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t. Considering the existing tenden
y toward the use of wirelessdevi
es we propose in this paper a new servi
e that helps users of thosedevi
es in the (tedious, repetitive and many times 
ostly in terms of
ommuni
ation 
ost) task of obtaining software from the Web.The goal of the servi
e is twofold: First, to allow users to obtain softwareby expressing their requirements at a semanti
 level. For that the servi
edeals with an ontology, spe
i�
ally 
reated for the servi
e, that 
ontainsa semanti
 des
ription of the software available at di�erent repositories.Se
ond, to guide users in the task of browsing the ontology in order tosele
t the adequate software.The servi
e has been developed using mobile agent te
hnology. A soft-ware obtaining pro
ess based on adaptive agents, that manage semanti
des
riptions of available software, presents a qualitative advan
e with re-spe
t to existing solutions where users must know the lo
ation and a

essmethod of various remote software repositories. In this paper we des
ribethe main elements that take part of the servi
e and some performan
eresults that prove the feasibility of the proposal.Keywords: Mobile information agents, Ontologies, Adaptive informa-tion agents, Mobile 
omputing.1 Introdu
tionWorking with any kind of 
omputer (desktop, laptop, palmtop), one of the mostfrequent task for the users is to obtain new software in order to improve the
apabilities of those 
omputers. For that, a well-known solution is visiting someof the several websites that 
ontain freeware, shareware and demos (su
h asTu
ows [12℄ or CNET Download.
om [1℄). However, that approa
h 
an be
ome
umbersome for naive users |they may not know: 1) the di�erent programs? Supported by the CICYT proje
t TIC2001-0660 and the DGA proje
t P084/2001.?? Work supported by the grant B131/2002 of the Arag�on Government and the Euro-pean So
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that ful�l their needs, 2) the features of their 
omputers, and, 3) the websiteswhere to �nd the software| and 
an be
ome annoying for many advan
ed users.Moreover, if those users use a wireless devi
e, the time expended to �nd, retrieveand install the software should be minimized as mu
h as possible in order toredu
e 
ommuni
ation 
ost and power 
onsumed.Taking into a

ount the previous s
enario we propose in this paper a Soft-ware Retrieval Servi
e that allows users to �nd, retrieve and install software.This servi
e presents two main features: 1) Semanti
 Sear
h: the servi
e allowsusers to express their software requirements at a semanti
 level and helps themto browse 
ustomized software 
atalogs in order to sele
t the adequate soft-ware. For that, the servi
e makes use of an ontology (spe
i�
ally 
reated for theservi
e) that 
ontains a semanti
 des
ription of software available in di�erentrepositories, and so it makes transparent for users most of the te
hni
al detailsrelated to the software retrieval task. 2) Analysis of user behavior: the system\observes" users information requests in order to anti
ipate their needs and evenlearns from its mistakes to improve its future behavior with those users. So ito�ers a 
ustomized and adaptable servi
e to users putting a spe
ial emphasis onoptimizing 
ommuni
ation time.The Software Retrieval Servi
e takes part of ANTARCTICA [3℄, a systemthat provides users of wireless devi
es with a new environment that ful�ls someof their data management needs. ANTARCTICA follows the widely a

eptedar
hite
ture for mobile 
omputing [11℄ and so it deals with users of wirelessdevi
es and hosts situated at the �xed network that we 
all GSNs1.The implementation of the servi
e is based on the agent te
hnology [10℄.Four main agents parti
ipate in the servi
e (see Figure 1): Alfred, the user agentsituated at the user 
omputer who is an eÆ
ient majordomo that serves the userand is on 
harge of storing as mu
h information about the user 
omputer andthe user her/himself as possible; the Software Manager agent (situated at the
losest GSN2) that prunes the software ontology taking into a

ount the userrequirements; the Browser agent, whi
h is 
reated at the GSN and then it movesto the user 
omputer to help her/him to navigate the pruned ontology and sele
tthe wanted software; new information requested by the user will be retrieved bythe Catalog Updater agent, whi
h is 
reated by the Browser to update the usersoftware 
atalog; and the Salesman agent whi
h 
arries the sele
ted programto the user 
omputer and installs it whenever possible. The intera
tions amongthese agents are explained in detail in [6℄.Two main tasks take part when dealing with the servi
e: 1) to prune theontology in order to present to the user a software 
atalog 
ontaining only thatpart related to her/his requirements (to avoid 
onfusing the user and overloadingher/his 
omputer), and 2) to attend user re�nements on su
h a 
atalog tryingto predi
t future user behavior (to minimize network 
ommuni
ation). The re-1 The Gateway Support Node (GSN) is the proxy that provides wireless users withdi�erent servi
es like the Software Retrieval Servi
e.2 There exists one Software Manager agent on ea
h GSN.
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hite
ture for the Software Retrieval Servi
esponsible for those tasks are the Software Manager and the Browser agents,respe
tively.Con
erning related work, to our knowledge, agents have not been widely usedfor software retrieval. In [4℄ they explain a me
hanism to update several remote
lients 
onne
ted to a server taking advantage of mobile agents 
apability todeal with dis
onne
tions; however this work is more related to push te
hnologythan to servi
es 
reated to assist users in the task of updating the software ontheir 
omputers. In the Ariadne proje
t [5℄ they work on automati
 wrapper
onstru
tion te
hniques and build an ontology on top of ea
h website in a semi-automati
 manner. OntoAgents [2℄ allows the annotation of websites to performa semanti
 sear
h; data 
an be a

essed using a web browser or performing asear
h that is managed by agents, whi
h 
onsider the di�erent terms in thewebsite. In these last two proje
ts they use agents, not for retrieving softwarebut a

essing websites.In the rest of the paper we detail the behavior, knowledge and adaptability ofthe Software Manager and Browser agents, whi
h are the key of the su

ess of theSoftware Retrieval Servi
e. In Se
tion 2 we explain how the initial intera
tion ofthe user with Alfred is performed. In Se
tion 3 we des
ribe how the �rst prunedontology (the �rst 
atalog) is obtained. In Se
tion 4 the 
atalog browsing isdetailed in
luding the analysis of the user behavior. We 
ompare the softwareretrieval servi
e with a Tu
ows-like approa
h in Se
tion 5, and some 
on
lusionsappear in Se
tion 6.2 Initialization of the Software Retrieval Servi
e (SRS)Alfred is an eÆ
ient majordomo agent, situated at the user 
omputer, thatserves the user and is on 
harge of storing as mu
h information about the user




omputer, and the user her/himself, as possible. Let us start with the situationin whi
h the user wants to retrieve some kind of software. Two 
ases 
an arise:1. The user exa
tly knows whi
h program s/he needs, for example, JDK1.4.0for Win32, and also knows how to ask for it. This 
an happen be
ause s/heis a usual 
lient of this servi
e. Thus, expert users 
ould dire
tly pose therequest, with the help of a GUI, as a list of 
onstraints <feature, value>des
ribing the software they need. In the example the data entered wouldbe [ <name, JDK1.4.0>, <OS, Win32> ℄.2. The user only knows some feature of the program, for example, its purpose.In this 
ase, the user needs some kind of 
atalog 
on
erning the softwareavailable, in order to navigate it and �nd the wanted program. With thehelp of a GUI, users 
an write a list of 
onstraints in order to express theirneeds the best they 
an3. Moreover, the user 
an spe
ify the level of detail(expressed as a per
entage) that s/he wants in su
h a 
atalog, the more detailthe bigger 
atalog. Advan
ed users 
ould be interested in many features ofsoftware while naive users 
ould only be interested in just a few, su
h as abrief des
ription, the name of the program and the OS needed to install it.

Fig. 2. Alfred's GUI for the Software Retrieval Servi
eIt is also possible that the user does not know any feature of the software.S/he 
ould have seen it in the past but now is not able to remember thename, the exa
t purpose, et
. However, if s/he would see it again s/he 
ouldre
ognize it. Even in this 
ase, the system will help the user as we explainin Se
tion 3.1.In addition to the 
onstraints and the level of detail (if spe
i�ed) Alfred
an add more 
onstraints 
on
erning the user 
omputer (e.g. OS, RAM mem-ory, video 
ard, et
.) and previous exe
utions of the servi
e (e.g. previous webbrowsers downloaded). Indeed, all the information provided by the user is storedby Alfred. Thus, with ea
h user request, Alfred stores more information about3 The information provided 
an be impre
ise. In Figure 2, the user does not knowneither the web browser name nor the 
on
rete Windows version of her/his 
omputer.



the user 
omputer and about the user; a detailed des
ription of the knowledgemanaged by Alfred 
an be found in [6℄.After the user spe
i�es her/his requirements, Alfred sends a software 
atalogrequest to the Software Manager agent residing at the GSN.3 Obtaining a Software Catalog: The Software Ontologyand the Software ManagerAfter re
eiving a request of Alfred (on behalf of the user), the Software Manageragent performs two main tasks: 1) To obtain a 
atalog 
orresponding to the userrequest, and 2) To 
reate an agent that travels to the user 
omputer, presentsthe 
atalog to the user, and helps her/him to �nd the wanted software.For the �rst task, we advo
ate using an ontology, 
alled SoftOnt, to des
ribesemanti
ally the 
ontent of a set of data sour
es storing pie
es of software. Thisontology will be stored in all the GSNs that belong to the ANTARCTICA sys-tem. The SoftOnt ontology, whi
h stores detailed information 
on
erning theavailable software a

essible from the GSN, is managed by the Software Man-ager (one per GSN). So, instead of users having to deal dire
tly with di�erentsoftware repositories, the system uses an ontology to help users to retrieve soft-ware. Stru
turally, SoftOnt is a rooted a
y
li
 digraph whose inner nodes storeinformation about software 
ategories and whose leaves store information aboutprograms.In [7℄ we explained the pro
ess used for building the SoftOnt ontology. How-ever, due to spa
e limitations we summarize here the main steps involved inthat pro
ess: the translation and the integration steps. In the translation step,spe
ialized agents analyze HTML pages 
orresponding to several software repos-itories on the web, like Tu
ows [12℄. Fortunately, those pages 
lassify the di�erentpie
es of software in several 
ategories and so, the spe
ialized agents take ad-vantage of those 
ategories to 
reate ontologies (one ontology per website) andthey transform sub
ategories in websites into spe
ializations in ontologies. In theintegration step, the ontologies obtained from the di�erent software repositoriesare integrated into only one ontology. Taking into a

ount that in the 
onsid-ered 
ontext (software repositories) the number of data sour
es is low and thenumber of 
ategories is not very high we advo
ate building only one ontology.Moreover, as the vo
abulary heterogeneity problem on the 
ontext is limited,the pro
ess of integrating the ontologies 
an be automatized using a thesaurusfor the automati
 vo
abulary problem resolution.Therefore, the SoftOnt ontology 
onstitutes the main knowledge managed bythe Software Manager agent and the pruned ontology (
ustomized to ea
h user)
onstitutes the main knowledge managed by the Browser agent.3.1 The Software Manager: Ontology PruningThe SoftOnt ontology must be pruned in order to obtain a �rst software 
atalogto present to the user. This pruning pro
ess is very important due to three rea-sons: 1) it avoids presenting the user 
ategories and pie
es of software that 
annot



be installed on the user 
omputer (di�erent OS, or other restri
tions); 2) it avoidspresenting very spe
ialized 
ategories and pie
es of software that 
ould surelymake naive users spend more time reading the 
atalog, and 
onsequently, �nd-ing the wanted software; and 3) it minimizes the 
ommuni
ation 
ost by sendinginteresting information only.The Software Manager is able to prune an ontology by 
onsidering di�erentparameters:{ Node to prune. The Software Manager will only 
onsider the subtree de-�ned by the spe
i�ed node and their underlying nodes. To prune the wholeontology, the node to prune should be the root node of the ontology.{ Keywords. They are a list of 
onstraints <feature, value> that nodes in theresult must satisfy.{ Level of detail. It is a per
entage that indi
ates the amount of data thatshould be in
luded in the result; for example, a level of detail of 30% indi-
ates that only the 30% of the ontology should be in
luded in the result.If keywords are spe
i�ed, the level of detail is applied on the set of nodessatisfying the keywords.{ Pruning strategy. It indi
ates whi
h nodes of the ontology will be sele
ted,it is the sele
tion 
riteria. Several pruning strategies have been implementedin our prototype:� The most requested nodes. The Software Manager updates global4 statis-ti
s about the retrieval of ea
h node in SoftOnt. Every time that a nodeis in
luded in the 
atalog for some user, its 
ount is in
reased. Thus,when this strategy is used, the most requested nodes are sele
ted �rst.� The most requested nodes by the user. The Software Manager also storeswhi
h nodes are sent to ea
h user (user statisti
s). Thus, by using thisstrategy the Software Manager sele
ts �rst those nodes requested for theuser in the past.� The proportional strategy. In this strategy, brother nodes5 have the samepriority. In other words, when a node must be pruned using a 
ertainlevel of detail of n%, then all the immediate des
endants of su
h a nodewill be pruned using a level of detail of n%. This strategy is very usefulwhen the system has no idea of what the user is looking for, as it doesnot favour any 
on
rete bran
h.� The heaviest strategy. In this strategy, the nodes with more underlyingpie
es of software are sele
ted �rst. This strategy is based on the idea thatthe user 
ould be looking for a software under very populated 
ategories,like games.{ Node type. The pruning strategy 
ould 
onsider only nodes that representsoftware 
ategories, nodes that represent pie
es of software, or both. Thus,the node type parameter 
an be `
ategories', `programs', or `nodes', respe
-tively.4 On
e a day, Software Managers on di�erent GSNs 
an share and update their sta-tisti
al information about the retrieval of ea
h node in SoftOnt.5 Brother nodes are those with at least one 
ommon father node.
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Fig. 3. Pruning an ontology: (b) with heaviest and (
) proportional strategiesFigure 3 shows the di�eren
e between two pruning strategies, when the nodeto prune is `A', no keywords, level of detail is 30% and node type is `nodes'. Noti
ethat, independently of the pruning strategy, a level of detail of 30% indi
atesthat only the 30% of the ontology must be obtained (9 nodes, in the example).In the initialization of the servi
e, the parameters sent by Alfred are: thelevel of detail for the whole ontology and some keywords; both parameters areoptional for the �rst time. For future 
atalog re�nements, the parameters sent byAlfred are: the node to prune, the level of detail for that node, and (optionally)new keywords. The rest of parameters are estimated by the Software Manageras explained in the following. Therefore, when the Software Manager is invokedto perform a prune of the SoftOnt ontology, the following steps are followed:1. Sele
ting the node to prune. For the �rst 
atalog it will be the root node ofSoftOnt, as the �rst time we 
onsider the whole ontology. In future 
atalogupdates, the user 
an request pruning a 
on
rete node (see Se
tion 4.1).2. Choosing the node type. If no keyword and no level of detail was spe
i�edby the user, only 
ategories will be in
luded in the �rst 
atalog: the userhas provided no information about what s/he wants, therefore the systemwill only in
lude 
ategories in the �rst 
atalog to help the user to 
hoose�rst the kind of software wanted. In other 
ase, the 
atalog will in
lude both
ategories and program nodes.3. Pruning the SoftOnt ontology using keywords, if any was spe
i�ed by theuser (pruning using keywords is very sele
tive). Let us 
all Ontkeywords tothe ontology after 
onsidering the keywords:Ontkeywords = �prune(SoftOnt; keywords) if any keywordSoftOnt otherwiseOnly nodes of the kind sele
ted in step 2 whi
h ful�ll all the keywords willbe in
luded in the result.



4. Setting the level of detail. If the user spe
i�ed a level of detail, the systemmust provide her/him with at least su
h a level of detail. However, as aremote 
onne
tion must be opened to return to the user 
omputer the 
at-alog requested, system estimates if it is worth to retrieve more informationthan what it has been requested, i.e., to 
onsider a higher level of detail toavoid future network 
onne
tions. This estimation is based on the 
urrentnetwork status and a 
on
rete per
entage %in
r spe
i�ed by Alfred (dif-ferent users 
ould have di�erent in
rements depending on their expertise,
omputer, network 
onne
tion, et
.). Te
hni
al details about how this in
re-ment is obtained in run-time 
an be found in [9℄. This approa
h improvesthe eÆ
ien
y of the system when the user su

essively requests lightly higherlevel of detail of the some node.If the user did not spe
ify a level of detail (only possible for the �rst software
atalog), the Software Manager will 
onsider a level of detail of %in
r.5. Applying a pruning strategy on Ontkeywords, using the parameters obtainedin the previous steps. For the �rst 
atalog, the proportional pruning strat-egy is sele
ted, be
ause it prunes brother nodes proportionally, whi
h is agood idea for the �rst 
atalog. In future 
atalog updates, the system willautomati
ally sele
t the most suitable strategy (see Se
tion 4.2). Let us 
allOntpruned to the result of this task.6. Obtaining an in
remental answer. The �rst 
atalog will be the 
ompleteOntpruned. Moreover, to avoid sending data that are already on the user
omputer, the Software Manager stores the ids of the nodes sent to ea
huser6 (nodesuseri ) and, in future 
atalog updates, it removes those nodesfrom the 
atalog obtained. Thus, only the new information is sent.7. Compressing the 
atalog obtained. The information obtained in the previousstep 
an be 
ompressed to redu
e the use of the network when sending a
atalog to the user 
omputer. In [9℄ we show when it is worth to 
ompressthe 
atalog by 
onsidering the 
atalog size, the 
urrent network status andother parameters measured in run-time.Noti
e that, even when the user did not spe
ify any keyword or level of detail,the system automati
ally sets during steps 1, 2, 4, and 5 the most appropriatevalues for the parameters needed to perform a prune (node to prune, node type,level of detail, and pruning strategy).3.2 Creating the Browser agentAfter the �rst 
atalog is obtained the Software Manager 
reates a Browser agentinitialized with su
h a 
atalog. This spe
ialized agent will travel to the user
omputer and help the user to �nd the wanted software as explained in the nextse
tion. It is important to stress that, although the Software Manager 
ould have6 This information is also stored by the Browser agent at the user 
omputer, thuswhen the user 
hanges to another GSN (hando�) the Browser tells the new SoftwareManager whi
h are the nodes already retrieved.



sele
ted a level of detail higher than the spe
i�ed by the user, the Browser willexa
tly show to the user what s/he asked for. The rest of the information 
an beused by the Browser as a bu�er to perform future 
atalog updates, as explainedin Se
tion 4.3.4 Catalog Browsing: The Browser AgentOn
e on the user 
omputer, the Browser agent presents the 
atalog as a rooteda
y
li
 digraph (see Figure 4) where nodes are software 
ategories (shaded nodesrepresent nodes whose des
endants are hidden). In order to help users, underea
h node in the 
atalog there is a bar that represents graphi
ally: 1) how mu
hinformation about that node is shown (in middle grey); 2) how mu
h informationabout that node is available at the user 
omputer (in light grey); and 3) howmu
h new information about that node 
ould be requested to the Software Man-ager (in dark grey). For example, 
on
erning the node `Linux' in Figure 4, theBrowser is showing the 10% of all the information available in the ontology, the58% is available at the user 
omputer, and the 42% remaining 
ould be remotelyrequested to the Software Manager.

Fig. 4. Browsing the 
atalogIn the following we explain the di�erent a
tions that the user 
an performon the 
atalog, how the Browser analizes the user behavior to anti
ipate futurea
tions, and how the 
atalog re�nements that request new information aboutsome node are managed.4.1 Navigating the Catalog: User A
tionsThe following are the di�erent a
tions that a user 
an perform after studyingthe 
atalog presented:



{ To ask for information about a node. Just by left-
li
king on a node, theBrowser shows (on the right side of the GUI) all the features of su
h a node,in
luding the list of programs under it.{ To open/
lose a node. By double 
li
king on a node, its immediate des
en-dants are shown/hidden.{ To prune some node. By right-
li
king on a node, the user has the possibilityto spe
ify a new level of detail for that node or provide new 
onstraints forthat node and its des
endants. Thus, di�erent a
tions 
an be performed:� To request less detail of a node, when too many des
endants below thatnode are shown, whi
h makes the task of �nding the wanted softwaretoo 
onfusing for naive users.� To request more detail of a node, as the user 
ould suspe
t that thewanted program 
ould be under su
h a node. The Browser 
ould havethe requested information (no remote 
ommuni
ation would be needed)or not (the Browser will have to remotely request those data to theSoftware Manager at the GSN). Se
tions 4.3 and 4.4 detail this task.� To provide new 
onstraints, as the user 
ould have remembered somefeature of the wanted program therefore 
ould want to provide a new
onstraint (a new pair <feature, value>). As the Browser has pruning
apabilities, that task 
an be done lo
ally7, on the user node, withoutany remote 
onne
tion.{ To download a program, when user has (fortunately) found a pie
e of soft-ware that ful�ls her/his needs. As a 
onsequen
e of this a
tion the Browserremotely 
reates a Salesman agent on the GSN and the Browser agent simplyends its exe
ution. The Salesman agent will visit the user 
omputer 
arryingthe spe
i�ed program. See [8℄ for a more detailed des
ription of the tasksperformed by the Salesman.4.2 Automati
 Pruning Strategy Sele
tion: Analyzing the UserBehaviorWe explained in Se
tion 3 that 
atalogs 
an be pruned in di�erent ways, whatwe 
all di�erent pruning strategies. Thus the pruning strategy indi
ates whi
hnodes of the ontology will be sele
ted. The result of applying di�erent pruningstrategies is di�erent although the same number of nodes is sele
ted. Therefore,di�erent pruning strategies sele
t �rst 
ertain kind of nodes (the most frequentlyrequested, those with more programs, et
.).In order to minimize the number of user re�nements, i.e., the number ofuser a
tions needed to �nd the wanted software, the Browser tries to anti
ipatefuture user a
tions by analizing her/his past behavior. Thus, the Browser storesthe nodes in whi
h the user had some interest in the past. When the Browserdete
ts that the user seems to follow a pattern that 
orresponds with the nodesthat would have been sele
ted by some of the available pruning strategies, thenthat pruning strategy will be used in the next prune.7 In our prototype, di�erent 
onstraints are joined by a logi
al AND operator.
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Fig. 5. Analyzing the user behavior and sele
ting new pruning strategiesIn Figure 5 we show how the 
atalog 
hanges with di�erent pruning strategies.We use the following notation to indi
ate the di�erent prunes: Nstrlod means thatnode N was pruned using the str pruning strategy (abbreviations: `p' = propor-tional, `h' = heaviest) and a level of detail of lod%; for example, < Ap13Cp15Eh45 >represents the result after 1) pruning node A proportionally and a level of detailof 13%, 2) pruning the resulting node C proportionally and a level detail of 15%,and �nally 3) pruning node E using the heaviest strategy and a level of detail of45%. In this example a threshold of three8 is used to 
hange the pruning strategy,and the proportional prune is used by default. 1) In < Ap13 > we show the �rst
atalog presented to the user (the whole is pruned for the �rst 
atalog). 2) Theuser requests a higher level of detail of node C; the pruning strategy remainsthe same as in the �rst prune, and the result is < Ap13Cp15 >. And 3) the userrequests a higher detail about the node E; it is the third time that the usersele
ts the path that would have been shown if the root node would have beenpruned using the heaviest strategy (< Ah13 >). Therefore the Browser sele
tsthe heaviest pruning strategy in order to make easier to the user the task of�nding the wanted software, as s/he seems to be interested in nodes with manyprograms; the result is < Ap13Cp15Eh45 >. With the proportional strategy the re-sult would be < Ap13Cp15Ep45 >. Noti
e that if the user was looking for programsunder node K, the heaviest strategy would have sele
ted those nodes just in two8 The default threshold should be a small value, three or �ve, and that threshold willin
rease ea
h time the Browser dete
ts an error in its estimation. The system storesa threshold for ea
h user and pruning strategy.



user re�nements (< Ah13Eh45 >; however, sele
ting the heaviest strategy from thebeginning is a very risky 
hoi
e, there exist many 
han
es to fail in helping auser for whi
h the system has no information about what s/he is looking for.Therefore, the Browser 
ounts the nodes for whi
h the user shows any interestand, whenever the user seems to follow a re
ognized pattern during a 
ertaintime, the 
orresponding strategy will be sele
ted. Whenever the user does notfollow the pattern of the 
urrent pruning strategy, the Browser will sele
t theproportional strategy (whi
h is the least risky) until a new pattern is followed.The Browser \remembers" previous mistakes, and the threshold of a reje
tedstrategy is augmented anytime the user stops following its pattern; thus theBrowser tries to improve its predi
tions.4.3 Treating a New Re�nement Lo
allySome a
tions sele
ted by the user 
an be performed by the Browser itself, withoutusing network resour
es:{ The user requests to open/
lose a node. The Browser simply shows/hides thedes
endants of su
h a node, no new information is needed.{ The user requests a lower level of detail of some node. As no new informationis needed and the Browser has pruning 
apabilities, it prunes the sele
tednode by 
onsidering the level of detail indi
ated by the user. In this 
ase,the bar 
orresponding to that node will indi
ate now that less informationis shown; however, the indi
ator that represents the Browser bu�er aboutthat node will remain the same (be
ause the amount of information lo
allyavailable is still the same).{ The user requests a higher level of detail below the bu�er limit. Again, theBrowser has already all the needed information and 
an prune the 
atalogproperly.Noti
e that, by using the Browser pruning 
apabilities and the Browserbu�er, many user re�nements 
an be performed without using network 
onne
-tions. Nevertheless, if the requested re�nement 
annot be performed using theinformation 
urrently available to the Browser, then the new information mustbe requested remotely to the Software Manager as explained in the followingsubse
tion.4.4 Treating Re�nements that Implies Using the NetworkSome re�nements requested by the user 
annot be performed by the Browseritself: the user 
an request information that the Browser does not have, so aremote request to the Software Manager is ne
essary. For that task, the Browser
reates a Catalog Updater agent9, whose goal is to retrieve from the GSN the9 The Catalog Updater 
ould be remotely 
reated on the GSN; however if that remote
reation fails due to network unstability, the Browser should retry su
h a task.Creating the agent lo
ally permits the Browser to depute the Catalog Updater tomanage network 
ommuni
ations



needed information, by requesting the Software Manager to prune the nodesubje
t of the user re�nement with the spe
i�ed level of detail and keywords.To a
hieve its goal, the Catalog Updater agent 
an follow two alternatives: 1) aremote 
all from the user 
omputer to the Software Manager at the GSN, or 2) totravel to the GSN, to 
ommuni
ate with the Software Manager lo
ally, and travelba
k to the user 
omputer. To sele
t a 
hoi
e, the Catalog Updater 
onsiders thenumber of retries needed to maintain a network 
onne
tion open during a 
ertaintime (see [9℄ for details about this estimate). The Catalog Updater 
hooses oneof these two alternatives in run-time, as the network status is estimated rightbefore a remote 
onne
tion is needed.As explained in Se
tion 3, new 
atalogs are returned in an in
remental way(only new information is retrieved to optimize 
ommuni
ation 
osts). Thus, theCatalog Updater merges the previous user 
atalog with the new informationproperly, and then �nishes its exe
ution. In this way, noti
e that the Browserupgrades its knowledge with ea
h user re�nement, making less frequent the needfor remote 
onne
tions. So, future re�nements 
an be attended faster and avoid-ing the use of the network.5 Performan
e Evaluation: SRS vs. Tu
owsIn this se
tion we 
ompare the use of the Software Retrieval Servi
e (SRS)with the use of Tu
ows10. Figure 6 shows a real sample session with the twosystems: (a) the network use and user re�nements using Tu
ows to �nd a 
ertainsoftware (a CAD tool), and (b) the same situation when using SRS. Axis-xrepresents time in minutes; lines above axis-x represent a

ess to the networkand lines below axis-x represent user re�nements (the longest line represents themoment in whi
h the user found the wanted software).
(a) (b)Fig. 6. Network use and user re�nements using (a) Tu
ows and (b) SRSWe 
an observe that in Tu
ows (Figure 6.a) there is a network a

ess forea
h user re�nement whi
h makes ne
essary a 
ontinuous 
onne
tion to the net-10 Data was obtained after testing both software retrieval methods by di�erent kindsof �nal users. Ea
h user retrieved several pie
es of software, �rst with the SRS andthen with Tu
ows. Most of the users already knew Tu
ows.



work. However, in SRS (Figure 6.b), as the system is able to manage some userre�nements without remote a

ess, there exist long time gaps for whi
h SRS didnot a

ess the network. This feature makes the system more robust to temporalnetwork dis
onne
tions, and enables 
onsidering an automati
 me
hanism thatde
ides to dis
onne
t the user 
omputer from the net, to redu
e the 
ost of GSMwireless 
onne
tions.In Figure 7 we show how the total time was spent in di�erent tasks (a) whenusing Tu
ows and (b) when using SRS. Axis-x shows the di�erent software thatusers looked for, and axis-y shows the average time spent. Noti
e that, althoughusing Tu
ows 
an sometimes be faster, using SRS redu
es the network 
ommu-ni
ation 
ost (for example in Figure 7, when looking for a DBMS).

(a) (b)Fig. 7. Time-
onsuming tasks for di�erent (a) Tu
ows and (b) SRS sessions6 Con
lusionsTaking into a

ount the widespread use of mobile 
omputers, we have presentedin this paper a servi
e that allows users of those 
omputers to retrieve softwarefrom existing software repositories in an easy, guided and eÆ
ient way. Easy, be-
ause the servi
e allows users to express their software requirements at semanti
level, i.e., they express what they need but not how to obtain it. Guided, be
ausethe servi
e, using spe
ialist knowledge-driven agents, only presents to the userthose software 
ategories related to her/his requirements (a 
ustomized 
atalog)and helps her/him to browse those 
ategories until the wanted software is found.Finally, it is eÆ
ient be
ause, although the servi
e 
an be used on any kind of
omputer, it puts on a spe
ial emphasis on mobile users, saving wireless 
ommu-ni
ations. The reported performan
e results, obtained using the implementedprototype, 
orroborate this when 
omparing the servi
e with a more 
lassi
alway of obtaining software, su
h as a

essing the Tu
ows website.
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