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Abstract. The competitiveness of value networks is highly dependent on the 
cooperation between business partners and the interoperability of their informa-
tion systems. Innovations in information and communication technology (ICT), 
primarily the emergence of the Internet, offer possibilities to increase the inter-
operability of information systems and therefore enable inter-enterprise coop-
eration. For the design of inter-enterprise information systems, the concept of 
business component appears to be very promising. However, the identification 
of business components is strongly dependent on the appropriateness and the 
quality of the underlying business domain model. The ontological model of an 
enterprise – or an enterprise network – as presented in this article, is a high-
quality and very adequate business domain model. It provides all essential  
information that is necessary for the design of the supporting information sys-
tems, and at a level of abstraction that makes it also understandable for business 
people. The application of enterprise ontology for the identification of business 
components is clarified. To exemplify our approach, a practical case is taken 
from the domain of strategic supply network development. By doing this, a 
widespread problem of the practical application of inter-enterprise information 
systems is being addressed.  

1   Introduction 

Driven by drastic changing market conditions companies are facing an increasingly 
complex competitive landscape. Decisive factors such as globalization of sales and 
sourcing markets, shortened product life cycles, innovative pressure on products, ser-
vices and processes and customers’ request for individual products are forcing  
companies to undergo a drastic transformation of business processes as well as organ-
izational and managerial structures [1]. The shift from a function-oriented to a proc-
ess-oriented organization with a strong customer focus is essential in order to better 
adapt to fast changing market requirements and to become more flexible while meet-
ing individual customer demands. Within an enterprise the core business processes 
need to be identified, improved and (partly) automated, while at the same time other 
processes are outsourced to business partners [2, 3]. As a consequence, business  
processes concerning e.g. product development, market research, sales, production, 
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delivery and services are affected and have to be adjusted and integrated not only 
within a single company but also over multiple tiers of suppliers. Corporate networks, 
so called value networks [4-6], are formed to better fulfill specific customer requests 
providing customized products on time in the right quality and at a competitive price. 
In order to enhance the competitive advantages of value networks, the selection, de-
velopment, management and integration of respective suppliers, located not only in 
tier-1 but also in the subsequent tiers, is of great relevance for enabling effective co-
operation between enterprises. Modern information and communication technologies 
(ICT) – like the Internet, semantic standards, distributed applications, component 
based and service-oriented architectures – are necessary in order to enable the creation 
and management of dynamic corporate networks [7]. However, the deployment of 
information and communication technologies for enabling interoperability between 
business partners does not always meet expectations. At present, ICT-enabled value 
networks can be largely found in the form of rather small, flexible alliances of profes-
sionalized participants. The support of large value networks with multiple tiers of 
suppliers still causes considerable difficulties. The high degree of complexity result-
ing from dynamic changes in value networks is the main reason for the lack of practi-
cal implementations [8].  

Looking at the potential of enabling and improving inter-enterprise cooperation by 
applying ICT, this article contributes to that area by illustrating the benefits of  
enterprise ontology for the development of ICT-based value networks. For developing 
intra- and inter-enterprise information systems it is necessary to use a suitable meth-
odology for modeling the business domain satisfying defined quality criteria and for 
eliciting the relevant business requirements. Additionally, information systems need 
to be modeled on a level of abstraction that is understood also by the business people, 
who are defining the requirements and using the respective systems. The application 
of business components [9] for the design of high-level information systems appears 
to be adequate since they directly implement the business activities in an enterprise 
[9]. All other components are considered either to deliver services to these business 
components or to offer some general functionality. The identification of business 
components thus is the first step in the development of an information system accord-
ing to current standards (component-based, object-oriented, etc.). Needless to say that 
this step is a very crucial one and that it should be performed at the highest possible 
level of quality. In the area of business components identification the research initia-
tives are still scarce see [10-12]. Vitharana [13] recognized that more formal  
approaches are needed to make the component based paradigm into an effective de-
velopment tool. The starting point is the set of requirements that have been elicited 
from the business domain. Requirements engineering is still a weak link, although 
considerable improvements can be achieved if it is based on an appropriate and high-
quality business domain model. Such a model offers a more objective starting point 
for extracting requirements and a more objective criterion for evaluating them than 
the traditional ‘waiter strategy’ [14]. In a very true sense however, this new approach 
to engineering requirements shifts the problem only to an earlier stage instead of solv-
ing it. The crucial factors now are the appropriateness and the quality of the business 
domain model. In [15] some quality criteria are proposed regarding a business domain 
model, which we adopted for our current research: 
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• It should make a clear and well-founded distinction between the essential business 
and infological actions. For example, delivering services to customers is essential, 
but computing the price to be paid is infological (it doesn’t produce a new fact). 

• It should have the right granularity or level of detail. "Right" in this respect means: 
finding the actions that are atomic from the business point of view. They may be 
composite only in their implementations. For example, the request to a supplier is 
atomic from the business point of view, but to perform a request by postal mail, a 
number of other (non-essential) actions have to be taken like sending the order 
form, transporting it and delivering it to the supplier. 

• It should be complete, i.e. it should contain everything that is necessary and it 
should not contain anything that is irrelevant. As will be shown in the following, 
this requirement is probably the hardest to satisfy since it is common practice in 
most organizations to perform several kinds of coordination acts tacitly, according 
to the rule "no news is good news". 

We call a business domain model that satisfies these requirements an enterprise 
ontology. Several domain modeling techniques exist propagating the business specific 
aspect of enterprise modeling, but most of them do not satisfy the quality criteria just 
mentioned. Looking at business processes modeling techniques, being a relevant part 
of domain modeling, next to the traditional flow charts, there exist e.g. Petri Net [16, 
17], Event Driven Process Chains (EPC) [18] and Activity Diagrams [19]. However, 
in these techniques the notion of business processes is not well defined and there ex-
ists no distinction between business and infological actions. Consequently the differ-
ence between business processes and other kinds of process remains unclear. This 
leads to the conclusion that they do not specifically address business processes but 
can be used for any discrete event process. Other approaches, as e.g. from the Lan-
guage/Action Perspective (LAP), claim to offer a solution for the mismatch between 
social perspectives and technical perspectives by explicitly focusing on business spe-
cific communication patterns, where social beings achieve changes in the (object) 
world by means of communication acts [20]. The enterprise ontology [21, 22] meth-
odology is an approach that incorporates LAP and that additionally distinguishes  
between essential (business), infological and datalogical acts and facts, ultimately 
resulting in the distinction between three aspect organizations: the B-organization (B 
from business), the I-organization (I from infological), and the D-organization (D 
from datalogical). The apparent advantages of enterprise ontology – in particular the 
huge reduction of complexity [23] – led us to choose this methodology for modeling 
the business domain. 

This article builds on previous work regarding enterprise ontology [21, 22] and 
business components [24-26]. To exemplify the usability of the proposed enterprise 
ontology and the identification of business components the domain of strategic supply 
network development [27-29] is introduced as a practical application of inter-
enterprise information systems. The domain extends the frame of reference in strate-
gic sourcing from a supplier centric to a supply network perspective and addresses a 
widespread problem in the practical application of inter-enterprise information  
systems. It is structured as follows: in section 2 the domain of strategic supply net-
work development (SSND) is introduced. SSND is used throughout the article as an 
example domain for inter-enterprise cooperation. In section 3 we present the method 
that is used to arrive at a right ontological model of an enterprise. To illustrate it, the 



6 A. Albani and J.L.G. Dietz 

ontology of the SSND case is developed. In section 4, the method for identifying 
business components is applied to the SSND case. Discussions of the results as well 
as the conclusions that can be drawn are provided in section 5. 

2   The Domain of Strategic Supply Network Development 

The relevance of the purchasing function in enterprises has increased steadily over the 
past two decades. Till the 70’s, purchasing was widely considered an operational task 
with no apparent influence on long term planning and strategy development [30]. This 
narrow perspective was broadened by research that documented the positive influence 
that a targeted supplier cooperation and qualification could bring to a company's  
strategic options [31]. In the 80’s, trends spurred the recognition of the eminent im-
portance of the development and management of supplier relationships for gaining 
competitive advantages. Such trends were e.g., the growing globalization, the focus 
on core competencies in the value chain with connected in-sourcing and out-sourcing 
decisions, as well as new concepts in manufacturing. As a result, purchasing gradually 
gained strategic relevance on top of its operational and tactical relevance [32]. 

Based on these developments, purchasing has become a core function in the 90’s. 
Current empiric research shows a significant correlation between the establishment of 
a strategic purchasing function and the financial success of an enterprise, independent 
from the industry surveyed [33, p. 513]. One of the most important factors in this 
connection is the buyer-supplier-relationship. At many of the surveyed companies, a 
close cooperation between buyer and supplier led to process improvements and result-
ing cost reductions that were shared between buyer and suppliers [33, p. 516]. 

In practice, supplier development is widely limited to suppliers in tier-1, i.e. the di-
rect suppliers. With respect to the superior importance of supplier development, as 
mentioned above, we postulated the extension of the traditional frame of reference in 
strategic sourcing from a supplier-centric to a supply-network scope [27-29]. It means 
the further development of the strategic supplier development to a strategic supply 
network development. This shifted the perspective in the field of strategic sourcing to 
analyze multi-tier supplier networks instead of single suppliers.  

 

Fig. 1. Functional decomposition diagram for strategic supply network development 
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The tasks within the strategic supply network development can be grouped into 3 
main areas as illustrated in Fig. 1: strategic demand planning, strategic supply net-
work modeling and strategic supply network qualification [34].  

Within the function strategic demand planning, a corporate framework for all pur-
chasing-related activities is defined. This framework consists of a consistent and  
corporate-wide valid purchasing strategy (define purchasing strategy), a strategic 
demand planning and demand bundling function (plan strategic demand), and the 
definition of methods and tools to control performance and efficiency of purchasing 
and to establish a conflict management concept (define operational framework). 

The function strategic supply network modeling provides a methodology for the 
identification (identify strategic supply network), evaluation (evaluate strategic supply 
network) and selection (select strategic supply network) of potential suppliers, not only 
located in tier-1 but also in the subsequent tiers. Using evaluation criteria such as low-
est cost, shortest delivery time or best quality, and corresponding evaluation methods, 
the identified supply networks are evaluated. If there is a positive result on the evalua-
tion, the supply network is selected and contractually linked to the company. 

Within the function strategic supply network qualification, the quality of a  
performing supplier network is evaluated using evaluation criteria and evaluation 
methods (evaluate quality of supply network). Dependent on the result of the evalua-
tion, sanctions may be used to improve the quality of the supply network (improve 
quality of supply network). 

In this article we focus on the modeling of strategic supply networks and specifically 
on the identification sub-task. The reason for it is that compared to the traditional strate-
gic purchasing the supplier selection process undergoes the most evident changes in the 
shift to a supply network perspective. The expansion of the traditional frame of refer-
ence in strategic sourcing requires more information than merely data on existing and 
potential suppliers in tier-1. Instead, the supply networks connected with those suppliers 
have to be identified and evaluated, e.g., by comparing alternative supply networks. 
Since the identification of strategic supply networks builds the basis for the evaluation 
and selection, we introduce shortly the preliminary work done in the area of identifica-
tion and modeling of strategic supply networks [27, 29, 34]. 

To model and visualize the network in a structured way, a specific strategic de-
mand for a product to be manufactured is communicated from the OEM to existing 
and/or potential suppliers. Fig. 2 illustrates an example for an identification process 
and its results. In the example the OEM is connected to a potential network of suppli-
ers as shown in the left part of Fig. 2. It is assumed that the OEM needs to order two 
products externally, product 1 and product 2. During the identification process the 
OEM sends out demands for these products to its strategic suppliers in tier-1. In the 
example it is assumed that supplier 1-1 and supplier 1-2 get the demand for product 1 
while supplier 1-3, supplier 1-4 and supplier 1-5 receive the demand for product 2. 
These suppliers check whether they can fulfill the demand internally and, if not, send 
out subsequent demands to their respective suppliers. Each node executes the same 
process as described until the demand has reached the last tier. The requested infor-
mation is then returned to the OEM, aggregated and finally visualized as a supply 
network, in which each participant of the supply network constitutes a network node. 
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Fig. 2. Example for result of identification process 

This process may result in the identification of several possible supply networks as 
shown in the right part of Fig. 2, where e.g. product 1 can be provided by two supply 
networks, supply network 1 (root node S1-1) and supply network 2 (root node S1-2), 
whereas product 2 can only be provided by supply network 3. It is now up to the 
OEM to decide which of the potential strategic supply networks (in the example 
above for product 1) will be selected to fulfill its original demand. Therefore an 
evaluation process is necessary which has been introduced by the authors in [35]; it 
will not be elaborated in detail in this article. 

3   Enterprise Ontology and Its Application to the SSND Case 

As motivated in the introduction, we apply enterprise ontology for modeling the busi-
ness domain. The specific methodology that is used for constructing the ontology of 
an enterprise is DEMO (Design & Engineering Methodology for Organizations) [20, 
21, 36, 37]. As is explained in [21, 36, 37] a distinction is made between production 
acts and facts and coordination acts and facts. The transaction axiom aggregates these 
acts/facts into the standard pattern of the (business) transaction. Consequently, two 
worlds are distinguished: the production world (P-world) and the coordination world 
(C-world). The complete ontological model of an organization in DEMO consists of 
four aspect models (Fig. 3).  

The Construction Model (CM) specifies the composition, the environment and the 
structure of the organization. It contains the identified transaction types and the asso-
ciated actor roles and describes the links to production or coordination banks, where 
all production and coordination facts are stored. The Process Model (PM) details each 
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single transaction type of the CM according to the universal transaction pattern [21]. 
In addition, the causal and conditional relationships between transactions are exhib-
ited. The Action Model (AM) specifies the action rules that serve as guidelines for the 
actors in dealing with their agenda. It contains one or more action rules for every 
agendum type. The State Model (SM) specifies the object classes, fact types and onto-
logical coexistence rules in the production world. 

SMPM

AM

Actor Transaction Diagram

Information Use Table

Process Step Diagram

Action Rule Specifications

Object Property Table

Object Fact Diagram

Transaction Result Table Bank Contents Table

Actor Bank Diagram

CM

Organization Construction Diagram

 

Fig. 3. The four aspect models 

In Fig. 3 the CM triangle is split by a dashed line in a left and a right part. This is 
due to the logical sequence of producing the aspect models. First, the left part of the 
CM can be made straight away after having applied the elicitation procedure as dis-
cussed in [38]. It contains the active influences among actor roles, being initiator or 
executor of a transaction type. The CM is expressed in an Actor Transaction Diagram 
and a Transaction Result Table. Next, the Process Step Diagram, which represents a 
part of the PM, is produced and after that the AM, which contains the Action Rule 
Specifications. The action rules are expressed in a pseudo-algorithmic language, by 
which an optimal balance between readability and preciseness is achieved. Then the 
SM is produced, expressed in an Object Fact Diagram and an Object Property Table. 
Next, the right part of the CM is produced. It consists of an Actor Bank Diagram and 
a Bank Contents Table. Usually the Actor Bank Diagram is drawn as an extension of 
the Actor Transaction Diagram. Together they constitute the Organization Construc-
tion Diagram. After that we are able to complete the PM with the Information Use 
Table, showing which information is used in which process steps. 

Based on this method, the ontology for the SSND case has been constructed. Space 
limitations prohibit us to provide a more extensive account of how the models in the 
figures below are developed. Also, we will not present and discuss the action rules. 
Fig. 4 exhibits the Organization Construction Diagram. The corresponding Transac-
tion Result Table is shown in Table 1. 
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Fig. 4. Organization Construction Diagram of the SSND case 

Table 1. Transaction Result Table of the SSND case 

transaction type resulting P-event type 
T01  offering PE01  supply contract C is offered 
T02  engineering PE02  the BoM of assembly A is determined 
T03  exploring PE03  supply contract C is a potential contract 
T04  evaluating PE04  supply contract C is evaluated 
T05  concluding PE05  supply contract C is concluded 

The top or starting transaction type is the offering transaction T01. Instances of T01 
are initiated by the environmental actor role CA01, which is a company in tier n-1 and 
executed by actor role A01 (offerer). This company asks the direct supplier (company 
in tier-n) for an offer regarding the supply of a particular product P. In order to make 
such an offer, A01 first initiates an engineering transaction T02, in order to get the bill 
of material of the requested product P. This is a list of (first-level) components of P, 
produced by A02 (engineerer). Next, A01 asks A03 (explorer) for every such compo-
nent to get offers from companies that are able to supply the component. So, a number 
of exploring transactions T03 may be carried out within one T01, namely as many as 
there are components of P that are not produced by the tier-n company.  

In order to execute each of these transactions, A03 has to ask companies for an of-
fer regarding the supply of a component of P. Since this is identical to the starting 
transaction T01, we model this also as initiating a T01. Now however, the executor of 
the T01 is a company in tier (n+1). Consequently, the model that is shown in Fig. 4 
must be understood as to be repeated recursively for every tier until the products to be 
supplied are elementary, i.e. non-decomposable. Note that, because of the being re-
cursive, an offer (the result of a T01) comprises the complete bill of material of the 
concerned component of P. 
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Every offer from the companies in tier n+1 is evaluated in a T04 transaction by the 
actor role A04 (evaluator). So, there is a T04 for every ‘output’ T01, whereby each 
company can use their own evaluation and decision rules. The result of a T04 is a 
graded offer for some component of P. So, what A03 delivers back to A01 is a set of 
graded offers for every component of P. Next, A01 asks A05 (concluder), for every 
component of P, to select the best offer. The result is a set of concluded offers, one for 
every component of P. This set is delivered to A01. Lastly, A01 delivers a contract 
offer for supplying P, together with the set of concluded offers for delivering the 
components of P. Because of the recursive character of the whole model, this offer 
includes the complete bill of material of P, regardless its depth.  

 

Fig. 5. Process Step Diagram of the SSND case 
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Table 2. Assignment of process steps to shortcuts 

process steps names  shortcuts process steps names  Shortcuts 
request offering T01/rq state exploration T03/st 
promise offering T01/pm accept exploration T03/ac 
produce contract offering T01/ex request evaluation T04/rq 
state offering T01/st promise evaluation T04/pm 
accept offering T01/ac produce contract evaluation T04/ex 
request engineering T02/rq state evaluation T04/st 
promise engineering T02/pm accept evaluation T04/ac 
produce BoM explosion T02/ex request conclusion T05/rq 
state engineering T02/st promise conclusion T05/pm 
accept engineering T02/ac produce concluded contract T05/ex 
request exploration T03/rq state conclusion T05/st 
promise exploration T03/pm accept conclusion T05/ac 
produce potential contract T03/ex   

 
The Organization Construction Diagram in Fig. 4 contains three external produc-

tion banks. Bank CPB01 contains the data about a company that are relevant for the 
evaluation of offers. Bank CPB02 contains the different evaluation methods that can 
be applied. In every instance of T04, one of these methods is applied. CPB03 contains 
identifiers of all companies that may be addressed for an offer. Lastly, in the transac-
tion result table (Table 1), the supply of a product by a (supplying) company to a (cus-
tomer) company is called a contract.  

Fig. 5 exhibits the process step diagram of the SSDN case. Due to visualization 
reasons only shortcuts are listed for the single process steps. For real names see  
Table 2. The process step diagram is based on the universal transaction pattern [37]. It 
shows how the distinct transaction types are related. For the SSND example case, 
only the so-called basic pattern (request, promise, execute, state, accept) has been 
used.  
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C F
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Fig. 6. Object Fact Diagram of the SSND case 
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Table 3. Object Property Table of the SSND 

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 
suppliers(*) CONTRACT * PRODUCT set of COMPANY 
sub_contracts(*) CONTRACT set of CONTRACT 
evaluation_mark CONTRACT NUMBER 
evaluation_marks(*) CONTRACT set of NUMBER 

 
From the state T01/pm (promised) a number of transactions T03 (possibly none) 

and a number of transactions T05 (possibly none) are initiated, namely for every first-
level component of a product. This is expressed by the cardinality range 0..k.  
Likewise, from the state T03/pm, a number of transactions T01 and a number of 
transactions T04 are initiated, namely for every offer or contract regarding a first-
level component of a product. The dashed arrows, from an accept state (e.g. T02/ac) 
to some other transaction state, represent waiting conditions. So, for example, the 
performance of a T03/rq has to wait for the being performed of the T02/ac. 

Fig. 6 exhibits the Object Fact Diagram and Table 3 the Object Property Table. 
Together they constitute the State Model of the example case.  

The Object Fact Diagram is a variant of the Object Role Modeling (ORM) model 
[39]. One of the major differences is that the OFD contains diamond-shaped unary 
fact types for representing the results of transactions, i.e., the production fact types. 
They correspond with the transaction results in Table 1. A roundangle around a fact 
type or a role defines a concept in an extensional way, i.e. by specifying the object 
class that is its extension. For example, the roundangle around the production fact 
type “C is evaluated” defines the concept of evaluated contract. Lastly, the roundan-
gle around the role “A” of the fact type “P is a part of A” defines all assemblies, i.e. 
all products that do have parts. Properties are binary fact types that happen to be pure 
mathematical functions, of which the range is set of, usually ordered, values, called a 
scale. Instead of including them in an Object Fact Diagram they can be more conven-
iently represented in an Object Property Table. The property types marked by “(*)” in 
the Object Property Table are derived fact types. The derivation rules are as follows: 

 
sub_products (P)   = {X | X ∈ PRODUCT and X is a part of P}; 
#sub_products(P)  = card(sub_products (P)); 
suppliers(F,P)   = {X | X ∈ COMPANY and (∃Y ∈ CONTRACT: P is the 
      product of Y and X is the supplying company of Y and  
      F is the customer company of Y)}; 
sub_contracts(C)   = {X | X ∈ CONTRACT and the product of X is Z  
      and the product of C is Y and Z is a part of Y}; 
evaluation_marks (C) = {X | X is an evaluation mark of C}; 
 
The information items as defined in the SM, including the derived fact types, constitute 
all information that is needed to develop a supply network for a particular product. 
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4   Identification of Business Components in the SSND Case 

The set of ontological models of an enterprise, as discussed above, constitutes the 
basis for the identification of business components. A business component provides a 
set of services out of a given business domain through well-defined interfaces and 
hides its implementation [40]. The specification of a business component is defined as 
a “complete, unequivocal and precise description of its external view” [41]. The en-
terprise ontology, satisfying the quality criteria (introduced in section 1) of providing 
a complete domain model, being described at the right granularity or level of detail 
and modeling only the essential business actions provides the necessary basis for the 
realization of business components. The enterprise ontology for the SSND case con-
tains all essential information for that business domain. 

The business components identification (BCI) method [24-26] applied in this sec-
tion aims at grouping business tasks and their corresponding information objects into 
business components satisfying defined metrics. The metrics used – being loosely 
coupling and tight cohesion – are the basic metrics for the component-based devel-
opment of inter-enterprise business applications focusing on the deployment of com-
ponents that can be used in different enterprise systems [42-44]. According to the 
classification of business components identification methods by [44], the BCI method 
combines Clustering Analysis and CRUD (Create, Read, Update, Delete) based  
methods. With the BCI method we satisfy the recommendation of Wang et al. of 
combining current component identification methods in order to achieve satisfactory 
results. 

Since the identification of business components is strongly dependant on the un-
derlying business model, the BCI method uses the object classes and fact types from 
the State Model and the process steps from the Process Model, including their rela-
tionships. One can distinguish between three types of relationships necessary for the 
identification of business components. The relationship between single process steps, 
the relationship between information objects and the relationship between process 
steps and information objects. A relationship type distinguishes between subtypes 
expressing the significance of a relationship. E.g. the relationship between single 
process steps expresses – based on their cardinality constraints – how often a process 
step is executed within a transaction and therefore how close two process steps are 
related to each other in that business domain. The relationship between information 
objects defines how loosely or tightly the information objects are coupled, and the 
relationship between process steps and information objects defines whether a corre-
sponding information object is used, created or altered while executing the respective 
process step. All types of relationship are of great relevance in order to define which 
information object and process steps belong to which component. 

The relationships are modeled in the BCI method using a weighted graph. As the 
nodes represent information objects and process steps, the edges characterize the rela-
tionships between the nodes. Weights are used to define the different types and sub-
types of relationships and build the basis for assigning nodes and information objects 
to components. Due to display reasons the graph is visualized in a three-dimensional 
representation having the process steps and information objects arranged in circles, 
and without showing the corresponding weights (see Fig. 7).  
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Fig. 7. Relationships between process steps and information objects 

The graph shows all process steps and information objects as well as the relation-
ships between them. For the purpose of clarity, only the shortcuts of all nodes are 
shown. For the real names, please see Table 2 and Table 4.  

Table 4. Assignment of information object names to shortcuts 

information object name shortcut 
Product P 
Assembly A 
Contract C 
Evaluated Contract EC 
Potential Contract PC 
Concluded Contract CC 
Offered contract OC 

In order to ensure optimal grouping satisfying the defined metrics of loosely cou-
pling and tight cohesion, an optimization problem needs to be solved for which a ge-
netic algorithm has been developed. The algorithm starts with a predefined solution 
(specific assignment of process steps and information objects to components) and 
generates better solutions through iterations. The starting solution is generated using a 
greedy graph-partitioning algorithm [45]. Using a model that provides a complete 
description of the relevant business domain implicates that a better starting solution is 
generated. The quality of the starting solution determines the quality of the resulting 
business components. The enterprise ontology provides an adequate basis for gaining 
all relevant information for building an adequate starting solution.  
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For improving the starting solution, the Kernighan and Lin graph-partitioning algo-
rithm [46] has been applied. This algorithm calculates the internal and external costs 
of the defined partitions and minimizes the external costs, representing minimal 
communication between components, by exchanging nodes between different graph 
partitions. Internal costs are defined as the sum of all weights of edges within a com-
ponent, while external costs are defined as the sum of all weights of edges connecting 
nodes located in different partitions, and therefore in different components. Using this 
algorithm business component models have been generated for different business do-
mains, starting from modeling small business domains, e.g. the one of strategic supply 
network development as presented in this article, to a business domain in the area of 
Customer Relationship Management (CRM) and Supply Chain Management (SCM) 
with more then 500 information objects and 1000 business tasks [47, 48]. In the fol-
lowing we describe how the information of the enterprise ontology is used to build the 
weighted graph that constitutes the basis for identifying business components, based 
on the optimization algorithm just explained.  

The relationship between process steps is provided by the order in which they are 
executed (visualized by a link between two process steps). For the identification of 
business components we distinguish between standard, optional and main links, de-
fining the significance of the relationships between two process steps. This is ex-
pressed in Fig. 5 by the cardinality constraints assigned to the links. If a link has the 
cardinality range 0..1 we call it an optional link, since the following process step does 
not need to be executed. If the cardinality range is set to 0..n then we speak from a 
main link, indicating that the following process step is executed at least once. If no 
cardinality range is assigned to a link, we call it a standard link having the following 
process step executed exactly once. The different types of links are modeled by dif-
ferent weights in the graph. The process steps and their relationships are shown in 
Fig. 8, positioning all process steps as nodes in a circle and inserting edges for the 
relationship between two business services.  

Let us have a closer look at the information objects relevant for the information 
system to be built. Fig. 6 and Table 3 introduce different types of potential informa-
tion objects, namely the object classes, fact types and property types. Object classes  
 

 

Fig. 8. Relationship between process steps 
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that are provided by external information systems, are traded in a special way in BCI 
method. They concern the data that are contained in the external production banks 
(see Fig. 4). Due to space limitations we omit this kind of information here. The re-
maining information objects relevant for the component identification of the SSND 
case and their relationships are shown in Fig. 9. Regarding the different types of rela-
tionships between single information objects we distinguish between part-of, state-of 
and related-to expressed by means of edge weights. In the example case a ‘Contract’ 
(C) that has been evaluated is a state-of ‘Contract’ (C). Additionally, we have ‘Prod-
uct’ (P) being part-of ‘Assembly’ (A), whereas ‘Contract’ (C) is related-to a specific 
‘Product’ (P).  

 

Fig. 9. Relationship between information objects 

Next, the relationships between information objects and business services are ex-
amined. The information to define those relationships can be gained from the Cre-
ate/Use Table, see Table 5, which is an extension of the Information Use table of the 
enterprise ontology.  

Table 5. Create/Use Table of the SSND case 

object class or fact type process steps 
PRODUCT T01/rq T01/pm T02/ex T02/rq T02/pm T02/st 

T02/ac T03/rq T03/pm 
product P is a part of product A T02/ac  
the BoM of assembly A is determined T02/ac 
ASSEMBLY T02/ex T03/ex 
CONTRACT T01/ex T01/st T01/ac T03/ex T03/st T03/ac T04/ex 

T04/rq T04/pm T04/st T04/ac T05/ex T05/rq 
T05/pm T05/st T05/ac 

supply contract C is offered T01/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  

 
It contains object classes and fact types that are assigned to specific process steps 

by differentiating objects that are used and objects that are created. The process steps 
in which an instance of an object class or property type is created are printed in italic, 
as are the production fact types (transaction results). For the SSND example, the  
relationships between information objects and process steps and their weights are 
visualized in Fig. 10. 
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Fig. 10. Relationship between process steps and information objects 

Combining the three dimensions of node dependencies – between information ob-
jects, between business services and between information objects and business ser-
vices (shown in Fig. 8, Fig. 9 and Fig. 10) – results in the three dimensional model as 
shown in Fig. 7. This model is the basis for applying the genetic algorithms in order 
to cluster related nodes within single components. Applying the BCI method to that 
graph results in the following graph clustering (see Fig. 11).  

 

Fig. 11. Identified business components 
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Now that all the nodes in the pictures are ordered and grouped as resulting from the 
optimization algorithm, two business components can be identified immediately: one 
containing the business tasks and information objects related to product management 
and one containing the business tasks and information objects related to contract 
management. The two components are therefore named Product Manager and Con-
tract Manager and are shown in Fig. 12 according to the UML 2.0 notation [19]. 

 

Fig. 12. Identified business components with their provided and required services 

It is evident that the derivation of the components is strongly dependent on the 
weights chosen. Different results could be achieved in assigning different weights to 
the edges in the graph. In applying the BCI method to many real world cases, we aim 
at deriving reference values for the different weights.  

Since the identified business components provide business services to or require 
business services from other business components either within an enterprise or be-
tween enterprises, the single business component services need to be defined. These 
services are related to the process steps executed in a business transaction. From the 
diagram in Fig. 5 – describing the process steps of the transaction types introduced in 
Fig. 4 – the business services are gained and modeled in Fig. 12 either as required 
services (composed of a semicircle attached to the related component by a line) or as 
provided services (composed of a circle attached to the component by a line).  

Even if for this small example only two business components were found, the deri-
vation of the services and information objects assigned to the components would not 
have been possible without a detailed analysis and modeling of the business domain. 
This information is essential and provides the basis for the implementation of the 
business components. Place limitations prevented us to derive components from a 
larger example domain.  
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5   Conclusions 

In this article, we have addressed the impact of using an enterprise ontology for identify-
ing business components, defined as the highest level software components, directly sup-
porting business activities. Although component-based software development may be 
superior to more traditional approaches, it leaves the problem of requirements engineer-
ing unsolved. Put differently, the component-based approach provides no criteria for de-
termining that a set of identified components is complete (no component is missing) and 
minimal (there are no unnecessary components). Next to that, it provides no means for 
determining the point of departure, i.e. an appropriate model of the business domain. 

The method presented and demonstrated in this article does solve these problems. 
First, the enterprise ontology constructed by means of DEMO is an appropriate model 
of the business domain. It satisfies the quality criteria as proposed in the introduction. 
As a consequence, the identified business components do really and directly support 
the business activities in which original new facts are created. Moreover, since the 
process steps (cf. Fig. 5) are atomic from the business point of view, one can be sure 
to have found the finest level of granularity that has to be taken into account. Also, 
one can be sure that this set of process steps is complete and minimal. 

Second, the BCI method, based on the resulting models and tables of the enterprise 
ontology, provides an automated approach for the identification of business compo-
nents satisfying defined metrics which are relevant for the development of reusable, 
marketable and self-contained business components. The metrics introduced in this 
article – being loosely coupling and tight cohesion – are the basic metrics for the 
component-based development of inter-enterprise business applications focusing on 
the deployment of components that can be on different enterprise systems.  

The usability of the proposed enterprise ontology and the identification of business 
components is illustrated by means of a practical application of the domain of strate-
gic supply network development. The approach seams to be very promising, but for 
the identification of the business components additional simulations with different 
weights and different optimization algorithms are necessary in order to make it appli-
cable in practice.  
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