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Abstract

Servicediscoveryprotocolsautomaticallyfind servicesand
their attributesin communicationnetworks.Thesefeatures
are especiallyhelpful for mobileusers in foreign networks
and groupsof users that form spontaneous(ad hoc) wire-
lessnetworks.Thispaperpresentsa servicebrowserfor the
IETF ServiceLocationProtocol (SLPv2). We describethe
mainfeaturesof thebrowserandtherequirementsfor func-
tionality and user interface. Furthermore, we briefly com-
menton theusedsoftware developmenttoolsandlibraries.
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1 Introduction

Servicediscovery protocolsenableusersof a communica-
tion network to find services,applications,anddevicesthat
are available in the network. In particular, they allow to
searchandbrowsefor a servicethat fulfills a certaintask.
This featureis especiallyusefulfor mobileusers(with note-
books,network–enabledPDAs, or mobilephones)in a for-
eignnetwork andfor groupsof usersthatform aspontaneous
(adhoc)wirelessnetwork.

Let us give an example: Supposeyou areon a business
trip, sittingat theairportwith yournotebookandwaitingfor
the connectingflight. During the previous flight, you have
written a technicalreport. Now a printout must be made,
andanothercopy shouldbefaxedto yourcompany. Theair-
port offers accessto a local areanetwork with printer and
fax devices. Without servicediscovery, a considerablecon-
figurationeffort is necessaryto fulfill your task: Your com-
putermustbe configuredwith the namesandaddressesof
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the printer andthe fax in orderto communicatewith them.
Moreover, appropriatedevicedriversmustbeinstalled.This
is a standardprocedurefor accessingservicesin networks
today.

The main goal of servicediscovery protocolsis to ease
this configurationprocess.Usingservicediscovery mecha-
nisms,servicesautomaticallyadvertisethemselves,supply-
ing detailsabouttheir featuresandinformationrequiredto
accessthem. Usersor applicationscanlocatea serviceby
askingfor a particularservicetype (e.g. printer) and may
make a serviceselectionin casemultiple servicesof thede-
sired type areavailable. From the network administrator’s
point of view, theseprotocolseasethetaskof settingup and
maintainingthenetwork. Especiallytheintroductionof new
servicesanddevicesis simplified.

The most well-known servicediscovery protocolscur-
rently underdevelopmentaretheServiceLocationProtocol
(SLP) [1][2], Jini [3], UniversalPlug andPlay (UPnP)[4],
andBluetooth’sSDP[5].

In [6] we comparedtheseservicediscoveryprotocolsand
presentedour beta implementationof SLPv2. Our proto-
col implementationdemonstratedthefundamentalfunction-
ality of SLP in practice. The essentialfeatureswere im-
plementedin C andallowed basictransactionsbetweenthe
threeagentsvia UDP sockets. During the lastyear, we im-
provedandextendedthefunctionalityof theprotocolimple-
mentation. The currentrelease(TUM–SLP v0.2) includes
securitymechanismsand servicelifetime expiration (leas-
ing) [7]. It is one of the first implementationsof SLPv2
that supportsauthenticationmechanisms.The sourcecode
is availableat http://www.lkn.ei.tum.de/~mcg/slp/. We also
successfullytestedinterworkingwith anotherSLPv2imple-
mentation.

In this paperwe discusstheusabilityof SLPandpresent
our ‘servicebrowser’for TUM–SLP. Via agraphicaluserin-
terface,ourbrowseroffersthemostimportantprotocolfunc-
tions in a straightforwardanduser–friendly way. Userscan



performqueriesfor particularservicesandtheirattributesor
obtaina list of all servicesof the network. The found ser-
vicesaredisplayedin a tree,anduserscanbrowsethrough
theattributes.

Thestructureof this paperis asfollows: Thebasicfunc-
tionalityof theSLPv2protocolis reviewedin Section2. Sec-
tion 3 describesthebasicsoftwaredesign,therequirements
for functionsanduserinterfaces,andtheuseddevelopment
tools andlibraries. Section4 presentsthe main featuresof
ourbrowser, in particularthedifferentmethodsfor searching
a service.Section5 briefly describesotherservicebrowsers
for SLP, beforeSection6 concludesthis paperandgivesan
outlookon furtherwork.

2 Service Discovery with SLP

The ServiceLocationProtocolversion2 (SLPv2) [8, 1, 2]
is a proposedstandardof the IETF (InternetEngineering
Task Force), which hasbeendesignedfor servicediscov-
ery in IP–basednetworks.Its systemarchitectureconsistsof
threecomponents:

� UserAgents(UA) aresearchingfor a serviceon behalf
of theuseror application.

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

� DirectoryAgents(DA) storeinformationreceivedfrom
SAsandrespondto servicerequestsfrom UAs.

Figure1 illustratesthebasicfunctionalityof theprotocolif
thereexistsa DA1. Whena new serviceconnectsto thenet-
work, theSA advertisesits existenceby registeringtheser-
vice to theDA. Usinga SrvReg message,it informstheDA
aboutits URL (Uniform ResourceLocator)anda setof at-
tributesdescribingtheservice.If a UA (representinga user
or application)wantsto find a certainservice,it sendsa ser-
vice requestmessage(SrvRqst) to theDA. Optionally, heor
shecanspecifysomeservicetypeandattributesthattheser-
viceshouldhave(e.g.colorprinter). If theDA findsaservice
in its databasethatmatchesthe request,it returnsa unicast
reply message(SrvRply) backto the UA. This messagein-
cludestheURLsof thedesiredservices.

Discovery of DA Since the addressof the DA is not
available to any other agent, the SA and UA must dis-
cover its existence. They multicast a requestspecifying
service:directory-agent as the desiredservice to the SLP
multicastgroupaddress239.255.255.253on port 427(both

1SLPalsoallows operationwithout DA, but this operationmodeis not
consideredin thispaper.
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Figure1: SLParchitecture

specifiedin [8]). All DAs in the network listen to this port
andreplywith aunicastDAAdvertmessageto therequesting
agent.In additionto thisso–calledactiveDA discovery, DAs
canalsoadvertisethemselvesby sendingunsolicitedDAAd-
verts to announcetheir presence.This discovery methodis
calledpassive DA discovery. SAs andUAs canextract the
DA’s addressfrom theDAAdvert,asthey do whenperform-
ing active DA discovery. Thethird methodto obtainthead-
dressof a DA is throughstatic discovery via DHCP (Dy-
namicHostConfigurationProtocol[9]).

Scopes Likemostof theotherservicediscoveryprotocols,
SLP is administratively scoped. This meansthat the pro-
tocol locatesresources(devicesandservices)availablein a
network within anadministratively definednetwork domain.
Thesedomainsarelogical anddo not needto correspondto
the physicalenvironment. Making useof scopescanresult
in lowering bandwidthusageon networks, becauseusually
the numberof participantsin eachscopeis lessthanin the
entirenetwork. Usersbelongingto acertainscopemayonly
discoverservicesthatareofferedin thisscope;otherservices
arehiddenby theDA.

Service Description: Service Type, URL, and Attributes
Servicesareclassifiedby theirservicetype(e.g.,printer)and
can be locatedvia a serviceURL. The URL containsthe
IP addressof the service,a port number, anda path. The
attributesassociatedwith servicesaredefinedin so–called
servicetemplates[10]. For a particularservicetype, these
templatesspecifypossibleattributes(e.g.,color–supported,
printer–resolution–supported)andtheir defaultvalues.

Service Selection Searchingfor a particularservicein a
network canoften leadto a long list of servicesthat is re-
turnedto theuser. For example,if a UA doesnot queryfor
a specificservicetypein a SrvRqst, theDA will returna list
of all network serviceswithin therespectivescope.Also if a
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UA restrictsits requestto aspecificservicetype,theDA will
in many casesfind morethanoneserviceof this type in its
database.Theusermustthendecidewhichserviceis thebest
choicefor a particularpurpose.TheSLPprotocoldoesnot
specifyhow to make sucha decision(it wasnot intendedto
dosoeither).Onesolutionis to provideanapplicationto the
userthatmakesit possibleto browsethroughall foundser-
vicesandcomparetheir attributes.This hasbeenthemajor
motivationfor usto developauser–orientedservicebrowser.

3 Design and Development of an SLP
Browser

This section describesdesign aspectsand software tools
which were usedfor developing a servicebrowser based
on our SLP implementation. We denotethis browser as
UaBrowser. Our currentSLPv2 release(TUM-SLP v0.2)
consistsof oneDA, oneor moreSAs,andoneor moreUAs.
All agentscanberunonthesameor ondifferentLinux com-
puters.Thepresenceof theDA is mandatoryfor ourbrowser
implementation.

The UaBrowser is designedto work on top of the UAs,
separatedfrom the rest of our protocol implementation.
Furthermore,it is still possibleto run TUM–SLP without
UaBrowser, becauseusersdo not alwayshave theresources
neededfor using the graphicalfeaturescombinedwith the
serviceapplication.Figure2 illustratesthis concept.

3.1 Functional and User Interface Require-
ments

In our designwe make a distinctionbetweenfunctionaland
userinterfacerequirements.By consideringthe functional
aspects,thefollowing requirementsareused:

� Searchby servicerequests,attribute requests,andser-
vice typerequests

� Findall serviceswithin onescope

� Browsethroughall foundservicesin thescope

� Browsethroughall secureservicesregisteredat theDA

� Getall attributesof aservice

� Performperiodicservicediscovery(periodsetby user)

� Show messagessentbetweenthe SLP entitiesafter a
request

To provide conveniencefor theenduser, therearealsosev-
eral requirementsconcerningthe user interface. First, the
programshouldbe easyto learn anduse,even if the user
hasno prior knowledgeof servicediscovery. The interface
shouldbringconsistency (thesamethingsshouldnotbedone
in differentways)andgive feedbackto theuserif someac-
tion goeswrong. Furthermore,it shouldbe able to bring
importantSLP–relatedinformation,e.g.,showing thetrans-
actionsbetweentheagentsor servicelifetimes.

3.2 Development Tools and Libraries

SinceourTUM–SLPimplementationrunsonLinux, wehad
to find someappropriatetoolsbasedontheX–Windowssys-
temfor developingthebrowserapplication.

We decided to use the Qt class libraries [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 and tools for designinggraph-
ical user interfaces. It can be obtained from Trolltech
(http://www.trolltech.com, ftp://ftp.troll.no) and is included
in mostLinux distributions.Somereasonsfor thechoiceof
Qt andC++ are:

� Qt is programmedin C++. It usesdifferentclassesfor
eachcomponent.This givesthe advantagethat object
orientedlanguageshave, e.g., reuseand subclassing.
Theclassesof Qt arewell definedandstructured.

� A detaileddocumentationis given, andexamplepro-
gramsareavailable. The manualis written in HTML
with hyperlinksto all memberfunctions.



� Qt is availablefreeof chargefor theUnix/X–Windows
platform. A Microsoft Windows versionis alsoavail-
able, but it was not free of charge at the time of our
projectstart. As therestof our SLPimplementationis
basedon theLinux environment,this wasanadequate
criteriafor ourpurposes.

Qt providesa specialsignalandslot mechanismto connect
widgetsin orderto createa graphicaluserinterface. In our
experience,this wasa niceandefficient alternative to usual
C–stylecallbackfunctions.Thelibrariesalsoincludeutility
classesto handlestringsandotherdatastructures,interpro-
cesscommunication,and socket programming,to namea
few.

Althoughour currentbrowserimplementationrunsunder
KDE, it shouldeasilybe portableto otherplatforms,since
we only useQt librariesandno KDE–specificlibraries.

As an integrateddevelopmentenvironmentwe useKDe-
velop [13]. It is designedfor C/C++ applicationdevelop-
mentandhelpsto createandmaintaina projectandto de-
velop user interfacesin conjunctionwith the Qt Designer
from Trolltech. KDevelop provides good accessto the
sourcecodeandtheAPI documentation.

4 The UaBrowser

Uponstartup,theUaBrowserautomaticallysearchesthenet-
work for an existing DA (active DA discovery) within the
scopeusedin the previous session. As shown in Fig. 3,
the userseesthe main applicationwindow with its menus,
a toolbar, a directorytree,a servicetree,andthestatusbar.
If a DA is foundwithin this scope,it will appearwith its IP
addressasroot in theservicetree(seeFig. 3). Theusercan
now searchfor desiredservicesin severalwaysandbrowse
throughthe attributesof theseservicesasdescribedin the
following.

4.1 Searching for Services by Scope

From a combobox (placedin the middle of the toolbar)or
from a dialog (openedfrom the menu)the usercanchoose
a scopeamongall scopesthat areavailable for him/herat
theDA. TheUaBrowserthenreturnsall serviceswithin this
scopethatareregisteredwith theDA at this time. This pro-
cessgivesan overview of availableservicesandprovidesa
goodbasisfor usingthebrowsingfacilities.As illustratedin
Fig. 3, the resultsfrom the requestarelisted in the service
treebelow theDA entry.

Figure3: UaBrowsermainwindow

4.2 Searching for Services by Service Type

Searchingfor servicesonly by scopeis especiallyusefulin
smallnetworkswith few services.In largernetworks,e.g.,in
largeintranetswith hundredsof services,this kind of search
is not applicableanymore. Thus, in addition to a general
servicerequest,morespecializedservicerequestsarepossi-
ble in SLP. In fact, servicerequestmessages(SrvRqst)can
find servicesby type andscope,andalsoa searchfilter for
attributescanbeemployed[8].

If theuserwantsto senda servicerequestmessageto 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-
dicatethat the returnedserviceshouldcontainthis string in
its attribute list. In Fig. 4 we searchfor all servicesof type
‘printer’ in scope‘lkn.’

Servicesof the requestedtype arereturnedfrom the DA
to the UA. In the exampleof Fig. 5 two printershave been
found. The lifetime indicatesfor how long the servicewill
be availablein thenetwork. The retrievedservicesarealso
shown in theservicetreewindow.

4.3 Obtaining Attributes of Services

As an optional feature,SLP allows UAs to find andquery
attributesof services.Thisisdonebysendingoutanattribute
requestmessage(AttrRqst). Basically, two differentrequest
typesarepossible:first, aqueryof theattributesof aspecific
service(via theserviceURL) and,second,aquerybyservice
type. In thesecondcase,theDA returnsall attributesof all



Figure4: Servicerequestdialog

Figure5: Searchresultsfrom theservicerequest

servicesof therequestedtypein thenetwork.
To performanattributerequestwith ourbrowser, theuser

opensthe ‘attribute requestdialog’ (Fig. 6) and inputs the
desiredserviceURL or servicetype. As with the service
request,theusermustspecifya scope.

In orderto get the whole attribute list of eachfoundser-
vice,theusercanleavetheattributequeryfield empty. When
searchingfor a specialattribute,theusercanusewildcards,
representedby anasterisk(’*’).

In Figure 6, an attribute searchrequestis issuedwith
’printer’ as servicetype, ’ lkn’ as scope,and ‘*lang*’ as
query. The purposeof this query is to seeif thereis a de-
vice on thenetwork with a servicetemplatecontaininglan-
guagedescriptions.Figure7 showstheresult:Two attributes
have beenfound: ‘natural-language-configured = de’ and
’natural-language-supported= en/de’.

Theattributesof servicesarealsoshown in theservicetree
in the main applicationwindow. By clicking on oneof the
services,theattributesof this serviceentryareshown in the
next treelevel (seeFig. 3, printeritem).

Figure6: Attributerequestdialog

Figure7: Searchresultsfrom theattributerequest

Note that in our implementation,only one attribute can
bespecifiedin theattributequeryfield. This queryis based
onstringcomparisonbetweentheenteredattributein thedi-
alog and the attribute list storedin the DA. The LDAPv3
(Lightweight Directory AccessProtocol)string syntax[14]
is notyetsupported.Thissyntaxdefinitionallowsmoreflex-
ible queries,basedon complex logical expressions,e.g.,

(printer-type= bw) & (paper-size= A4) &
( ! (printer-resolution<= 600dpi) )

Thisstatementsearchesfor ablack–and–whiteprinterthatis
ableto print A4–sizedpaperwith a resolutionof morethan
600dotsperinches.

5 Related Work

We have found two servicebrowsersfor SLP, which have
somesimilar facilities and functions. The first one is for
commercialpurpose.



Mac OS 9 Network Browser With MacOS9, Apple inte-
gratedtheSLPprotocolinto its operatingsystem[15]. Their
SLP–supportednetwork browser[16] is usedto find servers,
e.g.,FTPserversandWebserverson theInternet.

Carleton University SSB Another servicebrowser im-
plementation,called SSB, is presentedin [17][18]. SSB
is basedon the SLPv2 applicationprogramminginterface
(API) describedin [19]. It usesthestandardizedinterfacefor
searchandqueryfunctionality andemploys an own API to
managereceived attributes. The SLP implementationfrom
OpenSLP[20] wasusedfor this browser.

6 Conclusion and Outlook

TheservicelocationprotocolSLPv2enablesautomaticser-
vice discovery in dynamicnetworking scenarios.In this pa-
per we presenteda servicebrowser for SLPv2, which en-
ablesuser–friendly accessto our protocol implementation
TUM–SLP. Wedescribedoursoftwaredesign,thefunctional
anduserinterfacerequirements,thedevelopmenttools,and
finally explainedthemainsearchingandbrowsingfeatures.
Userscansearchfor all serviceswithin a scope,searchby
type only, andqueryattributesof services. All resultsare
displayedin a tree–styleview andcanbe browsedin order
to makea serviceselection.

Our work is oneof thefirst implementationsthatdemon-
strateshow a browserapplicationcanbedeployedto give a
betterend–userusabilityfor servicediscovery.

Enhancementsto the servicebrowser can be made,for
example,by supportingservicetyperequests(SrvTypeRqst)
thatfind all servicetypesin a scope.Furtherwork concern-
ing the the TUM–SLP protocol implementationis e.g. full
LDAPv3support.
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