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Abstract

Seaching source codeis one of the mostcommonac-
tivities of softwae enginees. Text editors and other sup-
port tools normally provide seaching basedon lexical ex-
pressiongregular expressions).Somemore advancededi-
tors provide a wayto add semantidirectionto someof the
searches. Recentreseach hasfocusedon advancingthe
semanticoptionsavailable to text-basedqueries. Most of
theseresultsmale useof heavyweightrelational database
mangementednology.

In this paper we explore the extensionof lexical pat-
tern matcing by meansof light weightrelational queries,
implementedusing a tool called gr ok. A “semantic
grep” (sgr ep) commandwasimplementedyhich trans-
latesqueriesin a mixedalgebraic andlexical languageinto
acombinationof gr ok queriesandgr ep commandsThis
paperpresentthedesigndecisionsdbehindsgr ep, andex-
amplequeriesthat canbe posed.Thepaperconcludeswith
a casestudyin which sgr ep wasusedto identifyarchitec-
tural anomaliesin PostgeSQL,an opensouice Database
ManagemeniSystem.

1 Intr oduction

Lethbridgeand Anquetil have reportecthat softwareen-
gineersspenda considerablgortionof theirtime exploring
sourcecode[15]. Exploring sourcecan be classifiedinto
two cateyories: seaching and browsing[16]. Sim et. al.
have shavn how thesetwo separatenavigation stylescan
beusedto exploresoftwarearchitecturaliagramg25]. This
papershavs how binaryrelationalcalculusandtextual pat-
ternmatchingcanbe usedtogetherasa lightweightmeans
of exploring sourcecode.

Lethbridgeet. al. have studiedin depththe work prac-
ticesof professionasoftwareengineersn orderto facilitate
thedesignof atool thatwould enhanceheir day-to-dayac-
tivities [27]. Throughtheir studiesthey have deviseda list

of requirementshata programunderstandingools should
contain.Thislist includesincludesfunctionalrequirements
suchas:

F1 seach capabilities

F2 capabilities to display all relevant attributes of the
itemsretrieved

Thelist alsoincludesnon-functionakequirementsuchas:

NF1 ability to handlelarge amountf code

NF2 respondo mostquerieswithoutperceptibledelay

NF3 processsouicecodein a varietyof programmingan-
guages

NF4 interoperatewith othersoftwae engineeringools

NF5 permit the independentevelopmentof user inter-
faces

NF6 integrate facilities that Softwae Enginees already
use

NF7 presentheuserwith completenformation

We have usedthis list of requirementso developatool
called sgr ep which mixes regular expressionmatching
andsemantiaquerying.

Sgr ep hasbeenintegratedwith gr ok [13], arelational
calculatorto allow theuserto issuebothsemanticandsyn-
tacticqueriesandreceve theresultsin atimely fashion.

1.1 Overview

Therestof this paperis structuredasfollows. Section2
exploresthe motivationfor the semantiogreptool. Section
3 discussesomerelatedwork in the field of sourcecode
searchingand browsing. Section4 outlinesimplementa-
tion considerationgor a sourceexplorationtool. Section
5 explainsthe sgr ep tool itself and shavs somesample
gueries.Section6 shavs how sgr ep wasusedin practice
to analyzePostgreSQLan opensourceDatabaseManage-
mentSysten{22]. Finally, section7 summarizesurresults
andoutlinesour futurework.
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2 Motivation

High level softwaredocumentatiomomesn mary forms
suchassoftware booksheles[10], architecturadiagrams,
moduleinterconnectiordiagrams,and call graphs. In all
cases,higher levels of abstractionare usedto corvey as
muchaboutthe software systemaspossiblewhile filtering
out the low level details. By doing this the diagramsare
lessclutteredand easierto understand. In our work, we
oftenlook at two kinds of architecturaldiagrams:the “As
Designed’modelandthe“As Built” model.

The“As Designed’or conceptuamodelshavs whatthe
developersthink the systemlooks like or how it wasde-
signed. This model canbe determinedhroughinterviews
with developers sifting throughdocumentatiorand study-
ing referencearchitectures.This may not give an accurate
view of the systemdetails,but it illustratesthe subsystem
interactiongthat the software engineerdeel areimportant.
An example of a conceptualarchitecturefor PostgreSQL
canbeseenin figure1 [31].

The“As Built” or concretemodelof a systemshaws the
relationsthat exist in the implementedsystem[2]. This
model can be extractedthroughreverseengineeringtools
suchasPBS,Dali, Rigi, CIA or SWAGKit [21, 29, 17, 11,
28]. Eachof theseoolsproducedifferentoutput;however,
they all have the commongoal of producinga higherlevel
of abstractionof the systemunder examinationbasedon
low level “f acts” extractedfrom the sourcecode. Figure 2
shavstheconcreterchitecturdor PostgreSQlasextracted
by SWAGKit [28].

Both of thesemodelscan help a software immigrant
“Ramp-Up” on a new software project,[26] becausdhese
modelsare easyto navigate and provide a sharedmental
modelof the codebase[12]. Becauseof the high level of
abstractiondiagramssuch as thesebecomelessand less
usefulasthe softwareengineebecomesnorefamiliar with
the code baseand require detailedinformation aboutthe
sourcecode. Thesediagramsare almostnever usedfor
maintenanceactvities and code migration. As the level
of abstractiongetshigher, it becomesnore difficult to tie
the typesof questionssoftware engineersave backto the
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sourcecodewherethe experiencedoftwareengineeneeds
theresults.Eachof the subsystems figure 2 containsad-
ditional subsystemsgozensof files andtensof thousands
of lines of code. Dueto the large complexity of eachsub-
systempavigatingthis diagramoftenbecome$arderthan
navigating the sourceusing a regular expressionmatcher
Questionssuchas why do theseunexpecteddependencies
existandwhete do they originate arehardto answerwith-
outreturningto thesourcecode.The motivationfor sgr ep
camefrom the needto answerdetailedquestionsaboutthe
sourcecodeof PostgreSQLlwhile navigating the architec-
tural model. Section6 returnsto the PostgreSQLexam-
ple andreviews the following questionsn depthby using

sgrep:

1. How canthedifferencedetweertheconceptuaarchi-
tectureandthe concreteonebereconciled.

2. How cantheconcretearchitecturderepairedo fix the
unexpecteddependencies?

3 RelatedWork

The present’semanticgr ep” proposalcombinestwo
basicideas:regular patternmatchingin text, andrelational
modelingof softwarestructure.

3.1 Pattern Matching in SourceCode

Browsingandsearchingexts or structuresdy specifying
patternds, of courseafacility providedin everytext editor
anddevelopmentenvironment. In orderto be flexible and
fast, suchfacilities are almostwithout exceptionbasedon
lexical structureandrestrictedto small predictablechunks
of text, especiallylines. (According to Dennis Ritchie
[23], regular expressionsearchingwasintroducedby Ken
Thompson$ 1968versionof the QED editor. In QED and
its successqQed, thecommandy/ re/ p, wherereis aregu-
lar expressionmeant’throughoutthe currentdocumentfor



every line containinga matchof re, printtheline”. Thated-
itor commandwasusedto namethe programgr ep, prob-
ably the most useful single shell programfrom the Unix
tradition.)

Pattern languagesusually (not always) belongto one
of two classes,"wildcard patterns”and "regular expres-
sions”. In both classesa patternis a string of characters,
someof which areintendedto matchthemseles,andoth-
ersto matchone or more of a setor rangeof characters.
They rangein expressienessfrom the simplestwildcard
patternlanguagewith two matchfacilities (one-character
andmary-charactematch)throughfull regularexpressions
with alternation,sequencegrouping,anditeration. Wild-
card patternsare more commonlyusedfor browsing short
words,phrasesandnamessuchasfile namesgenerakeg-
ularexpressionsremorecommonlyusedfor browsingtext.

Generally speaking,of course, sourcecode texts are
more structurally complex than what can be capturedby
regular languages. Paul and Prakash[20] discussedhe
mary limitations of evenfull regularexpressiommatching:

1. writing apatternto distinguishnestingstructureof pro-
gramminglanguagestatementss difficult or impossi-
ble;

2. writing a pattern to distinguish variable declara-
tions,characterizethy orderindependenstringsof at-
tributes(e.g. extern long int x;) is difficult
andunwieldy;

3. mary implementationsf regularexpressiommatching
do notallow patterngo matchacrosdine boundaries.

Suchproblemsarefamiliar to any programmetrying to
find (andbe sureof finding) patternsof usein sourcefiles.
In the caseof searchingsourcecode,the solutionis to ex-
tendthe patternlanguage.This may be doneby including
someor all of thesyntacticcategoriesof thetargetprogram-
ming languages(SCRUPLE [20], GENQA [7]) by enrich-
ing the sourcewith markup (Hypersoft[18], GRASP-ML
[6], CHIME [8], Jupiter[5], HSML [4]) or by incorporat-
ing referenceto a semanticmodel (SearchabléBookshelf
[25, 21]), tksee[15, 27], Rigi [17], CIA [3], Dali [29],
SWAGK:It [28]. In the next subsectionve discussrelated
work in softwaremodeling.

Commercial-origintools suchas SNiFF+ (Wind River)
and IDE’s from Borland, Microsoft, IBM, Sun,etc. often
combinethesestratgies with successfulresults: we ap-
plaudthe trendwhich Sunand IBM have leadin making
someof thesetools openandfree. However eventhough
mary available tools and frameworks allow both brows-
ing and searchingof semanticinformation, often they are
"heavy weight”: we mustwork from within themandtheir
designdecisionsandaccepttheir straightenindimitations.
For this reasongr ep is still the choicefor mary software
engineergust becausat it so simple. This was recently

Computes | Operation | Purpose

Relation R1oR2 RelationalComposition

Relation id (s) Identity relationon sets

Relation R+ Transitive closureof R

Set s.R Projectsetsthrough
relationR

Set R.s Projectsetsthrough
relationR backwards

Set rng(R) Rangeof R

Set dom(R) | Domainof R

Table 1. Standar d Grok Commands

illustratedin a structureddemonstratiororganizedby Sim
andStorey [24]. We hopethattoolslike sgr ep cansene
asalightweightoptionfor moreadvancedsourcequeries.

3.2 Relational Modeling of Software

Softwareis modeledin reverse-andre-engineeringys-
temsto facilitate analysisand transformation,as well as
browsingandsearchingThetechniquas invariablyto con-
structa semantic(E/R) graph,whosenodesrepresengen-
tities (from expressiongto subsystemsand whoseedges
representelationshipgimplicit or explicit) found between
themin the code. Whatvariesin detailis (a) the degreeof
completenessnd(b) thestrictnesof adherencéo a previ-
ouslydeterminedr statedschema.

In reverse-andre-engineringystemsanE/Rmodel’ex-
tracted”or derivedfrom codeis thenmadeavailableto users
andotheralgorithms.This maybedoneby meansf astan-
dardrelationaldatabas@nd SQL querysystem- although
it appearghat RDBMS technologyis not a perfectfit (see
below). Alternatively, the "purely relational” aspecbf the
extracted”fact base”can be processedising a relational-
algebraengine. Several suchengineshave beendescribed
or mentionedin the reverseengineeringand relatedliter-
ature,including RFA [9], RELVIEW [1], SCA[19], and
gr ok [13, 14].

In whatfollows, we usegr ok to provide the relational
computationsequiredin the designandimplementatiorof
sgrep. Thegr ok programimplementsa commandand
expressionlanguage:the commandsare usedfor reading
andwriting fact (data)basesandthe expressionsarerela-
tional and setexpressions. The valuesof expressionsare
identifiers, sets(of identifiers),andrelations Identifiersare
uninterpretedstrings. Setsarefinite. Relationsare finite
setsof pairsof identifiers.Expressionsireconstructedrom
operatorsandsubepressionsTable1 containsa summary
of theoperatorsve use.

The range, domain, and compositionof relationsare
standard. The identity relationon a set.S consistsof all



the pairs (z,z) whenz € S. The transitve closureof a
relation R consistsof all the pairs (zo, z,,) wherethereis
a finite sequencer pathzg, xy, ..., £, Wheren > 1 and
each(z;,z;y1) isin R. Thetransitive closureis thusused
to summarizehierarchicaland other path datain the fact
base.

The"projection” operationf gr ok resultfrom apply-
ing therelationor its corverseto all the elementof a set.
Theleft projectionS.R of asetS andarelationR is theset
{t|s € S&(s,t) € R}, thatis, thesetof identifierswhich R
relatesto amemberof S. Theright (backwards)projection
R.S isthedual: R.S istheset{t|s € S&(t,s) € R}.

4 Implementation Considerations

Many of the researchtools developedto addressthe
problem of searchingand browsing sourcecode are not
widely acceptedasindustrialtools. Often this is because
they do not satisfy both the functionaland non-functional
requirements softwareengineethas. In sectionl, 2 func-
tional and 7 non-functionalrequirementswere listed for
programunderstandingools. NF3 is not consideredele-
vantfor this tool sincesgr ep just processeslatamodels
andthesemodelscanrepresentainy programwrittenin ary
language We combineF1 andF2 into sectiond.1 (Search-
ing), NFlandNF2into sectiord.2 (PerformanceandNF5-
NF7into 4.3 (Interface).We alsointroducetheimportance
of program compleity in section4.4, asa non-functional
requirement.

4.1 Searching

Searchingrequiresboth an easyto specify patternand
the an accuratepresentatiorof all relevantresults. In the
caseof a programcomprehensiotiool, designedo assist
programmersetter understandhe low level details, it is
importantto tie the queriesbackto the sourcecode. For
this reasonsgr ep returnsnot only the query results,but
allows the userto requestentity attributessuchasthe file
andline numbertheresultsappeaon.

4.2 Performance

Performanceis arguably the most important non-
functional requirementwhen designinga navigation tool.
It is importantfor thetool notonly to handlelargeamounts
of data, but the tool mustrespondto querieson this data
without perceptibledelay If atool doesnotrespondn this
manneythe userwill find atool thatdoes,evenif thetool
may not provide as accuratea search. Sgr ep was built
ontop of gr ok, arelationalcalculatorwhich is extremely
fastfor navigatingrelationalmodels.Gr ok’ s performance
boostcomesfrom the fact that the entire modelis pacled

into memory sono disk cachingis required.The only bot-
tleneckof this approachwas the initial load time for the
model.

Thereareseveralalternatvesthatwereexploredin order
to retainthe datamodelin corememory:

1. A monolithicsystenthat startsup andallows the user
to performasmary queriesasthey wish. This limits
the performancehit to start-uponly.

2. Adistributedsystenthatkeepgheinformationin core
andtheclientcanconnecto theseneratruntime.

Sincetheneedfor acommandine interfacewasdeemed
important(seesection4.3) sgr ep wasdesignedasa dis-
tributed system. This allows the client to act asa small
querytool (muchlike grep, sed or awk) without the
overheactostof loadingthe modeleachtime.

4.3 Interface

Althoughgraphicaluserinterfacesareofteneasietto use
for novice userswe believe thatfamiliarity is moreimpor-
tantthaneaseof use,for the kinds of taskswe ervision for
sgrep. Sgr ep wasdesignedasa commandine tool for
thisreasonSgr ep is designedo beusedn placeof gr ep,
soit is importantthatmary of the designdecisionfoundin
gr ep, transferoverto sgr ep.

Sincesgr ep is built in a distributed fashionis allows
developersto independentlydevelop userinterfaces. The
Ul couldbeagraphicalswingapplicationor integratedinto
anotherdevelopmenternvironment.

4.4 Program Complexity

In ary field, easeof use and adaptabilityto the tasks
at handare what causesa tool to be adopted. The famil-
iar Unix shelltools, suchasgr ep, sed, awk, andvi or
emacs, have beentested,proved, and enteredthe neces-
sarytoolkit of countlessusers.If atool is hardto setupand
administer the valuethe tool addsto the developmenten-
vironmentdoesnt outweighits administrationcost. When
the taskis programcomprehensionincluding text search-
ing, mary of thetools currentlyavailabledependon anin-
dustrialstrengthdatabasenanagemergystem.While these
DBMSsprovide mary advantagesuchas:

1. astandardizedjuerylanguage
2. apublishedAPI andarich setof tools

3. industrial-strengtlimplementationge.g. with concur
rentaccessdisk c aching,security etc.)

they requirea large overheadcost of setupandconfigura-
tion.
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Otherthanthe first of these,the advantagegresented
above areusuallynot requiredfor programcomprehension
tools. A publishedAPI andarich setof toolsarenotneces-
sarysincewe aredevelopingour own tool. Concurrentac-
cessis not neededandusuallythe information canfit into
memorysothe needfor gooddisk usagds lessened.

Eventhefactthat SQL is a universalstandarddoesnot
play a large role, since SQL is not a universally adopted
standardor sourcecodeexploration.

5 The SgrepTool
5.1 Designof Sgrep

Sgr ep wasdesignedo beusedaspartof the SWAGKit
pipeline. SWAGKit providesa setof toolsthatcanbe used
to extractinformation from the sourcecode,and manipu-
late that informationinto a form that canbe meaningfully
analyzed.A tool, calledl sedi t , is thenusedto visually
navigatethis informationasa softwarelandscape Thein-
tentionof sgr ep wasto provide analternateform of anal-
ysiswherethe usercanquerythis information,andmapit
backto thesourcecode.Thisis illustratedin Figure3.

Thetool itself, asmentionedn sectiord, is designedn a
client/senerfashion.In this configuration the client offers
a commandine interfaceby which the usercanconstruct
their queries. The sener usesgr ok to load information
aboutthe systeminto memoryand perform querieson it.
The interactionbetweenthe client and sener programsis
illustratedin Figure4 and describedn the numberedist
below.

1. SgrepSereris startedby a user andit createsa soclet
usedfor listeningfor client connections.

2. Theinformationaboutthe systemis loadedinto mem-
ory. SgrepSeregrthenwaits for client connectionre-
quests.

SgrepServer SgrepClient
Create socket Process user
~and query and
bind to port determine type|
1 13
Load systert] Create Grok
information Query
into memory va4
2 Connect to

Server
and send quer
8

Retrieve results

lﬁ / from server
19

- | 5
Accept cI_|ent e
connection

Run Quer
g | e 2 G
l7 results
110
Send back Print out resulty
results and exit

Figure 4. Client/Ser ver Interaction

3. SgrepClients startedby auser andtheusers queryis
parsedo determinehe querytype.

4. A gr ok queryis createchasednthetype of queryto
be performed.

5. SgrepClientconnectsto SgrepSergr, and sendsthe
queryto run.

6. SgrepSergr acceptsa connectrequestfrom Sgrep-
Client,andrecevesthe query

7. Thescriptis runagainstheinformationaboutthe sys-
tem.

8. The resultsfrom the query are sentback to Sgrep-
Client.

9. SgrepClientecevesresultsfrom SgrepSererandter-
minatesconnection. SgrepSerer then waits for the
next request.

10. Patternmatchingis appliedto theresultsof thegr ok
guery Thoseresultsthatsatisfythepatternareprinted.

5.2 Sgrep Queries

Sgr ep allows the creationof both entity and relation
queries. In additionto entity and relation querieson the
entire system,sgr ep also allows for entity and relation
gueriesthatarerestrictedto a particularsubtreeof the sys-
tem. Relationaltransitive closurequeriesarealsoavailable
so suchinformationasfunction control flow canbe deter
mined. Eachof thesetypesof queriesarebriefly explained
in the following subsections.In additionto the explana-
tion an exampleis given, which includesthe syntaxof the
sgr ep query its translationinto agr ok query aswell as
theresultsof the queryoncepatternmatchinghasbeenap-
plied.

All queryresultsare basedon the examplein figure 5.
This figure wasderived from the Abstract SemantidGraph
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(ASG) presentedn figure 6. This ASG could have been
computedisingatool suchasSWAGKit, andrepresentthe
interactionof programentitiesin the front end of a small
compiler The heary black edgesarethe structural edges
andshawv the containmenhierarchy Thedashededgesare
non-structual andin this particulardiagranrepresentunc-
tions calls. The circlesare programentities. The top two
levelsof thegraphrepresenthe subsystemthatexistin the
compiler Thethird level representsourceandheadefiles,
while the bottomlevel representfunctions.

5.2.1 Entity Query

Entity queriesare usedto locateinstancesof a particular
entity basedon its type. For example,locateall functions
in the systemwho’s namematcheghepattern‘get * .

sgrep 'get* is function’ I

Thissgr ep querywouldtranslateanto thefollowing gr ok

relationalquery:
1  $INSTANCE . { "function" }

This relational projectsthe setf unct i on backwards
throughthe relation $I NSTANCE. This resultsin the set
of all entitiesthat areinstanceof the type function. This
setis thenmatchedagainstthe wild-card pattern“get *”,
resultingin:

get _next _t oken
getC

5.2.2 Restricted Entity Query

Restrictedentity queriesrestrictthe queryto a particular
subtee A subteeis definedasary entity and all of its
descendentsThe examplebelon searchesor all functions
in par ser.c.

sgrep ' % is function in parser.c’

Thissgr ep querywouldtranslatdanto thefollowing gr ok
relationalquery:

1 Desc := contain+

2 isParserDotC :=id { "parser.c" }

3 isFunc :=id( $INSTANCE . {"function"})
4 rng ( isParserDotC o Desc o isFunc )

This query first computesall the descendantsn the
system(line 1). A identity relation is then computed
for both par ser. ¢ andall the functionsin the system
(line 2 & 3). ! Finally, the relationfrom par ser. ¢ to
all functions containedwithin the par ser . ¢ subtreeis
computedand the range of this relation returned. The
pattern‘* " thenappliedto this setresultingin:

par se_i nput

5.2.3 Relation Query

The purposeof arelationqueryis to find a particulartype
of relation that exists betweentwo typesof entities. For
example,searchindor all functionsthatcal | get C.

sgrep ' % is function <calls> getCis *’ I

Thissgr ep querywouldtranslatdanto thefollowing gr ok
relationalquery:

1 i sFunc o calls

1ThevariablesDesc, andi sFunc areusedthroughoutherestof the
examples.



Query Type Syntax

Entity Query

patternis entity

RestrictecEntity Query

patternis entityin pattern

RelationQuery

patternis entity <relation> patternis entity

RestrictedRelationQuery

patternis entityin pattern<relation> patternis entityin pattern

RelationalTransitve ClosureQuery

patternis entity <relation+> patternis entity

Table 2. Sgrep Query Syntax

This gr ok query computesthe relationalcomposition

from all functions (i sFunc is definedin section5.2.2)
to everything elsethat can be reachedthrougha cal | s

relation. The pattern“*” is appliedto the domainof the
relation, and the pattern“get C’ is appliedto the range
resultingin thefollowing relations:

get _next _token calls getC

5.2.4 Restricted Relation Query

A restrictedrelation query is similar to a regular relation
guery except that the each of the two entities can be
restrictedo a subtree For example,searchindgor functions
in Parsermwhich call functionsin Scanner

s function in Parser <calls>
s function in Scanner’

Thissgr ep querywouldtranslateanto thefollowing gr ok
relationalquery:

1 i sScanner :=id { "Scanner" }

2 isParser :=1id { "Parser" }

3 Par ser Func := i sParser o Desc o isFunc
4 ScanFunc := i sScanner o Desc o isFunc
5 Par ser Func o calls o ScanFunc

An identity relationis first computedfor the Scanner
and Par ser subsystemgline 1 & 2). All the functions
in the Scanner andPar ser arethencomputed(line 3
& 4). A relationis thenconstructedor eachfunctionin
Par ser which hasa cal | relationto eachfunction in
Scanner . The pattern“*” is appliedto boththe domain
andrangeof thisrelationresultingin thefollowing:

parse_i nput calls get_next_token

5.2.5 Relational Transitive Closure Query

Relationaltransitive closurequeriesinvolve starting with
an entity, andthen following a particulartype of relation
until thereare no morerelationsto follow. The example
belov searchegor all functionsthat canbe calledstarting

atthefunctionnai n.

sgrep 'main is function <calls+> I

Thissgr ep querywouldtranslateanto thefollowing gr ok
relationalquery:

1 isFunc o ( calls +)

This query computesthe transitve closure relation
acrossthe cal | s relation for all cal | s that originate
from afunction. Thepattern" mai n" is thenapplied
to the domain of the resulting relation resulting in the
following:

mai n cal l's parse_i nput
main calls scanner_init
mai n cal | s get_next _t oken
main calls getC

6 CaseStudy

To demonstratehe capabilitiesof sgr ep, anarchitec-
tural analysisof PostgreSQL[22] was performed. Post-
greSQLis anopensourceObject-RelationaDBMS, which
is maintainedandsupportedy the PostgresGlobal Devel-
opmentGroup, and a large numberof contributors. The
sourceconsistf approximatelya00KLOC of C.

In section? two maintenanceuestionsvereposedabout
thearchitectureof PostgreSQLThefollowing sectionswill
explore how sgr ep wasusedin helpingto answerthese
guestions.

6.1 How can the differencesbetweenthe concep-
tual architecture and the concreteoneberec-
onciled?

The focus of this analysiswas the investigationof the
differencesbetweenthe conceptual(Figure 1) and con-
crete(Figure 2) architecture®f PostgreSQLThe concep-
tual architecturevasderived from studyingdeveloperdoc-
umentationfound on the PostgreSQLwebsitelocated at
http:// postgresql . org, while the concretearchi-
tecturewasproducedy usingSWAGKit.
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Examiningthesedifferencesin detail will help in per
forming architecturarepair[30]. This type of repairis ef-
fective in correctingthe conceptualkrchitectureso that it
accuratelyreflectsthe true architectureof the system. An
accuraterchitecturewill provide softwareengineersvith a
betterunderstandingf the system which will allow them
to make betterdevelopmentandmaintenancelecisions.

The first stepwasto identify the subsystendependen-
ciesin the concretearchitecturethat did not exist in the
conceptuakrchitecture. This stepwas done manually by
analyzingthe diagramsby handandyielded17 unexpected
dependencieskurtherinvestigationof thesedependencies
wasdoneby usingsgr ep. A seriesof querieswererun
in orderto determinewhat function calls wereresponsible
for theseunexpecteddependencies.The example below
shavsthe sgr ep queryusedto identify the dependencies
betweenthe Executorand Optimizer subsystemsas well
astheresults.

"% is function in Executor
<cal | s> . ) o
* Is function in Optimzer

sgrep

Execl ni tl ndexScan calls get_rightop
ExecHashJoin calls get_leftop

Execl ni tl ndexScan calls get_|eftop
ExeclnitAgg calls pull _agg_cl ause

Queries,like the one above, were run for eachof the
17 unexpecteddependenciesThe resultsof thesequeries
aredepictedin Figure7. Eachweightedarron represents
the numberof unexpectedfunction calls betweenthe two
subsystems For instance the Rewriter subsystenhad 10
unexpectedfunction calls to the Optimizer subsystem.In
total, alist of 121 unexpectedunctioncallswereproduced
usingsgr ep.

6.2 How canthe concretearchitectureberepaired
to fix the unexpecteddependencies?

The analysis performedin the previous section pro-
duced 17 unexpecteddependenciebetweensubsystems
thattranslatedo 121 functioncalls. The next stepis to ex-
amineeachfunction call individually anddeterminewhich
of thefollowing two categoriesit fallsin:

e The function call correspondgo behaiour that was
left out of the conceptuakrchitecturebecauset was
minute and consideredunimportantto the overall ar-
chitecturethecreator(spf theconceptuatlidn’t know
aboultit, or becausét wasintroducedafterthe concep-
tual architecturevascreated.

e Part, or all, of the call or calleefunction residesin a
file or subsystenin whichit shouldnt.

In the former case, a dependeng is simply addedto
the conceptualarchitecture. The latter case, however,
involves modifying the sourcecodeitself and may result
in an additionor deletionof a dependengin the concrete
architectureor it might not effect it at all. This type of
changemay alsoresultin the additionof newv subsystems
aswell. In orderto make a decisionabouteachfunction
call, thesourcecodemustbeanalyzed.To assisin locating
the function call (and the function being called), sgr ep
wasusedto determinethe file andline numberof the call
andcalleefunction. An exampleis shavn below.

sgrep ' ExeclnitlndexScan is function’ I

Execl ni t | ndexScan
file: nodel ndexscan.c (line 575)

sgrep 'get righttop is function’ I

get _rightop
file: clauses.c (line 153)

Using this information,the sourcecodeis analyzedand
the function call is categorizedas mentionedabove. After
theanalysisvascompletedt wasproposedhatthefunction
get ri ght op might be a candidateto be moved to an-
othersubsystemThe function wasbeingusedby boththe
Commandand Executorsubsystemss a genericfunction
to retrieve operandsrom clauses. This function was not
the only onebeingusedin this manneya numberof func-
tions which dealtwith simple operationson differentdata
structuresveredefinedthroughouthe systemandusedby
multiple subsystemsThe intentwasto determinewhether
it wasidealto remove themandplacethemin a new sub-
systemfor genericoperationson datastructures.



Since this would involve modifying the sourcecode,
which could alter the concretearchitecture,sgr ep was
usedto determinethe impactthis move would have. This
required finding all the functions that call the function
to be moved, as well as all the functions that it calls.
The examplebelon shavs the queriesusedto find which
functionsget _r i ght op interactswith.

sgrep ' * is function <calls>
get righttop is function’

CheckPredd ause calls get_rightop
Execl ni tl ndexScan calls get_rightop
switch_outer calls get_rightop
create_hashjoin_plan calls get_rightop
check_hashj oi nabl e cal Il s get_rightop
check_nergejoi nable calls get_rightop

flatten_andors calls get_rightop
get _rels_atts calls get_rightop
get _relattval calls get_rightop

sgrep 'get_righttop is function<calls>
* i s function’

No results.

From theseresultsit was calculatedthat 23 functions
wereusingget _ri ght op, andthatget _ri ght op was
not usingary functionsitself. Of the 23 functionscalling
get ri ght op, only two of themwere not in the Opti-
mizer subsystemIn this caseit wasdecidedsincethe Op-
timizer subsystemusedthe function so heavily, and other
subsystemgCommandsand Executor)only usedit twice,
thatmoving thefunctionwasprobablynot necessary

7 Summary and Future Work

The limitations of gr ep and lexical queryingare well
known, howeverit is still a populartool becausef its sim-
ple, light weight nature. This paperpresentghe idea of
usingbinary relationalcalculusto quickly navigatesystem
structureand componentinteraction. The advantagesof
DBMS systemsto accomplishthe sametask are realized,
however the easeof use,and performancencreasegained
from a simplertool out weight the featuresof theselarger
systems.

Sgep hasbeenusedon a smallexampleto quickly nav-
igatesourcecode,andon a larger systemto identify archi-
tecturalanomalies. Software Engineerscanusethis tool to
help”ramp up” on a new project,explore sourcefor main-

tenancectiities andidentify sourcereachability Software
Architectscanalsousethistool to identify subsysteninter-
actionandcontainmenhierarchy

We considerthatthereis roomfor atool lik e this incor-
poratedin an Integrated DevelopmentEnvironment(IDE)
suchasthe Microsoft DevelopmentStudioor IBM Visual
Age. Often the IDEs do incrementalparsingfor syntax
highlightingandtabcompletion.If therelationalmodelwas
updatedn coreincrementallythesequeriescould easilybe
applied.

We alsobelieve that the resultscan easily be tied back
to the original sourcesince eachentity containsattributes
suchasline number columnnumberandsource file. The
attributescanbe extractedusingan additionalcomposition
operationon the final results. By tying the queriesback
to the original sourcethis will help the transitiontowards
forwardengineering.

Acknowledgements

We would like to thank JenCampbelland JoshTaylor for
their helpwith the developmentof sgr ep. We would also
like to thank Ric Holt for his valuablefeedbackon the
sgr ep interfaceandsupplyingus with a versionof gr ok
equippedvith anAPI.

References

[1] R.BeghammeyrB. vonKarger,andC. Ulke.Relation-
algebraic analysisof Petri netswith RELVIEW, pages
49-69.SpringerVerlag,Berlin, PassauMarch 1996.

[2] IvanT. Bowman,RichardC. Holt, andNeil V. Brew-
ster Linux asa casestudy: Its extractedsoftwarear-
chitecture. In Proc. of the 21%¢ Intl. Confeenceon
Softwae Engineering(ICSE-21) Los Angeles,CA,
May 1999.

[3] Y. Chen,M. Nishimoto,andC. RamamoorthyTheC
Information AbstractionSystem. IEEE Transactions
on Softwae Engineering pages3:325—-334,1990.

[4] J. Cordy, K. Schneider T. Dean, and A. Malton.
HSML: Designdirected sourcecode hot spots. In
Proc. of InternationalWbrkshopon Program Compe-
hension Toronto,CanadaMay 2001.

[5] Anthorny Cox and CharlesClarke. Representingnd
accessingextractedinformation. In Proc. of 2001
International Confeenceon Softwae Maintenance
Florence Italy, November2001.

[6] J.CrossandT. Hendrix. Usinggenerlizednarkupand
SGML for reverseengineeringgraphicalrepresenta-



tions of sfotware. In Proceedingsof SecondwWork-
ing Confeenceon Reverse Engineering pages2-6,
Toronto,1995.

[7] P. Devanba. GENQA - a customizable front-end-
retagetablesourcecode analysisframevork. ACM
Trans. on Softwae Engineeringand Methodolay,

8(2):177-212April 1999.

[8] P. Devanba,Y.-F. Chen,E. GansnerH. Muller, and
J.Martin. CHIME: Customizablényperlinkinsertion
and maintenancenginefor softwareengineeringen-
vironments. In Proc. 21st International Confeence
on Softwae Engineering pages473-482Los Ange-

les,May 1999.

[9] L. Feijs, R. Krikhaar, and R. Van Ommering. A
Relational Approachto SupportSoftware Architec-
ture Analysis. Softwae-Practice and Experience

28(4):371-4001998.

[10] PatFinnigan,RichardC. Holt, IvanKalas,ScottKerr,
KostasKontogiannis,Hausi Mller, John Mylopou-
los, Steve PerelgutMartin Stanley, andKenry. Wong.
The softwarebookshelf.IBM Systemsournal, 36(4),

November1997.

[11] JudithGrassandYin-Farn Chen. The C++ Informa-
tion Abstractor In TheSecondJSENIXC++ Confer

ence April 1990.

[12] Ric Holt. Software Architectureasa SharedMental
Model. In Proc. of 2002 International Workship on

Program CompehensionParis, France May 2002.

[13] RichardC. Holt. The Grok Programming_anguage.
http://plg.uvaterloo.caholt/papers/grok-intro.html.

[14] RichardC. Holt. Binary relationalalgebraappliedto
softwarearchitecture. TechnicalReport345, Univer-
sity of TorontoCSRI, 1996.

[15] Timothy C. LethbridgeandNicolasAnquetil. Archi-
tectureof SourceCode Exploration Tools: A Soft-
ware EngineeringCaseStudy. TechnicalReport97-

07, University of Ottava, ComputerScience,1997.

[16] G. Marchionini. Information Seekingin Electronic

Environments CambridgeUniversity Press,1995.

[17] HausiA. Muller and Karl Klashinsy Rigi: A sys-
temfor programming-in-the-lage In Proc.of the 10¢"
Intl. Confeenceon Softwae Engineering(ICSE-10)

SingaporeApril 1988.

[18] J.Paukki, A. Salminen,andJ. Koskinen. Automated
hypertext support for software maintenance. The

ComputerJournal, 39(7):577-5991996.

10

[19] S. Paul and A. Prakash. A query algebrafor pro-
gramdatabasesIEEE Trans. Softwae Engineering
22(3):202-2171996.

[20] SantanuPaul and Atul Prakash. A Framevork for
SourceCode SearchUsing ProgramPatterns. IEEE
Transactionsof Softwae Engineering 20(6), June
1994.

[21] PBS The Portable Bookshelf.
http://www.swag.uvaterloo.ca/pbs.

Website.

[22] PostgreSQLWebsite.http://www.postgresql.aj.

[23] Dennis Ritchie. An
of the QED text editor
labs.com/cm/cs/who/dmr/ged.html.

incomplete history
http://cm.bell-

[24] SusanElliot Sim and Margaret-AnneD. Storg). A
Structureddemonstratiorf ProgramComprehension
Tools. In Proc. of 2000 Working Confeenceon Re-
verse Engineering(WCRE-00) pagesl84—-193 Bris-

bane Australia,November2000.

[25] SusanElliott Sim, CharlesL.A. Clarke, Richard C.
Holt, and Anthory M. Cox. Browsing and Search-
ing SoftwareArchitecturesin Proceeding®f Interna-
tional Confeenceon Softwae Maintenance Oxford,

England 1999.

[26] SusarElliott SimandRichardC. Holt. TheRamp-Up
Problemin SoftwareProjects:A CaseStudyof How
SoftwarelmmigrantsNaturalize. In Proc. of the 20th
International Confeenceon Softwae Engineering ,

Kyoto, Japan1998.

[27] JaniceSinger Timothy C. Lethbridge,and Norman
Vinson. Work Practicesasan Alternative Methodto
AssistTool Designin Software Engineering.In Pro-
ceeding®of International\Wbrkshopon ProgramCom-
prehensionltaly, pagesl 73—179,1998.

[28] Software Architecture Toolkit. Website.
http://www.swag.uvaterloo.ca/swagkit.

[29] The Dali Architecture Recon-
struction Workbench. Website.

http://www.sei.cmu.edu/ata/prodtgservices/dali.html.

[30] JohnB. Tran andR. C. Holt. Forward and reverse
repairof softwarearchitecture.Iln Proc. of CASCON
1999 Toronto,Novemberl1999.

[31] Andrew Trevors,JenCampbellandJoshTaylor. Con-
ceptual Architecture of PostgreSQL. Preparedfor
CS798atthe University of Waterloo,2002.



