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1 Introduction

Our posterconsiderghe useof machinelearningagentgo

autonomouslyand continually selectamongwirelessac-
cessservicesavailableto a user Our contet is the Per

sonalRouterproject; a technicalresearctprogramaimed
at reshapingthe wirelessnetwork accessmarket towards
greatercompetitionanddiversity[CWO0O]. By allowing po-

tential suppliersto easily adwertise serviceofferingsin a
given area,and allowing usersto transparentlyand con-
tinually discover, negotiatetermsfor, and switch between
availablenetwork servicesye aimto greatlylowerthebar

riersto entryin thewirelessservicemarket, creatingarich

ecosystenof large andsmall serviceproviderswith differ-

entofferings,capabilitiesandbusinessnodels.

A critical function within the PR vision is that of ser
vice selection The PersonalRouter acting on behalf of
its user mustintelligently, intuitively, and autonomously
selectfrom amongthe available servicesthe onethat best
meetsits users needs.It mustdo this transparentlywith-
out involving, bothering,or distractingits user Its taskis
difficult — acceptableservicechoice dependsot only on
the featuresand cost of the service,but also on the con-
text of the situation,including suchdynamicvariablesas
the applicationsthe useris running and the users higher
level goals. Beyond this, the setof available servicesmay
changerapidly with time and the users location, requir
ing the PRto choosenew servicedrequently Without this
automaticselectioncapability userscould not possiblyre-
spondto the constantlychangingsetof servicesandappli-
cationdemands.

Previous approachego wireless service selection,in-
cludingstaticpoliciesandmanuakelectionareinadequate.
Staticpoliciescannotaccommodaténdividual userprefer
encesandusersarereluctantto constantlyinteractwith a
userinterfacefor manualselection,particularlyin rapidly
changingandcomplicatedwvirelessserviceervironments.

Theseconsiderationsnotivate us to explore a machine
learningapproachin which anintelligentagentiearnsuser
preferenceand makes selectionsautomaticallyon behalf
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of the userwith minimal userinvolvement. Our poster
presentsthis approachin three parts. First, we give an
overview of the challengescompleity, andimportanceof
theserviceselectiorproblemandtheassumptionsve make
aboutthenetwork anduser Next we presenainarchitecture
for serviceselectionin thePRanddescribéts components.
Finally we illustrate the performanceof our systemin dy-
namicandpartially unobserablenetwork environments.

2 Network Services

Serviceprovidersmay offer awide variety of network ser

vices. We characterize¢heseservicesin termsof service
profiles We chooseto describeservicesin termsof a two

token bucket profile [Yan02], price per second,and price
perbyte. Thetwo bucket profile consistof anaveragedata
rate,a burstsize,anda refill interval, enablingit to more
accuratelycapturethe quality characteristicof a service
that matterto the user Serviceprofilescandescribehigh

andlow bandwidthserviceshurstinessover differenttime
scalesaswell asdifferentpricing plans.

Thework describedn this posterassumeshe availabil-
ity of accurateserviceprofilesandthatthe PRhasaway of
discoveringthe setof servicesvailable. Thesecapabilities
areimplementedy othermodulesin the PR system.

3 System Architecture

The PR agentcomprisesfour componentgo addresshe
problemof serviceselection:aserviceevaluatorthatlearns
how theuserpercevestheservicecurrentlyin use aservice
change contmller thatdecidesvhento switchservicesand
which oneto select,a servicevalue predictor to estimate
thevalueto the userof servicemot yet experiencedy the
agent,anda userinterfacethat presentsnformationto the

userandpassesiserfeedbacko theothercomponentsTo-

getherthesecomponentsllow the PRto learnthevalueof

servicedrom userfeedbackadaptto changinguserneeds,
andestimatethe valueof new servicegFLWP03.



3.1 User Interface

For the userinterface (Ul) to be effective, it mustbe intu-
itive andunobtrusie. At aminimum,theusermustbeable
to provide feedbaclkabouttheir satistictionwith the current
serviceandto indicatewhetherthey desirea higherquality
or alower costservice.In addition,to helpguidethe PR’s
decisionswve alsoallow themto indicatetheir tolerancefor
trying new servicesThusthe Ul presentsheuserwith four
buttons:better, indicatingdissatisactionwith thequality of
the currentserviceandrequestinga higherquality service;
cheaper expressinglissatisctionwith costandrequesting
alower costservice;explore more; andexplore less From
thesebutton pressesthe Ul needsto extractfour valuesto
useasinputinto the othercomponentsAg, Ac, Aw, and
Az, the amountto changethe quality estimate cost esti-
mate,the weighting betweenquality and cost, and explo-
ration level, respectiely. The userinterfacealsoinforms
theuserof the costandquality of the currentservice.

3.2 Service Evaluator

The agents selectionsshouldultimately be basedon user
preferencessowe chooseto evaluateservicesn termsof
userperceved costand quality. We take a reinforcement
learning basedapproach,updating quality and cost esti-
matesbasedon userfeedback,allowing the PR to learn
individual user preferencesvithout dependingon service
adwertisements. Since user perceptionsof costand qual-
ity may dependon featuresof the usercontet suchasthe
currentapplicationthePRmaintainsseparat@stimategor
eachusercontet, averagingthe Aq andAc valuesfromthe
Ul usinganexponentiallyweightedmoving average.

3.3 Change Controller

The changecontrollerdecidesvhento switch servicesand
which servicedo selectbasedn informationfrom the ser
vice evaluatorandfrom the userinterface. It combineghe
quality and cost estimatesrom the serviceevaluatorlin-
earlyusingthe Aw valuesfrom the Ul to computea utility
u. The changecontrollerthen selectsa servicestochasti-
cally basednaGibbssoftmaxdistribution of theestimated
utility of theavailableserviceswherethe probability of se-
lectingaservices; with utility u(s) fromthesetof available
servicessS is givenby the expression

cu(s)/7
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The exploration level of the service evaluatorand the
users willingnessto explore affect the the temperaturga-
rameterr, changingthe frequeng with which the PRran-
domly switchesservices. We chosethis type of selection
policy becausd caneffectively balanceheneedto explore

untriedserviceswith the desireto selectthe highestutility
services.

3.4 Service Value Predictor

Using the evaluatorallows the agentto learnthe value of
individual serviceprofiles,but doesnot helpit selectfrom
servicesthe userhasnot yet experienced.To improve se-
lectionswhennew servicesareencounteredthe PR forms
amodelof userutility to predictthe valueof new services
basedon previous userfeedbackand the currentservice
profile. Of the mary possibleapproachego the predic-
tion problem,includinglinearregressiorandinterpolation,
we chooseo usemultilayerneuralnetworks (NN) because
they canlearnto approximateary function given enough
training data. The PR maintainsa separateNN for each
usercontet, onefor quality and one for cost. TheseNN
learna mappingfrom serviceprofilesto estimatedjuality
andcostbasednthe Aqg andAc from the Ul.

4 Results and Evaluation

Weimplemented prototypeof thePRin softwareandhave

evaluatedit usingsimulations,shaving that our approach
caneffectively learnamodelof userpreferencesvenwhen

new serviceprofilesareencountere@ndwhenservicede-

scriptionsareincomplete. We have alsobegunto testour

systemwith real usersto evaluateits performancen more

realisticscenarios.
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