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Abstract

We presenta new coopeative user interface for e-
shoppingin B2C e-commete COSIMAIs a smart and
animatedinternetavatar with syndironizeddynamicvoice
outputwhoassistcustomesthroughtheir e-shoppindours
andadviseghemin thespirit of arealsalespesonin theold
economy COSIMAbenefitsfrom a PrefelenceSQL-based
seach enginethat relies on the Pareto-principle comput-
ing bestmatding resultsto the customers wishes. This
enablesCOSIMAto offer ideal hits or suitablealternatives
with onesinglequery to valuetheseseach resultsin terms
of the statedprefelencesandto genete propervoiceout-
put following basic principles of salespsydology. As a
sampleapplicationwe presentour meta-seath enginefor
comparisonshopping Since COSIMA constitutesan en-
tire technolagical framevork, it can easily be adjustedto
other e-commere ernvironmentdy customizinghe search
engine theavataranimationsandthe speeb contexts.

1. Intr oduction

When visiting a web site for e-shoppingthe customer
wantsa quick surwey what he cando and how he cando
it. Textual hints are often ignored. A further deficit is
thatthe currentgeneratiorof e-shoppingystemftensuf-
fersfrom inadequatesearcrengineshut definitelyfrom the
lack of smartsalesadvice. When shoppingfor items an
e-customertypically hasto fill out one or several query
formsin a very uncooperatie ervironment. After press-
ing the “GO”-button he or shefar too often encountershe
infamous‘empty result- sorry, pleasetry again” situations
asoneextreme,or a floodingwith irrelevantresultsasthe
other Thisis aggravatedby the factthatsearchresultsare
not explainedin the context of the customers preferences.
Sucha behaior would be unheardof in a traditional de-

partmentstoreof the old economywith a friendly shopas-
sistant.Thus,to make e-shopsnorecustomeifriendly than

they appeartoday mary things have to improve substan-
tially. It will becomeessentiato listento customersivishes
more carefully, to help him or her corveniently through-
out the salesprocessto presenta good selectionof prod-

uctsthat matchhis or her preferencesandto inducethe e-

customerto carry out a purchaseight now. The popular
comparisorshopMySimon (www.MySimon.com)madea

first stepby usinga staticavatar Eventhe DeutscheBank

equippedsomewebpageswith predefined/oiceoutputand

an avatar namedCora. But a much more personaland

smartcontactis neededor a really good salesadvicefor

e-shopping.

The COSIMA project aims to go much further.  In
this paperwe describethe designand implementationof
COSIMA as a major steptowards better e-shopping. In
Section2 we start out with our overall designprinciples,
followedby a prototypearchitectureof COSIMA which of-
ferscomparisorshoppingover variousreal life e-shopsin
fact, COSIMA is the nameof our charmingavatar or can
be interpretedas an acrorym for “COmparisonShopping
with Interactve Meta searchAgents”. Thereaftewe lead
througha samplee-shoppingsessiorwith COSIMA. Sec-
tion 3 dealswith theimpactof searctenginetechnologyin-
troducingPreferenc&QL asonesuitablechoice.In Section
4 theautomaticgeneratiorof salescontexts for smartprod-
uct explanationsis the main focus. Section5 investigates
implementatiordetailsof our COSIMA prototype,includ-
ing aspectwf parallel searchagentsand web-engineering
issuedor dynamicspeectoutput. We alsoreportfirst user
feedbackve have gainedfrom ourcomparisorshop featur
ing the catgyoriesbooks,audioCDsandPC hardware,and
we discusgperformancelatagatheredrom our reallife ap-
plication. In section7 we summarizewhat COSIMA has
achieved sofar andgive anoutlook on furtherwork within
the COSIMA project.



2. Better E-Shoppingwith COSIMA

Now we presentur guiding designprinciplesfollowed
by thearchitectureof our COSIMA comparisorapplication.
Thenwe take thereaderon a shoppingtour with the avatar
COSIMA itself. COSIMA hasalreadybeendemonstrated
to the scientificcommunityat[9].

2.1 COSIMA’sDesignPrinciples

The creationof a smarte-shoppingssistanposesa ma-
jor challenge.COSIMA's roadmaptowardsthis ambitious
endincorporateshe following generaldesignprinciples:

P 1) Knowingandrespectinghe customers prefeences:
Customemishesenterednto thelnternetsearchmaskmust
seriously be interpretedas preferences. Neither should
COSIMA interpretthe users input ashard conditionslike
mary searchenginesdo, nor shouldit be requiredto en-
tercomplex booleamuerieswhatso-calledadvancedquery
modesoften askfor. Instead, COSIMA hasto acceptcus-
tomerwishesin a purely declaratve manner Solutionsbe-
ing conformwith P1 arediscussedh section3.

P 2) Geneating smartsalesadvicedynamically:
E-salesadvicemustbe dynamicallyadaptedo the degree
of matchbetweenthe customers preferencesandthe pre-
sentedtems, augmentedy a portion of salespsychology
like in the old economy Section4 will focusin morede-
tails onthistopic.

P 3) Communicatingoy a charming animation character
andby dynamicvoiceoutput:

COSIMA is presumablythefirst avataractinglike a smart,
speakinge-salespersonlf COSIMA wantsto presentthe

resultsor wantsto say anything else,shedoesit via dy-

namicallygeneratedioice output. To provide sucharather
comple but intuitive interactionof very differentfeatures
posesa major architecturaldesignchallengeby itself. Its

carefultreatmentvill be discussedn sectionb.

P 4) Extensibility:

Theoverall systemdesignof COSIMA is basedn Internet
componentechnologyrenderingt flexible enougho allow
for furtherimprovementof the human-aatarinterface.

2.2 Architecture of COSIMA

To prove our visionsin a real life ernvironment, with
COSIMA we implementeda meta-searchengine doing
comparisonshoppingover a variety of existing commer
cial e-shopsThesystemarchitecturds partitionedin three
tiersasshawvn in fig. 1. Theanimatedandspeakingemale
avatar COSIMA advisesthe customerat the client side to
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Figure 1. Ar chitecture of COSIMA

declaratvely enterhis wishesinto a searchmask. Thisre-
guests sentto the COSIMA senervia Internet.Fromthere
Internetagentsearchn parallelacrosseveralconnectec-
shopsanddeliver their partial resultsbackto the COSIMA
sener. Via JDBCtheseresultsaretemporarilystoredin a
SQL databasé€Oracle8i) andthenfilteredwith Preference
SQL (seesection3). The setof the bestmatchingitems
is sentbackto the client where COSIMA presentsthem
to the customer The salescontexts andthe corresponding
speectaudiofiles aregeneratedynamicallyusinginforma-
tion aboutthecustomerspreferenceandthesearctresults.
In fig. 2 we shav what software componentsare located
in a COSIMA client. This separatiorof client andsener
componentfiassignificantadvantages:

> The COSIMAserversendsonly basicproductinforma-
tion. No audiofiles aretransmittecbecausehe dynamic
generatiorof theanimationsandspeecHiles takesplace
in theclientonly. Thusevenaslow 14.4KBit modemon

1we decidedhotto equipCOSIMA with speechinput or chattingcapa-
bilities. Oncedesired(andcommerciallyviable productsfor speechinput
exist), all of thosecanbeaddedin alatterstagein amodularfashion.
2The COSIMA client softwarecanbe downloadedfrom [4].
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clientsideis sufficient for the datatransmission.

> Sincethe synchronizatiorof COSIMASs lips to the spo-
kentext is computedon the client side aswell, it can-
not be compromisedby low bandwidthor overloaded
seners.

Presentlythe Internetis the major bottle neck w.r.t. e-
shoppingperformancemakingit senselesso burdenthe
sener sidefurther. But sincemary peoplehave accesgo
powerful PCclients,the client sidecancopewith someex-
trataskslik e speectgeneratiorandthe coordinationof the
multimediatasks.

2.3 A Shopping-Tour with COSIMA

Now we presenseveralexamplesof COSIMA in action.

2.3.1 Welcome,Shopping Guidanceand Infotainment

COSIMA is charmingand polite like a real salesperson.
Starting COSIMA shewelcomesthe userand guideshim
to the preferredcategory. He canchoosefrom books,au-
dio CDsor PC hardware. In this examplehe takesthe CD
rubricandsearche$or “Talesof Mysteryandlmagination”
of “Don Williams”, with apreferredpricerangebetweerl0
and20 GermanMarks (fig. 3). Note thathe mixed up the
the performer“Don Williams” with “Alan Parsons”. The
text shown in the statusarearecordsall spoken sentences
of COSIMA sofar. After having pressedhe “GO”-button
COSIMA shortenghewaiting time by entertainingheuser
The maximumsearchdurationis useradjustablen the op-
tionsmenu.An e-shomotdeliveringtheresultsin thespec-
ified time is ignoredfor the currentsearch.

2.3.2 Presentingthe first result

Sendingout parallelshoppingagentsandfiltering the par
tial resultswith Preferencé&sQL yieldsaresultasshavnin
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Figure 3. Requestfor a CD

fig. 4. COSIMA tells the customerthat she has found
four CDs for him. Sincetheseare all bestmatchego the
statedcustomeiquery COSIMA hasa choicewhich oneto
startwith. Thuswith herown vendororientedpreferenceé,

(Welcome | Books | Music |Hardware | Reslts | Basket | Options [Bye

Borrowed Tales (Atoum)

I e
oo —— P Db 1038
‘ BORROWED TALES (Atoum)

"Muskschuie Oriine:
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7‘ " Don Wiliams: Preis: DM 19.95
His Early Hits 4nd More - Shelter Of .. (abum)
Show website Add to basket

Tates, o1, mistoy For |

| Mail || Contact || About || Licence

Figure 4. Presentingthe first item

sheselectsa first item which is thenmadepalatableby ex-
plainingits propertiesandadwvantages:

> The besthit is a CD of Alan Parsons. The price is
within your specifiedprice range. Thetitle containsyour

3The benefitof owning a searchengineis animportantissueby itself,
seee.g.[6].



specifieckeywords Tales of, Mystery, and, and Imagina-
tion. If You wantmeto explain anotherproductjust click
onit.«

COSIMA suggestghat this CD is the bestpossiblehit
by enumeratinghe matchingkeywordsof thetitle andcon-
firming thatthe priceis within the preferredpricerange.

2.3.3 Explaining an alternative

If the userclicks to anothemproductCOSIMA explainsthe
differencego thepreviousone:

»This CD is not from Alan Parsons but from Don
Williams. Thetitle is BorrowedTales. It is two German
Marks more expensive The performercontainstwo more
keywords «

The performercontainsthe highlighted keywords Don
andWilliams. COSIMA nameshetitle of the alternatie
aswell sinceit differsfrom the previousone,but asa good
salegracticeshedoesnottouchthatthetitle doesnotmatch
aswell asbefore. Of course,COSIMA alsocomputesand
emphasizethepricedifferences.

2.3.4 Explaining abargain

Our next exampleis from the book categgory. This time
the customersearchesor the book“The Dilbert Principle”
from ScottAdams,wishinga paperbackersionandwilling
to pay a price around20 GermanMarks. In the connected
e-shopsareperfecthits w.r.t. authorandtitle but notin the
preferredpricerange. COSIMA emphasizethattheresult
is a perfecthit andmoreoverthatthe bookis a bamgain:

sAttheshopBudweltl foundthe perfecthit, becauseét
containsall keywords. Theprice is evencheaperthanyou
specified.Thisis a real bargain! Accoiding to your wishes
thebookis a paperba& version«

Like arealsalesperso€OSIMA usesa little salespsy-
chology: Shedenotesheresultasaperfecthit sinceauthor
andtitle containall specifiedkeywords. But this book is
not availablein the desiredprice range.Insteadof stupidly
deliveringanemptyresult, COSIMA nameghebookabar
gainbecausét’s even cheapethanthe userwaswilling to
pay for it. COSIMASs salespsychologyis basedon meta-
knowledge(e.g. cheapermricesare better)aswell asdo-
main specificproductknowledge (e.g. hardcwer is better
thanpaperback).

Satisfyingitems can be put into a shoppingbaslet as
usual.Theactualpurchasés thencarriedoutthroughthee-
shopsin question.As afriendly salesperso@OSIMA also
saysgoodbyeto theuserwhenhe or shequitsthe shopping
session.

3 Product Searcch with COSIMA

Todaythereexists a variety of differentsearchengines
for the Internetand for productdatabasesf e-shops.As
everybodyknows from own experiencetheir searchbeha-
ior variesenormously Thusthe properchoiceof a good
searchenginefor e-shoppings animportantissue,which
become®venmorecrucialif bettere-salesadvicehasto be
offeredontop.

3.1 Choiceof an E-Shopping Search Engine

A fundamentatlecisionhasto be madewhenreactingto
customerswishesor preferencespamelywhat shouldbe
the right technicalway of modelingsuchpreferences.To
datethereexist severaldifferentapproachesn particular:

1. Translate customerpreferencesinto hard selection
conditions.

2. Translatecustomeipreferenceto softselectioncon-
ditionsandapplyaranked querymodel,assigningiu-
merical scolesbetween0 and 1, the latter denotinga
perfectmatch.

3. Translatecustomeipreferencemto softselectioncon-
ditions,modelingpreferenceaspartial orders.

In practicemixturesbetweerhardandsoft selectioncondi-
tionsoccurandmustbe supported{oo.

Approach 1 often translatesa user query straightfor
wardly into a SQL query hencebeing exposedto the
empty-resuleffect, which is particularlyanng/ing whene-
shopping. Ad hoc remediedike parametricsearchare far
from optimal either In termsof shoppingin the old econ-
omy this would amountto askthe customerto searchby
himself iteratively throughthe warehouse which is very
customenunfriendly and preventsthe salespersofrom ap-
propriatelylearningaboutthe customerswishes.Approach
2 often hasproblemswith determiningproperscorevalues
and how to interpretthem meaningfulto the customer It
mayalsobevulnerableo thefloodingeffect with irrelevant
results.

We arguethat searchenginesmplementingapproac 3
areareasonablehoiceasa basisfor goode-salesadvice.
A full discussiorof this non-trivial problemis beyond the
scopeof this paperinsteadwe wantto emphasizeur point
by describinga representatie for this approach,namely
PreferenceSQL, in somedetail next.

3.2 PreferenceSQL

Preferencé&SQL aimsat puttinganendto searchhassles
for e-shopping. As an extensionof standardSQL it does



not only supportstandardhard selectionconditionsin the

wher e-clauseof aquery but alsosoft conditionsidentified
by thenew keywordpr ef er ri ng. Technically all prefer

encegandeclaratvely bemodeledoy partial orders, which

have beershovn to becompatiblewith databas¢éechnology
(I8, 10)).

A partial order, say (M, C), is a very naturalandintu-
itive way to modelpersonapreferencestora,b € M a C
b expresseghat”l like b morethana”. Equally natural,
theremay exist elementsi, b € M wherel have no prefer
ence.As opposedo numericakanking,fuzzylogic or case-
basedreasoningapproachesucha preferenceanodelis fa-
miliar to everybodysinceheror his earliestyouth, henceit
is averyreasonablehoicefor ane-shoppingearchengine.

Queryevaluationis asfollows: First apply all hardfil-
ter conditionsfrom the wher e-clause thendeterminethe
maximalelementaccordingo the partialorderspecifiedn
thepr ef er r i ng-clause.This semantic®bviously avoids
boththeemptyresulteffect (unlessghewher e-clausesval-
uatesto the empty set) andthe flooding effect with worse
elements.

Preferencegomein two flavors, namely basic prefer
encesand compoundpreferences.Compoundpreferences
constructa new partialorderfrom somegivenpreferences.
Mathematicallythere are several well-known ways to do
this, like the cartesiarproduct,thelexicographicorder, etc.
([S]). The properchoiceof coursedependn therequire-
mentsof the applicationarea.For e-shoppingurposeswe
arguethat offering compoundpreferenceghat rely on the
Pareto-optimalityprinciple* arean effective choice.In par
ticular this supportsmulti-attribute optimizationsand the
searchfor best-mathing alternative offers, if the perfect
matchis not available.

To our knowledge PreferenceSQL is the only search
enginethat implementsPareto-optimality In the sequel
we usethe PreferenceSQL syntaximplementedoy [13]°.
Exampledfor basicpreferencesrepri ce around 10,
m nimze priceorprice between 10 and 20.
PreferenceSQL currently supportstwo operatorsto con-
structcompoundpreferences:

> The AND-operatormodelspreferencef equalimpor-
tanceandimplementghe Pareto-optimalityprinciple.

> The ‘,’-operator expressespriorities among different
preferences.

As anexampletake the customeiqueryfrom our COSIMA
sessionin fig. 3. Applying a stop-word list for the text
part, which excludescommonwordslike ‘of ' or ‘and’, the

4The Paretoprincipleis folklore in the socialandbusinesdisciplines
sinceabout50 years.In particularfor multi-attribute decisionproblemsit
hasbeenappliedand studiedextensvely by thesecommunities(seee.g.
[7]).

5Sampleapplicationsof PreferenceSQL technologyhave beenre-
portedin [11].

PreferencesQL query generatedy COSIMA might look
asin fig. 5.

SELECT *, TOP(price), TOP(type)

FROM Cosi nma_Server _tnp

PREFERRI NG

(title CONTAINS ‘ Tal es* AND
title CONTAINS ‘nystery’ AND
title CONTAINS ‘inmagination'
interpret CONTAINS ‘ Don' AND
interpret CONTAINS ‘WIliams'),
pri ce BETWEEN 10 AND 20;

AND

Figure5. SamplePreferenceSQL query

All keyword conditionshave beenchosento appearon
the samepriority level, but they are assumedo be more
importantthan the price. The answerscomputedby the
COSIMA sener in behalf of this single PreferenceSQL
gueryarepreciselyall best-matchingtemsaccordingo the
statedcustomerpreferences.

Moreover, Preference SQL can return quality in-
formation too. Syntactically this can be expressed
in the sel ect -clauseby using the keywords | evel ,
di st ance ort op (seefig. 5). For numericalattributes
di st ance calculateghe (relative or absolute)humerical
deviation from the desiredperfectvalue, wheread evel
relatesto the level within the underlying partial order (a
level of 1 denotinga maximalelement).The keywordt op
is shortcutfor | evel =1. As animportantconsequencehe
quality of searclresultscanbeinterpretedmeaningfullyin
termsof the customers input preferences.Clearly this is
a greataddedvaluefor an e-salesagentwho hasto sell a
productto the customer

4  Product Presentationwith COSIMA
4.1 Correlationwith the Search Engine

We just arguedthatthe properchoiceof a searchengine
is crucialfor e-shoppinglt doesnotonly influencethequal-
ity of the searchresult,but asa consequencthe quality of
the dynamice-salesadvice. First of all, the e-salesassis-
tantshouldknow the customers preferences themore,the
better Secondthe completenessf the searchresultsw.r.t.
bestmatchess an essentiabasisfor generatingcorvinc-
ing andbelievableexplanations And third, unlessthereare
perfectmatchesn stock,suitablealternatvesmustbeavail-
ablefor offer instead. The Paretosemanticof Preference
SQL satisfiesall of theserequirementsrery well, making
life easierfor COSIMA.

Thus, the dynamically generatedsalesexplanationsof
the e-salesassistantanbe similar to what knowledgeable



salegpersonsn theold economywouldtell theircustomers,
includingmethodsrom salespsydology. Now let’s give a

first insightinto the salesexplanationsof COSIMA (which

of coursecanandwill berefinedconsiderablyn forthcom-

ing versions).

4.2 SalesContextsof COSIMA

Let uslooselydefinea salescontext asary spoleninter-
actionof COSIMA with hercustomersThe COSIMA sales
contts arebasedon templatesasdescribedn [14]. These
contexts areneededor customeifriendly advice.They are
divided in static stringsfor welcomeor infotainmentand
dynamicstringsfor the sales-relatedxplanations.

4.2.1 Static SalesContexts

Therearefive differentstaticsalescategories:

e Welcome e.g. s»Hello, my nameis Cosima.l’'m your
smarte-shopassistant

e Shoppingguidancemay give metainformationabout
an e-shoppingportal or mall, including directory or
yellow pagesservice.In our caseit sufficesto helpthe
userto find his preferredcategory, e.g. Do you like
books,CDsor PC hardware. Pleasevisit thereferring
catggory above «

e Infotainment fills the gap while the searchis in
progress. Cross-selling, entertainment,informing
aboutthe latestnews or stockquotationsetc.,canbe
offeredhere.Rightnow COSIMA talksto theidle cus-
tomer, e.g. »By the way, do you knowthat the new
albumof Madonnais availablenow?It’ sonly 25 Ger
manMarks «

e End of the search phaseis aneventwhereCOSIMA
seizeghecustomers attention:s Theagentsare bad.
| foundsix CDsfor you«

e Goodbye, e.g. >Hopeyouenjoyedyour visit. Seeyou
S00N«

During runtimea suitablesalescontext of eachcategory is

computedandomly aimingto preventthewaiting customer

from gettingbored.

4.2.2 Dynamic SalesContexts

Therearetwo typesof dynamicsalescontexts, namelyex-

plaining the first searchresult and comparingtwo search

results.

o Explaining the first search result
To startthe salegpresentatiolCOSIMA hasto selectoneof

the searchresults. Sinceour Preferenceé&sQL-basedsearch
engineretrievesall bestmatchego acustomers querypref-

erencesthereis an additionaldegreeof freedomwhich of

themto offer first. In a traditional shopthe salesperson
probablywould apply somevendorpreferencedik e mini-

mizing large inventoriesof someproductsor maximizing
her own profit mamgin. COSIMA can likewise apply this
strateyy, toc®.

Fig. 6 shaws the simplified procedureof generatingthe
salescontext for explaininganitemin the audioCD cate-
gory. Firsttheselectedesultandthecustomersrequestre
analyzedwith regardto matchingkeywords, priceand CD

type (maxi-singleor album). Dependingon the degreeof

matchCOSIMA decidesbetweenperfect hit”, “bargain”,

“good hit” and“bad hit”. The caseof no resultsis only
possibleif all connectede-shopgeturnedno resultsat all.

In this situation COSIMA proposesa longer searchtime
adjustableby the user EachsituationcausesCOSIMA to

generatean appropriatesalescontext. The salesexplana-
tion consistoof threeparts:

Keywords: Which keywordsarefoundin theresult?
Type: Isthe CD of thedenotedype?
Price: Is the price minimal or in the specified

range?f not, how largeis the mismatch?

point out that a
bargain is found and
that the product is
cheaper than the
user’s inputs

Analysis of input
and results

E——

keywords found
-
(—
(e et

CD type is ok ;.
CD type is not ok
CD type doesn't -
matter

connected shops
no results e 5 e
deliver no results

Situation

point out that the
best possible hit has|
been found

perfect hit

use sales
psychology to make
unfitting product
"4 features acceptable
by emphasizing
matching parts and
extra features

A

osima alway:
delivers results if the
connected shops do|
and so the user is
told to extend the
search time

Figure 6. Dynamic salescontexts

6Technically vendorpreferencesan even be mixed alreadywith the
original Preferencé&SQL query



Thegeneratedalescontexts aremermgedtogetherto the ac-
tual explanationwithin anoverall evaluationof theresultby
COSIMA, e.g. »| founda bargain for you« or | havea
perfecthit.«.

Shealso usessalespsychologyto adwertise productsnot
exactly matchingthe customerwishes: » The CD “Alive”
from Pearl Jamis not deliverableright now but | havean-
otherlive-CD of thesameband.“Live onTwoLegs” iseven
tenGermanMarkscheaper Do youwantto buy it?«

o Comparing two search results

If a perfectmatchis not available, the Pareto semantics
of PreferenceSQL performsa multi-attribute optimization
presentingall best-possiblalternaties that can be com-
paredto eachotherby COSIMA. An importantcasearee-
shopsoffering the sameitem at varying prices. COSIMA
computeghe price differenceandemphasizeshatthe CD
is cheapeor moreexpensve, respectiely. COSIMA pays
alsoattentionon speciakituationdik e alternatve CDsfrom
the sameperformer CDsfrom a differentperformerbut of
the sametitle, sameCDs varyingin the type (maxi-single
or album), etc.

This salesexplanationtechnologyhereanalogouslyworks
in the categoriesbooksandcomputehardware.

5 Implementation of COSIMA
5.1 Parallel Inter net Agents

If acustomenqueryhasbeenissuedata COSIMA client,
it getstranslatedinto a PreferenceSQL query However,
sinceeachof the connectec-shopshasits own searchen-
gine, this querymustbe adaptedbeforeour parallel Inter-
netagentscanbe sentout. We useparallelJava threadsto
implementtheseagents. With a standard®?C as COSIMA
sener (850Mhz CPU,512MB mainmemory 10 MegaBit
dedicatedine) testsshoved thatwe canhandleup to 1000
of thesethreadssimultaneously

To circumwent the weaknesse®f the searchengines
of the connectede-shopswe implementedsuitablecoun-
termeasuresn the form of query relaxation To guard
againstthe empty-resulteffect, all attribute conditionsof
a COSIMA clientqueryaresentasadisjunctive query(i.e.
“or’-ing all conditions)to eachconnectede-shop. For e-
shopsthatdon't even supportdisjunctions,several parallel
subqueriesvith oneattribute conditioneacharegenerated.
Thusone COSIMA client querymay leadto mary online-
requeststo the connectede-shops. The resultsreturned
by our agentsaretemporarilystoredin a SQL databaset
the COSIMA sener. Now PreferenceSQL canfilter these
pre-selectedtemswith the Paretosemanticsavoiding the
flooding effect with worseresults. Only the best-possible
resultsare sentto the COSIMA client and explained by
COSIMA.

Sinceall connectece-shopshave differentschemesthe
nastyissueof schemaintegration hasto be dealtwith. The
online-requestt connectea-shopsaredonewith aninter-
facethat usesthe Java network capabilitiesto managethe
Internetconnections.It providesan implementedmethod
to gethtml pagesvia the Internetandtwo abstracimethods
to createthe uniform resourcdocator dynamicallyandto
parsetheresultinghtml pages.A new e-shopcaneasilybe
includedby implementingthesetwo methods.

5.2 The Multimedia Avatar

Now we wantto provide aninsightinto someimplemen-
tationdetailsof ourmultimediaavatarconcerningheavatar
COSIMA itself, dynamic speechgenerationand synchro-
nizationissues.

5.2.1 COSIMA -the avatar

Wheneer advisory servicehasto be provided it is much
more convenientto have somebodyfaceto face (see[1]).
A personalooking at the customerembraceseveral valu-
ableaspectdor e-commerce It is muchmore personalo
thecustomerThefeelingthatsomeonearesaboutthecus-
tomercanbetransmittedby anavatar Moreover, apersona
like COSIMA entailsa recognitioneffect. Positive effects
for an e-shopare obvious, if the avatar represents like-
able character Creatingsucha likeableavatar is a diffi-
cult, interdisciplinarytaskby itself, involving culturaland
marketingaspects Sincethe presenfl TS-toolsdo not per
fectly soundlike humanswe have chosena 2.5D-avatar
The 2.5D-ladyCOSIMA is ananimatedcartoon. To bring
life to thee-shopt is necessaryo have severalsequencesf
theanimatedpersondo presentifferentsituationsanddif-
ferentemotions Examplef scenesve needfor COSIMA
aresayinghello or goodbyewith a smile, explainingsome
productsandpointing on them, entertaininghe userwhile
searchingthe Internet, being very hapyy finding a bar
gain, and confirming changedoptionsin a friendly way.
Negative examplesthat shouldbe avoidedare,e.g. amale
avatarwith a femalesoundingvoice andvice versa. Also
a non-animatectartoondoesnot fit to a speectoutputvia
voice. COSIMA compareshooks,compactdiscsand PC
hardware. Soin our casea young fashionedady is that
whatpeoplenormally expect.

5.2.2 Dynamic SpeechGeneration

Thoughthe usualway of providing soundoutputis to sup-
portpredefinedoundfilesin standardormatslike .au, .wav
or .ra, thisimpliessignificantdisadwantages:

"The charactedesignfor COSIMA is undercopyright of the German
ResearclCenterfor Artificial Intelligence(DFKI), Saarbiicken.



> It is notflexible. The sentencesr partsof themarelim-
ited to the preparediles.

> For enlaging the voice databasé¢he samepersonin the
sameconditionis necessaryo recordthe new files.

> Thevoicedatabasés very storage-intense.

> Thereis no way to reactin realtime to a new situation
youwantto talk about,e.g. you find a new productwith
anameyou never heard.

> A transferoverthe Internetis oftenimpossiblein tolera-
bletime.

All theseproblemscanbe whippedoff by usinga Text-
To-Speech(TTS) tool at client side. In our settingsound
generatiorby a commercialT TS-tool takesonly very little
time, underonesecondypically. Henceour architecturas
superiorto commonsener sidesolutions,which oftenaim
atapplicationwith lengthyaudiotext ([15]). Nowadaysthe
speechyuality of suchTTS-toolsis at an acceptabldevel.
Theintonationis rathergoodandto somedegreeevenemo-
tions canbe expressed.Dynamically corverting shorttext
messageso speechcan be donein lessthan one second
evenon a PCwith a Pentiuml 200MhzprocessarApply-
ing sucha TTS-tool COSIMA appeargo the e-custometo
speakin realtime.

5.2.3 The Synchronization Obsewer

Sinceall spolentext is generatedt runtime,all animation
sequencesustbeflexible in length. Thechallengeof com-
bining voiceandanimationis to provide a reasonablyood
synchronizationThoughwe only transferbasicproductin-

formationvia Internetwe cannottrustin any time to start
the animation. Even small differencedike half a second
betweerstartingsoundandanimationmake avery poorap-
pearance.Thereforewe choseto implementour own ob-

senerwhichis in chage of speecrandanimationsynchro-
nization.

Oursynchronizatiorobsener controlsthearriving prod-
uctdata,the corversionfrom ASCII-text to speectwith the
TTS-tool andthe loading of the temporarysoundfile into
the randomaccesanemory(RAM). Concurrentlythe ob-
sener superviseghe loading of all neededanimationse-
guencego RAM. Whenall partsareavailablein the RAM
the synchronizatiorobserer startsvoice andavatarsimul-
taneouslyAt theendof thevoiceoutputtheobsenerdravs
afinal pictureor anidle taskanimationsothatthe actionof
thelips stopsright onthe point.

6 Evaluation of COSIMA

COSIMA hassuccessfullgivenherdehut attheinterna-
tional computerexhibition fair SYSTEMS2000in Munich

andwas presentedseveral timesto a large Germanpublic
audiencdn newspapersradio andtelevision broadcast. A
freewareclientversionof COSIMA is in useby severalhun-
dredusers.

6.1 Userfeedback

COSIMA usersarenot selectedestuser they arepeople
who heardaboutCOSIMA in radio, TV or print mediaand
downloadedhe softwarefrom ourhomepagé4]. Daily we
receive about30 requestgo our comparisorshopwith in-
creasingendeng. To useCOSIMA aPCwith atleasta400
Mhz CPU,64 MB RAM anda 14.4KBit Internetconnec-
tion is recommended.The usersgave a lot of encourage-
mentfor our work, e.g. positive commentsaboutour very
nice femaleavatar, that voice outputis a very “cool” and
helpful idea, that the comparisonshop savzes money, that
gueryresultsare very well related,or the desirefor more
searctcatagories,especiallypvD-movies.

In summary positive feedbackand acceptancef this
novel cooperatie interfacefor e-shoppingvasvery good.
It's worth mentioningthat so far we did not have a sim-
ple complaintabouta bug or crashof the very complex
COSIMA system.

6.2 Efficiency

Now let's have a look at someperformancesvaluations
under three perspecties basedon experienceswith our
users. For eachuserquery we loggedwhich productshe
is interestedn detailandwhich he putin his shoppingbag.
Also all presentedesultsareloggedfor analysis. And of
coursewe rememberedhe query

o Cardinality of PreferenceSQL results

The PreferencesQL searchenginepicks up only the best-
matchingresults. Predominantlythis numberof the pre-
sentedresultsis betweenl and 20 (seefig. 7). Note that
this fits very well to the requirementf a salessituation,
wherethe customemwantsto have aneasyto surey choice.

<=5

<=10

Figure 7. Bestmatching items per query

o Filter effectivenesf PreferenceSQL
In section5.1 we describedthe implementationof our



searchagents. When a requestwith very popularwords,
e.g. “love”, is sent,quite a lot of resultscamebackto the
database.We measuredup to 300.000datasetsfor one
request. The medianis about1.400. The filter effect of
Preferenc&QL s veryremarkableFig. 8 displaystheme-
dianof how mary percenf thetemporaryCOSIMA sener
databasareselectedy the match-makingprocesf Pref-
erenceSQL.

Percent

<=5 <=10 ==20 ==50 =50

B Average Number of not optimal results
B Average Number of results after Preference Search

Figure 8. Filter effectivenesof PreferenceSQL

o Overall responsdime of a customerrequest

Finally we wantto studythe overall responsdime for one
customerequesto COSIMA. In fig. 9 themeanresponse
time for the book agentss depicted.Thesefiguressuggest
avalueof 10-15secondsslimit to wait for agentresults.In
somecasege.g. overloadednternetconnection)it is use-
ful to incrementthis maximumsearchtime. Thesevalues
are similar to the two other catggoriesaudio CDs and PC
hardware.

BOL 47

Buchwelt 2,73

Amazon 11,86

Buchkatalog ‘ 9,93

e-shops

ﬁ

buecher.de 4,83

2 4 B 8 10 12 14
mean value of response time

Figure 9. Responsdime for the book agents

The overall responsdime for one COSIMA client request
is decomposedsshownn in fig. 10.

‘lll‘ v ‘V‘VI‘

> seconds

5 10 15

Figure 10. Time expensefor a customerquery

Therearesix stepsto doin onerequest:

I Sendingthe requestfrom a COSIMA client to the
COSIMA sener dependson the connection(LAN,
modemetc.),sowe estimateaboutonesecond.

II' This depend®n the option settingfor maximalagent
searchtime. Let'sassume defaultof 10 seconds.

[l Our median of inserting the agent results to the
COSIMA sener databasés 0.9 seconds.

IV The PreferenceSQL searchengine on the average
need.2second&

V For sendingtheresultsbackto the userwe againesti-
matel second.

VI The median of speechgenerationand loading of
speectandanimationis 0.8 seconds.

In summary providing the extra benefitof a good sales
advice with an advancedmultimedia interface to the e-

customersonly causesan overheadof about4 seconds.
Most of the time is consumedy the searchenginesof the

connecte@-shopsSinceCOSIMA canshorterthiswaiting

time by infotainmentthewholeresponsd¢ime of aroundl13

secondsvasneverfoundfrustratingby our users.

7 Summary and Future Work

We have presentedur ongoing COSIMA project, en-
visioning a smartand speakinge-salesassistanfor better
e-shopping.With COSIMA we have implementeda meta-
searchenginefor comparisonshoppingover various ex-
isting commerciale-shops. The very successfubdehut of
COSIMA atthe SYSTEMS2000computerfair in Munich,
the positive feedbackanda steadilygrowing usercommu-
nity have confirmedour beliefin this novel type of cooper
ative userinterface. The main challengesndcontributions
of COSIMA sofar canbe attributedto sophisticatedrchi-
tecturaldesignissuesand carefulcomponentelection. In
particular we emphasizedhe interrelationshipof a search
engineandthe quality of dynamicallygeneratedalesad-
vice, pointing out that PreferenceSQL-basedsearchen-
ginesare a very suitablechoice. Both the embarrassing
empty-resulteffect and the anngying flooding effect with
worseinformationexperiencedrom mary othersearchen-
ginesare avoided by PreferenceSQL dueto the principle
of Pareto-optimality Of course,COSIMA could work on
top of othersearchenginesput her quality of salesadvice
correlateswith the quality of the searchengine. We also
demonstratethow dynamicsalescontexts, including basic
ingredientsof salespsychology can be realized. As an-
otherhighlightwe introducedanefficient componenarchi-
tecture,wherethe synchronizednterplayand speechgen-
erationbetweerthe animatedavatarCOSIMA andthe spo-
kensalesadvicetake placeon clientside. In a nutshell,our
charminge-salesassistanCOSIMA bringsalreadya bit of

8Sofar, thereare no scientific publicationsaboutimplementatiorde-
tails of Preferenc&QL dueto pendingpatentsKey algorithmsthatenable
this goodperformancewill be submittedfor publicationsoon.



the shoppingfeeling to the new economythat we appreci-
atedsomuchin theold economy

Sinceoneof our overall designprincipleshasbeenthat
of flexibility , therearenumerousrthogonakvolution paths
for forthcomingversionsof COSIMA, in particular:

o Negotiations: Accordingto [3], importantfeaturesof a

powerful negotiation architecturewould include a search
enginethatis capableof multi-attribute optimizationsand
a dialog ervironmentbasedon the Language-ActiorPer

spectve of Searleand Habermagsee[16]). With Prefer

enceSQL we are preparedalreadyfor multi-attribute op-

timization, whereasour human-aatarinteractionneedsto

consideratheoryof speectactsfor COSIMA.

o Salespsydology: We canaddnew piecesthereofin an
evolutionaryway, consideringhetraditional4-stagemodel
for performinga successfukalesdialog. The impactwill
even be greatey if we achieve to expressemotionsfor our
animatedsalesavatar([2]).

o Smartnesandchatting: COSIMA canbemadesmartey
if shehasonline accesso domain-specifikknowledgeor
metaknowledge. Thenshecanimmediatelyreactto query
formulationsof the customerthat don't make much sense
and requiresomeexpert know-how. In combinationwith
a chattingfunctionality this would be anotherstepforward
towardscompetentustomeiadvice.

o Speehbinput: For mobilecommercespeectoutputasal-
readyrealizedby COSIMA would be a greatfeature. Also
offering speechinput insteadof typing the query into a
searchmask, would be anothergreatprogressfor mobile
commerce.

o Prefeencemining: Knowing customers’preferencess
atthe heartof any successfusalesadvice.Preference&sQL
learnssuch preferencedlirectly from customerinput into
the searchmask.But it is very worthwhileto performpref-
erencaminingonsenerlog filesaswell in orderto discover
morepreferencesThis knowledgecanbe usedin future e-
shoppingsessiondor cross-selling,collaboratve filtering
or personalizednfotainment.

o Autonomouse-shoppingagent: Our parallelagenttech-
nology can be usedas a backboneto implementan au-
tonomousagentwho givenalist of shoppingtems,a price
andtime constraintcan do the errandson behalfof an e-
customer This canevenincorporateautonomousaggling
with e-shopsande-auctiongsee[12]).

CertainlyCOSIMAwill neverreplaceasmartrealsalesper
son, but we believe shewill make e-shoppingnuchmore
exciting than it is today The benefitswill be very re-
warding,including a highercustometoyalty or morecost-
effective call centers,which candelgyate simple advisory
tasksto thee-salesssistantandonly mustconnecto high-
paid humanexpertsfor high-qualityadvise.
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