Object-Oriented Design for4GL tosmooth thePath toBusinessInformation Systems

Elke Hochmüller, ClaudiaKohl

Institut für Informatik

Universität Klagenfurt

Abstract

Modern4GL systemstendtoturnintoreallyobject-orientedenvironmentswhich seem to be suited quitewelltorealizebusinessinformationsystems(BIS). BISshouldsupporttheaccomplishmentof daily enterprise work. Such systemsare required to handle a huge volume of data, assure data integrity, cope with high input/output intensity, incorporate transaction management and provide enduser-orientedinterfaces.

Existing object-oriented analysismethodsfit ratherwell to the purpose of BIS development.

Currently available object-oriented design methods, however, do not properly take into account the typical BIS characteristics. Thispaperproposesa powerful and flexible generic objectorientedprocessmodelforBISdevelopmentwith 4GL. Thisprocessmodel particularly focuseson theadjustment of object-oriented design activitiesto the context of BIS development in connection with 4GL and on itsincorporation into the overall object-oriented BIS life cycle. The applicability of the proposed processmodel will be demonstrated by some examplesusing CA- OpenROAD as underlying4GL technology.

1. Motivation

Incontrast to meretechnical-scientificapplicationswhichfocusonalgorithmic complexity, business informationsystems(BIS) are rather characterized bythe predominance oflarge date management, the importance ofthe graphicaluser interface, and decentralized user access. These characteristics typicalto businessinformationsystemshave to be paid attentionto inthe whole system development processandparticularlyduringthedesignphase.

Todaý smarket offersa varietyoftoolsand environmentsusing a fourthgenerationlanguage

(4GL) that enableshighlevelprogramming together withintegrated database accessfacilities.

These toolsenable the realizationofuser interfacesina verysimple, graphical manner. Most of these toolsfollow the principle ofobject-orientation. Hence, it is straightforward to embed the applicationdevelopment withinanobject-orientedsystemlifecycle.

Asmost existing object-oriented designmethodsare verygeneraland do not tackle BIS characteristicsinparticular, we propose anobject-oriented processmodelfor BIS development via

4GLwhichespeciallytriesto overcome these designdeficiencies. However, thisprocessmodel should not be regarded asa new modeling technique but rather a set ofguidelinesofhow to proceed during the development processofa BIS independentlyofthe actualselected object modelingtechnique.

Section2 investigatescurrent object-oriented analysisand designapproachesaccording to their applicabilityfor BIS development and identifiesBIS specific challenges. Section3 givesan overview of4GLsystemsingeneraland ofCA- OpenROAD inparticular. The object-oriented processmodelfor BIS with4GLwillbe presented insection4. Some examplesfor the application possibilitiesofthisprocessmodelwillbe outlined insection5 byusing CA- OpenROAD as4GL environment.

2. Object-oriented BIS Development

Regardingthesequence and objectivesofmaindevelopment activities, the object-oriented life cycle infact did evolve fromthe traditionalsoftware life cycle. Hence, the mainlevelsofobject-oriented development are:

· object-orientedanalysis

· object-orienteddesign

· (object-orientedor conventional) implementation

Themaindifference betweenthe traditionaland the object-oriented software development life cycle consistsinthe fact that the latter focusesonthe object asprincipalconcept. Allobject-oriented life cycle activities share a common vocabularyaswellasa common notation. Object-oriented development tasksinclude the identification, documentation, and implementation(often bymeans ofprototyping) ofobjectsand their abstractionsbyusing the principlesofencapsulation, aggregation, generalization, andinheritance.

Object-orientedAnalysis

The development processofanobject-oriented applicationsystemgenerallystartswiththe analysis ofthe relevant partsofthe realworld (the so-called problemdomain) and resultsina formal requirementsmodel. During analysis, the user requirementsregarding the target systemare elicited, the structure and semanticsofbusiness-related objects, their relationshipsand their behavior are documented.

There are a lot ofobject-oriented analysisapproaches(c.f. [CoYo91a], [RBP+91], [ShMe88],

[ShMe92]) whichuse slightlydifferent notationsbut propose verysimilar analysistasksto be carried out to obtainthe problemdomainmodel(PDM). Ingeneral, object-oriented analysis activitiescanbeattachedto oneoftwo mainstreamtaskfamilieswhichdiffer accordingto their way oftackling the problemdomain: static analysis(whichdealswiththe descriptionofthe static structure ofobjectsand their relationships) and dynamic analysis(whichisconcerned withthe behavior oftheobjects).

Ifwe consider the Object Modeling Technique (OMT) methodology[RBP+91], the static analysis tasksinclude the definitionofa so-called object modelwhichisrepresented byobject diagrams consisting ofobject classesand their relationships, and the dynamic analysisactivitiesresult inthe definitionofadynamicmodelwithstatediagramsasmainmeansofrepresentation.

Object-orientedDesign

Object-oriented designdealswiththe mapping ofthe problemdomainmodelonto the target system. Existing object-oriented designmethods, however, varysubstantiallyintheir proposed designtasks(c.f.[Booc91], [CoYo91b], [RBP+91]). Usually, the variousobject-oriented design approachesenrichthe analyzed object modelwithadditionalclassesand objects, but ina different manner and with varying accuracy. Suchaugmentationsare necessaryto realize application categoryspecific taskslike enduser-oriented interfaces, extensive data storage, algorithmic complexity, andcontrolofparticular systemactivities.

Acommonproblemwiththese methodsconsistsintheir effort to stayuniversallyapplicable, irrespectivelyoftheactualapplicationcategory. Thus, proposalsfor designtasksusuallyremainat a rather highlevelofabstractionwhichisoflittle help indetailed designactivitieswhere technical factors(like the kind ofoperating system, programming language, graphicaluser interface, and databasemanagement system) needto beobeyed.

Another problemofobject-oriented analysisand designliesinthe usage ofa common notation leadingto arather blurredtransitionfromanalysisand designwhich- at a first glance - appearsasa solutionto the structuralclashesonthe boundarybetweenthese two phasesintraditionalsoftware development. However, we should also take into account that this notationallycaused blurred transitioncallsfor a sophisticated processmodeldescribing development tasksand attaching them to the stagesofsoftware development inorder to prevent frombeing lost inthe ànalysis-design object-space´.

Object-orientedAnalysisandDesignforBIS

Existing object-oriented analysismethodsfit rather wellto the purpose ofBIS development. This might mainlybe due to the factsthat object-oriented analysisfocusesonmodeling real-world objects(what isalso truefor analyzingtheproblemdomainincase ofbusinessinformationsystems) and that the static part ofmost object-oriented analysismethodsevolved fromconceptualdata modeling. Thus, the object modelcan be regarded asthe object-oriented counterpart ofthe conceptualdatamodel.

The object-oriented designmethodsproposed so far, however, are mainlyinadequate for carrying out thedesignactivitiesnecessaryfor BIS development. Asalreadymentioned, most methodstryto be applicable inalldevelopment situationsand oftenignore the fact that designactivitieshave to take into account the requirementswhichare particular to the actualapplicationcategory(e.g. be it a businessinformationsystemwith huge volumesofdata, or be it a mere technicalsystemwith specialalgorithmicchallenges).

Object-oriented designactivitiesfor businessinformationsystems should particularlyaddressobject management onthe one hand, and the (preferablygraphical) user interface onthe other hand.

Designfromthe object management perspective should dealwiththe planning ofobject visibility, multiple user access, data persistence, transactionmanagement, integrityconstraints, and external interfacerequirements. Graphicaluser interfacedesignshoulddealwithpresentationand interaction mechanisms(i.e. static and dynamic layout requirements) byobeying user requirements(according their typesand profiles). There exist some proposalsfor graphicaluser interface designinthe literature (c.f. [Coll95], [CoWa93],[Shne92]) following anobject-oriented approach, but some of themsuffer frombeingtoo short-sightedbylargelyneglectingtheconnectionto object management designwhereasothersaretoo tightlycoupledto theselectedobject management repository.

3. BIS realization via 4GL-Systems

Fourth generation language (4GL) systems cannot be commonlydefined. There exists a multitude oflanguages and systems, focusing on veryspecialapplication categories. Theyspan a wide area from enduser-tools like graphicaldatabase querytools and enduser query-tools to database application development environments and even database application generators

[Balz96][Wegs97]. In general, these systems offer a veryhigh level language and thus increase the productivity of programmers.

In the content ofthis paper with the aimofdeveloping BIS we will make a restriction to 4GL systems that aimto build business information systems as data-intensive, interactive applications in an object-oriented manner. This 4GL application architecture familygenerally disposes of4GL languages which are less proceduralthan 3GL languages, have DDL and

DML constructs integrated in the 4GL language, offer a simple realization ofthe human interface (mostlyin formofso-called frames) and have language constructs for frequentlyused tasks. As an representative ofthis 4GL application architecture familywe willconsider CA-

OpenROAD and its components to build a BIS [CAOR94].

CA- OpenROAD was constructed to be used for the development ofdatabase applications. It is a window-oriented toolwith a visualprogramming environment for editing, compiling and testing database-oriented applications.

An application appears as a sequence or hierarchyof frames, which are to be filled with data and/or present data. Through these frames a user can trigger different kinds oftransactions in the systemregarding the respective problemdomain. CA- OpenROAD realizes a WYSIWYG interactive user interface development environment. It offers WINDOWS-4GL as a procedural event based language, which is type-equivalent with SQL. SQL statements can therefore be easily integrated.

CA- OpenROAD supports object-oriented concepts, too. There exist about 170 predefined system classes related in a certain inheritance hierarchy, which can mainlybe used for the implementation ofthe user interface (e.g. a frame is a predefined systemclass) or for errorhandling. System classes cannot be changed by the programmer.

Additionally, so-called user classes enable the possibilityto realize user-defined classes. These user classes are hooked into the systemclass hierarchyat a certain node. Regarding the degree ofobject-orientation, CA- OpenROAD´s classes are restricted in the sense as theyare not treated as objects. This is also the reason whyCA- OpenROAD classes onlycan specify instance methods but no class methods. Ifclass methods are needed to administrate all instances ofa class, a specialclass-user class has to be specified and implemented. Also the inheritance and rewriting ofattributes and methods works in a strange manner. Multiple inheritance is not supported.

4. Object-oriented ProcessModelforBIS with 4GL

Before we introduce our proposalfor anobject-oriented processmodelto develop a BIS bymeans ofa 4GLenvironment, we honestlyconcede that we would promise too muchifwe pretend to have found a fullyfledged modelwhichtakesinto account allthe particular facilitiesprovided by everysingle development toolonthe market. Bywayofcontrast, our proposed processmodelhas to be considered asa meta modelto help asa generalguideline initsfirst place. Nevertheless, it is powerfuland flexible enoughto be refined and instanciated according to a givendevelopment situationconcerning the object-oriented analysismethod to be applied, the actualpresentation strategy, the selected 4GLarchitecture aswellasthe generaltype ofthe underlying database system, andsubsequentlythefinallyused4GLenvironment anddatabasesystem, respectively.

Ascan be seenfromFig.1, the processmodelfollowsthe alreadyintroduced object-oriented life cycle and consistsofthree main(object-oriented) processlevels. The primarygoalofthisprocess modelisto continuouslysustainthe encapsulationprinciple betweenthe different processlevelsto fullyexploit one ofthe mainadvantagesofobject-oriented development. Thus, a major independence betweenthe three levelscan be achieved leading to increased degreesof maintainabilityaswellasportability.

Fig.1:Object-orientedProcessModelfor BIS

Inthe sequel, the major phasesofthe three processlevelswillbe further described using a general outline byinitiallystating the overallgoalofeachphase whichisfollowed bya list ofactivitiesand their consumedinput andproducedoutput.

The individualphasescan not be considered to be independent ofeachother. InFig.1, the actual connectionsand the respective directionsofthe informationflowsare represented asarcs. In general, phase productswillbe used asinput onsubsequent processlevels. Additionally, the arcs betweenphaseslocated at the same levelsymbolize the iterative nature ofthose phases. Hence, preliminaryphase product partswillbe passed over to the sibling phase, and vice versa. Thus, the activitiesofeachphase can be carried out byconcentrating onthe phase specific taskswithout loosing contact to the parallelphase. Insucha waythe ongoing work can be supervised to stay withintheboundariescommonto bothphasesonthesameprocesslevel.

4.1. Object-oriented Analysis

The topmost processleveldealswiththe analysisofthe problemdomain. For thispurpose we propose anobject-oriented strategylike OMT. According to the state-of-the-practice inobjectoriented analysis, we account for the two major viewpointsinanalyzing the problemdomain. Thus, we distinguish betweentwo phases, one ofwhichisconcerned withstatic analysisofthe problem domain, theother onefocusesontheanalysisoftheproblemdomaindynamics.

Although bothphaseswillbe separatelyintroduced inthe sequel, we should alwayskeep inmind, that especiallythese two phasescannot (and should not) be regarded inisolation. Moreover, results ofone phase caninfluence the outcomingsofthe other one, and vice versa. Infact, bothphases havetheproblemdomainintheir center ofinterest. Theyare just tackling the same problemdomain froma different point ofview. Hence, the two phasesdo not compete eachother but, onthe contrary, shouldbeusedto controloverallconsistencyandcompleteness.

It iscommonpractice to initiallystart analysiswithjust one ofthe phasesdepending onthe actually appliedobject-orientedanalysisapproach(e.g. staticanalysisincaseofOMT). Ontheavailabilityof thefirst usefulresults, theother phasewillbeenteredandtheiterationwilltakeitscourse.

Bothphasesproceedfroma commonexternallyoriginated input whichconstitutesthe realworld in the problemdomain. Thisinput can be obtained either byanalyzing existing informationor by eliciting additional informationina rather dynamic manner throughdifferent kindsof communication.

Theoutput ofbothphasestogether istheproblemdomainmodelwhichwillconsist ofa static and a dynamicpart.

a) StaticAnalysis

The maingoalofstatic analysisisto get a fullunderstanding and a detailed descriptionofproblem domain statics.

· input:

dynamicallyobtainedfrom users(domainexperts, clients):

- interviews(structured, open-ended) staticanalysisofavailabledocuments:

- reports

- existingsystemdescriptions

- environment descriptions

- taskdescriptions

· tasks:

identificationofinherent andtransactionclassesandobjects applicationofabstractionmechanisms(aggregation, generalization) identificationofrelationshipsbetweenproblemdomainclasses identificationofattributes identificationofmethods

· output:

problemdomainmodel- static view:

- object schema

- descriptionofproblemdomainclasses b) DynamicAnalysis

Dynamic analysisaimsat the identificationofpotentialusers(or user classes) and at the achievement ofafullunderstandingandadetaileddescriptionofproblemdomaindynamics.

· input:

dynamicallyobtainedfromusers(domainexperts, clients):

- interviews(structured, open-ended)

- observations(Video, on-siteobservation)

- prototyping staticanalysisofavailabledocuments:

- reports

- existin gsystemdescriptions

- environment descriptions

- taskdescriptions

· tasks:

identificationofpotentialusers identificationofdifferent user profiles identificationofcoretaskfamilies identificationoftaskswithineachtaskfamily relationshipoftasksto problemdomainclasses identificationoftransactionclasses structuringoftasksinto atomic subcomponents

· output:

problemdomainmodel- dynamicview:

- user typesandprofiles

- scenarios

- event traces

- statetransit iondiagramsper problemdomainclass

- framesketches

4.2. Object-oriented Design

The second processlevel isconcerned withobject-oriented design. Inproposing a phase dealing withthe internalsystemarchitecture and a phase focusing onthe designofthe graphicaluser interface, we follow the commonlyaccepted distinction betweenexternaland internaldesign

[Coll95].

Input ofbothphasesare not onlythe productsreceived bythe preceding analysisactivities, but also additional informationfromthe users, about interface requirementsto other systemsor about the architectureofthetarget systemitself.

The mainproduct ofthe object-oriented designlevelasa whole isthe so-called applicationmodel whichconsistsofthe (probablyrevised) problemdomainmodel, the system model(asa result of thesystemdesignphase) andthepresentationmodel(deliveredbygraphicaluser interfacedesign).

Inorder to beableto decideabout the overallpresentationstrategyfor the externaldesign, the kind ofrepresentationshould be definitelyselected whenstarting withgraphicaluser interface design.

Wedistinguishbetweenthreedifferent kindsofpresentationstrategies:

· data-oriented:table-drivenpresentation

· task-oriented:function-drivenpresentation

· object-oriented:object-orientedpresentation(data-methodcombinations)

For internaldesign, however, thetarget databasearchitecture(e.g. relational, object-oriented) needs to be captured asit willaffect the system model. Nevertheless, the systemdesignitselfwillbe carried out inanobject-oriented manner. Hence, additionalcontrolclasses(i.e. classeswith no attributesbut onlymethodswhichare bunched together ina toolbox-like fashion[CoYo91a]) will be defined;especiallyincase ofanunderlying relationaldatabase architecture, so-called database classeswillhaveto beestablishedto maintaintheencapsulationprinciple.

a) SystemDesign

The goalofthe systemdesignphase isto explore and get anappropriate modelofthe internal systemarchitecture.

· input:

problemdomainmodel external:

- interfacerequirementsto other (existing) systems

- persistencyrequirementsto beelicitedfromusers

- qualityconstraintsto beelicitedfromusers

- integrityconstraints(e.g. primary&foreignkeys, additionalconstraints) internal:

- target databasearchitecture(e.g. OODBMS, RDBMS)

- generaltechnicalenvironment constraints

· tasks:

identificationofpersistent andtransient problemdomainclasses development oflogicaldatamodel

- accordingto target databasearchitecture

- obeyingbothqualityandintegrityconstraints identificationofsystemclasses(databaseandcontrolclasses) andtheir dynamics

· output:

systemarchitecture:

- revisedproblemdomainmodel

- logicaldatamodel

- systemmodel(includingsystemclassdefinitions) b) GraphicalUserInterfaceDesign

Graphicaluser interface designaimsat the explorationand establishment ofanappropriate user interfacemodel.

· input:

(revised) problemdomainmodel user typesandprofiles framesketches external:

- interfacerequirementsaselicitedfromusers internal:

- systemdependent styleguides

· tasks:

decisionabout presentationstrategy(data-, task- or object-oriented) definitionofcommonlookandfeel(generalframestyle) definitionofframehierarchy refinement offramesketchesaccordingto actualpresentationstrategy prototypingandevaluationofframelayout definition offramelayout accordingto

- user typesandprofiles

- actualpresentationstrategy definitionofframedynamics(interactionmechanisms):

- statetransitiondiagrams

- transactionconcept

· output:

staticpresentationmodel:

- generalframestyle

- framehierarchy

- framelayout dynamicpresentationmodel:

- astatetransitiondiagramper frame

- transactionconcept (transactionboundarieswithinframes)

4.3. Implementation

Thethirdandfinalprocesslevelconcentratesontherealizationofthe finalsystemwhichconsistsof a database holding persistent objectsand one or more applicationsystems(depending onthe amount ofdifferent user typesand the diversificationoftheir tasks). Thisisthe level, where a definite decisionabout the target database systemand the actual4GLenvironment hasto take place.

Bydistinguishing betweensystemdesignat the OOD leveland detailed systemdesignat the implementationlevel, we canmaintainthe object-oriented manner ofdesignuntil implementation.

Thus, theexchangeofactualdatabasesystemswiththesameunderlyingarchitecturewillonlyaffect the detailed systemdesignphase achieving a major independence betweendesignand implementation.

Incase ofanRDBMS, we have to provide a mapping ofthe object-oriented systemdesignmodel onto the relationaldatabase model. Thiswillbe realized withinthe code ofdatabase classmethods throughwhichencapsulateddatabaseaccesswillbeprovided.

The productsofthe applicationrealizationphase willbe constructed on basisofthe already developed presentationmodeland the development possibilitiesprovided bythe selected 4GL environment.

a) Detailed SystemDesign

Incase ofa businessinformationsystemastarget system, detailed systemdesignmainlycomprises database designactivities. Itsmaingoal isto produce the database definitionsfor the target databasesystem.

· input:

logicaldatamodel systemclassdefinitions external:

- expectedquantityofd ata

- performancerequirements internal:

- characteristicsofactualtarget databasesystem

- specifictechnicalenvironment constraints

· tasks:

definitionofdatabasetablesaccordingto databaseclasses definitionofprimarykeys, mandatoryattributes, andindexes definitionofconstraints(foreignkeys, integrity, usage) physicaldatabasedesign definitionofuser privileges implementationofsystemclassmethods

· output:

databasedefinitionsfor target databasesystem system classmethods b) Application Realization

The mainobjective ofapplicationrealizationisthe implementationofapplicationcomponentsin order to obtainthefinalapplicationsystem(s).

· input:

(revised) problemdomainclasses systemclassdefinitions staticanddynamicpresentationmodel

· tasks:

mappingdesignconstructsonto theactual4GLsystem:

- framerealization(finalgraphicalrepresentation, properties, biases, ...)

- framescripts

- additional4GLsystemspecificcomponents (e.g. user classes)

- codeoptimization assemblingframesinto applicationsystem(s)

· output:

4GLcomponents(frames, scripts, 4GLprocedures, ...)

completeapplicationsystem(s)

5. Selected examples from a particular instance model

As shown in the previous section, the finaloutput ofthe application ofthe proposed objectoriented process modelfor BIS is dependent on the object oriented analysis method, the presentation strategy, the target database architecture, the target database system, the 4GL architecture as wellas the actual4GL environment - factors which are influencing the process products on different process levels. In this section some smallexamples ofdevelopment outputs are presented.

Inorder to demonstrate the applicabilityofthe proposed processmodel, we assume the following specializations:

· object-orientedanalysismethod:OMT

· presentationstrategy:object-oriented

· databasearchitecture:relational

· databasesystem: Ingres

· 4GLarchitecture:object-oriented

· 4GLenvironment:CA- OpenROAD

The example does not cover the entire process but at least one possible output per development phase.

5.1. Static Analysis

The considered problemdomain concerns the administration ofemployees and their projects within a fictive enterprise. Fig.2 represents an OMT object schema as part ofan actuallymore comprehensive problem domain model.

Fig.2 : Object schema of the problem domain

The object schema consists ofthe classes project , employee and its specialization assistant . A leading $ symbolizes class operations. Unique attributes are characterized bya key-symbol.

Assistants are employees with a temporaryemployee contract. Thus, their operations hire and dismiss work in a different way.

5.2 Dynamic Analysis

assistant

end_of_contract

hire( )

dismiss( ) 1+ project

name

budget

start

end

get_duration( )

plus_budget( )

minus_budget( )

$new( )

$delete( )

$find_one( )

$find_all( ) employee

mnr

name

first name

hire date

salary

hire( )

dismiss( )

get_projects( )

exempt( )

is_back( )

add_project( )

delete_project( )

$new( )

$delete( )

$find_all( )

$find_one( ) works on

The behavior ofan individualclass is part ofthe problemdomain dynamics. Fig.3 shows the

state transition diagramofclass employee . The events triggering a state transition (e.g. hire,

dismiss) can be found also as operations in the object schema of Fig.3 .

Fig.3: State transition diagram of class employee

5.3 Graphical User Interface Design

Corresponding to the problemdomain statics and dynamics a frame hierarchyand individual

frame layouts and dynamic designs have to be developed. Fig.4 presents the frame layout of

the frame administrate employees . The state transition diagramof administrate employees

can be seen in Fig.5 .

Fig.4: Frame layout administrate employees is known hired not available

dismissed new hire

hire exempt

dismiss get_projects add_project

is_back

delete_project

Fig.5: Dynamics of frame administrate employees

5.4 System Design

During this process level it becomes clear that allthree PDM classes have to be made

persistent. The attributes ofthe PDM classes can be stored in a relationalscheme containing

the tables employee, works, project and assistant . In order to achieve a looselycoupled access

to the relationaldatabase, three database classes are identified: emp_db , pro_db and assi_db,

which should realize an encapsulated relationaldatabase access. This systemdesign assures

that onlythe database classes have to be modified in case ofa database exchange. Thus, the

remaining system architecture will not be affected.

Fig.6 : Revised PDM

Since in the considered 4GL architecture classes are not treated as objects and therefore no

class operations can be defined, it is necessaryto revise the PDM. Classes as object

repositories have to be modeled as classes themselves (e.g. emp_class is a collection of

employees and offers respective operations that have been modeled as class operations in the

originalPDM before). Since this class class operations are alldatabase access operations the

class classes are treated as database classes, too. Fig.6 presents the revised PDM.

wait for user interaction fill tablefield

entry: ^db_class init fill tablefield special

entry: ^db_class emp_class

save tablefield to db

[ OK ] / success

[ KO ] / fail save clear modify tf exit

show all / clear display search[ name spezialized ] / clear display

emp_class

delete( ) find_all( ) find_one( )

1+ employee

mnr name first name hire date salary

hire( ) dismiss( ) get_projects( ) exempt( ) is_back( ) add_project( ) delete_project( ) knows

project

name budget start end

get_duration( ) plus_budget( ) minus_budget( ) works on pro_class

delete( ) find_one( ) find_all( )

knows emp_db

store( ) delete( ) store_project( ) delete_project( ) get_projects( )

pro_db

store( ) delete( ) assistant

end_of_contract

hire( ) dismiss( ) assi_class

find_all( ) find_one( ) delete( )

knows

assi_db

store( ) delete( )

5.5 Detailed System Design

One task ofthe detailed systemdesign is to implement the database classes in CA-

OpenROAD. The mapping of emp_class to CA- OpenROAD results in a user class emp_class

with one attribute emps , holding a reference to allemployees as a repository. Fig.7 shows the

4GL implementation through CA- OpenROAD ofthe operation find_all ofthe user class

emp_class . Find_all has to access the Ingres database and loads data about allexisting

employees.

method find_all()=

DECLARE

i = integer NOT NULL;

ENDDECLARE

BEGIN

CurObject.emps.Clear(); /* CurObject references the Object itself ( like self) */

i=1;

SELECT empno AS : CurObject.emps[ i]. empno, name AS : CurObject.emps[ i].surname,

fname AS : CurObject.emps[ i]. firstname , hire_dat AS : CurObject.emps[ i]. hire_dat ,

salary AS : CurObject.emps[ i].salary

FROM emps

BEGIN

i=i+1;

END;

IF iirowcount=0 THEN Message ’no data available’; ENDIF;

RETURN CurObject.emps;

END;

Fig.7: method implementation of find_all

5.6 Application Realization

As an example for the realization ofa frame Fig.8 shows the essentialparts ofthe CA-

OpenROAD 4GL frame script for the frame administrate employees .

INITIALIZE ()=

DECLARE

empclass = emp_class; /* emp_class is a CA- OpenROAD user class realizing the employee

class*/

err = integer NOT NULL;

ENDDECLARE

BEGIN

END;

ON CLICK show =

BEGIN

employee_tf.clear(); /* employee.tf is the name of the tablefield in the frame layout */

employee_tf=empclass.find_all(); /* call method find_all and show results in the tablefield */

END;

ON CLICK save =

BEGIN

err = empclass.save_all(); /* call method to save possible changes in the tablefield onto the database*/

IF err !=0 THEN ROLLBACK; */ close transaction */

ELSE COMMIT;

ENDIF;

END;

ON CLICK search = /* display only employees with a certain name in the tablefield */

BEGIN

employee_tf.clear();

employee_tf=empclass.get_one(name = namefield);

END;

Fig.8: implementation of frame administrate employees

6. Conclusion

Object-oriented design cannot be carried out without paying adequate attention to the kind of

application categoryofthe actualsystemto be developed. This paper proposes an object-

oriented process modelwith specialfocus on design activities that should serve as guidelines in

case ofone particular application category, namelythat ofbusiness information systems.

Specialemphasis is paid to the two major parts in object-oriented design, the phases ofsystem

design and graphicaluser interface design. The activities on the object-oriented design level

are not considered in an isolated manner, but put into relation to the preceding levelofobject-

oriented analysis (producing some ofits inputs) and the subsequent levelofimplementation

(consuming and refining its outputs). The presented approach should support the BIS

development team in handling design problempatterns typicalto business information systems

in a systematic way dependent on the target 4 GL architecture.

References

[Balz96]H. Balzert: F̂rom OOAtoGUIs: The JanusSystem^, JOOP, Feb1996, pp43-47

[Booc91]G. Booch: "Object-OrientedDesign with Applications", Benjamin/ Cummings, 1991

[CAOR94] CA- OpenROAD Programming Guide, Language Reference Manual, Application Editors User´s

Guide Release 3.0, Computer Associates International Inc., 1994

[Coll95]D. Collins: "DesigningObject-OrientedUser Interfaces, Benjamin/ Cummings, 1995

[CoWa93]K. Cox, D. Walker: "User-InterfaceDesign", PrenticeHall, 2nded., 1993

[CoYo91a]P. Coad, E. Yourdon: "Object-OrientedAnalysis", PrenticeHall, 2nded., 1991

[CoYo91b]P. Coad, E. Yourdon: "Object-OrientedDesign", Yourdon Press, 1991

[RBP+91] J. Rumbaugh, M. Blaha, W. Premerlani, F. Eddy, W. Lorensen: "Object- Orented Modeling and Design",

PrenticeHall, 1991

[ShMe88]S. Shlaer, S.J. Mellor: "Object-orientedSystemsAnalysis: ModelingtheWorldin Data", Prent. Hall, 1988

[ShMe92]S. Shlaer, S.J. Mellor: "Object Lifecycles: ModelingtheWorldin States", PrenticeHall, 1992

[Shne92] B. Shneiderman: "Designing theUser Interface- Strategiesfor EffectiveHuman-Computer Interaction",

Addison Wesley, 2nded., 1992

[Wegs97]E. Wegscheider: "TowardCode-FreeBusinessApplication Development", IEEE Computer, Vol. 30, No. 3,

1997, pp. 35-43

[Your94]E. Yourdon: "Object-orientedSystemsDesign -An IntegratedApproach", PrenticeHall, 1994