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Abstract: The specification framework for business components proposed by the research group �Compo-
nent Oriented Business Application System� defines seven specification levels of business components. Ac-
cording to this framework several notations are used to describe a business component, e. g. the OMG Inter-
face Definition Language (OMG IDL) and the Object Constraint Language (OCL). The specification 
framework implicitly claims to allow a complete specification of a business component. However, this propo-
sition is not justified by the authors of the specification framework. In this paper, we use the Bunge-Wand-
Weber-model (BWW-model) to evaluate the specification framework�s completeness. The BWW-model has 
already been used for the evaluation of several other modeling grammars. This study demonstrates that the 
proposed approach is feasible. Based on the preliminary findings, we suggest some directions for further de-
velopments of the specification framework. 
 
 
 

1 Introduction 
 
Component-based software development is a potential reuse paradigm for the future 
(D�SOUZA, WILLS 1998; SZYPERSKI 2002). While the required technologies for component-
style system development are widely available, e.g. Sun�s Enterprise Java Beans, a problem 
inhibits the breakthrough of the component paradigm in business application domains: In 
practice, there is a lack of a standardized, well-known approach to describe the business com-
ponent�s functionality and its quality characteristics. To overcome this situation, the research 
group �Component Oriented Business Application System� � a subgroup of the �Gesellschaft 
für Informatik� (German Informatics Society) � proposed a specification framework for busi-
ness components (ACKERMANN et al. 2002) (see section 2.1, in the following, the term 
�specification framework� always refers to this proposal). 
 
The specification framework implicitly claims to allow a complete specification of business 
components (ACKERMANN et al. 2002, 3-5). However, this proposition is not justified by the 
authors. The objective of this paper is to analyze the specification framework�s completeness. 
We define the completeness of the specification framework in terms of ontology � a well-
known branch of philosophy. Our analysis is based on the Bunge-Wand-Weber-model 
(BWW-model, section 2.2). The BWW-model has already been used for the evaluation of 
several other modeling grammars (see section 2.4). 
 
The main contributions of this work is to show some ontological deficiencies of the specifica-
tion framework. In doing so, we will demonstrate the usefulness of the BWW-model for the 
evaluation of business component specifications too. However, a critical discussion of limita-
tions of an ontological evaluation is out of the scope of this paper. 
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The paper is structured as follows: The theoretical background of this study is described in the 
next section. In section three some preliminary results of the ontological evaluation of the 
specification framework are presented. Section four concludes our findings and gives direc-
tions for further research. 
 
 
2 Theoretical background 
 
In this section we describe the theoretical background of this study. We present: 

- an outline of the specification framework (section 2.1), 
- an outline of the BWW-model (section 2.2), 
- the method for the ontological evaluation of modeling grammars (section 2.3), and 
- an overview of prior work on ontological evaluations (section 2.4). 

 
2.1 Standardized Specification of Business Components 
 
The specification framework uses seven specification levels (cf. figure 1) (ACKERMANN et al. 
2002). Each level focuses on a specific aspect of a business component specification and ad-
dresses the needs of different development roles. Various notations are used on all specifica-
tion layers. For an in-depth discussion of the various specification aspects and notations used 
on each specification level see the work cited above. An exemplar specification of a business 
component based on this specification framework is given in (FETTKE, LOOS 2003b; FETTKE, 
LOOS 2003c).  

Task Level

Terminology Level

Quality Level

Interaction Level

Behavior Level

Marketing Level

Interface Level

Business
Component

Specification Aspects

! business and organizational characteristics
! technical boundary conditions

! supported business tasks of application
domain

! puporse

! identifiers for business components, services,
parameters, data types, and exceptions

! signatures of services

! pre- and post-conditions
! invariants

! sequence dependencies among services of
the same business component

! sequence dependencies among services of
different business components

! quality criteria
! measurement categories and procedure
! service levels

! definition of the concepts of the application
domain

! definition of other used terms

 
 

Figure 1: Specification levels and specification aspects (ACKERMANN et al. 2002) 
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2.2 Bunge-Wand-Weber-model 
 
The philosophical discipline of ontology studies �the most pervasive features of reality, such 
as real existence, change, time, causation, chance, life, mind, and society�(BUNGE 2003, p. 
201). This discipline provides a foundation for conceptual modeling, if the assumption is fol-
lowed that conceptual models represent reality (WAND et al. 1995). Note, that our definition 
of the term �ontology� may not be confused with the common interpretation of this term as a 
more or less formalized �concept directory� (FENSEL 2001; GRUBER 1995). 
 
Up to the present, there does not exist a generally accepted set of ontological principles and 
assumptions. Our analysis is based on the ontology initially introduced by Bunge (BUNGE 
1977; BUNGE 1979) and adapted by Wand & Weber for the information systems field (WAND, 
WEBER 1989b; WAND, WEBER 1995; WEBER 1997). In the following, the term �ontology� 
refers to the Bunge-Wand-Weber-model (BWW-model). To improve the BWW-model�s clar-
ity, Rosemann and Green developed a meta-model of the BWW-model (ROSEMANN, GREEN 
2002). For brevity, we do not introduce the BWW-model in detail. Instead, table 1 summa-
rizes it�s main constructs. 
 
Ontological Construct Explanation 

Thing 
�The elementary unit in our ontological model. The real world is 
made up of things. A composite thing may be made up of other 
things (composite or primitive)� 

Property 

�Things possess properties. A property is modeled via a function 
that maps the thing into some value. A property of a composite 
thing that belongs to a component thing is called a hereditary 
property. Otherwise it is called an emergent property. A property 
that is inherently a property of an individual thing is called an 
intrinsic property. A property that is meaningful only in the con-
text of two or more things is called a mutual or relational prop-
erty� 

State �The vector of values for all property functions of a thing� 
Conceivable state space �The set of all states that the thing might ever assume� 

State law �Restricts the values of the property functions of a thing to a sub-
set that is deemed lawful because of natural laws or human laws� 

Lawful state space �The set of states of a thing that comply with the state laws of the 
thing. It is usually a proper subset of the conceivable state space� 

Event �A change of state of a thing. It is effected via a transformation 
(see below)� 

Event space �The set of all possible events that con occur in the thing� 

Transformation �A mapping from a domain comprising states to a codomain 
comprising states� 

Lawful transformation �Defines which events in a thing are lawful� 
Lawful event space �The set of all events in a thing that are lawful� 

History �The chronologically ordered states that a thing traverses� 
 

Table 1: Constructs of the BWW-model (source: (WAND, WEBER 1993; WEBER, ZHANG 1996), part 1/2) 
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Coupling 
�A thing acts on another thing if its existence affects the history 
of the other thing. The two things are said to be coupled or inter-
act� 

System �A set of things is a system if, for any bi-partitioning of the set, 
couplings exist among things in the two subsets� 

System composition �The things in the system� 

System environment �Things that are not in the system but interact with things in the 
system� 

System structure �The set of couplings that exist among things in the system and 
things in the environment of the system� 

Subsystem �A system whose composition and structure are subsets of the 
composition and structure of another system� 

System decomposition 

�A set of subsystems such that every component in the system is 
either one of the subsystems in the decomposition or is included 
in the composition of one of the subsystems in the decomposi-
tion� 

Level structure 
�Defines a partial order over the subsystems in a decomposition 
to show which subsystems are components of other subsystems 
or the system itself� 

Stable state 
�A state in which a thing, subsystem or system will remain unless 
forced to change by virtue of the action of a thing in the environ-
ment (an external event)� 

Unstable state �A state that will be changed into another state by virtue of the 
action of transformation in the system.� 

External event 

�An event that arises in a thing, subsystem or system by virtue of 
the action of some thing in the environment on the thing, subsys-
tem or system. The before-state of an external event is always 
stable. The after-state may be stable or unstable.� 

Internal event 

�An event that arises in a thing, subsystem, or system by virtue of 
lawful transformations in the thing, subsystem, or system. The 
before-state of an internal event is always unstable. The after-
state may be stable or unstable.� 

Well-defined event �An event in which the subsequent state can always be predicted 
given the prior state is known� 

Poorly defined event �An event in which the subsequent state cannot be predicted 
given the prior state is known� 

Class �A set of things that possess a common property� 
Kind �A set of things that possess two or more common properties� 

 
Table 1: Constructs of the BWW-model (source: (WAND, WEBER 1993; WEBER, ZHANG 1996), part 2/2) 

 
The BWW-model has been successfully used for several application areas: for instance, defi-
nition of an object model (WAND 1989), formalization of audit-procedures (WAND, WEBER 
1989a), foundation of model quality (WAND, WANG 1996), proposal for modeling rules 
(WAND, STOREY, WEBER 1999) and evaluation of modeling grammars. 
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Figure 2. Ontological deficiencies of a grammar 

 
2.3 Ontological evaluation of modeling grammars 
 
The objective of an ontological evaluation is to develop a transformation mapping between 
the constructs of the BWW-model and the constructs of the modeling grammar being assessed 
(WAND, WEBER 1993; WAND, WEBER 1995; WAND, WEBER 2002; WEBER 2002; WAND et al. 
1995). The transformation mapping consists of two mathematical mappings: First, a represen-
tation mapping describes how the constructs of the BWW-model are mapped onto the gram-
matical constructs. Second, the interpretation mapping describes how the grammatical con-
structs are mapped onto the constructs of the BWW-model. 
 
With respect to both mappings, four ontological deficiencies can be distinguished (figure 2): 

- Incompleteness: Can each ontological construct be mapped onto a construct of the 
grammar? A grammar is incomplete if the representation mapping is not defined in to-
tal. Otherwise a grammar is complete. 

- Redundancy: Can each ontological construct be mapped onto exactly one or more than 
one grammatical constructs? A grammar is redundant if the representation mapping is 
ambiguous.  

- Excess: Can each grammatical construct be mapped onto an ontological construct? A 
grammatical construct is excessive if it can not be mapped onto an ontological con-
struct. A grammar is excessive if at least one of its constructs is excessive. 

- Overload: Can each grammatical construct be mapped onto exactly one or on more 
than one ontological constructs? A grammatical construct is overloaded if it can be 
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mapped onto more than one ontological construct. A grammar is overloaded if at least 
one of its constructs is overloaded. 

 
We refer to the term �grammar� as �ontologically clear� if it is neither incomplete nor redun-
dant. A grammatical construct is adequate if it is neither excessive nor overloaded, so that it is 
defined unambiguously with respect to the interpretation mapping. A grammar is adequate if 
each of its grammatical constructs is adequate. 
 
 
2.4 Prior research 
 
We conclude the theoretical background of our study with an overview of the prior research. 
Table 2 depicts prior research, modeling grammars evaluated by the studies and used empiri-
cal research methods � if applicable. The primary intention of this overview is to demonstrate 
that an ontological evaluation is already used for several other applications areas. However, 
we are not aware of an ontological evaluation approach in the area of business component 
specifications. 
 

Authors 

N
IA

M
 

D
FD

 
E

R
M

 
U

M
L

 
A

R
IS

 
O

M
L

 
SO

M
 

Ja
ck

so
n 

O
th

er
s 

Empirical 
Inquiry 

(WAND, WEBER 1989b)  ● ●       - 
(WAND, WEBER 1990)   ●       - 
(WEBER, ZHANG 1991) ●         - 
(WAND, WEBER 1993) ● ●       ● - 
(WAND, WEBER 1995)   ●       - 

(ROHDE 1995)        ●  - 
(WEBER, ZHANG 1996) ●         - 

(WEBER 1996)   ●       laboratory 
experiment 

(GREEN 1996)  ● ●      ● survey 
(WAND, STOREY, WEBER 1999)   ●       - 

(GREEN, ROSEMANN 2000)     ●     - 
(OPDAHL, HENDERSON-SELLERS 2001)      ●    - 

(EVERMANN, WAND 2001a)    ●      - 
(EVERMANN, WAND 2001b)    ●      - 
(GREEN, ROSEMANN 2001)     ●     survey 

(BODART et al. 2001)   ●       laboratory 
experiment 

(OPDAHL, HENDERSON-SELLERS 2002)    ●      - 
(FETTKE, LOOS 2003a)       ●   - 

 
Table 2: Overview of prior work on the ontological evaluation of modeling grammars 
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3 Results 
 
We evaluate the specification framework with respect to its ontological characteristics. For 
reasons of brevity, we focus our analysis on the representation mapping. See table 3 for an 
overview of the representation mapping introduced. We see this mapping as a first idea how 
to ontologically interpret the specification framework. 
 
A BWW-thing can be represented by a whole business component (e.g. a business component 
�article�), indirectly by a data type on the interface level (e. g. data type �article�), and by a 
concept definition on the terminology level (e.g. concept �article�). So, these constructs are 
ontological partially redundant and may lead to confusions. The BWW-class and BWW-kind 
constructs are not represented by the specification framework. 
 
There are several ways to represent properties of a BWW-thing. First of all, attributes of data 
types on the interface level may represent a property, e.g. article�s names may be represented 
by strings. Furthermore, BWW-properties can be described by quality criteria, concept defini-
tions on the terminology level, and characteristics on the marketing level. The BWW-state of 
a BWW-thing is represented by concrete values of the properties described before. Restric-
tions of states can be formulated by expressions on the behavior level. For example, the ware-
house stock of an article may not be less than 100 units. State values represented by quality 
criteria or characteristics on the marketing level cannot be restricted. BWW-state laws can be 
represented by expressions on the behavior and interaction level. However, the BWW-lawful 
state space is not represented explicitly. 
 
Pre- and post-conditions of expressions on the behavior and interaction level partially repre-
sent BWW-events. The pre-condition can define the pre-state of an event (e.g. delivery re-
ceived) and the after-state of the event is represented by the post-condition (e.g. warehouse 
stock is incremented). The BWW-event space is not represented explicitly. Furthermore, the 
specification framework does not allow to explicitly represent external, internal, well-defined 
and poorly defined events. BWW-transformations are represented by services and the corre-
sponding specifications on the behavior and interaction level. All BWW-transformations are 
deemed to be lawful. As the BWW-event space, the BWW-lawful event space is not repre-
sented explicitly. The BWW-history cannot be represented at all. 
 
A BWW-coupling between BWW-things can be partially represented by the �interface ex-
tern� specification on the interface level. A BWW-system is defined by a whole business 
component. Furthermore, the BWW-system environment is partially represented by the �in-
terface extern� specification on the interface level. However, it is not possible to represent 
system composition, system structure, subsystem, system decomposition, and level structure 
within the specification framework. 
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Ontological constructs Constructs of the specification framework 
Thing Whole business component, data types, concept 

Property Data types, concept, quality criteria, characteristics on the mar-
keting level 

State Values of data types are not directly represented, values of qual-
ity criteria, values of the characteristics on the marketing level 

Conceivable state space 
Restrictions of values of data types can be represented by 
specifications on the behavior level; quality criteria and 
characteristics on the marketing level cannot be restricted 

State law Can be represented by invariants specifications on the behavior 
and interaction level 

Lawful state space Is not represented directly 

Event Events are represented by pre- and post-conditions of expression 
on the behavior and interaction level. 

Event space Is not represented explicitly 

Transformation Transformations are represented by services and the specifica-
tions on the behavior and interaction level. 

Lawful transformation See transformations 
Lawful event space Is not represented explicitly 

History - 

Coupling Some couplings between components are represented by the �in-
terface extern� on the interface level. 

System Whole component 
System composition - 

System environment Partially represented by the �interface extern� on the interface 
level. 

System structure - 
Subsystem - 

System decomposition - 
Level structure - 

Stable state - 
Unstable state - 
External event - 
Internal event - 

Well-defined event - 
Poorly defined event - 

Class - 
Kind - 

 
Table 3: Ontological analysis of specification framework 

 
 

4 Conclusions, limitations and further work 
 
The preliminary findings of our ontological analysis allows to draw the following conclu-
sions: 
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- First, the main constructs of the BWW-model (thing, property, transformation, state) 
can be represented by the specification framework. So, the specification framework 
can be called ontological complete with respect to these main constructs. 

- Second, the BWW-constructs representing the structure of a system (BWW-system 
structure, BWW-subsystem etc.) cannot be represented by the specification frame-
work. So we conclude, that the specification framework should be enhanced by con-
structs which allow to represent the system�s composition. On the one hand, it may be 
argued that such constructs will violate the black-box-principle of a component speci-
fication. On the other hand, the composition of simple business components to larger 
assemblies or modules is a well-known engineering principle. Furthermore, the devel-
oper of a business component assembly will have the need to specify a business com-
ponent structure. In summary, we believe that the advantage of an explicit specifica-
tion of the business component�s structure will outperform its flaws. 

- Third, BWW-events may be represented by the specification framework. However, it 
is not possible to explicitly define external and internal events. We argue that this on-
tological deficiency may cause problems when using the business component in dif-
ferent application environments. For example, it cannot straightforward be assessed if 
a business component fulfils the state requirements of given business environment. 
Such information is always attached to a specific service of a business component and 
not to a business component as a whole. 

- Fourth, the ontological evaluation shows that some constructs of the specification 
framework are ontological redundant. For example, BWW-things, BWW-properties 
and BWW-states can be represented by several constructs. These deficiencies may 
lead to problems when using the specification framework. For example, should the 
characteristic �real-time accounting� be described on the quality level or on the task-
level? On the one hand, it can be argued that this characteristic is a business task, so it 
should be described on the task level. On the other hand, �real time accounting� can 
be clearly viewed as a quality characteristic of book keeping components. 

 
Next, we discuss some limitations of our work. An ontological evaluation is not an objective 
procedure or an algorithm which can be codified in some program language and processed 
automatically. Instead, it relies on the evaluator�s interpretation of modeling constructs. This 
interpretation is to a certain degree subjective. So, it is necessary that the interpretation�s ra-
tionale is made explicit and justified by specific reasons. We have to admit that our analysis is 
not based on an in-detail discussion of possible representation and interpretation mappings. 
This is a clear limitation of our study. However, the intention of our work is to point out that 
the implicitly stated claim of the specification framework to allow a complete specification of 
business components is not justified yet. Hence, we propose the BWW-model as a mean to 
analyze the completeness of the specification framework. The obtained results of our prelimi-
nary study are promising and demonstrate that this approach is feasible. On the other hand, 
we believe that other criteria can be developed to describe and to measure the quality of busi-
ness component specification frameworks. For example, from a user oriented point of view, 
proposed specification techniques should be easily to use . 
 
We see several directions for further work: First, our study focuses the representation map-
ping. It is possible to investigate ontological interpretations of the constructs of the specifica-
tion framework. Furthermore, our study examined the correspondence between the BWW-
model and the constructs of the specification framework on a rather rough level. Such an on-
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tological evaluation should be conducted in a deeper way to exactly identify partial corre-
spondences. Second, the ontological deficiencies identified in this study give some insights to 
improve and to develop the specification framework. Third, the specification framework 
should not only evaluated analytical, but also empirical. The BWW-model provides for such 
investigations a sound theoretical foundation. 
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