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Nowadays, many distributed systems are developed by joining independent software com-
ponents distributed throughout the network. To integrated these components, it 1s necessary
to recognize and establish an inter-component communication framework. In this research, we
classify and compare major distributed middleware such as Jini, JXTA, CORBA, SOAP, Mobile
Agent, STENA, by communication methods, and topologies of the connection between compo-
nents. This will help clarify the appropriate application domain of each middleware. Finally, we
present the design and implementation of a new middleware suitable for collaboration between
networked appliances.

1 0000

gbooboboboboooooobooooboboo
gbgbooooobooboboboboboooboo
gbogbobobobobobobobbobod
goooboobopooboobooboobooooboooboo
gbgboboboboboobooobobooboo
oopboooooooowEBOOOOOOOOO
gbogbobooboooooooooooooo
gbogbooobooooobooobooboobbod
gbogobooobooooobobooobobooboo
gboooooobooooboooooboooo
gboboboboboboboboooboooboo
gbogboboboboboboboooboooo
gogboboboboboobobooooooo
gboooboobooobobooboon

00000000000000000000
000000000000000000000
000000000000000000000
00 0000000000000000000
000 0CORBAJ9], Jini[12]0 JMS[11]0 ECI[15]0
MobileAgentd SOAP[8], JXTA[13], JECHO[17], 2.1

gooboobobobbooooboobonbgg
gooooooogobooboooooooooboooo
goobooooooboboobobooooobobo
gooooobobobobobbobooobon
goooooboobooobobobobobon
googooboog
gboooobobooobbboobooogooboo
goobooboooooooooooooboooboo
gooboooooobobobbboboogobon
goobooooobooboobobooooboobo
gooooobooobooboobobooon
gooboooobboboboboon
gboogbobooboooog2000b0o00boo
goboobobooobobobobooobbson
gobooobooooooboobobgobooon
gbooobbooo40000b00000000D0O0
gbooboobooooboooooboogsboggd
gooooboboooboooobobooooooon
googboooesboobooboobooboon

2 QJudoooboobooobboboobod
googd

SIENA[1]OMQ[3]0 0000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000

0190

ooboooooooooooooboooooogoIp
gooboooooooobooobooooboo
goodoooooooooooobooobooo
gboobooooobooooogooooboooboon


研究会Temp
マルチメディア通信と分散処理

研究会Temp 
105－4

研究会Temp 
（２００１． １１． １５）

研究会Temp 
－19－


godboooooboobooboobooboogaa
gooooboooboooooboooooooao
goooooooboobooboobobooboboooa
000000000 (Event)DOOOOOOOODO
gooooooboooooobooooooooa
bbb oooobooago
godooooooooooooobooooogao
googboobooobboooboooooooo
ggoooooboooboobooooobooobod
goodoobooobobouoobouooboog
dodoodboobooooobooooooooo
0O 0O (Supplier, Producer, Publisher, GeneratorQ
Sender)0J00 00 OO0 (Consumer, Sink, Interest
Party, Subscriber, Listenerd Receiver)0 00 O O
gooodoooboobbooooboooooaa
goodooooobooooboboooooboooo
oot ooioooooooooa
doodooooobooobooooooooooa
gooooooooooooobooboooboao
goooooooooobobooboooooo 3d
gooooo

2.2 JO00O0O0OOOOOOOOOOOOOO
OO00oooooooooooooooooon
oooooooooooooooooooooon
Oo0o0ooooooooooooooooooon
pulDOpushO O OODOOODO

|
push (evt) | pul | (B, howman
—> D —
B P
1
1
1

/ca _push_to (B)
push (evt) I pul | (B, howmany
P ——
1 S O H 1 E——— )
Chutte evts

1 Chtfer

I
Called Push Type_‘

cal Iback_req (B) X future_req(B)
1
N— | o Py
1
push (evt) : oreats pul | (hownany)
T, ? )
| @wffed

time 1 evts
Call Back Type Future Pull Type

call_pull_to(A)

Called Pull Type

U l.e00noogn

01000000000pushO0000OODO (asyn-
chronous) 0000 000D 0O0OO0O0OOOOUOD
000000 0pushOOOODOBOODODOOOO
0o0ooooooobooooobooooooo
000bo0oooooooboooobooooooo
00000 oO0oO00oog[ojooooooooon
O00D0pushOOOOOOOOOOODOODOO
00ooooooooooobooooooooo
0o000dooooooooooooooooon
000o0O0oooooooooooooooooono
0o00o0ooooooooooRrRMIODOODDOOO

dooDO0oooooooodpushOOQd OO
pullD000OD0OO0OODODOOODODOOOOO
gobddoooobobooooooobooooa
00000000000 (synchronous)DO0 00O
oo ooooooouoooag
ododoooooooooooBOoOoOOoOooOOOd
oo obooooooooon
0000 RMIOHTTPO GETOOOOOOOOOO
O00pushOOpullOODODOOOODOODDOO
O (trigger) 00 30 (third party) D0 O0O00OO
0000000 10000AOBOOODO pushdO
Od0o0doooToOoOoOoooooooooooB
JAOODOOO0O0O00DOOOOOOoOOoOoOoOoon
OTOODOOODODO0ODODOoOoOooOoOoooOooTOB
00000000 0doooooOoooOdd push
O0pullDODO0OO0O0000O called pushO OO O
000 called pullD O OO Ocalled pulOO DO 3
O0:TOAOBOOOODOOOODAOOOOOOOO
BOOpushOOOODOOOcalled pulOOOTO B
O0AODOOO0ODOOOBOOOOOOOOAOOO
OpullOOD00OD0D0O00D0O0O0300000000
OO0OPeerto Peer OO0 ODOODOODOOODODOO
gododooooooooooooooon

OO0o0000OooooOoooooogpulOn
000000000 pushODOOOOOOOOO
promise 000 0000000000000 OCDOOO
Oo0o0oooooooooooooooooon
OO0000o00pushOOOOODOOOODOOOO
OO0000O0OcallbackDOOOOODOOOOOOB
CpushO0OOO0OO0O0DAOOOOOOOOOOOO
OO0000OBOOAQOOOOOOO SubseribeOO A
OO0 BOOOOO PublishOO OO OJava AWTO
000000 Listener0 0 0O OO call backO OO
OO0O0OcallbackD O OO OODOOOOOOODOO
OO0000000000o0o0o00000dTime In-
dependent Invocation0 0D OO OO0 OO0OOOOOO
OOOfuture pulO 00000000000 BOO
ADBOOOOOOOOOOOOOAOOBOODO
OO0o0DO00oo0oooooOoBOODOOOOOODOO
CO0pulDOODO0OODOOCODOO0OOOOO0OO
AJODOOOODOpullDOOOOOOOOOOO
O000oooooBOOOOOOOOOOOODOO
Oo00oo0oooooOo0oooBOOOOOOOO
Oo00oo0ooooooOoooooooooooon
OO00D000oooooooooooooooooo
Oo0ooooooooooooooooooood
O0o00oooooDoooooooooooooon
Ooooooooooooooooo

23 1000001000000000

giigoooooboobobooobooooo
gbooboooobooboooboobooooboon
gboogbobgoboboboboobboobogon
gooooooooboooobobobooboon

4 200


研究会Temp 
－20－


googoobboobboooboooooboooon
pushOOOOBOOOOOOODOOOOOOOBO
gboooboboboboobooooobooboo
100000 100oobooboooobogg20008
gboogooooooon

|
ols ~ e [
i A ==l
8 L _______
R I
L A My=—n
:;: unicast :
21 |
e i T m—mo ————————— -
w ]
A= | 5\
! : \ o) : /
: | unicast PGS | m
| |

02 10000010000000000

gboogobobooooobooooobooooboo
gbogboooboobobobobobbobod
gooogobbooooooboooooooooo
gogobooooooooooooooooooo
gogbooooboboooooobooooooo
gobooboooogooboboooboooboo
gobboooooooboboooooboooog
gboobobobobooobooooooooo
gbgbobobobooobobooooooo
goobgobogoogooobooboon

24 0000O0O0OOOOOOO
JooooboDooooooooooooooo
0000o0ooooooooooooooooog
0o00o0o0oooooooooooooooood
O0Socketd port 000D O0OOO0OODOODOOno-
tify(Object obj) U0 O OO0OO0 ODODOOODOOO
00000o0o0ooobooooooooosgood
000oo0ooobooboooooooooood
000000000000 ooobooooooo
0o0obooooooooooooooooooo
0o00boobooooooooDoboboooood
000o0ooooooooooooooooood
0o00boboooobooooboboooooooo
ooooooooooooooooobooooo
000o0ooooooobooooooooono o
000000000 bOoOobOoO0o0oooOooooog
000D0Ooooooooooobobooooooooo
00o0oooooooooooooooooooo
00o0oooooooboooooooooooog
0o0oboooooooboooooooboooo
00o0bOoooobooooooooooooooo
0o0o0o0ooooboooooooooooooo

gboobooooobooon

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

;
! o] ;
!
= ! [port2] Ceetrod i Cretrod> oot
N ok
i ! Coetrod > port3
! oret = ot
:
T
- -—~ filter o> el
i) 0
IE)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

U3:0b000booo0boooon

3 Uogo
gboobobooooboboooobooboo
googbooooobooboboboboboon
goooooboobooooboobobooooboon
gooboobooooooboooboooooobood
gooobooooboboboooooooboooboogn
gooobooooobooooooooooooon
gooobooboooboooobooboobogo
0000000000000 00000eoooon
gboobbooobboobbobobooboooooo

3.1 ODOOOOooooOd
gbooobobboboboboobobooboo
Co00ooooo0dOdJmiDODOOOOOODDOO
ggoooooooooooboooooooog
gobobooobobbboooooboboobgg
goooooooobooboboobooobon
googbobooobooboboobobooboon
OO0000000D0OO0domnate00O0O00OO00ODO
gooooooobobobobobooooon
0000000000000200000000
gbooboooooobobooooobobooobon
goooboobooboobooboobobb 40
gooooooboobobooobooo

@ i
@pu |/' '\@push 3 @DW s X\®DU| |
o E a8 -3

Qcal led pull

recommend

@cal led push

recruit h

U4 00000000000

3.2 00O00OO0OOooao
Os0000000000000000000O
0000000000000 bO0o0ooooOoonoa
O00000CORBA Event Service OO0 000 0O
O000pushO0O0OOOOpulOOOOO0O0O0OO
00 CORBA O EventService O O 1IOPOOOO0O
O0000O0o0oooooos000o0ooan
0000000 O0O0o0o0o0ooo0oooooooon

0210


研究会Temp 
－21－


gbogbobooooooobobooooboooo
gogboboobooboboboooooobooo
gooobobooboobobooboo

B —p—0

Iy © |

/ \‘
one mediator

S C
mm=
g—" =
two mediators: one-way
a. o]
O m—p=a
47 T~

two mediators: two-way

s ogbbogbooboobooooan

3.3 0Joboobooobooooon

JXTAOSIENAOOOOOOOOODOOOOoooo
gbogboooobooogobobbooboooboo
gbogbooooooboooooooooooooo
gbgboboboboboboobooooon
gooboooboooboobobobboboobbooboo

.
Eglon

White Box Mediators Group

Black Box Mediators Group

e gbgbobogoboooboboboo

3.3.1 0J00OO0oO0bOoOoboooooboogn

gogooobooboboobobobobobboooooo
Oexplict00 000000 OO0OOOODOCOOO
gbogoboobooboobobobobobboboboo
gbgboboboooobooooooboooboo
googooogobbooobbooobobooon
gbgboooobooobboboobooboooboo
gbogboboboboooboooobooog
gogoooboobobooboboilobogobooooboo
gbgbobooboooboooooooooooooo
gboooooooboooooooooooooo
gbgbooooboooboooooboooboo
goooboooobooo

3.3.2 0DO000OO0OO0OOOO0DOOOOOO0ODO

OOoO000mplicat000O0O0O000O0OCOO0OOO
gboogbooobobboobooooboogon
goobooooobobooooooooobod
goobooooboobobobooboooobon
gboogoobobooboboboobobon
goooooooooboboobobooboooboon
gooooooooooooooooooooon
gooooboobobobooooboboooboo
gbooobooooooooogbooboooo
gogooobooboboboobobooooboboo
gooooooobboooobooboooooon
gboooboooooboobbooboon

4 U0O000oOoobobbbOoOood

godoooobobooooooboooooog
O001ioooooEcJonoooooooooooa
oo ooboooooooooooo
oo oooooooooa
O01000pushO00O0OO0OO0ODOOOOOOOO
goooooooooboobooboooooooo
oooooooooooooooooRrRMIOOOO
O0vodOODOOODOODOODOO0ODOODOOOO
goooooooooooboobooooooooo
dodobooooboubooooooogoooogn
Unicast 000 100000 10000000000
do0oooooooJmOORMIDOOODOOO
O00000O0OLease0000O0OO0OOOODOOOO
0,00000000 LeckupO0 000000000
000 0dooooo0Jmdo0oO0Odooodlava
Distributed Event Model 0 O O Lookup Service O
00000 recommend O call backODO OO OO OO
0000000000 0SOCAPOOUPKP[16]00
ooooooooooooono XMLO HTTPOO
O00O00O0OoO0OoOgSOAPOOHTTPO POSTO
goooooboobobooooooooooooon
goooobooboooooboobobooooooo
gooooooboooooobooooooooo
goooooooboooboboobooooooon
odoooooooooocorRBAOOOOOOOO
000000000 0CORBA Messaging, CORBA
Event Service, CORBA Notification Service, 0 [
OIopO ORBOOOOOOOOOOOOOOOO
0000000000 {non,1,2}-mediators 00 O
dodoobooboooboooooooobooo
gooooooooooooooooooooon
godoobooobooooboouoboobooboogao
oooooJMSoMQUOOODOoOoooooooao
0000000 [1400000000000000
goooooobooobooooboboooooog
goooooooooboligoobooo1igoooaa
O PriorityBase 0 0000000000 OOJECho
gooooooooooobobboobobooooon
White BoxO OO OO ODOODOODOOOOOOO 10

0 220


研究会Temp 
－22－


0000 10000ooooooooooooooo
ooooooooooooooOooooooooon
O0000000000000000000SIENA
0 0OBlack BoxOO 000000 publish/subscribe
oooooooooooooooocoooboooon
oOooOooooooooooooOoooOooOooonn
ooo0ooOooOoooooooooooooooon
O000000000000000OMobile Agent
O0AgentO00O DO O0O0O0O0O0O0OCOCODOOOOO
oooOooOooooOOo0oooooooooooon
ooo0oooooo0oooooooooooooo
Ooo000pulOO00COCOO0O00C0DOOO0O0O0DO
ooo0oooopooooooooooooogoo
Oo0000o0nDOoO0JXTAOOPeer 2 Peer 0O 0O
ooooXxXMLOOOOOO0O0O0O0O0O0O0O00O0O0
O0JXTA-pipe000000O00OCDOOOCDOOOO
ooo0oooooooooooooooooooo
ooo0oooooO0oooooOoooooobooooo
goooooooooo

5 U0D0OU00ooooooboood

ggoooooooobbooooooobooo
gbooooobboobboooobboobobooo
OO00D0D0OO0O00opooOoOdJabaVMOOODOOO
gbooobooboboooooobobboboooobo
gbogboooobooogboboooboooo
gbgboboooboooooooooooooo
gbogbooooboooobobooboobobooo
gooboooboo

5.1 Dragon

goooooboooboooooooooooo
doooodooooooooobooboooooaa
0000000 0oooooooonoOodDynramec
re-configuraable event deliverying framework with
smart generation (Dragon)[20, 18, 4, 510 O Jini
0000 VNA[21,19, 7000000000000
0000000000000 0Dragon0 00000
oo ooooooa
00000000 0O00000 Unicast call backO
00000000D000Dragon0 007000000
0300000000000000 OdEvent Supplier
OO0 OSensor Module O OO0 OO0 OOOODOODODOO
0 00 Event Output Module 0D O OO 0O O OEvent
Mediator O O Filter Module 0000000000
doobooooooooobooboooooooaa
00O 0O0Event Consumer O O Event Input Module
goobooobodoobuooooooboooa
000000 Action ModuleOO OO OOOOO
aod

gooooooooobooboobooooooog
O0000D0D0O00OWhite BoxOODOOOOOO
oo ooooogoooog
godbooooobobboooboboooa
goobodooooooboboooosooogoa

R AR Event Registration
Event Notification EOM EventOutPutmodule

>  Module EFM
(@  an event object EIM

ES EventSupplier
SM Sensor Hodule EM EventMediator
AM Action Module EC

EventFilteringModule
EventInputModule

EventConsumer

O 7 Dragon0 000000 OOO0O

000000000000000000carp@[2]0
OO0JmiODODOOOCOODOOOOOOOOOOO
goooooobooboboboobooooboon
googoboobobboobooooboooboobbon
gooooooobooooobobgobooobon
gooooooobobobobobobobon
000000 DragonD0OOOO0OOOOODOOO
gooobooboooboobobooooobgl
oNODOOOOooooooooooooooooo
gooooepoboorc,00bb0OonoOoonooon
gooboboobooobooboon

Dragon Event Binding Ediitor [Info rmmmn\

| ORetoad Services | [ mreiatines | [ mset | | ORealTimeanasis |

AirConditioner

RFID-ag0

(14 Warger Hanager N
AT s senis )
Room-TV
AT:14
8110
%5
4124
R Room-Light
J
DWLDC!(SV!I "M55874454 -2
TokudaLab’

s gbogboooboooboobooboo

RTOT OT
240
RTOT [ECa|X
riority hig -
= EC2

OEvent Object A
o Q vent Ob ect
vent Ob

ect
Event Object d

Soft Real-Time Event Notification

Normal Event Notification

o gbooboobooboobobon

0 230


研究会Temp 
－23－


[ middleware || Topology [[ push | pull | canea push | called punt | canl back future pull

ECJ non-mediator VA
RMT non-mediator v v
Jini non-mediator IV IV recommend
Dragon N-mediators WhiteBox VA VA recruit
SOAP non-mediators v v
CORBA {non,1,2}-mediator(s) IV IV IV
MQ,JMS N-mediators WhiteBox VA VA VA
JECho N-mediators WhiteBox v v
JXTA N-mediators BlackBox \/ X \/ X \/ X
SIENA N-mediators BlackBox \/ X \/ X \/ X
Mobile Agent N-mediators Gray Box \/ X \/ X \/ X
v/O0OOODODO0Oo0OOo0OO,00000000x00000000
O 1 o0o0doooooogd
6 OJ0000O0oOonOono An object model for virtual network appliances.
000000000000 0000000000 In IFEE International Conference on Consumer
FElectronics (ICCE2000), June 2000.
nooooooodoooooooooooonn [8] W3C Note. Simple Object Access Protocol
D0000D000000000000000000 (SOAP) 1.1. hitp:/ /www.w3.org/TR/SOAP/.
O0000o00o00o0oooOooobooooOoooon [9] Object Management Group. Common object re-
O0000000000o0o0000oooooon quest broker architecture and specification, 1996.

00000 Dragon 00000 ODragon 00000 [10] R. Guerraoui P. Th. Eugster and J. Sventek. Dis-

tributed asynchronous collections: Abstractions

poooodoobonuooooobooodod for publish/subscribe interaction. In 14th Euro-
gooodoooooooooooogoooon pean Conference on Object Oriented Programming

[11] Sun Microsystems, Inc. Java Message Service
pooouooodbdodooiododooo Documentation Version 1.0.2b.
00000000000 000DODOOdOBlack- [12]

Sun Microsystems Inc. Jine Architecture Specifi-

BoxOOOOOOOOOOOOOOOOOOOOO cation. http://www.sun.com/jini/specs/.
0000000000000 0000 DragonO O [13] Sun Microsys-
OO0000000000000000 000000 tems, Inc. JXTA v1.0 Protocols Specification.

http://www .jxta.org/project/www/docs/ProtocolSpec.pdf.

[14] Stefan Tai and Isabelle Rouvellou. Strategies
for integrating messaging and distributed object

goooooooon

oggono transactions. In Middleware 2000 Proceedings, 4

[1] A. Carzaniga, D.S.Rosenblum, and A.L.Wolf. 2000.
Achieving expressiveness and scalability in an [15] 0000,000. JavaD0 00000000000
internet-scale event notification service. In Nine- 0000 ’D 000 ECI. 000000 00000
teenth ACM Symposium on Principles of Dis- O00000O0000000O0O0O0OD.Ooo0o0onon
tributed Computing (PODC2000), T 2000. 0, May 1999.

[2] Michael Fahrmair, Chris Salzmz.mn, and M.aun.ce. [16] Universal Plug and Play Forum. Universal Plug
Schoenmakers. Carp@ - Managing Dynamic Jini and Play (UPnP), 1999. http://www.upnp.org.

Systems. In Middleware 2000, April 2000. [17] Dong Zhou, Karsten Schwan, Greg Eisenhauer,

(3] IBM~ MQ Series Family. http://www- and Yuan Chen. JECho - Supporting Distributed
4.ibm.com/software/ts/mqseries/. Collaborative Applications with Java Fvent Chan-

[4] Masayuki Iwai, Jin Nakazawa, and Hideyuk- nels. College of Computing Georgia Institute of
i Tokuda. Dragon: Soft Real-Time Event Deliver- Technology, 2000.
ing Architecture for Networked Sensors and Ap- [18] DOOD,0000,000,0000.00000
pliances. In The 7th International Conference on 00000000000 oooDoooooonoon.
Real-Time Computing System and Application- 000000 0000000 ooooooooono
s(RTCSA2000), pp. 425-432, December 2000. 000000000, May 2000

[5] Masayuki Iwai, Jin Nakazawa, and Hideyuk- [19] 0D0O0,000,0000,0000,0000,00
i Tokuda. Flexible Distributed Event-Driven Pro- O00,0000. VNAOOOOOOOOOoOoOoo
gramming Framework for Networked Appliances 0.05900000000000, September 1999,
an'd S'ensors. In} Srd Internatz'olnal'Symposz'um’ on [200 0000,000,000,0000.0000000
Distributed Objects and Applications (DOA’01) 00000000000 0oO0O00. 0000, O
%zé){t Papers Proceedings, pp. 61-68, September 00000, September 1999.

[6] R. Meier. State of the art review of distributed (1] 000,000, 0000, 0000, VNADD O

. goooobooooo. bgoo.oooooag,
event models. In Technical report TCD-CS-00-
. T September 1999.

16, Dept. of Computer Science, Trinity College
Dublin, Ireland, 2000. D D UL L DU LD b post-andt [SBNA 320

[7] Jin Nakazawa, Tadashi Okoshi, Masahiro 02775-2. 0O 00. 00 1559. PP e

Mochizuki, Yoshito Tobe, and Hide Tokuda. Vna:

0 240


研究会Temp 
－24－




