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ABSTRACT

A significantchallengefor ComputerSciencedepartmentss how
bestto get new graduatestudentsinvolved with their chosenre-
searchprojects. Ideally, the incominggraduatestudentswill asa
wholehave botha solid understandingf computingprinciplesbe-
hind large-scalesoftwaredevelopmentandabroad“skill set”,e.g.,
for conductingsystems-orientetesearch.This rarely occurs,due
to thediversityof backgroundsf incomingstudents~eenthemost
qualifiedapplicantcanhave deficienciesTo addresshis problem,
we have developeda first-yeargraduatecoursethat balancesand
integrategracticalconsiderationgvith basicprinciplesof comple
software systemdevelopment.To malke the discussion®f design-
ing, implementingandevaluatingcomplex softwaresystemsnore
concreteye situatethecoreof theclassin thecontet of Web Ser
vices.We arecurrentlyteachinghis classfor thesecondime, and,
while therewill alwaysbe openissuesgiventhe natureandscope
of this classwe have receved positive feedbackrom the students
andthe othermemberof the department.Studentgecognizethe
practicalityof Web Services Studentsalsoappreciateheresearch
possibilitiesthatarisewhile evaluatingthe stateof the art with re-
gardto Web Services.

Categoriesand Subject Descriptors

K.3[Computers& Education]: Computei& InformationScience
Education- ComputerScienceEducation
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ManagementDesign,ExperimentationSecurity
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1. INTRODUCTION

Thelearningcurve for new graduatestudentsasthey starttheir
researcltareerscan often be steep. When a studentjoins an ex-
isting researclgroup,the studentcan,understandabjyspendmost
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of his/hertime learningandappreciatinghe significanceof there-
searchissuedeingaddressetly thegroup.However, astudentan
often spenda significantamountof time learningtheir groups es-
tablishedtechniqguesmethodologiesandtools. Becausegraduate
studentsproductvity is a crucialdeterminanof the researchout-
put of the departmentijt is increasinglyimportantthat this time
spentlearning “backgroundmaterial’ be minimized, so that the
time canbe spentinvestigatingthe coreresearchssues.We refer
not only to the basictools of UNIX-basedsoftware development
(suchasgcg emacs gdh purify, etc.) and Windows-basedsoft-
waredevelopmentut alsoto the“skill set” of large-scalesoftware
developmentsuchasthe ability to designandimplementsoftware
that others canuse,readand/ormodify, write a conciseyet com-
prehensie softwaredesigndocumentdesigna comprehense test
andevaluationplan,etc. Theprototypicalnev graduatestudenhas
everonly writtenshortprogramshatdon't persistoeyondthescope
of asinglesemesteor quarterandareusuallytestedwith the pro-
fessorsinputfiles. Incominggraduatestudentsusuallyhave little
or no experiencen designingjmplementingandevaluatinglarge-
scalesoftware systemsor comple, dynamic,and heterogeneous
ervironments.

Thetraditionalapproacho this problemis for the graduatestu-
dents advisor over time, to identify the weaknesseandsendthe
studentoff to self-learnthe material. Learninga singletool such
asgdbin this mannercanwork in theright situation(althoughthis
sometimegesultsin anincomplete superficialunderstandinge-
quiring furtherhands-oninstruction). However, thereis generally
notasuitabletutorial for learningsomeof the lesstool-orientedof
this backgroundmaterial(suchas performancesvaluation,which
canoftenbeveryfinedtunedto the subtletiesof the particularsoft-
warebeingevaluated).Arguably aninstructorin a structurectclass
settingcanbestfacilitatethe learningof basicprinciplesof large-
scalesoftware developmentwhile roundingout the students'tool
set.

We have createda coursefor designingpuilding, andevaluating
complex softwaresystemsBecauséheresearchprojectsn ourde-
partmentareincreasinglyfocusingon thesdarge softwaresystems
(asopposedo themoretheoreticabspect®f computeiscience)it
is arequiredcoursefor all first-yeargraduatestudentsThegoal of
thispaperis to describeheapproachissuesandlessondearnedn
designingandteachingthis course.One of the biggestchallenges
wasdecidingwhatnotto includein theclass!Thecoreof theclass,
andthe coreof the discussiorin this paper is the useof Web Ser
vicesasthe foundationfor learningcomplex software systemde-
velopment.While it might appeaat first glancethatWeb Services
might notbethebestmatchfor anintroductorycoursethatteaches
coresoftware principles—weshouldwait until the “Web Services



landscapel(includingstandardstools,andinteroperabilityissues)
becamesmore stable! However, we argue that this actually fur-
ther justifiesits usein this type of course asstudentsareexposed
to boththe practicalaspect®f comple softwaredevelopmentand
the positive/negative aspect®f creatingor usingsuchcutting-edge
technology(muchof whatwill define“Web Services”still resides
in R&D labsandin the standards-hilding organizations)Overall,
we have foundthatstudentgecognizethe practicalityof Web Ser
vices. Studentsalsoappreciatghe researctpossibilitiesthatarise
while evaluatingthe stateof the art with regardto Web Services.
The remainderof this paperis organizedasfollows. Section2
describeghe coursegoals,challengesainddecisionamaderegard-
ing the coursecontentandstructure. Section3 detailsthe outline
of theclassandthe goalsof eachsubsectiorof theclass.Sectiord
describeghe useof Web Servicesin the classroompoth from a
practicalviewpointandasa moretheoreticaknablerof distributed
systemgesearchSection5 containsa discussiorof the successes
andfailuresof the class.Section6 containgheconclusions.

2. COURSE GOALS, ISSUES,AND DECI-
SIONS

The creationof the classoriginateda few yearsago with the
nearuniversalagreementithin thedepartmens graduatesurricu-
lum committeethat,while incominggraduatestudentsnetandsur
passedhe high standardof admissionnearlyall of themcould
benefitfrom revisiting or re-learningsomebasiccomputerscience
backgroundnaterialand/orsetof skills. Theseskills, in particular
wereviewed as beingimportantfor mostof the existing research
projectsin the department.Suchskills include OS conceptsand
UNIX programminge.g.,procesgreationandmanipulationsyn-
chronizationthreads)basicsoftwareengineeringrinciples,com-
putersecurity anddistributed systems.More broadly it wasper
ceivedthatincomingstudentscould greatlybenefitfrom a system-
atic discussiorof how to designsoftwarethat persistdongerthan
their typical semesteprojects how to navigatelarge existing soft-
ware projects,how to designexperimentsand evaluatesoftware
artifacts,etc.

But while everyoneagreedhatthis classcouldbevery effective
for the researchproductvity as a whole, the designof the class
presente@d numberof challenges:

CourseContent. While mostprofessorsigreedhatthisclassshould
exist, therewas little consensu®n exactly what material
shouldbe containedn the class.Roughlyspeakingthepro-
posectontentrangedrom beingvery hands-orio beingvery
theoretical. The proposectoursetopicsalsorangedfrom an
emphasi®nUNIX programmingo anemphasi®nsoftware
engineering.

Leveling vs. Learning. Studentscomefrom all over the US and
the world. Therefore therewill probablybe a pointin the
classthatevery persornwould seematerialof whichthey are
alreadyquite aware (hopefully not all at the sametime!).
This requiredthat the coursebe highly dynamicto the par
ticularmaleupof theclass.Above all, theclasswasnotto be
a“utility course”that merelyleveledall studentsbut rather
aopportunityto learncoreconceptgor designing building,
andevaluatingsoftware systemgwith discussion®f “tool-
ing” whereappropriate).

Lack of Textbookand/or Example Courses. We couldnotiden-
tify atextbookthatcould be usedasa goodsupplementor
theentiretyof this class.Similarly, while we foundcourseat

otheruniversitiesthat coveredpartsof this proposectourse,
we could not find a closematchuponwhich to modelours.
While we ultimately recommended few textbooksin vari-
ouspartsof theclass(e.g.,Silberschatz*OperatingSystems
Concepts”[10] for a few weeksin the beginning, Szyper
ski's “ComponentSoftware - Beyond Object-Orientedro-
gramming”[12] for a few weekstoward the middle, etc.),
ultimatelywe just pointedthe studentsat goagle.com which
is anecessaryool for researctanyway.

Instructor. Theidentificationof thepropermersorto teachsuchas
classwasnottrivial. Thatis, this classwasarguablyunique
in thatit hadto spanmary traditionalcomputersciencedis-
ciplines,suchasoperatingsystemsnetworks, programming
languagesgcompilers,anddistributedsystems!While mary
professoraindestandthe principlesof thesesubjectsmuch
fewer are preparedo teat acrossthis broadmaterial. We
settledfor a singleinstructorfor the majority of the class,
with two otherinstructorscomingin to teachthe core soft-
wareengineeringectionandtheperformancevaluationsec-
tion.

Ourdepartmensg approacho themajorissue whichwascourse
contentwasto let the particularinstructormake mary of thefiner
level decisionswhile stayingin thegenerauidelinesandintentof
the course. The instructorchoseto take an “historical approach”
to the hands-onmaterialin the class,by beginning with single-
maching(UNIX) programmingandthenbuilding into approaches
of higherlevel functionality for building distributedsystems.The
distributed systemsportion of the classcovered(in order) sock-
ets, (SUN)RPC,CORBA, andWeb Services/.NETThe approach
wasto focuson programmingassignmentasan enablerfor both
thetoolsdevelopmentandfor discussionsnto the broaderaspects
of software development.For example,a socletsassignmenboth
coveredthe compile-&ecute-debg cycle on UNIX (emacs gcg
gdb perhapscvsand purify) and coveredexperimentaldesignfor
ensuringthatthe sener listeningon the soclet was completeand
correct. All programmingassignmentsequireda thoroughdesign
documentapproximatelys pages)n additionto the codeitself.

The decisionto emphasizaVeb Services/.NETin a mandatory
first-yeargraduateclasswasbasedn mary obserations. It is im-
portant in that Microsoft is placing its future on the succesof
WebServices/.NETWhenacompan of Microsoft'simpactonthe
world producesindendorsesinapproachit is undoubtedlympor-
tant. It is modern reflectingthe latestin languagedesignandsoft-
waredevelopmentmethodologieslt is practical. And it is emeg-
ing, implying thatthatit is notafinishedproduct.As wedescriben
Section4, therearea numberof issuesn .NET thatarebeingac-
tively researchedtby Microsoft andthe Web Servicescommunity
We usedthe emeging aspeciof .NET to reinforceto the students
thatthey werelearningnot only somethingthat could be of prac-
tical importance but it could also excite their desirefor research
(e.g., by identifying potentialtopics). The breadthand scopeof
.NET allowed studentghe opportunityto pursuetheir own partic-
ularinterestspeit programmindanguagedesign distributedsys-
temdesigncompilers(e.g.,the SharedSourceCommonLanguage
Infrastructure SSCLI [6]), security(e.g., sandboxingechniques,
distributed systemsecurity etc.), mobile computingvia the .NET
Compact-ramevork, etc. Finally, Web Servicedits perfectlywith
comple, dynamic,andheterogeneousnvironments.

3. COURSEOUTLINE

Thecourseastedl16 weeks.Thetopics(andtheir durations)are
asfollows:



Classicsystemspapers(1 week). To setthe propercontet, we
beganthe classby coveringfive classicsystems-bilding pa-
pers: “The Scientific Method” [14], “An Evaluationof the
Ninth SOSPSubmissions[4], “The Taskof theReferee”[11],
“Hints for ComputerSystemDesign”[3], and “End-to-End
Argumentsn SystemDesign’[9]. Thesepapersareveryim-
portantand do not requiremuch contet in orderto under
standmary of themainpoints.

UNIX programming (2 weeks). Systemsesearclidoesnotrequire
UNIX, althoughthe ability to utilize the UNIX environment
is extremelyvaluablein mary situations.Thefirst program-
ming assignmenwasto implementa simple shell (to both
startoff thesemestewith areasonablgtraight-forvardproject
andto reinforcethe conceptof OSasserviceprovider). The
secondrogrammingassignmentequirecthe studentso im-
plementa remoteshell. The goal of this secondassignment
wasto have the studentgain hands-orexperiencewith pro-
grammingdistributedsystems—firstyia the low level soclet
abstractiorandthenvia the higherlevel interface provided
by SUNRPC.

CORBA (1 week). Wecontinuedvith amaveto higherlevel mid-
dlewarevia a discussiorof CORBA. This includedthe his-
tory of CORBA and the Object Managemen#rchitecture
(OMA), includingthe ObjectRequesBroker (ORB), COR-
BAservices,and CORBAfacilities. Therewasnot sufiicient
time to have aprogrammingassignment.

Component-basedlevelopment (2 weeks). Thetopic next intro-
ducedwascomponentsyhich areindependenpiecesof ex-
ecutablecodethatcanbedynamicallyincorporatednto pro-
grams allowing the programgo addandchangefunctional-
ity asthey execute. Studentsareintroducedto the basicar
chitecturesof componensystemsJearninghow to develop
simplecomponentsandusecomponentrchitectureso de-
velop small programs. We contrastecbjectswith compo-
nentsand coveredinterfaces,|IDLs, commontype systems,
metadatanformation,andexecutionsemanticsWe used12]
asareferencdor this material.

Basicsoftware engineering(2 weeks). This sectioncovered the
softwaredevelopmentprocessbasicdesignin software,and
sourcecodestandardsMary topicswerecovered,including
the potentialcostof designingsoftware incorrectly, ethics,
modularity designmethods(e.qg., top-davn functional de-
composition)documentinghesoftwaredesign andbestprac-
ticesin sourcecode(e.g.,inheritancegopy constructorsmem-
ory managementonstantsandpublicinheritance).

Web Sewices/.NET (5 weeks). Thepurposeof this sectionwasto
continueto investigatehe challenge®f creatinglarge,com-
plex softwaresystemsvia higherlevel servicesjn particular
Web Servicesand .NET. In the restof this paper we focus
on the useand evaluationof Web Servicesasthe basisfor
learningcomplex softwaredevelopment.

Performanceevaluation (3 weeks). After completingthe discus-
sion of how to designandbuild software, we spentthe re-
mainingthreeweeksdiscussindhow to evaluateour software
artifacts. This topic was touchedupon throughoutthe en-
tire classin anattemptto raiseits level of importancein the
mindsof the studentswe now give amoreformal treatment
to it to wrap up the semesterTopicsincludedthe properuse
of metrics,andhow to write andevaluatesimulations.

4. WEB SERVICES IN THE CLASSROOM

The structureof this portion of the classis to begin with the
coretechnologieof Web Servicesdiscussandevaluatethefuture
of Web Servicesandhave hands-orprogrammingassignmentto
reinforcethe technologies. The core technologiegpresentecand
discussedin order wereHTTP, XML, SQAP, WSDL, andUDDI.
At this point, we hadsomein-classdemonstrationfor how to cre-
ateandconsumesimpleWeb Serviceqrespectiely, Visual Studio
.NET andInternetExplorer). Next, we discussedhe architecture
of .NET andwentin-depthinto the run-timestructureof the Com-
mon Languagelnfrastructure(CLI). We then covered ASPNET
andADO.NET, andfinally C#.

In orderto give the studentsa little more depthin Web Ser
vices, and avoid too much breadth,we choseto focus on Web
Servicessecurityand .NET security This startedwith a “crypto
primer”, the XML Digital Signaturestandard XML encryption,
WS-Security[8], andfinally the joint IBM-MS Web ServicesSe-
curity roadmap[2] (in this contet, we alsoinvestigatechow the
Liberty Alliance [5] is or is not consistentwith the roadmap). It
was this sectionof the class,in particular that we discussedhe
openresearclissuedn Web Services.

We wantedto getinto mobile computingandWeb Servicesso
we also spentsomeclasstime and demonstration®n the .NET
Compact-ramevork.

In class,n additionto thetechnicalaspect®f Web Serviceswe
discussedhe political/businessaspectsof Web Servicesand the
standardizatioprocessfocusingontheW3C|[13], OASIS[7] and
the Web ServicesInteroperabilityorganization(WS-I [15]). The
W3C and OASIS arestandard$odiesin which mary of therele-
vantWeb Servicesstandardsirehomed;the missionof WS- is to
getits constituentdo agreeon profiles which area subsetof the
standardsto ensurdanteroperability

Thefirst programmingassignmentvasdesignedo give the stu-
dentshands-orexperienceawith designingimplementingandeval-
uatingthe serversideof client-serer architecturesparticularlyin
the context Web Services. Thusthe first assignmentvasto cre-
atean“Auction Service”. The natureof the auctionis that,at ary
time, the Auction Sener haszero,one,or moreitemsavailablefor
clientsto bid on. Sporadicallythe auctionsener will putanitem
up for bid, wherethe objecthasa declaredvalueanda fixed time
at which the auctionfor thatitem expires. Bidding for eachitem
startsat $0. The currenthighestbid is not a secret;aryone can
askthe Auction Sener for the currenthighesthid for every item.
The studentsveretold thattheir next assignmentvould beto cre-
atetheclient (hencethey werereally designingboththeclientand
the sener). To facilitatethe designprocessthe assignmenitself
wasunderconstraineth termsof absoluterequirementsin addi-
tion, in thisandall programmingassignmentsg significantportion
of the gradeinvolved the designof the experimentalevaluationof
thecode.Windows andVisual Studio.NETwererecommendetut
not required(ultimately, every studentchoseto useVisual Studio
.NET). Faulttolerancenvasa requiremento a certaindegree. That
is, the studentshadto at leastidentify potentialfaultsandthe con-
siderthe ramificationsof suchpotentialproblems.Approachego
handlingthesefaultswererequiredto be identifiedandat leastin-
tuitively assesghe costof implementation.

Thesecondrogrammingassignmenivasto designimplement,
and evaluatethe Auction Client that interactedwith the Auction
Service(the professochosethe “best” auctionsener from the stu-
dentsandusedhatasthesingleAuction Senerfor theentireclass).
TheAuction Clientwasa standalonentity thatrequiresno human
interventionin orderto make a bid. However, the Auction Client
wasrequiredto corvey to a humanwatchingthe programwhatthe



Auction Clientwasdoing. The natureof theauctionasthesameas
thepreviousassignmeniexceptthatthe sener doesnotdeclarethe
valueof theitems. Insteadtheclientshouldinteractwith the Ama-
zon.comWeb Serviceinterface[1]. (Amazon.consupportecand
encouragedisin this endesor.) Using Amazon.comallowedthe
studentgo consumeboth the Web Servicedesignedor this class
andalsoa pre-&isting, commerciaM/eb Service.To male the as-
signmentmoreexciting, we decidedthat 10 pointsof the gradeon
this assignmentvould be basedon the client's performancen a
24-hourperiod toward the end of class,where performancewvas
definedasthe amountof cashthe client hadleft + the price (from
Amazon.compf theitemsthatwereobtainedn auction.Students
all startedwith thesameamountof hypotheticatashandcompeted
with theirfellow classmateso stratgy wasimportant.

5. DISCUSSION

We knew from the original designof the classthat we faceda
numberof issueswith the useof Web Servicesin the classroom
for this type of class.We madesureto emphasizehatwe did not
seeWeb Servicesasa proprietarytechnologyandthatit hasbroad
buy-in. However, perhapsecauseve only focusedon Microsoft
tools and platformsout of practicalconsiderationssomestudents
still wrotein the courseevaluationthatWeb Serviceswvere,in fact,
aMicrosoft-onlytechnology

We hadto male carefuldecisionsregardingthe materialto not
really cover, bothfor the existing tooling for Web Servicesandthe
emepging standards.For example,we only briefly covered Web
Servicesin Java (i.e., JAXRPC, EJB, and J2EE) mainly because
wedid nothavetheIDEsandSDKsinstalled/aailablefor pursuing
both.NET anda Java-basedolution.We alsodid notgeta chance
to go in-depthon Web Serviceson devices (i.e., .NET Compact
Framavork), althoughtherewas clearinterestin devicesandmo-
bile computing.Regardingthe emeging standardsye focusedon
securitybecausef its obvious, immediateimportance.But even
within the scopeof security therearea numberof competingstan-
dards.Withoutacrystalball, it isimpossibleto focuson only those
thatwill emepge. Instead,the approachtaken wasto presenthe
technicalspecificationspecificallyasworks-in-progressind sub-
jectto changeor evendisappeacompletely! Again, in this course
in particular this was reasonabldarguably someundegraduate
coursesmight not be ableto presensuch®less concrete’ideasso
easily).

Thetwo programmingassignmentasawholewereeffective, as
determinedria discussionsvith thestudentsandthestudentourse
evaluations:

Auction Sewver The Auction Sener assignmentvas a relatively
easyand effective start with Web Services. Mary of the
studentshadno experiencedevelopingon Windows, so this
was their first exposureto Visual Studio (which they en-
joyed). We had a sharedllS sener that seemedio work
well-studentsvould develop from their desktopand push
out to the share(a SAMBA mount). The designdocuments
thatthe studentshandedn wereclearlyreflective of thedis-
cussiorof softwareengineeringrinciplesimmediatelyprior
to this assignmentThe resultingcodewasgenerallygood—
most studentdearnedsomeC# (which they were very ex-
citedabout),andsomestudentdearnedSQL and/orMS Ac-
cess. However, somestudentshad not generatedsufiicient
sener functionality (e.g., sener could crashon bad input,
securitysuchas the needfor nonrepudiationwvas not con-
sidered andcertaindesignsverenot scalable).In addition,
somestudentsstill did not think in termsof XML (for ex-

ample,choosingto returnsimply a-1 on erroror notreturn-
ing a comple datastructureas an XML document). The
assignmentvas designedspecificallyto be open-endeénd
underconstrainetb facilitateactualdesignon the partof the
students.To mary studentghis was their first real experi-
encewith anunderconstrainegroblemin the classroomnset-
ting. Again, this wasa goal of the class,sothis wasgood—
mostreal-world problemsare underconstrainedHowever,
studentsometimesaddifficulty determiningvhetherto de-
signor implementThatis, therewassimply notenougttime
to designandimplementthe bestAuction Sener. Somestu-
dentsquestionedvhetherthey shouldhave merelydesigned
everything out and implementednothing. The properbal-
ancein theassignmentequirementsnustbe moreprecisely
definedin thefuture.

Auction Client The Auction Client assignmengave studentsad-
ditional practicalexperienceswvith a new technologyanda
nenv methodology(for example, mary studentsdeveloped
clientsbasedon the Windows Formssupportin Visual Stu-
dio .NET). Studentsalsoenjoyed designingandexperiment-
ing with game-playingalgorithms. Unfortunately because
of logistics, the final 24-hourexperimentcould not be per
formed (the professorendedup giving eachof the students
the 10 points). However, in hindsight,this did not doomthe
assignmenbecausehis only impactedthe evaluation, not
thedesignof the Auction Clientitself.

Overall,theuseof Web Servicesn thistypeof coursewasover-
whelmingly positive. Occasionallywe would hearstudentssoice
concernghatWeb Servicesvere“too practical’and“of noimpor
tance"to theirresearchOurresponsgenerallyboileddown to two
points:

1. The coursewasnot aboutWeb Servicesper se. Rather the
coursewas aboutbasicprinciplesof complex software de-
velopment.

2. Evenif you never directly use Web Servicesfor your re-
searchit is crucialto keepaneye onthecurrenttrendsin the
communityasawhole. Withouta doubt,the currenttrendis
Web Services.

While we believe thatthis classhasmadeanimpacton lastyears
incoming students,we can only assessts nearterm impact via
anecdotatalesfrom the studentsandthe advisors. The purpose
of this classis to preparea studentfor their entiregraduatecareer
(andbeyond). As suchi,it will take afew moreyearsbeforewe can
properlyassesits long-termimpact.

In the next class,which is beingtaughtthis semesterthereare
small variationswe are goingto try. We aregoingto changethe
socletsassignmento useSSL (becausestudentshave shavn that
they arefamiliar with socletsprogrammingarefamiliarwith SSL,
but have never usedSSL programmatically) We aregoing to add
aprogrammingassignmenon basicOS synchronizatior{synchro-
nizationis historically a difficult topic to master). We are going
to allow studentsto develop Web Servicesin either .NET or a
java-basedapproach. It will beinterestingto seehowv mary stu-
dentschooseeach.Thelandscap®f Web Servicesstandardfiave
changedconsiderablyso the coursecontentwill be updatede.g.,
BPEL).Also, programmatisupportfor someof theemeging Web
Servicedhasstartedo appearsothesestandardsnayappeain the
Web Servicesassignmentge.g., WS-Securityin a java SDK and
correspondinglyn Microsoft's Web ServiceEnhancementg2.0).
It is not clearat this point if the sameAuction paradigmwill be



used. We are currentlyworking on a “community-basedassign-
mentin which eachstudentproducesa service,registersit with

a UDDI sener (this was missingin the previous incarnationof

the Web Servicesprogrammingassignmentsandconsume®ther
UDDI-registeredservices.

6. CONCLUSIONS

While incominggraduatestudent@reundoubtedlyashighly qual-
ified as ever, acclimationto the researchervironmentremainsa
challenge Therearesomary basicskills andmethodologieshata
studentneedshroughouta researclktareerthatincomingstudents
cannotbe expectedio possesshemall. Recognizinghis need,we
have designeda coursefor all first-yeargraduatestudentshat at-
temptsto fill theirbasicskill setwith afundamentatinderstanding
of how to designimplementandevaluatesoftwarefor large,com-
plex ervironments.Thefocusof this papemwastheuseof Web Ser
vicesasthe main “applicationdomain” uponwhich to investigate
commonapproacheandbestpracticesfor softwaredevelopment.
The nearterm impact of the classhasbeenanecdotallysuccess-
ful andwe believe that this experiencecanultimately prove to be
oneof themostimportantclassesakenduringagraduatestudents
career
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