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Abstract: Component containers play a key role as the infrastructure of component-based distributed applications
at deployment and running time. In recent years, various kinds of component models are emerging and evolving,
this brings great challenges to the development component container. Product line engineering is one of the most
promising techniques to improve the quality and productivity of software. Study on product line architecture (PLA)
for component containers is the most important, and of great help to improve the reusability of architectural design.
Since component models are cornerstone of container design, an analyzing framework of component models is
proposed integrated with domain analysis. This paper builds the domain model of component container by
establishing mapping between component model elements and domain requirement elements. Based on the design
principles of component container and variability encapsulation rules, this paper proposes a component container
PLA, named PLACE, which meets domain requirements of component container by introducing optionality,
hierarchical module structuring and decision model. PLACE is also applied to the development of several
component containers on ONCE platform, which proved the effectiveness of this approach.

Key words:  component model; component container; product line architecture; product line engineering

B OE ANEBNAREIEABEATIRG, R T A5 XL A L 6408 5k 4 A X169 % 1k
Fabik AT S B0 TR T R R T BLIR. 7 o & TAZ R T s 6400 5 T R AF AR A B 5 £ 5
HM LA R, SR AR R SRR T RE RGN BATAM A B T e AR RSN ARRBRGAM B

« Supported by the National Natural Science Foundation of China under Grant Nos.60673112, 90718033 (IH 5 [ 4k Rl 223 4x); the
National Basic Research Program of China under Grant No.2009CB320704 ([ 5 &y 3L Rl 5T & J& 71 %11(973)); the National High-Tech
Research and Development Plan of China under Grant Nos.2006AA01Z19B, 2007AA010301 ([ 5 s B AR W97 & Ji 1 %1 (863))

Received 2008-07-04; Accepted 2008-11-21

© RERREBERAIISTET http://www.c-s-a.org.cn



MEFE TR AT R R T RN A M 69

M AM T EZNAEFREFRE. B TAAEA R 4 5 35K 60 Hms AR AT A5 | AR R 5
M ARE T AR S ATAE R (B SRR LK B AR R A K et 2 2 A0 R B AR AR A S T RS
Bt e AR FEARSE T AR ZR N 3R E T B A5 T S R AR B M) PLACE, B 7| N T L B b« AR Bk 45
MyFe e FAER F IR B 00 ARE R PLACE /= sb AR A 5 M L E M BL-F & 09 3 AR Bkt 132 2 .
KEEIR:  AAERLAAME RS e AR R M TR R AR

hEA %S TP311 CRKFRIRED: A

BET-2H 4 19 & 77 (component-based development, {4 Fr CBD) %2 sk i izt £H 45 T 1 28 41 440 325 3 1) 4 1 2R
45, UL AR TT S JAS (8 1k 002 A2 P L 200 2 AL 10 0 7, A0 D43 10 i R JEC 4R L 1) R 45 32 240, O WAl 52 SO B 8%
(1 SR, AT LAY 3 5T 58 =y kAT A A A

S22 35 0y LAE B AL B RIS AT BRBE 2 56T AR 23 A1 3N F TR R (0 % 0 LA 45 35 57 TR A 18 AT I 1) g
T HLALPESE, F B A AL 5 L R G IR, S AR TR AS 3% T R A P O SRR 2 A b B A 1 K 2 Th e
LRSS R e e i s 45 24, HEA%.

AR B A Internet BUASE (1391, 2 A 22 A AR DRTE R TR B 11 2 A5 R AR T 9 00, AT ) AL A A 70 Al e
4 5T 2 A A AR 11 2 A R RO T R 2 3 I TR R 7 B T Bk e A 2 Ak R 4 M Bk 43 A A
IBAT SCHE R BE IR 3 SR 557 i)

7 il 2 TR R S 8 SR A% 0 W 7 T R A A P R R A R TR VR S AR i N T
RIS A RGO TT 52772 S e TR 25 AU 0 7« AR 8 o AR A sk 5z B 3 A o B L4 AT 4 A7 o BB £ ke SR 2 40
SRR IR 7 — T SRR PR RE Tl 300 T S AT A R AR P F AR DT Ay AT A S 2R G R Tk i i T 52T
(00 P 5 SR 24, I Fi 3 4003 B T R4 38 52 TR B 10 T R P B W 7 (R 2B L i R A R 45 K (product line
architecture, i iR PLA) UL 455 157 T B BE A 1 SR, 2 7= il 2 18 5 2 (1) A2 00 W8 752 P L AT Jo X 40135 75 3 14 52 5
A 5 3R 10 S B, 95 AT A (10 R G4k 2T 4L 25 B PLARIE ST A6 5 von 4L 1 75 8 1) 45 0 52 T i 3R A 5 e 11
Az P R A, O L R B T R R A IS iR AR

YA 2% % T AT 50 T 00 20 A8 37 A S AL AR L IR N A0 T (R b PR AR R A A R AR N U O R T
A 10 RS, 2R 2L TR 5 2L 15 A 0 B4 1 3 B X ) (O L s g 4 R A LA A R
T (0 2 B A1 368 B RAE A7 PR 5 L LR b 2 1 A0 2 8 8 75 S 010 2 R AH 20 (A R X 2L T 20 R 5
A 5 T SR AR N R IR T X L AE A R K 2 e TR U, T S AR ke L A TR 8] AT e A TR ) B ok i A e,
BAVRE T LA AL o3 BT AE 42 K AR BE AL A 43 g B R T 3R 45 R TR 1 T SR IR AU 9 SR il A vk, 4 AL A
A 75 ) AU TR (1 W St 5G 3R IR AE M Atk b s 37 A A AT AR Y

YLUF25 4% PLA BOUF AR ZEAF G IS M nBWIA T 3 A, DUBE i 53 AR . i de vk O, AE K
A FH 77 i 125 B4 i 2000 75 2 45 0 52 FH R 10 IR AR S AR B (1 St b i AR A e s e S 4 1 T 4
ARTE MR R G PLACE 28 T HASE S5 A AR b M B BEHL . PLACE 48 SE pr AR 25 88 15 v Hh 13- 3]
IS .

ARSCER L TR U)K 20 A A TR 43 BT R AUk Ay VA 5 A N A A A AR T B 2 T AR
& PLA MBETEAT PLACE (¥ R 45 W 5 AR LV BELA. 28 3 WL TS b A A 7 28 T T 201, o 3 1
PLACE HI4IF 285 B b F2 .28 4 W S2 X AR 98 TAE MR Z A 2458 5 10 4 St AT B 4.

1 AHRE[RIESN

1.1 AHERESTESR

SHL PSS TR A1 R LA I3V TR 1 b v RS ) 52 SCT A 2 S LA, 4 A 36 4, T ] 41 25
L% ] B AL A A T R AT TR T L PSS 2 I 3 1 L A TR 43 AT AE 2 A AR R 3 oy T VAR
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LCN SR S EL 3 it

TR SCALPF I TF R 5 MTEVE LR, 45 T ey Ay e 214 A TR TR S SCALA AR 7 A B S e A3t
52 55 RUAH WA PR 7 2 R T i A PR R R i 2 57 0 S8 A S SO s B (1 (1 B DU RN 0 2 3 2 1 1)
Jr U T g X 3 AN SR Gy D A T R AN e LR L.

Table 1  Analyzing framework of component models
F 1 AL HTHESE

Submodel Model elements
Interface syntax Interface definition language, interface constraint
Syntax model Implementation syntax Implementation language, implementation constraint
Metainfo syntax Metainfo description language, metainfo constraint
Client interaction Naming protocol, client protocol, reentrant, QoS support
Interaction model | Component interaction Interaction constraint, communication mechanism
Container interaction Persistence, lifecycle event, thread management, resource management
Packaging Packaging specification
Deployment model Deployment description| Deployment description language, deployment description constraint, resource type

TR 40 3 B 2 S 20 A A 24 P 5 4 B 4

VB (syntax model) £ 5 4L 45 A4 G 43 00 5 SV 5 FIB R L0 o) ALk th O SR o B i
B O] BEAT — AN sk 2 A, AT 43 A 3R AR ORI TR SR 11, 43 ) o SCAL AR BRI 1R MR 25 R TR RIS AT IR SR HR A
1) JIR 55 4 B SO 4, VE IR AR L 430 3 AN TR 482 11 15 VA A5 (interface syntax) SEILIE 4508 (implementation
syntax) Fl 7o {5 & i V2B Y (metainfo syntax).

LERE B YRR dh 42 115 XiE 5 (interface definition language)— A 2w e 18 = (Java) B 1T 1l 5 5 4 Rl i 5
) IDL(WSDL,OMG IDL,Microsoft IDL %5).42 [ v 240 sRA IR 41 AF 2 X 035 5 5 oG, 548 1@ SO R

LESEITE VLB R e 3 0 40 AR R BR S8 T SEIRIE = (implementation  language), & 45 U 28 = o7 1 AH G 18
W — ol JEL SR SR R P (R 4 RS = B Java, C, C++ 3R NE T 52 W5 = 1 A [, S0t I 0 78 = B 0 AT g
selavas, CHiHL, C++%%.

AAE TS B A ot 2 1 i 0 7, 28 Hh 48 11 5 SV 5 JEIRA IR 14T o [R5 QoS g 1k PLAHL F i K
P83 PR 2R A AR 4 L S R T 0 A (8O PR b 7 A VAR e L34 (metainfo description) H H AL 5
THO SRR NOCER . AUF 5 AL bR AR 7815 B, &8 5 5058 R F IR 78 ] — A SO i BLsE X

A H A (interaction model) L4 240 145 % o 2 ) LA 404 22 1) DA A 1 5 25 4 2 Tl 22 |7 5K, 3G
FRHT PR AS 38 ph A s B B R SR AL ST ML AT FL AR T A A K i A2 L AR TR (client interaction) . 414 AT HLAR TR
(component interaction) 145 252 H. A5 % (container interaction)ix 3 4~ 157,

P RS TSR A 2 T 4B B A 4 B (naming protocol). 343 Y (client protocol). EE 324 (reentrant)
FIEEHLIY) QoS K (QoS support). A A iy A5 W il e T AN A i & 2k, 4 HTTP W80 Bk T SCAHI R 25 i =R
RS T (W TR B3 ILIK QoS TRREAT H45 . &%,

20 A8 HAE Y AL 5 A8 B 49 3R (interaction constraint) FTi@ {5 J7 2 (communication mechanism). 28 5. £ 5
TV 1) A 2 BRI AT LY B AR 3K A ok R 1 R T R RN S O 2 I A AR R N R i
D i) A 2 1 33 B AN 52 A A2 D A T 24 5 PR A

FEPR AT R o AL 355 2 (KR &SRR A4k (persistence) . 2 iy 5 3 554438 %01 (lifecycle event). £k % 3 (thread
management) F1 7% I & 2 (resource management) 5 412 5 BRI KRBT H R SHIERSE M LR, HaE M
HAFIBAT P 75 1 & R PEUR.

A5 7Y (deployment model) G $5 8 25 B T 110 45 7 Yo A4 i Ty =30 28 1 A0 40 B - 48 Y 4 2% (packaging)
F55 20 0358 2 i 34 (deployment description) #5284, 73 il il i T 30 28 ST 45 A R0 58 28 ik A5 B e 7 =

20 A5 1) BV 4T 4080 v (packaging specification), $ifiid 28 £ 5 8 I 1) SC A4 2, 4 LI a0 JAR,DLL, ZIP Z54% 3K
Al S R S B S AL
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8 2 i s A TR A, 8 2B B R 15 5 (deployment description language). i3 29 3K (description constraint)
IR 257 (resource type), H AL IR 55 BAER SCF K2 RA XML 15 5 R 4 2 Fr 0 8 15 Bk
N A0 237 RN B s S Y A5 20 AR BT 1) 3 24 3 & AT R] LR B R 45 th T 4L FR T R 28 B T
FLAAF YR e B S PR BRI S b s U BRBEAR B 6 HAR AR T A B RS B e T AL A A
PR k25 2 A 1 TR R 0 K.

12 HAHER[HEETKRLSN

A5 T SR A R AT 2 By 2 UML) B0, R A A 20 D 12128 AC S SR T DREAMMEUE T fr) 45 sk 75 oK ik ik
T3 B A R SR 4 o B BE 5 SR AR Th e 7 SRk D e 7 SRk i R 1 7 SK (primitive  requirement, R FRR) A B, iE X T
RGN B A WD REPRIE S 14 18 R G /] W SRS S VR (1) — A3 A AN S 5 38 AL A TP PRI 75 3K
ANEH 5 K BN o0, A 5 2 45 20 Ji 7 P IR — LM PR G 2 (PRelement) 3 IR, i SR A% Ak 4 1o A8 44 45
(variation point,faj FRVP)RHli ik .PRIC 2 /& PR AJ LLF= A 284k 55 1K) 25 A J7 T, 2246 s 08 1 PRIG 3 5 PRAH SR E
e a5 oKk AR e 5 K A0, B T 2 AR Y Ay R 35 4 T e (R B0V, BUAS SCA % TR AR D RE 7R oK.

YA 25 25 DN AR A TR ) AL A R AL 0 2B R AT A A5 TR b, A e 5 SR G AL A 30 5 W T SR R AL R AT
T SR AL 0B A, 20 A AL N 8 B AR A o A A S AR A I AT I, A AR B A AL U ) R4 A (R)
A F LA, AR AL S A 1) AR i R DR A AL RIS AT i 7 U

IS PR ) OG 2R AR5 % )20 2k 20 11 25 oi 0 7 3K, S Mg 3t 20 41 5 ot 110 40tsle FH 491

FEUML BTG b ) 52 SOk R 8 58 1 1 — 244 P2 A T P B 5 5 BRI 4 . S AL R A X I B
E#H LA 5 AN EB 5 ¥ (deployer) . 4014 %% /" i (component client) . 7§ 2% & # 5 (administrator) . 25 {4 52 51
(component instance) #1413 %5 Ji (resources). 73 Afr 2 5 5% 5 240 A 25 4% (048 B 45 2 S0 H A 2L, an 18] 1 o Hevp
4 NS 53 0E B R E, 500 R E #E (Deploy 3 2& H 1 5 Undeploy & & 8 H #11) 2011 %% /' iifi (Component
AccessZl 217 in) ) 4128545 (AccessContext iy 7] _F R 3 H 4] 5 Componentinteract 4 {4 42 . 491 F 75 4%
P 51 (Manage & # T 41). B JL 45 ik 6 ASFIHIAT 2 A3l % T4 (LifecycleManageE: i 391 % ¥ 1] %5, Resource
Access ¥  1a) FH 41).

Component container

Deployer Undeploy /
c include
include !
Manage R /

< include k*

/\
/
/!
- \ l,
o~ 1)
Administrator .
mCIUdE, LifecycleManage
ComponentAccess
Component instance
include
Component client / include~A  AccessContext
/
/ P

Componentinteract

Fig.1 Domain usecase model for component container model

K1 AR U o A

Resources
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K H B e AR 2 5 3 O R A8 ) 23 A Jit 7 20 B8R A B0 B 1) PR B 4t 20 4115 1) (ComponentAccess) ] 1] &
7N i 3 A s U R ALPE A PSS 5 AL i VAL S AN S KR A AL U R 20 A
ANy 0 R WAL 25 7 S A A SR BT S8 DA S LA S5 481 30 (] 5 SR B AL 2 7 i, 8 b A 94 4 o ) 20 BR (34
SRAENT « A ALPFE) RS SR HOR BEAS o] W% 61 mT BL23 D9 AN PR:AR BEZE R 37 5K (PR3) AR [11] 328 5 B 25 (PR4).
FEALAT U5 ) IR A AT RE 23 U5 ) BE RN LR SO K S R A By Sl 81 s £ 0 A AL U ) 4B I AN R
e 3

Kl 1B 5 PR AT BT 7 3 0 ) PR #1138 L 2.

Table 2 Common PR list of component container domain
F 2 AR ARGURAIL PR AIE

PR index Description Corresponding usecase
PR1 Deploy Deploy
PR2 Undeploy Undeploy
PR3 Handle remote request ComponentAccess
PR4 Return response to remote client ComponentAccess
PR5 Inter-Component request Componentinteract
PR6 Inter-Component response Componentinteract
PR7 Request context AccessContext
PR8 Lifecycle management LifecycleManage
PR9 Resource access ResourceAccess
PR10 Container management Manage

1.3 EFHEMGBRE QMBS B TULIEE
1.3.1  FRgub 5 Ik Rk At

PR At — 044> 2 PR JGE.PR JGE B PR IFH G MR B 24T 0 160455 A T T, A2 15 38 400 75 SR AR 0 vk
(RFEA B0 PR TG 250 W 2K 4% PR UG E AT PR JG 28,20 il i LS5 H RIAT N B S J T PR AR 26 T 4 %%
PRI — BOAGEEGRAL, QLA 22850 PR M S0 R 2 2135 T AR 0 B AR AR 5 PR A 405K ¢ R 4LE R ot
2= W LA T PR FIREAS AL 1k, 364551 PR XY 19 PR G513,

FE LA 4 T HE B o A8 ABE TR 3 5 S R (K9 A8 EAT A9 RIS, 1 5 V2 A TR R 50 S8 A TR ok 45 S Ak 1) 1
SE AR TR 1k, K3 40 28 ELASE TR (R A TR G R 2047 9 PR G 38, T 5 B0 45 A4 G (0 RS, G TR VAR L 3

‘Component client‘ ‘ Component container‘ ‘Component instance‘ 2R R AT B A A () — 8 43 (an 38 A5 B 8L
T reqstmesage | I LK 20 2 0 S AT 2005
' ‘ A PR G E,

H . Parse request DL PR35 47 S Kb F 451, JL 3 7 ]
> Locate component 2 7R PR3 2%/ iy 5 A B P )
> Behavior enhancement *%I%J\,Q@J EF' ﬁ;ﬁjiﬁjﬁ%’;ﬂ E]':J é’\]ﬂiﬁd‘

il RN 4 AR OTE AR A5
> Synchronization .

o W QoS Pl FIEE A4, 43 ] Wi 3] PR3

nvoke B . v
1) 1) 4 MT A PR JGE. 5 PR3 AH K 504 45 14
H ’ FIA A B N 1) 5 P i LA W S0 JE FH 3 L
Fig.2 Sequence diagram of PR3: RemoteRequestProcess S PE R B S50, 45 ) 5 R 5T 22 0 A P i R
B2 PR3 iz it ik sk Ab 2 v it B 0 49 3 (interface  constraint) 4l 3¢ , i 4 3|

PR3 AN HZS PR U HE. WAL TR 2] PR3 1) PR JUE WL a0 & 3 Bk,
o 18 R i v AT S PR LR R IR G R IRAE H PR G HE IR PR HH PR THEM K T
2L 2% s AL I R SR B ] 4 o, A R FF T PR Al PR3 [¥) PR JGER 1.
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Component model
Syntax model Deployment model
I

Interface syntax ‘ ’ Impl syntax ‘ ’ Metainfo syntax ‘ ’ CIiIent ‘ ’ Cor:ponent‘ ’ Contlainer ‘ ’ Packging ‘ ’ Deployment description ‘

Interface constraint ’ Naming protocol ‘ ’ Client protocol ‘ ’ QoS support ‘ ’ Reentrant ‘
_____ - o N 7 I
. T [ e
i T \
P - e \
em T | = \
, /
£ N L PRelement4: RV
PRelement1: PRelement2: PRelement3: Instance PRelement5: PRelement6:
ProtocolParsing ComponentLocating BehaviorEnhancement synchronizaiton ProtocolMessage TargetDataFormat

I B B N

’ PR3: RemoteRequestProcess ‘

Fig.3 Mapping component model elements to PRelements
K3 MALEFBIE TR B PR J0 5 LT

l Component container requirements

Functional requirements l Non-Functional requirements ‘

‘ PR4
PR1:Deploy l PR3: RemoteRequestProcess ‘

el
.;U
[N

I I I I I I
PRelement1: PRelement3: PRelement5: PRelement1: PRelement3: PRelement5:
‘ Extracting LifecycleNotifying PackageFormat ProtocolParsing BehaviorEnhancement ProtocolMessage PR7
PRelement2: PRelement4: PRelement6: PRelement2: PRelement4: PRelement6:
Instantiating Registering DDescriptionFormat ComponentLocating InstanceSynchronizing TargetDataFormat

Fig.4 Domain model of component container
4 G AR U AR Y

1.3.2 SRS A IR 5 AR A P 5 R AR

AT SR AR AL AR AL SR A PR I T PR JC 355 45 T AR A AUAT e B,

Ak s 3 M I AR IR DS L B R AT T T R IR0 A A s v R Y S I 2 B8R T R R AR A R
PR RT3 T ) H R Y L AR S SR A A ) VL AR SRR AR R RIS PR TR R A G
S Y (R e 18] 22 FL) FH v SRR R (BB D RE) I AR Ak s R TR BIAT O PR T 38 Bl B R I ARk SRR B A PR
JLER.

7 % AL AU R DY TR B T A A T SR DR L A AR A T AR T, S A R 7 T e v A B R Ll A %
i AT A AR RN R AR 2, T0 10 A T A N AR A ) S Wl IR 0, 22 3 A AR PR 2 P 25 A 3R AT AR A 1R AL

WFY A A3 D3 I, i TR AP A 28 T ATE 250 A A i 0 6o I P AP A 2R 3 A 43 AT A B O 2R 1 I UL A
IR WA S AR U JE M mT LU ICIBR TR S TR 0 28 1R M A 2 5 v 3R A5 2500 e el B AR v 5 UM 1)
R R /N B R Y, mI ks T8 P )60, 5 9 A ) e ) B

0, 3A 136 % EIB A1 BPEL 21 {F#EAT 42 (b ME i 81, Horh EJB 4524 EJB. i B 4K E) EJB A5 44 EJB 45
T 6 A L AR TR 4 M, JL AR T 2% Client Protocol i MY 9 BX {E 4 %1 & RMI-1IOP,CORBA-IIOP,
Messaging(%k T34 B) X 1 SOAP/HTTP il Client Protocol {11 {H 4 & 25 {RMI-1IOP|CORBA-IIOP
Messaging, SOAP/HTTP}.Client Protocol XI5 % %4~ PR Jt 2 (W1 3 FT7R):ProtocolPasing F11 ProtocolMessage,
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53 AL BSR4 D R B RS 2X. BR AR 2 ST s A HUE 4R 5 7T 15 ProtocolParsing (1742 4k, 55k Fa5 ) 28 21 4
H0[1..n], H AT L35 A (synchronous,asynchronous); il ProtocolMessage 11738 4%, i b im0 Hei M [1..n) (G4
—Fh LA b B ), AT 235 4 (RMI-11OP,CORBA-110P,Messaging, SOAP/HTTP).
1.3.3 PLACE 4iskfi 7

%9 3T 5 (ONCE) LI vt B b2 5 AL E 9 BT E 6 FA) — A SR F SRR A F & S RIS AT S BF &« Sl
TRV G REHRIRT G MIRERT 6 LG BIT73X 5 #4040, 2 b v K (0 4L 48 45 Serviet™® EJBET],
Web fIi 45 ,Portlet™™® BPELIV 25 Je AT LLIx 5 il 21 {1 455 710 Oy i fih gt 7 41 1 2% 2% )™ & 2 PLACE (product line
architecture for component container environment).

FEHAEE 11 AT P 5 AR AR A3 BT HE S, FRAT TN X 5 R AR 04T T 40 # - bR dse, I T 55 PR3 AH K
(R385 HIAER 3.

SRJGHHE 1.3.2 T HR B AR ME RR SR @79, B T3 3 19 31 5 4% PR JU# QIR N AR 4k i, il ] 5 o, [ v
HEITT PR3 FR 70 AL mi i) Hiie 55 AT 1B T0UR 14k B 3K 3 ok RO R J6 2R i UL PR3 1 SC AR R W &l 6 T s,
Table 3 Comparison of component models
F*3 AR

Model elements EJB Servlet Portlet Web service BPEL
RMI/CORBA-IIOP HTTP HTTP SOAP/HTTP SOAP/HTTP
. Messaging HTTPS HTTPS
Client protocol
Synchronous Synchronous Synchronous
Synchronous | Synchronous
asynchronous asynchronous asynchronous
b NDI RL RL . BPEL (partnerLink
Naming protocol J U U WS-Addressing (partne /
name name name portType/method)
Transaction ri . -
:esS:i((:)tno S:gggio? Security Monitoring
QoS support - - windows state WS-* transaction
security logging loggin loggin
monitoring monitoring 99ing 99ing
Reentrant Reentran_t Reentrant Reentrant Queue-Required | Queue-Required
queue-required
Interface constraint Je_lva m_ethod. Java method: | Java method: WSDL port WSDL port
Business interface Servlet Portlet
Others
l Component container requirements ‘
l Functional requirements ‘ l Non-Functional requirements
l ? PR1 |®— ..
’ PR3: RemoteRequestProcess ‘ ¢
[ ) .
[ [ [ I I 1
PRelement1: PRelement2: PRelement3: PRelement4: PRelement5: PRelement6: °
ProtocolParsing ComponentLocating BehaviorEnhancement Instance ProtocolMessage TargetDataFormat
, ? ? Synchronizaiton , ? F
<control>[1..n] <computation>[1] <externalcomputation> f <data>[1..n] <data>[1] °
ClientProtocol NamingProtocol [0..n] ClientProtocol InterfaceConstraint
QosSService <control>[1] - .
Synchronizaiton
Fixed ‘ ’ Security Session ‘ Java SOAP
object Mesage
l Transaction Logging H Reentrant
l Messaging SOAP/HTTP ‘
’ Monitor ’ Queue-Required ServletRequest

| RMI-IIOP CORBA-110P ‘ ServletResponse

Fig.5 Domain model of PLACE
K5 PLACE 4Jifskfsi A
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PR3: RemoteRequestProcess

Behavior PRelement: L
— PRelement 4: Instance synchronization

 Variation point type: Control
o Variation point cardinality: [1]
e Variants: Reentrant, queue-required

— PRelement 1: Parse remote message
e Variation point type: Control
 Variation point cardinality: [1..n]

* Variants: Syn, Asyn Static PRelement:

~— PRelement 2: Locate component
 Variation point type: Computation
o Variation point cardinality: [1]
e Variants: Naming protocol

— PRelement 5: Protocol message
 Variation point type: Data
o Variation point cardinality: [1..n]
o Variants: Network protocols

~— PRelement 3: Behavior enhancement
o Variation point type: External computation
o Variation point cardinality: [0..n]
e Variants: Transaction, session, security,

logging, monitor

— PRelement 6: Target data format
 Variation point type: Data
o Variation point cardinality: [1]
o Variants: Component parameter type

Fig.6 A example of PR specification
K6 PR HEZH]

2 HEHEARTMREKIARLEH PLACE

2.1 ABRBEPLAEITEM

MDA PLA BFCH 22 H B2 e m A 53 M g A S 1k RTINS = e . 4t vt . 4
KA A S5 A B H R B T AL 28 PLA B AR S AT S . ARB IR AT e ix 3 ANl Jsl.

AT R R A A A PLA YU 1 2 U, B 2 2 gk Ak Py A () S TR 21 R 25 485 TR) R 52 Dl ok PLA IR R
g R v v LA ASE B 48 S T2 A DA 55 SR g FEREAT e v, 1T 4 A8 A P 55 SR A R AR AR e py S e S
FH T2 P PRI 2 AT R 5 11 22 S e 78 A 1 e, T AR vy PLA 544 52 T 1 RO AR 12k

AT G A I 7 R A R A U IR B K R SR AR A 5 BT A A M TR B £ PR G R DAY SR AR B 1Y
T2 SOR Ak 4t /I 7 3K 5 52 B0 1R) P B2 20 . S 48 T3 9 1 T 4 v e T 80, 5 KRR T U 1 — BT S A 1 Al A
A& SEIL R T FR AR AL R A B4k (AR

AT T HR X M 7 SR AR RO AR R 7 SR R I, AE K PLA 8 FH 25 i, AT B ARG 2 i S 3 N 15 44
TF R JSAS BATTHR v 47 i 1) T B 0 A0 BT B B 5 LN LA B2 0, DA T DRAE T A3 28 Jsz Il H Sk 119K
43 2ELA 7 8 0 M 9 SR A 2 A AR A3 T o 5 A AL AR o0 A7 v, TR IR T SR B3R Bt T — e i S
2.2 PLACEMIKREH

AR m I S50, PLACE R T2 A5 B AU 5 SR A Rk PR 8348 L 75 5K 1) b BEVRURE, . PLACE
IRk 2> LA PR 38 5. ‘ Deployer‘ ‘ Component container‘ ‘Component instance‘

REHRK 53 (1) F 5 S U A2 AR A P s 2 ) S K PR L Deploy
AT R PR JGE M B4 AN ) A B sSicB. L PRL“HIE ™A — Extract
{51, L P 51 Pl P 7 %, 0 21 4 AMT g PR TG 3, BT 4 nstantiat
JT7n AE PLACE 1R R &5 U v b 43 S 4 AN [ IR B B 1]
I3 SIZEI, 4 ) B 2% (deployer) . S {51 4 B 8% (instance LifecycleEvent |
manager). 411} 3 2% (component manager) A1 41 {433 it [ Register
(registry) fSEE (8] (A2 B 3% B PRL &L ME 5 SR &, i ¥
IO B ARSI, A A A SRR A A R Y A | i
P ) SR AE AR P 6. Fig.7 Sequence diagram of PR1: Deploy

502 BRI A R e 5, L 7 PR1FEAIT A
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PR SRR AR A PR AN AE PRL 838 . PR2 S8 5 PR3 IEFET SR AR B b LA . AR 2 A A 4k
Ty RE 35 5 LA A 4 P ORIV AL A2 11 5 SCRE %, e 91 31 Registry 21447 JPHSEER R0 I i 40 R0 25 4% ) e 0, 35 7
Hpt B e e,

FATT I DL Bt 73 MU 10 20 B U735, LU B BT 7S I PLACE USRS TRy Sk fih, 45 Y PLACE ) B AR 45 4
i 8 Ji . P oh T PR 2 A K oala VR SCiR[21] 0 T B 49 (1 S i 12 J it oK (1), 24 PLACE 5 1 44 R 4
FTEFRA 3 AR OTHE) . 2 1 (B Haa Zx [ = ST, 77 1 1R A A0 53 il 4 7 7 SR 2 R A4 1) R Y 5k &
(B ) R L) BT A AR G5 TG 3 51N T nlak Jg vk, 20 0 3B 50 3N Rl 3 70 3% 28 L P b JE T8 AP AE TP
A HIPLACER A 1R 7 i P 28 G5 Ky v Tk 70 38 WU AE T 38 3 IR A 1) 7= i R AR G A rp I PP B R B bl . 3 1
A IR R R T TG 3R, Lk (M M R oR A 1 TE 3R,

TR Al i
1 Monitor & ! Registry , State 1
! Manager | I manager |
|__m__w_J o S i,
I k- .. S . Y - Legend
k—— Name Module
Protocol Service Component Instance
processor manager manager marlager - Interface
N A _E-

Invocation

[ T =

A A4

I Name 1 Optional
) elements
[}

! controller ! manager

|
|
| Concurrency ' ' Deployer Context
|
|
[

Fig.8 Static structure of PLACE
K8 PLACE {451

WAk BR 4% (protocol processor) §7 55 55 % 7 i 38 45 FH BRI £ B IS0 R AR B 5 R o e 4 0 SR BV R AT S I AE
X G Ak g IR 55 B 25 (service manager); 1 71 BT FH IR 55 A7 B0 25 1) 3R [R5 GAe) 3t I 28V R, R 45 2% i T
FEATT A I 5 2 9 R 50 B I I P LA B 2 2 1 FH 9 = #2545 (concurrency controller)iff 47 3 & Ab 2L

B 55 B2 N DT AR AS AN < 3 BRIV 1E S5 T 3 A7 D37 SR B 2 28 AR 45 1 4 R 7 SR i iU A B
FEBIT AR G5 B SE BIR 45 B 2E P IR 25 MEAT AL B AR S A% 6 45 4H 4 % BE 2% (component manager). JIk 25 % B 2%
A7 B T R I R s T g 0 2 I 5 B A I R SR IR 5 B AR A T B O I $a A B4R (monitor and manager)
RALEITIRESE R,

A PR h T 54 0E o BRI dy B A G AL AT I P B . 4P . v R, Ear i
P38 SR 52 A A A A5 B S T R A 2P0 T 0 2 A ) A B 58 RS R R A A B SR N A R
D3R P AL VE ) (registry) . IRASES B 2% (state manager). 92451 P 2% (instance manager)#EAT A AE TR . 41
PEIR A RN TR AAGHRAE L 2 S8 P8 25 20 A 55 B 280 T i U FH 9 R 1 1 4 4 4% P AR B A1 5 & S0 3.

R SCE B AR (context manager)BR T ) S 461 A R A8 v ) 4 4 S 4 SR A ER B AR R LAA, 3 B RO Ak B A A S
BIXRTIBAT M55 B R R 918 FH IR 4545 B 25 58 UL BR BN 1

W A AR 4 DT 2 AR (WS AT N B K Bh A TR HE AR AR L & AR I B A S8 B B o M 4 45 B3R A OG0 15
SN FOAH S AR LR A, 4 IR 55 7 0 9 ARSI 49) 4 B 2%

221 B EIRE

PLACE RIS e B2 I 45 A 4 20 BVBE B n] DA 40 O 7 A8 e, HG - BB e 119 422 11 400 5 30 AQABE e fy 42 11, (0, 45
R CURSR AL RE 11 B B [RRE B A mT 3 Ja e, G RT3 i P AT R T SR B s S A9 G, A RE AR ModuleB 1
AR H S Al IE AR ModuleA,iX %7~ ModuleB 5 ModuleA [7) Ik 128 43¢, 5 5] IS A i 3B .2 Yk 45 M0 o) LR S

T LA IR 25 B AR AR A 450 DA, ] 9 TR,
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! Transaction ! ! . 1 1 f |
h ( s Monitor g1 _gl ___p2 Monitor & |
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"“fﬂ““l -7 service | M

S

> Component
manager

- Invoker
L S ¥ S
= T service O

rﬁ _\\\
! ! Sse_ v TITIeITTA
: : ~ Security 1
1 | " service |
N Tk o oo e e oo i
AA A
| 1
| tommm |

T""‘*I""'u

1 Concurrency 1 Context

| controller | manager

P, 1

Fig.9 Hierarchy structure of service manager module in PLACE

9 PLACE H IR 4545 FLAR B HLIN 2 IR 45 1)

77

Ik 25 A B A ASE L, 55 8 4 0 3 SRR A T3 R 0 B A M, 455 43 K 4% (dispatcher) 4 A 1 H
Jik %5 (invoker service).H v 43 i 4 e 5 1 FH 100 R 45 B OGP 0041 9 FH A 45 4 53 8 P 200 AP A B 85 AT 5 S B A
S a7 B L, I T O R R i 4% B T IR TR R, U T 9845 IR 2% (transaction service). i 4% Ik 5%
(monitor service) 1% 4= [ 45 (security service)% e, JL A w] 2k ¥ IR 55 384 43 1 ]k 45 (session service). H & MR%5

(logging service)%.

I 55 B 5 140 A A AT 4 11 20 50 i e P O e 4 o 45 1A 5 SR e R BT SRS B T P 4R IR I
A YR E B 73 KA TR 73 T 2 A A IS5 IR 0 A e AT SCRP R I B R S 3R ki g5 24

SR LR UE R
222 BR—WE

PAEZG T PLACE e v B AL 7, 6 5 B A Hh BT 1A il B bl — B 2ok Ad % PLACE Hh g &
T ik Jm PEAAN LG R AR 4 ST SR K1Y 3, G5 T 1 55 7 B A AL R AIAR S (1 350 20 B e

Table 4 Excerpt from module list of PLACE
F& 4 PLACE it — bkt

Module index Module name Optionality Invoking module Invoker Parent module
M1 ProtocolProcessor M (mandatory) M2, M8 M2
M2 ServiceManager M M1, M3, M8, M10 M1, M6
M2.1 Dispatcher M M1, M8, M2.2, M2.3, M2.4, M2.5 M1, M6 M2
M2.2 InvokerService M M3 M2.1 M2
M2.3 TransactionService O (optional) M2.1 M2
M2.4 MonitorService O M10 M2.1 M2
M2.5 SecurityService (e} M2.1 M2
M3 ComponentManager M M4, M5, M8, M9 M2, M7
M4 Registry M M3
M5 InstanceManager M M6, M10 M3
M6 ContextManager M M2 M5
M7 Deployer M M3
M8 ConcurrencyController (0] M1, M2, M3
M9 StateManager (0] M3
M10 Monitor&Manager (0] M2, M5

2.3 PLACERYT (L4 &I

PLARR T A5 — MOk 2 45 46 1) T 38 A0 36 A0 5 NPLAWLS 217 i 2 41 rh A 7 il 1) 77 2, D44 3R 46 ) 1 A

k22 LA B2 12 7 i 45 W B IR TR AR A PR 28 52 o I e

ANFEPLABI T A E A5

N
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PLACE x| & R & M AR (A (K SCHRFARBLAE LR 3 AT 1T

1) AR M ICRR T k8 v, H 2 A PLACE 1 A2 JEURE & 16 R IIR 2B H AN [ 17 i A4 R 4544,

2) AR T AE I i U, ST R SR B e vl A P SRR A R SR Al SR T SR AR PR AR R S A AR Ak
(101X I8 S 2R AN AT TR A A, AT AT LU 78 7 i 7 K 52 AH L RO A R B 1

3) R SR AR A (0 R AE AR R AN (] ) AR R AR A SEELL .

AR SR VEAE S 2.3.2 W L M A 21, 1 T FR AT 40 A 48 Atk 9 T 1 P 2
231 PRIARA

PR DR 8 BT R T A R S BRI 0] B O R DL AR AR AR R 4 R A

AL S PLACE REHRIH] RS0 R DG 2870 T o s 2 0C SR AN LI OC 2R 35 3 00 R 78 Ak s LI D AR, 2 7R 1%
LB AR A, A A 2%l SR 1 P 38 S IR, SRR G AR B T IR RS AN R Ak A HLUUE — AN B R L 5 R
1478 A, 5T R 3 T e S ) T S AR B 3R R AR A S s ) T IO 0F . ) S AR B 24 B 4 A IR AR 4K R T 1)
BIRARKA.

5 PSR I ) AR AR fb s B PR3 A, WK 6 BT R VPL Sl A B I [R5 8 1k S 4, 1K
6 nI A HACR B ML (L] BE G BARAT . 5D 0 BT 5 5 R SR

VP [f R EUE ML B s Ad B S8R R, 3R 7R VPL 5 I ER P 3 s B, 75 SR AR b A 2 56 FLAME R 1 (S5 4
TR I s ) A 0 ) o A B L W S AR R — B2 T TN VPL AN TR B4R R B B R IR M2 Rl
M1.3 43 5 [R) 25 0 520 1 B S T 8, 46 3 R I S Rp I, D) 75 22 ML A(IR) 20 AT A 38 B 2% ) T8k,

LR R B B R IE SRR, B T LUK B AR TE 3% A2 Rk ol SBR[ FH 3 2 A 23 3 7 L 1
BRI AT R G VPName. Variant & — M ik R IA A R true FRoRZEA S Y8 e 1% 0] 3% I, L dn
VP3.SOAP/HTTP F/R A2 45 T LT HTTP [ SOAP #pill.VPName.size 7~ 4k s o gk 16 £ 1) 7T 3k
TCH W3t Serviet 2588 75 [E] I 32 HTTP Fl HTTPS #0i,iX i) VP3.size 2y 2.

AR Ak, p5 TF) A 29 AR A AR R G R M ARG R K2 — GRS PR JaH B ¢ R
VP1 5 VP3 MCI PR JG# ok H [H— MR 6 % R, 24 VP3 [P 5 VPL (R AT Ay A7 A R OE &R
I, A58 5 28 147 VP iR, o — R E A BB T Z AR ROR B 49 i WS-Addressing R 5 SOAP il
AT, AL VP2 5 VP3 (a7 AE U1K 5 5 2 47 VP2 BRI AR K R,

Table 5 Example of decision model
x5 RAHALRY]

Index Description Variants Encap. module Constraint Mapping module
3 Syn: M1.2
VP1 Parse remote message  Syn, Asyn M1 _I[fh(e\;P(s\’)l}\jlllezssa%l)ng) Asyn: M1.3
i Syn & Asyn: M1.2, M1.3, M1.4
URL I (VPSRN 10P) URL: W41
VP2  Locate component JNDI M4 ' ’ JNDI: M4.2
WS-Addressing I (VP3.SOAR/HTTP) - WS-Addressing: M4.3
Then (VP2.ws-addressing) ) )
HTTP VP3.S|ze'>1: M1.1
HTTP: M1.5
HTTPS .
RMI-110P HTTPS: M1.6
VP3  Protocol message M1 RMI-110P: M1.7
CORBA-IIOP .
SOAP/HTTP CORBA-1I0P: M1.8
. SOAP/HTTP: M1.9
Messaging

Messaging: M1.10

2.3.2 Bkt

PLACEREH 5 LEAE SHL A A 75 R (14 [ I, GR K7 X A2 11 (e . DR b AE BB AR T 2 it
VRS, I A5 T T i 5 0 BT o ) T SEUAR, kR ORN T A BB 2T O B b S I
i) LR (LA R T 5, O AT DATSCRE BV O 28 e P, S mT o e SR R AR

REHBE T T7 58 TR AR R (R S B M BCRX AN SR S R
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AR A, 55 S RO T %o Bt 28 8 00 AR Ak s, — SR FH B B U 1) 2R A 1 s IRPL A, T 2K 4k K
Facade 55X 58 44 I 28 24 (1478 A% S0 SR FAT A R AE DG I ML), an 7 3 3k Proxy A8 4% v1 B8 BRI AR
RS WL, 4o Interceptor #%5X . Chain of Responsibility #5820 45 438 1 57 2 T i AR Ak ok B K F v F SR T 1 1383t
MU AN 3E 248 Bridge #4533 5 4 FATHRAL 1.

KT SRR FE%E ,\Llﬁ FBRATBEMME A 1 8 n BBROY 1 RoRBAEINZ MAFAE B F
KRR Ik B, Strategy BTG H TX MG O B n 2R 75 2 F I 32 R 2 AN Al B 100, % T R
A m T LR A A JLHR S50, 0] T B AR ) EE A AL G — AT AR & IR SE LT VA BLFE Adaptor B
Facade 13\, Interceptor /%3 u¥ Factory f %%,

B4 PLACE FP i3 A B 38 4 e daf 262 7 26 5 v ) VP AT VP3, L 21570 3 53] Ay 42 1) SR TR R B 2 70 B 1 o0y
[1.n] I AT T Proxy #i=XH1 Facade #55X,Proxy 45 =14 #; [F) 25 0l 57 20 1 B I T 2% 5 3 2 4V #, Facade
AU F T 1 R 45 B AR AL i 4 — s I S 5K

3 EBIERR

¥ 3t - £ (ONCE) LR i 41 Ak Bt TR B ot 7 3k, DAL PR 2 2 7= il 28 1 R 45 MIPLACE gy #% 0 27 65 11
M RS, I ServietE A . EIBA AT . WebJlR45 4 4% . Portlet?#s . BPELZA #4552 1h 45 4%

Servlet#H {7 T I2EE N I IR 454% 3 J2 &5 W o (1 % J2 4 T Javaid 75 « 4% [ ServIet B3t M OF &, 47 5t 74 il ]
JrEEACHS . b FE T AR HL Serviets R J2EE T HAl o 2 BOR, 1 ISP,ISF AT Portlet 4 ¥ KL fifh. 1 T i 2 2
£ T-PLACERServiet# #8 i ¥ 1 1 F2.

EW BTG TR B 3 2 FH P, Serviet 2528 1088 in T W R F % R Sk

1) #ERE ThhE (hot deployment). FEIZAT I 58 1 Servlet M HI(WAR SCAR) #3535 Fil s B35

2) Web & x4 & (Web administrative console). il i Web FL 1 Xt Serviet 78 5% & 25 %% WIS AT B 24044 B 52 481

HEAT I R 0 DL R AR DB

¥ Bl F- 45 [ Servlet 75 s 45 £ Servlet 2.5 A FFT £ {F455 704 23 7 HE 42 36) Serviet 2.5 JRVE k4T 43, He 4

W3 6.
Table 6 Analysis of Servlet component model
£ 6 Servlet 4R Hr

Model elements Servlet CM Model elements Servlet CM
Interface def. lang. Java Interact. constraint Same Webapp, or crossContext
Interface constraint javax.servlet.Servlet Comm. mechanism Method invocation (RequestDispatcher)
Implementation lang. Java Persistence Session state
Implementation Implementing interface Lifecycle event Method invocation
constraint javax.servlet.Servlet (init, destroy, listeners)
Metainfo desc. lang. XML Thread management Required
Metainfo constraint Web-app_2_5.xsd Resource management Static files, Java libraries, etc.
Naming protocol URL Packaging spec. WAR
Client protocol HTTP, HTTPS Deployment desc. lang. XML
QoS support Security, session, log, monitor  Deployment constraint web-app_2_5.xsd
RéEntrAnt Reentrant, queue-required Resource type EJB-Ref, Data source,

(SingleThreadMode) message destination, variables

& Servlet ZH 1Y 73 AT I Al b AR PLACE YR SRAR A, STl R 75 SR 1Y) Serviet 35k R &5 #1410
Jit7s. 10 FroR I TH2 Bk R 454 55 PLACE AHLE, AR AR IR

By T Serviet 21 AN 77 ZE4 b AR ZS EAT &7 H0, BT DL PLA H 204t TR ZS 7 AR AR RURE O 00 FH %
R TRV AL B35 50 0 MEAT e 7 1 RS IR 25 5 B 28 R0 41404 R 2% 15 IR R4 I 2% 1AL (8 F O R i 25 !l
T ARYLHE T 25 28 R 45 1 W 42 B e B2 5 IR 25 L 28 1) A ) % R Al 2 AR B 110 80 2 8 R PR AR 1 L

8000188 o B4 S 20 6, 4 S8 P A PR A% 7] 5 (remote management console) . # i 2E # (hot deployer) F1ie 42 7 2 s
(remote deployer) LA F A 1) 2 FRTIE F OC 2. E 1] v 1) 56 TR B ERORTRR 28 114 1 H 06 RSk R
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Y 35 R 6 11 Serviet ZH AL G 5 (U, 8 L e SRR T LA 2 PLACE i nf EAEER (1 45 o 7 =K. LA
P ISAL B AR EE A 5], VPL 48 5E 2 synchronous, VP2 % 5 24 URL,VP3 485& 2 HTTP F1 HTTPS. fid4is vk 5 485 8, M1
B BB BAHE T MLL MGERE ST ML.2 [T aE . ML1.5 HTTP Yrilldb B8 F1 M1.6 HTTPS Ppilt ib
PEAE 11 JEOR T ML BEH YR 1 J2 IR &5 4. b M1.2 B Wy 80 A1 8441 ity 11, 3K W Wr 31 (3% 42 SR i <2
25 M1.5 5 M1.6 BEHRBEAT R AT, 20 M1.1 A2 0 20 3ot 5 28 4 M2(JIk 45 %8 SRR HEAT )5 A0 3. M 1.1 45 5E 3]
ML BEE )75 k8 1T M8 BEELB {16 I & Ab B SO RF

Remote L Monitor &

T Manager

Registry

EI

Instance
B Mmanager

EI:4

Concurrency
controller

Context

Deployer manager

Hot Rémate
deplayer deployer

Fig.10 Architecture of Servlet container in ONCE
10 MBS & Serviet 75 %514 R 4514

M1 protocol processor

M1.2
Sync.
listener

M2
service
manager

Pl MLl Bl P
‘ protocol .
>

= adaptor [€—{<d

concurrency
controller

Fig.11 Structure of protocol processor module
K11 Wil A B A Py 4l A4

E M2 IRESETZS . M3 4L BERS . M6 | N U P8 55 M7 3538 2% 25 A b v I e SRORA TR iy o2 B e 4%
W )5 8 5 42 SR LA R S 4 QoS R %5« A A dr ISR A0 . b SCSCRFFN SR 1R S welo. xml fi# BT 45
Servlet £54 Th g A HE 1 e LSRR AE H 5% R34 M PLACE & H.
3.1 it i®

PLACE H [ T ZBHLAE ONCE “F & AN A s h = S L% 7.

MR 7 ] LLTE 2] PLACE 1) A (ML~MT)TE 4N LA 25 28 R 3945 DL T30 52 ik 3.9 WK 7E
A4 A7 R R P T R A R T RIE B T 96%; Al BEAR H(M8~M10) t H BLAE - 3 UL E A pE 7R a8 b P 2
WHCH 2.8 WK, 7= b AN B R AR R T 63%. 7638 AN A2 8877 i & 5 2 H PLACE B Lu il is 2] 7
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XNE R FARTAMRE AT E B T R EA R 81

77%.

Ch_EHcdia 5 A, 3L+ PLACE BEAT AL A a8 IO BT 28 (e it 1 &b S At Zb 17 o il e v e o i e )
BT R HECR S T AT RRCR

S Sl MK, Dy B DGR B DK (07 it Jo s Ao 96 R W, 2 PLACE JT K (4L 748 T AN Ay
IENIEIRE St

Table 7 Reusing statistics of PLACE modules
% 7 PLACE FZRHA I E

Module index Module name Servlet container EJB container BPEL container  Portlet container
M1 ProtocolProcessor N M N N
M2 ServiceManager N N v v
M3 ComponentManager N \ v \
M4 Registry v y v \
M5 InstanceManager v v M v
M6 ContextManager N v v v
M7 Deployer N \ v \/
M8 ConcurrencyController N M — —
M9 StateManager S \ v v
M10 Monitor&Manager \ v v v

Notes: “v” means directly reused, “M” means reused with modification, “—?” means not reused

4 HHXIE

4.1 BHERSHE

FI T AT 1R 2R 7R 43 b 7 922 2 A 5 255 LA Lau™ 1 Crnkovicl® S £ 2 19 77 3 800 T 7 2 A 45 73 43 2%
RN, B A 25 L PE R (R O 25 48 S A B (K % J ;T CMUT® Weiinreicht 4 1) (N CBD ) 3 M & Rl RN T
S HTALAEREEL AE CBD A i B /E 21 HE LA e o0 A SO HE I AL AR B A BT AE B B ) — 28

Laus N M) SR 4R R s U T 0AE 1K 3 A B T S VBV R4, I 40 50045 IR 4%y T 4
PERERIFEAT I3 2 AR5 S O ALPE AT A7 A8 58 SO LA 52 UG 5 A 2R 5 e A1 41 & J7 1 Laud’
W T AR AR R LR T A A L, 5 AL A R 2R A AN T B B 201 (0 SCRE IS DK AL AERE AL 2 2 4 SR T
(23] Laut™ 55 Crnkovic® i) T4 FI ) x4 A B8 10 20 140 A7, DR Lk O 3 030 i T & el Rt 1 T 40 3
Ji A A5 A A SR (¥ S0 A T e T K A RSS2 (g B S REAT T KRR 5 £ 20 A, AN 38 T 43 43 B

CMUC g 411458 0 A0 TF 25 B ol A (R b v M2 58 . T IR BICB DI ZE— 4145« Jit it (RAIE Mk 37 3
FI0 H I AR R A, LSRR AT RN B R A .

LPE R Ry 20142 11 BT 8 S AE AL B R o AR A AL 28R T e RGP R 4 At R 2 5
(128 F ALK AS FHLEIRE AR T 414E 2 RV R 2L 5 25 25 ) (9 A8 17 X 0 IR 40 e 3 K 41 4F -5 98 500 LA G s 1
P05 R YT L A8 0 2 3 e S ) A L 1) IR 4% . MU AT Weeinrei ch 7 ) 1y 92 G 1 R A 284 10 )
TG F AH K G AR AL TG 3 L IR 2 AN R SR B AT 1k 25 K1 43 AR SCHR 1) A A R 0 AT A 4 U4 4
PEAR T 53 S TG (R A5 R G 3%, LA AL AT 43 AT 1) 75 2.

4.2 FEHARFIRITFHE

H i K38 43 4500 43 #7775, il FODARY FeatuRSEB?8! FODMUI4% 1) 57 i 45 AiF A5 250 o) 451 458, 7 s i3k 47 220 i
LIRS R G L m] LIRS 3 A B AT R € 1 D T AR AR T B SR 1 BRI A1 20 5K A B
R AIE A O 5 SR 2 1) A 1 — B S 1, R 8 LA DR A % AR T 96 R A T R 5 11 5 s 2 i 4.

YL R 23 76 P 90 AR, A 2R 5 A A Iy i 81 EL A ) 408 5 AR A S BT B 2RIt A A AT 5 —
{1 7 SRR U0 Rl 43, 3 S5 A T A0k & SR 1R AW, AS ) T S 5 A g B O &R

BoschE SCHR[5] HH e B 1 A 2 45 #4077 b 2 44 3R &5 4 (PLA) (K115 U R AT T A 1T 1A A 28 A8 S AR 4 T
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FRAEFRI . PLABETHAE 20 B8 MatinlassiI6) 5 FPLABE T J7 vk WA T ELAE, 35 A Ak 77 4 AN TR ) 6 s 0
R 22 18] AN 530 AR Sk PLA I RIT 5% 4 0 ZE PLAS AR M (3R 1221, A A e A 1 BB SO0 sz B L o) (230 48y 1
A SCAE M AR R IIAT AR SO H IR 2 25 e PLAZE [T 5 2931,

5 Z£RiE

YR (¥ 22 B A R AR I A 2R 2 AR 25 45 10 T R 7 1 b 00 5 3 A S P B AR R 45 7 il e TR 2 A o
125 45 T I 100 80 F) & 5 08 2 AT 41AE 25 8% PLA TF 97 B4R H AL AR A 20w 2555 10 7 SR A I 5 LA Lk Ry SRk AT
PLA ¥t

AR SCHRE IR AL PE AL 43 BT HE S SR A T IAT AR AL 43 BT 7 ¥k Al G RREURE 82 1) AN A2 4 2 AR AR 43 7 E 4
5 3 J5 1 75 SR 10 AU AR YA 5 B ek P R G 3R iR T T R UG 3R R (R I DG R L T AR A
A,

AR SCHE A AR T B G R PR IR YR A 3 AN SN, DL SR OE B4 AL 2 % 45 4 R R ok
{0 L P A S ST ST 0 2 s AT R TR (Y JEE Tl 30— 25 AR 305 2 A 2 R ) AR SR U T A A A S R AR
FR45K PLACE, F@id 5l NTTIEJE Pk 2 IR G5 M A e S 2 S 20 e 75 9% 1A AU 75 SK.PLACE 7= i £ 1A R 4
FIZE M Bt 1 Servlet, EIB 521 A2 WAL RE A B R T R A psh e e A R i

AR S J7 10534 0] DA FH A A5 P 43 A UL PR 25 28 10 75 SR BT AR R 450080 N — 2B E R TAE RS
SRR 2 BT ARG . PLA S Bh ¥ T B DA K 20 1 25 2% AR T RS 75 SR 1 S 2%

BOGH ARSI O A SCT AR I SRR AT IR 2 TR ) 2 s S
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