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Abstract. Companies are more and more focusing on their corepetencies,
outsourcing business tasks to their business parthreorder to support collabora-
tion between business partners, adequate informaystems need to be built
automating inter-organizational business proceSgas bases for such information
systems aréusiness components combining software artefacts from different ven-
dors to applications which are individual to eacistomer. The crucial factors in
identifying and building reusable, marketable aali-sontained business compo-
nents are the appropriateness and the quality eofutiderlying business domain
models. This paper therefore introduces a proaasthé identification of business
components based on amterprise ontology, being a business domain model satis-
fying well defined quality criteria.

1. Introduction

The software components of an information systeah shipport directly the activi-
ties in an enterprise are usually calladiness components [1, 2]. All other soft-
ware components are considered either to deliveices to these business com-
ponents or to offer some general functionality. Tdentification of business com-
ponents thus is the first step in the developméminoinformation system accord-
ing to current standards (component-based, objeetted etc.). Needless to say
that this step is a very crucial one and that itsemuently should be performed at
the highest possible level of quality. The startpant is the set of requirements
that have been elicited from the business domaigquRements engineering is still
a weak link, although considerable progress has besde since it is being based
on a business domain model. These models offerra oigective starting point for
extracting requirements and a more objective @oitefor evaluating them than the
traditional ‘waiter strategy’ [3]. In a very truersse however, this new approach to



2 Antonia Albani, Jan L.G. Dietz and Johannes MZdha

engineering requirements only shifts the problemamoearlier stage instead of
solving it. The crucial factor now is the appropeizess and the quality of the busi-
ness domain model. In [4] some quality criteria pireposed regarding a business
domain model, which we adopt for our current resear
* It should make a clear and well-founded distinctimiween theessential
business actions and informational actions. Fomgta, requesting a sup-
plier to deliver articles is essential, but compgtthe amount of articles is
informational (it is no new fact, only the outcomfea computation).
« It should have the right granularity or level otale "Right" means in this
respect: finding the actions that atemic from the business point of view.
They may be composite only in their implementatidrar example, the re-
quest to a supplier is atomic from the businesstpdfiview, but to perform
a request by postal mail, a number of non-essemtibns have to be taken
like mailing the order form, transporting it andidering it to the supplier.
« It should becomplete, i.e. it should contain everything that is necegsad
it should not contain anything that is irrelevafs. will be shown in the se-
quel, this requirement is probably the most hargatsfy since it is com-
mon practice in most organizations to perform sa&Mdnds of coordination
acts tacitly, according to the rule "no news isgjoews".
We will call a business domain model that satisflesse requirements amnter-
prise ontology. The goal of the research that is reported in pliser is to identify
business components on the basis of an enterpnieéogy. It builds on previous
work regarding enterprise ontology [5] and regagdiusiness components [6, 7].
The outline of the paper is as follows. In sec@oithe method is presented that we
apply to arrive at a right ontological model of @merprise and to derive from this
model the business components. In section 3, thkadds applied to the example
of strategic supply network development (SSND)resorted in [8, 9]. On the
basis of the ontological model that is the outcarhsection 3, we derive the corre-
sponding business components in section 4. Dismossif the findings as well as
the conclusions that can be drawn are provideddtien 5.

2. The method and the example case

A precondition to component based development pfiegtion systems by using
business components is a stable component modetdbr to obtain stable busi-
ness component models, a well defined identificafioocess is necessary. The
basis for the identification of reusable, marketabhd self-contained business
components is an appropriate and high quality ssidomain model. Such a
model not only serves to satisfy the requiremeatsaf single application system
but rather for a family of systems — and thereforea certain domain. In order to
achieve that, we adapted the Business ComponenelMigdBCM) [6] process by
modeling the business domain using an enterprisglagy as introduced in sec-
tion 1. An overview of the adaptedbmponent Based Domain Analysis phase of
the BCM process is given in Fig. 1. In this paper eoncentrate on theomain
Scope and theBusiness Components | dentification sub phases and will not describe
the Specification sub phase.
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Fig. 1 Component Based Analysis Phase of the BCM process

In the Domain Scope sub phase, the method that is used for constgutiie ontol-
ogy of an enterprise is taken from DEMO (Design &gibeering Methodology for
Organizations) [10-12]. As is explained in [10, Hlfistinction is made between
production acts and facts and coordination actsfaot$. The transaction axiom
puts these acts/facts together in the standarérpatf the (business) transaction.
Consequently, two worlds are distinguished: thedpation world (P-world) and
the coordination world (C-world). The complete datpcal model of an organiza-
tion in DEMO consists of four aspect models (Fig. 2

Organization Construction Diagram

V—‘;\

Actor Transaction Diagram Actor Bank Diagram

Bank Contents Table

Object Fact Diagram
Object Property Table

Action Rule Specifications

Transaction Result Table

Process Step Diagram

Information Use Table

Fig. 2 The four aspect models

The Construction Model (CM) specifies the compaositithe environment and the
structure of the organization: the identified tract®on types and the associated
actor roles, as well as the information links betéhe actor roles and production
banks or coordination banks. The Process Model (Bdjains for every transac-
tion type in the CM the specific transaction pattef the transaction type. Next to
these patterns, it contains the causal and conditi@lationships between transac-
tions. The Action Model (AM) specifies the actiarias that serve as guidelines for
the actors in dealing with their agenda. It corgaime or more action rules for
every agendum type. These rules are grouped aogptdithe actor roles that are
distinguished. The State Model (SM) specifies thiityetypes and fact types in the
P-world, but only those object classes, fact tygras ontological coexistence rules
that are contained in the AM.

In Fig. 2, the CM triangle is split by a dashectlin a left and a right part. This has
got to do with the logical sequence of producing éispect models. First, the left
part of the CM can be made straight away afterdweapplied the elicitation pro-
cedure as discussed in [13]. It contains the adtifleences among actor roles,
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through their being initiator or executor of a gaation type. The CM is expressed
in an Actor Transaction Diagram (ATD) and a Tratisec Result Table (TRT).
Next, the Process Step Diagram (PSD), which reptese part of the PM, is pro-
duced, and after that the AM, which is expresseddtion Rule Specifications
(ARS). The action rules are expressed in a pselgisithmic language, by which
an optimal balance is achieved between readalaility preciseness. Then the SM
is produced, expressed in an Object Fact DiagraRDjCGand an Object Property
Table (OPT). Next, the right part of the CM is puodd. It consists of an Actor
Bank Diagram (ABD) and a Bank Contents Table (BGQTually the Actor Bank
Diagram is drawn as an extension of the Actor Taatisn Diagram. Together they
constitute the Organization Construction Diagrarc ). After that we are able to
complete the PM with the Information Use Table (JUT

Having defined the enterprise ontology, the congpieformation related to the
business domain is available in order to identifgihess components as denoted in
the Business Components I dentification sub phase of the BCM process in Fig. 1. In
order to optimize the process of identifying highality, reusable and marketable
business components the Business Components Idetitih (BCl) method is
used. BCl is based upon the Business System PR(B®BP) [14] method and has
been modified for the field of business componedentification. BCI takes as
input the object classes and fact types from thea®il the process steps from the
PM, obtained from the domain scope phase and suiredam the Create/Use
Table (CUT), an extension of the IUT. Using a genefgorithm a number of
possible solutions (component models) are generatedder to select the most
suitable solution fitting best to the specified kifyeactors. One of the most impor-
tant quality factors concerning component modelghés minimal communication
between components. The result of the BCI is anrattsbusiness component
model with defined dependencies between components.

To illustrate the domain scope and component ifieation sub phases with their
resulting diagrams and models, the BCM procespjdied to the domain of stra-
tegic supply network development in the next sestiofThe main tasks in the do-
main of strategic supply network development defigan the tasks of strategic
sourcing. The most evident changes regard the inxtwith cross-enterprise
focus. Purchasing has become a core function iergnges in the 90ies. Current
empiric research shows a significant correlatiotwben the establishment of a
strategic purchasing function and the financialcess of an enterprise, independ-
ent from the industry surveyed [15]. One of the niogortant factors in this con-
nection is the buyer-supplier-relationship. At mafythe surveyed companies, a
close cooperation between buyer and supplier iasasech as long-term planning,
product development and coordination of producpoocesses led to process im-
provements and resulting cost reductions that whaged between buyer and sup-
pliers [15]. In practice, supplier development isl@ly limited to suppliers in tier-
1. With respect to the superior importance of sigpplevelopment we postulated
the extension of the traditional frame of referemeestrategic sourcing from a
supplier-centric to a supply-network-scope [8],itee further development of the
strategic supplier development to a strategic supetwork development. This
refocuses the object of reference in the field teditegic sourcing by analysing
supplier networks instead of single suppliers.
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3. Constructing the ontology of the SSND case

This section contains the result of applying thehoé for constructing the ontol-
ogy of an enterprise, as presented above, to thdbS%se. Space limitations pro-
hibit us to provide a more extensive account of hb& models in the figures be-
low are arrived at. Also, we will not present aridcdss the action rules. Fig. 3
exhibits the Organization Construction Diagram (QCDhe Transaction Result
Table (TRT) that belongs to it is shown in Table 1.

caoo: tier n company

CAO01 / \ / \ A2 companies (0N
e N0 N7 A -
pany|  ofierimg | | engineering
A01
/ \ @ CA02
AO03
N N7

N\ AO4 data of tier n+1
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N | cvatastor
o

Fig. 3. Organization Construction Diagram of the SSND case

transaction type resulting P-event type

TO1 offering PEO1 supply contract C is offered

TO2 engineering PEO2 the BoM of assembly A is determined
TO3 exploring PEO03 supply contract C is a potential contrac
TO4 evaluating PE04 supply contract C is evaluated

TO5 concluding PEO5 supply contract C is concluded

Table 1. Transaction Result Table of the SSND case

The top or starting transaction type is TO1. Instanof TO1 are initiated by the
environmental actor role CAO1, which is a compamytiér n-1 and executed by
actor role AO1. This company asks for an offer rdiay the supply of a particular
product P. In order to make such an offer, AO1 fingiates a T02, in order to get
the bill of material of P. This is a list of (firvel) components of P, produced by
A02. Next, A01 asks AO03 for every such componergédboffers from companies
that are able to supply the component. So, a numb#ransactions TO3 may be
carried through within one T0O1, namely as manyhaset are components of P. In
order to execute each of these transactions, A83dask companies for an offer
regarding the supply of a component of P. Since ihiidentical to the starting
transaction TO1, we model this also as initiating0d. Now however, the executor
of the TO1 is a company in tier n+1. Consequetlkig,model that is shown in Fig.
3 must be understood as to be repeated recursivegvery tier until the products
to be supplied are elementary, i.e. hon-decompesaiidte that, because of the
being recursive, an offer (the result of a TO1) pases the complete bill of mate-
rial of the concerned component of P. Every offenf the companies in tier n+1 is
evaluated in a TO4. So, there is a T04 for evetygot’ TO1, whereby each com-
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pany can use their own evaluation and decisionsrulée result of a T04 is a
graded offer for some component of P. So, what &@i8/ers back to A0l is a set
of graded offers for every component of P. NextlABks A05, for every compo-
nent of P, to select the best offer. The resuét &t of concluded offers, one for
every component of P. This set is delivered to AGistly, AO1 delivers a contract
offer for supplying P, together with the set of cluded offers for delivering the

components of P. Because of the recursive charattee whole model, this offer

includes the complete bill of material of P, redesd its depth. The OCD in Fig. 3
contains three external production banks. Bank P& htains the data about a
company that are relevant for the evaluation oérsff Bank CPB02 contains the
different evaluation methods that can be appliaceVery instance of T04, one of
these methods is applied. CPB03 contains idergifiérall companies that may be
addressed for an offer. Lastly, in the transactEsult table (Table 1), the supply
of product by a (supplying) company to a (custongerppany is called a contract.

N —
A0 offerer A03: snginesrer
7~ engineering [z

for -1 company

7~ Doffering

9 offerin
[ro3 g

Fig. 4 Process Step Diagram of the SSND case

Fig. 4 exhibits the process step diagram of the ($8Bse. It shows how the dis-
tinct transaction types are related. From the st@tepm (promised) a humber of
transactions TO3 (possibly none) and a numberaoistictions TO5 (possibly none)
are initiated, namely for every first-level companhef a product. This is expressed
by the cardinality range 0..k. Likewise, from thiate T03/pm, a humber of trans-
actions TO1 and a number of transactions T04 atiated, namely for every offer

or contract regarding a first-level component opraduct. The dashed arrows,
from an accept state (e.g. T02/ac) to some othes#ction state, represent waiting
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conditions. So, for example, the performance 0D&/fg has to wait for the being
performed of the T02/ac. Fig. 5 exhibits the object diagram and Table 2 the
object property table. Together they constitute $tate Model of the example

case.
PEO3
¢
Cis a potential
contract
[ sc [ cc | P
CONTRACT supplies product P te
C is concluded X ASSEMBLY
PEOL PEO4, A
[
C js evaluated
C is offered
EVALUATION M c
C is evaluated with M assembly A is
determined
Fig. 5 Object Fact Diagram of the SSND case

property type object class scale
< company information > COMPANY < aggregated data >
< contract terms > CONTRACT < aggregated data >
sub_products(*) PRODUCT set of PRODUCT
#sub_products(*) PRODUCT NUMBER
companies(*) PRODUCT set of COMPANY
sub_contracts(*) CONTRACT set of CONTRACT
evaluation_mark CONTRACT NUMBER
evaluation_marks(*) CONTRACT set of NUMBER

Table 2. Object Property Table of the SSND case

Properties are nothing more or less than binarytfges that happen to be a pure
mathematical function of which the range is seusfjally ordered, values, called a
scale. The OFD is a variant of the ORM model [IBlamonds represent unary
fact types that are the result of transactiongy akldled a production event type.
They correspond with the transaction results inl&db An ellipse around a fact
type or a role defines a concept in an extensiaagl, i.e. by specifying the object
class that is its extension. For example, the sdliground the ternary fact type “SC
supplies product P to CC” defines the concept aitre@t. The ellipse around the
production event type “C is evaluated” defines thacept of evaluated contract.
Lastly, the ellipse around the role “A” of the fagpe “P is a part of A” defines all
assemblies, i.e. all products that do have pafts.property types marked by “(*)”

in the OPT are derived fact types. The derivatidas are as follows:
sub_products (P) ={X | X is a produand X is a part of P}
#sub_products(P) = cgslib_products (P));

companies(P) = {X | X is a compargnd X supplies P to the ‘this

company’};

sub_contracts(C) = {X | X is a contraamd the product of X is Zand the

product of C is Yand Z is a part of Y};
evaluation_marks (C) = {X | X is an evaluation mafiC};
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object class or fact type process steps

PRODUCT TO1/rq TO1/pm TO02/rg TO2/pMd2/st TO2/ac TO3/rq TO3/pm

product P is a part of product A T02/st TO3/pm

the BoM of assembly A is determined T02/ac

COMPANY TO01/rg TO3/pm T04/pm

< company information > TO4/pm T04/st

CONTRACT TO1/rq TO1/pm TO2/ac TO3/f@3/pm TO1/st TO1/ac TO4/rq
TO4/pm T04/st TO4/ac TO3/st TO3/ac TO5/rq TO5/pm TO5/st
TO5/ac

< contract terms > TO5/st

supply contract C is offered T0l/ac

supply contract C is a potential contract T03/ac

supply contract C is evaluated with method M T04/ac

supply contract C is concluded T05/ac

EVALUATION METHOD TO4/pm TO4/st

sub_products(*) T02/st TO3/rq TO3/pm

#sub_products(*) T02/st TO3/rq

companies(*) TO03/pm

sub_contracts(*) TO3/pm TO3/st TO1/st TO3/ac TO4/rq TO4/ac

evaluation_mark(*) T04/st TO4/ac TO3/st T0O4/pm TO3/ac

evaluation_marks(*) TO3/st

Table 3. Create/Use Table of the SSND case

Table 3 exhibits the Create/Use Table of the SSKgeclt consists of an Informa-
tion Use Table, extended with the process stepghioh an instance of an object
type or fact type is created. These steps areggriimt italics, as are the fact types
that are production event types.

4. ldentifying Business Componentsfor the SSND case

Based on the enterprise ontology introduced inptfe¥ious section and providing
a complete and formal description of the businesmain, business components
for the domain of strategic supply network develepimare identified in this sec-
tion and the resulting component framework is idtroed.

The underlying idea of business components comhinagponents from different
vendors to an application which is individual tacleacustomer. This principle of
modular black-box design demands reusable, marketablf-contained, reliable
and manageable business components. Thereforaigimebs components need to
provide services at the right level of granulaetd a formal and complete specifi-
cation of its external view. The description of tegecification step of the BCM
process is not within the scope of this paper ekudt for the identification of busi-
ness components, an enhanced version of the Basasponent Identification
(BCI) [6] method is applied to the SSND domain @&described next.

The basis for BCI builds the Create/Use table {&dgle 3) of the enterprise ontol-
ogy. In a first step a matrix is built defining thelationships between the object
class respectively fact types and the single pctaps, gained from the Cre-
ate/Use Table. The relationships are visualizeertimgy “C” and “U” in the matrix.
“C” denotes that the object class respectively fgpes arecreated in a specific
process step and “U” denotes theage of informational data by a given process
step. In changing the order of the rows and thamaok and placing the “C” as far
left and as up as possible in the matrix, groupeetaftionships can be recognized
(see Fig. 6). These groups identify potential beséncomponents.
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Fig. 6 Business Components Identification Matrix

In order to ensure optimal grouping regarding resgliimetrics — such as minimal
communication between components, maximum compsgtoEcomponents — an
optimization problem needs to be solved for whicgeaetic algorithm has been
developed. The genetic algorithm starts with a gfiedd solution (specific as-
signment of process steps to components) and \iteitating, generates better
solutions using mutation and crossing-over of thetlgenerated solutions avail-
able. For any iteration, the algorithm assigns gacess step to a potential com-
ponent (1, 2, 3, etc) and evaluates the potentiatisn with the following quality
function:

q=2.> em(ps,io), p(ps),r(io)) (4.1)
ps io
ps: process step in the matrix (row)
io: information object (object class or fact type)tie tmatrix (column)
p(ps) — N : assignment of psto a component] N 4.2
r(io) — N ; assignment of aio to a component] N (4.3)
m(ps,io)J1'C’,'u’,'0't: content of matrix entrycteate;use;other)  (4.4)
. . »(m(ps,io)): p(ps) =r(io)
e(m(ps,io),p(ps),r( o)) = {Q Wy : (4.5)
€ (M(Ps,i0)) : p(ps) # r(io)
_ 0: m(ps,io) ='u'c
e, (m(ps,io))= . (4.6)
0.1: m(ps,io) ='0'
0:m(ps,io) ='0'
e (M(ps;io))=31: m(ps,io) ='u' (4.7

+00:m(ps,io) ='c'
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The evaluation function (4.5) evaluates for eacteipiial solution any entry in the
matrix as follows. Entries which areuse or acreate and located in a component
are evaluated with the value 0, anything else auated with a 0.1see formula
4.6). Entries outside a component which ausesare evaluated with 1 andceeate
with +00 (see formula 4.7). The quality function (4.1) céddes the entire sum
over each evaluation for all entries in the matAfter all iterations themin(q)
provides the best component solutions for a givatring whereby different solu-
tions with the samain(g) may exist. That means that eleates are located inside
a component, fewses are outside of the components and father (empty en-
tries) are inside a component, fulfilling the regdi metrics of minimal communi-
cation and maximum compactness.

The result of the BCI is an abstract business compbmodel with already de-
fined dependencies between components. The depdedesre defined by the
uses which are located outside the components and wdriehsubstitute by arrows
as shown in Fig. 7.

Obiject class
and fact types

method

Process Steps &
Component Services

lsupply contract C is evaluated with method M

lsupply contract C is a potential contract
lsupply contract C is concluded

lsupply contract C is offered

product P is part of product A

lthe BoM of assembly A is determined

lcontract
Isub_contracts
lcontract terms
product
lsub_products
[#sub_products
levaluation_results
levaluation_result

03/pm (generate sub-contracts)

05/st (define contract terms;

03/ac (select sub-contracts’

04/ac (request sub-contract selection;
01/st (offer contract)

04/rq (aggregate sub-contract)

01/pm (offer contract)

01/ac (offer contract) 1
[T02/st (execute BoM explosion)

[T03/rq (request contract)

[T02/ac (execute BoM explosion)

01/rq (request offer)

[T02/rq (execute BoM explosion)

[T02/pm (execute BoM explosion;

[T03/st (define best sub-contract)

04/pm (evaluate contract)
04/st (provide evaluation result)

Supply Network Contract
Development

Product Manager

Manager

[External banks [mm

[Business C. 1

Fig. 7 Identified SSND Business Components

The first business component shown in Fig. 7 offenvices for the development
of the contract offers for the whole supply netwarid is therefore callesupply
network contract development. The second business component is responsible for
the specification of products and for the executibthe bill of material explosion
and is therefore calleproduct manager. The last component identified is the one
responsible for thevaluation of the offered contracts.

For the business components identified, the sesuibey provide need to be de-
fined. Single process steps need therefore to bigresd to component services.
The mapping for the strategic supply network dewmelent domain is shown in
Fig. 7 in the rowprocess steps and component services. As can be seen, some
process steps are mapped one to one to busineg®rent services, e.go3/pm

is mapped ta@enerate sub-contracts, or TO5/st is mapped talefine contract terms,
whereas other process steps are combined to omebsi£omponent service e.g.
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TOl/st, TO/pm, TOLl/ac are all mapped to one and the same component servic
offer contract. Fig. 8 shows the refined business component meihl the ser-
vices defined for each component.

T ExecuteBoMexplosion(A) T OfferContraci(C) T SelectSubContracts(C; DefineBestSubContract(C)
<<component>> —o T
<<component>> E s E ConcludeContract(C) <<component>> E
Product Manager Supply Network Contract )
9 Development [—oO GenerateSubContracts(C} Evaluation Manager
l DefineContractTerms(C} l AggregateSubContracts (C [PC] J) EvaluateContracl(C)

Fig. 8 SSND Business Components with provided Services

The information for the mapping of process stepdusiness component ser-
vices is gained from the action rules of the enteepontology. A detailed descrip-
tion of the mapping would go beyond the scope f paper. The deployment of
the components and their communication can betiited in using different types
of diagrams, such as deployment and sequence diagfidese diagrams allow the
evaluation of the metrics applied and serve to awprthem. The deployment of
the components is part of the Component Based DoBesign phase of the BCM
process. For a detailed description of this prostss please refer to [6].

5. Conclusion

In this paper, we have addressed the problem atifgisng business components,
defined as the highest level software componemtsthe software components that
directly support business activities. Although camgnt-based software develop-
ment may be superior to more traditional approaciidsaves the problem of re-
quirements engineering unsolved. Put differenttyg tomponent-based approach
provides no criteria for determining that a setdehtified components is complete
(no component is missing) and minimal (there areeslundant components). Next
to that, it provides no means for determining tbapof departure, i.e. an appro-
priate model of the business domain.

The method presented and demonstrated in this phy@s solve these problems.
First, the enterprise ontology constructed by meainBEMO is an appropriate
model of the business domain. It satisfies the ityuatiteria as proposed in the
introduction. As a consequence, the identified tess components do really and
directly support the business activities in whidligimal new facts are created.
Moreover, since the process steps (cf. Fig. 4ptomic from the business point of
view, one can be sure to have found the most éwel lof granularity that has to be
taken into account. Also, one can be sure thatstiof process steps is complete
and minimal.

Second, the BCI method, based on the resulting @l tables of the enterprise
ontology, provides an automated approach for teatification of business com-
ponents satisfying defined metrics which are reievar the development of reus-
able, marketable and self-contained business coemienThe metrics defined in
this paper — being minimal communication betweeth maximum compactness of
business components — are the basic metrics faraimponent-based development
of inter-organizational business applications famgion the deployment of com-
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ponents which can be on different enterprise systéwditional metrics can easily
be added to the BCI method in extending the gemdgiorithm. Further investiga-
tion is needed in evaluating reliability and stapilof the resulting component
models.
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