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Survey on the Core Techniques of Distributed Application Integration

XU Gang HUANG Tao LIU Shao-Hua YE Dan

(Technology Center of Software Engineering » Institute of So ftware, Chinese Academy of Sciences, Beijing 100080)

Abstract  Distributed Application Integration (DAI) techniques are becoming the key enabling
techniques to construct large information systems. But the researches about DAI mainly exist in
industry, not in academy. The fact results in the shortage of consistency and integrality in using
and expressing DAI’s related techniques. In order to enhance the consistency and integrality in
DALI, the authors summarized those basic characteristics of DAI and furthermore divide the inte-
gration levels of DAI to help categorizing the related techniques. On the base of the analyzed
characteristics and levels, the key problems of DAI are presented, including Data Diversity,
Transferring Carrier, Application Access, Collaboration Management, Reconfiguration and Ad-
aptation, Modeling and Formalization, and so on. Furthermore, the existing and new emerging
techniques to resolve those problems are presented and compared to point out the advantage and
disadvantage of each other. Those techniques mainly come from four domains, namely software
architecture, distribution computation, component techniques and middleware. Simultaneously,
the relationships between DAI and Grid, Web Service, B2B are discussed. Although the premises
and techniques between them are different, the trend of the complementing and fusing is obvious.
How to efficiently utilizing and referencing each other’s techniques are analyzed and presented.

At last, the future developments of DAI are discussed.
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i )1 2 BB SR BB O A S A A A R
PEFRIC R E R B A4 FR AT e 2 IR IE
I T SR R A L AN T A
S b ) 4 PO 3R DS SR A R B BR AR
TR A, AR R MR BRI RS
SE/INARRLEE L 33 i D7 2B Bl A2 A e 1 B R
SR AE ST B A B AR b, AT DA T B e A fif
& BT AmountMoney =>1000) % £ A [6) i 4b $
4.3 MR RSH VG ia) B

V7 2R 8 38 R 5 365 - JH T A0 4l ) R A A R
IR T A — R AR A A 2R XU B IR 36 R G2 R FH AN TR
(%8 A1 22 B AL BB AL T 18] 2 48 ML AS [|). X T
3 A AR IR, I T 2R G 1Y 3X P 52 L 1Y 22 FE
& T HOV & GEAH B U R —.

Ji# i 52 EL AL 22 4 e 1 SR SRR 5 AR I G
(data gateway) . (wrapper) M if Bt #% (adapter) 4%
AR BAIE 9 5C  — T 4 1l 22 b EICHE P 1 b e el
LLBR i 2 R SQL 1 7 19 22 53 M KA ) 254l e 3 i)
75 AR 22 5 A HAR I X R A W) 4T 62 07 XRG4 1
PEAT ZWRATAL, BT L BOR AT A A3 T A 07 AL 5
Corba, COM/ ActiveX, JavaBean, Java class libraries,
Microsoft Visual Basic controls 2. CHA[ 12,13
AR & #3818 7 (Archtecture Description Lan-
guage, ADL) I A FE N R G850 AR i $e 4 A
fFEA AT By s F, 34 4 8% A S [A) 19 AR 6 1 il
R AR B 7 R RAT L ER AT T 2L
TEAELRT (B R AL R4 L () 7 A% L9 1Y 2% L BR
SNV CURIN R YN S R KNS CE VAN e € A K 2 v
JiE WA [R) 376 B A 18] 1) 22 5.

£ AT L 2 A Y D R 36 G 4% 2 7E 0 Y R
fili B THRE Y . 3 O A, BE FR O N ] AR R T
s 08 R — DRI 55 R S B R E Y
AP B e U5 1) 5 H 8 B B 422 Ak A 7R
Jo B0 L DT A 30 48 10 FH AR e (4 B A R 30 1 4R
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BGE FC % 32 22 D8 B9 AN [6) AT LKl L A 40y 9 Fl R
AT, 4350 O SC A IS C A% L A ) 38 FC AR L S R
i T B T A L R A P O A L L A O A R A
T T A% 23 T O T A LI 55 A G A

Horp, SO C # R E TR i s O S TS
A P AL SO T AR O R AU — ROR TR R
1Y) 3% 422 #h SRR L L T B kb 0 R e sl AR B 1
Socket B Stream. #r i % e #% /2 5 804 B & 5 i
F2 R B AR AR T bR —Fh iy Ll
AT DL FH R 2 v i Sk % 8 4 1 — b < i i O KL
A C A L B IS 2 RN Gz R R FH O I R R A X
AN [R] 1) 28 H AL RS 2 ) 35 BE A% L B AT AT DA A T
BB EMHRE L — TR WA R
IRV A 4 AL AL — A A T R S
PR GE. W Ah X538 FC a5 1Y A 5 38 A0 45 XT3 C A5 4R
PR BIF ST, 38 50 A 19 4 RO ASE 22 5 T 9] R SE 1Y
R 5 B R 2 R Z ) 5 T IR 4 L
W EC AL HAT . AATE G T 7 Fiod B g 4 R
2L a0 ) R RS R U Tl 8 XL SO A8 e i o R
PR R S s AR
F U P SORRE 2L X AR B T 2% 19 288 AR RN A 8 2
A 52 A B T X AS [a] B2 i3 e #5% 2547 3 01, 0 aff I
TR XA [R) B 4 B 37 o 1R PR A 3 TC A A AR X
K S TR R A 1 I R e U 0] [R) R O HL, X 3 e £ 28
AR BRSS9 o A B S 1 3 5 2 24k
BT R IG5 1A AS 7 H 5 i 5 i 2 7R A X
4.4 DHNMAERBNNEEE

G0 1] A R RE Al G T R A )2 RO A AR
OB~ /1) N i O S e B S N W (P VA
B 1O R R4S LA A R, L rp, B ]2 A 0 B T
RE R B[] 221> 22 2 S5 30 093 [) 19 i) R fp e D 2 {1k o K
(9 IR 55 b I) D e 4 1l 45 A SR IR G AT L A B A
AN R GE 8] 0 BCHE U s MR DD RE T I A S BN R
487 A B FAERUE B JF 7 AR T 2 IR S R
B QoS B AR MUA MERE &4 AT EEME W R A
5L R IR 55 R R R R
ARG BTV 6 R G AT 2 LRk 72 29 %5 ik
gLl

o3 A1 I A )2 ok DE AR )2 B BOE 2 RN ) e
JZ Y 8 T R R = O [ A BRAL A, H R TR AR
BUACHE A B IR G Y DRl B 2 e ) TR R AT A
SR TAERARGW O Y B — AR, L AA
R &AM RIERE. 73 40, AR SR & SOA HiR 25
53 A7 I FH A 1 P[] 457 L3 D RH O 1Y) 5 S AN ) 7 B 5

T
i
NI
-SLA

i EN

IRl

*QoS

HERZE
SRR R
B - EAE L

4 oA S AR B RY B[R] 4 2

7 1), WA B B H A5 2 (R 2 BB R g ke 52 % 1Y
Bl i SOA AR Dy — Mt 89 4 s L, 75 13 []
77 T S AR 55 41 A

5 SHGNMASERSEMBRAKR

WA 7 A H 05 53 A L A B TN TR
S5 0) 2 S R R o e o VN O 31 o i = S T v R
H& ) 87 5 SO TE S A IR LA 8 I iy B 5
FeEHh 24 b PR R B R AR A b R i Oy R AU 2 4
Y RE A

DR s B T ) R B S Y L 22 2R R U
ZH 2PN 1 I R T U e ORI [ S e T AR T g X e
e R R T R R A A IR Y AL R R 2
LA AT ARV UE L AR A A KR A
e Gk B RR G S S A ) A AR R AL B 4R G
BB R T A4 X T X A R S R L M
¥ T M client/server 3| peer-to-peer [ 5¢ 2 ; XF 4l
Ao A ] e =2 % U A 4 T R B A AR RN R BE 1Y L 22
D5 Ui [ 45 AL L 452 ACHL ] L A 1l F0 4 Jey BOSR 5 % T
AL AR N P 2 2 H P DT e BUE 3 B
AHUR, P I FE OC T QoS 1H B L P [F] 43 L L W i
[5) R 7 37 X R AT R 1Y) i 4002 Ak R L AR 1Y
LN EE N R AR K =S SV E N i
Ui 1) 31 58 B 5 RN B 9 VR 0T B R 22 B UR A A 5 1R
A TR IR USORI R 5 48 410G T W IR L A 2 R I 55 R D
B RAREAF B,

TE R AS H, 32 SR Gl 2 SObR HE B I 1Y O
Vi B ERAE RN PR IR) A JE Al L X 26 PR LT H TR
U5 S W U R L N A U R R A AE A B =R AR 55
FE O T A L PR SUAS By A Hy T R AR R R Y 2 A
P 7 EEAS R B A anE 3 B L RPC O K AF
A5 PRI, AT LA 43 A 10 B R S IR I A ) O B L
AR Z— R 2 52 B A AR Y DG R L AR 7R
A3 AT R FH A B8 JE iy b 38 2o 22 b b o RSOk S B
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AU P I BT R A =

MHEFob £ B R T, 190 A 0 T At R 4 A1 1 FH 4R K
(R )23 [0 L, ol I 0 32 3865 2 2 174 ¢ U M = 0 i) A i
TR T RS BOAR R AE SR v SRR B S B L R Y B
AR PR B IR I IR JE B9 Fabric J2 %69 &
connect JZ& B 3 FF, AN AR AR R IEGRERF B
A BE W S BT 1 22 BE IR A B W) 9 B2 DAL 0GR O 3R
EINNE NS RIS T LA B 3D S v A 9
AN e R A9 A v P08 A T AR Y, 0T AR A S DR SR
B W IE LA R — & 1 AT 4 ek AR . MK
PRI FRE, WA% 2 20 A W AR L AR B i B ]
Ji& , B AR AR R 3 AT DR A DR R AR IR X — U
3 A N AR T ik = 1Y

6 DHNMAEMRS SOA

Tfif 18] % 55 B4 & (Service-Oriented Architecture,
SOA) J&—Fl 37 189 53 A1 N FH 4R BOR V. ZE 1R R 454
ELCEMEARER G =S 585 M EA A RAEY
B, =ANS 50 O 55 SR A R 55 K A AR
AL, A FEAR A 230 O B AT AR E . ik
55 PR AN IR 55 K A B B o5 AR B — > B 5k |
2l 55 1 oK T B R IR 55 L B e A IR 5%
AR LAY B 5% 248 RIZ R 55 . 44 20 a0 4er 4 FH % IR
55 AR . SR AR I X 2615 225 0 I 55 R A R
A AR 55 >4 M 55 17 oK 35 DA 55 AR B4 3 98 T B 5
e 55 915 B 205 L 845 J& 75 IR 55 i SR & it =2
) BB HEAT , T JCA 28 3 Mk 55 AR B b, Web ik 55
J2 T8I 1) JIR 554K 2 08— A S 4], Web I 55 4 & fifi 1] —
F IR HEFN PSS AR SC ) T B, i ] WSDL 4
W55 A UDDI ok A& A Al #0155 . {8 ] SOAP
PR UOR AT IR 55 98 -2

Web [l 55 ¢ H & 23 A1 i Y 88 05 125 45 R 1Y e
FUE B e A A 1y, Mk 553 R R 7 IRk
55 I A4 5l 75 b 9 7 IR 55 B Bt L LU SR SOAP
SEH PR XML AR 6 8% 1A 85 7 6 R
XA R R GE L BEOR AR, HO BB SRR
SOAP Ppi K Ab 3 XML SCR LAl BL T

FUAT . SOA £ 7 Xt iR 55 41 & L MR 55 B [+ A1
5548 BT R E ST b IR 55 4G LAERY 1 45 A
TR QoS A [ & Petri-net 55 Z f It 55 20 & U7
s M 55 Py 8] J7 T, AL S BE AR N B A L G
BPEL,BPEL4WS, WS-Coordination ¢ ; iR 55 & B
A 450 A 5 B R G Web IR 55 19 )7 125 0k 13 34

A LR G FNAE B Web IR 55 P 7 iE 0 o
BB Web i 55 b A0 15 X FE Al )2 45 B T2 A 2L
A 55 BB BT, LEXT SOA B W7 2 i i 58 v
FLHT 12 55 B3 [a] 32 22 A 40 Ml 55 3 A 14 0 0 T e 57
HA A e 75 27 sk Z M b R 7 ik OF B 55 4
B IS5 B[R] ) 5 2k o 22 SO A AR BT 107
T, 30 BEATAH L B A o 1 B, e SOA 7, ib A )™
2 W5 25 1) AR fift DR 4 ) AL, 0 7 i 55 S Sr. 1 1)
Z 5 e R B A 55 4 0] FE 1 b B SR TR L8
HLH BE S £ Bt Iz 55 1) ] 5 1k 5 B AT 5 3R 52 9 284k L 4
M g5 Sy Ak,

7 STENAERS B2B £/

B2B(Business-to-Business) # i & i 1] 75l 17
FERIEE L 1, 2 K% Web IR % 18 b 28 B AL .
B2B 1 iy Web fiik 55 0] LA 43 W R HABE . B2 L Web
JIR 55 A E Web ik 55. S Web i 55 H b5 &9 &
JO7 FH R P 1 0 50l 55 IR 45 31 I R R 4L $243E RPC KL
6 1) 525 TR 2B O R 3 7 1) e R 4L 7 B 1 18
IEE T B0 00 1 8 48, B 28 S L SE R L 2 4 7F B2B
AR A B 1 32 B3 2 3 T A 6 I A )
KRS e T B 0 I R 00 T R A R AT
B8 S BIME Web IR 55 19 B A 02 88 1 R Ak fF
[ fg F 50 55 30 B L X T EEOME Web IR 55 BE % 45 22
GG UE3E B AT B, 44 B 20 RS AF Bk R 5 AL s 25
V7 25 B S B A

B2B 15 73 A7 N AR B B AR AE SR AE A —
255, X 22 R PECT B2B 546 A 4 A )
A AR, 5345 R 4 e 4 A IR 55 i
B2B £ At 1 J2 55 Ml Ak fF 4 B R 55 s B2B Y B0 28 4
JEF T XML Y SCRY SCAR 8] 19 55 ¥, i F§ XSLT
(eXtensible Style Language for Translation) A] LA
SCER B2B B e 1 043 A3 1 4R ROK 1R AN
WAL AN, A A R SE S B2B R [l R
BIER SN FE oy A L AE W R 2 & X
P RGBITTEZ T & 1N FH &R G0 B2 oR 4 4l 14t
RefEiEZ T2 V-6 L mifE B2B £ Wi, & A £ F
BRIRTRAME . B B2B 25 % v LURC B A [H) # 4
B A 2R FH 46— 9 SCRS Cn XML L JF & CHAT
JF 5. #E B2B 82 B L 4R B SRR 2 N R R L T
ST S, PR T RO [R] 9 AR 55 L an Bk R A
B AZ Gy i@ A A R 55 A IE R TR R E
etk . B2B 4 B R F B 4 B B2B A 32 BT AR
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MEEA RO FE Bl A9 £ B L >R AL X809 77 15 %) B2B
(952 B 7 AT T 00 28 AL 4% EAMEE 0 X S5 X
BAD UR iy S i BU R o N S

8 SNHMAERMAERSHIEMEE

A EC S A I N R R A AR I A R PR BT 1 A2 Ak
P H B AT O R A AL L3 N AR Ak Y BE ). TE 43 A L
FHAE b X Fhn] 2 O RN 35 0 AR ) ] D) 3 4
FEMRGE N REMA Y R, A ENRE DS
by ek Bl B AT O A AL R B RN H &R e TR
TEASH. )7 3 B 450 B 32 1 35 2 )5 THI (9 25 5 A —
FERRJE b S S M AR 4 I 4 Y BIAE ED A (plug
and play).

e P B I AL A B g R T S AR D,
W GOE T P SR AL B S AT W R AL R
R 28 BRI, AR R B BT A R A AL X
Pl 56 T g A2 05 5 RIOR AL 9 1 35 R AL R A AR T
rh, AR BB R S M 2 1 R L AR R A i
Fe g o L3 T R A% Cextension) ik B — & 1Y
A D RE , I o — B TR A 1 5 v L AR
JSLNE PR I K 4R N 28 i) i SR BIR AR A
P R AR PSR AR B Ak P A AR S 3 K
ISR B AR 6 A I 55 U &R G 3K R A RE
i 35 3) 2V b S RF 22 A AR . U AR oo A AL 4
AR Dy — BT 4 g P 2K, B R R DA A R A3
RE A AR 1Y, L2 B I ok 118 3 7 R ) ot 3 1.
S i N R R R 185 oy i1 ot
RWMARGAGF R, PAT IR, R R G REAR
082 R A S, gRBOMRE S ATt
SR G5 R 5 AR, Gl ik B (reification) £ %,
TR RIER I RERE ARG R A B B BRI X R
A B (AT HE BT 5 5 938 3 A Rk Ceffectuation) AL
Tl BICAE FR GE AR By, ) 3 S SRR R 14 i R ) 3 TR
R TR R RE K S W 3R 48 A 35 VR ER 7, RE A
MR 12 T0 AR Y PAT HE BT R AT IS Y 09 N SR
Mg 2030

TE 53 A1 T BE ), % 52 S e 1) 44 0 F 5 2 AR
B BR B 77 1) 22—, 41 OpenORB, OpenCOM %, 3%
L 7 S v [ 47 308 >R P 285 48 2 S ASE B AT Ay S 55 TG
Tt S SRS ASE AL 1950 g A SCHER [ 34 T8 T — Fh R 1
4 (channel reflection) . 41 7E T 1) % 42, 338 2
S BAE R ST AR (reflected entities) , 3 13 X
T BRI [F A9 AT O R 04T A 3608 19 3 3. 38

IR S 7 B o A 0L Y 4R U B8 b B 00 A R B
T 2 4% (Connector) 1E i 4 18 H A4 4 21 ST A 7Y
rh, AT LS BRI AN [ 9 2 R0 A T A 5 U R O A
(AT A . Ak, SCHER[ 35, 36 14t — Filt BE T 4 455 7Y
(0 A PR 455 i 2R 42 BNy LAAE 199 7 125 0 J2 T 1) ¢ 2
WY 5 R AR B3 0 L IR R 3 T A A
TR R 25 0 (4 A B AE A, S [] (4 R IXUAS 6 AN [m] 1Y
IO7 2R G SIS [] 114 S 5 S A4 (AN [) 1) 4 BB R
SR, HAT A [6] 1) 3 i B

TE 53 A1 B J b s ol T B BR800 2 A
BT AFAE 22 5V 4R U H I 502 B i i 2k
2 S T A 38 B AR JC R Ay i PR gk B 2 S 4
TR S A S e B S R AT LA H B 43 A
07 JH B G F1R 28A 2L P v T A R Y [ R ]
A 3 S AR 4R 0 2E A % ST S AL B A, ey iz e
SR B 3 TE 2 o R A 3 — R BE A T A L 9% T
i BE A FL A HE B B IR R G H AR R G, th
HA ARG G, /T LLZ SR E I RS,
XA S B Bl S B R AE B O7 1, A B T R R AR U
PSR 7 12

9 SHNASERMNERSELTIE

TE CR B ANE Ak Ty ¥ 48 34 07 T 4 2 B = X 4y
At B A A g SCHRE. D3 A R A ARG R
W, JE AR 5 R 6% i D il 34 0 23 A T 7 T )
TIRE. 15T B RE 8 1 38 73 Al & 48 10 LA 2 0k, I %)
] 72 490 1] 1Y) 52 2% 09 3 28 52 B 5 LR, s Oy 1 1Y) S 4%
BRSO VE 73 BT 5 LAY R G2 L B 65 AN OB TR E B
B R GAT B . Re 8 X N &R G A Bl R) AR
(R 2 G AT HHE 3L, BB A% A6 I AN [] 2 031) Y S DG IR )

e BRI 5 43 A T B URH 56 i R R AL 7
RN % & H DeRemer 1 Kron 81 & B 5 B B 3% 1F
7 (Module Interconnection Language, MIL). 7E
MIL o, A6 B i o i A B8 R IZ o ROR R P iR H Y
A TR WS B S o 2 R eR S ML
F1R) 2 13 s 10 o A Bl [ ) 288 AU AG: A 1 OR R S8 Y — B
M. 2 O #5815 5 (Interface Description Langua-
ges, IDL) /] LIt )2 MIL 7R R R LY, %
JE PR LA B LR PR T R e S LA A
AARE O R AT BE A e AR R & X AE
IDL AR b, — 2807 e P e 14 DB A0 35 1
AT R S, FEE A A RS T By A AR B K
55 21 {458 A AH O A T 2% 14 (Pre-condition) Fl & % 14
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(Post-condition) , X Flv (455 J7 125 AR 06 1R 4 b 4 ik 45
S I [) R 2R S AH 2 AN B 3R 78 0 2 e 3
KR E RS Y.

IR &R 25 #1538 18 5 (Architecture Description
Language, ADL) ] DAt & — AN 2, ‘& BE 8 Ff i %K
R A R G5 A AL A HE Z 412 (1 AR IV 10 3 72 o 20 1 % R
PR R G #8 ADL ", B 55 414 L i 42
L RG B E KA. AR R R R TR TR A
BAE A7t 5 3 e fn R AR A8 B RG2S 4
A 3 4 e T 2L L0 AR R 85 R HE 2R I D 1 ke A ik
AR S5 AL R A 04 B A B L i an, — A4 11 i 1 AT
PLAE SCHAE H PR XU S8 5 SC T il i R A
S A X BT 3R B R0 ADL M H R Rl OR B
U2 — o 25 1) 25 4 R 5 ¥, T Wright 5§ ATE
ADL Al 1 F CSP B Object-Z Xt 4 14 Fil %
B AR 0 S ASAT R AT R, BEE X R AT AT
—E R A

EEE WML Z R E, UML K TAE R B &R
gk HEDEAC D7 24 iR R Ge AL, 9 i, UML Sk
RSB AR I S SAT AR, TAERE RS
HE R A TGS R A Rh F 0, SR [49]
SR FH b 25 T 300 A5 DR S ML A T8 1) 9 S 1 ot AR AR T
5 (Business Modeling Language, BML) X} 4>l i
FHAR B (0T 28 AR BB R AT 1 A A4 SR /
& (request/reply) . L[] Cone-way) . [8] 2 % if] (syn-
chronous polling) . & i /11 ] (publish/subscribe) .
7% (broadcast) , {H & i J2& B P A 19 dE A 5 5, AR
B SLRE RGAT AT
10 Z53RiE
Wit R AT e I I 78 8 B i 1 3 5 i 5% A L o
At A B L 28 2D B W 4 38 A5 B 2R 48 Y S AR R
B RE T 2 S 3 4 43 A 1 ;T AR YL O S BN T AR
Jr [0 B A 408 0 2 e Y S 52, O HL sk Fb A 52 2 LUAR X
o7 FH R e AR B A R B A8 e A T A R 1. DA 43 A g
FHAE W0 & R Tl 5% 43 A 1w FH 42 L AR 19
WFFE 2 L2 AR AT IR A AR 7 95 8 o AN B3
B AR B Z — G — AR E BAE 2R, X
BT AR T 58 K e D AR AT BE T T Y LR
255, DRI L 33k SO AR Bl 1) 25 36 R0 ) 2 i A 0 T
N BRAE. ARSCE S B IR T 43 A1 0L A S AR A A
SRR 78 1 R A b X5 0 A 7 FH 4 R A 4 B2 IR ik
7 7RI B T & BORB B 5 BT X 534 L

FHAR Y OB 1) R B4l 22 e e A% i 8048 K i ]
Je U5 0] L 3 A1 17 B J8C i [) 487 B8 4341 1o FH 4R 1 iy mT
WIS B AN =Y WS W AN VAR S ek it
AR (SOA K B2B M5 R A0 HORAE T 4x i By ik
. BE BT T ARTE R IR, SOHEIR LA T O
A [a] B R T AR AR R S I ).

NG5 A5 BT ER LR AZ D BEAROR i A AR 22 1)
FOUAT 1 HE — 0 ff e R Sl 2 BB G 80 o SR B0 7 A IR AT
I I B BIF 5 2 1) A5 G e] 7 53 A 07 R A il
- P [ A8 B AR A A% A B R £ 45 X A% i BT R
A FRE I BT IE L AN TR 5T B TR BIL ARG BIF 5
Xt QoS M R A5 5 AAR] figk T A1 1 AR B 1% 52 M A
AR M A 1) R o3 A N T AR AN A 5 Web IR 55
B2B K HL 1 55 A RO 5 73 A1 T A AR B
A 5 | BEFUR AT, a0 A 3 R H AR T 1) i 55 f) Bk
-k & B CEP(Complex Event Processing) 58 4.

s %

X Wk

1 Shaw M., Garlan D.. Software Architecture: Perspectives on
An Emerging Discipline. New Jersey: Prentice Hall, 1996

2 Dashofy E. M. , Medvidovic N. , Taylor R. N.. Using off-the-
shelf middleware to implement connectors in distributed soft-
ware architectures. In: Proceedings of the 21st International
Conference on Software Engineering, Los Angeles, California,
1999, 3~12

3 Ockerhloom John. Mediating among diverse data formats. Car-
negie Mellon Computer Science, Pittsburgh, PA: Technical
Report CMU-CS-98-102, 1998

4 Gregory R. Andrews. Paradigm for process interaction in dis-
tributed programs. ACM Computing Surveys, 1991, 23(1).
49~90

5 Antonio Carzaniga, Alexander | Wolf. A benchmark suite for
distributed publish/subscribe systems. University of Colorado,
Department of Computer Science, Colorado: Technical Report
Colorado 80309-0430, 2002

6  Bradbury S.J., Juergen Dingel. Evaluating and improving the
automatic analysis of implicit invocation systems. In: Proceed-
ings of the 9th European Software Engineering Conference,
Helsinki, Finland., 2003, 78~87

7 Barrett D. J., Clarke L. A., Tarr P. L., Wise A. E.. A
framework for event-based software integration. ACM Trans-
actions on Software Engineering and Methodology, 1996, 5
(4): 378~421

8 Dingel J. , Garlan D., Jha S., Notkin D.. Towards a formal
treatment of implicit invocation. Formal Aspects of Compu-
ting, 1998, (10): 193~213

9  Satashi Matsuoka, Satoru Kawai. Using tuple space communi-

cation in distributed object-oriented languages. In: Proceedings



4 1 (2

A Sp A T B A R AT S L A

443

10

11

12

14

15

16

17

18

19

20

21

22

23

of the Object-Oriented Programming Systems, Languages and
Applications, San Diego, California, 1988, 276~284

Andrea Omicini, Franco Zambonelli. Tuple centres for the co-
ordination of internet agents. In: Proceedings of the 1999 ACM
Symposium on Applied Computing, San Antonio, Texas,
1999, 183~190

Birrel A., Nelson B.. Implementing remote procedure calls.
ACM Transactions on Computer Systems, 1984, 2(1): 356~
372

Deline R.. Resolving packaging mismatch [ Ph. D. disserta-
tion]. Carnegie Mellon, School of Computer Science, Pitts-
burgh, PA, 1999

Deline R.. A catalog of techniques for resolving packaging mis-
match. In: Mili A., Mittermeir R. eds. Proceedings of the
Symposium on Software Reusability. New York: ACM Press,
1999, 44~53

Papazoglou M. P. , Georgakopoulos D.. Service-oriented com-
puting. Communication of ACM, 2003, 46(10). 25~28
Casati Faio, Shan Eric, Dayal Umeshwar, Shan Ming-Chien.
Business-oriented management of Web services. Communica-
tion of ACM, 2003, 46(10): 55~60
Tuecke S..

Foster 1., Kesselman C., The anatomy of the

Grid: Enabling scalable virtual organizations. International
Journal of High Performance Computing Applications, 2001,
15(3): 200~222

Foster I., Kesselman C.. The Grid: Blueprint for A New
Computing Infrastructure. San Fransisco, CA: Morgan Kauf-
mann, 1999

Foster 1. , Kesselman C. , Nick J. M., Tuecke S.. Grid serv-
ices for distributed systems integration. IEEE Computer,
2002, 35(6);: 37~46

Buyya R., Abramson D., Giddy J.. Nimrod/G: An architec-
ture for a resource management and scheduling system in a
global computational Grid. In: Proceedings of the 4th Interna-
tional Conference on High Performance Computing in Asia-Pa-
cific Region, Beijing, 2000, 283~289

Czajkowski K. , Fitzgerald S. , Foster I. , Kesselman C.. Grid
information services for distributed resource sharing. In: Pro-
ceedings of the 10th IEEE International Symposium on High
Performance Distributed Computing, San Francisco, Califor-
nia, 2001, 181~184

Benatallah B. , Dumas M. , Fauvet M. C.. Overview of some
patterns for architecting and managing composite Web services.
ACM SIGecom Exchange, 2002, 3(3): 9~16

Zou Ying, Kontogiannis Kostas. Web-based specification and
integration of legacy services. In: Proceedings of Advanced
Study on Collaborative Research, Mississauga, Ontario, Cana-
da, 2000, 17~25

Hammdi Rachid, Benatallah Boualem. A petri net-based model
for Web service composition. In: Zhou Xiao-Fang, Klaus Diet-
er Schewe eds. Proceedings of the 14th Australasian Database

Conference in Research and Practice in Information Technolo-

24

25

26

27

28

29

30

31

32

33

34

35

36

gy. Adelaide Autralia: Australian Computer Society, 2003,
191~200

limthanmapphon Benchaphon, Zhang Yan-Chun. Web service
composition with case-based reasoning. In: Zhou Xiao-Fang,
Klaus Dieter Schewe eds. Proceedings of the 14th Australasian
Database Conference in Research and Practice in Information
Technology. Adelaide Autralia: Australian Computer Society,
2003, 201~208

Tsalgatidou Aphrodite, Pilioura Thomi. An overview of stand-
ards and related technology in Web services. Distributed and
Parallel Database, 2002, 12(2).: 135~162

Medjahed Brahim, Benatallah Boualem, Bouguettaya Athman,
Ngu Anne H. H., Elmagarmid Ahmed K.. Business-to-busi-
ness interactions: Issues and enabling technologies. The VLDB
Journal, 2003, 12(6): 59~85

Aaron R. , Decina M. , Skillen R.. Electronic commerce: En-
ablers and implications. IEEE Communications Magazine,
1999, 37(9): 47~52

Dayal U., Hsu M. , Ladin R.. Business process coordination:
State of art, trends, and open issues. In: Proceedings of the
Conference of Very Large Data Bases, San Francisco, CA,
2001, 3~13

Poladian V., Sousa J. P. , Garlan D. , Shaw M. . Dynamic con-
figuration of resource-aware services. In: Proceedings of the
26th International Conference on Software Engineering, Edin-
burgh, Scotland, United Kingdom, 2004, 604~613

Maes Pattie. Concepts and experiments in computational reflec-
tion. In: Norman K Meyrowitz eds. Proceedings of the 2nd
Conference on Object-oriented Programming Systems. Langua-
ges, and Applications, Orlando, Florida: ACM Press, 1987,
147~156

Clarke M. ., Blair G., Coulson G. . Parlavantzas N.. An effi-
cient component model for the construction of adaptive middle-
ware. In: Proceedings of the IFIP/ACM International Confer-
ence on Distributed Systems Platforms, London, UK, 2001,
160~178

Blair G. S. . Coulson G. . Andersen A. . Blair L. , Clarke M. .
The design and implementation of OpenORB. IEEE Distributed
System, 2001, 2(6): 34~56

Kon Fabio, Costa Fabio, Blair Gordon, Campbell Roy H..
The case for reflective middleware. Communications of the
ACM, 2002, 45(6): 33~38

Cazzola Walter. Evaluation of object-oriented reflective mod-
els. In: Proceedings of ECOOP Workshop on Reflective Object-
Oriented Programming and Systems, Brussels, Belgium, 1998,
386~387

Cheng Shang-Wen. Software architecture-based adaptation for
Grid computing. In: Proceedings of the 11th TEEE Conference
on High Performance Distributed Computing, Edinburgh,
Scotland, United Kingdom, 2002, 389~396
Oreizy P., Gorlick M. M., Taylor N. R.. An architecture-

based approach to self-adaptive software. IEEE Intelligent Sys-



444 LI A 2005 4F
tem, 1999, 14(3): 54~62 mation systems. IEEE Computer, 1992, 25(3): 38~49
37 Aguiire N. , Maibaum T. S. E.. A temporal logic approach to 44 Plasil F. , Visnovsky S.. Behavior protocols for software com-
component based system specification and reasoning. In: Crnk- ponents. IEEE Transactions on Software Engineering, 2002,
ovic I, Schmidt H. , Stafford J., Wallnau K. eds. Proceed- 28(11): 1056~1076
ings of the 5th ICSE Workshop on Component-Based Software 45 Hoare C.. Communicating Sequential Processes. New Jersey:
Engineering. Orlando: Spinger-Verlag, 2002, 456~468 Prentice Hall, 1985
38 Allen R., Garlan D.. A formal basis for architectural connec- 46  Hnatkowska B.. Consistency checking in UML models. In:
tion. ACM Transactions on Software Engineering and Method- Proceedings of the 4th International Conference on Information
ology, 1997, 6(3): 231~249 System Modeling, Hradec nad Moravici, Czech, 2001, 173~
39  Spitznagel B., Garlan D.. A compositional approach for con- 180
structing connectors. In: Proceedings of the Working IEEE/ 47  Casati F. , Ceri S. , Pernici B. , Pozzi G.. Conceptual modeling
IFIP Conference on Software Architecture, Amsterdam, Neth- of workflow. In: Mike P Papazoglou eds. Proceedings of the
erlands, 2001, 148~157 14th International Object-oriented and Entity-Relationship
40 Mehta N. R. , Medvidovic N. , phadke S.. Towards a taxono- Modeling Conference. Gold Coast: Springer-Verlag, 1995,
my of software connectors. In: Proceedings of the 22nd Inter- 341~354
national Conference on Software Engineering, Limerick, Ire- 48 Dumas M., Ter Hofsted A.. UML activity diagrams as a
land, 2000, 178~187 workflow specification language. In: Martin Gogolla, Cris Ko-
41  Hirsch D., Uchitel S., Yankelevich D.. Towards a periodic bryn eds. Proceedings of the 4th International. Conference on
table of connectors. In: Proceedings of the 3rd International the Unified Modeling Language. Toronto: Springer, 2001,
Conference on Coordination Languages and Models, Amster- 76~90
dam, Netherlands, 1999, 418~427 49  Petia Wohed, Erik Perjons. Pattern based analysis of EAI lan-
42 Garlan D., Allen R., Ockerbloom J.. Architecture mismatch guages-the case of the business modeling language. In: Camp
or why it”s hard to build systems out of existing parts. In: O. ed. Proceedings of the 5th International Conference on En-
Proceedings of the 17th International Conference on Software terprise Information Systems. Dordrecht: Kluwer Academic
Engineering, Seattle, Washington, 1995, 179~185 Publishers, 2003, 174~182
43 Gio Wiederhold. Mediators in the architecture of future infor-
XU Gang, born in 1973, Ph. D.. supervisor. His research interests include software engineer-
His research interests include software ing, distribution computation.
- engineering, distribution computation, LIU Shao-Hua, born in 1976, Ph. D. candidate, assis-
-— enterprise application integration and tant professor. His research interests include distribution
?- ' service-oriented architecture. computation, workflow and service collaboration.
- YE Dan, born in 1971, Ph. D., associate professor.
Her research interests include software engineering, distri-
HUANG Tao, born in 1965, Ph. D. , professor, Ph. D. bution computation and virtual enterprise.
Background

This research belongs to the project of “The Research of
Net-Component Software Middleware Platform Model and
Framework” as the fifth sub-project under the National Basic
Research Program of China (973 Program) project-“The Re-
search of Agent-Based Software Middleware Theory and
Method under the Internet Environment”, and is also sup-
ported by the National High Technology Research and Devel-
opment Program (863 Program) of China. The fifth sub-pro-
ject mainly focus on the middleware platform supporting the
running of net-component under Internet, and researches the

common and basic services needed by net-component, such as

platform model, framework and prototype. In the past
years, in the domain of net-component and distribution com-
putation, the authors have researched and developed Web
Application Server, Data Integration Middleware, Work-
flow, Transaction Monitor, Information Portal, and so on.
As the an important part of the fifth sub-project, the re-
search of the paper mainly helps to resolve the interacting,
integrating and collaborating between net-components and ul-

timately builds a milddleware-based integration and collabo-

ration mechanism and model.



