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Abstract

Tools can provideuseful assistancdor business re-engineering planning.
Activities such as business knowledge acquisition, busipessess mdeling,
performance, quality and impaeialysis allcan be done moreffectively if
supported by proper tools. In this paper, we describe a design sdendisiness
understanding and re-engineeritapls that is based osystematic modeling of
business knowledge. The business knowledge model forms conceptual schema for
the tool repository. We start byuilding a generic businessodel. As both the
model and required tool characteristics vary from company to comparfyoamd
one business re-engineeringoject to another, we customize tgeneric model
and tools to reflect needs ofjiven company and a business re-engineerniogegt
in hand. We achieve a requiréglel of tool flexibility by applyingmeta-CASE
techniques. Thehysical epository schema and todleemselvesre automatically
generated fronthe customizedusiness model specifications. time paper, we
describe components of an integrated computer-ddsohess understanding and
re-engineering tool environment. We illustrate benefitbwiding tools on arich
business model, focusing awols andanalysis methods that havenot been
extensively described iother sources. In particular, waescribe an interview
assistant tool, support fanpact analysisnethods and an end-user quityguage
in which auser candefine new businesanalysismethods,not supported by a
generic tool environment.

I. Introduction

No company is so perfect thedinnot be changed ftetter. Thescale and type of required
changes varies from a company to compdhgugh. While some companies require radical
re-thinking of businesgrocesses [8], othersay benefit from improvemertL0] or innovation
[6] of existingoperations. In yebther companiesTQM may be all vinat is required. Irthis
paper, we use terrousiness re-engineerin® meanthe manytypes of operationdbusiness
transformation described in the literature applied in practic6,7,8,9,10,20]. To control
and re-engineer business one needs to thoroughly understand business operations in the context
of companystrategic goalscompany culture and in terms blisinessoperationefficiency
measures. The premisetbe work reported ithis paper is that toolsan ease a compléask



of building upthe understanding difusiness situatiorMany suchtools have been developed
[7,9,20]. Most tools provide graphical editors for diagramming business processesalBame
one tospecify performance characteristics ander tosimulate business behavif20]. Yet
other tools provide repository facilities and front-ends for groupware approach [7].

What is the role of tools inbusiness understanding and re-engineering? Business
re-engineering is often driven bytangiblefactors of an economic, sociological, organizational
and psychologicahature - is there a room for tools? No douhisiness re-engineering is a
creative thinkingprocess(like software orengineering design) and as sumdmnot befully
automated. But toolsan assist business analysts in business re-engineering, just like CASE
tools assist software engineers in software design. Sontkeahformation that is collected
and analyzed during business re-engineering can be expressed in machine-processable,
accurate, complete and consistEin andstored in acentral repositorye.g., in arelational
database)Many business re-engineering planning activities tbam beeffectively suppaed
by toolsbuilt around such a repositorfpusiness re-engineering must be master-minded and
conducted by humans, with tools playing the role of assistants.

Business models artdols that webuild reflect this human-centerathture of thebusiness
re-engineeringrocess. Based diusiness re-engineering methods and case studies described
in the literature, wedentified the requirements for ComputAided Business Understanding
and Re-engineeringpols, CABUR for short. Thefollowing is a list ofmost important tool
requirements:

support for mliiple modes ofbusiness knowledge acquisitigguch as groupware and
interviews with company staff),

some of thebusiness characteristics shoulddbered inprecise form, to enable automatic
simulation of process behavjoanalysis of businesgrocess performanceuality and
impact analysis,

graphical editorsshould allow analysts to manipulate busingsscesses in théeorm of
diagrams,

all the business information acquired duriggoupware,interviews andproducedduring
workshop sessions should be stored in the meaningful formepoasitory,

tools should beintegratedthrough the repository, i.e., the results of one tool’s action
should be visible to other tools,

a high-evel query facility should be provided to obtain iiple business views from the
repository, to answer user’s questions ah@uitous characteristics of businegserations
and to specify non-standard types of analysis of business knowledge,

toolsshould be based on a wide range of generic ¢oepany and re-engineeringopect
independent) models and functions. tAe same timestrong customization capabilities
should be provided to makeols and repository speak thasiness language specific to a
company and to a business re-engineering project in hand.



The above requirements amot easy to satisfy butfor practical reasons, can bwrdly
compromised. To meet these requirements, we neeapply advanced tool engineering
solutions that integrate concepts of repository-based meta-GASHEess modelingethods,
business knowledge acquisitiomethods, knowledge representation, performance/quality
analysisand business simulation. Sutdols cannot béuilt in an adhoc way.They must be
based on avell-defined,comprehensive model of business knowledde businessnodel
should identify information that is to beollected, analyzed andnderstood in course of
business re-engineering plannifidne representation structures to captusiness knowledge

in a meaningful, machinprocessable form should be also provided. The business model must
capture enougkemanticsabout thebusiness tesupport themanytypes of businesanalysis
required in business re-engineering. The business modehraurtain agoodbalance between
formal andinformal knowledge to reflect various modes of business analygesation
(informal, creative “soft” thinking and formal, analytic “hard” thinking, as explained in [7]).

Our approach to tootesign is based on systematic modeling of business knowledge
pertinent to business re-engineering. \Weld the core of theCABUR tool environment
around a generibusiness model. We deriyysical scheméor the tool repositoryrom the
business model, design a genehnigh-level repaitory query languagduild generic graphical
editors, knowledgeacquisition and impacanalysistools. We customize CABURtools to
realities of a specific company and to a re-enginegpimagect in hand by customizing the
generic business model first (Fif)). The business model is expressed in terms of generic
business features, their characteristics and dependencies between features. Model
customization is done by adding/deletibgsiness entities, entity characteristics and entity
dependency types. Then, a meta-CASE is used to re-gemeocddefrom thecustomized

business model.
generic business > business model f
model hand company XYZ

generate wit
meta-CASE

=

CABUR for

generic CABUR company XYZ

Fig. 1. Business model and tool customization

An important aspect obur approach isseparation of the internal representation of the
business model from businesswsthat areactuallypresented tdusiness analyst8Vhile the
role of thebusiness model is to provide a comprehensive description of business knowledge,
the role of CABURtools is to providemultiple, use-friendly views ofarious aspects of
businesoperations for ease of understanding. Bheiness model can leige, complex and



partially formal,but business viewgresented to the user should draphics-basedselective
and simple.

In thefollowing sections, we discuss relatedrk, describe business modelingncepts and
types of business re-engineering tasks supported by our tool prototypes.

[l. Related work

Many sources motivate and promolmisiness re-engineeringpproach, describéetail
business re-engineering methods [6,8,10] and dismas thatcan support business re-
engineering activitief7,9,20]. Toolsexist to help analysts in flow charting businespsses
as well as in mangypes of businesgdataanalysis[20]. Dennis[7] reports onpositive results
with groupware approach tbusiness modeling. Repository-basembls with front-ends
supporting groupware and IDEFO netidg method were used in reportedusiness
re-engineering experiments. APACHE] is a proprietary business process modeling
methodology andool. It supports dataollection, dataflow analysis,processflow diagrams
and provides reportinfacilities. Hanserj9] argues thatomplexity of business re-engineering
efforts requires scientificanalytical techniques. Non-analyticainformal approaches lead to
many failures of rengineeringprojects. Businessprocessbehavior depends omany,
interrelated parameters. Bghangingparameter values, we canodify processbehavior.
However, as th@umber of parametegrows, itbecomes increasingly difficult tonderstand
and control procesbehaviorthrough parametersSimulation and modeling caeffectively
reduce thecomplexity of thistask. Toolssuch as CAPRE[9] andithink [21] arebased on a
precise mathematical model that enables simulation of system behavior and performance
analysis.ithink concentrates oibusiness dynamicand views business as a systerasiB
modelingconcepts irnthink are processes, resources, flows, feedbabidays and policies.
While performanceanalysishas agood mathemtical model, itmay not beequally easy to
formalize other business characteristics that also require understanding and tuning. Yu and
Mylopoulos [22] show that by capturing goalsjles and methods we cdormally reason
aboutimplications of poposed busineggocess changes. We agree vattihors ofsimulation
and reasoningpols that a pssibly precise internal information modethe first necessargtep
towardsbuilding successfuiools. Wealso think that taeffectively supportbusiness analysts,
the underlying model should comprehensivelyver many aspects obusinessstructure and
dynamics. In addition to executabilitthe model shouldrecordmanykinds of dependencies
between business entities that have to do with understanding of business operations.

L CAPRE is a trademark of Computer Aided Process Improvement, West Chester, OH



lll. The generic business knowledge model

We refer the reader to [14] for fall description of thegeneric business model. In this
section, for completness, vibeiefly explainthe moaling method and the scope of thasiness
information that we model.

We assume a business re-engineering scenario basegapular, althougmot unique,
approach irwhich assessment of currentigedbusinesgprocesses is done prior to tesign
of improved businesprocesses [6,10]. Other approaches advocEsign of business
processes from scratch, basedammpany goals, to allovor radical changesvithout any
limitations that may be implied by the current way of doing things [8].

We apply knowledge engineerimgethodg1] to modelthe business knowledge. Weodel
business in terms deatures Features represebusiness entities that weawt to analyze
during business re-engineering aaobutwhich we want to store information. Features are
described by propertiesor example, featur@usinessProcessas properties such as process
name, ower, cost, worlflow, efficiency and many others. Featuresan be related one to
anotherusing inheritance, aggregation and association. Relationsiapalso haveproperties.
Types of propertyalues include usual basigpes,formal expressiondacetedclassification
schema[17] and informal text. In either caseeach feature propertidentifies a piece of
knowledge aboubusiness that must be collected durgrgupware sessionstaff interviews,
modeling workshop sessions orthrough monitoring the ongoinfusinessoperations. A
syntactic construct to describe properties of features and feature relationshifedisframe
the term that we borrodvom knowledge representation [1]. Frame slots contain properties of
features.
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Fig. 2. Major features in the business knowledge model

Fig. 2 depicts examples offeatures and feature relationships that we model. We use
Rumbaugh nation OMT [19] to model features and their relationships. Features are
represented by rectangular boxes, triangles représestitance andines between features
represent binary relationshipg3ots stand formany’ connectivity in a relationship link. The
meaning of a relationship link is clarified byr@le nameattached to a linKin italic). In the
inheritance link, garent feature appears abovettiengle and derived features appear below.
We believethe model of Fig. 2 is intuitive, so we onlyriefly comment on it. We see three
types of processes derived frombstract featureProcess namely CompanyProcess
BusinessProcesand Action (feature and relationshipamesstart with capital letters). We
model companyStrategy CompanyGoalsand Problemsthat impedeCompanyGoalsand
Processes We show how Solutions to Problems affect goals of businesprocess
re-engineering (featurBPR-goa). Value-added impact dProcesseson eachother and on
Customersare modeled by aamily of relationshipsAddsValueTo (Remark: A relationship
definedfor featureProcessapplies toall the features derived frofrocess) The model also
shows which BusinessProcessesand Actions contribute to which CompanyGoals
CompanyGoalsndBPR-goalsare organized into a hierarchy by relationgkifects Based on
featureQualityMeasure Processquality can be judgedteatureQualityMeasuredescribes the
quality of currentProcessesand quality requirements to be met by re-enginePredesses
Target values for Process characteristics areset up based on company standards and
world-class operation benchmarks. Some ofhe BPR-goals are expressed in terms of
QualityMeasuresBy examiningQualityMeasureswe select candidates fbusinesgprocess



re-engineering and evaluatee improvements of busineggsocessre-engineering to see how
businessprocessre-engineering goalsare met. Feature®roblem and BPR-goal reflect
application of business process re-engineering methods.

IV.  Atool environment for business understanding and re-engineering

Fig. 3 depicts groups of tools in a Compwteded Business Understanding and
Re-engineering (CABUR) environment.

Repository

conceptual leve
query mechanism

graphical editors fo

business modeling

nowledge acquisition
assistant

Fig. 3. Tools for business understanding and re-engineering

simulation tools

The prototype that we araurrently building is based on thgeneric business knowledge
model (as outlined in the last section afdly described in[14]). The objective of the
prototype is to validate critical design decisions and to evaluate typesoshated support for
business re-engineerinigat, in ouropinion, are importarut did not getenough attention in
toolsimplemented bythers. Below, welescribe a repositorfacility, a knowledge acquisition
assistantool, impact analysigools and ageneral querymechanisnfor analysis of business
information. We alsabriefly describeour graphical modelingeditor which is a standard
component of any CABUR tool environment.

A. A repository

A repository in a CABUR environmeplays a similarole to the CASE repository: it is a
centralstore forbusiness knowledge and provides mefansdata integration between tools.
All theinformation collected duringroupwarejnterviews, modelingvorkshops and through
monitoring of businesprocesses is stored in the repository in the meanifgiul. We derive
physical schemdor the repository bynormalizing the business knowledge modeAll the
businesdeatures, their properties and relationstdedined inthe business knowledgeodel
can be traced down to th@hysicalrepresentation in the repository.dar tool prototype, the
repository ismplemented irPROLOG. The advantage of PROLOG oveelational database
is that schema evolution in PROLOG is easier. This I§iegomodifications ofthe repository
schemaafter customization of théusiness model to reflect needs of a specific company.



PROLOG schema can be automaticalygemerated after most of timeodel customizations.
PROLOG schema can also be extendade thesystem is operationavithout affecting the
contents of the repository. Wiad such aflexibility of the paramount importance @esign of
CABUR tools. Impactanalysistools and ahigh-level queryfacility (described insection 4.4
and 4.5) can be conveniently designed on top of the PROLOG repository.

B. Knowledge acquisition tools

Dennis[7] describegools to support groupware. We drailding aknowledge acquisition
tool called an interview assistant. This t@oipports ausiness re-engineering facilitator in
conducting interviews witlthe company staff and in feeding business knowledge acquired
during question/answer sessions into the repository.

To the designthe interview assistant, we studied interview materials, types of questions
asked and modes of interactions between an interviewer and company staff. Wendanyed
interview questions fronthe business knowledge moddbr eachinformation item in the
business model, an interview question is designed to acquire that piece of information.

The interview assistant is based thie concept of aeneric questionAn example of a
generic question is “how londoes it take to condgte a givenprocess?”.Many concrete
guestionscan be obtained from a generic questidere areexamples ottoncrete questions:
“how long does it take to coplete thebusinesgrocess ofservicing cgtomer ordergfrom
accepting the customerder to delivering a product to a customer®d “how longdoes it
take to complete an action dilling the customer orddorm?”. These examples illustrate two
ways ofhow ageneric question can be instantiated. One way spazify an instance of a
feature (thebusinessprocess or actiomame in this case)anotherway is to replace a
superclass featurd’foces$ by a subclass featur®sinessProcesand Action see feature
models in Fig2). Of coursepnly concrete questions are asked durimgrviews. Westore
answers to the questionstino forms: as an informal texand in the meanirigl form, in the
repository. For example, if the answer to question “how long does it take to complete an action
of filling the customer orddorm?” is “10 minutes on average” théme property ‘duration’ of
theinstance of featurAction namedfill cu stomer ordeform” is assignedhe propewalue in
the repository.

To implement the above concept, we defined templates for generic questions and answers. A
template has typed slots. Slots refebtsiness moddeatures, feature properties and feature
relationships.For example, a generic question “how lodges it take to condgte agiven
process?” is specified as:

feature P ISA Process
<P.name=?> <P.duration=??>

The specification says that, to obtain concrete questions, ‘P’ canytbeature derivedrom
Process(Fig. 2) and that theame ofthe Processshould be given (a singbpiestion mark in
the duration slot). A double question mark indicates information items thextpeet to obtain



from the answerProcessduration, in this case. We coudéneralizehe above question in the
following way:

feature P ISA Process

feature-property prop

<P.name=?> <P.prop=??7>

This template can be instantiated tarouiry aboutvalue of anyproperty of a Processich
as duration, cost, quality, etc.

The internalmechanisnfor handling generiquestions is hidden frorthe user. The user
interface ofthe interview assistant helphe interviewer to instantiate questions, eéatract
business information frorthe answer and to insert the answer into the reposialgitional
guestions can be formulated and added to the repertogengfric andconcrete questions
during interviews, as necessary.

All the questions and answers atered in the repository. Groups @diestions relevant to
different businessispects can be selected fraime pull of interview questionsFor example,
guestions related tall the actions or t@pecificactions (such a$illing the customer order”)
or to certain feature properties, etc. can be selettes.is helpful inpreparing questions for
an interview and iranalysis ofthe business knowledge. The interview assistant provides a
flexible mechanism thatllows one to form multiple groupings of interview questions,
depending orhe situation thamay arise.For example the following categories ofnterview
guestions may be of interest:

general questions related to the company as a whole,

guestions related to identifying business processes,

guestions that lead to identifying problem areas in current business operations,
guestions related to specific business processes and actions,

guestions related to identifying solutions to problems,

guestions relevant to high managers,

guestions relevant to technical staff, etc.

We implemented arototypeinterview assistant with GURI$ystem. The tool il be used
on the business modeling project at the Temasek Polytechnic in Singapore.

C. Graphical editors

Diagrams can depict variousmensions of a company in an easy to comprehend way. For
example, companystructure and work flows can be depicted by suitable diagrams and
supported bygraphicaleditors. In [14], welescribed business views that can be obtanosol
thebusiness knwoledge model aswalpported by ougraphical modelingools. As arexample,
we shall briefly describe a work flow diagram.

2GURU is a trademark of MDBS, Inc
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Fig. 4. Business Process flow chart

In our business modeBusinessProcess@sechains ofActions(fig. 4). EachAction can be
further exploded into a more detatork flow chart. Action execution is governed by
BusinessRulesDiamonds mark decision points at which alternathations can be taken.
Issues that affec¢he decisionaremodeled as conditionBusinessRuledescribe whathappens
at decision points or indicate chains Aftions that can be performed in parall8iiming
constraints (such as “wait for hour beforesending areport”) are also modeled as
BusinessRuledn Fig. 4, Eventl triggers thBusinessProcesf.e., Actionlthat starts the
BusinessProcess) whose filstel of decomposition involves eighitctions. After Actionl is
completed, depending on condition ‘Cond1’, either Action2 or Action4 is initiated; Action3 is
initiated once Action2 is completed; when Action4 is completed, Actioa$ beperformed in
parallel with Action6 andhction?7. In the diagramsmallcircles markthe end points ofhains
of alternative or concurrerctions Fat arrows depidtows of business Objects (information,
documents, materials, decisior$;.) between Actions. Bylicking on icongActions, Events,
decision points and flowshe detailed properties ofgaven business element can be viewed or
entered. Properties of features can be modified during customization of the business model.

The semantics of diagrams defined withinthe business knowledge model and diagrams
provide usedffriendly presentations of (part of) theusiness model. Wheiior example, a
workflow diagram (such asne in Fig. 4) is used tonodel businesprocessesbusiness
knowledge is extracted from diagrams and stored in the repository.

We use MetaEdit to obtain editors required inur current tool prototypeMetaEdit
generates editors from non-procedwspécifications of a modelinmethod to be supported.
This is useful irthe context obuilding a business re-engineering environment, as diagramming
conventions can beasily changed as required. However, the MetaEdit tool do¢support
the concept of repository, so generated tools cannot be integratquhriisily overcomethis
limitation by building bridgesbetween graphicatditors and the PROLOG repository. As
MetaEdit has a powerfukportgeneratingacility, we can extracinformation from diagrams
and after re-formatting, feethe information intothe PROLOG repositoryThis solution
allows us to extract business knowledge from diagratose it in thecentral repository, check

$MetaEdit is a trademark of MetaCase Consulting Oy
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the consistency of information anatonduct many types of businessdata analysis.
Unfortunately, MetaEdit editors lacthe importfacility. This means that wean transfer
businessdata from editors tothe repository butnot in the opposite igction. So the
modifications of business data cannot be made transparent across editors. As different diagrams
operate on overlapping parts of t@siness model, lack of bio-directiorttacommunication
is a serious limitation. NevertheleddetaEditallows us to experiment wittmanyconcepts of
tools in a coseffective way. Based othe prototype, we starteathplementation othe tool
environment that W run on mitiple platformsand wil provide, apart frontustomization
capabilities, bio-directional bridges betweenls and the repositorfrhis new version ofools
we hope to develop with close cooperation with consultants who would be interegsatyin
our tools on realife re-engineering projects.

D. Impact analysis

Understanding thdéusiness means understanding complex relationships bebuseress
features and understanding timpact of detail characteristics of business features on the
business as a whole. Business re-engineering can be viewed as modificabasiness
features, their characteristics and their relationshipsadioeve quality and performance
improvements at the global level. In a complex business situation, comprehending the impact of
changes is a challenge. Understandimgdependencies between various aspectsusiness
and tracing thémpact of changes is an essence of business re-enginddrargfore, we tried
to explicate important types of dependencies between business festhiesour business
knowledge model. Toolsuilt around themodel can then help business analysts to evaluate the
impact of proposed modifications and assist them in seletiegptimal re-engineering
solution. To illustrate what we mean, letaxamine valueadded assessment and a framework
for evaluating alternative business re-engineering solutions.

Value-added assessment is one ofdkgential business re-engineering metH@8$ The
business modesupportsvalue-added assessmenttire following way. In Fig. 2, we have
relationshipAddsValueTdetweenProcessesand Customers As featureBusinessProcess
derived fromProcess an instance of this relationship applieBigssinessProcesseBroperties
of relationshipAddsValueTalescribe the overall impact oBaisinessProcessn Customers

AddsValueTo (BusinessProcess, Customer)

rating-of-added-value : INTEGER
target-rating : INTEGER
added-value-description : TEXT

end AddsValueTo

In addition to theoverall value-added impact ofBusinessProcessn Customerswe may
be interested in a more detail description of hdBusinessProcesactually affects &ustomer
(e.g.,which Customemeeds are affected byhich characteristics of BusinessProce8show
important is this impact for &ustome?). To address this, detail impact assertions can be
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specified athe featurenstance levelThefollowing schema describe impact thie duration of
BusinessProces®rderProcessing’ ofustomerBuyer’ need for timely delivery of goods:
Impacts (OrderProcessing.duration, Buyer.need.timely-delivery)
impact-rating : INTEGER
target-rating : INTEGER
impact-description : TEXT
end Impacts
The above schemt@getherwith relationship AddsValueTo (BusinessProcess, Customer)
form agroup ofdescriptions related to adding valueGastomer From Fig. 2 we also read
that BusinessProcesses can addlue to each o#r. Relationships AddsValueTo
(BusinessProcess, Customer) and AddsValueTo (BusinessProcess, Businessiogeibes)
with assertions form a descriptiontotal valueadded by &ubProcessThe totalvalue-added
rating is represented by a propet@#gcumulated-valuadded’ of aBusinessProcess/alue-
addedanalysiscan be also applied #te level of Actionsthat comprise @&usinessProcess
Actionsthat add no value can be then revised and, eventually, eliminated.

E. A user level query mechanism for business knowledge

Once thebusiness knowledge bageowsbig (andonly at thispoint it becomegpotentially
useful), it becomes more and mali#ficult to analyze comprehend and make sersé of the
storedknowledge. The role of tools is thsplay simplified, selective views tfie information,
focusing on a specifiaspect ofbusinessstructure orfunction that is to be analyzed and
understood. Aaumber ofstandard methods can bailt into a CABUR tool environment. Can
we, however, predict in advance all types of analysis of business information tinaaywant
to do during business re-engineering planning? Here are examples:

* what value does a given business process add to the customer?
» which customer needs are poorly addressed by a given business process?
* what problems are responsible for poor performance of a given business process?
* what are the reasons for these problems, possible solutions and what is the exjpeacted
of solutions on the performance of a business process?
» which staff update information in customer files?
* which processes read information from producer files?
* isinformation acquired from different sources consistent one with another?
* what information is missing to complete a given analysis task, e.g.,
¢ to identify business processes,
¢ to formulate a business process model,
¢ to evaluate the quality of a business process,
¢ to do comparative study between the two business re-engineering solutions.

Taking into account @eneric nature of CABURools, thevariety of companies and the

variety of business re-engineeringethods, probably weannot predicall kinds of queries,
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views and types aflataanalysis that may beeeded in business re-engineerpigjects.This
realization motivated us tdefine anend-usetevel businessjuerylanguageBQL for short. In

BQL, a business analyst carterrogate thédusiness knowledge base bis own andspecify

new, non-standard analysis methdiQL is based on the conceptitity-Relationship query
language$4,18] and on a program query language useoduntoolenvironmentfor program
understanding [13BQL queries are written in terms of the business knowledge model, such as
one outlined in section 3 and fully described in [14].

In BQL, each business modelature represents a setitsfinstances. Relationship signature
(for example, AddsValueTdProcess, Customer), represents a subsqtaot of feature
instances thaare involved in a relationship. Tupleray involvefeature instances asgell as
property values. Here are examples:

<Action, Problem, Consequence> set oftriples of instances of featuréstion, Problem
Consequenceespectively,

<Action, Role.name> - get of pairs first of which is an instance &fature Action and
second one is a property name of feaRioée

A BQL query specifies a tuple of elements to be retrieved. Elements may be feature instances
or property values. Here are examples:

SelectAction - this is one element tuple

SelectAction.name

Select<Action, Problem, Role.name>

In most situations, wavish to select a&ertain subset of elementather the wholeet. We
constrain properties of the target subsesmcifyingconditions to be satisfied by its elements.
Conditions are expressed in terms of:

) feature instances, property values and constants, and
) participation of features in relationships.

The following is a format of a business query:

selectcl ::= [namecl] declaratiorf Selectresult (with-cl | suchthatcl)*

Clauses in rectangular bracket® optional Star”* means repetition of O or more times.
Stepping from leftthe (optional)namecl gives a name to eetrievedview The declaratiors
introducesynonymdor featureqin SQL synonymsare calledrange variablesSynonyms can
be used in the remaining part of the query to mean a corresponding featuresulitepecifies
a view to beproduced. In thevith-cl, we constrain propertyalues(e.g.,Role.name="“clerk”).
The suchthatcl, specifies conditions iterms of relationship participation. Vxplain queries
by examplesAll the queries refer tbusiness knowledge model suchoag in Fig. 2. Here are
examples oBQL queries:

Q1.  Which problems impede action “fill-customer-order”?
SelectProblemsuch thatImpedes (Problem, Action)
with Action.act-name = “fill-customer-order”
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Explanation keywords are in boldDot ‘.’ notation means reference tihe propertyalue of
an feature. According to Fig. 2, relationsimppedesinvolvesfeaturesProblemandProcess
As featureActionis derived fronProcessrelationshigmpedesnay also involvé\ction
Q2. Which otheBPR-goalsare affected by the goal “reduce time to market by 5 days”?
BPR-goal bgl, bg2
Select bglsuch that Affects (bgl, bg2)

with bgl.goal-name="reduce time to market by 5 days”
Explanation declaration introduces two variables that repreB&R-goals
Q3. Whichcustomers are affected by tpeoblem of “lack ofcommuncation between
departments A and B”, problem id# 257
SelectCustomessuch that AddsValueTo (Process, Customand

Impedes (Problem, Procesajth Problem.id#=25
Q4. Which of the proposed business re-engineering solutions will affect customer Supplier?
SelectSolutionsuch that Affects (Solution, BPR-goaBnd Has (Process, BPR-goal)

and AddsValueTo (Process, Custometijh Customer.cust-name= “Supplier”

Q5. Which actions are impeded by more than 5 problems?
SelectAction such thatimpedes (Problem, Action>5)
Explanation constraint “>5"applies tothe number ofoccurrences of aAction as the second
argument in relationshijmpedesFirst argument is unconstrained.
Q6. Find Actions that are supported by at least one information system.

InformationSystem infoSyst
SelectAction such thatexists[infoSystsuch that Supports (infoSyst, Action)]
Q7. Find business processes that add no value to customers
BusinessProcess bp
Customer cust
Selectbp such thatnot exists[custsuch that AddsValueTo (bp, cust)]
Q8. List actions of businegsocess “Customer Service” along wjghoblems that impede
actions, reasons for problems and problem consequences.
BusinessProcess bp
Select<Action, Problem, Reason, Consequensech that ConsistsOf (bp, Action)

with bp.bp-name=“Customer Servicglich thatImpedes (Problem, Action)

and CausedBy (Problem, Reas@mnd Resultsin (Problem, Consequence)

V. Conclusions

Our approach talesigningtools for business understanding and re-engineering is based on
systematic modeling. We started by modeling business knowbeafieent to varioubusiness
analysistasks and rengineering transformations. We use knowledge representation methods
to build the business modelApart from providing a reference modébr business re-
engineeringnethodsour business model forms a ba&s building anintegrated, repository-
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-based tool environmeiior business understanding and re-engineering. physical schema

for the repository are derivdtbm the business modellools cansupport a range djusiness

re-engineering planning activities:

* business knowledge acquisititirough groupwaranterviews withthe company staff and
by measuring current business operations,

* modeling of various dimensions of company structure and operation using diagrams,

* impact analysis,

» performance, quality analysis and simulation of business processes,

» consistency checking, and

» evaluation of alternative business re-engineering solutions.

In the paper, we described a tomdlled an interview assistant, impamtalysisand a
user-level language to query the business knowledge.

The core obur tools isbuild around a generibusiness model. The generic businesslel
is customized to reflect theealities of a given company and of a business re-engineering
project in hand. Aftermodel customizationtools are re-generatefiom business model
specifications. The tool generation approach providesevel of flexibility required in aool
environment for business understanding and re-engineeriogr lprototype, weised a CASE
tool generator MetaEdit to obtagraphicaleditors, GURUsystem to implement an interview
assistant and PROLOG as a central repository.

We startecconvertingour prototypes into tools thaan be used on real projects. We want
to seek cooperation tlusiness re-engineering consultants in formulating further requirements
for our toolsand in testing tools oreal projectsTool requirements and designliwevolve
during the business modeling project at the Temasek Polytechnic in Singapore.
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Appendix. Sample diagrams produced with graphical business modeling tools

We used an XYZnerchandising company described'8tructuredSystems Development:
Analysis, Design, Implementation” blyowers, Cheney andCrow, as acase study. We
customized thegeneric business model describedlid] to obtain a business modr the
XYZ company. Then, we used MetaEdit to generate editorévierbusiness viewslerived
from the customized model. Ongew displaysthe companystructureand other fourviews
display the process structure.
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Fig. Al shows thdierarchy ofdepartments, where the “Ta@vel Management” oversees
the “Personnel” departmeniSales” department, eté&ny department can be further broken
down intosmaller unitgnot shown here). Departments interact with eatfer asshown by
dashed directelines. The “Sales” departmeimmvolvestwo roles,namely “salesassistant” and
“sales assistant (backorders)” and communication between the roles.

Fig. A2 shows thecompanyprocess that islivided intotwo businessareas(not shown).
Each businesarea can consist of sevefalisinessprocesses. Fig. A3 depicts part of a
businesprocess thatleals with processing custonmders. In case afomplex diagrams, it is

useful to filterout various details irorder to producsimplified views, focusing on aspects of
business to be analyzed (Fig. A4)
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Fig. A1 Company departments and roles
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= Draw'indow: write-customer-order operations [Process Model]
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Fig. A3 A part of a customer order processing diagram
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Fig. A4 A view focused on actions and values added to customers
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