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Abstract

Servicediscovery protocolsautomaticallyfind servicesand
their attributesin communicatiometworks. Thesefeatues
are especiallyhelpful for mobile uses in foreign networks
and groupsof uses that form spontaneougad hoc) wire-
lessnetworks.Thispaperpresentsa servicebrowserfor the
IETF ServiceLocation Protocol (SLPv2). We describethe
main featuresof the browserand the requirementdor func-
tionality and userinterface Furthermoee, we briefly com-
menton theusedsoftwae developmentoolsandlibraries.
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1 Introduction

Servicediscovery protocolsenableusersof a communica-
tion network to find servicesapplicationsanddevicesthat
are available in the network. In particular they allow to
searchand browse for a servicethat fulfills a certaintask.
This featureis especiallyusefulfor mobile usergwith note-
books,network—enabled®DAs, or mobile phones)in a for-
eignnetwork andfor groupsof userghatform aspontaneous
(adhoc)wirelessnetwork.

Let us give an example: Supposeyou are on a business
trip, sitting attheairportwith your notebookandwaiting for
the connectingflight. During the previousflight, you have
written a technicalreport. Now a printout must be made,
andanothercopy shouldbefaxedto yourcompaly. Theair-
port offers accesdo a local areanetwork with printer and
fax devices. Without servicediscovery, a considerableon-
figurationeffort is necessaryo fulfill your task: Your com-
puter must be configuredwith the namesand addressesf
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the printer andthe fax in orderto communicatewith them.
Moreover, appropriatedevice driversmustbeinstalled. This
is a standardorocedurefor accessingservicesin networks
today

The main goal of servicediscovery protocolsis to ease
this configurationprocess.Using servicediscosery mecha-
nisms,servicesautomaticallyadwertisethemseles, supply-
ing detailsabouttheir featuresandinformation requiredto
accesghem. Usersor applicationscanlocatea serviceby
askingfor a particularservicetype (e.g. printer) and may
make a serviceselectionin casemultiple servicesof thede-
siredtype are available. From the network administrators
point of view, theseprotocolseasehetaskof settingup and
maintainingthe network. Especiallytheintroductionof new
servicesanddevicesis simplified.

The most well-known service discovery protocols cur-
rently underdevelopmentarethe ServiceLocationProtocol
(SLP)[1][2], Jini [3], UniversalPlug andPlay (UPNnP)[4],
andBluetooths SDP[5].

In [6] we comparedheseservicediscovery protocolsand
presentedbur betaimplementationof SLPv2. Our proto-
col implementatiordemonstratethe fundamentafunction-
ality of SLP in practice. The essentiaffeatureswere im-
plementedn C andallowed basictransactiondbetweenthe
threeagentsvia UDP soclets. During the lastyear, we im-
provedandextendedhefunctionality of the protocolimple-
mentation. The currentrelease(TUM-SLP v0.2) includes
security mechanismsand servicelifetime expiration (leas-
ing) [7]. It is one of the first implementationsof SLPv2
that supportsauthenticatiormechanisms.The sourcecode
is available at http://wwwlkn.ei.tum.de/~mcg/slpMe also
successfullytestednterworking with anotherSLPv2imple-
mentation.

In this paperwe discussthe usability of SLP andpresent
our ‘servicebrowser'for TUM—SLRP Via agraphicaluserin-
terface,ourbrowseroffersthe mostimportantprotocolfunc-
tionsin a straightfornard anduserfriendly way. Userscan



performqueriesfor particularservicesandtheir attributesor
obtaina list of all servicesof the network. The found ser
vicesaredisplayedin atree,anduserscanbrowsethrough
theattributes.

The structureof this paperis asfollows: The basicfunc-
tionality of the SLPv2protocolis reviewedin Section2. Sec-
tion 3 describeghe basicsoftwaredesign,the requirements
for functionsanduserinterfacesandthe useddevelopment
tools andlibraries. Section4 presentghe main featuresof
ourbrowset in particularthedifferentmethoddor searching
aservice.Section5 briefly describe®therservicebrowsers
for SLPR, beforeSection6 concludeshis paperandgivesan
outlookon furtherwork.

2 ServiceDiscovery with SLP

The ServiceLocation Protocolversion2 (SLPv2)[8, 1, 2]

is a proposedstandardof the IETF (Internet Engineering
Task Force), which hasbeendesignedfor servicediscor-

eryin IP-basedetworks. Its systemarchitectureconsistof

threecomponents:

e UserAgents(UA) aresearchindor a serviceon behalf
of theuseror application.

e Service Agents (SA) adwertise service information
(e.g.,locationandcharacteristics).

e DirectoryAgents(DA) storeinformationreceivedfrom
SAsandrespondo servicerequestsrom UAs.

Figure1 illustratesthe basicfunctionality of the protocolif
thereexistsa DA'. Whena new serviceconnectgo the net-
work, the SA adwertisesits existenceby registeringthe ser
vice to the DA. Usinga SrvRg messageit informsthe DA
aboutits URL (Uniform Resourcd.ocator)anda setof at-
tributesdescribingthe service.If a UA (representin@g user
or application)wantsto find a certainservice,it sendsa ser
vice requesimessagéSrvRgsy to the DA. Optionally, he or
shecanspecifysomeservicetypeandattributesthatthe ser
vice shouldhave (e.g.colorprinter). If theDA findsaservice
in its database¢hat matcheghe requestjt returnsa unicast
reply messagg€SrvRply backto the UA. This messagen-
cludesthe URLs of the desiredservices.

Discovery of DA Since the addressof the DA is not
available to ary other agent, the SA and UA must dis-
cover its existence. They multicast a requestspecifying
service:diectory-ggent as the desiredserviceto the SLP
multicastgroupaddres$39.255.255.258n port 427 (both

1SLP alsoallows operationwithout DA, but this operationmodeis not
consideredn this paper
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Figurel: SLParchitecture

specifiedin [8]). All DAs in the network listento this port

andreply with aunicastDAAdvertmessagéo therequesting
agent.In additionto this so—calledactive DA discovery, DAs

canalsoadwertisethemselesby sendingunsolicitedDAAd-

vertsto announceheir presence This discosery methodis

called passie DA discovery. SAsandUAs canextractthe

DA’'s addresgrom the DAAdvert,asthey do whenperform-
ing active DA discovery. Thethird methodto obtainthe ad-

dressof a DA is through static discovery via DHCP (Dy-

namicHostConfigurationProtocol[9]).

Scopes Like mostof theotherservicediscovery protocols,
SLP is administratvely scoped. This meansthat the pro-

tocol locatesresourcegdevicesandservices)vailablein a

network within anadministratvely definednetwork domain.
Thesedomainsarelogical anddo not needto correspondo

the physicalernvironment. Making useof scopescanresult
in lowering bandwidthusageon networks, becausaisually
the numberof participantsn eachscopeis lessthanin the

entirenetwork. Usersbelongingto a certainscopemayonly

discoverserviceghatareofferedin thisscopeptherservices
arehiddenby the DA.

Service Description: Service Type, URL, and Attributes

Servicesareclassifiedby theirservicetype(e.qg.,printer)and

can be locatedvia a serviceURL. The URL containsthe

IP addres=of the service,a port number anda path. The

attributesassociatedvith servicesare definedin so—called
servicetemplateqd10]. For a particularservicetype, these
templatesspecify possibleattributes(e.g., color—supported,
printerresolution—supporte@dndtheir default values.

Service Selection Searchingfor a particularservicein a
network canoftenleadto along list of servicesthatis re-
turnedto the user For example,if a UA doesnot queryfor
aspecificservicetypein a SrvRgstthe DA will returna list
of all network serviceswithin therespectie scope Also if a
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Figure2: Our SLP solutionwith browsercapabilities

UA restrictsits requesto aspecificservicetype,the DA will
in mary casedind morethanoneserviceof this typein its
databaseTheusemustthendecidewhichservices thebest
choicefor a particularpurpose.The SLP protocoldoesnot
specifyhow to make sucha decision(it wasnotintendedto
dosoeither).Onesolutionis to provide anapplicationto the
userthatmalesit possibleto browsethroughall found ser
vicesandcomparetheir attributes. This hasbeenthe major
motivationfor usto developauser-orientedservicebrowvser

3 Design and Development of an SLP
Browser

This section describesdesign aspectsand software tools
which were usedfor developing a service browser based
on our SLP implementation. We denotethis browser as
UaBraowser Our currentSLPv2 release(TUM-SLP v0.2)

consistof oneDA, oneor moreSAs,andoneor moreUASs.

All agentanberunonthesameor ondifferentLinux com-
puters.Thepresencef the DA is mandatoryfor ourbrowser
implementation.

The UaBrawseris designedo work on top of the UAs,
separatedirom the rest of our protocol implementation.
Furthermorei|it is still possibleto run TUM-SLP without
UaBraowser becauseaisersdo not alwayshave theresources
neededfor usingthe graphicalfeaturescombinedwith the
serviceapplication.Figure? illustratesthis concept.

3.1 Functional and User Interface Require-
ments

In our designwe make a distinctionbetweerfunctionaland
userinterfacerequirements.By consideringthe functional
aspectsthefollowing requirementareused:

e Searchby servicerequestsattribute requestsand ser
vice typerequests

e Findall serviceswithin onescope

¢ Browsethroughall foundservicedn thescope

e Browsethroughall secureservicegegisteredatthe DA
o Getall attributesof aservice

e Performperiodicservicediscovery (periodsetby user)

e Shov messagesentbetweenthe SLP entitiesafter a
request

To provide corvenienceor the enduser therearealsoser-
eral requirementxoncerningthe userinterface. First, the
programshouldbe easyto learnand use,evenif the user
hasno prior knowledgeof servicediscovery. Theinterface
shouldbring consisteng (thesamehingsshouldnotbedone
in differentways)andgive feedbacko the userif someac-
tion goeswrong. Furthermore,t shouldbe ableto bring
importantSLP—-relatednformation,e.g.,shaving the trans-
actionsbetweerthe agentsor servicelifetimes.

3.2 Development Toolsand Libraries

Sinceour TUM-SLPimplementatiomunson Linux, we had
to find someappropriatéoolsbasednthe X—Windows sys-
temfor developingthe browserapplication.

We decidedto use the Qt classlibraries [11] on the
free desktopKDE (K DesktopEnvironment)[12]. It was
usedby the KDE project group for the developmentof a
window manageron X—Windows. The Qt tool kit con-
sistsof a C++ classlibrary andtools for designinggraph-
ical user interfaces. It can be obtainedfrom Trolltech
(http://wwwtrolltech.com ftp://ftp.troll.no) andis included
in mostLinux distributions. Somereasongor the choiceof
QtandC++are:

e Qtis programmedn C++. It usesdifferentclassedor
eachcomponent.This givesthe advantagethat object
orientedlanguageshave, e.g., reuseand subclassing.
Theclasse®of Qt arewell definedandstructured.

e A detaileddocumentatioris given, and example pro-
gramsare available. The manualis written in HTML
with hyperlinksto all memberfunctions.



e Qtis availablefree of chagefor the Unix/X-Windows
platform. A Microsoft Windows versionis also avail-
able, but it was not free of chage at the time of our
projectstart. As the restof our SLP implementatioris
basedon the Linux ervironment,this wasan adequate
criteriafor our purposes.

Qt providesa specialsignalandslot mechanisnto connect
widgetsin orderto createa graphicaluserinterface. In our
experiencethis wasa nice andefficient alternatve to usual
C-stylecallbackfunctions.Thelibrariesalsoincludeutility
classego handlestringsand otherdatastructuresjnterpro-
cesscommunication,and soclet programming,to hamea
few.

Althoughour currentbrowserimplementatiorrunsunder
KDE, it shouldeasilybe portableto otherplatforms,since
we only useQt librariesandno KDE—specificlibraries.

As anintegrateddevelopmentervironmentwe useKDe-
velop [13]. It is designedfor C/C++ applicationdevelop-
mentandhelpsto createand maintaina projectandto de-
velop userinterfacesin conjunctionwith the Qt Designer
from Trolltech. KDevelop provides good accessto the
sourcecodeandthe API documentation.

4 The UaBrowser

UponstartuptheUaBrowserautomaticallysearchethenet-
work for an existing DA (active DA discovery) within the
scopeusedin the previous session. As shavn in Fig. 3,
the userseesthe main applicationwindow with its menus,
atoolbar, a directorytree,a servicetree,andthe statusbar.
If aDA is foundwithin this scope,t will appeamith its IP
addresssrootin the servicetree(seeFig. 3). Theusercan
now searchfor desiredservicesn severalwaysandbrowse
throughthe attributesof theseservicesas describedn the
following.

4.1 Searching for Services by Scope

Froma combobox (placedin the middle of the toolbar) or
from a dialog (openedirom the menu)the usercanchoose
a scopeamongall scopesthat are available for him/her at
the DA. TheUaBrawserthenreturnsall serviceswithin this
scopethatareregisteredwith the DA atthis time. This pro-
cessgivesan overview of availableservicesandprovidesa
goodbasisfor usingthe browsingfacilities. As illustratedin
Fig. 3, theresultsfrom the requestarelisted in the service
treebelown the DA entry.
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Figure3: UaBravsermainwindow

4.2 Searching for Services by Service Type

Searchindor servicesonly by scopeis especiallyusefulin
smallnetworkswith few servicesin largernetworks,e.g.,in
largeintranetswith hundredf servicesthis kind of search
is not applicablearymore. Thus,in additionto a general
servicerequestmorespecializedservicerequestarepossi-
blein SLP In fact, servicerequestmessage$SrvRqst)can
find servicesby type andscope,andalsoa searctfilter for
attributescanbe employed|8].

If the userwantsto senda servicerequesimessagéeo the
DA, he or sheopensthe ‘service requestdialog’ and fills
in the desiredservicetype and scope(Fig. 4). The user
may also input an attribute string in the queryfield, to in-
dicatethatthe returnedserviceshouldcontainthis stringin
its attributelist. In Fig. 4 we searchfor all servicesof type
‘printer’ in scop€lkn.’

Servicesof the requestedype are returnedfrom the DA
to the UA. In the exampleof Fig. 5 two printershave been
found. The lifetime indicatesfor how long the servicewill
be availablein the network. The retrieved servicesarealso
shown in the servicetreewindow.

4.3 Obtaining Attributes of Services

As an optionalfeature,SLP allows UAs to find and query
attributesof servicesThisis doneby sendingoutanattribute
requesimessagé€AttrRgs). Basically two differentrequest
typesarepossiblefirst, aqueryof theattributesof a specific
service(viatheserviceURL) and,secondaqueryby service
type. In the secondcase the DA returnsall attributesof all
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servicef therequestedypein the network.

To performanattributerequestvith our browser theuser
opensthe ‘attribute requestdialog’ (Fig. 6) andinputsthe
desiredserviceURL or servicetype. As with the service
requestthe usermustspecifya scope.

In orderto getthe whole attribute list of eachfound ser
vice,theusercanleavetheattributequeryfield empty When
searchindor a specialattribute, the usercanusewildcards,
representetdy anasterisk('*’).

In Figure 6, an attribute searchrequestis issuedwith
‘printer’ as servicetype, 'lkn’ as scope,and *lang* as
query The purposeof this queryis to seeif thereis a de-
vice on the network with a servicetemplatecontaininglan-
guagedescriptionsFigure7 shavstheresult: Two attributes
have beenfound: ‘natural-language-configed = de’ and
'natural-language-supptad= en/de’.

Theattributesof servicesarealsoshavnin theservicetree
in the main applicationwindow. By clicking on oneof the
servicesthe attributesof this serviceentryareshown in the
next treelevel (seeFig. 3, printeritem).
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Figure7: Searchresultsfrom theattributerequest

Note thatin our implementation,only one attribute can
be specifiedin the attribute queryfield. This queryis based
onstringcomparisorbetweerthe enteredattributein thedi-
alog and the attribute list storedin the DA. The LDAPv3
(Lightweight Directory AccessProtocol)string syntax[14]
is notyetsupportedThis syntaxdefinitionallows moreflex-
ible queriespbasedn complex logical expressionse.g.,

(printertype= bw) & (papetsize= A4) &
(! (printerresolution<= 600dpi) )

This statemensearchefor ablack—and—whitgrinterthatis
ableto print Ad—sizedpaperwith aresolutionof morethan
600dotsperinches.

5 Redated Work

We have found two servicebrowsersfor SLP. which have
somesimilar facilities and functions. The first oneis for
commerciapurpose.



Mac OS9 Network Browser  With MacOS9, Appleinte-
gratedthe SLP protocolinto its operatingsysten15]. Their
SLP-supportedetwork browser[16] is usedto find seners,
e.g.,FTPsenersandWebsenersonthelnternet.

Carleton University SSB Another service browser im-
plementation,called SSB, is presentedn [17][18]. SSB
is basedon the SLPv2 applicationprogramminginterface
(API) describedn [19]. It useghestandardizeihterfacefor
searchand queryfunctionality andemploys an own API to
managereceved attributes. The SLP implementatiorfrom
OpenSLHA20] wasusedfor this browser

6 Conclusion and Outlook

The servicelocationprotocol SLPv2enablesautomaticser
vice discoveryin dynamicnetworking scenariosIn this pa-
per we presenteda servicebrowserfor SLPv2, which en-
ablesuserfriendly accesso our protocol implementation
TUM-SLP. We describedur softwaredesignthefunctional
anduserinterfacerequirementsthe developmentools,and
finally explainedthe main searchingandbrowsingfeatures.
Userscansearchfor all serviceswithin a scope,searchby
type only, and query attributesof services. All resultsare
displayedin a tree—styleview andcanbe browsedin order
to make a serviceselection.

Ourwork is oneof thefirstimplementationshatdemon-
strateshow a browserapplicationcanbe deployedto give a
betterend—useusability for servicediscovery.

Enhancementso the servicebrowser can be made,for
example,by supportingservicetyperequestgSrviypeRqst
thatfind all servicetypesin a scope.Furtherwork concern-
ing the the TUM-SLP protocolimplementationis e.qg. full
LDAPv3support.
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