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A Construction Methodology of Evolutional P2P Applications
by Using Symbiotic/Parasitic Agent Model

TADASHI I1JIMA,* SHINICHI HONIDENtttt and NORIHISA Dort

Recently a method to describe network software as a group of autonomous distributed
agents has attracted a great deal of attention. The method seems to be conformable to P2P
(Peer-to-Peer)-style applications with a like structure inherently. In this paper there is a dis-
cussion about an approach constructing evolutional P2P applications which can be adapted to
the change of surrounding environment by using a dynamic restructurable hierarchical agent
model, called Symbiotic/Parasitic Agent Model. We have investigate such an application
through the dynamic workflow management system. In addition this paper describes a multi-
layered construction methodology to analysis and design incorporated behavior of agents with
the idea of dynamic workflow manegament, conversely.
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Fig.1 C/S architecture and P2P architecture.
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Fig.3 The abstract architecture for parasitic agents.
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Fig.4 Parasitism in the abstract architecture.
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<class id = "x">
<role>
<agent role="ri1" >
<agent role="r4" />
</agent>
<agent role="r2" />
</role>
<main require="r1">
<assign id="A"> 1</assign>
<assign id="B"> 2 + 3 </assign>
<if>
<cond> B == 5 </cond>
<then>
<send-message>
<to> rl </to>
<act> act </act>
</send-message>
<wait-message from="r1"
act="reply" />
<println> 200 </println>
</then>
<else>
<print> "a" </print>
<while>
<cond> A &lt;= 4 </cond>
<do>
<println> A </println>
<assign id="A"> A + 1 </assign>
</do>
</while>
</else>
</if>
</main>

<message-handler
act="query"
content="valueOf (X)"
from="F"
task="reply(value0f (X))"
require="none">
<send-message> <to> F </to>
<act> reply </act>
<content> X </content>
</send-message>
</message-handler>

<event-handler event="el">
(@)
</event-handler>
Im
<message-filter to="rl.r4" act="...">
<send-message> <to> ril.r4 </to>
@
</send-message>
</message-filter>
</class>
06 DOPA-LOODOOODOOODODOOD xxmlOODOO
Fig.6 A piece of description (x.xml, a class of agent) in
DOPA-L.
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<agent id="a" class="x">
<parasite>
<agent id="al" role="r1" >
<agent id="a2" role="r4" />
</agent>
<agent id="a2" role="r2" />
</parasite>
<meta-var id="pc" val="20" />
<stack>
@
</stack>
<env>
<var id="A" type="int" val="1" />
<var id="B" type="int" val="2" />
</env>
</agent>

07 0D000DO0ODODODOOOO00O0axmlOO0O0O
Fig.7 A piece of serialized representation (a.xml) of a
live agent.
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Fig.8 Dynamic acquisition of partial workflow by

instantiation.
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Fig.10 Binding of a participant agent and a workflow
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<event-handler event="arrival">
<param id="p1"> Host-candidate </param>
<main>
<if>
<condition>Host-candidate=="h1"</condition>
<then>
<send-message>
<to> hil </to>
<act> request </act>
<content> go(act-role) </content>
</send-message>
<wait-message from="h1" />
</then>
</if>
</main>
<message-handler act="reject">
<raise event="fatal" />
</message-handler>
</event-handler>
011 0O0000O00O0OOOO00O0O0OO00OOOOO00O0O0OO
Fig.11 An example of dynamic acquisition of partial
process (event handler only).
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<event-handler event="absence">
<param id="p1"> Abs-role </param>
<main>
<send-message>
<to> planner </to>
<act> request </act>
<content>

<plan>
<goal> get-task(Abs-role) </goal>
<resource>without (Abs-role) </resource>
</plan>
</content>

</send-message>
<wait-message from="planner" />
</main>
<message-handler act="reply"
content="0ther-resource">
<set-role role="Abs-role">
Other-resource
</set-role>
</message-handler>
<message-handler act="reject">
<raise event="fatal" />
</message-handler>
</event-handler>

012 00000000000

Fig.12 An example of dynamic replanning.
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Fig. 13 Patterns of dynamic binding tactics for behavior.
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Table 3 Patterns of dynamic binding tactics for behavior.
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oboooobo 140
O0o0O0(-)oo0oooooooooooooo
00o0oo0oooUoUoooo(22)0ooooooo
gooooooooooboobooboooooooboo
000o0ooooooooo3)uouooooooo
goboobooooooobooboobOobooooobooboo
gobooobooooooooboboboobooooobo

gobooooboooobooboooooooooooon

(2-2)0 (2-3)0 20000000000000000
00000000 2000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000 1000000000000000000
0000000000000000000

goooooobooboooobooobooooo

gooboooooobooboooboobobooooooboon
oooooo

53 00/000000D00OO

uobooooboooboooooooboobooooooo
gboooboboooooobobooooooooboooDo
gboooooooboooobOooOoboobooooo
gooooooocooobooboooooooooon
gobooooooooooboboooooooon
goooboboooooooooboooooooboboo
gboooooooobooooobooobooooboboobo
goooboooooooooobooooobooon
gobobooobodooooboboobooooooon
gooobooboooooooooobobooobooo
gbooobooooobooboboooooboooon
boooooooobooooooooboooooo
obooooooooOoooboooooOoOoCOoOoooo
gooooooooo

gooooboooooboooboooooooooo
goooobooooooooboboooooDoobo
goooobooooooooooooo

00/000000000000000000 P2PO00OODOOOOOOO 1577

(1D 000000MO00000000000
(20 00000@O000000000000000
(30 0000MO000000000000000
000000000000000000000000
000000000000000000000000
0 (1)0 (2)00000000000000,/0000
000000000000000 300000000
000000000000000000000000
000000000 (2)0000000000
00000D0D000/0000000000000
0000000000000 00000000000
00000/000000000 P2PO0OOOO0O
oooooooooo

6. O g

200000000000000000DODOOD
00/00000000000000000000O
goooooooo1boo0ooooooobooboboo
DOPA-LOOOOOOOODOOOOODOOOOO
goboobodoooooooooooooboooooo
gboooooobooooooobooobooooooon

goooo11-1jooboobooooobooooobooo
gooboooooooooooooooooooboon
gooOooobooboooooboobooooboooboooo
ooooboooooobooooboooooobooboo
goooooooboobbobooboobboooooo
goooooooooooobooooboooobooooo
gooooboooooboooobooobooobobog
gboooodooobobooooooooooood
goooooooocooboboooooocobooooo
goboooobooboooboobooooooooo
gboocoooooooboooboOoouobooooo
ooooboooooooooooboooobooooo
goobooboooooboooooooobooooo
gooooooobo p2p0bDDO00OOOO0ODOO
goo0oooooooooos00o0oooooooo
gooooooobo p2pO000O0O0oOoOODOO
goobooboooooooooooboooooon
goooooboooooooooooooooooo
ood
gboooooooooobooboboobooooo
gbobooooooooooooooooooooboo
goooboboooooooooooooobooobooon
oo 2000000 1-200000000000000
ooo0oo0/o00oooooooooooooo
goobooooooooooooooooooobon



1578 goooooooo

gobooboobooooboooooooobooboooooo
gobooooooboobobooooooobooooooao
gbooboooooooobooocoooooboboooo
goooocooooooooobooooooobooooboo
gooooooooooooooooobooooon
goooboooooobooooooobooboDbOoDb
gooboooooooooobooboobooooooo
ocoooOobooooo0oooboooo4000000
gooboobodooooboooooooooooooo
goooboooooooooooooobooaoo
goooooooooooooooooooooooo
goooooOoobooooboooooooooboo
goobooooooooboobooooooooooo
gooooooobooooboooooboooooooo
goooooboobooobobooboobooooooboooDo
goooobooooooobooooboboooobon
goboooooooooboooboooobobooo
goboooooobooooooooooobooooo
gbooooooooooooooooooooon
gboooboooooooboooooo
ug3tbodo2-1goboooooooooooon
gooosi1bo0booooooooooooooaoon
ooooooobooooboooooooobobobooo
oooboooooobooooooobooooooo
gbooooboooobooooooooboooboo
gboooboooos20b0obObObOb00ObDO0OO0n
0000ooooooooooooooooooo (o
oo0-)ooOooOoooOoooooooooooo
gobooooooboobooooobooooboooboog
gooocoboooooboooooooobooooon
ubooboooooboooboooooo
0400002-2000000 I/)FOO0OOOOOO
OoACIDODO000000O0ODODOOOoOoooooO
goooooooooooooboobooooooboon
OO0 APIO0OOOOOOOOACLOOODOOOOO
goobooooooooooobooooooooo
00ooooos3s5000000000000 DOPA-
Looooooooboboooooooboooooboooboo
O APIODDOOOOOOOOOOOOODBOOOOO
goooooooboooboobooocooooboobooon
oobooobooobboooooobooooboooo
000s510000000000 33)poOooooo
goboobOooooooooboobocooboooboobooo
gooboobDOob00wreappingd00O0O0000OO0OO
oo@ooo-)ooooOoooooooooood
gooobooOoooooooooooooboobon

June 2002

oooooon
050000 231000000000000000
000000000000000000000000
000000000000000000000000
00D0000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000 42200000000000000
000000000000000000DOPA-LO
000000000000000000000000
000000000000000000000000
0000000000000
00000000000000000000000
000000000000 1-10000000000
0000000000000000000 20000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000000000/000000
0000000000000
00OP2POODOO0OOO0OOOOOOOOOO
0000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000 SSLO
00000 XMLOOOO W3CO IETFOO0O000
000 DOMHASH®OOODOOOO XMLDSIG '
000000000000000000000000
000000000000000000000000
0000000000000

7. 0000

0000000000000 000D0000000
000o00000000O0ooOo@)oooood
000000000 000000000000000
000000000000000000000000
00000000 000()000000nogoong
0000000000 000000Oo
000000D0000000000 WEMQ Work-
flow Management Coalition00 00000000
oWoooooowiMCOOOO0D00O0000000
0000000000000 00000000000n



Vol. 43 No. 6

gpooocoOoboobOoooboOobboooDo
goodooooooOoobOoboOooooobooDo
gooooOoO0OOoo0obOUoDbDoOooOoooogoo
gooooooooooOOobODoOOoO0oOoooOogo
joo0opooooooOooOOooOOoOooobooooooo
00 16)0000000000000000000
Joo0oo0ooooOoooO0ooooooooog
gooobooboooooooooboooooobooboo
oobooooobO0ooobooOoOoOooooboooboooon
oooog
000000000000 WorkWeb System 'O
INA/LIlg)DDDDDDDDDDDDDDDDDD
Jo0b00o0obOoo0obOOoooooocOoooooooo
Jgoooodooooooobooooooooooo
goodoobdoooobooooogoooggoog
000000000000 oooooooooooo
0000000oooooooooooooooDooon
oboooboooooOoooooo
goooooooooooooooboooooobo
gooooOoooobOobooOoobobooooDbOooo
gooooooobooooooboobooooooooo
ooooooooooocboodoooooobooooo
godbooooooooooooobooooo
00o000OO0oOoDoOOoOooOooo TSEDTRP
O Technology Reinvestment Project 0 Support Envi-
ronment(” O OTRPOO000000000000O
000D00000oooopooooooooooog
gooooooooooboobooboOobboobooDbOoo
00000000 authoritation agent[(D 0 000 O
00000 actor agentMO OO0 DOOOOOO personal
agentU0 0 OO0 0O0O00OOCOOOOCDOOODOOOO
AADO0O0OOOCOO0OOOOUOOUOOOOoOOOOo
0o0o00ObO00oooooDoOOoOoooooooboOog
dooooooboooOooboooooboobooDo
JooooooooOooO0opDOooOoooooooog
0000000ooopooooooooooooooog
0o0ooooooooooo yooooooooo
00oooooo TACLO TRP Agent Communica-
tion Language00 00000 DO0OO0DODOOOOOO
goooO0oO0oO0o0ooOoooooooooooooo
00 20) 00 O AWADO Agent-based Workflow ar-
chitecture 00 OO0 O0O000O0O0O0OO0OCOOOCOO
gooobooo0oooOoooboboboooOooDbooo
goooodooooooooOooooobooogog
000000ooooooooOoogdooonooDo
O0DAWAOOO 21)000000000000O0OO

00/000000000000000000 P2PO00OODOOOOOOO 1579

0000000oo0oooooooooooooooo
HPOOOOOOOUOOOOUOOO E-Commerce Au-
tomationI#??* 0 O O Dynamic Agent 0 0000
0000000 0oooooooooooooooog
000o0oooooooooDoDOooOoooooooo
00000000 ACLO00OOoOoooooxXMLOO
000000000oo0oooooooooooogg
00000000000 000000 Dynamic Agent
goodoooooooooooooooooooog
gdoooooooooooooooooDooo
O00o00ooodopooUoUooooooooog
oooo0oooDoDO0oUoUooUoooooooOoOgo
O0000ooDoooooooooooooooog
O0d00o0o0oDooOoooooooOoooooooo
00000000 cOSMO Common Open Service
Market OO OO0 00000000000 OOO0O
0000000025 0000000000000
goodpoooooooOoooooooooooo
goooOooo0ooooooooooUooooooo
O0000000O00OooO0O0ooOoO CORBAO
0o00o0o0o0oooDOo0ooUoooooooooDooo
00000 ooooooogooooooMoMOO
CORBAODOODDOOOOOUODOODOOOOODDOOD
O0O00D00O0D0DOO TCCH Task Control and Coor-
dination Service0O O O 290 ANAISoftd Advanced
Network and Agent Infrastructure for the Support
Of Federations of Workflow Trading SystemO0O O
0000 000000000000000000
goooooooooOoOooOoOoooooooood
O 0 O 0O ECAO Event-Condition-Actiond0 O 0O O
o0o0ooUooooOooDOooUoooooUooooo
oo0oooooo0oDpDOoOoOooUoooooooooo
ooooo?®o Magi] Micro-Apache-Generic Inter-
faceBagent 2 0 OWeb O OO 000 O Workflow O
J0doo0oooooooooooooo
0000 30)00000000000o0oooa
000000000000 0O0000o0ooooooo
O0O0O00DoOoOoOoO ADEPTO Advanced Decision
Environment for Process Task(3V*2 000000
00000000 U0oooOoooooooooooo
o0ooooooooopoooooDOoooooooo
0300000000 o0000
O000o0o0oo00oooooooooooooon
00/000000000oUoUoooooooo
00000000 0ogooooooooooooa
0000000000000 0000oooooog



1580 goooooooo

gooobooboooooooooocoboooboooon
goooooboobooobooooooobooocooooo
goooooooooobooooooooboooboboo
000 p2PpO0O0O0O0OOODOOCOODOODOOOO
oood

8. 040004

oooo0ooc/soooooobooo p2PODOO
gobooobooboooooooboobooboooobooon
gboobodooooobooooooboooboooooa
goodobodoooobooouooooooboooooo
0000 ¢/stu00o pPOOdO0OOOOOOO
oooooooboooboooooooooboboobooo
goooooooooooooboooooooooo
goboooooooobooooooooooboooo
goobobooooooooobooooobooobobon
goooOo1o0oobooboboooooobobobo
gbbooooooooobooboooooooooo
gbooooobooooobooooooooooo
ooooooo p2PpO0O0OOCOOOOOOOOOOO
gooboooooooooooboooooooooo
booobooooooboooobooobooooon
gooooooooooooooocbobooooon
goooooooooooboboooooOoboooo
goooO40000000000000

g o o0 o

1) D0oO0oUooooooooooooooooo
000 (1999).

2) Oram, A. (Ed.): Peer-to-Peer Harnessing the
Power of Disruptive Technologies, O’Reilly
(2001).

3) O'Reilly Research: 2001 P2P Networking
Overview—the Emergent P2P Platform of
Presence, Identity and Edge Resources, O’Reilly
(2001).

4) DOoUoUOopP2PO0O0OCOOOOOOOOO
000000 Vol.16, No.6, pp.834-840 (2001).

5) 00 0000000000000 000OOOO0O
goooobbgooobobobobbooobooo
Vol.16, No.6, pp.762-767 (2001).

6) Putman, J.R.: Open Distribution Software Ar-
chitecture Using RM-ODP, Prentice Hall PTR
(2000).

7) Napster, http://www.napster.com/index.html

8) Gnutella, http://www.jnutella.org/

9) http://www.trl.ibm.com/projects/xml/
domhash.htm

10) http://www.trl.ibm.com/projects/xml/

June 2002

xmldsig.htm

11) WEMC (The Workflow Management Coalition)
000000 O http://www.alim.org/wfmc/

12) http://www.jxta.org/

13) Leymann, F.. Web Services Flow Lan-
guage (WSFL 1.0), IBM (2001). http://www-
4.ibm.com/software/solutions/webservices/
pdf/WSFL.pdf

14) The DAML Services Coalition: DAML-S:
Semantic Markup For Web Services (2001).
http://www.daml.org/services/daml-s/2001/
10/daml-s.pdf

15) http://www.fipa.org/

16) OOoU00UO0OoO0ooOooOoooOoooooo
Jooooooboooooooboooboobo
000000000000 Vol.39, No.7 (1998).

17) 0000000000000 0oooooooo
goobooooooooooooooooooo
Vol.39, No.7 (1998).

18) Ishiguro, Y., Tarumi, H., Asakura, T., Kida,
K., Kusui, D. and Yoshifu, K.: Office Work
Support with Software Agents, NEC Res. and
Develop., Vol.38, No.2 (1997).

19) Chang, J.W. and Scott, C.T.: Agent-based
Workflow: TRP Support Environment (TSE),
Proc. 5th International World Wide Web Con-
ference (1996).

20) Hawryszkiewycz, 1. and Debenham, J.K.: A
Workflow System Based on Agents, Database
and FExpert Systems Applications, 9th Inter-
national Conf., DEXA ’98, Quirchmayr, G.,
Schweighofer, E. and Bench-Capon, T.J.M.
(Eds.), pp.135-144 (1998), and also LNCS-
1460, Springer (1998).

21) Stormer, H.: A flexible Agent-Workflow Sys-
tem, Workshop on Agent-Based Approaches to
B2B at the 5th International Conference on
Autonomous Agents (AGENTS 2001) (2001).

22) Chen, Q., Hsu, M., Dayal, U. and Griss, M.:
Multi-Agent Cooperation, Dynamic Workflow
and XML for E-Commerce Automation, Proc.
4th International Conference on Autonomous
Agents (2000).

23) Chen, Q., Dayal, U., Hsu, M. and Griss,
M.: Dynamic Agents, Workflow and XML for
E-Commerce Automation, Proc. 1st Interna-
tional Conference on E-Commerce and Web-
Technology (2000).

24) Merz, M., Liberman, B. and Lamersdorf, W.:
Using Mobile Agents to Support Interorganiza-
tional Workflow-Management, Proc. Int. Jour-
nal on Applied Artificial Intelligence, Vol.11,
No.6, pp.551-572 (1997).

25) Foster, S.S., Nebesh, B.A., Moore, D. and



Vol. 43 No. 6

Flester, M.J.: Performance Tuning Mobile
Agent Workflow Applications, Proc. Technol-
ogy of Object-Oriented Languages and Systems
(TOOLS) (1999).

26) Shrivastava, S., Bellissard, L., Feliot, D.,
Herrmann, M., De Palma, N. and Wheater, S.:
A Workflow and Agent based Platform for Ser-
vice Provisioning, Control and Coordination of
Complex Distributed Services ESPRIT Long
Term Research Project, TR-32 (2000).

27) Hulaas, J., Stormer, H. and Schonhoff, M.:
ANATISoft: An Agent-based Architecture for
Distributed Market-based Workflow Manage-
ment, Proc. Software Agents and Workflows
for Systems Interoperability workshop of the 6th
International Conference on CSCW (2001).

28) Joeris, G.: Decentralized and Flexible Work-
flow Enactment Based On Task Coordination
Agents, Proc. 2nd Int’l. Bi-Conference Work-
shop on Agent-Oriented Information Systems
(AOIS-2000 and CAiSE*00), pp.41-62 (2000).

29) Bolcer, G.: Magi: An Architecture for Mo-
bile and Disconnected Workflow, IEEE Inter-
net Computing (May/June, 2000).

30) Yu, L. and Schmid, B.F.: A Conceptual
Framework for Agent Oriented and Role Based
Workflow Modelling, CaiSE WorkshoControl
and Coordination of Complex Distributed Ser-
vices ESPRIT Long Term Research Project on
Agent Oriented Information Systems (1999).

31) Jennings, N.R., Faratin, P., Norman, T.J.,
O’Brien, P. and Odgers, B.: Autonomous
Agents for Business Process Management,
Int. Journal of Applied Artificial Intelligence,
Vol.14, No.2, pp.145-189 (2000).

32) Jennings, N.R., Norman, T.J., Faratin, P.,
O’Brien, P. and Odgers, B.: Implementing a
Business Process Management System using
ADEPT: A Real-World Case Study, Vol.14,
No.5, pp.421-463 (2000).

33) EURESCOM Project P815: The Application
of Agent Technology to Workflow Management
in Telecommunications (2001).

34) Kaldoudi, E., Zikos, M., Leisch, E. and
Orphanoudakis, S.C.: Agent-Based Workflow
Processing for Functional Integration and Pro-
cess Re-engineering in the Health Care Do-

00/000000000000000000 P2PO00OODOOOOOOO 1581

main, Proc. EuroPACS’97 (1997).
(OO 130100 9000)
(00 140 30 14000)

oo oooooa
19910000000000000
gooooboooooobonooo
ooooooooooooooon
. goooooooobooboboboDbDOoO
goboooooooobooobooo
oomooooboODOOomOooboO19990000

gooooooooo

19530001976 0O 0ODOOODO
oboobDooooooo19rv8sgn
gooooooooooooooon
oooO0ooooooooooo2o000
oooooooooboboooo2001
doooooooooooooobObObObOOOoooo
gobooboooooomobobobooooooboao
gooooocooooobObOOoboobOD198e00000
ooooooooODOO00O0D0O00000000IEEED
ACMOODOOOCOODOO

Oo0 Oooooooo

1969 000000000000
0o0b0O0o0ooOoooooooaooo
oo0o0O0o0ooOoooboooooo
goooooobooboooboooo
oo0pDO0ooo0 4000000000
goobooboobooboboobbooboboo
go0o00o0o00o0o0o0ooobbobooooooobbo
goodobooooooooboobouoobobooobooo
gO0oDo0Oo0obOoOooobobooobobooooo
oooIIsMSOOoOooooooooooooooooo
gooIToOoOOoO0OooOoDOooooobOoooOooon
J0000do0o0oo00ooOooIPAOOOOOO
goooooooooooogJsTooooooan
000000OACM O00O0O0OOObject Management
Group Japan-SIGO OO0




