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Abstiact: — We presemamodelof anadaptive software agent.An agentimplemerting the modelis capalte
of adjuding itself to differentenvironmentghatmayhave featuresnew to theagen. We explicatesomeof the
properties we feel areusefu for adapability. The bast adaptaility featurescoud be abstactedto virtually
ary kind of agen—artificial or living one—that actsin hetergeneus ervironments As an exampke, we
corsiderasoftware ager functioningin awebernvironment espedlly in the SemantidVeh Theunderlying
ideais to defendadapability asanimportant property for software agens. We concentrate particularly on

the adapationto domainspedfic tasks.
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1 Introduction

The coneept of agen canbe analyzed and decan-
posd into propertiesthat constitute it. Thereare
numbe of definitionscontaining varying combina
tions of propeatiesimportantfor ageng. Autonamy,
readivity, proactity, socid skills, mobility, adapt
ability andintelligenceareamongthemostfrequent
properties in the literature (seee.g.,[6]). With re-
spect to this paper adapability is the mostimpor-
tant propety of these Furthermae, we consder
agent mobility andshav that adagability could be
arelevantproperty of amobile agert.

Adaptaility strethesfrom simple adjustnents
of behaviorwith preddined parametes all the way
to complex and unpraictable leaming. An entity
that canadapt to its surraundings represens more
agency thanits courterpat without the adapation
cambilities. An obviousissie is how fasttheagen
adaptsits behaviorto the new ervironmert. In [9],
the authors cometo the conclsion thatif the en-
vironmentchang rate is low, agerts that do more
rea®ning perform betterthanthose tha employ a
morestraight-forward behaior. Onthe otherhard,
if the world change rateis high, a straghtforward
behavior outperformsthoseageris that “waste”too
muchtime on thinking. The bottomline is thatthe

moreervironmens differ from eachother the bet-

ter adapation capabilities arerequired from agens

visiting them. Therearenumberof different means
for categorizing ervironmeris. For example, the

environmentcan be staic or dynamic, episodic or

nongisodc, andaccesible or inaccessble [10].

Adaptahlity can be sensiive to facts or tasks
With fad-sendtive adagability, we meanthat the
ager canleam newv concets and usethemin its
tasks For example, anagen searting for pubica-
tions in the web might have conaepts“book”, “ar-
ticle”, and“magazne” in its ontology abou publi-
cations. It might acqgure new concept called “posi-
tion papel andincludeit in its ontology. However,
in this paper we concentrde moreon tasksensiive
adapability. This means,for example, that the
agern seaching for publicatiors might leam some
nev meansof performing seaches. We feel that
dynamic retrieval of domainspecfic tasks for ex-
ampleinteraction protomls, is extremely important
for effective adapability. Thetaskssoftware agerts
perfoom can be constdered as senices. Agents
in web ervironmentthereby provide web services.
There has been plenty of work around web ser
vices and sematic web in the pag two years(see
e.g..[14, 7, 1, 2]).



We constder an agentimplementing our gener
al model of adapability actingin SemanticWeb
ervironment. The SemanticWeb is an extenson
of the current web in which information is giv-
en well-ddfined meaning, better enaling comput
ersandpeopk to work in cooperatian [1]. Thecru-
cial differencewith the web of today is thatthein-
formaion is provided with semattics; the concepts
appearingin SemanticWeb are definedand given
meanngs.

Therestof this paperis organizedasfollows. In
Sectim 2, we introduceconcets usefd for modet
ing adaptive agens. Theseconaeptsaretaken from
humanmemoryresearch and philosoply of mind,
and are typically not usedwhen discussirg abou
adative software agents. Section3 presets agen
mobility andits relaionship to adapive agens. In
Sectin 4, we discuss the relaion betweenadap
tive agens and agen communi@tion and propose
amodelfor enrichingit. In Section5, we introduce
away in which theintemal behaior of anadaptie
agent could be modeledandgive a simpleexample
of anadapive mobile agent Finally, Section 6 con
cludesthe paper with a discusion abou the future
work.

2 Theoretical Background

This section presats three usefu concepts related
to our notion of adaptive agen: Gregorian crea

tures [4], scripts [11], and episodic memory[13].

Theseconcepts are outside the core of software
agent reseach. However, we feel thatthey canhelp
to undestandwhat we meanby adapive agers.
Additionally, our purposeis to give somepracical
guidelines for agentdesigiers;implemening these
three concepts can effectively help in creatng an
adative agent.

Gregoriancreatue is aconeptinventedby Den-
nett [4]. Dennet categorizes creatues into four
main groups. Theseare Darwinian, Skinngian,
Poppeian, and Gregorian creatues. They differ
from eachothe in the waysthey interact with the
ervironment they aresituaedin. However, this di-
vision into four groups of creatresis not exclu-
sive, but the groups arerathersub®tsof eachother.
Darwinian credure is the simpleg; it hasonly one
meansof interacting with its suroundngs. Crea-
tures with bette meanssuwive betterin the ervi-
ronmentthanthe creatuesthathave poar method.

An exampk of Darwiniancredure in the software
agern world could beanagent thatmonitors its sur
roundingsandrespamdsthe sameway regardlessof
thetype of stimulafrom the ervironmert.

Skinnefan creatire is a bit more comple than
Darwinian It hasseveral methals of cooperatirg
with the ervironment. When monitoling the sur
roundings,a Skinnegian software agen canresporm
to stimulain a numberof ways. The fittestof these
method getsfeedbackfrom the ervironmert caus-
ing the othersto eliminate.

A yet more comple creatire is the Popperan
one. Unlike the two presntedabore, Popperan
creatue hasan internal view of the world. This
enaltes it to simulae the different meansof inter-
action with the ervironmert before trying themin
pracice. Popperan software agentthat monitors
its suroundngs perfarms someinternal procesing
andseledion betweea the differentwaysto respom
to a given stimulus beforeactwally doingit. Final-
ly, Gregorian creatuesarethe mostintelligent The
difference betweenGregorian creatuesasopposed
to the othersis the capaility of “externalizing the
intelligene”. This meansthatthe Gregorian crea-
tureis ableto storebits andpiecesof its intelligence
asmind-tods in its surraundings and later retrieve
themfor use. Having this capalility, the Gregorian
creatue is the mostimportan conaeptwith respet
to this paper.

A Gregorian agentmonitoring its surroundings
could processthe input data to a more usefd form
and storethis enricheddatasomeavhere Lateron,
for example, when the agent recaves similar in-
put data, it can bypas someor all of the poten-
tially resouce-caasuming processing of the data
by retrieving the storedand already enriched da-
ta for use. We design our adgtive agens so that
they canupload doman-speific informationto web
seners and download it for use. Thesepieces of
domainspecfic information function asmind-tools
for adaptie softwareagents.

A notion of script is uselul when modelirg
ervironment, task-; or domainspecfic actions.
Scriptis a coneptinvented by Schank[11] andit
correspond roughly to what we meanby doman-
specfic procedures. It is intendedasabast unit for
modelirg humanmemory For example, going to
local grocery store canbe explicatedwith a script
This “grocery store visiting” script activates when



entaing the store and is usdess (maybe submn-
scious)at othertimes. Our attemptis to incorporae
this notion into the world of adagtive agents When
entaing a new ervironmen, or if the preent en-
vironmentcharges,the agentactivates appr@riate
script, andactsaccodingly.

Episodc memory [13], from human memory
resarch, conerns persmally experienced events
wherea sematic memory meansgeneal world
knowledge.In our modelthe agentmayfirst down-
loadsomedomainspecfic procadurefromtheserwv
erit is visiting, or possibly from someothe sener,
thenactaccordng to the procalure,andat the end,
possibly, uploadthe procedure backto the sener.
Somedetals of this procedureare changedbased
on the actiors by agent. Next time the ager vis-
its the sameervironment it congdersthe previous
changes. Becausethe changes are personal to the
aget, thereareelemens of episodicmemoryin this
process.

Combining these three theoretical tools for a
characterization of adapive agen in web erviron-
ment, we get the following: An adaptie agen
is capalle of uploading pieces of information as
mind-tools to the web sener and also download-
ing themfor use(Gregorian creatue). Mind-tools
includenot only facts, but alsodomainspecificac-
tions (scripts). Details of mind-tools can be per
sorally updaedbasedon the behaior of theagen.
Theseupdatsaretaken into accaint subgquertly
whenusing them(episodicmemory)

3 Mobility

Mobility is not conceptwally necesary to agercy.
An agentthat does not move is still anagent. Be-
sides conceptually, mobility is also often bypased
whenimplementing agentsystems Using messag
passingcanbemoreefficientthanmoving theagern
in mary case (seee.g.,[12]). Implementhg mo-
bility canhowever bejustifiedif theagentsarealso
adative. It mightbeappropriateto sendanagentto
aremoteervironment if it canadayt to local settngs
there.

Mobility in geneal canbe divided into two cat-
egories: autoromousandinvoluntary mobility. In-
voluntary mobility canexist with whateverthing ca-
pale of moving. Planes orbiting in spae give a
goad exampleof involuntary mobility. Autonamous
mobility, on the other hand presiyppose an agent

therehasto besomelmdy or sometling thatdecices
to make the movement.

Mobility with respectto software agent applica-
tions can be divided into two main cateyories as
well: mobile code and terminal mobility. Mobile
codemeanghatthe agern transfersitself from one
hostinto another. Moving the code and statenear
thedatasoure canredu@communicgion overhead
significantly, assuming the agentcanperfam some
datafiltering at the remotelocaton. Terminalmo-
bility occurswhentheagert resdesin amobilede-
vice suchasa handteld device or alaptop compu-
er thatis moved from one ervironmentinto anoh-
er. For example, nowvadays several wirelessaccess
techrologies—suchasGSM, GPRS andUMTS in
the nearfuture—canbe usedto conrectthe mobile
device to thefixed network. Shouldthe mobile de-
vice chargetheaccestechrology, theagenssitua-
edin thatdevice mayhave to chargetheir behavior
to fit the chasentechrology. Thereis no difference
betweermobile codeandtermind mobility asfaras
adaptability is conceerned In both casesthe agent
entes anew ervironmentandhasto adapt

Mobile codeis usudly autcnomous the software
agen movesitself accading to its own decisions
Theagen makesthefinal decsionof its own move-
mentevenif theinitial commandcomesfrom a hu-
manuseror from andheragent Terminalmobility
is typically involuntary with respectto the software
agen. The mobile device is moved from oneplace
into anoterin the physical world andthe software
agen typically hasno control over it. However, in
somecasesit might be the agen thatinitiatesthe
termind mobility. For example the ager might
be resnsilde for chowsing the most suitable ac-
cesstechndogy. Now, the agentnoticesthata bet-
teraccestecmology is availableandperfams (au-
tonamously) necesary roamirg actiities. In this
case,the termind mobility can be consderedau-
tonamousfrom the agent’s point of view. Although
the terminalis not necessarily moving in this, the
agern’s ernvironmen might chang dramatcally.

Although there are mary techical limitations
and drawvbacks with mobile agerts, they might
prove usefulin somecaseslf thetaskis very com-
plicated,for example mobileagentscanproveto be
anappopriae apprach. An exampk of potertial-
ly complicatedtaskis an aucion that caninclude
a numberof messagssentbetwee the auctineer



agentandthebidders.Transprtingthebidde agen
to the aucion ervironment might often seemmaore
appropriate than sendng all the bids over the net-
work.

4 Communication

Oneof the key designrationaleof software agens
is decertralization. From implemenation point of
view agent-orientedprogammingcanbe seenasa
foll ow-up or extension to objed-oriented program-
ming. So building a one-agen sygem correponds
to building an objed-oriented systemwhereall the
functiondity is codedin oneclasg15]. Sotheques
tion arises: why desigh complex adaptive ageris for
differentkinds of tasks whenyou couldaccompish
the samewith simple and“stupider” taskspedfic
agents? Thesesimple agers neal no adapation
skills, sincethey are designed for few predefined
tasks.

The importance of adapability can however be
justified by looking at agentcommunic#éion from
anew angk. Traditionally agens communcateby
serding eachother messagsthatareprocessedhe
assom aspossille after they arereceved In this
tradtional communiation paraligm, the life span
of the messagsis quite shat; they normdly sene
no function oncethey have beenprocesed.

The notion of semanticweb however enaltes a
differentway of thinking the communicdion. Se-
manticwebtechhologesprovide away for anagen
to publish its messags on web pages [3]. These
messgescanlater on be indexed andthen utilized
either by the agent itself or by othe agers. Should
this publishing paradigm be adoptd, there is no
serse for agen to carry that informaton arourd.
Not only would the amountof information be du-
plicated, but also synctronization problems could
easly emepge. Obviously, this kind of ager com-
munication is not going to repace the tradtional
agent communicdion, but coud ratherbe usedas
analterrative in somecases

The agentcommuncating like this shoud man-
ifest someform of adapability, however. For ex-
ample if anagen visits anauctian ervironmenton
behalf of its maste, it can download the auction-
speific materid from that ervironmen. After the
audion is complet, it can upload the materid
with possble updaesbad to the sener andleave
(cf. episalic memory). Such actions presppos

that the materialin the auction ervironmert is un-
derstindalte to the agen. The agentworks every-
whereaccading to its gereral tasks, like the goal-
formation from beliefs and desres. The specific
tasksrelatedto someervironmert follow these gen-
eraltaslks, but areusedonly in that particular ervi-
ronmer.

5 Adaptability and Tasks

If agens arecommuricating basel onthe paradgm
aspresetedabove, it is importan to decde what
informationis appopriae to store in the sener. We
do not take an exhaustive standon this queston,
becaseit is quite cage-spedic. Sometimesstor
ing the namesor idertifiers of the communiating
agerts is important. At other times, it is usetl
to storethe things agens arecommuncatingabaut
andcatgyorize thembasedn someontdogy. How-
ever, oneusefd apprachis to store the tasks spe-
cific to thedomainagentsareresiding ator commu-
nicatng abaut.

Wefeelthatadaping to domainspecificbehavior
andprocealuresis atleastasimportantasadaging to
domainspecfic facts. Therefae, we sepaategen-
eral tasksand doman-speific subtaks of agens
from eachotherasdepidedin Figurel. Theidea
is that the agentdoesnot carty the subtaksarourd
with it. Adaptaility is thereby neeakd from the
ageri to accanmodatethe subtakswith thegeneel
taskit is execuing. An exampk of ageneal taskis
buying abook Possiblesubtaisksfor this would be
paying for it andnegotiating abaut the price.

Agent’s geneanl task is global; it remairs the
sameregardess of the wheredouts of the agent

Gcneral Task
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ST2b

|
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| | i |

i | i
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Fig. 1: Geneal vs. spedfic tasks



Specifictasks on the other hand are local; they
are usedonly within somedomain. The domain
speific tasks are nevertheles dependen on the
gereraltask. They arereified asvaluesof varialdes
in the genenl task Note that the agert can have
morethanonegereral taskunde execuion at one
time. As a simple example,let us assumethat the
agent have a goal for purchasingthe book “Black
and Blue” by lan Rankn. Therefae, the gereral
taskof theagentcoud be definedas

GT="Buythebook'BB’ by IR”

The agentgoeson pursung that goal and visits
different ervironmens. Within eachervironmert,

the agen adapts to the domainspecfic subtsks.

Figure 2 depids the agents itinerary via severd
eledronic bookstores with differentwaysof buying
abook.

When arriving to the BOOKSTOREL, the agen
downloadsinstructionshow to usethe senice from
thelocal sener(1). Theagent examinestheinstruc-
tionsandfindsoutthatBOOK STOREL providesonly
two senices: The agen canquery the price of the
bodk andthe ager canbuy the book Thefirst one
is carried out (say)using the fipa-query interaction
protocol [5] andjust giving the necesaryinforma-
tion, for examplecreditcardnumberto the serviee,
carriesoutthesecamdone Therebre,theagert cre-
atesandexecuesa domainspecfic subtiskto find
outtheprice of thebook

ST= “find outthelocal price usingthe
fipa-queryinteraction protocol”

Let us assume,that the agen knows the fipa-
quey interaction protocol. Therefae, it canquery
the price immediatdy (2). Basedon the price, the
agent decidesnot to buy the bookyet but visit other
eledronic bookgoresfirst.

In the BOOK STOREZ2, the agentagaindownloads
the service usag instructions from the local sener
(3). Now, the agent finds out that the service pro-
videsa more sophsticated way of interaction and
thatan interaction protocol calledx-bstore2shauld
be used whencommuricating with thesenice. The
agent doesnot know this interaction protacol, but
the senice de<ription containsa pointer to anoth
er sener, namely|P-SERVER, that contans the in-
structions for using this interection protocol. The
agent downloads the instructions from 1P-SERVER

===  BOOKSTORE
@~

O

HOME,

/
/
IP-SERVER

@

-

(5) BOOKSTORE,

(3=

BOOKSTORE,

BOOKSTORE,

Fig. 2: Visiting different ervironmerts

(4), and then can interact with the BOOKSTORE2
sener (5). After visited all the eledronic bodk-
stores, theagern decidesto buy thebodk from some
bookstore. The agen goesbackto that sener and
gives the necessaryinformation to the sener and
laterthebookis deliveredto the ownerof theagent
The example above assumes that the agent
can download senice instructions from a local
sener and that it can undestand those instruc-
tions. One possbility to achiee this is to encale
the instructions using commonlyagree language
DAML+OIL [8] is alanguageproposedfor descrb-
ing thingsin the SemanticWeb by defining ontolo-
gies. Domain-sgcific actiors andfactscould con-
veniertly be coded asDAML ontdogies. Subtags
areattheapprqriatelevel for DAML encaling be-
causehey areusedonly within a particulardomain
After enterhg the domainin question,agent down-
loadstheappr@riate sultask. The DAML encaling
of the subtak is thentrandatedinto a form for the
agen to utilize in its reasming. After executirg the
subtak, theagentuploadsit in DAML-format back
to the sener alongwith the chargesbasedon this
particular execution of the subtak in queston.

6 Conclusionsand Future Work
We presaeated a model of an adapive software
agen, which is capale of adjuging itseff to dif-
ferernt ervironmernts that may have featwresnew to
theagent. Furthemore,we introducedthreeusetll
conepts—Gregorian creatires,scripts, andepisal-
ic memory—elatedto our notion of adaptive agent
We alsoconsdereal of implemening suchagentsin
the SemanticWeb ervironmert. The future work
includesfurther enriching the provided model.
Some quedions related to our model are still
unarswered. For example an important thing is



to decide whatinformaton to store in web seners
andin whatdetail Shouldevery bit of agen com-
munication be stared, or just the abstact interac-
tion protocols for examplke? Also thinking the re-
trieval mechaimsmsfor the storedcontert is impor-
tant Some ontology defining the propeties for
different interactions communicéions, and othe
tasks would be usefu for effective retrieval. The
division betwee public and private informationis
alsointerestirng. Whatinformationis retrievablefor
every agent whatis privatefor agens of someuse,
for example?

DAML-S is an ontology build on top of
DAML+OIL for discovering, invoking, compos
ing, and monitoring web resaircesoffering partic-
ular senices and having particular properties[8].
DAML-S conskts of threespedfications [1]. One
contains an ontology for senices, one for senice
profiles, andonefor processesWe are plaming to
utilize the proces ontdogy as an upperontology
for subtags thatthe adative agens perform. FIPA
(Foundation for Intelligent Physicé Agents)inter-
actionprotaocolscouldsene asexamplesof domain
speific procadures. We are planring to trandate
such interaction protocolsin DAML andcrede an
agent ervironment with agents capable of usingit
asdescibedin this pager.
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