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1  Background and motivation

Software &olution and maintenance problems might be caused by all kindsvafmehanged requirements.
However, McCabe [McC98] has identified a number of requirements, which are currently of special
importance because thare responsible for significantass bangesin todays husiness softare. Among
these central requirements are Year-2000 problem [Mar97a], thé&uro-corversion problem [Gro98], and

the ability to compete on a global, electronic nearkhe primary concern of all these requirements is the
issue of hw business data should adequately be represented inasefsystems. The addressed problems
range from simple questions, e.g., for the number of digits that are necessary to representear2ieq(yY
problem), up to complearchitectural decisions, e.g.,wn@o federate data maintained byaealise (formerly
autonomous) information systems andgn#te these systems with theb\o fcilitate electronic commerce.

If alegacy softwae systenfLSS) has to be adapted to one of these requirements, a conceptual documentation
of its data structure (DS) is thus often a necessary prerequisite teeattféemaintenance goal. Moveq a
conceptual DS is arxeellent starting point for the migration to modern programming languages yaar¢he
usually data-oriented [GK93]. This is because the conceptual DS reflects nsijoeds rulesui is fairly
independent from procedural application code.

The importance of a sound understanding ghdg DS in maintenance and migration projects has been
pointed out by seeral researchers and practitioners [Aik95,HB8,GK93]. Unfortunatelya corresponding
documentation is missing, obsolete, or inconsistent folyragsting LSS. The process of raaying such a
documentation from a subject LSS is calilda reverse engineeringDRVE) [Aik95]. In the case that some

kind of database management system (DBMS) is used as a platform for the LSS, this process is also more
specifically calleddatabase everse engineeringDBRVE) respectiely database eengineering DBRE) if a
subsequent modification of the LSS is considered.

According to [Aik95], DBRVE processes are in general more structured than arbitrary DRVE processes.
Consequentlythe potential for tool support and automation is much higher in DBRE. The main reason for
this is that the used DBMS already vides the reengineer with some basic information about the
implemented pysical data structure in form of sthema catalg. Still, important structural and semantic
information about the data structure might notxieit but indicators for this information might be found in
different parts of the ¢moy database (LDB), including its procedural code, stored data, and obsolete
documentation. More®r, domain &perts and deelopers might be able to contuiie further aluable
information about the LDB. The DBRE problem is to find, weigh, andyenénese indicators to yield a
consistent conceptual DS (cf. Figure In maly cases heuristics and uncertaipert knavledge hae to be
employed.
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Figure 1. Conceptual DS as a starting poinbf subsequent RE actiities

2 Limitations of current DBRE tools

In the last two decades, manresearchers ke developed concepts and techniques for automating certain
DBRE actvities, in order to reduce the comyity of the DBRE task [vdBKV97]. May of these approaches
have been implemented in computaded reengineering (CARE) tools and some of thewe Ipaoven to be
useful for practical applications. CARE tools seem teehgreat potential to assist the reenginedy., by
performing laborious analysis steps,Wsing information about acgy software artificts, and guiding the
DBRE process. Heever, such tools are rarely used in industry [Sto9&]pResearchers and practitioners
have identified the most significant reasons for this as their lackusfomizability[MNB*94] and
human-awaeness[JH98b, Sto98, JW99a]. Furthermore, ythdo not allev for incrementaland iterative
DBRE processes [WSK97].

2.1 Lack of customizability

Customizability is a crucial requirement on CARE tools, because LDBs éeecdif with respect to mgn
technical and non-technical parameters.yTaee based on vkrse (old) hard- and sofare platforms, use
miscellaneous programming languages, contaiipus optimization structures and arcane coding concepts
(idiosyncmsies[BP95, HHEH96]), and comprise tifent naming carentions. Furthermore, DBRE projects
may be dwen by a great ariety of diferent goals. Such goals range from fixing defects (e.g.,
Year2000-Problem [Mar97b]),wer etending or intgrating data structures, up to completely changing the
architecture of an LDB, e.g., migrating from a procedural, monolithic, and autonorgags dgstem to an
open, distrilnted, and object-oriented application.

Most eisting CARE tools emplp general-purpose programming languages to implement DBRE heuristics,
analysis operations, and processes. As a consequence, thiesenegnts can hardly be customized for
changing application contss. Some more adnced approaches aim to tackle this problem byigirag
application programming intex€es (APIs) [BM98] or interpreters for scripting languages [Rat98, TWSM94].
Such interaces dier the flibility to adapt the CARE tool with lessfeft or even without the need for



recompilation. Still, a limitation of these approaches is their llevel of abstraction: aspects ékDBRE
heuristics and processesvhao be programmed in form of procedural scriptenethough the would be
more adequately described in a declagafiormalism, e.g., in form of rules [HK94, PS92] or graphical
networks [DG95, Loo88]. Othemostly generaie approaches empla more abstract specification of the
legacy tamet platform (e.g., [KWDE98, MCAH95, Jar95, PP94]). yhbae proren useful for
fully-automatic actiities like program pattern recognition [QYW98], schema transformation [MCAH95], and
code restructuring [SV98]. Keever, a CARE tool should als@acilitate the customization of DBRE heuristics
(e.g., [SLGC94]) and the performed process (e.g., [HK94]). Memeit should preide anopen achitecture,

i.e., it should allav the intgyration of other CARE tools (e.g., analyzerdractors, and transformers).

2.2 Lack of human-awareness

One of the mostaluable information sources in DBRE are humanseeldpers, operators, and domain
experts might be able to contute important kn@ledge about a subject LDB. Hence, CARE tools should be
human-awae, i.e., thg should consider human kwtedge and interaction in the supported DBRE process.
The human-aareness ofxasting CARE tools can be characterized according torivain aspects. The first
aspect rgards therole of human knwledge in the DBRE process, while the second aspeetrde its
representation

A comparison of CARE tools according to the role of humamdeage concerns the questi@iwhidc point
in the supported DBRE gcess is human knowlezlgonsidezd? We classify gisting approaches as either
human-e&cluded human-iwvolved or human-centexd (cf. Figure2).

Human-ecluded CARE tools perform fully-automatic analysis and conceptual translation operations on a
subject LSS (e.g., HUs98, BGD9HrM7, RHI7, FV95, MCAH95, MN95, SLGC94,i@4, RHSR94]). As

an output, the produce (a number of) analysis reports that can be used as a starting point for a manual
semantic abstraction and redesignaisti Human knwledge and intemntion is not considered in these
batch-oriented tool processes.

Many CARE tools iwolve humans in partly interagé DBRE processes. Such approaches usually start with
an automatic analysis of the LSS in orderttact important structural information. Based on the analysis
results, the user can subsequenttplere the LSS, and interaetily add further semantic abstractions.
Examples for such more sophisticated approaches are B&EKWDES, Hol98, LO98, N®7, FHK 97,
ONT96, SM95, MAJ94, AL94, MWT94]. ¥ call these toolsuman-iwvolvedas opposed thuman-cented,
because human kwmbedge is only considered in the second stage of the supported DBRE process
(completion/edesign cf. Figure2). Finally we denote CARE tools asuman-centexd if they enable
interactve DBRE processes including both kinds of\atitis, softwae analysisand abstaction/redesign

e.g., [HEH98, AG96, MNS95].

The second aspect dluman-awagnessregards the \ely hav human knwledge is represented in CARE
ervironments. DBRVE adtities deal with arious heuristics that deér uncertain analysis results and
reengineers ha uncertain assumptions about the internal realization of LDBs. Existing CARE tools do not
consider this human mental model and represent assumptions and analysis results without a measure for their
confidence. Furthermore, DBRVE adties generally heae an eolutionary and xploratve nature. It
frequently occurrs that heuristics deli inconsistent analysis result, i.e., the reengineerdisgdandicators

in favor of a gven assumption as well asaagst it. Current CARE tools do not tolerate such inconsistencies
and most of them do noven indicate them. This is av&ge limitation because in a later stage of the DBRVE
process it might become clear that tlypdthesis that has been chosen in such a situation has to be refuted. In
this case, the kmdedge about the indication of its alternatihas been lost due to the inability to represent
“both sides of the coin”.



intermediate conceptual
LSS documentation desi%n

4. > ﬁ- g ( 2bstraction 2
LSS intermediate conceptual
documentation design
. [o]
ﬂ- abstraction )———p
@ H -‘ / redesign d_\o
LSS intermediate conceptual
documentation design

abstraction

*Hq:‘ / redesign

Figure 2. CARE tool classification according to theale of human knavledge
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2.3 Insufficient support for iterations

Another problem of currentlyxesting CARE tools is their limited support for process iterationsy Tiseially

assume that the process of Wwhedge accumulation ismonotonicand prescribe a strictly phase-oriented
methodology In practice this is an important limitation, as iterations between analysis and abstraction steps
occur frequently: When a reengineer learns more about the abstract design of an LSS, (s)he often refutes some
initial assumptions or does some furtheseistications. Br example, as soon as an intermediate abstraction of

an LSS has been created it can be discussed with doxpairisswhich might elicit additional information. In

mary cases, this meinformation contradicts to some initial assumptions. Strictly phase-oriented tools do not

aid the reengineer in detecting and resolving such inconsistencies. In case of iterations to early analysis
actiities the reengineer loses thenk (s)he has performed interagty in later abstraction and redesign
actuvities.

3  The Varlet approach

We adopt a process that consists of twain phases, namesghema analysig@ndconceptual abséction

(and migration). In the first phase, thef@iént parts of the LDB are analyzed to obtain a consistent and
complete logical data structure (logical DS) for the implementadigdl schema. In the second phase
(abstraction), this logical DS is transformed into a conceptual DS that is the basis for subsequent modification



or migration actiities. In this dissertation, we w@&op concepts and techniques thatwvallo tuild CARE
ervironments which wercome the aforementioned limitations of current approaches in the DBRE domain.

3.1 GFRN to achieve customizability

We propose a dedicated graphical language naBeteric Fuzzy Reasoning N€GFRN) to customize
CARE tools according to their specific application cen{dSz97,J797,JH98a,JS99]. GFRN specifications
separate declaraé knavledge from operational aspects. Yhprovide a high lgel of abstraction and
extensibility. Analysis operations that Y& been deeloped in other DBRE approaches can easily be
integrated with GFRN specifications.eMe/elop a prototype CARE &monment that is parameterized by
GFRN specifications and includes a customization front-end for this purpose.

We reflect the mental model of the reengineer by representing DBRwHekiye in the framgork of
possibility theory [DLP94]. This approach alls to deal with uncertain and inconsistent analysis resutés. W
develop a non-monotonimference engin€lE) that supports the reengineer in his/her DBRvEviiets by
propagting and indicating measures of credibility and inconsigtdrar this purpose the IE interprets the
declaratve knavledge that is specified in the current GFRN specification. In addition, the IE is also capable of
executing the analysis operations that are specified in the GFRN. This is done automatically during the DBRE
process to search for indicators afigtate intermediateypotheses. \th this approach, we obtain a CARE

tool that plays a moractive role in the DBRE process thawrigting tools. A graphicatlialog component
visualizes the current kmdedge about the persistent structure of an LDB to the U$8s component
provides peverful abstraction and query mechanisms to focus the reengineers attention on the most
controversial parts of the ¢y schema. It enables the reengineer to enter the results of mamstigitions

or add ne hypotheses that might balsified or supported by the IE. Hence, our approach intertwines
automatic and manual analysis eaitiés in an &ploratve and golutionary process that is guided by the IE

until a consistent (and definite) logical DS is obtained.

3.2 Incremental consistency management

We applygraph gammas [Ros97] to map the analyzed logical DS into a conceptual (object-oriented) data
model. The resulting conceptual DS can intevati be enhanced and redesigned xpl@t additional
abstraction mechanisms and migrate ter mequirements. Thevailable redesign operations are formally
defined by graph transformations. Based on this formalization weloge a consisteryc management
component that incrementally proégs modifications of the logical DS to the (redesigned) conceptual DS in
case of process iterations [JSZ97,JW99b,JZ99,J298]. Thisdmis the reengineer from the eqpoone and
time-consuming task to determine such inconsistencies mantiblydeeloped consistegcmanagement
component can be wieed as an adaption of general techniques described in [Nag96] to the DBRE domain.

References

[AG96] D. C. Atkinson and WG. Griswold. The design of whole-program analysis toolsPtoc. of the 18th Int.
Cont on Softwae EngineeringBerlin, Germanypages 1627, 1996.

[AiIk95] P. Aiken.Data Rererse Engineering: Slaying the ga&cy Diagon McGraw-Hill, 1995. This is the first book
describing the process of reewing data architectures fromtisting information systems and using it to
develop a foundation for enterprise igtation and other reengineerindoefts.

[AL94] Daniel Aebi and Reto Lgo. Methods and tools for datalue re-engineering. Wpplications of Databases
(ADB-94) volume 819 oL NCS pages 400-411. Springdune 1994.

[BGD97] Andreas Behm, Andreas Geppert, and KIRuBittrich. On the migration of relational schemas and data to
object-oriented database system$toc. 5th International Confence on Re€khnolagies for Information



Systems, Kigenfurt, Aistria, December 1997.

[BM98] Elisa Baniassad and Gail MunptConceptual module querying for soétve reengineering. IRroceedings
of the 20th International Confeznce on Softwar Engineering pages 64—73. IEEE Computer Society
Press, April 1998.

[BP95] Michael Blaha and \ilfiam Premerlani. Obseed idiosyncracies of relational database designSetond
Working Confeence on Reerse EngineeringlEEE, 1995.

[DG95] W. Deiters and VGruhn. Process management in practice - applying the FUNSOFT net approagh to lar
scale processes. itsel7 Seattle, Vshington, US, September 1995. submitted for publication.

[DLP94] D. Dubois, JLang, and HPrade Possibilistic L@ic, pages 439-503. Clarendon Press, Oxford, 1994.

[FHK+97] P.J. Finnigan, R.C. Holt, I.Kalas, SKerr, K. Kontogiannis, HA. Miller, J.Mylopoulos, SG. Perelgut,
M. Stanlg, and K.Wong. The softare bookshelflBM Systemsalrnal, 36(4):564—?7?, 1997.

[Fon97] J.Fong. Conerting relational to object-oriented databag€3M SIGMOD Recat, 26(1), March 1997.

[FV95] C.Fahrner and GVossen. Tansforming Relational Database Schemas into Object-Oriented Schemas
according to ODMG-93. IRroc. of the 4th Int. Conbf on Deductive and Object-Oriented Databases 1995
1995.

[GK93] Harald Gall and Ren’e Klésch. Capsule orientegtiree engineering for sofase reuse. IiProceedings of

the Eubpean Confence on SoftwarEngineering 1993ages 418-433, 1993.
[Gro98] Kurt Grotenhuis. Crossing the euro rubiclfEE Spectrum35(10):30-33, October 1998.

[HEH+98] J.Henrard, VEnglebert, J.-M. Hick, DRoland, and J.-L. Hainaut. Program understanding in database
reverse engineering.€thnical Report RP-98-004, Institute d’Informatique Mdrsity of NamuyBelgium,
1998.

[HHEH96] J.-L. Hainaut, J.-M. Hick, MEnglebert, and Henrard. Understanding the implementation of IS-A rela-
tions.Lecture Notes in Computer Sciendd 57:42—?7?, 1996.

[HK94] GeogeT. Heineman and Galit. Kaiser Incremental process support for code reengineeringrdoeed-
ings of the International Confence on SoftwarMaintenancd 994 pages 282—-290. IEEE Computer Soci-
ety Press, September 1994.

[Hol98] R.C. Holt. Structural manipulations of sofive architecture using tarski relational algebr&\nking Con-
ference on Reerse Engineeringpages 210-219, Mai, USA, October 1998. IEEE Computer Society
IEEE Computer Society Press.

[HUs98] F. Hisemann. Eine erweiterte Schemaabbilduoggionente fir Datenbank—Gaseys. In10.Workshop
"Grundlagen von Datenbamn™, pages 52-56, ¢hstanz, June 1998oKstanzer Schriften in Mathematik
und Informatik Nr 63, Unviersitat Konstanz.

[Jar95] Stan Jarzabek. Pqtl: a language for specifying program transformatiéheclrof Intl. Confon Softwae
Engineering Seattle USA, 1995.

[JH98a] J.H. Jahnke and M HeitbrederDesign receery of legacy database applications based on possibilistic rea-
soning. InProceedings of 7th IEEE Int. Cordf Fuzzy Systems (FUZZ'98). Aocage, USA. IEEE Com-
puter SocietyMay 1998.

[JH98b] Stan Jarzabek and Riri Huang. The case for-cmetered case tool€ommunications of the GM,
41(8):93-99, August 1998.

[JS99] JensH. Jahnle and Christoph Strebin. Adaygitool support for databaseveese engineering. IRroc. of
1999 Confeence of the North American Fuzzy Informationd@ssing SocietiNen York, USA June 1999.
submitted.

[JSZ97] J.H. Jahnle, W Schéferand A.Zundorf. Generic fuzzy reasoning nets as a basis ¥erse engineering
relational database applicationsFroc. of Euopean Softwar Engineering Confence (ESEC/FSEpum-
ber 1302 in LNCS. SpringeBeptember 1997.

[JW99a] JensH. Jahnle and Jdy Wadsack. Human-centeredveese engineering eimonments should support
human reasoning. IRroc. of the 1st International &kkshop on Soft Computing Applied to Sofevangi-
neering (SCASE’99). Limekclreland April 1999.

[JW99b] JensH. Jahnlke and Jdagy Wadsack. Intgration of analysis and redesign sitkes in information system
reengineering. IrProc. of the 3d Eumopean Confemnce on Softwar Maintenance and Reengineering
(CSMR’99). Amstelam, NL. March 1999.

[JZ97] Jens Jahr&kand Albert Zundorf. Reriting poor design patterns by good design patterns. geS2emger
and Harald Gall, editor®Rroceedings of the ESEC/FSEOMEhop on Object-Oriented Re-engineering



[JZ98]

[3299]

[KWDE98]

[LO98]

[Loo88]
[MAJ94]

[Mar97a]
[Mar97b]
[MCAHO95]
[McC98]
[MNO5]
[MNB *94]

[MNS95]
[MWT94]

[Nag96]

[Nov97]

[ONTO6]
[PP94]

[PS92]

[QYWOS8]
[Rat98]
[RHO7]

[RHSR94]

Technical Uniersity of Menna, Information Systems Institute, Distribd Systems Group, September
1997. echnical Report TUM841-97-10.

J.H. Jahnke and AZzindorf. Using graph grammars fouilding the \arlet database verse engineering
ernvironment. InProc. of Theory and Application of &sh Tansformations, &lerborn, GermanyLNCS.
Springer \érlag, Berlin, Neember 1998. to appear

JensH. Jahnle and A Zundorf.Handbook of Gaph Gammas and Computing by @ph Tansformation

- Application volume2, chapter Applying Graphr@nsformations @ Database Re-Engineeringo¥d Sci-
entific, Singpore, 1999. to appear

B. Kullbach, A.Winter, R Dahm, and JEbert. Program comprehension in multi-language systems. In
Working Confeence on Reerse Engineeringpages 135-143, Mai, USA, October 1998. IEEE Computer
Society IEEE Computer Society Press.

T. Lin and L.O’Brian. Fepss: A fleible and a&tensible program comprehension support systembhking
Confeence on Reerse Engineeringpages 40-49, kai, USA, October 1998. IEEE Computer Society
IEEE Computer Society Press.

C.G. Loong. Fuzzy petri nets for rule-based decisionmakl&EE Transactions on Systems, Man, and
Cybernetics18(1):178-183, February 1988.

U. A. Johnen MA. Jeusfeld. Anxecutable meta model for re-engineering of database scheecasidal
Report 94-19, &chnical Unversity of Aachen, Germgn1994.

RobertA. Martin. Dealing with dates: Solutions for the year 2000mputey 30(3):44-51, March 1997.
RobertA. Martin. Dealing with dates: Solutions for the year 20@8mputey 30(3):44-51, March 1997.

P. Martin, J.R. Cordy and RAbu-Hamdeh. Information capacity preserving of relational schemas using
structural transformation.ethnical Report ISSN 0836-0227-95-392, Dept. of Computing and Information
Science, Quees’Unversity Kingston, Ontario, Canada, Member 1995.

Thomas]. McCabe. Does verse engineering kia a future? Kynote of the 5th \&tking Conference on
Reverse Engineering, Honolulu, aii, USA, October 1998.

Gail C. Murphy and Daid Notkin. Lightweight source modekgaction. InProc. of M SIGSOFT Sym-
posium on the dundations of SoftwarEngineeringOctober 1995.

L. Markosian, PNewcomb, RBrand, SBurson, and TKitzmiller. Using an enabling technology to reen-
gineer lgacgy systemsCommunications of theGM, 37(5):58—-70, May 1994.

Gail C. Murply, David Notkin, and Kvin Sullivan. Softvare Refl&ion Models: Bridging the Gap between
Source and High-bweel Models. InProceedings of SIGSOFT'95 THIACM SIGSOFT Symposium on the
Foundations of SoftwarEngineeringpages 18-28, October 1995.

HausiA. Miiller, Kenry Wong, and ScotR. Tilley. Understanding softare systems usinguerse engineer-
ing technology In Proceedings of the 62nd Coregs of lAssociation Canadienner&ncaise pour
I’Avancement des Science€fAS '94) pages 41-48, Montreal, PQ, "16—-17 "# may 1994.

M. Nagl, editor Building tightly intgrated softwae derelopment erironments volume 1170 ofLNCS
Springer Berlin, 1996.

Novera Softvare Inc., 3 Burlington Wbds, Burlington, MA 01830, USAovera EPIC Database Builder
(TM), release 1.3 edition, September 1997.

ONTOS Inc., hree Burlington @bds, Burlington, MA, USAONTOS Obiject Intgration Server for Rela-
tional Databases 2.0 - Bema Mapper Uses’'Guide 2.0 edition, 1996.

S.Paul and A Prakash. A framgork for source code search using program pattéeiE Transactions on
Softwae Engineering20(6):463—-475, June 1994.

B. Ilf:euschel and Wsch"afer Concepts and Implementation of a Rule-based Process Endgireclof the
147" Int. Conf on Softwae EngineeringMelbourne Australia, pages 262—-279. IEEE Computer Society
Press, 1992.

Alex Quilici, Qiang Yang, and Steen Wbods. Applying plan recognition algorithms to program understand-
ing. Journal of Aitomated SoftwarEngineering5(3):1-26, 1998.

Rational Softvare Corp., 18880 Homestead Road, Cupertino, CA 95014, B&t#onal Rose 98 - Using
Rational Rose / Grcle § 1998.

S.Ramanathan and Hodges. Extraction of object-oriented structures froistimg relational databases.
ACM SIGMOD Recat, 26(1), March 1997.

Thomas Reps, Susan Horwitz, Mooly Sagind Gendeve RosaySpeeding up slicing. IRroc. of M



SIGSOFTNew Orleans LA, USADecember 1994.

[Ros97] Grzegorz Rosenbey;, editor Handbook of Gaph Gammas and Computing by @ph Tansformation
World Scientific, Singpore, 1997.

[SLGC94] O.Signore, M.Loffredo, M.Gregori, and M.Cima. Reconstruction of er schema from database applica-
tions: a cognitie approach. IRroc. of 13th Int. Confence of ERA, Mahester pages 387-402. Springer
1994.

[SM95] M-A D Storey and H.Mueller. Manipulating and documenting soéive structures using SHriMP wse. In
International Confeence in Softwar Maintenancgpages 275-285. IEEE Computer Society Press, 1995.

[Sto98] M. A. D. Storg. A Canitive Famevork for Describing and Evaluating SoftveaExploation Tools PhD
thesis, Simon Fraser Umrsity Vancouer, B.C., Canada, 1998.

[SV98] Alex Sellink and Chris ®rhoef. Natre patterns. Inbrking Confeence on Reerse Engineeringpages
89-103, Havai, USA, October 1998. IEEE Computer Soci¢#BEE Computer Society Press.

[TWSM94] S.R. Tilley, K. Wong, M-A.D. Storg, and H.A. Muller. Programmable werse engineeringnternational
Journal of Softwae Engineering and Knowledd=ngineering4(4):501-520, 1994.

[vdBKV97] Mark vanden Brand, Bul Klint, and Chris ¥rhoef. Reerse engineering and system neaton: an anno-
tated bibliograpin ACM Softwae Engineering Note22(1), January 1997.

[Wil94] LindaM. Wills. Using attrituted flav graph parsing to recognize programslrt Workshop on Gaph
Grammas and Their Application to Computer Sciendélliamsburg, Virginia, November 1994,

[WSK97] C.Welsch, A.Schalk, and SKXramer Integrating forward and reerse object-oriented sofare engineering.
In Proc of the 19th Int. Conbn Softwaeg Engineering (ICSE 19), Boston, MA, USEM\Press 1997.



