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Abstract. A nextgenerationdistributedsystemis expectedo beflexible

in the sense that the system is able to deal vatlous changes of both the
users’requirement@andthe operationalconditions of system’senvironment.
The aim of our research is to establish a new desigthodology of the
flexible distributedsystemshasecdon agent-basedomputingtechnology.To
do so, we propose an agent-based distributed ir€ftban processing system
(ADIPS) as a design model of flexible distributgstems. Furthermore, we
have developed an agent-based computing framewaltkdcADIPS Frame-
work which supports the design and implementatiéflexible distributed
systems. In this paper, we discuss the architeauncefunctions of ADIPS
Framework together with the applications realizgdusing ADIPS frame-
work.

1 Introduction

Thenext generatiordistributedsystemshaveto providevarious servicesfor the users
living in the networkedinformation spacegealizedon the large-scaledistributedsys-
tems.In the real world, the distributedsystemsconfrontwith variousperturbationsof
their functionswhich are causecdby the changesof both the users'requirementsand
operationalconditionsof the system’senvironment.As aresult, the quality of service
of sucha distributedsystemis changednddegradedlongwith the perturbation®f the
systems.

Recently the studiesaiming this problemhave beestartedn the fields suchasthe
advancednformation networks®”°1% andthe distributed mullet-media application
systemd!®141% |n orderto providethe user-orientedntelligent andstableservicedor
users,a distributedsystemshouldhavea mechanisnto maintainthe quality of service
againstvarious changesobservedn the system’soperationalenvironment.With this
mechanisma distributedsystemhasa capabilityto dealwith thefluctuatingoperation-
al environmentandwe call sucha distributedsysemaflexible distributedsystem.
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The essentiafunctionsof flexible distributedsystemaredefinedfrom a view point of
changeof boththe users'requirementsandthe operationalconditionsof the systems'
environment.In order to designandimplementa flexible distributedsystemwith new
functions, we adopt the agent-basedomputing technologyas one of the promising
technologies.Although many kinds of architectureand mechanismsof agent-based
systemdhave beemproposedindimplementedthe effective methodologyandtools have
not beenprovidedfor designeranddeveloper®sf agent-basedystems. Hencewe have
proposedand implementedan agent-basedomputing framework for developingthe
agent-baseflexible distributedsystems.

In section2, we proposea notion of aflexible distributedsystem(FDS), anddiscuss
the essentialfunctions of FDS. In section3, an agent-basedistributedinformation
processingystem(ADIPS) is introducedas a designmodel of FDS. Then,the ADIPS
frameworkis proposedsa new frameworkto designandimplementatiorof the agent-
basedlexible distributedsystemsbasedon the ADIPS model. Next, in section4, we
explainthe severalapplicationsof FDS to showthe ability of the ADIPS Framework.
Finally, we concludeour work andfuture problemsin section5.

2 Flexible Distributed System

2.1 Notion of Flexible Distributed System

A distributedsystemconsistsof variousdistributedcomputersystemsandtheinforma-
tion networkswhich arecalleda platform of the distributedsystem.According to the
requestsgiven by users,the servicesof the distributedsystemare realizedby using
functionsof the platform andprovidedfor users.From theview point of the configura-
tion of the servicesof distributedsystems,thefollowing changesan be consideredat
theruntime of the system.

« variation of the requiredservices: many kinds of serviceshaveto be realizedin
accordancevith varioususer'srequestsn which the quality of the requiredserviceqthe
requiredQoS)arespecified.

« changeof the quality of service(QoS)of a platform: dueto the growth of the
communicatiortraffic or the computationaload of the platform, the QoS providedfor
usersaredegradedsthe computationatesourcesf the platformaredecreass:

« changeof theusers'requirements: dueto changeof both therequiredservicesand
the provided QoS of the platform, the users'requirementscan easily be shifted to
anotherone.

A notion of flexibility is expressedhs a system'scapability to deal with these
changesj.e., theflexibility of adistributedsystemis that the systemcan modify its
structureandfunctionsagainstvariouschange®f the system’soperationaknvironment
observedit therun time ©!. To do so, a distributedsystemhasto havethe following
functionalcharacteristics.

e Usar-oriented  a FDS acceptsa user's requestat any time andtries to realizethe
serviceswhich maximally satisfythe requesfrom aview pointsof the user.
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* Homeostatic: a FDS canmaodify its structureandfunctionstemporallyto maintain
the required QoS againstvarious temporal changesobservedat the run time in the
system’soperationaknvironment.

« Evolutional: aFDS canchangsts structureandfunctionspermanentiyto adaptthe
permanenbr drasticchangesof both the users’requirementsandthe system’sopera-
tional environment.

A distributedsystemin which the abovethreecharacteristichavebeenreflectedhar-
monically, is calleda Flexible DistributedSystem(FDS).

2.2 Essential Functions of Flexible Distributed System

A distributedsystem,in generalconsistsof variousfunctionalcomponents located
on aplatform. Accordingto the notion of FDS, thefollowing threemethodswvould be
requiredto makea distributedsystemflexible in the petturbedsystemsenviranment.

(M1) Tuning: Eachcomponenbf a distributedsystemhasthe operationalparame-
tersto changéts functionalcharacteristicandbehavior.To dealwith aslight changeof
the systemenvironmenbf the distributedsystem,a suitablecomponents selectedind
the operationaparametersf the componentaremodified.

(M2) ReplacementWhena function of a distributedsystemhasto bealteredto deal
with thechangesn the systemenvironment,a componentwhich realizesthe function
is identifiedandreplacedvith a newcomponent.

(M3) ReorganizationTo deal with a drasticchangeof the systemenvironment,a
subsystenof adistributedsystemis redesigne@ndreorganizednto a new subsystem
which fits thewhole systemto the alteredenvironment.

In the designof a FDS, we assumehat the FDS consistsof a distributedsystem
(DS), a componentrepository (CR) which holds and manageghe componentgo be
usedin the DS, andthe following five kindsof thefunctions.

(F1) Request Acquisition Function (RAF) receivesandanalyseshe user'srequest$o
detectthe change®f the user'srequirements.

(F2) Platform Sensor Function (PSF) monitorsthe operationalcondition of a plat-
form andsendghereportsto otherfunctions.

(F3) Parameter Tuning Function (PTF) is afunction basedn the methodV1. Re-
ceivingthe reportson the changesrom RAF andPSF, PTF makesa plan to find a
componenbdbf DS tobetuned,andmodify the parametersf the selecteccomponent.

(F4) Component Replacement Function (CRF) is a function basedon the method
M2. According to thereportsfrom RAF andPSF, CRF makesaplan to exchangea
componentof DS with anewcomponenselectedy CR.

(F5) DS Reconstruction Function (DRF) is afunctionto dealwith adrastic chang
of the systemenvironmentbasedn the methodM3. As sameasCRF, receivingthe
reportsfrom RAF andPSF,DRF determinesa subsystento be redesignedandthen
DRF makesa planto build a newsubsystemAccordingto theplan, DRF selectghe
componentsrom CR, combinegheminto a newsubsystemandreorganizehe whole
system.
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To realizethesefunctions,it is conveniento treatthe functionalcomponent®f the
distributedsystemsas high level modules which can be combinedeach other and
organizedas the subsystem®f the FDS. Hence,the functional componentswill be
transformedo the intelligent agentsusing knowledgeof respectivecomponents. In
the nextsection,we proposeanagent-basedomputingframeworkto supportthe design
andimplemenétion of variousagentf the FDS.

3  Agent-based Computing Framework for FDS

3.1 ADIPS Model

As explainedn previoussection,thefunctionalcomponent®f a distributedsystemare
formalizedand realizedas the agentswhich work cooperativelyto realizethe users’
requirementsbasedon knowledgeof both the structureand functions (services) of
respectiveagents.However, it makesa designtask of the distributedsystemdifficult
that the systemconsistsof manykinds of the functional componentsvhich thedesign-
ers haveto realizeby the new designof componentsor the reusedesignof existing
componentsasedon the users’'requirementslt is also difficult for the designersto
developvarious agentsandagents’organizationfrom scratchwithout effective design
tools. Hence, we proposea design model of an agent-based dstributed information
processing system (ADIPS) anda designsupportenvironmentcalled ADIPS Frame
work 1345,

Thefeaturesof the ADIPS modelcanbe summarizedsfollows;

(1) Agentification of components: the functionalcomponent®f distributedsystems
havebeendesignedandimplementecdas the computationalprocessesun on the plat-
forms of distributedsystems Acquiring knowledgeregardingthe designof a computa-
tional processalledbase process in this paper the functionsto manageandcontrolthe
baseprocessas an agentaredefinedandcombinedwith the baseprocess.This kind of
agentis calledprimitive agent in the ADIPS model, andthe operationsto define the
primitive agentis called agentification of baseprocess.The ADIPS agentarchitecture
providesanagentificationrmechanisnfor desigiers.

(2) Requirements-driven design:  accordingto the users’requirementsthe primi-
tive agentscan be combinedeach other to make an organizationof agents which
providesthe requestedervicesfor users.In an organizationof agents,thereexistsan
agentwhichis responsibléo manageandcontrolanorganizatiorandits membersThis
kind of agentis called organizationd agent in the ADIPS model. The hierarchical
constructionof servicescan easily be designedby defining an organizationalagent
which holds severalorganizationabgentsasits members Hence,the designof distrib-
utedsystemis reformedinto the designof the agentsandthe organizationof agents
basedn the users’requirements.

(3) Reuse of assets: it may beuseful to provide the existing setsof both organiza-
tional agentsand primitive agentsfor designersin advancepecausehe designerscan
selectsuitableagentswhich havethe requiredservicesand functions, andalso reuse
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these agent® constructhetargetdistributedsystem.Thereuse-basedesignis oneof
effectivemethoddo developthe distributedsystemsn an efficientandsystematiavay.
Using agentificationoperation,the existing useful baseprocessesanbe definedas the
primitive agents.The organizationabgentscan alsobe memorizedasthe designcases
of services/functionsf distributedsystems Accumulatingandreusingthe assetdased
on the ADIPS model,the reuse-basedesignof distributedcanbe promoted.

Underthe ADIPS model,an ADIPS is designedas an organizationof agentswhich
consistsof both the primitive agentsandthe organizationahgentsThe organizatiorof
agentscan work as an intelligent software robot to provide the requiredservicesfor
usersMoreover,an ADIPS cancooperatavith the otherADIPSsandorganizea group
of ADIPSsto deal with the complextasks.Suchan organizationof ADIPSs can be
consideredsa societyof intelligent softwarerobots.

3.2 ADIPS Agent Architecture

An ADIPS agentarchitecturedepictedn Fig.1 is introducedto designandimplement
the primitive agents and the organizational agents. An agentification mechanism
consistsof threefunctionalmodules,i.e., 1) Cooperaion Mechanism (CM), 2) Task

Processing Mechanism (TPM), and3) Domain Knowledge base (DK).

Dk )

agentification mechanism

base process /
organization of age

Fig. 1. ADIPS AgentArchitecture

TheCM providesthe communicationfunctions not only to exchangenformation
betweenagentsbut also to construct/reconstructthe organizationof agents.The CM
usestwo kinds of communicationprotocols,i.e., ADIPS organization/reorgani zetion
protocol (AORP) and ADIPS communiceation/cooperation protocol (ACCP). The
detailsof theseprotoml areexplainedn nextsection.

TheTPM is responsibléo executeandcontrol atask assignedo an agentbasedon
theintra-agencommunicatioramongthe CM andDK. A TPM of aprimitive agentis
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responsibléo managedhe taskexecutiondoneby its baseprocessin anorganizational
agent, aTPM is responsibléo manageandcontrolthe executionof subtasksassigned
to the memberf its organization.

The DK holds knowledgeand knowledgeprocessingmechanismsto control total
behaviorof anagent.As shownin Fig.2, amessaganalyzetreceivesandclassifieshe
messagef bothCM andTPM, andselectsa suitablemessagerocessoto deal with
this messageA messagerocessolis a knowledgeprocessingmechanismwhich has
know edgeto processataskspedfied by the receivednessages.

Message - m
Analyzer Processor

DK

Agent Script )’
(Knowledge)

Fig. 2.  Structureof DK of ADIPSagent

To realizethe essentiafunctions of flexible distributedsystemsyarious knowledge
suchasthefunctionalspecification®f baseprocesseghe heuristicto controlthe base
processesndthe organizationof agents,the strategieso cooperatavith otheragents
andso on, haveto be acquiredandrepresenteds the agentscriptsby using ADIPS/L
scripting language.  Moreover,manykinds of knowledgeprocessingnechanismscan
be definedandutilized as the messagerocessorso makean agentmore intelligent.
Dependuponthe capabilitiesof the DK, the designersandevelopvariousagentsfrom
deliberativetypeto reactivetype.

3.3 ADIPS Framework

The ADIPS Frameworkis an agent-basedomputingenvironmentto implementand
executethe ADIPSs basedon various users’ requirements.The ADIPS framework
consistsof threesubsystemsas shownin Fig.3, i.e., 1) ADIPS Workspace (AWS)
which is an agents’operationalenvironment,2) ADIPS Repository (ARS)whichis a
storagewith the functionsto manageand utilize the reusableagents,and3) ADIPS
Design Support (ASP) which providesthe facilities for designersto develop various
agentshasedn ADIPS model.
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Fig. 3. ADIPS Framework

From a view point of implementationof the ADIPS Framework, the agentsare
classifiedto two typesof agentsj.e., classagentandinstanceagent.An agentstoredin
the ARS is calleda class agent whichis designedasa primitive/organizationadgentand
managedas a reusablecomponenbf ADIPS in thefunctional classhierarchies On the
otherhand,anagentrun on the AWSis calledan instance agent which is generateésan
instanceof a classagentin the ARS to realizeanexecutableomponentf ADIPS.

An AWS is allocatedas an agents’operationalenvironmenton a distributedplat-
form. According to the structureandfunctionsof an ADIPS to be designeda lot of
AWSs canbeinstalledon manyplatforms.

According to the users’requirementsthe instanceagentsof an ADIPS are created
from the classagentsin the ARS by usingthe ADIPS organization/reorganization
protocol(AORP). For instancea usercansenda messagéor requiringa newserviceto
aninstanceagentsuchassecretanagent.Then,the secretanagentsendsa messagéor
generatingthe requestedserviceto an ARS run on the other distributed platform.
Respondingo themessagethe ARS createsthe suitableinstanceagentson the desig-
natedAWS. Activating the instanceagents,the requestedserviceis providedfor the
user.Dueto therequestof theinstanceagentsor the users,the AWS canalso remove
the uselessnstanceagentusingthe AORP.

Theinstanceagentsun on the AWSs cancommunicatevith eachotherby usingthe
ADIPS communication/cooperatioprotocol (ACCP) which has a set of the cus-
tomizedperformativeof the agentcommunicatiorprotocolof KQML.
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The ARS andthe AWS work togethercooperativelybasedon the AORP. As ex-
plainedabove,the AWS sendsa messagef requestinga serviceto the ARS. In the
ARS, the receivednessages sentto the classagentsto constructan organizationof
agentswhich canprovide the requestedervice. Althoughthis processs basically the
sameof atask-announcement-biddipgocesf the contract netprotocol,the AORP is
definedas a uniqueinter-agenttcommunicatiorprotocolfor construction/reconstruction
of ADIPS’s agents.For instanceit is different from the original contractnet protocol
to await the awardinguntil the all membersof organizationhavebeenfixed. In the
ADIPS Frameworkthe constructiorof anorganizatiorof agentss regardedisa design
task of the requiredservice of the ADIPS, andthe ARS is responsiblenot only to
determine a total organizationof agentswhich can provide the requiredservice for
usersput alsoto generatehe instanceagentf the designedrganizatiorin the AWS.
Moreover, it is requiredto reconfigurethe ADIPSsto maintainthe requiredservices
againstvariouschange®f both the users’requirenentsandthe systemenvironmentas
explainedn section2. In sucha case,the ARS andthe AWS work cooperativelyto
reconstructhe organizatiorof instanceagentdasedn the AORP. For examplewhen
anorganizationabgentin the AWSdetectgheirreguar situationsandissuesa message
to replacesomeof memberf its organizationthis messagés sentto the ARS. In the
ARS, severalclassagentsare selectecandinstantiatedagainto reconstructthe corre-
spondingorganizatiorof agentdasedn the AORP.

AORP performatives
t ask- announcenent informa task to be done
bi d response to task-announcenent
award al l ocate a task
di rect ed- awar d allocate a task directly
report send result to a nanager agent
initialize setup instance agents
rel ease renove usel ess instance agents
di ssol ution report renove-operation

ACCP performatives
ask send a question
tell send an answer to a question
request-information require information
i nformation response to request-information
request send a request
accept ance accept a request
r ef usal refuse a request
direction require an action of agent

Fig. 4. Exampleof Performativesusedn AORPandACCP
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As explainedabove the AORP takesthe mostimportantrole to realizethe essential
functionsof flexible distributedsystemssuch asthe componentreplacemenfunction
andthe DS reconstructiorfunctionexplainedn section2. An exampleof performatives
of the AORP andthe ACCP is shownin Fig.4.

The ASP is responsibleo help various activitiesof ADIPS designers At present,
the ASP providesthe designsupportfacilities to specify the classagentsin the ARS
andmonitor the behaviorof instanceagentsn the AWS. To supporithe designof class
agentsan ARS-browser supportghe designerso retrieve inspectandmodify the agent
scriptsbasedon ADIPS/L. Sinceit is difficult to specifyknowledgeof an new class
agent,the standardiescriptionformatsof agentscripts calledknowledge templ ates, are
definedandprovidedfor designersOn the otherhand,to supportthe on-line debugging
of behaviorandknowledgeof agentsan ADIPS-agent-monitor is designeandimple-
mentedo visualizethereal time behaviorof boththe classagentsn the ARS andthe
instanceagentsn the AWS.

For severalyears,the prototypesof the ADIPS Frameworkhave beendesignedand
implementedy usingdifferent kinds of programminganguagesThefirst generation
prototypeswas designedn Smalltalk environment,andthe secondgenerationproto-
typeswas implementedy using C++ andTcl/Tk programminglanguagesThe third
generatiorprototypeis now implementedn Javaenvironment.The AWS, ARS and
ASP arerealizedon the distributedplatforms such as UNIX workstationsand Win-
dows-basegpersonatomputerswith the TCP/IP-basedietworkenvironment.

4 FDS Application Experience

Severabpplicationgof flexible distributedsystemshave beemesignedaindimplemented
usingthe ADIPS Framework.In this section,we explainthe following three applica-
tions briefly to showthe capabilityof the ADIPS Framework.

4.1 Flexible Videoconference System

Accordingto the growth andspreadf networkedenvironment variousdistributedreal-
time multimediaapplicationssuch asvideoconferenceystemhavebeendevelopedand
utilized, e.g., CU-SeeMe, VdeoPhone,NetVideo, INRIA Videoconferencesystem.
However,it is difficult for naiveusersto utilize sucha videoconferenceystem,because
(i) userscannotexpresstheir requestcorrectly in detail to get the services,(ii) users
cannotselector combinethe suitablecommunicatiorserviceswhich requirethe com-
plex operationsfor users, (iii) usersfeel a lot of inconvenienceto coordinate and
accomplishtheir ongoingtaskswhen the quality of the requiredserviceis degradeddue
to the changesof operationalconditions of videoconferencesystems.To solve these
problems a flexible videoconference system (FVCS) 12 is proposedandimplemented
basedn the ADIPS Franework.

An agent-basedrchitectureof a FVCS is depictedin Fig.5. The FVCS consistsof
FVCS modulesrealizedas the organizationof agentswhich work in the respective
ADIP S workspace®n the distributedplatforms. EachFVCS moduleis designeds an
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organizationof FVCS agentssuch as serviceagent, sensoragentanduseragent, as
shownin Fig.5. Thereexiststwo kinds of the serviceagents,i.e., service primitive
agent andservice manager agent.

ARS ‘
requests f @ AWS-A requests
Tkl
o o o
& i
- >
3 @
user A ?luser B
. ( Sensor Agents) J

I e 0 i il W ey S

Qsources / operational conditons to be monitc >

Platforms / Networked environme

{m=s Construction (AORP) Reconstruction (AORP' 4w Cooperation (ACCP

Fig. 5. Anarchitectureof FVCS

A service primitive agentis definedas a primitive agentof ADIPS which has
knowledgeto monitor and control a baseprocessof multimediacommunication.We
canutilize the existing softwaremodulesasthe baseprocessedpr instancethevic, the
nv @ndthe Vtalk for real-timevideoservicesthe Vat for audioservice andthe wb for
sharedext-editingservice.A serviceprimitive agentcantunethe parameter®f a base
procesgo maintainthe requiredQoS underthe observedonditions.

A servicemanagergentis definedasan organizationalagentsof ADIPS which has
knowledgeto createand managethe organizationof service primitive agents. For
instancea videoconferencindlanager-agent-An Fig.5, holds knowledgeof the real-
time communicatiorservicesandselectsa vic-service-agenas a video communication
serviceagentwhich canprovidethe mostsuitableservicefor usersunderthe operational
situationsat that time. A servicemanageragentcan makethe contractswith a user
agent,the sensoragentsandthe otherservicemanageragentsto exchanganformation
on the change®f both the users’requirementandthe system’soperationakituations.

A useragentcommunicatesvith its user,acceptshe user'srequestsandtransforms
therequestsnto thedescriptionsof users’requirementsFurthermore,severalkinds of
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sensoragentsare definedas the primitive agentsto monitorthe static/dynamicopera-
tional conditionsof the systemand detectthe changesccurredn the systemenviron-
ment. Forinstance,a CPU-sensoagentusesa sar-commanaf UNIX to monitor the
currentCP U-utilization-rateand a Net-sensoagentalsomonitorsthe currentstatusof
availablebandwidthof communicatiorbetweermplatformsby using netperf-command.

We havedeveloped prototypeof FVCS usingthe ADIPS Framework/C++version
andconfirmedthatthe following functionscanberealized.

a) Automatic composition of services: accordingto the users’requirementswhich
specify the service functions togetherwith the required QoS. Using the AORP of
ADIPS Framework,the organizationof instanceagentsof FVCS are generate@n the
AWS anda sessiomf videoconferencavith the suitableQoS parameterarestartedby
the autoromousoperation®f FVCS agents.

b) Autonomous control of the required QoS: dueto the changesf the systemenvi-
ronment,the operationalconditionsof the FVCS have beenchangedandthe required
QoSis also fluctuated.Moreover, the userscanissuethe new requeston QoSto the
FVCS freely during the videoconferencingsession.The FVCS haveto deal with the
requestsdynamically.Hence,the FVCS can tunethe operationalparameter®f service
agentsandmaintainthe requiredQoS of the videoconferencingessiorby the coopera-
tive behaviorof FVCS agentdasedn the ACCP.

¢) Autonomous reconfiguration of services: whensomekinds of changeswvhich can-
not be handledwith the tuning the operationaparametersf serviceagentsthe manager
agentdecideto changehe organizatiorof FVCS agentsUsingthe AORP andACCP,
themanagemlgentsnegotiatewith eachotherto replacesomeof membersof organiza-
tion or to reconfigurethe current organizationof FVCS agents Instantiatingthe new
FVCS agentshy usingthe ARS, the videoconferencingessiorcanbe continuedby the
renewed=VCS.

As explainedabove the FDS for the real-time(synchronousglistributedapplications
canbedesignedandimplementedn a systematiavay basecbn the ADIPS Framework.

4.2 Flexible Asynchronous Messaging System

An asynchronoumessagingystemsuchaselectricmail systemsjs appreciate@gsone
of useful tools to communicateand exchangeinformation among people residein
distantplaces Although manykinds of tools have beenlevelopedandutilized by many
people,they get confusedby thefunctional differenceor heterogeneityf the communi-
cationtools which run on differentdistributedplatforms.

Forinstancedueto alack of messageancellationfunctionsof recipients’ messag-
ing tools, asendercannotremoveor updatethe wrong messagebeforethe recipients
open their mail boxes. Such an inconvenienceof usersmay be one of intrinsic
propertiesof asynchronousnessagingystemshowever, it is essentiato enhancehe
capabilitiesof the messagindools andreducethe burdenof usersfor handlingmessages
within heterogeneousenvironment. Hence, a Flexible Asynchronous Messaging
System (FAMES)  is proposedasedn the ADIPS Framework.
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A key conceptof the FAMES is the abstractionby agentificationof conventional
mail hostsin orderto realize the adaptivecustomizationof messagingervicesaccord-
ing to the typesof messagesAs sameas the FVCS, the FAMES consistsof the
FAMES agentsj.e., mailing task agent andmanager agent, asshownin Fig.6.

A MessageManagerAgent (MMA) is a top-level organizationagentin a persond
messaging environment (PE). A SecretaryAgent (SA) mediatesa humanuserandthe
MMA to specifythe requestaising the user'spersonalinformation. According to the
requestf both theuserandthe otherMMA of anotherPE, the MMA managesand
controlsthe behaviorof organizatiorof the mailing taskagentsvhich aremanagedy a
Flow Control ManagerAgent (FCMA), a MessagdransferManagerAgent (MTMA)
anda UserInterfaceManagerAgent(UIMA), respectively.

A FCMA organizesandmanages set of Flow Control Agents (FCAs)anda FCA
executesa messageflow control task such as circulation, cancellation, prioritized
messageleliveryandso on. TheFCMA is responsibldo createandcontrol of instances
of FCAs basel on the cooperatiorwith the ARS.

A MTMA manageshe MessagdransferAgents (MTAS) in thePE. A MTA is an
instanceagentwhich performsa messagelelivery task togethemwith anothetMTA of
the other PE. The FCA providesa receiversaddressfor the MTA. The spooling of
receivedmnessagess alsodoneby the MTA.

A UIMA managesheinstanceagentf both the Mail Client Agent(MCA) andthe
UserlnterfaceAgent(UIA) in thePE. A MCA is anagentrealizedby the agentification
of existinge-mailclient software. The MCA holdsknowledgeof the useis e-mailclient
to decidewhetherthe requiredmessagingervicecandealwith the e-mail client or not.
Whena newmessagingerviceis requiredthe MMA createsa newinstanceof suitable
FCA togethemwith anewUIA which providesa userinterfaceof the created=CA.

Request
u
User Mai |
(;(}iem

Servi ce
oriented
Ul

Fig. 6. Anarchitectureof FAMES
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A prototypeof the FCMA is implementediy using the ADIPS Framework/Java
version. In the prototype, the mail hosts suchas EudraPro,InternatMail, and Out-
lookExpress havebeenagentifiedandutilized as membersof organizationof FAMES
agentf theusers’personamessagingnvironmen{PE), andthe following functions
canbe providedfor users.

a) User-adptive service customization: theusersof FAMES can give their requests
to utilize amessagingervicewhich cannotbe supportedy the mail hostsat thattime.
Therequiredserviceis realizedasthe organizatiorof FAMES agentsandinstalledin the
users’ personalmessagingenvironment.Then, the userscan utilize the new service
togethemith the messagingervicesof the mail hostswhich the usersgetfamiliar.

b) Requirements-driven service configuration: a mail hostof a userhaveto preparea
newmessagindgunction to deal with the requestsof the other users.Facingsuchan
unexpectedequestof the users,the manageragentsof respectivepersonalmessaging
environmentry to negotiatewith eachotherto establisha cooperativegroupto process
therequiredmessging taskssuchascirculationandcancellion.

Underthe ADIP S Framework,variousfunctionsfor realizingtheintelligent messag-
ing servicescaneasily be definedandaddedasthe messagingerviceagentsto enhance
the capabilitiesof the FAMES.

4.3 Cyber Office

Recently,aninformation spaceoverthe global networkedenvironmentprovidesa new
work placefor peopleso called cyberspacdasedon the web-technology. To make
sucha newwork placeusefulandfruitful, variousfunctionsto augmentndenhancehe
dgitd redity of the work placehaveto be providedfor people.A CybeOffice ¥ is
proposedassucha newwork placebasedn the ADIPS Franmework.

The CyberOffice consistsof a CyberOffice-unit in a Symbiotic Space (SS)and a
Symbiotic Space Base (SSB)built on a distributedenvironmet, asshownin Fig.7. A
cyberoffice unit is definedbasedn both knowledgeandthe modelsof work/tasksdone
by peoplein the real world, anda SS providesa virtual information spacewith the
socid redity which is one part of the digital reality of the work place. On the other
hand,a SSBis realizedby the AWSs in which variousagentsexecutethetasksin the
CyberOffice-unit. The peoplein thereal world andthe agentsin the AWSs cancollabo-
rateandcooperatevith eachotherasthe memberf the CyberOffice-unitin the SS.

Sincea virtual informationspacecannotbe seenby peoplein the real world, the
cyberoffice unit hasan office roomview presentedisingthe VRML in orderto enhance
the perceptual reality whichis anotherpartof the digital reality to makepeopleeasyto
accesandcollaboratewith the membersesidein the SS. Thereforejn the CyberOffice,
peoplecan recognizethe other peopleandthe agentsas the human-likeavatarswhich
movearoundthe office rooms.

A prototypeof the CyberOfficeis developedisingthe ADIPS Framework/Javaer-
sionwhich is a recentversion of our framework. According to a servicerequestof a
memberin a CyberOffice-unit, the organizationof agentsare generatedn the SSB
usingthe AORP andthe ACCP of ADIPS Frameworkandthen,therequiredserviceis

www.manaraa.com
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providedfor the member For instancea humanmembercanaska secretaryagentto get
informationfrom alibrary. The secretaryagentsendsaninformation-retrievatequesto
amanage@gentof the library to retrievethe requiredinformation. The manageragent
sendsthe requesto suitablelibrarian agentsor createsa new organizationof librarian
agentshasedon the ARS to deal with the request.Then, the librarian agentsendsthe
retrievedinformationto the secretaryagentandthe humanmember.

Real  1Symbiotic Space Interface
World VRML Browser+Java

CyberOffice-Uni
in Symbiotic Sp

&

Symbiotic Space Base
(ADIPS Workspace)

dialog

~

Secretary Ag.

User-A of User-A

[—]

u
TN

E avatar of H Secretary Ag.
. Secretary AgQ: H of User-B
. ] : |:| of User-A H
: - ar of . Access
: / : Sy : zanagenemt
= Office view / : : g
: of U§er—A / H avatar of : Information
: dialog H Secretary Ag, H management
User-B = / E of User-B H - Ag.
_— 1 |avatar of H
5 W * | User-B =
i : H H manager Ag.
E v avatar of manager E of Library
19 B H Ag. of Library H
| . o st H
N E Office view . .
. =« of User-B - . )

Fig. 7. Anarchitectureof CyberOffice

As explainedabove the ADIPS Frameworkcanbe utilized to designandimplement
anewinformationspaceoverthe networkedenvironmentj.e. the CyberOfficewith the
digital reality in which peopleandagentscan communicateandcollaboratewith each
otherto accomplishvariouswork/tasksin the realworld.

5 Conclusion

In orderto realize the next generationdistributedsystems,we introducea notion of

flexibility of distributedsystemand proposea design model of flexible distributed
systemscalled agent-basedistributedinformation processingsystem(ADIPS) andits

designsupportenvironmentcalled ADIPS Framework,in this paper. Various agents
can be designedand implementedusing knowledgeembeddedin respectiveagents
togethemith the agentificatiormechanismandthe agentexecutionrmechanismsf the
ADIPS Framework Furthermoreseverakexamplef applicationsbasecn the ADIPS
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Frameworkareexplainedo demonstrat¢he capabilitiesof the ADIPS Framework. At
present, many problemsremain as our future work, e.g., a ease-of-useknowledge
representatiomnd manipulationmechanismdor intelligent agent, the designsupport
functions, an effectivedesignmethodof agent-basedystem,andso on. However, we
confirmthatthe ADIPS Frameworkis usefulto makea conventionabistributedsystem
flexible in orderto dealwith the change®f both the users’requirementandthe system
environmenthroughthe expermentof prototypicalapplications.
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