-Time Process Algebra (RTPA) [J].
Annals of Software Engineering,2002,14(1/4):235-274

[9] Hoare C A R. Communicating Sequential Processes [ M]. New
Jersey: Prentice Hall International,1985

[10] Soundarajan N , Hallstrom J Q. Responsibilities and Rewards ;
Specifying Design Patterns [ C] // Proceedings of the 26th Inter-
national Conference on Software Engineering. Washington:
IEEE Computer Society, 2004 : 666-675

[11] Costagliola G,De Lucia A, Deufemia V, et al. Design Pattern Re-
covery by Visual Language Parsing [ C] // Proceedings of the
Ninth European Conference on Software Maintenance and Re-
engineering. Washington; IEEE Computer Society, 2005; 102-
111

[12] Wang Wei, Tzerpos V. Design Pa-ttern Detection in Eiffel Sys-
tems [ C] // Proceedings. of the 12th Working Conference on
Reverse Engineering. Washington: IEEE Computer Society,
2005:165-174

{13] Kramer C , Prechelt L. Design Recovery by Automated Search
for Structural Design Patterns in Object-oriented Software [C]
// Proceedings of Working Conference on Reverse Engineering,
Washington:; IEEE Computer Society,1996.208-215 -

[14] Brown K. Design Reverse - engineering and Automated Design
Pattern Detection in Smalltalk [D]. USA. North Carolina State
University, 1996

[15] Seemann J,von Gudenberg ] W. Pattern-based Design Recovery
of Java Software [C] //Proceedings of the 6th ACM SIGSOFT
International Symposium on Foundations of Software Enginee-
ring. New York:; ACM Press,1998:10-16

« 127 -



[16] Heuzeroth D, Holl T, Hogstrom G, et al. Automatic Design Pa-
ttern Detection [C] // Proceedings of the 11th International
Workshop on Program Comprehension. Washington; IEEE Com-
puter Society Press,2003;94-103

[17] Hogstrom G, Detecting Communication Design Patterns by Both
Static and Dynamic Analyses [ DJ. 03016. ISSN 1650-2647.
School of Mathematics and Systems Engineering. Vixjé Univer-
sity, April 2003

[18] Wendehals L, Improving Design Pattern Instance Recognition by
Dynamic Analysis [ C] // Proceedings of the International Con-
ference on Software Engineering. Workshop on Dynamic Analy-
sis. Washington; IEEE Computer Society, 2003;29-32

[19] SmithJ M C, Stotts D. SPQR : Flexible Automated Design Pa -
ttern Extraction from Source Code [ CJ // Proceedings of the
18th TEEE International Conference on Automated Software
Engineering, Washington; IEEE Computer Society, 2003; 215-
224

[20] Smith J M C, Stotts D, Case Studies in Automated Design Pa-
ttern Detection in C+ - Code using SPQR[R7. TR05-013. De-
partment of Computer Science, Univ. of North Carolina at Chap-
el Hill. June 2005

[21] Nickel U, Niere J, Ziindorf A. The FUJABA Environment { C]
// Proceedings of the 22nd International Conference on Software
Engineering. New York: ACM, 2000.742-745

[22] Arcelli F,Masiero S,Raibulet C,et al. A Comparison of Reverse
Engineering Tools Based on Design Pattern Decomposition //
Proceedings of the 2005 Australian Software Engineering Con-
ference. Washington: IEEE Computer Society, 2005 : 262-269

[23] Antoniol G,Casazza G,Penta M D, et al. Object-oriented Design
Pattern Recovery[J]. The Journal of System & Software. 2001,
59(2).181-196

[247 Niere J,Schafer W, Wadsack ] P, et al. Towards Pattern-Based
Design Recovery [ C] // Proceedings of International Confe-
rence on Software Engineering. New York: ACM, 2002.338-348

[25] Eide E,Reid A,Regehr J,et al. Static and Dynamic Structure in
Design Patterns [ C] // Proceedings of the International Confe-
rence on Software Engineering, New York: ACM, 2002.208-218

[26] Derrick J, Boiten E. Refinement in Z and Object-Z; Foundations
and Advanced Applications [ M]. UK. Springer-Verlag London
Limited, 2001

[27] Kerievsky J. Refactoring to Patterns [ M]. US. Pearson Educa-

tion Inc. 2005

£28] Dietrich J , Elgar C. A Formal Description of Design Patterns
Using OWL [C] // Proceedings of the 2005 Australian Software
Enginee-ring Conference. Washington; IEEE Computer Society,
2005.243-250

[29] France R B, Kim Dae-Kyoo.Ghosh S, et al. A UML-Based Pa-
ttern Specification Technique [J]. IEEE Transactions on Soft-
ware Engineering, 2004,30(3) :193-206

[30] Kim Soon - Kyeong , Carrington D A . Using Integrated Meta -
modeling to Define OO Design Patterns with Object-Z and UML
[C1 // Proceedings of the 11th Asia-Pacific Software Enginee-
ring Conference, Washington: IEEE Computer Society, 2004
257-264

[31] Mitchell R, MckimJ . Design by Contract[ M]. US, Addison -
Wesley, 2002

[32] Gabbay D M, Hodkinson I M, Reynolds M A, Temporal Logic:
Mathematical Foundations and Computational Aspects [ M.
Volume 1, USA . Oxford University Press,1994

[33] Pettersson N. Measuring Precision for Static and Dynamic De-
sign Pattern Recognition as a Function of Coverage [ C] // Pro-
ceedings of the Third International Workshop on Dynamic Ana-
lysis. New York, ACM,2005;1-7

[34] Heuzeroth D, Mandel S , Lowe W . Generating Design Pattern
Detectors from Pattern Specifications [ C] // Proceedings of the
18th IEEE International Conference on Automated Software
Engineering. Washington: IEEE Computer Society, 2003; 245-
248

[35] Baader F,Calvanese D, McGuinness D L, et al. The Description
Logic Handbook: Theory, Implementation, and Applications
[M]. UK.Cambridge University Press,2003

[36] Collins A M, Quillian M R. Retrieval Time from Semantic Memo-
ry [J1. Journal of Verbal Learning and Verbal Behavior,1969,8
(2):240-247. Reprinted in Computation and Intelligence. Edited
by G. F. Luger. Menlo Park,CA: AAAI Press;191-201

[37] HE, BEHE. ETHSUFTEE RBREE L RR TR 84
#4R,2002,13(2):311-316

[38] Jezequel ] M, Train M, Mingins C. Design patterns and contracts
[M]. USA; Addison-Wesley, 1999

[39] HeuzerothD, Holl T , Léwe W . Combining Static and Dynamic
Aalyses to Detect Interaction Patterms // IDPT’ 02, Pasadena,
CA

(E#% 847D

HRE  ACELT -FFERETRD D SRS
B HE TR ID B UE R R RS 5IARE BRI
& AER IR FME LR YE R BRSSO
5 bR AL i R AL R ke ik B SR T - R GE MRRE M L LA AR S
7 14 375 I A 8 o R BT PR IS () B T 8 . AR RE Y
PIASCI RO T B B R R L P E Sk B, - S AR
Ml BEAERRE AR BRI .

2 % X &

(1] F&.%. Ad Hoc i R&ME4 M. b5t EHEF Tk iRt
2002

[2] Chiang C-C,Wu H-K,Liu W, et al. Routing in Clustered Multi-
hop, Mobile Wireless Networks with Fading Channel [ A]//Pro-
ceedings of SICON. 1997

[3] Lin CR,Gerla M. Adaptive Clustering for Mobile Wireless Net-

+ 128 -

works [ J]. IEEE Journal on Selected Areas in Communications,
1997,15(7)

[4] Yul],Chong P. A survey of clustering schemes for mobile Ad
hoc networks[ ] ]. IEEE Communications Surveys, 2005, 7 (1)
32-48

[5] Basagni S. Distributed Clustering for Ad Hoc Networks [A]/
Proc. of Int”| Symp. on Parallel Architectures, Algorithms and
Networks[ C]. 1999:310-315

[6] Basu P,Khan N,CLittle T D. A Mobility Based Metric for Clus-
tering in Mobile Ad Hoc Networks [ A]//Proc. of IEEE ICDCS
2001 Workshop on Wireless Networks and Mobile Computing
[C]. 2001.413-418

(7] BHEW, Ags. — AT Ad Hoe MM EITELT ] iHEH
#H,2005,5(28) ; 864-868

(8] FE#5d, B, XIBER. #3h Ad hoc RERMHEE LR M
BT R¥%¥MH,2004,5(3):28-32

(9] 4%, B4, 2R — R Ad hoc WAL /R i B Bk
U1 BN TR SR, 2007,43(14) :3-6



