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Abstract: In this paper, software architectures and architecture styles are modeled with attributed typed graphs
and graph grammars respectively. Accordingly, dynamic reconfigurations of software architectures are modeled
with graph transformations. Based on such a modeling, a supporting environment is constructed twofold. Firstly, the
visual manipulation of the graphical representation of software architectures is supported with a graph grammar-
enabled editor. Secondly, the graphical architecture model is reified as a runtime software architecture object built
into the physical running system, through which graph transformations of the architecture model is then naturally
reflected as dynamic reconfigurations of the running system.

Key words: dynamic software architecture; visualization; graph grammar; development environment

W OE A EEAEME BB kR AN M XM %) 3 AR 2 4 M fe ik R M RAS R B 453k %)
B SRR EMOTREATAH LTI 2 B MET —ADERFRRENIBREZAE—F @ @i —/
T B IR 5 B R LR A S B G T A F R B — 5 @ R T R BB ATIAR A S A S
ITR AR LM EFEA fE BAK R b 69 49 22 56, I AT B AR b o) B 4540 4R1E-T v B BB B) R R A 4649 3)
SFTRE LB E—ZINGHINITETGRT —MNRAZTENGETEIEN SRR R M IR0,
ERRIA: B AR R M ST, B Xk TF A 3%

hEESES: TP311 XERFRIZED: A

BAFR ARG 200 T — N RGO W EZ AN TSR 75 5 BRI 2R e 5 R e %

+ Supported by the National Natural Science Foundation of China under Grant No0.60736015 ([H 5 [ 4k k|23 4>); the National
High-Tech Research and Development Plan of China under Grant Nos.2006AA01Z159, 2007AA01Z178 (1 5% s B AW 5 4 Fi& 1 &
(863)); the Fund for Creative Research Groups of NSFC under Grant N0.60721002 ([ 5 3k 4 Z 6 W 5T #4430 H ); the Program for
New Century Excellent Talents in University of China under Grant No.NCET-07-0419 (& 1t 224175 A A" 3 #F it %)

Received 2008-01-09; Accepted 2008-04-18

© PERRERAAAFIIFUR  htpy/ www, jos. org. en



1882 Journal of Software #f+% 4Rk Vol.19, No.8, August 2008

B LR R AN A RGETT S ot R I — AN A% o 1) P A 2R 5 g A — AN R O 5 2 Wk 4 #
KoUE RGN, AR B 5 S0 R G TT R FL A T Hdls . 283k + TN AR (K R A AR 2R 45 (A S & R R L 28
WA RTT R B8 52 A AR OGS 8 T L R R B AL . S b 1 1 R 5 S 4 T EL I S — A
i)

[ S, i 5 R ok 8 22 (40 S 2R 50 7 SR T 6 TS 140 TR 4% A 35 AR A Ak O L P 7 3R B AT 7 B AR 1B AT I 2 B 25 A
HOL AR ZR 4R, LA A R 75 SR 3ol 30 2 1 1 R 4 A TPt S 3 T AR T R R A R o S T AR
AN B AR IR S TR AR R 5 A TG I S i A R 4 ) 1) 0 A T AT O LR S T L TR LR L BT 4R A I A
REHBE R R EL LB AT (0 RGN R S50 2 I (0 — S0 3 5 2 308 T RN R R R A5 M 1 s
S b S R B TS AT R I R R 2k

AN R B AR B A P R A R S T L AR A SR S e AR Ak R A R (KRR e Tk T A
B, A5 W LA R 8252, JL Uk A P A S A SRR G2 1 20 AT, B A 2 1 A A i i Ak T B R
SR B 50 1) T R A AL 3 R 5 DU AT A S Ak L SR e AT R TR R g R Sz B, s e A R T
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o Vo 2 HUE T S A R PR A A RARER AR R G5 8 S A i B B 1 S A

o By 2 BT s B0 H0 Y AR P AR B AR IR R G R S v R A R T I 1k
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Master m: Master sl: Slave

————————— Y workload: NAT workload: 50 capacity: 20

workload
workfor
throughput: 60
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AssignJobs

throughput: NA

workfor

|
|
AssignJobs '
|
|

s2: Slave s3: Slave
--------- Slave

capacity: NAT capacity: 20 capacity: 20

Fig.1 Typed attributed graph for a Master/Slave architecture
Kl 1 Master/Slave & 2 45 # iR AL & 1E K]

B 2 B Master/Slave JRUKS ) — 7 AT BE PR P& SCIE AU, LT 46 11 0 2 LA py 6 P 2R A pl— A
Master #F. —A> Slave # AT —> Mux JE# 7, F46 2 1S HGR R N po H LU CE 2 19 Slave #1F. 11 &,
AT E py R 1 UGEZFN Y LHS b2, T LR AR UL RS b 7 38 S B3 221> Master 1 Mux, 51 A
RN 264 ACAC B2 — AN E AL TR T 24 AT B2 5 A 5 5% N 2% 1 P UG e B 7 P P 4 1R
H 2 M E P A 33X B py A 2 75 52 7B 3 NAC, 24 J5 B A7 4 — A1 B 5 % NAC LS I, iZ B0 AN 75 A

LHS AC RHS

NAC: AssignJobs,

M: Master M: Master U: Mux S: Slave

P2 nil e
workload: X workload: W {hroughput: T capacity: C
workfor

U: Mux S Slave U: Mux S: Slave

97] ¢ —7¢
throughput: T capacity: C throughput: T capacity: C
workfor workfor
workfor S Slave

capacity: C’

Fig.2 Graph grammar rules for Master/Slave architecture style
Kl 2 Master/Slave A 5 45 # KUtk [ B ST RN

T o S W T 7 A £ T B, B AT AT LA I A 2R 5 R IR ) 5 4 240 SRS AE S o N R AT RAAT R AR
75 2T T4 B 5, 7™ A PR A0 U SR A 3 2R R S8, T B 1 b A 3 O 4 AR 5 K SE T I 4
B (2 ) o B TR U py — K FE R RN pp = RS B3 77 3UFR o i 16 S M 3 5 — o S ok 45 7
AR G SEA, B ATT AT LA RE R T AL R R B R KRS O SE B B A B K R (parse) i 72 BIAIE —
MNE G REJETIHE S GG MIET L(GG).ixFh 77 22 A th i, 3 5 K.
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INV2: (Mux)U throughput =" Scapacity , Bl B 4022 fiE 155 1% Slave fit ) 2 Fil.
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Mux [1] throughput J& 2, i © IG5 AR py A INV L8 0 T Mux B a5 | A —> i 7 workload, I 75 i
FH py I HEAT JE M 3 4 (Mux)U .workl oad: =(Master)M.wor kload, ££ & ¢ W 1 p, I 34 B (Mux) U.wor kl oad<(Mux)
U.throughput BV A 3% AT & E 2 Knuth [ &8 PE 07k i —Fkow .

2 ETHEEMMAREHELSE

DAE 5 0 2 T A 1R R U R S 0 AV 2 R TG AR A AT I 200 50 LA R A R T, LA B A 5
75 SR MR AR A A 96 58 1 G 45 33K S B 2 A R 5 A T2 Sk 2 4500 TR 40 R S R AR H T 3T 1 K )
AR ZR G R I TG BAT b AT AR 2 5 E B I 2 AR SEIL R T LSRR 43 Db TR I T R R AR T 1
BN AE AL A B, B 25 BT 1A 28 4R 1 o 50 vl A OO0 T B AT 0 9 s 2 2 o 4 S 2t 21 i kR 45 44
() T I AT A, ] SIS 3 AT A R SV R PR R A A Sy — A L AT A 5 OB AR IS
TR IR R AR I FR TG AT Ay T 280 1 A R e TR 0 V] A 1 B R SO T LU S — Rz AT I R R
L AEENIER S5
21 KRRAGHERENY
FATUL—A B F AN r = LHS, — RHS, SRR 7m 3 2544 2R 451 10— A ERC B AT 4 060 T i, B AT LA
2 4K DA A 240 TR AR 2R 4K S8 A DAy TR P T TR AT DA I 214 A Y 2% 2R R DR (P 7R K L 0 e O A
R R S I 7 A 2.9 T AN Master/Slave 28 48 5K i, 1T LLTR T 2R ZE 7638 17 16 %10 7T BEAR
3 A 0 I s /b Slave (¥8 L AH G S (K 45 R 54T & Master/Slave AR T2 5 T — AN AH B B S0k
GG 1114 28 45 44 AU FLATART — > T2 11 EE I B AT SR AT R R v,
VH,H’((H € L(GG)) A (H——=H") = (H e L(GG))) D
T T A TR A4 TG AT A AR I B R0 e, D R A A B, BIAE U H e L(GG). B i, — A
Master/Slave 7 4t i 47 A I 56 1 Slave, iz ¢ 1153 73 R AT 45 1 Master 4= £ 5y 80 B IR 55 22 389 0 37 1) Master.iX
FERW T JEAT 1) A 5% 45 Ky JXURRS BT 00 0 195 00 F 0 AR, T il 75 5 ST 11 40 2R &5 1 AU X JLAH L I S0V GG
T S, FIR R T RS 2 AL
VH,H’((H € L(GG)) A (H——=H") - (H’e L(GG"))) @)
SRR A FEAE AT S AT A 1 SRR E G, BN I 2R W TR SR AR T N AT A A
SCBT IR 28 45 ) AR 0 V] 032, D5 224 7 1) 4 2R 45 0 S0 8 A 220 AU — A5 Y 1A S 481 T AR 90 9 JXUR S
SCHAEAC EAT A, AN AT S8 0 SRAT T 5 10440 2R 45 A4 TG " 20 0 K A A i R ) P A oo A 2
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Fig.3 Development and adaptation of systems with dynamic architecture
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N T I IR ARRE ARG AW 5 FroR R G A% R G A% 0 R IB AT ) 20 448 8 2546 %
Gz G2 IR 3 b T B W R — AN RS TR R A A S X 3 R T B 2 ORI AR R
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G R S0 B0 R AR AR SR, I STREAH DGR 1 20 A1 10 10 G R e e U AR (1) A T N A4 2R &5 F ) 5 S B
O£ ik 52 1 A 2R 5 W J 40 RSB 1) 2R 48 22 Wl s v 7ol AL B 1Bk (causal - connection)™ !, MTT % e — Bl 145
4 (computational reflection)!™ ™ {1y KL 1E 1M 52 0 28 2 1) 5 A AL

Visual editing

Graph-Based Users/Developels
arch. mcy =~ environment’,
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Coordination |

Fig.4 Dual interpretation of the graphical architecture model
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Visual model editor -
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g: . . %
rtemi Software coordination infrastructure i

Fig.5 Layered structure of the supporting system
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SR A T AL 5 [0S AR 5 R IR 240 A gl ) 2 ) PR A R T A S P SO 1 B AR I )
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P L 02 K S8 R, DA 55 2848 22 1K) 5 SN 2 75 RE 6 $R 21— 4 e 42 A A5 ) LAIRI B S0VR T AR 1 o 17 A AN 1 A2
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FEVR I BECTE P B8 SCIE SR %€ 1T 46 18T HH 8, Bk — 20 T Tt AT 10 £ 6 40 A1 50 RE £ 24 17 T 2T 1
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Fig.6 Visual integrated development environment of ARTEMIS
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