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1 Abstract
A subsystemclassificationis an organizationof the componentsof a softwaresystem.Clustsysis a

systemthat createssuchsubsystemclassifications.It implementsfive subsystemclassificationmethods,
all of which are basedon numericalcluster analysis.

This documentgives an overviewof the Clustsyssystem.It describeswhat this systemdoes,how
to useit, and someof its design,as may be relevantfor understandingits operations.This document
is not intendedto be a tutorial on subsystemsclassificationtechniques,nor doesit prescribehow such
techniquesshould be implemented.

2 Request for credits
We anticipate that the system will be useful either for learning about subsystemclassification

techniquesor for using suchtechniquesin someexperiment.If you find this systemuseful,we would
appreciatea citation to that effect in your publicationsor reports.

3 References
The following paperswould be helpful in understandingthe detailsof what Clustsysdoes.

1. A. Lakhotia, “ A unified framework for software subsystemclassificationrecovery techniques”,
Journal of Systemsand Software, to appearin 1996.

2. A. LakhotiaandJ.M. Gravley,“Towardexperimentalevaluationof subsystemclassificationrecovery
techniques”, Proceedingsof the SecondWorking Conferenceon ReverseEngineering.

3. D.H. HutchensandV.R. Basili , “ Systemstructureanalysis:clusteringwith databindings”, IEEE
Transactionson Software Engineering, August 1985, pp. 749 – 757.

Other thancommonUNIX tools, Clustsysis developedusingthe following softwaresystems.

4. Software Refineryversion4.1 and Refine/Cversion1.1.
ReasoningSystems,Inc., 3260Hillview Ave., PaloAlto, CA 94304,USA. Phone:(415) 494–6201.
E-mail: help@reasoning.com.

5. FIELD: a programmingenvironmentfor UNIX.
Dr. Steve P. Reiss, Computer Science Department, Brown University. E-mail:
spr@cs.brown.edu.

6. SplusVersion3.0, Release1 for DEC RISC ULTRIX
StatSci,1700 WestlakeAve N, Suite 500, Seattle,WA 98109. Phone: (206) 283-8691. E-mail:
mktg@statsci.com.
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This systemcanbeusedwithout FIELD or without SoftwareRefinery& Refine/C,but not without both.

4 Trademarks
SoftwareRefinery, Refine, and Refine/Care trademarksof ReasoningSystems,Inc. Splus is a

trademarkof MathSoft. Unix is a trademarkof AT&T. Ultrix is a trademarkof Digital Equipment
Corporation.

5 Terminology
Thereaderis assumedto befamiliar with thefollowing terms:dendrogram,clusteranalysis,expected

dissimilarity and clusteranalysisalgorithms. For detailsseereferenceslisted above.

6 Font notation
Thereis a methodto the madnessin the usageof the font style. Discoveringthe methodis left as

a “reverseengineering”exercisefor the reader.

7 Overview of the functionality
Clustsys is a system to classify the componentsof a software system into subsystems. The

functionality it providesmay be separatedinto threeparts:

• Basic subsystemclassificationtechniques(SCTs).
• Comparingsubsystemclassifications(using a congruencemeasureand an oracle).
• Batchprocessingfor performinglarge scaleexperimentalevaluationof SCTs.

This documentcurrentlyonly describesthe first part, sincethat is assumedto be the mostuseful for the
expectedaudience.I would be happyto provide input on the otherparts,if thereis a request.

7.1 Basic subsystemclassification techniques

Clustsysimplementsfive numericalcluster analysisbasedsubsystemclassificationmethods. The
five methodsmay actually be differentiatedusing two parameters:

(a) the clusteranalysisalgorithm they use and

(b) the similarity / dissimilarity matrix.

Therearetwo typesof clusteranalysisalgorithmsin Clustsys.Thefirst whichwereferto astraditional
clusteringalgorithm is implementedusing the Splus function hclust. The secondis a variation of
the traditionalclusteringasproposedby HutchensandBasili (SeeLakhotia,96 for reference).

Thereare threetypesof matrices:a binding matrix (a similarity matrix), an expecteddissimilarity
matrix, anda recomputeddissimilarity matrix. The latter two arecomputedfrom the former.

The five clusteranalysismethodsimplementedby Clustsysare referredto by the codes:e, r, he,
hr, andhb. The matrix andclusteranalysisalgorithmusedby eachmethodis given in Table1.

In a nutshell,thehb, he, andhr methodsapplytraditionalclusteranalysison thebinding,expected,
and recomputedmatrices,respectively.

Theothertwo methodsHutchens& Basili’s clusteringalgorithm. This algorithmis differentfrom the
traditionalclusteranalysisalgorithmin thefollowing ways. Thealgorithminputsa bindingmatrix (which
is a similarity matrix). During eachiteration of the algorithm, the binding matrix is usedto computea
dissimilarity matrix—anexpecteddissimilarity matrix for SCT e anda recomputeddissimilarity matrix
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Table 1 A referencetable for the meaningof the codese, r, he, hr, andhb.

TraditionalClusterAnalysis Hutchens& Basili’s ClusterAnalysis

Binding matrix hb

Expecteddissimilarity
matrix

he e

Recomputed
dissimilarity matrix

hr r

Figure1 Topleveldataflowdiagramof thesystemshowingits threemajorcomponentsandtheflow of informationbetweenthem.

Cluster
analysis

Extract
interconnection
relation

Compute 
binding 
matrix

query type
(all, field, global) method(e, r, hb, he, hr )

program cfg

Makefile.Clustsys

labels

binding
matrix

dendrogram

for SCT r. The dissimilarity matrix is then usedto determinethe pair of elementsthat are closest
to eachother. Next, a new binding matrix is createdby merging thesetwo nearestelementsand the
iteration continues.

8 Design
Thesystemconsistsof threeparts,SeeFigure1. Thefirst partextractsinterconnectionrelationsfrom

a program,the secondpart computesa binding matrix from theserelations(alongwith someadditional
information describedlater) and the third part performscluster analysisand createsdendrograms.A
knowledgeof thesethreepartsis significantsincetheyarecurrentlyperformedseparately(in theabsence
of a GUI).

8.1 Extract Inter connection Relation

We havetwo implementationsfor extractinginterconnectionrelation: one calledquery-refine
is developedusing SoftwareRefineryand Refine/Cand the other called query-field is developed
using Brown University’s FIELD.

For each of the implementations,there are queriesfor extracting three types of interconnection
relations. Thesequeriesare calledall, field, andglobal.

All thesequeriesresult into, what is termedin Lakhotia, 1996 as, componentflow graphs(CFG).
The relationsrepresentedby thesegraphsmay be representedasa setof 3-tuples;eachtupleof the form
<
���

,
���

, � >, (broadly)statingthat the component� flows from component
���

to component
���

.
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In all the threequeriescomponents
���

and
���

are“functions” (as in “C function”). The component
� and the specificflow relationencodedby a tuple differs acrossthe threequeries,as follows:

• Query global: Component� is a global variable. Each tuple encodesthe relation that “global
variable � appearsin the function

���
and

���
.” (It may be worth verifying the code for accuracy

of this statement. The initial intent was to encodethe relation: “global variable � is modified
by the function

���
and usedby the function

���
.” There is a possibility this is how it is currently

implementedfor query-refine.)
• Queryfield: Component� is the nameof a “field” of a structure(as in C struct). Eachtuple

encodesthe relation: “the field � appearsin the functions
���

and
���

”.
• Queryall: Component� may be any identifier symbol. Eachtuple encodesthe relation: “symbol

� appearsin the functions
���

and
���

.”

Thesedayswe only usethe queryall andhencethe codefor otherqueriesmay havegottenrotten
(or fallen out of sync)dueto not beingused.Actually, it hasbeena while sincewe usedquery-field
andarenot quitesureaboutits consistencyeither. In caseyou havedifficulty usingit, pleasecontactus.

8.2 Compute Binding Matrix

The computationof binding matrix is doneusinga collectionof awk1 andshell scripts. The whole
processgoesthroughseveralintermediatestepsand generatesan intermediatefile.

8.3 Makefile.Clustsys

Makefile.Clustsys glues togetherthe scripts for extractinginterconnectionrelationsand for
computinga binding matrix.

Assumingthat the environmentvariablePATH is correctly set, the command:

% make –f Makefile.Clustsys S=pgmname Q=all

will generateseveralfiles with the primary namepgmname- all. Of these,two files pgmname-
all.matrix andpgmname- all.labels areoutputto thenextphase.Othersareintermediatefiles.

In theabovecommand,thesymbolpgmname refersto theprogrambeinganalyzed.Whatit refersto
dependsuponwhetheryou areusingquery-field or query-refine , a choicemadeby assigning
an appropriatevalue to the variableQUERY-SYSin Makefile.Clustsys .

When using query-field the symbol pgmname should be the nameof the executable(such
as a.out 2) of the programbeing analyzed,and when using query-refine the symbol pgmname
correspondsto theprefix part of the file pgmname.prog , a file input to Refine/Cto describethe source
files that belong to the programbeing analyzed.

NOTE: Notice that the suffix .prog is omitted from the command.

It is worth emphasizingthat if pgmname containsa directory path then the intermediatefiles and
output files createdby executingthe abovecommandwill be createdin the correspondingdirectory.
If that is not desired,then one can usethe variableDIR to give the directory path whereinformation
correspondingto pgmname (i.e., executablepgmname or pgmname.prog file, as the casemay be)
may be found.

1 Therearetwo versionsof eachawk file, oneto usewith nawk andthe otherfor usewith awk. The nawk versionis developedrecently.
It is cleanerand is recommendedfor use. The awk versionwas developedfirst. It hasnot beenremovedfor no good reason.Hence,at the
momentMakefile.Clustsys usesthe old versions.
2 The namea.out is only given asan example.Its usedoesnot imply that I endorseits usefor namingexecutablefiles.
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The two files, pgmname- all.matrix andpgmname- all.labels , createddue to the above
commandcontain the following information:

pgmname- all.matrix containsa N � N binding matrix, where N is the number of functions
participatingin somerelevantrelationshipaccordingto the all query.
pgmname- all.labels containsthenameof thefunctionscorrespondingto eachrow (or column)
of the binding matrix.

The “pgmname” part of the file namecomesfrom the parameterS=pgmname in the make command.
The “all” part comesfrom the parameterQ=all. This parameterselectsthe type of interconnection
relation to be used3.

Thereare severalother intermediatefiles that areworth knowing about:

pgmname-<query>.cfg — contains3–tuplesreturnedas a result of the <query>. The tuple
consistsof <f1, f2, s> wheref1 and f2 are functionsands is a symbol. The exactrelation
representeddependson the queryandwhetherquery-refine or query-field is used.
pgmname-<query >.sorted-cfg — similar to the corresponding.cfg file, exceptthat this
one is sorted.
pgmname.allfunc — containsthe set of all functions in the program. The contentsdo not
dependon any query.
pgmname-<query>.used-funcs — contains the functions appearingin the corresponding
.cfg file.
pgmname-<query>.fmatch — containsthe file matchmatrix. This file is usedfor computing
thecongruenceof a recoveredclassificationwith anexpectedclassification.This file givestheoracle
againstwhich the recoveredclassification is compared. Details will be provided later (maybein
anotherversion of the document).
pgmname-<query>.factor — containsfactor information, also usedfor computingthe con-
gruencewith expectedclassification.

8.4 Cluster analysis

The clusteranalysiscomponentis written in two programminglanguages:SplusandC. Spluswas
chosenearly on in the project for the simple reasonthat it providesa primitive function, hclust , that
performstraditional cluster analysis. Furthermore,it also has someprimitive functions to graphically
displaydendrograms.It thereforeprovideda quick way to developa prototypesystem.

C hasbeenusedto implementHutchens& Basili’s clusteranalysisalgorithm4 andfor thecomputation
of the two typesof dissimilaritymatricesfor thehe andhr analyses.TheC part is compiledandlinked
into a library called cluster-analysis.o that is dynamically loadedin the Spluscode. The file
src/C/main.c providesa driver for the C part to performHutchins& Basili’s analysisdirectly (i.e.,
without going throughSplus)5. The driver will not be documentedany further.

3 The symbol “Q” implies “Query.” It comesfrom the useof FIELD in the developmentof the initial version,wherea query is written to
extractthe appropriateinterconnectionrelation from the xrefdb programdatabase.
4 The correspondingfunctionscould havebeenwritten in Splusitself. Actually, they werefirst written in Splus. But our implementation
was patheticallyslow, primarily becausewe had essentiallycodeda C programin Splus, i.e., we were not taking advantageof the vector
operationsof Splus. Ratherthan reformulatethe analysisin vector form, we it more convenientto developit in C and integrateit with the
Spluscode.
5 This driver is very likely obsolete,becauseit hasnot beenkeptcurrentwith changesto the interfaceof importantfunctions.On the other
handI do not rememberany changesmadeto the interfacessincewe first wrote the C part. Nonetheless,the file src/C/main.c providesa
goodstartingplacefor developingsucha driver.
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To usethe clusteranalysispart one typically performsthe following steps:

1. Load Splus (most likely using the commandSplus –e).
2. Dynamically load the C library file.

> cload()
SeeInstallation instructionsto load the Splusfiles.

3. Start up X graphic window
> motif() (or X11() ), etc.

4. Performthe analysis,using one of the following ways:

> demo.clustsys(" pgmname- all.matrix" )
> demo.clustsys(" pgmname- all.matrix ", labelsfile=" pgmname-
all.labels")
> demo.clustsys(" pgmname- all.matrix ", labelsfile=" pgmname-
all.labels", method="e")

Rememberthat the symbolpgmname correspondsto the nameof the programbeinganalyzedand
the symbolall correspondsto the type of queryusedto generatethe interconnectionrelations.
The differencein the behaviorof the threecommandscan be inferred from the descriptionof the
function demo.clustsys below.

5. Quit Splus
> q()

Using Splusconventionsthe interfaceof the function demo.clustsys may be statedas:
demo.clustsys(matrixfile, labelsfile="", method= "he") .

This function actually takesfive parameters,the last two arefor debuggingpurposesandhavebeen
omitted here. The first three parametersare:

1. The nameof a file containingthe binding matrix (a .matrix file), a necessaryparameterprovided
as the first argument.

2. Thenameof a file containingthe function labels(a .labels file) , anoptionalparameterprovided
by assigningto the actualparametervariable labelsfile . The row numbersin the input matrix
are usedto label the dendrogramas a default.

3. The clusteranalysismethodto be used,an optional parameterprovidedby assigningto the actual
parametervariablemethod . The default is assumedto be method="he" .

This function applies the chosencluster analysismethodon the binding matrix provided in the file
matrixfile and popsup a graphicdisplay of the resultingdendrogram.

8.5 Data structur e for representingdendrograms

It may be of interestto sometoknow how dendrogramsaremaintainedinternally (or when printed
duringdebugging).This maybeusefulif Clustsysis beinginterfacedwith othertools,suchaswith a GUI
script, or a bettergraphicdisplayerof dendrograms,or a softwareunderstandingor reengineeringtool.

The designof the datastructurefor dendrogramshasbeenconstrainedby the designusedby Splus,
which it turns out is not documented.We did a bit of reverseengineeringto get to the structure,and
presenta sketchhere to savetime for others. This information pertainsto versionof Splus statedin
the Referencesection. We hopethat newerversionsof Splushavemaintainedthe samedatastructure.
Otherwisethis documentationexercisewill be moot.
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Splus maintainsa dendrogramusing a vector containing three fields with the names: merge ,
height , and order , as describedbelow.

1. merge is a 2 � N-1 matrix. It is usedto representthe binary tree aspectof the dendrogram,in
which eachnodeis createddueto merging of two elementsduringaniterationof theclusteranalysis
algorithm. A leaf elementis representedas the negatedvalue of its row numberin the original
binding matrix. An intermediatenodeis representedby its index in the merge matrix.

2. height is a vector of length N-1 . It maintainsthe height at which a nodein the merge matrix
is merged.

3. order is an vectorof lengthN. We arenot very surewhat this contains.The only thing we know
is that: (a) Eachelementin this vector is the numberof a row in the original matrix. (b) The order
of elementsin this vector influenceshow Splusdisplaysa dendrogram.

8.6 Data structur e for representingmatrices

A datastructurefor representingmatricesis not a big dealin this day andage.However,thecluster
analysisalgorithm hassomespecialpropertiesthat requireus to usesometricks in the C code(in the
nameof efficiency). Although the designis most likely very clean—lotsandlots of ADTs—it may still
be worth giving the top level picture and the rationale.

First, notice that a clusteranalysisalgorithmstartswith N � N matrix. At eachiteration it creates
a new matrix with one lessdimension,therebygoing from N-1 , to N-2 , ..., to 2 dimension(square)
matrices.

A simplistic strategywould be to createa new matrix in each iteration (using malloc ), copy
the relevant contentsinto this matrix, and then free the old matrix. This, we felt, would lead to
fragmentationof memorybesidesrequiringcopying of the whole matrix at eachiteration.

We designedan approachthat reusesthe samematrix areaand alsodoesnot copy elements.This
is done by maintainingwhat is termedas a SuppressVector along with the matrix. This vector
maintainswhich rows (and columns)of the matrix are consideredto be deleted.

Maintaining the suppressvector requiressomebit of algorithmic jugglery that may be easierto
understandbasedon theaboverationale6. In addition,thata (dis)similaritymatrix is symmetricandhas0s
in thediagonalpositionofferssomemoreopportunityfor savingspaceby notkeepingredundant/duplicate
information. This partdoesnot requiremuchjugglery,exceptfor mappinga (i, j) index to anoffset.

9 Acquiring Clustsys
Clustsysis distributedelectronicallyvia ftp or the web. To accessit through the web, follow

the threadsfrom the URL http://www.cacs.usl.edu/˜arun . From herea link to an index of
ftp-archiveof softwaresystemswill lead you to Clustsys.

Alternatively,onemayftp Clustsysfrom basin.cacs.usl.edu (IP number130.70.32.51 ),
directory: pub/uslstuff/srl , file: clustsys-tar.Z . Make sureyou areusingthe binary mode
when ftp-ing this file.

6 Only yesterday(10/12/1995),in explainingthis to PabloMejia I happenedto do a detailedtime andspaceanalysisof this choiceof data
structure.It turnsout that the rathercomplexalgorithmI haveimplementedis a very poor choice. What it savesin space,it makesup for in
time. A betterstrategywould be to simply reusethe samematrix spacefor creatingthe smallermatricesandfree the whole matrix only in the
end.

Pablo cameup with a still better algorithm that usesa heap. It turns out it has alreadybeenpublished(Kurita, Pattern Recognition,
24(3):205-209,1991).
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10 Installation instructions

10.1 Unfold the system

To install Clustsys,first decidewhere you wish to place it. We recommendcreatinga separate
directory for it, which we will refer to as <ClustsysHome> .

% cd <ClustsysHome> # changeto the ClustsysHomedirectory

% uncompress –c clustsys-tar.Z | tar xf – # uncompressanduntarthe distribution
file.

10.2 Compile the .c files

Now compile the .c files and createthe library cluster-analysis.o

% cd src/C

% make

10.3 Set up environment variables

Severalscripts in the Clustsyssystemneedto know where the Clustsyssourceis installed. This
informationis providedto themby theenvironmentvariable“CLUSTSYSPATH” by placingthefollowing
commandin your .cshrc file.

setenv CLUSTSYSPATH<ClustsysHome>

You alsoneedto modify the file Makefile.Clustsys andchangethe definition of this variable
in that file7.

If you usea shell other thancsh , you needan appropriate,equivalentcommand.

NOTE: The default value for CLUSTSYSPATH is assumed to be ˜/Clustsys , or
$HOME/Clustsys . If that is where you have installed Clustsys then you do not need to define
the aboveenvironmentvariable.

Additionally, you shouldalso include<ClustsysHome>/src/Shell in the shell variablepath .

set path = ( $path <ClustsysHome>/src/Shell)

10.4 Initialize Splus repository

Executethe command:

% init-splus

This commandloadsthe Splusfiles into the repositoryof Splus,which by default is ˜/.Data . It
needsto be doneonly once,unlessyou changethe Splusfiles provided.

7 I do not yet know how to conditionallyassignto a make variable,i.e. assigna valueif andonly if thereis not definition for anequivalent
shell variable. If you know how to do this, pleaselet me know andI will incorporateit in Makefile.Clustsys .
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10.5 Fix Makefile.Clustsys

The Makefile.Clustsys usesthe syntax $(SYMBOL) to expandthe macro SYMBOL. This
works fine on SunOSbut breakson DEC Ultrix. The latter prefers$SYMBOL, which SunOSdoesnot
like. The problemis that DEC Ultrix make introducesa blank after expanding$(SYMBOL) (but not
whenexpanding$SYMBOL). This causesproblemssinceMakefile.Clustsys createsfilenamesand
commandargumentsby contactenatingvaluesof multiple symbols.

This problem is fixed by creating anotherfile Makefile.Clustsys.alternate (which is
identical to Makefile.Clustsys , exceptfor using $SYMBOLinsteadof $(SYMBOL). This is done
by the following command:

% make –f Makefile.Clustsys Makefile.Clustsys.alternate

All examplesin thisdocumentuseMakefile.Clustsys . To usethealternatefile onemaysimply
replacethe nameMakefile.Clustsys by Makefile.Clustsys.alternate .

11 Dir ectory structur e
Thedirectorystructureof thesystemis still evolving. Themain issueis how to organizethe various

sourcefiles. Currently, thesefiles are placedin different subdirectories,one for eachtype of language
involved in the system,as follows:

src/Awk
src/C
src/Shell
src/Splus
src/field
src/refine

The contentsof thesedirectoriesare implicit from their name. The otherdirectoriesare:

doc — containsdocumentation
test.data — containssometest data, input and output

12 Copyright
Clustsys– A systemfor creatingsubsystemclassifications

Copyright (C) 1995 University of SouthwesternLouisiana

This programis free software;you canredistributeit and/ormodify it underthe termsof the GNU
GeneralPublic Licenseas publishedby the FreeSoftwareFoundation;either version2 of the License,
or (at your option) any later version.

This programis distributedin the hopethat it will be useful,but WITHOUT ANY WARRANTY;
without even the implied warranty of MERCHANTABILITY or FITNESS FOR A PARTICULAR
PURPOSE.Seethe GNU GeneralPublic Licensefor more details.

The file COPYINGdistributedalongwith this programcontainsa copy of the GNU GeneralPublic
License.The licencemay alsobe obtainedby writing to the FreeSoftwareFoundation,Inc., 675 Mass
Ave, Cambridge,MA 02139, USA.

How to contactthe author: e-mail arun@cacs.usl.edu . Snail-mail: The Centerfor Advanced
ComputerStudies,Universityof SouthwesternLouisiana,P.O.Box 44330,Lafayette,LA 70506.Phone:
(318) 482–6766. Fax: (318) 482-5791.
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I thank Paul,Sanjay,John,and Pablofor their participationin this work.
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1991–92ENH-98 and 193–95RD-A-38) and US Army ResearchOffice (ARO DAAH04–94–G-0334).
However,the contentsof this documentor the implementationof this systemdo not reflect the position
of the policy of the University, or the Stateor Federalgovernment,andno official endorsementshould
be inferred.

10



14 Clustsys: Quick referenceguide

14.1 Acquiring Clustsys

• URL http://www.cacs.usl.edu/˜arun . Follow the link to an index of ftp-archive of
softwaresystems.

• ftp basin.cacs.usl.edu (IP number130.70.32.51 )
bin
get pub/uslstuff/srl/clustsys-tar.Z

14.2 One-time initializations for the installation

• % cd <ClustsysHome>
• % uncompress –c clustsys-tar.Z | tar xf –

• % cd src/C

• % make

14.3 One-time initializations per user for using Clustsys

• Include the following, or equivalent,in the shell start up file(s).

setenv CLUSTSYSPATH<ClustsysHome>
set path = ( $path <ClustsysHome>/src/Shell)

• Logout/Login (or else sourcethe shell files)
• % init-splus

14.4 Platform related dependencies

• On DEC Ultrix use Makefile.Clustsys.alternate insteadof Makefile.Clustsys .
This file may be createdusing:
% make –f Makefile.Clustsys Makefile.Clustsys.alternate

14.5 Generate binding matrix

• % make –f Makefile.Clustsys S=pgmname Q=all

• Makefile.Clustsys variables

S: nameof executableor .prog file
Q: all , field , or globals

QUERY-SYS: query-refine or query-field

DIR: directorycontainingthe system(if other than the currentdirectory).

• Files created:pgmname- all.matrix andpgmname- all.labels
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14.6 Perform cluster analysis

• % Splus –e
• > cload()
• > motif() (or X11() ), etc.
• > demo.clustsys( " pgmname- all.matrix")

> demo.clustsys(" pgmname- all.matrix", labelsfile= " pgmname-
all.labels")
> demo.clustsys( " pgmname- all.matrix", labelsfile= " pgmname-
all.labels", method = "e")

• > q() (to quit Splus)
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