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ALAWAI is an integratedenvironmentfor rapid developmentof intelligent agents
which collaboratively operateon a distributed environment. It provides agent system
componentssuch as multimedia user interface parts, inter-agentcommunicationlanguages,
plans,usermodels,and agentsystemframework to which thosecomponentsanbe visually
glued together.For agreater productivitystereotypical agentre already definedor various
task domainswhich can be easily adaptedto meet more specific needswith help of user
supportagencief ALAWAI. This paperdescribessomeof the key featuresof ALAWAI
and an example creation of intelligent agent which assists Internet exploration.

1. Background

Current trend in intelligent system is characterizedby multiple communication
modality, distribution of information and control, and flexible adaptationto the user.
Distributedmultimediaand global information network such as Internetare the key enabling
technologiesfor such a system. Unfortunately, the developmentof intelligent systems
continuesto suffer from the following two problems;low productivity and high costfor the
implementation; lack of unifying scheme for these technologies.

Intelligent agenttechnologyis a new approachto the intelligent systemdevelopment
which harmoniously works with distributed multimedia and Internet technologies.lt also
allows the developerto createintelligent systemwith greateradaptabilityto the user. The
most successfulexamplesof Intelligent agent understanduser’s language,infer user’s real
goals,derive plansto satisfy user’sgoals,andcarry out the plans. Suchagentsalso utilize
various multimediaesources andther agent®n thenetwork, inorder tocommunicate tdhe
user in the most effective way.

2. ALAWAI System Overview

Figure 1 showsthe agentinvention process.In ALAWAI, invention of an agent
meansselectionof a stereotypeagentfrom AgentWarerepository,adaptationto a particular
problem, and testing by simulation. Thesetasksare supportedoy ALAWAI's user support
agents. Agentware and resource necessary for simulation are available on the network.

Stereotype®f agentexistfor different taskdomains. A stereotypeagenthasa typical
knowledgealreadyembeddedn its framework. Adaptationto a specific task will be done
either by knowledge adjustmentor by training. The adjustmentprocessinvolves deletion,
alternation, and additioaf of knowledge.For example,a shopping agemhay needto change
security clearingprocessdependingon theregulation ofcountry. Tofacilitate thisprocessthe
knowledgeis organizedusing structural relations such as decompositionand alternative.
Training is achievedusing agent'sinherent ability to question and learn from user. For
example,agentcan learnbehaviorof the userby observinguser’s daily computerinteraction
patterns and verify with the user if the agent guessed it right.

Figure 2 showsa framework of agent. Triggeredby an event, agenteitherinstantly
react and take actiomdactive agent), or first interprets the meaning of the event and requires
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Figure 1: ALAWAI overview

extensive knowledge interaction at each process step defined in the framework. The
knowledgecan be typed by its dynamism,domain dependencyor level of definition. For
example, dynamicknowledgeis sensitiveto time, location, culture,and other variables,and
thereforerequiresmaintenance Applicability of domaindependenknowledgeis limited to
particular domain, whereasdomain-independenknowledge is more universally applicable.
Special kind ofknowledge, calleanetaknowledge, includesnference ruleslanguage syntax,
and other things needed to use the knowledge.
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Figure 2: Agent framework

The knowledge contents, inter-agentcommunicationcontents, as well as various
objectdefinitionsare written in a visual diagraminglanguagecalled MERA[1]. MERA is a
generalizationof well-known ER (Entity-Relationship)model. Developedat University of
Hawaii in 1984, MERA hasbeenfavoredby many software engineerfor its ability to model
both declarativeand proceduralaspectf software.MERA is alsousedto describesoftware
engineeringactivities at both individual andgroup levels. Two MERA diagramsin figure 3
areexamples olKQML[2] basedagentcommunicatiorianguagesyntax (formalism diagram)
anda plan to open URL (instance diagram).Universaluse of MERA in ALAWAI system
facilitates interaction among agent components and knowledge.

Agents employ high level communication to solve problems. ALAWAI provides
language syntaxes for the following essentialtasks: 1) World object naming and
visualization, 2)User-agentommunication33) Information contentsdescription,4) Goal and
plan description, 5) System resource description, 6) Inter-agent communication, 7)
Information retrieval, and 8) User Modeling.
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Figure 3: MERA representation of KQML syntax and a plan

World object naming and visualization language allows specificationof objectname
and properties,and inter-object relationsincluding spatial relations. The specificationwill
becomea common object referencemodel for the agentand the user. The model provides
commondomainvocabularyfor them to communicateaboutthe tasks,andalso providesthe
basefor the graphicaluserinterfacelser-agent communication language is an alternativeto
ambiguousnatural languageand simplistic dialogs in GUI. It supportscommunicationof
plans, goal and constraints.Information contents description language is basedon semantic
network and defines communicationcontents.Goal and plan description language allows
modular definition and parametrizeddefinition for greaterreusability of the knowledge.
System resource description language is usedto definetool functionalities,operatingsystem,
databasetypes, and other resourcesavailable to the agent over the network. Inter-agent
communication language is basedon SpeechActs [3] theory as is KQML. Information
retrieval language allows specificationof searchrequestwithout requiring the userto know
about the search domain and search process. User Modeling language is particularly
importantas adaptabilityto eachuseris one of the essentiafeatureof agent.This language
not only describes user preferences, user types, but also cultural background of the user.

All of theselanguagesre specialization®of MERA, and arenterpretedby the MERA
engine.

3. Example agent

One of agent systems we have developed with  ALAWAI'S componentsand
methodologyis InternetConsultant(IC)[4]. It is anintelligent agentthat assistsinformation
searchingactivities on the Internet. It acceptsnatural languageinput as a query from the
keyboardor from microphone.IC also providesthe useradaptive multimedia interfaceto
tailor theresult of the query.Internally itis implementedasa multi-agent system basexh the
cognitive agentframework of ALAWAI. Naturallanguagenterfaceagentunderstandsiser's
utteranceand extractshis/her goals. Planningagentgeneratesnd executeglansto achieve
the goals. Information agent choosesthe most appropriatesearchengine for the user’s
intention, makesa query, and tailor the resultsof the query.IC was developedin a short
period of time and proved the effectiveness of ALAWAI system.
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Figure 4. Example of agent (IC: Internet Consultant)
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4. Remark

We expectagenttechnologyto be the key to drastic productivity improvementfor
intelligent systendevelopmentSince 1990, we havebeencommittedto creationof complete
tool setto supportvarious phasesf agentengineering processALAWAI is an answeto the
knowledge acquisition bottleneck for knowledge intensive agent system development.
Another tool being developedis MAUI[5], Multimedia Agent-User Interface prototyping
tool, which supports simulatiolof multimediauser-ageninterfacebehavior,and visualization
of multiple-agentinteraction.Yet anothertool underdevelopmentis MAWAE[6], MApping
of World Activity Environmentwhich modelsvariousworld activitiesandorganizes.It will
connectup various domain specific knowledge defined in ALAWAI and which exist in
disconnectedvay. Finally, basedon our vastexperiencesn softwaredevelopmentand agent
development,we are working on development of a formal agent developmentand
maintenancanethodologiesand processsupportingtools. For more reports on our latest
agent research projects, please visit our web site[7].

Refer ences

[1] K. Takeda,D. N. Chin, and I. Miyamoto, "MERA: Meta Languagefor Software
Engineering,"Proc. of IEEE Fourth InternationalConferenceon Software Engineering,
Jun. 17-19, 1992, in Capri, Italy.

[2] UMBC KQML Web, http://www.cs.umbc.edu/kgml/

[3] J. Searle,“SpeechActs: An Essayin the Philosophyof Language,”CambridgePress,
19609.

[4] M. Inaba, "Internet Consultant: An Integrated Conversational Agent for Internet
Exploration,” Proc. of 1995 The Grobal Information and Software Society Internet
Conference (GISSIC'95), Oct. 17-20, 1995, pp. 65-78.

[5] K. Takeda M. Inaba,andK. Sugihara,'User Interfaceand agentprototypingfor flexible
working," IEEE MultiMedia, Vol. 3, No. 2, Summer 1996, pp. 40-50.

[6] MAWAE project home page, http://www.will.or.jp/mawaehawaii/

[7] SERL home page, http://samurai.ics.hawaii.edu/



