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Abstract: Component based software engineering (CBSE) is one of the most effective solutions to improve
software development quality and productivity. Component composition and compositional reasoning are the core
technologies and frontier research areas in CBSE. Based on the characteristics of software components and inspired
by process construction methods in process algebra, in this paper, six component composition mechanisms are
proposed to integrate software components simply and conveniently. And it is argued to compose interfaces at the
same time of component composition, consequently to generate more powerful and more abstract interfaces to
support integration of coarse-grained components and raise the abstract level of component composition. Moreover,
based on the Wright’s research on formal specification of software architecture, compositional reasoning algorithms
about the behaviors of composite component as well as the protocols of composite interfaces are developed in this
paper, which establish a foundation to analyze, validate, simulate composite systems.
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EFe AR R T Aok
TR AT T MR T SRR A A R A
hEESZES: TP31I XHEtFRIRAD: A

TR 3K A T2 (component based software engineering, fij #X CBSE)Z H il A A FF & 1 E i ya Y, 2
WAETIT e TR B B 5 AT AT 38 42 44 F 21 2% (component  composition) F1 21 %% #fk 55 (compositional reasoning) &
CBSE 1< BB AR 1 41 B WL 2 18 F 22 AW P03 S 2R 406 0 10, T A 2 4 5 DU 48 MR 90 A0 1 () S AT
N R B SRHEWT . TR A R G 10 T ReAT h AN R k.

ARSI T AR R A SRR AR K B R AE IR DT V5, 8 T 6 PR LML A2 FHIX 6 R k40
TN, BE0% 205 87 15 by 42 B AR A4 A SR A R R A e Sk 4 198 XA & 45 # (plug and socket architecture) [
RT3 gk ) £ 201 25 £ i) BF 308 AT B2 10 20026 2 ol B il B s R e 52 20 S G 100 % 10, AN T A 8 1 4 £ 201 28 1)
LRk B

[ IsF, 5 T Wright 32 FH 38 45 5 )7 2E 21 (communicating sequential process, & #k CSP)}I 20 #4444 5 45 ¥ (AT
5UAE G P A RN 45 T B SRR A LT O B HE B SR R R A B T RGAT AT
56 UF A7 B B LA, [ ] B8 4 S 44 1 2 2 L il B0 S 4 AL A0 T3 (glue code) AR . R4 Bl g pse L
FRIVEAY 2 B TR 22 R AR .

A S SE A A VAL R FIAT O A B HE 3 [ AR 5 5 SUR A 2H 2 L), O AT 7 40 PRk 258 45 A
AT N A B B B S SR AT IR AR N AR 4.
| EOEERTHALES

AT E SRR CVGE 58 AR 5 B H D228 I MAH DG 7 1T R AT Sy 4 B 4 1) R
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$E 1 B AS TSR R B 1 ST F S B B

P42 (interface binding) g 37 5 45 KA1 (K 40 B4 1R 3545 11 FRO6E I 56 R 401 P 1) s, KO 1F ALB i
EEAE R AR E A C,C D g 4823 A M0 e RRE AWM C 1D g M2 Mg AT
B e —ANE SN E 0 R 5 — AN BB LT 02, S 10 R A8 FL BN % PN B2 1 AR ).
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(a) One-to-One interface binding (b) Many-to-One interface binding
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Fig.1 Interface binding
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1.2 FOARFITHEEKES

A 38 Ao — A7 BRG] - AT 6 B 4R T R 1 2

Bl A GRS A MusicPlayer H1 VCD #f I #5 # 1 VedPlayer, 73 8 3d Music,Ved B/ F S &
SRIRBUE BRI VCD # U R SR A0 VCD (36 U %5 I TE 415 MusicPlayer Fl VedPlayer, 2E il — AN 44
R BE RE RS 2R, ) RE R I VED(WIE 2 FToR).

Music Ved Media=Music+Ved

) ) M)
Music I IVCd Music (/\\Vcd
O ] ~
MusicPlayer VcdPlayer MusicPlayer VcdPlayer
MediaPlayerl MediaPlayer2
(a) Interface binding (b) Interface composition
(a) #RghE (b) Hemd%e

Fig2. Composing media player
2 LSRRI

Wil 2(a) it 7, 70 A8 4 20 288 1 I, PR s P B 42 1 95 5 B 2 & M4 Mediaplayerl FIPAN 4% D 1
Mediaplayer1 A4} 5 HoAb A4 {13547 20 258 e 1) fige, 2 268 N\ 3 0 20X 23 FH 248 Music, Ved PN AR AN [F] 15 50
Lhiz H.
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1 1) D fig AH HIAS R 7™ 1045 21 R 43 4T Mediaplayer AT 4, BPAE ©24 4 T MusicPlayer #1 VedPlayer 47 24 (1) % 1
RN TR N 5 A I 1) 52 A R AR AT Dy A 2R 4 S Lo, i L 2 4 S L o1 0 200 R 08 AR AT P 35054 1 RO AT b B4 =
BEWAEAT AL,

A SCAR A8 1 00 T O, 4 6 AR 20 B P 4 5 55 S A AT D R T SO R 6 e A8 T LI B
SO 5 e A8 TP U T aC R 2 T T R A A B I 42 11 DG T (R A I, 52 & R AR AT 0 1 T SO T T R 44T
SIS AT B A L AT e A A e AR e p i, FE ) CBSE SEIRE ) b, B 2R = 5 S ik AT W] Fl 0 ) £
YE. Iy — U7 T AT A A B R A DAy A A2 4 22 R0 S, 4 3 RN ) o 20 28 R e A RS 1 2 .

2 RN

T R AR P 2 S T AT URE A 18 226 0y 2K, A A 30 o X 0 903 10 R AT 3 42, o TR AT P AR R
ey 10 SRR 0 o S A AT R AR A 2 s () A HR T8 8 1O K 3 7P MusicPlayer A1 VedPlayer #3412
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SEUR B A S SIS AP
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SET T Z I FRRIATL . AR, TN AR T I AT 21— S I0AE T A R DAL,
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2 I AT 415,

IET LA, I A b R 0 LA, FTTRRATAREH 6 0 PEALE DL, 3 A1 E
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21 GHAEEEH A

B PO RFA

X HSHTALE). Hafk PO MIFITALEID N PIOPIO A K Pk PO 5 254 1 15 1 Hhix
J2.P 1 Q 104 AT SO ATHT PIIQ 11T HEAT 5 2,P A Q YT REAT o SEATHAT I AT 4R 51— Al
IR IR0 5 A, 15 £ M D D A F 1030 .
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X3RRI, M P IO B4 P@n(neN),P@n S M IGHIPE P@n 54 HE LI A8 1T
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e S SRR 5L 45 M O 4R 08— R SRR 24 56 I A 40T, P T 42 e o T S0
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S SEIAT PRSI, L Q M FAS I By SR BT, M2 1k P 08 D ACTLMLAAT O 1118
YL PAQ MIIIREAT Hy 2, B AHAT P ST o, EL O FFUA 2, ML 1k PRSI AEAT 0 AT O HUSHREAT N,
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LB LR 1 B, 05 P AR 3 2 Ao 25 00 R 0 0 MR 5 04734 1 05 45—
WL E B B AL 5 B ALK 00 5 2 MO IS AT 2 2 AR S T O 10 A7 90AT L D 52 31
SR A 10 U AR,

ASCAE S CSP I 7 TRy P LB 7,6 B R PR BRI B M P AR R CSP 10 i
RIBE IR ML RS 79, 39 T V400K 35 A2 06 K R AL R RERE ) ¥ CSP IRV S0 5 10 0 K P AL BRI 75 5 2005, 2
R 8 A ST T A7 A M T 3 L7 (47 S 45 5.

22 MR AR BRI L

SRYETF R I PR PP 8 o SRS (script) 7 35 5 S B PP BV % o ORI 3 07 2
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AJFIE A T FRP Pl 45 R4 il IR GO FR P V8 A0 T U 2 2% . 16 0 2H 25 55 20 RS L 47 il 1 % 52 i
AL .

5, e 3 J7H N E R

(1) “FRBRP-INY . LR, fFRX 3 Froy 8 A Th e, 22 B IR 4 RO R 3 8 7 SRR Bh . BT
TR D) RE I 2024% . IR A% ST R Faduc AR N 6. Ihi i A S AR, e — 4
B IL T H IR d 2 T A A R A A T A (1 2 2 R Y .

(2) “F R IR . LB PRIRIX 3 Py sHEAT R A 8 R 4 SR s 1) =R AT A8 4 1R Th e
TEREATI P22 . B2 2 . A0 A A 28 V0 BT %, AN A3 e JRAH 2 g X4 il A 2 ) R R AT 3 o i B AT HE A
%, NI TG AT Re o il 5 ) 8 v 1042 1138 s A L2 PR f 5L .

(3) MMAN A 2 bR B3 BT ST AR 0 B S5 L A HAT R 2 A8 0 AN D R 24Tk o &,
TECEFET o R T MY R IF R 45 0 45 R )08 A AT S B MG, 3 TRk f 2
[i) LKA 22 AN 10 22 1) S A R 4 S0 2 W U PP 41286 IR R 201 26 B 08 0 S b SRR X B 9 R

O B B AR 5 R e 45 B % B RIER:

TR 478 1) 45 W) 1 1) (R 5 G 0 T2 0 ) s R 8 /N IR B O RV O ELRE 0 FH 2 718 w5 4R Bt Thise, 78
BN R) Z AL 0 R FRIK IR IR I OG R MR PRI« B B2 o 20 2 S5 21 e L, e T T o PR 0 R
PERIEE T 4t G R v, R TE A (2 1) 1) 2 AR ) O 3R (1 R SR B R 2 2.

5, WA H ST R AR . R B FRAT. TP T SRNLH, e T R Y TH 1) A

(1) B F ORI 7 (EARHS 1 B 26 B A A T B8 ELAT AN R K08 55, SCREAN AL (11 6, 20 A1 16 AN ) 0D 1) 2486 35
EATTAS B (8] i BT 2P sl G 2K 7 X B A 2 0% R e AT S A R v AR 0B . kR, IFAT SN
FENLHIL(F T AE R AR A1) CASE FREE [ 3 Az BAH 5C 5t e ARG RURE 2 A 5, 1 e 44 R0 23 A TR0 R 1 AL 8 R ol —
ANTBER b (R AR A, 5 (A 2 £ 20 2k i

(2) Bl F AT A AT AT B AT PR 2 1) (0 P42 5 R S 3l L il B b i R T AN A2 4 R
J7 i A A T AT A A S A G R A S R S S4BT A E S DI B T &R
GRAT 29 43 W FR A D Me 2k AR, AT B8 e A 2 SR R SR I T i

3 MBERMITHES

ACHT Wright LR CSPAE A28 2 TR 1 6 Pk - B WL BT /A AT N A HE T, 0100 3 NP IR
X HREAT B IR T 56 T A Wright B 2U L5985 w8 SCH JCRE & A0 R 8085 g 45 A AR AT b AL Bt 5 k.
3.1 Wrighti RHHKREMIBRES

Wright & SCRIFIR 7772 2 WL SCHR[8,9]1.7E Wright H k8 SCEl 3 # 70 d CMAF AR IR AT o ARGy RoR
T AT 3 1 CSP 72 (Computation #EFE). 75 T 1 PIRGA 1,755 Wright (19 248, #8382 1 k% H (port).

Bl — AN AT E A A e A P A A S S N B, B RS B S5 A5 S, o — A 1 R B A e, B
bR O N7 o R i P s SN (R A S22

Component Double /R RIFRRFF & X

Port Out= Writelx —OutIT Close — §

IIRE A SRR 2 X

Computation=(In.read?x— Out.write! (2 * x) —Computation)] (In.close— Out.close — § )

Adouble:Double; //Double 414 ¥ 5241 52 X

Adouble S [ U128 F1 455 Adouble A id #4425 %! Double )71 5L HERE, RI:

Adouble:Computation

HAT ERIZR A AF 2R iz HERE £ 80 30 i FE 44 (initiated event), AN 1 R 28 ) T80 3 s by LAt 2 7 s 1
JA B I % HERE M 22 31 (1) ZF 7+ (observed event).
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MNAZ A 0 fie % 45 21 o 1 3R R b ) S A — gl L B R A A R SRR P I A B g S
Uity 1 44 FHEE 4444, 40 In.read 2o, 10 R A0 S8 46 2 (R SRR LA = 0 4540 5810 44 3y 11 44 1 44, 40 Adouble.In.close,
i :Adouble S In 3 1T 52 B FE4F close.

fE Wright A 3 #0485 E AR RAF . AEES . R HIELYMY CSP i#ifE(Glue
). Wright X 3% 22 44 1) 8 3R R sz 461] Ak 330 7 923 5 A A AR 1)
3.2 CSPi#izZk

CSP $& (it ] S H SRR IEAT A VLI, 7 (A4 R B HE 5 B S CSP #ERE AT & 1, AT RER i L[ (1 5
P L RDD AT, Al = E 25 1A S AT U DR b, 7 A7 S 20 25 5 %) P Ak S g P R0 328 P B R 1 AR O
ATARYe . HWraw 4, TR AE . 22 HE & AN ERE 2 Ta) B[R] 25 A8 A 2R 0 e R HL T SCHEAT AT R 10, FRAT T R SR A 1
AR 3 AR AR M R AT e L

EX 1(FEF). CSP i FBFRRIR & R AT AR S 2 AT I I AR T 2 FR 1 7 B R R g FR
PERIAE G B RE P IO RER LA aP.

EX 8(FSTHR). &N REAGHRE P I FRERIN BT S EE 4 B f aP—~4 0 f(PYRR
WUF MR P HAT AT ¢ IV f (PYBAT SAE £ (o). a f (P)=faP) fFr I 155 A8 He B4R

EX 9GHEIEFRIZ). R P HARER S m HHATARE, S8 — AN HEERE meP & LR f(x)=m.x,xe aP, )
m:P=f,,(P).

EX 10(HIERTE). Ao itfe P RS ES A EPTE FoRHERE P % E 2 AN B0 F AR 1 Bek « B e i 73 21
TR

TFE X3 AN FAT N A HE 3 55 A8 e R £

EX 11035 O A B TRE ). MRS N 3 B M R AR S T J %88, WA — AN Y 1 3 A
AR R R (e) A8 1.Glue BRI ST LJ.0 3K N.M.o, Fom KA 3 1 A (4 4L M (0 LT it o
23 D NM A 0. R (e) S — A FF 5 AR e A e 4 e LR
R‘(’}’;%) ()= {é\,/ M .o, i(t)"t hee:w[i .;2 0

Ve AN AR VAN R 03 B2, WH R v AN 4R €028 e bR 80K 45 )2 0 R BT R = Rio---o Ry

EX 1205 OYBE . HEETHR R D). AL N 195 0 M 968 SR A0 D Kai#E S 5A% 8
A v KA — AN P s 1 405 A2 AR 4 bR 2 S L, (e) 1 N ) Computation JEFE o = 2 454 1) 544 N.M.o
ek Ko, 287 BB by il 48 52 B2 262 3 1) NM T (KA o 9k 4B 1) K T IR SEAT 0. Sy, (e) e — TR
He 4 R B e R

S;,(M & - {Klo, if e= N.M.o
E e, otherwise

BRI VAN 058« A58 e bR 5, S T A AT N S BT S = Sio.0 Sy

TE X 13(i% O KB 35 08 £). A F A RS2 N s 0 M 25 43— A5 B KA — AN Y. 1 3 F S
BRI R EL Ty, (0) JEZERI M FAE NM.e Bl — R FAF e N EHE SRR b, B 5 He D A8 BB
AR A B = G50, 75 B AT 455 AR 4, LA — G b, N T 5 B A4 R0 11 CSP b b 1) =1 — A, S
IUZ W20 e BTSN FAS B 4 s R A — DN S M BRI TR Ty, (o) A — AN A5 AR 4 4 bR B, o LT

_Jo, ife=NM.o
Ty (€)= {e, otherwise

AT v MR B T K S LB T KRR VAN SO R B i T
T =Tio...oT.
33 MBITAEEESEE

S SRR 5 (R 7 0 B 5 A A W
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EX 14GHEMER ). W OP<{0,;,A|},M(OP i:1..n.P)=P, OP P,...OP P,.

EX 15T REIR). & O MR E COM =], i 0:COM 4 & X, O°P,COM*P %78 COM
FfE (R SRR, O.P a4 O 13 O P,0.P*P &7~ COM )3 1 P 1) CSP #ERE JE 45 F RE A I AY: 1) 730 77 .

VARG E A WA R3O 982 B8 D A B0k 0], A T H B E S ME S O NAREES. T
T 53 J Ul Bl L334T (e ik

(1) B Wy PEraEAT S

BEALEHLEIT S OP.OPe {1.0A}.01.05.....Qpn MM 2 SULHESL i COMLI COM Iy 5308
T S(OPid--n-Q,:0).

W 01.P1,02.Py ..., 0,y P A TR S5 1140 502 B 52 45 W A 100 iy 1 K B8 21 28 pits 11 K 120 11 (R AT 2 28
HFEE (OPil-m-Q,.P™).

RIVEH MR BE . MR o B, 0 52 A A 1 T B0 2 25 A 1A 0 ) o S 43 )l R e LR B« IR B0
F W RIAT, IR R 4058 . 4 1 S R GHAT A5 AR e 15 2130 8 A 1 1 A8 T B R AT SR A
o 1 HERR IS IR R B TS S5 A A 3 1T

(2) EHIASE. HATHHET S

S B2 AT A2 IR 81, M AT 420 LA 5 — AT I L3 HE S L% 01,00,...,00n R4S 4
W IFAT 77 30, 15 81 2 A M E COMLIU COM (RS RE R 2 S(|ic--n- O, 1 OFF) .

W 01.P1,0s.Ps,....0pPpm A3 B 45 € Bl i 0 K BECH AR wm B KW mwm B KR e
T(isl--m-Q,-P:0.B).

B 2 26 WL S A B2 JRAT A R P (K T SRR R S 5 A P SR S0 PR S8R R AT HRAT , 9 2% BB i T 48 5
YR HT S PRECHEAT 775 A2 il 75 3.

L A RIS TP WO FR )RR L AR 96 A 358422 138 EL WM AT A AR CSP 4T A LI 52 - 5 4
HERE T RER M R A R B AT O Q, PSP (1<i <m ) I - BER R L VI B0 3 10 46 57, IR b MR i 422 1 4 2%
HN, Q,.P, 0, P (uzrvalsu<mal<v<m )FILFIFEMZ Q, P>, 0, P WA O IR L o 5,3
R Q,.PP, 0, P BB FHAT M AT % Th A8 70 2, 10 R E B 1, W)l 3 [0 AT 3 s e 10 A B 1 13 S OnS
AR QPP (1<i<m)BHM 'Y 0.2 MATHRC,BIF 3] O,.P, : Q,. PP, SR 5 MEAT HAT G 1. 4 LN 40 2555
BRI BB T AT 528830 (il --m - Q). O, P™P) 1R = 25 45 Ky A e pl hy — 2 45 K, N T 45 31 1% 52 45 2 IR AS
H SRR,

(3) FEALAT IS

W 01,02,....000n MAESEH,CLC,...,Crpym AN TEFRAS SE) 4% FUEEFE 20 22U H 2E N G 1 COM,
P=(lid-n-Q,:0)||(| j:1--m-R(C,, : C=)) U] COM BRI COM™ = §(P).

¥ 01.P1,05.Pa,..., 0 Poou AU G0 E B 11 K BH AL O 310 KW K M HERE 2 T((i1u-

0.P: 0B (PT(UaQ,L:0,.E7).

18 HIE R AL LR IS A R PR, S A A P D REAT A 0 A4 1l AN IR R D REAT W AL 8 1 045
B (|li:1-n-Q: OFP) AHLEA W EBK A AN RE 58 4 ML AT AT, AT AT 52 21 HE R A (10 3 29 A0 B, RE AT
AT A A AR E R Glue HEREHAT IR 7, I I JEBE 1 11 5 Glue MERE 119 S AT o J2 522 Mo P HE K I AT O
— AN AR GE CSPRERE T AT 5 B I S IR AT A R JE R L LA AN B 2 W 2 P15 F
(im0 0P || j:1--m - R(C,, : C2P)) %R Wi AL 3% 121 A AR 2 0 BR AR L b 38 T R HEAT A5 5 A8 e, e SR AR
P 1y A0 T B 50 R B OB FRAF SE ) b S04 D b A S 08 R b (0 S F, AT Sz e T2 TR [ 20 b
KRN LIRS BN ERE IS S EATRF 528 e, REUAR OC 00 4 ok 524 Mo P e 0 By e i A L R4S B b,
SR 35 W, T 13 30 5 A F 1 ) T L3RR COM™ = S(P) .

O,.P (1<i <u )R it 1 K OAT g FARN L Q, PSP (1<i <u )IWFFAT A W5 FRAT 41 I 2 11 A8 11y
PORFRMHE S AR 2 0,8 AT R IR, 50 1 A3 (il u- 0.8 1 0,.PP) AHEA T 0,.P (1<i<u ) A hE
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52 AL FEATIAT, AT 10 AN AT 78 G IAT, OB, R AT AT 5% 1 R 4086 4 11 1611 24, 2% 1 24 7 Dk e
e 350:PY (UaQ,.P 0, P)) B 54 1 BB M M I AT A e, BN 10 B4R, I3 ) T AT 245 26 3, 0
:z&zmi}%%@zig GRS T B A 11 A8 T DM SRR

4 MEEWRIE

4.1 RERREMMIBATHERFRTE

b R R W A B SRS M 3R MR . M PE4LEEAT T REMIR A
FITIF 0, B T 58 A R 45 W R M A 2 28 1 AR Y. ) 4k R 45 M 53R 75 5 ABC (architecture based composition)
/ADL.Z> 45 ARG IT R 85 Darwinl 38 08 7 45 2 008 ORI AR 45 % sk B8 D i B . WM tF B D B R &0
PR O 5, )2 A A 38 S R GEAH Darwin FEAR SR 410 08 54T A BT B, NI AN RE SRR G AT
N IRHE S Wright!™ 9V 04 2 254 (10 18 A 3R T8 35,30 5 3% 12 AR AT MO 1H 41255 Wiright RS 2 Uk Ak ik 35 g 1 A
VEBPE AR A M 0 P 4 11— — 3 S 45 5  Unicon!! ™, ACME! J2 B Al 44 28 5 K9 38 8 5 4T B8 S L 44
P A R LA (AN S R 22 By 2 2E e Lok, 5 LI e 2 T K3 SO R A4 4 S L2,
4.2 CBSESUZAIMHEAMRIIE

CBSE AU Fa 11 20 e 4 G EAT T KB IOBIE ST AR I SCHR 1318 H Petri WX S I A8 G A A5, 5t o F 1) R
20,68 R WIAT W FZEBE . 75 P (liveness) %5 AF Dh g J&@ M 3E 47 HE 2 SCHR (1415 4 2% P BE #E T (compositional
performance reasoning) A H:AH ¢ i) @ 1T T R G AR R SCHR 151K B € - 74 7 Y5 7Y (assumption commitment
paradigm), ¥ 78 B B3 5 (duration  calculus), X REAT A AT R BCFIHE T (2 CBSE A3k 41 &4 S 5 Ul 3 T
T8 XA SRR SGHE T B0 AT 0, AN DI SRR 28 &5 M R 2 2 L ST 41 3 R0 B 1T Ak 1 .

5 % it

PP M A HE T2 CBSE R4 Lo BRI I A BIF T AU A SO T A R 1 (R o A0 S0 R A QS
FERAIE (VS AR SR T 6 A PFALREL, RTIE T 6 Bl 1L, BE M 3& B 2% (K AT 28 0 R A 4 Sk Jl o 344 &
SR TR AR, 2 SR P 2 2 P [ B R AT 3% 10 2 208 U K A O (1 P9 98 0 L B A S AN 1 B ik D fig
OIS 23 it G 1A A 55, AT B B 3t SR DR JRE ) 1 2 26, O B vt R 1 2L 28 PR il e 2001

[l I, 2 T~ Wright 32 ] CSP 1B 35U B2 0P R S5 K O IE 98, A SCa T 2 S Ak Sh REAT A MR &% 11
A8 H M AR A T i, AT B2 1 HCPE AR GEAT 0 20 W 5 B0 SRR B Rl B TH I & P R GE K BT 1) CBSE
BEAT AT TINAL AL (0 H ARt 720

2D T ARG AEAT o L iE 3 AL Ak b EAT AR D) BE R PERI A1 HE S MM CASE T RKIJFAK,
IFHEAT 52 [ SR 23 T
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