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Abstract

We have built a tool, CVSSearch[1], that searches
for fragmentsof sourcecodeby using CVS com-
ments. (CVS is a version control systemthat is
widely usedin theopensourcecommunity[3].) Our
searchtool takes advantageof the fact that a CVS
commenttypically describesthe lines of code in-
volved in the commit andthis descriptionwill typ-
ically hold for many futureversions.Thispaperpro-
videsa preliminaryevaluationof this techniqueby
74 studentsat the University of New SouthWales.
Among our findings, CVS commentsdo provide a
valuablesourceof informationfor codesearchthat
complements— but doesnot replace— tools that
simplysearchthesourcecodeitself (e.g.,grep).

1 Introduction

Searchtools for sourcecodeare importantin soft-
waremaintenanceactivities[7]. However, if thecode
is poorly commented,thenusinga standardsearch
tool, suchasgrep[5], is problematic.For example,
it maybe obvious from usingtheapplicationthat it
hascut andpastefunctionality, thoughit maynot be
at all obvious how to usegrepto find lines that im-
plementthis functionality. Sincewe canno longer
dependon matchingwords in comments,we must
usethesearchtool to matchthecodeitself — which
is difficult if we have never seenthecodebefore.

If the codeis well commented,onemight expect

standardsearchtools to work well. After all, com-
mentsareintendedto not only statethe purposeof
the variouspiecesof code,but alsoto explain how
thatcodeworks. In otherwords,they provide infor-
mationat variouslevelsof abstraction.Returningto
our example,onewould expectthatdoinga grepon
“cut � paste”would matchthesewords in comments
andthusreturnthosesectionsof coderesponsiblefor
implementingcut andpastefunctionality.

However, naively searchingthroughcommentsis
problematicfor variousreasons.As Maareket al.
note,relatingcommentsto the portion of codethey
concernis averydifficult task:“Althoughcomments
usuallydescribethecontainingroutineor theonejust
below, in generalit is impossibleto automaticallyde-
terminewhatpartof thecodeis covered”[6, p. 802].

We have developeda generalpurposesearchtool,
CVSSearch[1], thatalsoleveragesnaturallanguage
documentation— namely, CVS comments. CVS
is an open sourceversion control systemthat is
widely usedin the opensourcecommunity[3]. In-
deed,almostany large opensourceproject makes
useof CVS, particularly if multiple developersare
involved.

CVScommentsprovideaparticularlygoodsource
of documentation.While opensourcecodemaynot
always be well-commented,large opensourceap-
plicationsalmostalwayshave very goodCVS com-
ments,particularly when many developersare in-
volved.

OurCVS-basedsearchtool takesadvantageof the
factthat: (1) aCVScommenttypically describesthe
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lines of codeinvolved in the commit; and (2) that
this descriptionwill typically hold for many future
versions.In otherwords,CVSSearchallows oneto
bettersearchthemostrecentversionof thecodeby
looking at previousversionsto betterunderstandthe
currentversion.

Our approachaddressesseveral of the problems
discussedwith finding usefulfunctionalinformation
for code: (1) by searchingthroughnaturallanguage
insteadof (possiblyuncommented)code,we avoid
the problemsof trying to extract useful functional
informationfrom free-formcodewith ad hoc nam-
ing conventions;and (2) by usingCVS comments,
weautomaticallyhaveaveryprecisemappingof the
commitcommentandthe linesof codethat it refers
to.

This paperprovides a preliminary evaluationof
this techniqueby 74 studentsat the University of
New South Wales. As far as we know, our tool,
CVSSearch,is the only one of its kind. Conse-
quently, the survey in this paper is also the first
one to evaluateCVS-basedsearchtools in relation
to conventional content-basedones such as grep.
The survey not only yields insights into how well
CVSSearchdoesin relationtogrep,but alsoprovides
someguidancefor building betterCVS-basedsearch
toolsin thefuture.

The remainderof the paperis organizedas fol-
lows. Section2 explains how we associateCVS
commentswith linesin themostrecentversionof the
code.Section3 describesour tool, CVSSearch.Sec-
tion 4 presentsthesurvey, its results,andananalysis
thereof.Section5 discussesrelatedwork. Section6
summarizesthepaper, concludingwith futurework.

2 Technique

To searchfor linesof codeby their CVS comments,
we producea mappingbetweenthe commentsand
the lines of codeto which they refer. Herewe are
only interestedin the lines of code found in the
newestversionof eachfile. Observe thata line may

be involved in multiple commits in which caseit
wouldhavemultipleCVScommentsassociatedwith
it.

2.1 Algorithm Overview1

Considera file � at version � which is then modi-
fied and committedinto the CVS repositoryyield-
ing version ����� . Moreover, supposethe useren-
teredacomment	 whichisassociatedwith thetriple
 ���
���
������� .

By performingadiff2 betweenversions� and �����
of � , we can determinelines that are modified or
insertedin version ����� ; we associatecomment	
with all suchlines.(Figure1 showssuchadiff, visu-
ally, betweentwo successive versionsof afile where������� ; modifiedor insertedlines in version ��� are
shaded.)

However, givenwe areinterestedin searchingthe
most recentversionof eachfile, we needa propa-
gation phase duringwhich thecommentsassociated
with version ����� of � are“propagated”to thecor-
respondinglinesin themostrecentversionof � , say "! ���#� . This is doneby performingdiffs on suc-
cessive versionsof � to trackthemovementof these
linesacrossversions(evenin thepresenceof changes
to the lines themselves) until we reachversion

 
.

(Figure1 shows the final outcomeof this propaga-
tion phasein thethird file whichhasversion

 �%$&� .
Observe how the lines are matchedup acrossver-
sions49 and68 even thoughthe line numbershave
changeddueto deletions/additionsof precedinglines
in thefile over time.)

2.2 Database Storage and Querying

We have chosenthe MG (ManagingGigabytes)[8]
systemfor our databasebecauseit providesfasttext
retrieval on large text baseddatabase.For eachline

1Detailscanbefoundin ourpreviouspaper[1].
2Weactuallyuseasomewhatmoreadvancedversionof GNU

diff thatdetects“similar” lines[1].
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Figure1: Threeversionsof kview view.ccareshown: (1) v. 48beforecommitonleft; (2) v. 49aftercommit
in middle;and(3) v. 68 (mostrecent)on right.

of a file we storeinto MG its associatedCVS com-
mentsall mergedtogether. Whengivenquerywords,
MG returnsall lines whoseCVS commentscontain
at leastone of thosewords. Moreover, the results
are ranked, using cosinesimilarity [8, p. 185], so
thatlinesreturnedfirst tendto containthemostquery
words— andwith multiple occurrencesof them.

3 The Tool

We have built a web-baseddemonstrationtool,
CVSSearch,that combinesmatchingbasedon CVS
commentswith conventional content-basedmatch-
ing usinggrep.3 Userscanenterkeywordsto search
for andselectan applicationto searchin. Whena
user queriesthe database,we combinethe results
givenby MG with matchesreturnedby grep.For ex-
ample,if theusersearchesfor thewords“cut paste”,

3The demonstration tool is available at
http://www.cse.unsw.edu.au/˜amichail/cvssearch.

thenwealsoperformagrepquery“cut ' paste”to look
for linesof codethatcontainoneof thosewords.

Our tool actuallyreturnsa rankedlist of files first,
wherethescoreof afile is computedas (*),+.-0/2143
/657 ),8.-:9<; ,
with the summationover all lines that matchedthe
queryfrom thatfile andwhere =�> indicatesthescore
of line ? — either given by MG for CVS-based
matchesor equalto half themaximumscorereturned
by MG for grepmatches.Thisformularewardsthose
files that tendto have many matchesclosetogether
wherethematchesthemselveshave high scores=�> .
A ranked list of files is thendisplayed,showing the
numberof lineswith CVScommentmatchesandthe
numberof lineswith grepmatchesfor eachfile.

A usercanthenclick on a file to examineits line
matches.(SeeFigure2 wheretheuserhasclickedon
a file returnedby thequery“password” in an email
client.) Matchesareshown on the left with a tag to
display the type of match,i.e. CVS, grep or both.
Moreover thematchedlines arehighlightedaccord-
ing to how strong the match is. Darker highlight
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Figure2: Searchresultsfor “password” queryonanemailclient application.

denotesstrongermatchesand weaker highlight de-
notesweaker matches. (Observe that many of the
CVS matchesare relevant to the “password” query
althoughthatworddoesn’t appearin thoselines.)

On the right, the tool shows the sourcecodefor
thatfile. A usercanclick onany of thematchedlines
on the left to bring the sourcecodeon the right to
thatparticularline so theusercanexaminethat line
in its context. The tool alsodisplaysthe associated
CVS commentsfor the selectedline in the bottom
frame,so usercan seewhy that line was matched.
(In Figure2, theuserhasclickedon line 318,aCVS
match,with theassociatedCVS commentshown in
thebottomframe.)

4 Survey

In this section,we describeour CVSSearchsurvey
andanalyzeits results.Thesurvey wasadvertisedto
studentstakingcomputersciencecoursesat theUni-

versity of New SouthWales. A small monetaryin-
centivewasusedto encouragestudentsto participate.
In total, 74 took part in thesurvey. Of thethesepar-
ticipants,4% were from first year, 22% were from
secondyear, 49% were from third year, and 18%
werefrom fourthyear, leaving about8%whoseyear
wasunknown or have graduated.Their majorsin-
cluded: ComputerScience(31%), Software Engi-
neering(30%),andComputerEngineering(23%).

4.1 Survey Part 1

The survey was given in two parts. The first part,
shown in Table1, doesnot involve the CVSSearch
tool at all. Rather, it is anattemptto capturetypical
searchhabits. Suchinformationcanhelp us under-
standthemind setof developersaswell asto guide
thedesignof searchtoolsin general.

Question#1 askswhetherthey typically usereg-
ular expressionsor exact matcheswhen searching
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Survey Part1

1. I normallysearchthroughsourcecode
(a)usingregularexpressions(e.g.,“drag.*event”) 36 (49%)
(b) usingexactmatches(e.g.,“drag anddrop event”) 38 (51%)

2. WhensearchingthroughcodethatI amfamilarwith, I normally
(a)searchfor identifiernames(e.g.,classes/functions,etc.) 64 (86%)
(b) searchfor wordsin codecomments 10 (14%)

3. WhensearchingthroughcodethatI amnot familiar with, I normally
(a)searchfor identifiernames(e.g.,classes/functions,etc.) 35 (48%)
(b) searchfor wordsin codecomments 38 (52%)

4. WhenlookingatcodethatI amnot familiar with, I typically
(a) look at thecodecommentsto try to understandthecode 7 (9%)
(b) look at thecode(andnot thecomments)itself to try to understandwhatit does 4 (5%)
(c) look atboththecodeandits commentsto try to understandit 63 (85%)

5. I usuallysearchthroughcode
(a) thatI amfamiliar with (e.g.,have seenbefore,wrote,etc.) 56 (76%)
(b) thatI amnot faimilar with (e.g.,have not seenbefore) 18 (24%)

6. How oftendo youneedto searchcodethatyouarenot familiarwith?
(a) rarely 24 (32%)
(b) sometimes 31 (42%)
(c) frequently 19 (26%)

7. I normally
(a)have difficulty searchingfor itemsin codethatI have seenbefore 7 (10%)
(b) have little difficulty searchingfor itemsin codethatI have seenbefore 66 (90%)

8. I normally
(a)have difficulty searchingfor itemsin codethatI have not seenbefore 65 (89%)
(b) have little difficulty searchingfor itemsin codethatI have not seenbefore 8 (11%)

9. TheitemsI searchfor tendto be
(a)physicallyclosetogether 28 (38%)
(b) spreadacrossseveralplaces 46 (62%)

10. WhenI amsearchingcodeI amfamiliarwith, I can
(a)usuallytell if my searchyieldslinesthatI wantedto find 66 (89%)
(b) have difficulty knowing if my searchyieldslinesthatI wantedto find 8 (11%)

11. WhenI amsearchingcodethatI amnot familiar with, I can
(a)usuallytell if my searchyieldslinesthatI wantedto find 14 (19%)
(b) have difficulty knowing if my searchyieldslinesthatI wantedto find 60 (81%)

12. If I hada tool thatallowedmeto moreeasilysearchcodethatI amnot familiar with
(a) I wouldbemorelikely to useotherpeople’s code 56 (76%)
(b) I would notbemorelikely to useotherpeople’s code 18 (24%)

13. If I hada tool thatallowedmeto moreeasilysearchcodethatI amnot familiar with,
(a) I wouldbemorelikely to understandotherpeople’s code 57 (77%)
(b) I would notbemorelikely to understandotherpeople’s code 17 (23%)

Table1: Survey part1.
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throughsourcecode. Surprisingly, almostexactly
half useeachtype of search.We observe that reg-
ular expressionsare usually usedto match identi-
fiers in the coderatherthanwordsin the comment.
Thus,this resultgivesanindicationthatmany devel-
operssearchfor identifiersdirectly ratherthan go-
ing through comments. Indeed, this is supported
by Question#2, where 86% of studentssay that
whenever they searchthroughcodethey are famil-
iar with, they typically searchfor identifier names
(e.g.,classes/functions)directly. However, this per-
centagegoesdown to 48% with unfamiliar codeas
shown in Question#3; in this case,it appearsthat
developerssearchmorefor commentsthanthey usu-
ally would in their own code. Indeed,Question#4
shows that85%of developerstypically look at both
the codeandcommentsin unfamiliar codeto try to
understandwhat it does.CVSSearchfacilitatesthis
tasksinceit returnscode-basedmatches(usinggrep)
aswell asCVS commentmatches.

Nonetheless,question#5 shows thatonly 24%of
thestudentsusuallysearchunfamiliarcode— where
wewouldexpectCVSSearchto excel— whichis not
surprisinggiven that they are undergraduates.We
would expect this numberto be higher in industry
andtheopensourcecommunity. Question#6givesa
moreprecisebreakdown: 32%rarelysearchthrough
unfamiliar code;42% sometimesdo suchsearches;
while 26% frequentlysearchthroughforeign code.
Thismeansthat68%of studentswouldbeinterested
in a tool that facilities searchin unfamiliar code.
Again, this numberis probablyhigher in industry
andtheopensourcecommunity.

Questions#7and#8confirmsomecommonsense
intuition: 90% of studentshave little difficulty
searchingthroughfamiliar codewhile 89%havedif-
ficulty with unfamiliar code. Thus tool supportto
facilitatethis lattertaskis essential.Moreover, given
thatdeveloperswould be unfamiliar with identifiers
in foreigncode,it is importantto enhancesearching
for commentwordsasmuchaspossible— aswe do
with CVSSearchusingCVS comments.

We also wantedto seewhetherdeveloperstypi-

cally searchfor codethatis physicallyclosetogether
or spreadout acrossseveral places. Question#9
showsthat62%searchfor codethatis spreadout;de-
velopersaremoreinterestedin finding aspectsthan
they arein finding functionsor classes.CVSSearch
searcheson a line-by-line basis,so it canreturnas-
pectsthanspanpartsof variousfunctions/classes.

The following questionsare more subtle. They
concern the ability of developers to determine
whetherthelinesreturnedby a searchtool really do
correspondto the codethat they were after. From
Question#10, we seethat 89% of studentssaythat
it is easyto recognizerelevant linesin familiar code.
However, this numbergoesdown to 19% in unfa-
miliar codeasshown in Question#11. CVSSearch
actuallyusesthe CVS commentsthemselves to ex-
plain the lines matchedby a searchso usershave a
betterideawhetherthematchedlinesarerelevantor
not(andindeed,why they matchedin thefirst place).

Questions#11 and#12 confirm somemorecom-
monsenseintuition: studentsbelieve thata tool that
allows themto bettersearchunfamiliar codewould
help themreuse(or salvage)existing code— with
76%sayingso— aswell asto understandit better—
with 77%sayingso. Indeed,muchresearchasbeen
doneto facilitatesoftwarereuseby building compo-
nentretrieval systemsbasedonnaturallanguagedoc-
umentation.CVSSearchis a generalsearchtool —
not restrictedto componentlibraries— thatusesthe
naturallanguagedocumentationin CVS comments.

4.2 Survey Part 2

After filling out part 1 of the survey, studentswere
thenasked to completepart 2, which involvesactu-
ally using the CVSSearchtool to perform queries.
Thefirst questioninvolvedevaluatingqueriesof their
choosingon certain applications. (See Table 2.)
Most other questionswere multiple choice. (See
Table3.) Studentswere also asked to list positive
andnegative aspectsof CVSSearchaswell asmake
recommendationsfor future improvement.Someof
theirwritten commentswill beinterspersedwith our
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KDE Linesof Average# DB Build DB Space Average# CVS
Application Code Rev./File (min.) (KB) Comments/Line

konqueror 24,253 38.3 23 2,911 1.5
korganizer 43,188 10.8 9 5,028 1.2
kmail 40,325 32.9 24 3,672 1.4
knode 33,721 14.7 8 2,237 1.3
kword 48,883 22.5 47 4,475 1.6

Figure3: CVSSearchstatisticsfor KDE applications.(Timing wasdoneona700Mhz PentiumIII with 256
MB.)

analysisof thequeryevaluationsandmultiplechoice
questionsbelow.

Evaluating Search Effectiveness Question#1 of
part 2 asked themto perform at least2 queriesfor
eachof the following KDE applications:konqueror
(a web browser), kmail (an email client), knode(a
newsreader),korganizer(aschedulingprogram),and
kword (a word processor).(SeeFigure3 for appli-
cationsstatistics.) Moreover, they were instructed
to usereasonablequeriesgiventheapplicationtype.
For eachquerysubmitted,studentswereto indicate
whetherCVSSearchaloneor grepreturnedbetterre-
sults— or whetherthey wereboth aboutthe same.
This should be clear since CVSSearchclearly in-
forms the userwhetherline matcheswereobtained
from CVS,grep,or both. (SeeFigure2.)

The studentswere not familiar with the source
codeof theseKDE applicationssooursurvey is test-
ing how well CVSSearchcompareswith greponun-
familiar code. In future surveys, we shall consider
bothfamiliar andunfamiliar code.

Table2 shows theresultsof thequeryevaluations,
broken by applicationtype,aswell by total. Of the
703queriessubmittedacrossall applicationsby stu-
dents,40% werebetterhandledthroughCVS com-
ments,32% werebetterhandledby grep,and28%
werehandledequallywell by bothapproaches.

Toseewhetherthisresultis statisticallysignificant
in showing whetherCVSSearchis thebettertool, we
usethe“sign test”. Specifically, considerthenull hy-

pothesis@BA that the probability of the CVSSearch
tool performing better on a query is equal to the
probability of grep being better— that is, 1/2 for
each. We considerthe alternative hypothesis@BC ,
that the probability of CVSSearchbeing better is
greaterthan 1/2. Supposethat D out of E evalua-
tions show CVSSearchto be better, thenthe proba-
bility that @ A is truegiventheobserveddatais equal

to F*GHJI�K L E �*M 
 ��N�OP� G ; this is theso-calledp-value.

Thelower thisprobability, themorelikely that @0A is
incorrect,thus allowing us to more confidentlyac-
cept the alternative hypothesis@BC . It is common
practiceto look for p-valuesof 0.05or lessto indi-
catestrongrejectionof @BA . Onefinal technicalpoint
to mentionis ourhandlingof ties(i.e., “same”in Ta-
ble2). Ratherthansimplyomittingtiedcases,weal-
locatehalf of thetiesto onetool andhalf to theother
tool. Doingsoyieldsmoreconservative p-values.

In Table2 weshow p-valuesfor both“CVSSearch
beingbetter” and “grep beingbetter”. We seethat
the results from the 703 evaluationsindicate that
CVSSearchis actuallymorelikely thangrepto give
better answersoverall, with a p-value of 0.0143.
This is strong indication that overall, CVSSearch
performsbettersearchesthangrepusingCVS com-
mentsalone(e.g.,without looking at thecodeitself
usinggrep). Moreover, if we look at thebreakdown
by applicationtype, we seethat thereis strongin-
dicationthatCVSSearchoutperformsgrepfor kmail
andkwordwith p-valuesof 0.0249and0.000497,re-
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CVSSearch grep same Total CVSSearchbetter grepbetter
p-value p-value

konqueror 57 (40%) 41 (29%) 44(31%) 142(100%) 0.104 0.923
kmail 63 (46%) 38 (28%) 37(27%) 138(100%) 0.0249 0.984
knode 53 (38%) 48 (34%) 39(28%) 140(100%) 0.400 0.664
korganizer 41 (29%) 68 (48%) 32(23%) 141(100%) 0.991 0.0141
kword 70 (49%) 29 (20%) 43(30%) 142(100%) 0.000497 0.9997

Total 284(40%) 224(32%) 195(28%) 703(100%) 0.0143 0.988

Table2: Survey part2. Question#1.

Survey Part2
2. Generallyspeaking,which tool resultsin morefalsepositives?

(a)CVSSearch(without grepmatches) 40 (55%)
(b) GrepSearch 17 (23%)
(c) About thesame 16 (22%)

3. Generallyspeaking,which tool resultsin morefalsenegatives?
(a)CVSSearch(without grepmatches) 25 (34%)
(b) GrepSearch 17 (23%)
(c) About thesame 32 (43%)

4. Generallyspeaking,doCVSSearchandGrepresultscomplementeachother?
(a)yes 56 (76%)
(b) no 18 (24%)

5. Generallyspeaking,did you find theCVScommentshelpful in understandingcode?
(a)yes 56 (76%)
(b) no 18 (24%)

6. Generallyspeaking,wereyouableto easilydetermineif grepmatcheswererelevant?
(a)yes 50 (68%)
(b) no 24 (32%)

7. Generallyspeaking,whereyouableto easilydetermineif CVS matcheswererelevant?
(a)yes 6 (8%)
(b) no 9 (12%)
(c) yesbut only afterlooking at theassociatedCVS comments 59 (80%)

8. Are you familiarwith CVS?
(a)yes 19 (26%)
(b) no 55 (74%)

9. Do you feelunderstandingthepurposeof CVS is necessaryto useCVSSearchwell?
(a)yes 51 (69%)
(b) no 23 (31%)

10. Do youhave ageneralunderstandingof how CVSSearchworks?
(a)yes 58 78%
(b) no 16 22%

11. Did you readtheCVSSearchpaper?
(a)yes 36 (49%)
(b) no 38 (51%)

Table3: Survey part2. Questions#2 – 11.

8



spectively. Moreover, thereis someweakerevidence
thatCVSSearchis alsobetterwith konquerorandkn-
ode,with p-valuesof 0.104and0.400,respectively.
However, CVSSearchclearlylosesto greponkorga-
nizer, wheregrephasa p-valueof 0.0141.So,while
all queriescombinedindicatethatCVSSearchis bet-
ter thangrepoverall,theresultsarelessclearfor par-
ticular applications.We suspectthat a combination
of factorsleadto this variation: the quality of CVS
commentsused,the quality of identifier names,as
well asthestudent’s familiarity with theapplication
type.

With respectto theadvantagesof searchingCVS
comments,onepersonsaid“The CVS resultsdo in-
creasethe likelihoodof finding a relevant resultand
in somecasescan return much betterresults(than
grep).” Anothersaid“. . .whennamesusedaren’t the
bestor areabbreviated,thentheuseris dependenton
comments.For thesecasesCVS(Search)wasbetter
thangrep.”

Another person addressesrelated words: “It
searchesa variety of relatedandrelevantwords,for
example,when ‘date’ is searched,resultsincluding
‘time’ arealsoreturned.”Thispropertyfollowsnatu-
rally from ourapproachsincemany lineswith words
suchas“time” alsohave associatedCVS comments
with “date”. Anotherpersonwrites“It (CVSSearch)
helpslocatepartsof the codebetterthan grep, es-
pecially on conceptualideas,wherethey (are)most
likely mentionedin theCVScomments.”

Anotherwrites“CVS comments(are)oftenanim-
provementover muchof theopensourcecodecom-
menting I’ve seen.. .allows for longitudinal (time
wise) searching,e.g.,bug-fixes, recentareasof de-
velopment.” Other commentsalong this direction:
“good for gettinga perspective on what works and
what’s underdevelopment,andlocatingthesepoints
quickly” and“CVSSearchprovidesmorecomments
behindwhy thecodewaswritten”.

We now considerthe remainingquestionsin part
2 of the survey, which areshown in Table3. From
Question#2, we seethat 55% of studentsbelieve
CVSSearchyieldsmorefalsepositives(e.g.,matches

not relevant to the query)while only 23% saygrep
yields more. Falsepositivesarisemainly from two
sources:(1) large commitswheremultiple changes
wereperformedsowedonothaveaprecisemapping
of which part of CVS the commentrefersto which
changein thecode;and(2) inaccuraciesin theway
wepropagatelinesfrom thepastto thepresentcode.
We discusswaysto alleviate theseproblemsin Sec-
tion 6.

From Question #3, we see that 34% believe
CVSSearchhasmore falsenegative (e.g., matches
that should have beenshown but were not) while
23% saygrephasmorefalsenegatives. Falseneg-
ativesarisemainly from two sources:(1) inadequate
CVS comments;and(2) inaccuraciesin theway we
propagatelines from the past to the presentcode.
Again,weaddresstheseproblemsin Section6.

Concerningfalsepositive andfalsenegatives,one
personsaid“Toomany falsepositives,andalsosome
clearmatchesin the codearenot returned.” Others
felt that stemmingwaspartly at fault for falseposi-
tives: “. . . searchingin theCVS commentsis a good
but stemminggeneralizestoo muchandwe tendto
geta lot of unwantedresults”.

Nonetheless,question#4 shows that 76% of stu-
dents say that CVSSearchand grep complement
eachother. That is, one tool comesup with rel-
evant matchesthat the other has missedand vice
versa. The p-value for this statementis very small
at QSRUT&TWV��XQZY\[ , andsowecanbeconfidentof its va-
lidity. While thefactthatCVSSearchandgrepcom-
plementeachother shows that CVS commentsare
a valuablesourceof information for search,it also
meansthat we shouldnot only rely on them alone
but must includethe codeitself in the search.One
personwrites“K eepthesearchenginealongwith the
grepfeature.They helpeachother, I think. If CVS
fails, it really helpsto have analternative.” Another
said“Thorough,whenusedwith grepat least.”

Using CVS Comments to Understand Code An-
otherimportantresultcomesfrom Question#5: 76%
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of studentssaid that CVS commentsarehelpful in
understandingcode. (Again with p-value QSRUT&T]V�XQZY\[ .) Thisobservationhastwo implications:(1) the
CVS commentscan themselves be usedto explain
matches(as we do now using CVSSearch);and
(2) CVS commentscan be used to explain code
whetheror not a searchwas involved in retrieving
that code. Regardingthe former point, oneperson
writes“CVS commentsassociatedwith thematched
fileswereveryhelpful in notonly understandingand
determiningrelevanceof codebut alsoshowing the
role of the codein the entireprogram.” Regarding
the latter point, onepersonwrites “CVS comments
areextremelyhelpful in decipheringobscurebits of
code.”

Identifying Relevant Matches Questions#6 and
#7 explore the issuesof whethermatchesreturned
by CVSSearchand grep could easily be inspected
for relevanceto the query, respectively. For grep,
68% of studentssaidthatdeterminingrelevancefor
matchesreturnedwaseasy. ForCVSSearch,only8%
saidthatdeterminingrelevancefor matchesreturned
was easybut 80% said that it was so if they also
looked at the associatedCVS commentsfor those
line matches.This supportsour belief that showing
CVS commentsfor matchedlines is critical in this
typeof tool.

Leveraging CVS Knowledge Questions#8 – 11
explore whetherunderstandingthe way CVSSearch
works is important in using it effectively. Ques-
tion #8 askswhetherthey are familiar with CVS.
Only 26%saidyes. (However, all participantswere
given a short explanationof what CVS is usedfor
beforehand.)Question#9 asked them whetherun-
derstandingthepurposeof CVS is necessaryto use
CVSSearcheffectively — of which69%saidyes.In-
deed,one personwrote “. . . I feel that only people
familiar with CVS canuseit properly.”

This result is somewhat surprising. When we
first built CVSSearch,we saw it as just another

searchtool with a completelydifferentimplementa-
tion. Yet,studentsbelieve thatunderstandingtheim-
plementationis really importantfor effective usage
— sincepresumablythe resultsof thesearchwould
be morepredictable.Consequently, we needto re-
examineour decisionto “hide” CVS features(e.g.,
suchasrevision numbers,codebranches,authorsof
changes,commitdates,etc.) from our tool.

A deeperanalysisof thedatashows evidencethat
peoplethat arefamiliar with CVS tendto like grep
better, but thep-valueis notthatlow at0.255.In con-
trast,thosepeoplenot familiarwith CVStendto like
CVSSearchbetterwith a p-valueof 0.00183.Again,
this resultis somewhatsurprisingandperhapsshows
thatCVS expertshave certainpreconceptionsabout
CVScommentsthatgot in theway.

Question#10shows that78%of thestudentshave
a generalideaof how CVSSearchworkswhile 49%
have readour previous CVSSearchpaper[1]. So,
it appearsthey hadsomeunderstandingof how the
searchwasdone.

5 Related Work

Thereis a myriad of searchtools for code,someof
whichsearchthroughcodedirectly [2, 5, 7] andoth-
ers that searchthe natural-languagedocumentation
(suchascommentsor manualpages)associatedwith
thecode[4, 6].

In the first category, we find lexical tools such
as grep [5]. Such tools are basedon regular ex-
pressions,and while simple to use,have problems
searchingfor certainconstructs.For example,grepis
notdesignedto searchfor patternsspanningmultiple
linesor two statementsat thesamelevel of nesting.
Consequently, searchtoolshave beendevelopedthat
parsethe sourcecode[2, 7] to alleviate suchprob-
lems.

As discussedin Section 1, tools of this type,
whetherlexical or syntactic,arequitedifficult to use
if the useris not familiar with the codeat all. This
is particularlyanissuewhenthecodeis poorlycom-
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mentedsincethequerywordswouldnolongerlikely
matchwordsin thenatural-languagecodecomments.

In thesecondcategory, wefind toolsthatarebased
on natural-languagedocumentationassociatedwith
thecode[4, 6]. It is worthwhilenotingthatsuchtools
are designedfor retrieval of reusablecomponents
whereasCVSSearchis ageneralpurposesearchtool.
Moreover, asfar aswe know, CVSSearchis theonly
searchtool basedon CVS comments—- andconse-
quently, our evaluationof this type of tool is alsoa
first.

6 Conclusions and Future Work

From our survey analysisin Section4, we seethat
CVS commentsdo provide a valuablesourceof in-
formationthatcomplements— but doesnot replace
— content-basedmatching(e.g.,usinggrep).More-
over, CVS commentsare also good at explaining
the lines matched,and indeed,can be usedas an
additional sourceof documentationfor code irre-
spective of search.We weresurprisedthat students
felt that knowledgeof CVS wasimportantin using
CVSSearcheffectively. In retrospect,it is under-
standablethat userswould want to have someidea
how their searchtoolswork.

It is clear that falsepositivesarea problemwith
our currentapproach.We plan to pursueboth short
andlong termstrategiesto reducefalsepositives. In
theshortterm,weplanto gettheusermoreinvolved
in thesearchprocesssothatfalsepositivesareeasily
detectedandignored.For example,wewill makethe
mappingbetweenCVScommentsandmatchedlines
in a file moreexplicit, so the usercaneasilyignore
matcheswith irrelevantcomments.

In the long term, we plan to improve the CVS-
basedsearchitself to reducefalsepositives. We be-
lieve this canbedoneby eitherincreasingthegran-
ularity of the matcheditems from lines to member
functions,increasingthegranularityof thepropaga-
tion phasefrom lines to memberfunctions(which
have namesso their movementsare more easily

trackedacrossversionsandfiles),or both.
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