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Abstract

This paperdescribesan approacHor recoveringdataflow orienteddesignof a softwaresystemfrom
its sourcecode. Dataflow diagramsareusedfor analysisanddesignin softwaredevelopmenin variations
of StructuredAnalysistechniques.A tool that extractsdesignsbasedon thesediagramsfrom the code
will be usefulin maintainingthe consistencyof designdocumentwith its code, migrating old software
codeto emepging ComputerAided Software Engineering(CASE) technology,and for understanding
large software systems.

The approachproposedemploysreverseengineeringtechniqueghat createhierarchicalclustersof
functionsand proceduredo identify the “bubbles at variouslevelsin the hierarchyof DFD’s. It uses
resultsfrom interproceduraflow analysisto computethe “logical” flow of databetweenthesebubbles.
And it usesinformationaboutdatatypesprovidedwith the sourcecodeto createthe datadictionary.

The paperalsoidentifies the openproblemswhosesolutionswould enablethe recoveryof dataflow
orienteddesigns.Our currentresearcheffort is focussedon solving theseproblems.
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Figure1 Schematicdiagramshowingrelationshipbetweenforward engineering reverse
engineering reengineeringand restructuring(as definedby Chikofsky and Cross[9]).

1 Introduction

Designrecovery,accordingto Chikofsky and Cross[9], is the identification of “meaningful higher
level abstractiondeyondthose obtaineddirectly by examining[a software] systemitself”. According
to Biggerstaf, the information so recoveredwould facilitate understandingwhat a programdoes,how
it doesit, why it doesit, and so forth” [4]. This recognitionhasled to an interestin creatinghigher
levels of abstractiongsuchasrequirementsanddesign)from the sourcecode. This is termedasreverse
engineeringas opposedto forward engineering- the developmentof more concreteartifact from an
abstractone, see Figure 1.

The need for reverseengineeringhas been very eloquently elaboratedupon by [9] and other
researchers. The specific benefit of recoveringdata flow oriented design may be emphasizedrom
two points. First, in order that practitionersuse a reverseengineeringapproachit is importantthat the
recovereddesignmatch one they usein forward engineering. There are severalrequirementsanalysis
and designmethodsthat are basedon data flow diagrams (DFD), for instanceDe Marco [12], Gane
and Sarson[14], Rossand Brackett[36]. It would be preferredif the designrecoveredirom a system
developedusing thesetechniquesbe expressedising DFDs.

The secondbenefitis in organizationdntroducingCASE tools in their developmentnethods.These
organizationwould invariably like a path to migrate their existing softwareto CASE tool(s) of their
choice. Since severalrequirementanalysisand designtools are basedon methodslisted earlier, a tool
that recovereddataflow orienteddesignbecomesan importanttechnologyin enablingthe transition.

To the bestof our knowledge andasis alsoobservedy [39], therehasbeenno work in recovering
dataflow designof a softwaresystemfrom its sourcecode. The next sectiondescribeshe approach
we proposefor recoveringdataflow orienteddesign. Section3 surveyswork relatedto the proposed
approach.Section4 concludeghe paperwith alist of openresearctproblems,the focus of our current
researchefforts.

2 Proposed approach

A dataflow designconsistsof a “hierarchy” of DFDs orderedby increasinginformation flow and
processingletail. Thetop mostdiagram,the DFD 0, in this hierarchyconsistsof onebubblerepresenting
theentiresystemand“arrows” showingflow of informationfrom this bubbleto “externalelements Each
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Figure2 Schematiadiagramof the stepsproposedn recoveringthe dataflow designof a softwaresystemfrom its source
code. Algorithms andtools for activities on the right handside of the dottedline will be investigatedn this research.

DFD in the hierarchy*decomposes’a bubble of a parentDFD into bubblesdenotingits subfunctions.
The bubblesthat haveno decompositiorare referredto as “terminal” or “leaf” bubbles.

Sinceall programsprocessdata,DFD’s can be usedto abstracttheir dataflow behavior. Figure 2
givesa schematiaiagramof the approachproposedor recoveringdataflow design. The variousterms
usedin the figure will be elaborateduponin the following discussion. Our discussionis restrictedto
DFDsthatonly have*bubbles” (transformersand“arrows” (flow of data). Themechanisms$o implement
“data stores”and accesdo “external elements”(part of De Marco’s DFDs) differ significantly between
proceduralanguagesFor instancejn COBOL the physicalnamesof files processeds availablein the
headerof a program;which is not the casein C. Hencewe do not includeinformationaboutdatastores
and externalelementsin our formulation of the problem.

The problem: developalgorithmsandtoolsto recoverthe data flow designof a softwae systenfrom
its souice code may be subdividedinto the subproblemsof:

1. createa hierarchyof “processingelements”(bubbles)with functionsand procedues of the software
systemat the “leaf’, and

2. identify the contentof the informationthat flows betweenprocessingelementsat eachlevel in the
hierarchy.

such that:

1. theresultingdataflow designis a correct abstractionof the actualsystem,
2. the hierarchymaintainsinformation flow continuity, and



3. the decompositiorat eachlevel in the hierarchyis satisfactory

Semi-formaldefinitionsof the phrasesorrect informationflow continuity, and optimal are given below.

Definition: Informationflow continuity [34] is the condition when the inputs and outputsof a bubble
and the DFD decomposingt are identical.

We usethe term procedue to denoteboth function and procedue (asusedin Pascal).

Definition: A simple assignmenbdf value of one variableto anotheris not considered‘generation”or
“use”. A variableis usedonly if it appearn the right handside of an assignmenexpressiorand that
expressioris not an identity function. And a valueis generatedf a variableappearson the left hand
side of such an assignmenexpression.

Here“generated’and“use” havea morerestrictedmeaningthenthat usedin programflow analysis
[2]. The definitionsare usedto introducethe notion of logical and physicaldataflow.

Definition: Thereis alogical flow of datafrom procedureA to procedureB if thereis apotentialexecution
path throughwhich a datageneratedn A is transferredthrougha sequencef identity assignmentso
procedureB, andthe datais usedin B.

In otherwords,if aprocedureonly actsasa conduitto transferdatabetweerntwo proceduresywithout
transformingit, it participatesn the physicaldataflow. Thereis a logical flow of datafrom a procedure
thatgenerateslatato a procedurehatusesit. This definition of logical andphysicaldataflow is similar
to that usedby De Marco in StructuredAnalysis and SystemSpecification[12]. In a dataflow design
we would like to extractthe logical flow of dataand not the physicalflow.

Note: Throughoutthis document.the term data flow has beenusedto imply logical data flow. The
physicaldata flow is referred to as data dependence.

Definition: Inlining of DFD bubbleis the processof replacinga bubblein a DFD by the DFD that
“decomposes’it (and making appropriateconnections).

Definition: The dataflow designresultingfrom inlining all the DFD bubblesthatare not leaves(starting
from DFD 0) is termedflat data flow design

Notice that eachbubblein a flat dataflow designcorrespondgo a procedureof the system.

Definition: A flat dataflow designis correctif it hasan arrow from bubble A to bubble B iff there
is an executionpath from procedureA to procedureB and data“generated’in procedureA is “used”
in procedureB.

Definition: A dataflow designis correctiff its correspondindlat dataflow designis correct.

To completetherecoveredlataflow designonealsoneeddo identify the actualinformationthatflows
betweenprocessingelements.This may be either the nameof the variablein the generatingorocedure
whosevalue is usedin the receiving procedureor the “type” of this variable. The variousdesignand
analysismethodsusing DFDs do not specify whetherthe annotationon the arrowsis namesof variables
or types. Besidestherearetrade-ofs in eithercase.The problem,however,may be formulatedwithout
difficulty using eitherthe nameof a variableor its type. The trade-ofs in either caseare highlighted
in Section4.

Thenextsectionsummarizesvorksin architecturegecoveryandinterprocedurallow analysigelevant
to the approachproposedfor recoveringdataflow designs.



3 Survey of related works

Design recovery

The variousdesignrecoverytechnique$ may be classfied on the basisof the level of abstractiorof
the recoveredinformation and the methodusedto recoverit.

» Hypertextand typographicformats abstractthe softwaresystemas a book consistingof chapters,
sectionsetc. and provide links for easeof browsingand cross-referencgl5, 31].

* Resouce flow graphs extract the relationshipsbetweenvarious componentsof a system,display
thesegraphically, and/or provide meansto query information aboutit [5, 8]. The cross-reference
informationprovidedby mostcompilers,call graph(A calls B calls C, etc.),andstructurechart(i.e.
call graph+ parameter@nd global variablesusedin a call) fall in this category. Thereare several
commercialand public domaintools that recoversuchinformation.

* In Architectue recoverythe resourcelow graphis analyzedo orderstructuralelementf a system
into a hierarchy. Theseworksareof specificinteresto this proposalndareanalyzedn detailbelow.

» Function Abstractionis the analysisof the sourcecodeto createa higher level descriptionof its
functional behavior,for instanceformal specificationsor programmingplans[16, 17, 35]

* Knowledgebasedapproach Createa knowledgebaseof programmingconceptsand determine
a programsbehaviorby identifying the usageof theseconceptsin the code[16, 35].

» Flow analysis Combinedataanalysis,programslicing, and patternrecognitionto abstractthe
function of a program[17].

Ar chitecture recovery techniques

We termthe problemof creatinga hierarchyof procedure$rom structuralelationshipsasarchitecture
recovery.This problemhasbeenaddressetly otherresearcherflO, 20, 29, 26, 37]. Its usein recovering
dataflow designhasnot beenproposedbefore. Thesetechniquedake asinput the resourceflow graph
of a programand orderthe structuralelements(usually procedurespf the programin a hierarchy. The
techniqguesmay be studiedon the basisof the propertiesof the hierarchyand the approachusedfor
creatingit. The creationof hierarchyinvolves creatinggroupsof structuralelementsand associating
levels betweenthesegroups. The hierarchiescreatedby the various architecturerecoverytechniques
differ on whethertheir verticesare simple verticesor canthey themselvede graphs.

The architectureecoverytechniquesuggestedy Choi and Scacchi[10], Hutchensand Basili [20],
and Schwank€g37] createhierarchieswith simple vertices. The leaf of thesetreesconsistof procedures
(or other structuralelements)of the program. The intermediatenodesrepresenta grouping of all its
subtrees.In contrast,Miller and Uhl's techniqueresultsinto hierarchy[30] in which eachnode may
also be a graphmadefrom the structuralelementsof the original program. The nodeof the hierarchy
doesnot abstractthe graphit contains.Insteadthe relationshipbetweenthe original structuralelements
are preservedn the hierarchyaswell. Miller and Uhl's hierarchythereforeonly imposesan ordering
and grouping of a program’sstructuralelements.

The algorithmsfor creatingthe hierarchy may classifiedinto two categories: graph theoretic or
informationtheoretic. The formerinterpretthe resourcelow relationshipsasa graphandusesomegraph

1 The IEEE Software,Januaryl990, carriesa collection of paperson designrecoverytechniques.



theoreticpropertyto createa hierarchy. Choi and Scacchi’s[10] and Miiller and Uhl's [30] algorithms
are graphtheoretic. Those of Hutchensand Basili [20] and Schwanke[37] are information theoretic
becausehey useinformationtheoreticapproachesuchas hierarchicalclusteringto createa hierarchy.

To createa hierarchyChoi and Scacchifind the biconnecteccomponentf a resourceflow graph
and replacethesecomponentdy a new vertex. They then recursivelydo the samewith the subgraphs
inducedby the biconnectedccomponentshatwereremoved.Miller andUhl split the resourcelow graph
into a setof bi-partite graphswhosecardinalityis boundedoy someconstantt. The graphcreatedusing
thesebi-partite graphsas vertices,termedas (k, 2)-partite graph,is the recoveredarchitecture.

HutchensandBasili [20] andSchwankd37] usetheresourcdlow graphto computethe similarity (or
dissimilarity) betweenthe structuralelementsof the system. They then use hierarchicalclusteranalysis
to organizethe structuralelementsn atree. Thetwo methoddiffer on the functionstheyuseto compute
the similarity matrix. The detailsof thesefunctionsare not of interestto this proposal.

The techniquegroposedoy Choi and Scacchi,Hutchensand Basili, and Schwankejn our opinion,
are most suited for creatingthe hierarchyof processingelements. Miller and Uhl's [30] may not be
very usefulbecausehe nodesof the recoverechierarchyarethemselvegraphsand hencedo not reflect
the notion of hierarchyin a dataflow design.

Besidesfinding the logical dataflow betweenelementsof a hierarchywe are also interestedin
creatinga hierarchythat is “satisfactory. The work on architecturerecoverycited aboveevaluatethe
“goodness’of therecoveredesultby humaninspection.Referencg24] givesa goodnessnetricthaton a
scaleof 0 to 1 evaluatehow well a recoveredarchitecturecomparesvith an expectedarchitecture. This
metric may be usedto developa quantitativemeasureof “satisfaction”with arecoverediataflow design.

Flow analysis of programs

The flow analysisof programsgenerallyrefersto control and dataflow analysisusedin compilers
to perform code optimization. Researchin programflow analysishasbeenin progressprobably,ever
sincethe first compiler was written. As a resultit is beyondthe scopeof this documentto performan
exhaustivesurveyof the field. The readeris referredto [2, 18, 28] for a detailedsurvey.

The work in interproceduratataflow analysis[3, 6, 7, 11, 25, 27, 38] is of interestfrom the point
of view of this paper. Interproceduralanalysesanswerquestionssuchas “if the value of a variable
is changedat statements; in procedureP; will it affect the computationof statements, in procedure
P,”. We areonly interestedn static analysis,i.e. the resultinganswershouldbe true for all possible
inputs to the program.

The systemdependenc@raph (SDG) representatiorof proceduralprogramsgiven by Horwitz,
Binkley, andReps’[19] appeardo be a very promisingstartingpoint for extractinglogical dataflow. An
SDG encodeghe dataandcontrol dependencevithin eachprocedureasa proceduredependencgraphs
(PDG), a variation of programdependencgraphs[13, 21, 32]. The SDG is formed by connectingthe
call verticesof a PDG to the entry verticesin the PDG. An SDG also containsedgesrepresentinglata
dependencdédetweenactual parametersand formal parameters.

The datadependencencodedn a systemdependencgraphprovidesthe physicaldataflow. The
logical flow of data may be derived by propagatingthe generationand use information through the
dependenceathin the PDG. Algorithmsto propagatesimpletagsthroughan SDG aregivenin [19, 23,
22]. Thesealgorithmsmaybegeneralizedo propagatesetsof valuesindicatingthe dataflow information.



4 Current status and open problems

We haveimplementedseveralvariationsof architecturerecoveryalgorithm proposedby Hutchens
and Basili [20]. The variationswereintroducedto improvethe “goodness’of the architecturerecovered
asmeasuredisingthe goodnessnetric proposedn [24]. On ascaleof 0 to 1, the bestgoodnessneasure
we have so far receivedis 0.58. We are currently designingexperimentsto relate the goodnessf a
recoveredarchitecturgo variousthe designmethodandimplementatiordecisiondeadingto the specific
software system. The resultsof the experimentwill help us in improving the architecturerecovery
algorithm. The goodnessnetric of [24] is basedon an “expected”architecturewhich may assumedo
be unavailablewhen recoveringdesignof a architecturein the field. Relatingthe quality of the results
of architecturerecoveryalgorithmsto designdecisionswill allow one to “estimate” the quality of the
resultsbasedon knowledgeof the methodsandconventionausedin developmenbf the subjectsoftware.

We are also working on algorithmsto derive the logical dataflow betweenprocessingelements
from the physicaldataflow. Our currentfocusis programsarittenin a simple strongly-typedprocedural
languagewithout global variablesand aliasing. Following is a list of subproblemghat are subjectof
our currentinvestigation:

1. Developalgorithmsto extractthe logical dataflow betweenproceduregrom the physicaldataflow
(or datadependencegncodedn the systemdependencgraph. Thesealgorithmswill give the flat
dataflow designof a program. The algorithmsmay be a variation of the algorithmsfor computing
interprocedurakummaryinformation[7, 11, 19].

2. Developalgorithmsfor identifying the “type” of dataor “name” of the variablethat flows between
proceduresaandto createthe datadictionary using information.

3. Developalgorithmsto createa hierarchicaldataflow designby integratingthe flat dataflow design,
the datadictionary, and the hierarchicalclustersresultingfrom architecturerecovery.

4. Integratethe dataflow designrecoveredwith a tool that may display the graph graphically, for
instanceEDGE [33].

5. Experimentally characterizethe optimality of the data flow designsresulting from the various
hierarchicalclustering algorithms using my goodnessmetric and the optimality criterion defined
by [1].

6. Designa measureof computingthe goodnes®f a dataflow designthat takesinto accountthe edge
densityin eachDFD andthe in-degreeand out-degreeof eachprocessingelement.

One problemthat remainsto be resolvedis whetherto usethe “name” of a variableor its “type”
to annotateedgesof a DFD. The trade-ofs areasfollows. The nameof a variablefrom a local context
usuallydoesnot conveymuchinformationin a global contextandvery oftenconflictswith othervariables
of the samenames.Thusif the variablewhosevalueis “flowing” is a local variable,providing its name
outsidethe context of usagemay not be sound. The “type” of a variable, on the other hand, is an
information global to the generatorand user of data. A variable’s type may be more relevantwhen
abstractinghe flow of information betweenproceduresHowever,the type of a variableabstractsaway
too much detail when the variablein questionis a global variable.

In our estimatethe problemof indentifying the type of a variableflowing betweenprocedurefor a
dynamically-typedprocedurallanguageis harderthanthat of identifying the nameof the variable. But
the secondproblemis equally difficult for both strongly-typedand dynamically-typedlanguages.The
choiceof a strongly-typedanguagefor our initial effort simplifies the problemof finding the type of a



variablewhosevalue flows betweenprocedures.This simplification allows us to postponethe decision
of whethernamesof variablesor their typesshouldbe usedon the edgesof a DFD. In theinitial system

both the methodsmay be implementedwith a relatively low cost. The final decisionmay be madeon
basedon the bendits perceivedafter actually using the system.



Bibliography

[1]

M. Adler. An algebrafor dataflow diagramprocessdecompositionlEEE Trans. Softw.Eng, Feb.1988.

[2] A. V. Aho, R. Sethi,andJ. D. Ullman. Compilers:Principles, Techniquesand Tools Addison-W\ésley,1986.

3]

[4]
[5]

[6]
[7]

(8]

9]
[10]

[11]

[12]
[13]

[14]
[15]

[16]
[17]

[18]
[19]

[20]
[21]
[22]
[23]
[24]

[25]

F. E. Allen. Interproceduradataflow analysis.In ProceedingdFIP Congess,1974 pages398-402.North-
Holland, 1974.

T. J. Biggerstaf. Designrecoveryfor maintenanceaind reuse.Computer pages36—49,July 1989.

T. J. Biggerstaf, J. Hoskins,and D. Webster.DESIRE: A systemfor designrecovery.TechnicalReportSTP-
081-89, MCC/SoftwareTechnologyProgram,Apr. 1989.

M. Burke. An interval-basedapproachto exhaustiveand incrementalinterproceduralanalysis.ACM Trans.
Prog. Lang. Syst, 12(3), July 1990.

D. Callahan.The programsummarygraphandflow-sensitiveinterproceduratiataflow analysis.In Proceedings
of the SIGPLAN’88Confeence on ProgrammingLanguageDesign and Implementation pages47-55, June
1988.

Y.-F. Chen,M. Y. Nishimoto,and C. V. RamamoorthyThe C information abstractionsystem.I[EEE Trans.
Softw. Eng, 16(3):325-334Mar. 1990.

E. J. Chikofsky.Reverseengineeringanddesignrecovery:A taxonomy.|EEE Softwae, pagesl3-17,Jan.1990.

S. C. Choi andW. Scacchi.Extractingand restructuringthe designof large systemsIEEE Softwae, pages
66—71, Jan. 1990.

K. D. CooperandK. Kennedy .Efficient computationof flow insensitiveinterprocedurasummaryinformation.
In Proceeding®f the ACM SIGPLAN'84Symposiunon Compiler Construction pages247-258,Junel1984.

T. De Marco. Structued Analysisand SystenSpediication YourdonPressNew York, 1978.

J. Ferrante K. J. Ottenstein,and J. D. Warren.The programdependencgraphand its usein optimization.
ACM Transactionson ProgrammingLanguagesand Systems9(3):319-349,1987.

C. GaneandT. Sarson.Structued System#\nalysis: Tools and TechniquesPrentice-Hall EnglewoodCliffs,
NJ, 1979.

P. K. Gag andW. Scacchi.ISHYS designingand intelligent softwarehypertextsystem.[EEE Expert 4(3),
Fall 1989.

M. T. Harandiand J. Q. Ning. Knowledge-basegrogramanalysis.|EEE Softwage, pages7/4—81,Jan.1990.

P. A. Hausler,M. G. PleszkochR. C. Linger, and A. R. Hevner.Using function abstractionto understand
programbehaviour.lEEE Softwae, pages55-65,Jan.1990.

M. S. Hecht. Flow Analysisof ComputerPrograms North-Holland,New York, 1977.

S. Horwitz, T. Reps,andD. Binkley. Interproceduraslicing using dependencgraphs. ACM Transactionson
ProgrammingLanguagesand Systems12(1):26-60,1990.

D. H. HutchensandV. R. Basili. Systemstructureanalysis:Clusteringwith databindings.IEEE Trans. Softw.
Eng, pages749-757,Aug. 1985.

D. J.Kuck, Y. Muraoka,andS. Chen.On the numberof operationsimultaneouslyexecutabléen FORTRAN-
like programsandtheir resultingspeed-uplEEE Transactionson Computers C-12(12),Decemberl972.

A. Lakhotia. Improved interproceduraklicing algorithm. TechnicalReport CACS-TR-92-5-8,University of
Southwesterriouisiana,Lafayette,November1992 (submitted).

A. Lakhotia.Constructingcall multigraphsusing dependencgraphs.ln ACM SIGACT/SIGPLANSYmposium
on Principles of ProgrammingLanguageqPOPL’93), Jan.1993 (to appear).

A. Lakhotia, S. Mohan, and P. PoolkasemOn evaluatingthe goodnesf architecturerecoverytechniques.
TechnicalReportCACS-TR-92-5-4 University of Southwesterouisiana,Lafayette,Sept.1992 (submitted).
W. Landi and B. G. Ryder. A safe approximationalgorithm for interproceduralpointer aliasing.In ACM
SIGPLAN’'92Confeenceon ProgrammingLanguageDesignand Implementationpages235—-248,July 1992.



[26]
[27]
(28]
[29]
[30]
[31]
[32]
[33]

[34]
[35]

[36]
[37]

[38]

[39]

R. Lange and R. Schwanke.Software architectureanalysis: A case study. In Proceedingsof the Third
International\Wbrkshopon Softwae ConfigurationManagementJrondheimNorway. ACM Press Junel991.

D. B. Lomet. Dataflow analysisin the presencef procedurecalls.IBM Journalof Reseach and Development
21(6):559-571,1977.

S. Muchnickand N. Jones.Program Flow Analysis:Theoryand Applications Prentice-Hall,Inc. 1981.

H. A. Miller, J. R. Mohr, and J. G. McDaniel. Applying software re-engineeringtechniquesto health

information systems.Proceedingsof the IMIA Wbrking Confeence on Softwae Engineeringin Medical

Informatics (SEMI), Amstedam Oct. 1990.

H. A. Miller and J. S. Uhl. Composingsubsystenstructuresusing (K,2)—partitegraphs.Proceedingsof the

Confeenceon Softwae Maintenance pages12—-19,Nov. 1990.

P.W. Omanand C. R. Cook. The book paradigmfor improved maintenanceComputer pages39-45, July

1989.

K. J.OttensteirandL. M. OttensteinThe programdependencgraphin a softwaredevelopmenenvironment.
ACM SIGPLANNotices 19(5), May 1984.

F. N. Paulischand W. F. Tichy. EDGE: An extendiblegraph editor. Softwae—Practiceand Experience

20(S1):63-88,June 1990.

R. S. PressmanSoftwae Engineering:A Practitioner’s Approach McGraw Hill, third edition, 1992.

C. RichandL. M. Wills. Recognizinga program’sdesign:A graphparsingapproachlEEE Softwae, pages
82-89, Jan. 1990.

D. T. RossandJ. W. Brackett.An approactto structuredanalysis.Comput.Decisions 8(9):40—44 September
1976.

R. SchwankeAn intelligenttool for reengineeringoftwaremodularity.In Proc. 13thInternationalConfeence
on Softwae Engineering 1991.

W. E. Weihl. Interproceduradataflow analysisin the presenceof pointers,procedurevariables,and label

variables.In Confeence Recod of the SeventhAnnual ACM Symposiumon Principles of Programming
Languages pages83-94, Jan. 1980.

N. Zvegintov. Issuesin reverseengineering,re-engineeringand conversion.Softwae ManagementNews

10(7+8):10-12 July 1992.

10



