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Abstract

Problems and requirements regarding integration of methodsoalglacrosphases of the
software-developmetiife cycle are discussed. Informati@ngineeringIE) metrodology and
I-CASE (integrated CASE) tools supporting ¢iaim tohave an intgratedview across major
stages of enterprise-widmformation-system development: informatiatrategy planning,
businessareaanalysis,system design, ancbonstruction. In the min part of this pger, two
comprehensivé-CASE tools,ADW (Application DevelopmenWorkbench) and IEF (Infor-
mation Engineering Facility), are analyzed and compared with regard to integration issues.



1 The"I" of I-CASE

1.1 Missing Integration in Software Development

The so-called "software crisisfor thefirst time addressed in 1968eems to have continued
until today. Many of the problems of software developmearte still present: Corplexity of
large systems istill not sufficiently mastered. Software contaiesrorsand is unreliable. De-
velopment takes longer aicdsts more than expectédaintenance is awkard, time-consum-
ing, and expensivéNew information systemgS) cannot beleveloped on demand because of
the application backlog, etc.

One of the achievements of the emerdiiggipline ofsoftwareengineering was graduahnsi-
tion from intuitive tomore systematiprocedures. In particulamanagement ahe software-
development processecame an issue, leading to generocessmodels(softwarelife-cycle
models). Such modelsere propose@nd further refined bynany athors. The best-known
processmodel is probablythe "waterfall model" originallyintroduced by Royde and later
propagated by Boeh#h

The basicstructure of thevaterfall model, and ofthermodels derived fronit, is a linear se-
guence of phases. In principle, each phase is executed once. Althaogéxtensions, modi-
fications, and counter-proposa#iowing for minor loops oreven major developmeiicles
have beemroposed, théasic linearstructure ofphases istill found in most processiodels
employed in practice.

From this, it isnot surprising that earlgomputerized toolassistingsoftware developers were

also designed according to phases of the process. Drawbacksaft¢hiall model e.g. lack

of feedback from later to earlier phases, loss of information between pheses breaks re-
gardng languagend representation were thus transferred to supporting toolsva$i. Many

CASE (computer-aided softwasngineering)ools give only limitedsupport— just for one

phase or for #ew phases ofhe developmentycle, or justfor oneview of the problem(e.qg.

for processnodeling,but not for datanodeling$). When isolatedools have to be applied for
different phases, or for different aspects of the problem, work can become rather cumbersome.

Consider, forexample, a developmeptoject where one tool for Structuréghalysis isused
to defineprocesses andataflows, and another tool is used to developeatity-relationship

1) cf. Royce (1970).
2) Cf. Boehm (1981).
3) Cf. Nomina (1993).
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model,but there is no connection between these toolhisncase, devepers vill have to en-
ter thesamedata twice— andmaybe even third time,namelywhenthe data structureslly

will be specifiedfor the targetdatabase management system. Problems resulting thigm
redundancy are well-knowrt.ool integration therefore is an importassue. Lack of inte-
gration is a majocriticism regarding CASEools?) because it is detrimental to acceptance of
CASE by the usePs

Integrated tools do namnly enhance developmenmtoductivity but alsdelp to avoid unneces-
sary inconsistencies among different repnésons of thesame things. Vaous approaches
aiming at toolintegration— in particular integration of toolsom different vendors- have
beenproposef). The best-knowrexample is probably IBM'Repository Managerits un-
derlying ideawas a common information modkr all tools. Toolsshould use this model to
represent theidata, to storéghem inthe repository, and also lable toread data created by
other toolsfrom the repository. IBM'dailure with thisconcept after teyears of development
effort shows very clearly that this solution is a difficult One

Integration of tools requires integration of methofitst8). Different methodsapplied
throughout thelevelopment cycle have toatch. This means thét) if different methods are
appliedfor different views ofthe problemyesults have to be compatibletive sense thahey

can be joined in further problem solving, ghdl that results achieved in one phase can be used
as input for methods used in the next phase.

Another aspect regardirlgck of integration is related tihe fact that real-worléhformation

systems arearely stand-alone systemsstead, theyare part ofenterprise-wide information
management and have to match watherinformation systems. @tware engineeringhow-

ever, takes a rathdimited view: It looks at development of jusnhe information system at a

time, but it does not take into accouwsplicitly thatmanyinterlocking ISare needed teolve
busness problems. Integration of information systems as a development goal has long been ne-
glected by software engineering.

4 Cf. Stobart et al. (1993), p. 84.

9) Cf. zarrella (1990), p. 208.

S) Cf. e.g. Dineur (1990), Venable (1990), Wybolt (1991).
) Cf. e.g. Polilli (1992), Bucken (1992).

8) Cf. Robinson (1991), p. 507.
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Information Engineering and I-CASE

A more comprehensive view of business information processing undbdiesormation engi-
neering methodology introduced by James Martin. According to Manfiormation engi-
neering(IE) is "the application of an interlockinget offormal techniquegor the planning,
analysis, desigrand construction of informatiogystems on an enterprise-wide basia@oss

a majorsector of theenterprise®). Information engineeringroceeds in a top-down manner,
starting with overall strategiplanningand continuing withanalysis of majoisectors of the
enterprise, design ahdividual information systems within thisamework, andfinally con-
struction of these systems.

Information processing iseated on foufevels ofabstraction, corresponding to mapevel-
opment stages. In IE publications, these levels are often depicted as a pyramid.

Information strategy planning (ISR3 concerned with strategic goals adical success
factors of the enterprise, and haviormation technology can help to achidgiese goals.
A high-level overview iscreated of the enterprise, its functiomsta, and information
needs. It is represented in various models. Major business areas are identified.

In business area analysis (BAA)pse areas aexamined in detail. liparticular, thefun-
damentablataand thefundamentaprocesses needed to rubasinessarea asvell as their
interrelations are analyzed. Data models and functional models of ISP are refined.

System design (SO8 concerned withndividual information systems identified in BAA.
Procedural logic, user interfaces, ogjs, and database schemata specifiedhere. Each
IS may be regarded as a separate SD project.

In construction, specifications from SDare used to createxecutable programgjata
definitions, and database accesses. According to IE philosophy, this should happen
matically.

The four stages may be regarded as a generic macro process matied, rohatlel differs from
other procesmodels in that it isot a Inear list of phasesut a tree (foexample, several de-
sign projects may have to be conducted within one business area).

9

Cf. Martin (1989), p. 1.
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The major concern of information engineeringnitegration across stages artdol support.
This means thatot only techniquesemployed inthe four stagesdve to matchbut alsothat
therehave to bdools supporting these techniques, and that these tools haveirtegrated.
Information engineering is closefglated to tool support. In anothéefinition of IE, Martin
indicates thigproperty moredirectly, describing IE as "an interlockirsgt ofautomatedech-
nigues in whicrenterprise modelglatamodels, and processodelsarebuilt up in a comre-
hensive knowledge base and are used to create and maintain data processing%ystems"

Integration regarding toolsieans, amongthers, that the entirgevelopment cycle has to be
supportedi.e. all stages fromiSP to constructionnformation engineeringools thushave to
be l-CASE(integrated CASE) toolsiwo well-known toolsets supporting theomprehensive
and rathersophisticéed IE philosphy are: ADW (Application Development Workbench) by
KnowledgeWare and IEF (Information Engineerfagility) by Texas Instruments Information
Engineering.

In this paper, both tools WM be analyzed andtompared with regard to integratiessues.
Chaper 2describeghoseissues in more detail. AfterwardsDW will be examined in chapter
3, and IEF in chapter 4. Some conclusions are given in chapter 5.

2 Integration in Life-cycle CASE

Consideringthe number ofpapers and softwangroductsaddressing "integration", this term
has become something likebazzword. Integratiomnay simplymean, for eample, that user
interfaces of differentools arealike, thatdatacan be interchanged betwetvols for one
phase, or that more than one phase ofitb&ycle iscoveredsomehow?l). In this paper, we
discuss integration frortwo points ofview. One isthe toolview, i.e. horizontal and vertical
integration amongpols. The other one is theterpersonal view, related tmoperaive devel-
opment.

2.1 Horizontal Integration

Horizontal integration refers to tools that amployed withinone IE stage. As Wbe illus-
tratedbelow, there is quite aumber oftools availablefor each stagelhey deal with different

10) cf. Martin (1989), p. 1.
13 cf. zarrella (1990).
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aspects of the problem to be sol{ed). process decomgition, dataflows), or they show the
same things in different viewBor example, entitiegppear in entity-relationship diagrams, in
data flow diagrams, in association matrices, etc.

Horizontal integration means thadols can asily interchange their results and thabdifi-
cations or new results establisheddme tool aremmediately availabléor other toolsThis is
particularly important with regard tanformation interchange betwedwo conplementary
views of IS developmenthe dataview andthe activities view (funtions, processes, proce-
dures). Whereadataand activities have bedreatedseparately in theast, it is anajor con-
cern of information engineering thdata maeling andprocess radeling should go hand in
hand. This can only work, however, if the tools supporting either view are truly integrated.

2.2 Vertical Integration

Vertical integration means integrati@ecrossinformation engineeringtages,or, in general,
across life-cycle phases. Results establishedtadtls of one stagshould beavailable totools
of other stages in matural way. In particular, results should be represemdédnly asdocu-
mentation but also in a format that they can be processed automatiaathebyools.

Two specificaspects of vertical integraticare forward integration and reverse integration.
Forward integrationcapability callsor features permittingnodel objects to be specified on a
high abstractiorievelfirst and to be expanded and enriched by additional details Regerse
integration capability means that changes madéhm representation format of a later stage
will be adopted in thenodels and representation formats used in eatigges. As aexample,
consider relational database design dutirgSD stage. If relations representauglitional en-

tity types are introduced here, thasatity types should also be represented automatically in
the ER models of business area analysis.

2.3 Interpersonal Integration

When severgpeople form a development team, intermediate reautgroduced alifferent
places, e.g. on differemtorkstations connected in a local-area networkoif stand-alone.
Distributed development typical for most real-world IS projects. lihis case, distributed re-
sults have to beoordinated in a systematic manner. The most straigvafor solution tahis
problem (andhe mostambitiousone at thesame time) is a centra¢positoryall digributed
workplaces are connected to aaltitools storetheir results inbut it is difficult to realize.
IBM's failure with thisapproach haslready been mentioned. Central repositories, however,
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also haveother drawbacks2); for example, they suffer from severe performance problems.
Distributed repositoriemayreduce some of the problentsjt ensuring consistency among in-
termediate results estaed at different places is evlaarder. Techniques tmaintain consis-
tency in teanwork were proposed b@arbajosa et &i3) and RobinsoH), for example. Such
techniquesare state of the art in tHield of CSCW (computer-supported cooperatwerk),

but in I-CASE tools advanced CSCW concepts have not been implemented yet.

3 Integration Aspects of ADW

ADW (Application Development Workbench) is a large teet forinformation engineering
distributed by KnowledgeWare Inc. According to KnowledgeWsDaV hasover 5,000 cus-
tomers worldwide ADW is the successor of IEW (Informatidéngineering Workbench). It
runs on PCs under the OS/2 operasggtem.Target envionmentsare primarily IBM main-
framesunder MVS.Since1992, OS/2-based P@gth Presentation ManagéPM) interface
are alscsupportedVery recently, in version 2.7, MS-Windows has been addeatigdst of
target operating systems. This report and evaluation is based on experience with AS)W, ver
1.6.04, for OS/2 PM both as development and target environment.

3.1 Tools of ADW

All information collected angroducedduring IE stages istored in arencyclopediaObjects
of an encyclopedia are, fexample, business functionspocesses, organizational uniggtity
types, etc. Developers descriti®se objects bgo-calleddetails associated with them, and
specify interrelations between objects.

For this purpose, a set of tools @vailable. ADWtools are grouped, according to IE stages,
into four subsets called workstatidhks

« Planning Workstation

« Analysis Workstation

« Design Workstation

« Construction Workstation.

12y cf. Kramer (1991), p. 501.
13) Cf. Garbojosa et al. (1990).
14y cf. Robinson (1991).

15 ct. KnowledgeWare (1994).
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Figure 1 shows 11 of theols that were useduring thefirst three stages of one ofir pro-
jects, as an exampl&here are more tools in the tool set. The toolfigufre 1 will be briefly
outlined before information exchange between them is described.
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The Association Matrix Diagrammaes used tcspecifyrelations between different types of en-
cyclopedia objectge.g. which entitiesare read or written bwhich processes)Hierarchical
relaions are described and plotted with the help oCitkeomposition Diagrammee.g. proc-
ess hierarchies, organizatiorsdtuctures). TheProperty Matrix Diagrammeris applied to
spedy details of objectge.g.entity descriptions). Th&ntity Relationship Diagrammesup-
ports datamodeling. Connections betwedataand processes aresteibed bydataflow dia-
grams created by thBata Flow Diagrammer Coarse procedurabgic of elementaryproc-
essesnay beoutlined withinthe Minispec Action Diagrammeaind laterrefined by means of
theModule Action Diagrammer

3.2 Horizontal Integration

ADW's encyclopedia is eentral encyclopedia with respect to the tool view, but ita$ acen-
tral one regarding interpersonal cooperation (see chaptdrelow). As to théormer view,
“central" means that all pieces of information, no matter which toolvileeg created with, are
storedjust once All tools have access tthe encyclopedia. When thegadinformation from
the encyclopedia, it is transformed into a tool-specific representation fdusaally agraph-
ical one) andlisplayed tothe user. Wien theywrite information, it is representeslithin the
encyclgedia in a standard format that can be interpretedtbgr tools. Inthis way, con-
sistency among tools is no problem.

Information exchange between tools comprises not only object definitions but also relations be-
tween encyclopedia objects. Fexample, hierarchical relations among organizational units,
specified by the Decomposition Diagrammer, are alsdlablefor the Association MatriDia-
grammerithe latter one creates thalationship "oganiational unitcoordinatesorganizational

unit" from informationabout thehierarchy. Vice versa, if a new association is introduced in a
matrix, it will be considered by the Decomposition Diagrammer, too.

An advantage of integrated tools is that the develomsrchoose the most appropriate tool
for a certain taskimself, ifthe taskcan beattacked by more than omeol. Forexample, de-
tails of objects can either lmmtered directly, busing a specifieditor, orwith the help of the
Property Matrix Diagrammer. Another example is definition of data flows. Th@BElow Dia-
grammer provides a formal language to desads&aflows, but there is a moraser-friendly
way to achieve the same result, by mearth®fEntity Relationshipiagrammer. When giew

of the dataflow is specified thee, ADW will derive the formal description automiaally,
without bothering the user further.
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Horizontal integration includesontext-sensitive transitiofrom one tool to anotherThis
means that a toghay becalled from withinanother one, and that the current context of the
first tool will be considered bthe second one. If an objdtds been selectefyr example, and

a second tool isalledafterwards, the latter oneillwfocus on the selected object and display
information concerning that particular object and its surroundigsexample, when aroc-

ess of a datflow diagram is selectedyithin the DataFlow Diagrammer, anthe Minispec
Action Diagrammer is then callethe procedural description of just that procedshe dis-
played.

Furthermore, consistency among different modesujgported by context-sensititgansition
from one tool to another, because somfermation can be derived automatically. Since it is
not necessary tenter it by hand, sources efror are reduced. Fexample, whenhe deel-
oper calls the Minispec Action Diagrammer frorthe DataFlow Diagrammer irorder to de-
scribeprocess logic, input andutput data of the processlivbe derived automatically from
data flow descriptions and displayed withive Minispec Action Diagrammer. In this way,
information fromonemodel(dataflow model) isavailable inanothermodel(process model).
The developer may use it in the description of process logic.

3.3 Vertical Integration

Vertical tool integration across stages is less complete than horizontal integrapioncipie,
models and diagrams of earlgnges aravailable inlater stages, but there aeveral restric-
tions and drawbacks.

Decomposition diagram&.g. tinctional hierarchiesgjatamodels, associations, etc. from ISP
can beadoptedand further processed ByalysisWorkstation tools withouany problems. As
to forward integration,however, a distinction has to be made betweemtchical objects and
data. Deomposition diagrammay befurther refined by additiondévels. For example, busi-
nessfunctions can be split up into more detailed functidghssefunctions can be described by
proeesses which can Berther refined byother processesndfinally by so-alled "elemetary
processes".

Refiningthe ISP datanodel, however, is less satisfactoRar this purpose, features falus-
tering entitiesand relationships would be necessélybuttheyare notavailable inADW. In-
stead, coarsentities and relationshipsay besubstitutedoy more detailed one$his means,

16) Cf. e.g. Teorey (1989), Rauh (1992), Jaeschke (to appear).
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however, that the ISBodel providing a high-levedverview is destroyed. Furthermore, en-
tries of the newdatamodelare ondifferent abstractiotevels now.Some parts of theverall
model are elaborated oretail (i.e.parts wherebusinessareaanalysis have been aducted),
whereasother parts arstill on a level ofcoarse description. There is may of distinguishing
detailed information from high-level one.

Components of the data modisfined inISP and BAA can bgrocessed directly in the sign
stage where theelational model is generated fraime conceptual ER model. However, the
relational model is just a so-called "first-cut" model. Since ADW's derivation amesather
stereotype, the first-cuhodel needshoroughrevision. Generatinghe relational model from
the ER model could be improvedignificantly if up-to-dateresearch results were [ihe-
mented’) For example, if informatiorabout finctional dependenciegere attached to the ER
model duringanalysisand used by the translator, ttesulting relational modetould be more
adequate than the uncouth first-cut model.

When changes dhe ERmodelare made, a nevelational mode(at least a partial model) has
to be generated. Before that, howe\ad,elements otthe relational model affected by the
modification must beleleted marally — an error-prone antime-consumingask. ADW ver-
sion 2.7 has been improved in thispest. A so-calledlata catalogwas introduced as lauffer
betweenBAA and SDstagesAmong others, it provides an update option thatomaically
deletes old information and inserts new one.

Furthermore, vertical integration dhe dataside has been extended ironstruction. Rela-
tions or relational databases can be harwlest directly to the DB2 Storage Diagrammer.
This diagrammenow provides a toalvhich can baused for tuninghe databases frodesign
stage.

On theactivities sidetop-down forwardntegration from businedsinctions to processes and
further on toelementaryprocesses igtuitive and easybut only until the designstage. A mi-
nor drawback oformer ADW versiongvas thaall procedural logidinally had to bespecified
in elememary processed his meant that no abstraction or refinenlemelswereleft in the fi-
nal code,which somewhat contradictasights fromsoftwareengineering. In version 2.7, logic
may also be specified for processes other than elementary ones.

Procedural logic descriptions frothe Minispec Action Diagrammer can la&lopted by the
corresponding design tool (Module Action Diagrammen)t they serveonly as comments

17) Cf. e.g. Markowitz, Shoshani (1992), Mc Cormack (1993), Batini et al. (1992).
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there. In particular, there is no support whatsoever a&smmnslation ofminispecifications into
module-actiorcode.This means thahe developehas to write new procedures; in doing so,
the minispecifications may be taken as a guideline or may be ignored.

In version 2.7, some improvements regardimgactivities side have been made. Module ac-
tion diagrams generated froBAA processes nownay contain parametelists andcalls of
other module actions. Paramelists andcalls are automatically derived from data-flow dia-
grams and from decomposition diagrams, respectiityispecificationsarestill adopted only
as comments. A new feature is, however, that comnspetsfyingthe connection between a
module action diagram arnbe process it was derivdéidm are insertecutomatically into the
module-action header.

Whereas construction fairly efficient regarding databasgefinitions and user-interface com-
ponents, it is extremelgwkward when it comes to programs that need access to databases.
This is primarilydue tolack of tool integration. One dhe reasons is that the toahsolved

were adoptedrom ADW's mainframepredecessor ankdavenot keen sufficientlyadapted to

the OS/2environment yet. Irorder to generate correct codelasge number of technical de-

tails have to be specified by the developer. Since error messages are insufficientgfaagisiia

is extremely difficult.Our experience showed that it is sometimes easier to delete modules, re-
define them completely, and try to generate again.

As to reverse integrationthere isonly unessentialupport. Forexample, changes of module
actions during desigare notavailable inthe minispecifications of BAA. Ithe designer never-
theless adapts minispecification code copied from analysis, modifications will not be transferred
to the AnalysisWorkstation. Anotheexample is new relationatroduced in design thatill

not be available in ER diagrams.

3.4 Interpersonal Integration

ADW's central encyclopedia is centmally in the sense that it is used &l workstation tools.
Teamwork isonly adequatelsupported if anainframe is availabléor storing theencyclope-
dia. In this case, each developer can download parts of the encyclopedia froairthhame to
his PC, processhem there andtorethem back tahe mainframe againAppropriatelocking
mechanisms guaraee that other developers have read-only access to the respective parts.

If no mainframe is availabléhe encyclopedia runs on a PC, but itnist LAN-based. Instead,
ADW allows several parallel encyclopedias to be kept and consolidated from time tdHime.
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is a rather insufficient substitute for large projects, however. Organizationahralescessary
to coordinate decentral activities.

In one of our projets about 30 people weivolved!8). To cope with this situation, a master
encyclopedia omne computer andine additionaworking encyclopedias oother computers
had to be created.hey were consolidated at regular intals. Between caolidation runs,
read-only copies of the ntas encyclopedia and athe workingencyclopéiaswere given to
the project subteams. Consolidation ramsk very long;for 9 encyclopedias, they amounted
to %2 - 1 day dung which encyclopedias could not be used.

Recently KnowledgeWare introducédo new tools thaimprove interpersonal integration.
The Encyclopedia Experimplifies consolidation of individual, PC-based encyclopedias to one
common projecencyclopedia. Th&Vorkgroup Coordinatofor ADW, version 2.7, esbles
several users to have simultaneous access to a LAN-based encyclopedia.

4 Integration Aspects of IEF

IEF (InformationEngineering Facilitylvas developed by James Martin Associdites (now

Texas Instruments Information Engineering Inc.). According to Texas Instruimétsation
Engineering, IEF has some 750 customers worldwide. IEF runs under OS/2 PM and Windows.
Target environments are IBM mainframes under MVS and PCs under OS/2 PM aagé/in

This evaluation is based d&F, version 5.1, for G/2 PM both as development ataiget
environment.

4.1 Tools of IEF

As in ADW, information collected durinthe stages of IE is stored in an encyclopedi@se
objects ardargely equivalent to ADWbbjects. IEF offers features tefine newobjects, i.e.
objectsnot provided by IEF, and tepecifyinterrelations between these objeéisr example,
no diagranfor storing theinformation "whichprograms have been developedwdyich pro-

grammers?" is predefined. The developer first hadefine objectsor programs angro-

grammers first. Then he us#ee Matrix Processorto establishthe desiredelationship be-
tween programs and programmeesg. "program XYwas programmedby programmer
Smith"). In this way, it is possible to adjust IEF to enterprise-specific requirements.

18) cf. Kurbel (1994).
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IEF's model of IEstages comprisdSP,BAA, business system desigRSD), technical design
(TD), and constructiok?). Martin's system desigstage thusias been split up intiwo stages.
TD activities are related to a particulaarget environment e.g. programming language,
teleprocessing monitor, database management systein,Fegare 2 shows majdiEF tools
for the first four stages. Theswols will be briefly outlined before information exchange
between them is described.

The IEF tool setncludestools fordefiningand representing matrices (Matf®xocessor), ER
diagramgData ModelDiagrammer), and hierarchy diagrams (Activity Hierarchy Diagrammer
and Organizational Hierarchy Diagrammer). The Activity Dependency Diagrammer is used to
model sequences of functions and processes.pf@cess A is executed subsequenpracess

B). Proceduralogic of elementaryprocesses and procedures (procedurelside their own
procedural logic and call elementary peses) ispecified by means dhe Action Diagram-
mer. The Structure Chart Diagrammer is used to pramésg structures between elementary
processes. The DialogeBign Diagrammer is applied fmrocesscalling structures between
procedures. \ith the help ofthe Data Structur®iagrammerthe relational schemgenerated
from the ERmodel can be optimized. The Window Diagramrmeeablesthe developer to
define a graphical user interface.

4.2 Horizontal Integration

IEF's encyclopedia is alsccantral encyclopedia with respect to the tool view, bat with re-
gard to interpersonal cooperation. IEF's concept of horizontal integration corretgygalys

to the concept outlined for ADW. Objects ainfbrmationabout object retionshipsare ex-
changed betweetools via the encyclopedia. In addition, it is possible to link information in a
way that new objectsilvbe derived automatically. This coapt is illustrated by the following
example.

During analysisprocedural logic of elementagyrocesses ispecified bythe developer. For
each elementarprocess, IEF generates a template dlegady contains iport and export
views, the specifieddata accesses (create, update,.)etand standard exception lding.
Information necessary to generate action blocks is taken fh@mprocess vs. entity-type
matrix or from statements ekpected effectfiven by the developer. Expected effects describe
how entity types othe datanodelare accessed (read, write,.etéction block templates are

19) Cf. Texas Instruments Inc. (1993).
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thenfilled by the developer with thielp of a specifieditor that checks input f@ayntactical
correctness.
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4.3 Vertical Integration

In the planningstage, the developéuilds a high-levebverviewdatamodel ofthe entergse.
Components of this modake subject areas and associations between those areas. Subject ar-
eas summarize closely related entity and relationship typ#se émalysisstage, the data mod-

el is refined bymore detailed subject areas and by entity types. Redhijms can be spified
between entity typedyut notbetween subject areas. However, associations betstdgect

areas areautomatically derived from relationships between entities that belong to different
subject areas.

The highlevel datamodel is availabléor later tasks. In contrast #DW, it is not destroyed
by BAA activities, but clustering of entities and relationshipsnist supported, eithefhere-
fore it is not possible to represent relationships between abstract and more detailed entities.

From theBAA data model, IEFautomatically derives a relational database schérs.
schemamay then be revised ithe TD stage. Twadvantages have to be emphasized: First,
IEF preventsaany modification othe databasschema that would be inconsistent viite ER
model.For example, alata typeassigned to a table colunosannot banodified drecty. It has

to be changed in the ER diagram first, before it can be adapted in the datiiemsa (by new
generation). Second, dadacesses defined action blocks refer to the ERodel andhot to

the database schema. This means that developers of action blocks do not ne@tktuifiess
from the database schema they are not familiar with (because the schema was generated!).

On theactivities side information processing isoherent, too. DuringSP, a Hierachy De-
composition Diagranfor business furtins and a Functional Dependency Diagram igeHe
oped. The respective information is specified in detail during BR# Hierarchy Decomposi-
tion Diagram is refinedlown to thelevel of elementarnyprocesses. Dependres between
proeesses arenodeled by extendinthe Functional Dependency Diagram. Diagrams of differ-
ent abstractiofevels, fromISP and BAA, remairseparate, as on the data side. Thus the ISP
model may be reused for other BAA projects.

Procedural logic of elementary processes is described by means of the Action Diagtarmer
ing BAA. In the SD stage, IERutomatically assigns procedure to control user interaction
with the program to each window or screen.fillosuch a procedure, the develogpecfies
which action blocks have to be executed when cemmer inputs oxur. For example, he
specifies thathe elementaryprocess'issue and print invoice" W be executed if the user
enters thecommand "issue invoice". Arocedure action bloclkcontainingthe calls of the
corresponding action blocks is generated automatically from this irtiormaAdditional
procedural logic may be filled in by the developer.
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IEF's concept ofertical integration onhe activities side hatvo major advantages: First, de-
scriptions of elementamyrocesses frorBAA can beused for SD. (In contrasfDW requires
entirely new editing of module actions in SD). Second, modifications of action laloeksito-
matically available for tools of later stages.

It should be emphasized, however, that IEF's conceptthéactivities side danot support
top-downdevelopment well. Othe contrary, procedurébgic of elementary processes has to
be described on a formal langudgeel in BAA already. In addition, procede actionblocks
usually are on ahigher abstractiortevel than action blocks. Since theye speified after
elementaryprocesses (action blocks) have been develofgde rather supports a bottom-up
approach. Furthermoresince abtract descriptions of procedural logic exist neither for
elementary processes nor for procedures, they are difficult to understand.

Before code is generated in the construction stage, IEF automatically checks consistency of the
models developed ithe previous stages. Source codenly generated if no errors are de-
tected. In contrast tADW, the generated sourcede isfree of syntaverrors. A debugger on

the designlevel helps to searcfor semanticerrors. Ifsuch a debugger ot available(as in

ADW), developers have texamineerror mesages referring téhe generated source code
(which is completely unknown to them).

IEF does not supporeverse integrationSome of the problems, however, areallg avoided
because of rigorous restrictions. Firsdifying objects created in one stage later on is either
prohibited oronly permitted if it cannot causEny inconsistencyOne example was mentioned
before: The database schegemerated fronthe BAA datamodel caronly be modified in TD

if changes daot affect consistency witthe ER model. Send, inmanycases there afjast

no means to describe the same things on differestteadtionlevels. Therefore there is noeed

to updatemodels of earlieistages. On theactivities sidefor example, procedural logic of
elementaryprocesses has to Ispecified completely othe languagdevel of actionblocks.
More abstractlescriptions dmot exist. Further rfnement of action blocks by Siols is not
possible. Action blocks may only be called from procedures developed in SD.

4.4 Interpersonal Integration

IEF's support forinterpersonal integration has three aspects. Rhstencyclopedia can be
stored on anainframe. Using it ishensimilar to ADW. Second, the encyclopedia of s&n
5.1 underlying this paper does not support team work at all. Third, a client-server eaigclo
supporting LAN-based teamork has recently become availabljt we havenot evaluated
this version yet.
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ADW IEF
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I
«
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Summary of ADW-IEF comparison

5 Comparison and Conclusions

Enterprise-wide integration of information processing is a central issue of information engi-
neering. In thispaper, integration-related aspectsi@dbrmation engineering-based I-CASE
were elaborated. ADW and IEF were analyzed as to how well they support horizontal, vertical,
and interpersonal integration. Figure 3 summarizes the results of this analysis.

From our experience with ADW, horizontal integration can be characterized as excellent, but
vertical integration has quite some flaws. With regard to data modeling, integration is quite sat-
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isfactory acros$SP and BAA stages, but integration betweBAA and SD needs to be im-
provedconsiderably. Orthe otherhand, theactivities side suffers severely from lack of inte-
grative features. Interpersonal integration has also been weak up to now and only beeently
improved. The old concept of consolidation acressyclopedias wassufficientfor efficient
support of project wod®). The Workgroup Coordinator promises to remedy this drawback.

IEF tools, compared to ADW, appear to be better integrated. Whereas horizontal integration is
about thesame, vertical integration hagnificantadvantages ovekDW's conceptsNot only

the tools for data nuelingare integrated across stages, but the tools cresitgessiveep-
resentations of activitie@rocesses, procedures, programs) are integrated, too. Program-con-
struction and design tools are integrated better than in AD\¥.is particularly useful when it
comes to debugging. Whereas ADW developers have to scan Cobdbcsdenanticerrors,

IEF provides a high-level debugger on the pseudo-tmat(i.e. for process-action code). In
addition, IEF prevents somgroblems frommissing reverse integration, as mentioned in
chapter 4.3.

Both ADW and IEF have been employed in large real-wopliebjects. General Electrics, for
example used ADW to develop a system whickkonnects offers, orders arghipping
information into a single sales information systéémFord of Germany applied information
engineering methodology supported by IEF in several projects. TWAogedtheir frequent-
flyer bonus system of 1.5 million lines obdewith IEF. Since it was so successful, they sold it
to Lufthansavho developed themiles-and-more program based omvithin half ayear. All
these userslaim significantproductivity gains as compared to conventional IS development.
On the otherhand, I-CASEfailures are likely to have ocurred, too, buthey are rarely
reported in literatureMany potential userstill hesitatepeing uncertainvhether the overhead

of information engineering-based I-CASE really pays.
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