A Knowledge Model for Business Re-engineering Methods and Tools

Stan Jarzabek and Tok Wang Ling
Department of Information Systems and Computer Science
National University of Singapore

Abstract

What do we need tknow aboutthe business in order to understaadd, eventually, to improve
business operations? Many business modeling methods have been desditéxedlre andapplied in
business re-engineering projects. el that currenbusiness modeling methods do not hayeexise
enough model othe underlyingousiness knowledge. A model should be comprehensive enough to al-
low for a systematic studgndprecise formulation of re-engineering methods. It should also provide a
conceptual framework for designinigols to support businesg-engineering projects. We identified
information requirements for business re-engineetigged onthe commonly used business re-
engineering methodand case studies published the literature. We formalized these requirements
within the business knowledge modélat isdescribed irthis paper. Thdédusiness knowledge models
vary from company to compamandfrom one business re-engineeripipject toanother. Therefore, we
build a generic model firgnd then weustomizethe generianodel to needs of a given company and
to a business re-engineering projechand. Webuild thecore of a tool enviramentfor business un-
derstanding and re-engineering aroundgéeeric business modélhe business knowledge model de-
fines conceptual schema ftire business knowledge to be acquisatt stored in a tool repository. We
derivethe physical schentar tool repositoryandgenerate customized tools frahe customized busi-
ness knowledge model specifications. Tools baitiund our modetan supporbusiness knowledge
acquisition, business process modeling, performance/quality anatysesnalysis of alternative busi-
ness procesge-engineering solutions. We use frames to model business features such as a customer,
business process or event. Fraraes organized into an inheritance wietk. Frame slotslescribe
properties of features in the mixture of formal and informal specifications. In the papigsevibe the
generic business knowledge modsatplainhow we useghe modelanddiscuss user-leveliews of the

model.

1. Introduction

Operational transformation of business Iso& topic on theagenda otorporatemanagement.
Trends such asusiness re-engineering, businpsscess rengineering, business redesign, proc-
ess improvement angrocessinnovationall emphasizehe need for transformation blisiness
operations in order tachieve improvements in productivity and quality. Such improvements are
required for companies to remain competitive in the marketscale of required changearies
from company to company and ranges from incremental improvement scgAg®]o® radical

rethinking ofthe way busines®perates [6]. Operationahanges are oriented on the customer
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andmay nvolve, amongthers,simplification ofthe workflow, decentralization of responsibili-

ties, standardization of procedures, reduction of redundant procedures and autdBeditern.

use of information systems and technology often makes such changes {dssj6|8,16]. In

this paper, we are concerned with issues of business understanding for effective transformation of
businesperationsjndependently othe approach used &xhievethe business transformation.

We use the terrhusiness re-engineerir(@hich seems to be the most common ternpéan all

the types ofadical and incremental business transformations descriltled iiterature and prac-

ticed in industry [4,5,6,7,8,15].

We identified information requirementsr business re-engineering basedtbea business re-
engineering methods and case studies describitt ifiterature. Wedormalizedthese require-
ments withinthe business knowledge model that is described ingher. Wefeel thatsuch a
model is needed to allofer a systematic study and precise formulation eéngineering meth-
ods. Our model also provides a conceptual framewor#dsigningtools to support fobusiness
re-engineeringrojects. Tools that we atalking about supporbusiness re-engineering analysts
in business knowledge acquisition, in busimassesanodeling, in analysis of businedata and
in formulating alternative business re-engineering solutions. Fig. 1 positebsisinesknowl-
edge model irthe context ofbusiness re-engineering attte follow-up softwaredevelopment

efforts.

re-engineering method models System knowledge models

1
business
re-engineering
model

3

business mode

4
4

software mode

2
software
re-engineering
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y <
software systems

Fig. 1. Business and software models

System knowledge models (rectangular boxes) describe business softlvaresystems in
the form suitablefor re-engineering. Thesaodels provideghe conceptuatcheméor the infor-
mation that must be collected about the current state of business and software systems in order to

proceedwith a re-engineeringroject. Re-engineerdulisiness andoftwaresystemsare also ex-
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pressedwithin knowledge modelsDotted arrows in Fig. Tepict mappings between models.
Method models (in ovals) define re-engineeringethods (i.e., how to re-engindassiness and
software systems). These models refer to business re-engineering methods (such as simplification,
automation, etc.and techniques (such as interviews with company gjedijpware selecting
candidate processes for re-engineeringgetiog current and future processes amgactanaly-
sis). The business knowledge model serves as a reference fmothelsiness re-engineering
method model. Methodanodelsuse, create and updateformation stored incorresponding
knowledge models (solidrrows). The purpose afiodels of Fig. 1 is to facilitate precidefini-
tion of detailed re-engineering methodologies and to aid in desigoolg to supporthese
methodologies. In [9], we described a framework cadledtegic re-engineerinigr addressing
business andoftware re-engineeringsues in an integrated way. In tpsper, weshall concen-
trate on the contents and representation for a business knowledge model (box 3 in Fig. 1).

We model business features (such asustomer businesgprocess or event) biyames[1].
Framesare organized into ainheritancenetwork.Frame slots describe properties of features in
the mixture of formal andnformal specifications. A busine&siowledge model is bound to be
complex. Thereforehusiness analyseare not supposed to wodirectly with the model. Tools
are needed to provide aasy interface tthemodel and to enablklae model to play aole of an
active and useful assistant in business re-enginegrojgcts. Theébusiness model defines an in-
ternal mechanisnfor tools that webuild around the model. The role @jols is to provide an
easy, intuitive and diagram-based access to the business knowledge.

The premise obur approach is thabusinessprocessre-engineering is a creativhinking
procesqlike software orengineering design) and as sw@Ennot befully automated. But tools
can assist business analysts in business re-engineering, just liket@ASassist software engi-
neers in software desighlany businesprocesge-engineering planning techniques (interviews,
business modelingzorkshops, performancanalysis,etc.) can then besffectively supported by
tools. Ourbusiness knowledge modelsemiformal and reflects this humarentered nature of
the business re-engineering process.

In theremainingpart of the paper, weescribethe generic business knowledge modiplain
how we use the modeljscuss some dhe user#vel views ofthe model and comment dwols
that we buildaround the model. In treccompanyingaper [10], wedescribe in detail a model-

based design of a tool environment for business re-engineering.



2. Relation to other work

Many sources discuss motivation fousiness re-engineering, describe detail busipessess
re-engineering methods and disctesds thatcansupportbusinesprocesge-engineering activi-
ties [4,6,7,8,15].CASE-like tools exist to help analysts in flow charting businpsscesses as
well as in many types of business data analysis [15]. Some tools allow analysts to simulate and do
performanceanalysis of busineggocesses [7,15]his is possiblelue to awell defined underly-
ing model (usuallypased on a variant of Petri nets). Yu and Mylopo{2@% show that by cap-
turing goals, rules and methods we ¢amally reason aboumnplications of propsedbusiness
process changes.

We agree wittauthors ofsimulation and reasonirtgols that a pssibly precise internahfor-
mation model ighe first necessargtep toward$uilding successfuiools. Wealso think that to
effectively supportbusiness analystthe underlying model should comprehensivetyver many
aspects obusinesstructureand dynamics. In addition to executabilitye model shouldecord
many kinds of dependencies between business entities that have to do with understanding of
busines®perations. We hope tmodel described in thigaper is emallstep towards achieving
this end. Model-based approaches have been applied before in domains such as CASE tool de-
sign, software design, softwareuse, softwarenaintenance andoftware re-engineering. In
each of these domainspeopermodel defineghe structureand some semantics of entitibst
must be understoo@nalyzed and manipulated time context of ajiven domainThe role of a

well-defined model in business re-engineering is similar to roles of models in othaindo

3. The scope of a generic business knowledge model

generic business ) business model for
model customize by hand company XYZ

generate wit
meta-CASE

generic tools for busine
re-engineering

s tools for re-engineering
project P in company
XYZ

Fig. 2. Business model and tool customization

The scope and detailethema of a business knowledge model depenth@business re-

engineering goals, on re-engineering methods taske and ospecifics of a company to be re-
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engineered. However, we can try to characterize a consorenofbusiness knowledgiat, af-
ter customizations, can be reused across a rangengpanies and re-engineering projects (Fig.
2). In the next section, we shall propose sugbreeric business knowledge model

We assume an approach to business re-engineering in which the assessoreantiusiness
processes is done prior to tesign of improved businegsocesses. (Some other approaches
advocatedesign of new businegsocesses from scratch, basedcompany goals, to allow for
radical changesvithout any limitations that may be implied lige currentway of conducting
business processes.) The actual re-engineeriphysical businesgrocesses followbusiness re-
engineering planning. Fig. 3 depicts steps in business re-engineering pEmhiegamples of the

re-engineering methods that our business knowledge model addresses.

assess impact of
re-engineering

describe
current
processess

select ;
assess current processes fo describe ne
r ; ; r
processes re-engineering processes

knowledge acquisition techniques business process re-engineering methads: data analysis techniques
interviews with staff simplification performance analysis
workshop sessions automation L cost/benefit/risk analysis
modeling business processes redundant action elimination impact analysis
duplication elimination
standardization v
N 4

business knowledge mode

Fig. 3. Business re-engineering planning steps

We use théousiness re-engineering impact diagrgfig. 4) to determinéhe boundaries of
the business knowledge pertinent to business re-engineering. The impact diagram demonstrates
potential benefits of pposed improvements of busingsecesses. For selected business proc-
ess, thampact diagram depictsow reengineering vl affectthe procesgself, other business
processes and tlemmpany as a whole. lour model, businesprocesses are composed of ac-
tions. Similar diagramsare alsadbuilt to analyzethe impact of changes dhe actionlevel. The
business re-engineering impact diagrarthesfinal product of thebusiness re-engineering plan-
ning phase. The business knowledge model should facilitate demonstratidrusofess
re-engineering benefits and riskstlre form of such a diagram. In addition tieat, thebounda-
ries of thebusiness knowledge modale determined byformation requirements of business re-

engineering methds that we plan to use.
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Fig. 4. The business re-engineering impact diagram

4. How do we build a generic business knowledge model?

Many business modeling methods, both formal [2,12] and infd@yiEb], have been described

in the literature. Our approach is based adetingconcepts used by others. \Wedel business

in terms offeatures Features are types blisiness entities that weamwt toanalyze during busi-

ness processe-engineering an@boutwhich we want to store information. Fig. Shows a

snhap-shot of basic feature types that we model.

Process Company BPR-goal
CompanyProcess  Strategy roBlem
SubProcess CompanyGoal Reason

BusinessProces8usinessArea  Solution

Action Department
BusinessRule Role
Event Staff

Quality-Measure

Processinterface

Customer Object

External File
Internal Information
Material

Fig. 5. Types of features in a business knowledge model

Features are described by properties.example the featureBusinessProcedsas properties

such as process ownegst, workflow, efficiency and manyothers. (Foreadability, inthe re-

maining textfeature and relationshipamesare initalic andstartwith a capitalletter.) Features

can be related one to anotheing inheritance, aggregation and association. Relationships may

also haveproperties. Types of propertyalues include usual basigpes,formal expressions,

facetedclassification schemf 3] andinformal text. In either casesach feature properigenti-

fies a piece of knowledgabout thebusiness that must be collected during interviews with the

company staffyorkshopsessions othrough monitoring of the ongoingusinesoperations. A
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syntacticconstruct tadescribe properties of features ig@ame the term used in knowledge rep-

resentation [1]. Frame slots contain properties of features.

4.1. Modeling features and feature relationships

We use Rumbaugh tation OMT [14] tomodel features and their relationships. We chose
OMT because iallows us to expredhie macro structure of tHmusiness knowledge model in a
natural way. Figures 6-9 show tgeneralscope of the knowledge that weodel. Features are
represented by rectangular boxes, triangles repregeitance andinesbetween features rep-
resent binary relationships. Dots stand‘fieany’ connectivity in a relationship link:he meaning
of a relationship link is clarified by the naragached to a linkin italic). In theinheritance link, a
parent feature appears above tifengle and derived features appear below.béleeve models

are intuitive, so we only briefly comment on them.

PualityMeasurg

Describes

Described

Process

BPR-goal '

Solution

AddsValueTo

Customer

EkternalCustomg hternalCustomg ConsequencH]

Reason

n

| )
ormationSyste usinessProcess

Action

CompanyGoa

Fig. 6. Major features in a generic business knowledge model

Fig. 6 depicts three types of processes derir@d alstract featurd’rocess CompanyProc-
ess BusinessProcesand Action We model compangtrategy CompanyGoalsaand Problems
that impedeCompanyGoalandProcessesWe show howSolutionsto Problemsaffect goals of

business re-engineerirffpatureBPR-goa). Value-added impact ¢frocesse®n eaclother and

1Business model diagrams are produced by MetaEdit, a trademark of MetaCase Consulting Oy.
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on Customersare modeled by gamily of relationshipsAddsValueTo(Remark: A relationship
definedfor featureProcessapplies toall the features derivettom Process) The model also
showswhich BusinessProcessemnd Actions contribute to whichCompanyGoals Company-
Goals and BPR-goalsare organized into hierarchy by relationship\ffects Based on feature
QualityMeasureProcessquality can be judgedreatureQualityMeasurecan describe either the
quality of currentProcesse®r quality requirements to be met by re-engineéhextessesTar-

get values foProcesscharacteristics are set bpsed on company standards and world-class op-
eration benchmarks [8]. Sometbke BPR-goalsare expressed in terms QualityMeasuresBy
examiningQualityMeasureswe select candidates fbusiness re-engineering and evaluate the
improvements of business re-engineering tols®e business re-engineering goale met. Fea-
turesSolutionandBPR-goalreflect theapplication of business re-engineermgthods. We dis-
cuss these another features used in heling business re-engineering solutidaier in the pa-
per.

Fig. 7 depicts a taxonomy of process quality measures.

QualityMeasure

PerformanceMeasure Effectiveness Adaptability
Cost Duration Efficiency ResourceConsumption

Fig. 7. Process quality measures

A model in Fig. 8 depicts the company structure, interactions betvegartmentandRoles

Compang

ConsistsOf

Employs PlayedB
Departmek ploy Role yeery

ConsistsOf InteractsWith

Fig. 8. A company structure model

4.2. Modeling business processes and business rules

Fig. 9 depicts the process structiBesinessProcessase grouped intBusinessAreasCom-

panyProcessnay consist of a number BlisinessAreas
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Fig. 9. A business process model

Actionsdescribe detailed steps/olved in aBusinessProcess BusinessProcess exploded
into level 1Actions eachlevel 1 Actioncan be further exploded into more delavlel 2 Actions
etc. OneActioncan be involved in margusinessProcesses

A BusinessProcessescribes an end-to-engsually cross-departmentathain of business ac-
tivities that deliver groduct orservice to austomerBusinessProcessese often triggered by
external events, foexample an arrival of austomer order. ThBusinessProcessiggered by
this eventinvolves activities thastart by customer ord@rocessing and end wigiroductdeliv-
ery to acustomerBusinessProcess@sayalso be initiated dixed time intervals or when a cer-
tain condition arises. FeatuEevent modelsall situations that have to do with activation of a
BusinessProcesgventsmayalsooccurduring BusinessProcessxecution andhfluence execu-
tion of Actionsthat compose BusinessProcessctionexecution is governed BusinessRules.

The BusinessProcesstructurecan be convenientlgepicted by a flonchart of Actions (Fig.
10). EachAction can be further exploded into a more detail flolart. In Fig. 10diamonds
mark decision points at which alternatiketionscan be taken. Issues that afféet decision are
modeled as conditionBusinessRuledescribe what happens at decision points or indatetims
of Actionsthat can be performed in parall€lming constraints (such as “wait forHour before
sending areport”) arealso modeled aBusinessRuledn Fig. 10, Eventl triggers lausiness
process whose firdevel of decomposition involves eiglaictions. After Actionl is completed,
depending on condition ‘Cond2l’, either Action2 or Action4 is initiated; Action3 is initiated once
Action2 is completed; when Action4 is completed, Actian8y beperformed in parallel with

Action6 and Action?. In the diagrarsmallcircles markhe end points athains of alternative or
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concurrentActions Fat arrows depidtows of business objects (informatiashpcuments, mate-

rials, etc.) betweeActions

Action2————9> Action8

199815 pction

Action5

Action4

/
T

Action6 — Action7

Fig. 10. An business process flow chart

Action flow charts andther diagram$rm a user interface tihe business knowledge model.
They enable business analysts and company staff involved in a re-engipegj&cg tocommu-
nicate with themodel in an easy and intuitive wallowever, internally within the business
model, thestructure of éBusinessProcess described bpusinessRuletsee Fig. 9) thahave
the following formats:

Action1l NEXT Taskl
meaning Actionl must be completed before Taskl can be initiated.
ON Eventl Taskl
meaning when Eventl occurs, initiate Taskl
[ ON Eventl] IF condition THEN Taskl [ ELSE Task2 ]
meaning when Eventloccurs and if condition iIFRUE, theninitiate Taskl; if condition is
FALSE, initiate Task2. In the above rule, ON clause and ELSE clause are optional.

In above rules, Taskl and Taskiy besubstituted either byAction or by BusinessRule
Within the business model, tiBeisinessProcess Fig. 10 would be represented by tbhkowing
rules (BR is the name of the thiBlisinessRu)e

ON Eventl Actionl

Actionl NEXT BR

BR: IF Condl THEN Action2 ELSE Action4

Action2 NEXT Action3

Action3 NEXT Action8

Action4 NEXT Action5

Action4 NEXT Action6

Action6 NEXT Action7

Action7 NEXT Action8
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Often problemccur at thanterface points betweefctionsor betweerBusinessProcesses
Therefore, weexplicitly modelprocess interfaces (relationshigerfacesTan Fig. 9). A process
interface is a relationship betweemo Actionsthat, according toBusinessRulescommunicate
with one another. We alsdentify and model interfaces betweBnsinessProcesseBrocess in-
terfaces are described in terms of objects that are transferred among processes. An OBJECT is a
family of features such adaterial, DocumentInformation File, Database etc. OBJECTSs are
produced andeceived by processes (relationshipesceivesand Producesin Fig. 9). OBJECT
propertiesncludeattributes, methods and constraints. Some oAti®nscan be often mapped
into OBJECT methods. Faxample,Action “print invoice” is likely to be amethod “Print” of
document “Invoice”. OBJECT modetse important athey integratehe business model with a
model of softwaresystems that we have to buildgopport reengineered businegsocesses. As
the actuaimembers ofeaturefamily OBJECTare domain-specific, thewre defined incustom-

ized business models. We shall discuss OBJECT modeling later in the paper.

4.3. Modeling properties of features and relationships

Features and feature relationships hanaperties. Airame[1] is asyntacticalstructure to de-
fine feature properties. Faach feature, we have a correspondmage (withthe same name)
that definedeature’s properties. Each propefigis a name, value type and an optional value.
Propertyvalues can be defined any level offeature inheritancaetwork and arsubject to in-
heritance. Properties can lggouped intospecification sectionsProperty namesare unique
within a section. Section namageunique within aeature’s frameStar*’ following a property
or thespecification sectiomamedenotes mitiple occurrence of thiproperty or section in the
frame.

Propertyvalue types include usual basic types suchEXT (freetext), INTEGER,(n:m) (a
range of integers between n and m), REAL, BOOL, CHAR, DATE and MONBtlt-in types
are written incapital letters. Often usqatopertyvalue type is an enumeration. Enumerated key-
words appear in round brackets, ®xample, QMTYPE = (Cost, Duration, Resource, Effi-
ciency, Effectiveness, Adaptability) describes various types of quality measures ctUNME=
(minute,hour, week, month, yeadescribes time units. Value types also incladastraints and
assertions expressed in a formal notation (value type FORMAL).sk¢sv examples of
FORMAL terms later in the paper.

User-defined value types include enumeration fagdtedclassification schemgL3]. Faceted
classification consists of set of typed keywordsype name consists ééaturename followed

by keyword FACETS, such a€ompanyGoal-FACETS irthe example below. Company-
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Goal-FACETS might specify the nature of aCompanyGoal For example, CompanyGoal
“increase revenue from sales” might be specified by types of issues involved: [Activity : Sales],
[Measure : Money], [Objective : Increase], etclists of keywordsare useduniformly across
features, facetedlassification scheme enablese toselectivelyextract features relevant to a
certain aspect-or example,one could retrievall the CompanyGoalselevant to sales. Facets
provide a flexible mechanism for extending pre-defined feature descriptions, whenever necessary.
Each property value domain includes a special symbol: NULL representing an undefined value.
When a new frame isreatedall properties arénitialized to NULL, unless withinthe frame of
this featurg(or within anyparentframe inthe inheritancenetwork), a property igiven a default
value.
Below we describe frames for some of the features.
CompanyGoal
goal-name : TEXT ident
goal-description : TEXT
goal-specs : CompanyGoal-FACETS
priority : (1:5)
current-rating : (1:5)
target-rating : (1:5)
evaluation-method : TEXT
due-date : DATE
end CompanyGoal
Explanations Underlined ident indicates that @ompanyGoalis identified by a unique
goal-nameQOther propertieslescribeCompanyGoal'riority on thescale between 1 and 5, as-
sess currenevel of CompanyGoal'ssatisfaction, explaifmow to evaluate thievel of Compa-
nyGoal'ssatisfaction and provide the date by which@oenpanyGoashould be met.
SubProcesseare related t€CompanyGoalgFig. 6). Properties ofelationshipContributesTo
include:
ContributesTo (SubProcess, CompanyGoal)
description-of-contribution : TEXT
evaluation-method : TEXT
current-rating : (1:5)
target-rating : (1:5)

end ContributesTo
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QualityMeasuresdescribe quality-related characteristicsRvbcessesuch asefficiency, ef-
fectiveness, adaptability, time/resource requirementst, etc. Featur®ualityMeasurehas the
following frame structure:

QualityMeasure
gm-name : TEXT ident
gm-type : QM-TYPE
gm-description : TEXT
gm-unit : QM-UNIT
current-value : INTEGER
target-value : INTEGER
target-value-description : TEXT
calculatioamethod : TEXT
importance-rating : (1:5)
source : TEXT

end QualityMeasure

Explanations QM-TYPE is abuilt-in enumeration that identifiethe type of the Busi-
nessProcess: QM-TYPE (€ost, Duration, Resourcé&fficiency, Effectiveness, Adaptability).
QM-UNIT is also a built-in enumeration that includes units of measure su¢hVHS-UNITS,
Money/TIME-UNIT, Man/TIME-UNIT, (n:m), etc. The range (n:m) defines the rating scale with
no particular unit of measure.

Processesire described bQualityMeasuregrelationshipDescribesin Fig. 6).Often the busi-
ness procese-engineering goals can be expressed in terms of expected improvenierus-of
essquality characteristics.

The reader can find more examples of frames in the appendix.

5. Modeling alternative re-engineering solutions

Fig. 11 shows how wenodel alternative business re-engineering solutionsttamonpact of
proposed improvements othe business. We use inheritance to modEImmonalties
(BP-commoph and differences betweeBusinessProcessebefore BP-beforg@ and after
re-engineering BP-aften. Next, wemodel Problemsthat impede @usinessProcesfkeasons
that causeProblemsto occurand Solutionsto Problems Application of Solutionsresults in
re-engineered@usinessProcesse$helevel of procesamprovement is evaluatetirough corre-
spondingQualityMeasuresrelated to agiven BusinessProcesdAttributes of relationship Im-

proves (Solution, BusinessProcess)del the overall improvementate. This relationship also
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describeghe way proposedsolutionsimproveother BusinessProcesseSolution’simpact on a
company as a whole aptured byelationships Affects (Solutiomusiness re-engineering-goal)

and Affects (Solution, CompanyProcess). Improvemenhetevel of Actionsis modeled in a

similar way. The business re-engineering impact diagrams (Fig. 4) can be developed based on the

business re-engineering solution models of Fig. 11.

BP-common BPR-goall

CompanyProcess

BP-after

Impedes

Reason

Fig. 11. Modeling improvements of business processes

Notice that in modling features, we doot distinguish between a class and its instances: de-
rived features inherit athe propertiesrom parentsogethemwith values ofany propertiegnitial-
ized atthe superclaskevel. New features can be derived framistingones. We us@heritance
rules that allow us to hide, redefine and refine inheptegertyvalues. We described modeling

rules useful in organizing business and software specifications in [11].

6. Modeling objects

OBJECT is a family ofeatures such dglaterial, Document Data, Information File, Data-
base etc. OBJECT propertigacludeattributes, methods and constraints. Process interfaces are
described in terms of OBJECTSs. \Wed OBJECT models useful integrating business models
with models ofsoftwaresystems thabne needs tbuild to support reengineered business proc-
esses.
OBJECT frames contaithree sectionslescribing ®BJECT attributes, methods and con-
straints:
FeatureName : OBJECT
attributes { }
methods { }

object-constraints {}



15

end FeatureName
The detail properties of OBJEC&se domain-specific. Thewreidentified duringanalysis of
a given business domain and specified in a customized business Tetefore, we do not
standardize OBJECifames anyurther. Anexample belovehows a framér OBJECTBookin
a library system:
Book : OBJECT
attributes {
CatalogNo  : Cat-Nadent
Title : TEXT
#copies - INTEGER
Status : (borrowed, reserved, available) }
methods {
RegisterNew() : Action
CheckOut() : Action
Checkin() : Action
Reserve() : Action
INTEGER IsOverdue() : Action }
object-constraints {
Reserve().pre-condition = (Status=available)
ChecklIn().post-condition = (Status=available)
CheckOut().post-condition = (Status=borrowed) }
end Book
‘Cat-No’ is a set ofvalid catalognumbersfor Books The value ofattribute ‘Status’ is a
user-defined enumeratioNotice that,unlike properties of non-OBJECT features, OBJECT at-
tributes argarely assigned values. This is becaileframe Book describeshe wholecollection
of books rather than instances of this collection. Methods are identified by method sighatures
includemethodname and opdinal returned type and argument tydestail propertiesof meth-
ods aredescribed by separat&ction frames thatare linked to the frame Book Method
‘IsOverdue()’ says how many day8aokis overdue. Constraints describe OBJECT's properties
in terms of rules and equations. The first constisags that onlypooks notavailablecan be re-
served. The second constrasalys thabnce checketh, abook isavailablefor loan andhe last

one - that after checking out, a book is not available for loan.
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As during business re-engineeriagention is focused on processes, some of the authors do
not consider modeling obbjects essentigll5]. However, wefeel that modelingbjects offers
the following three advantages to business re-engineering:

1. With objects we can better describe interfaces among processes.
An interface between Actionl and Action2 can be computed as intersection of two sets:
{x : Produces (Actionl, x) h {x : Receives (Action2, x)}
where Producesand Receivesare relationships indicated in Fig. 9. Furthermaiee results of
Actionscan be described in termsAdtion’simpact on object’s attributes.
2. During object analysis we can capture rules that characterize business operations in general.

During BusinessProcesnodeling,BusinessRuleare captured anstance level.For example,
thefirst constraint irnthe frameBookexplicates such a general rule. This rule might be never rec-
ognized if attention wasot paid to objects. Wenclude rules that involve onlgne object into
the ‘object-constraints’ section of object’s frame. Here are more examples of rules:

0 < Book.#copiex 10
Meaning There should be no more than 10 copies of a given title in a library.

if LibMember.Type=studenben O < LibMember.#booksBorrowed 5
Meaning This rule says thagtudentlibrary membersannot borrow more that 5 books. Here,
LibMember is an OBJECT feature with attributes ‘Type’ (udefined enumeration) and
‘#tbooksBorrowed’ (INTEGER).

Many interesting rules involvenore than one object. Wapecify such rules outside object

frames:
if Book.IsOverduer 10and Borrowed (LibMemberBook)
then LibMember.SendReminder (Book)
Meaning If a Bookis overdue for more that 10 days, seachinder to d.ibMemberwho bor-
rowed theBook Borrowedis a relationship betwednbMemberandBook

We describe rules and constraints such as abawetimformal andinformal way. In this pa-
per, we do notliscussthe details of formahotations for constraints and rule specification. The
reader is referred to other papers [2,12] for naetails. Capturing rules in a formabtation
during business modeling can beneficial, particularly ithe notation isntuitive and under-
standable to business analysts.

3. Object models form a natural link between business modelsddivdaresystems that we

must build to support business operations after re-engineering.
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Some of the objects correspond to entities thihbe/represented in future softwasgstems.
Software requirements can be formulated in terms of such objects afivdtthet software ar-
chitecture can be derived from them. In particular, a conceptual moitel oéntral database for
softwaresystems can be derived from objattributes and relationships. Sometbé object
methods form sound candidates for software modules. Consequently, with object models, busi-
ness analysis, businepsocessre-engineering and future software development efforts can be

addressed within a common modeling framework.

7. A user interface to a business knowledge model

A generic business knowledge model must be customized before it caed®n aspecific
re-engineering project. We customize thedel by modifyingproperties of features and relation-
ships, bymodifying domainsnd values oproperties and bgefining company-specifi©BJECT
features. A customizeousiness model is instantiated when we indertactuabusinessnowl-
edge into the repository in the course of Itiginess re-engineerimpyoject. Asindicated in Fig.
2, a re-engineeringxpert must customize a genemodel by handHowever,many nm-experts
will be interacting with the business knowledge model during a business re-engipeejead; It
is the role of thdusiness re-engineerirtigols tohide the complexity ofthe business model and
to enablenon-experts to &gy interact with the model. Ithis section, we discussxamples of
user-level views othe business model displayed by suodols. Ourexamplesare based on the
generic business knowledge model. Examples of customized models and views fienived

customized models will be described in another publication.

7.1. A company structure view

An organization structureiew (Fig. 12) shows how authorityesponsibilities and activities
are delegated down into the organizatidhis diagram also reflectse communication paths in
the organization. The main features that we represemiggrartmentsandRoles Different types
of links are used tdlistinguishthe inter-departmerntommunication from hierarchical relation-
ships.Rolescan be modeled separately fr@apartmentsHowever this may make it difficult to
model relations betwedRolesin differentDepartmentsHence, we alsmodelRolesat thesame

level asDepartments
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7.2.

Department |
A
Department Department Department
Al A2 A3

——

Department
A3.1

Department
A3.2

Fig. 12. An organization structure view

Process views

%

Proceswiewsdepicted in Fig. 13, 14nd 15 are derivellom processnodels of Fig. 6 and 9.

At the top level (Fig. 13), theCompanyProcess modeledtogetherwith the Customerswho

supplyOBJECTSs (i.e. materials, information, servicets,.) to thecompany, andhose who buy

OBJECTSs (i.e. productservicesgtc.) from the company. This givethe highestlevel view of
the company as a whole.

Customerl Customer3
Customer2 Customer4
Fig. 13. A company process view
Customerl Customer3
Customer2

Customer4

)

Fig. 14. A business area view
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The companyprocessview is linked tothe businessareaview (Fig. 14). Thebusiness area
view showsCustomerghat provide inputs to anget outputdrom different businesareas. In-
teractions between business areas are also shown.

4 )

Customerl Customer3

. BPR-goal

) explode

. ~ explode- - BPy before
"what" \e>\<plode
properties R
f BP .
© y "show properties” and BPy after

"explode" are CASE editor

commands

N /

Fig. 15. A business process view

/ BPR iterations \

BPR-goal x1 }(—{ BPR-goal x2 H BPR-goal x3

Affects Affects Affects
exlpodes

exp\lodes
N ‘ BP before x1 ‘ J BP before x2 BP before x3 ‘
777777777777 I- S .
h |
BP after x1.1 ‘ ‘ BP after x2.1 BP after x3.1 ‘
becgmes
/ BP after x1.2 ‘ BP after x2.2 BP after x3.2 ‘

Y Y Y
Y Y Y

‘ BP after x1. ‘ / BP after x2.j ‘ / BP after x3.j ‘

/A A
! ! !

‘BPafterxl.n ‘ ‘BPafteer.n ‘ BP after x3.n ‘

selected

BP before x1: current BP in ith BPR iteration

KBP after xi.j : ith BPR iteration, jth alternative solution /

Fig. 16. Business re-engineering alternatives and iterations
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Each businesarea can be further exploded to its compormrginessprocesses (Figls).

Each businessrocess can bienked toprocessvision (featureBPR-goa), current processiodel
(BP-beforé and re-engineered proce&s (after).

A view of Fig. 16depicts alternative re-engineering solutions and iteratoes business re-
engineering cycles. Businepsocess “BPx” evolvesover threere-engineering iterations. In the
first iteration, “BPx” has “BPR-goal x1'This goal affectdhe currentbusinessprocess (“BP
before x1”).And it provides a directioffior the design of some alternative business processes
which will meet the targeted improvements. These alternatives are depicted by “BP after x1.1” to
“BP after x1.n". From these alternatives, one is selected (“BP after x1.2iMmpementation. In
time, business environment and technology evolve8RR-goalscan evolvetoo (“BPR-goal
x2" evolves from “BPR-goal x2"). Hence, in the next iteration, “BP after x1.2” becomes the cur-
rentbusinesprocess (“BP before x2”), and tlogcle repets. EachBusinessProcess exploded

into an Action flow chart such as one in Fig. 10.

8. How do we use a business knowledge model?

Let us start bystating who and how is going to use thesiness knowledge moddiwo dif-
ferent stakeholders use the modemelybusiness analystasnddesigners of tool$or business

understanding and re-engineering.

* To business analysts
the model drivesthe process obusiness re-engineering plannititat precedes thactual
re-engineering of physical business processes. In particular, the business knowledge model:
defines a common vocabulary to talk about business,
identifies types of business knowledge that must be collected,
defines conceptual schema for that knowledge,

defines parameters by which the quality of business processes can be judged,

ok wDbd PR

provides a reference model business re-engineering methods and technigésh ex-

tract and use business knowledge,

6. captures enougkemanticsabout thebusiness tosupport themany types of business
analysis required in business re-engineering,

7. maintains @oodbalance between formal amdormal knowledge to reflect various modes
of business analysteperation (informal, creative “soft” thinking and formahnalytic
“hard” thinking)

8. can be customized to realities of a given company and to needs of a dpesiifess

re-engineering project.
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The business analystse not supposed to wodirectly withthe model. Tools are needed to
provide an easy interface tbe model and to enablide model to play aole of an active and
useful assistant in business re-engineepngjects. Thebusiness model defines an internal
mechanisnfor tools that webuild around the model. The role tfols is to provide aeasy, in-

tuitive and diagram-based access to the business knowledge.

* To the designers of tools for business understanding and re-engineering
the business knowledge model provides a bamisautomation of some of the routine tasks
involved in businesprocess rengineering. In particulathe business knowledge model de-
finesconceptual schentfar a repository wherall the business knowledgeilbe stored and
throughwhich various business re-engineertogls can be integrated. Thghysicalreposi-
tory schema and customizéabls for agiven company and a specific business re-engineering
project can be automatically generated from the customized business knowledge model.
As thebusiness knowledge modehnnot not bdixed once forall, animportant requirement
for an automated business re-engineering environment is flexibility. The tools should be adaptable
to versions of a generic business model customized to specific business re-engineering projects.
To satisfy this requirement, wese a CASE generator that aaonstruct editorérom specifica-
tions of maleling methods. Business modeiews described irchapter 7 are supported by
graphicaleditors.Business knowledge mxtractedfrom diagrams andtored in the repository.
We buildthe repository according to thmisiness knowledge model schema. Tdyository is
implemented in PROLOG.
We also implemented a business knowledge acquisition taalgportinterviews with com-
pany staff. An interview assistant taalpportsusinesprocesge-engineering facilitator in con-
ducting interviews and in feeding knowledge acquired during question/answer sessions into the
repository.Finally, weexperimented with types of impact, performance and quatiysisthat
areroutinely done durindpusiness re-engineering planning. We réier reader to [10] for a de-

tailed description of our tool prototypes.

9. Conclusions

In this paper, weformalized information requirementsr business re-engineering within a
business knowledge model. Wise knowledge representation methodsowdd the business
model. Our model plays the following two major roles:

1. The business model provides a reference nfodélusinesprocesge-engineering methods
Business re-engineering techniques (such as intervggasgpware businesprocess model-

ing, performance analysigind methods (such as processplification and re-designing
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process interfaces) can be related torttoelel and organizedround it. In particular, for
each business re-engineering method/technidpganformation that must be collected, the
impact on business, etc. can be expressed in terms of the business knowledge model.
2. The business model defines the schema for a reposittrg lmiisiness knowledg&.ools can
be implementedround the repository to providesanple,userfriendly access to the busi-
ness knowledge acquiredtime course of @usiness re-engineeripgoject. Weimplemented
tool prototypes thahelp in business knowledge acquisitidisplay information irthe form
of diagrams and support various types of business knowledge analysis [10].

We started a projeaetith the Temaselolytechnic in which we shadlvaluate, customize and
refine our business model anols. In the future, welan to addressusiness re-engineering
methodology issues. If heuristic rules reflecting knowlealgeutre-engineering methods could
be identified, thertools could also providassistance fodecision making and methodological

guidance through out the business re-engineering project.
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Apendix A. Examples of feature frames from the generic business knowledge model
The following frame describes properties of feaBusinessProcesses

BusinessProcess
BP-name : TEXT ident
BP-description : TEXT
BP-specs : BusinessProcess-FACETS
pre-condition : TEXT
post-condition : TEXT
cycles-per-time-unit {
#cycles : INTEGER
time-unit : TIME-UNIT
variance : (n:m) }
business process re-engineering-indicators {
BP-owner : Role
(AddsValueToCustomer : Customer)*
(AddsValueToProcess : BusinessProcess)*
accumulated-value-added {
overall-rating-of-added-value : INTEGER
target-rating : INTEGER
added-value-description : TEXT
added-value-specs : AddsValueTo-FACETS }
#staff-required-to-complete-BP : QualityMeasure
duration : QualityMeasure
cost : QualityMeasure
efficiency : QualityMeasure
effectiveness : QualityMeasure
adaptability : QualityMeasure
overall-quality-rating {
rating : (1:5)
description : TEXT }
percentage-of-activities-handled-as-exceptions : (0:100)
percentage-of-on-time-completions : (0:100)
time-to-respond-to-customer : TIME
#errors-per-BP-cycle : INTEGER
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overtime-increase : (1:100)
#staff-increase : (1:100)
optimization-level : (1:5)
automation-level : (1:5) }
(information-system-requirements : InformationSystem)*
end BusinessProcess

Explanations Property ‘pre-conditiondescribes requirements that must be satisfied before a
BusinessProcessanstart. Property ‘postondition’ describeshe state obusinessupon com-
pletion of aBusinessProces$’roperty‘cyclespertime-unit’ is astructure thahas threedata
elements as its components. Section ‘business process re-engineering-indicators’ contains process
characteristics that are important fmrsinesgprocess re-engineeringor completeness, we in-
cluded references to relevaBiisinessProcesssto this sectionProperty ‘BP-owner’ shows the
Role of the process owner. (Notice thiais propertydefines a relationshipetween theBusi-
nessProcesandRole named ‘businesgrocesge-engineeringpwner’.) The totalvalue-added of
a BusinessProcess represented by a propergccumulated-valuadded’. The last property
describes requirements forformation systems thaire needed iorder to support th@&usi-
nessProcess

Frames foBusinessRuleare defined as follows:

NextRule
rule-name : TEXT ident
rule-description : TEXT
rule-specs : Rule-FACETS
next-task {
task-type : (Action, Rule)
task-name : TEXT }
end NextRule
IfElseRule
rule-name : TEXT ident
rule-description : TEXT
rule-specs : Rule-FACETS
condition {
cond-description : TEXT
cond-specs : FORMAL }
then-task {
task-type : (Action, Rule)
task-name : TEXT }
else-task {
task-type : (Action, Rule)
task-name : TEXT }
end IfElseRule



