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Abstract. This paper proposes a standardized framework for the specification of components,
which focuses on providing the information necessary to facilitate component development, dis-
covery, as well as configuration. To be applicable in all these domains it predetermines a mix of
different specification aspects and thereby prefers well-established formal notations to denote
specifications. The framework orders component specifications using a thematic grouping into dif-
ferent pages, which are respectively subdivided into aspects. Currently, it provides general and
commercial information (white pages), component classifications (yellow pages), as well as in-
formation about the component functionality (blue pages), the external component structure (green
pages), and the quality of the component implementation (grey pages). The blue pages focus on
providing a lexicon of implemented domain-related concepts (the domain model), the green pages
comprise contractually specified interfaces, and the grey pages contain extra-functional attributes
according to the ISO 9126 quality framework.

1 Introduction

Component-based software engineering promises to contribute a lot of advantages to the field of to-
day’s software engineering [10], [22] and is based on a rather simple-sounding central paradigm: new
applications are being developed by browsing component catalogues (repositories), discovering ap-
propriate existing components, and configuring those components using connectors (and, perhaps,
some glue code) [10], [22]. Despite all the frequently mentioned advantages, however, component-
based software engineering encountered many obstacles that prevented its break-through until now.
Among those, especially identifying and managing heterogeneities between components during the
process of application development turned out to be main issues [12].

Heterogeneities reduce the compatibility between components so that at least an adapter has to be de-
signed in order to enable interactions between them. In theory, they can be avoided by establishing
(generally accepted) standards which have to be applied during component development, e.g. architec-
tural and content-related standards. However, it is likely that even such standards hardly manage to
completely prohibit the emergence of heterogeneities in practice, since providing superior component
designs usually is a competitive advantage for component producers [22]. Identifying heterogeneities
between components (during component discovery) and managing them accordingly (during compo-
nent configuration) are highly demanding tasks and thus have the potential to thoroughly complicate
the simple sounding paradigm of component-based application development. Often, both have to be
based on exhaustive (costly) evaluation, component testing or even reverse-engineering of components
[12], [15], [26], which is inappropriate and, moreover, almost impossible for black-box components
that prohibit any form of source code review [26].

Thus, providing a substantiated methodology to support component discovery and configuration be-
comes a critical success-factor of component-based software engineering. It should make use of a
specification framework that provides explicit information about the external view of a component and
its context dependencies. Once equipped with adequate component specifications, composers are put



into the position to efficiently decide whether a set of components can be configured, to predict impor-
tant characteristics of the resulting configuration, and to estimate the required efforts for configuration
(e.g. due to adapter development). Moreover, a specification framework is an important prerequisite
for the development of tools and processes that support (automate) component discovery and configu-
ration.

Establishing a standardized framework moreover enforces the development of interoperable (compati-
ble) tools and processes. Standardizing component specifications is a popular practice in other (more
advanced) engineering disciplines that already have developed component catalogues and tools for
configuration (construction) [1]. This position paper proposes a specification framework for software
components based on the experiences made during a standardization process devoted to the specifica-
tion of business components within the German Society of Informatics [1]. It should be looked upon
as a suggestion to start standardization within the component community.

2  Related Work and Applications

Currently there are only very few specification frameworks that have been standardized and intro-
duced into the practice of component-based software engineering. One of those is a framework spe-
cialized to describe the external view of XML Web services, a special sort of “hosted” components
[23] that can be invoked using an XML based remote procedure call. This specification framework is a
part of the UDDI (Universal Description, Discovery, and Integration [24]) standard which belongs to
the emerging Web service architecture [3].

Nevertheless, component specifications are widely acknowledged to be of key importance and have
already been addressed by various authors, who are proposing specialized specifications, e.g. to spec-
ify technical properties and interface contracts [1], [5], [6], [10], [14], [22], to classify components
using enumerated and faceted classification schemes [20], to provide information about commercial
aspects and component acquisition [1], [25], or to store components within component libraries (re-
positories and marketplaces) [1], [2], [25]. The specification of technical and commercial aspects of
components especially supports component assessment (during discovery) and automated
adapter/connector (stub) generation (during configuration), while storing and classifying components
within component libraries mainly facilitates the search for applicable components (during discovery).
Moreover, component specifications are often used to denote requirements and to guide component
development [6], [10]. Finally, specification frameworks are an important methodical basis for tools
and processes which support component discovery by means of multi-criteria decision-making, artifi-
cial intelligence, and specification matching (an overview is given in [21]) — they usually build upon
the structure of a specification framework (e.g. as goal-hierarchy) and use component specifications as
input to assess the applicability of components in an application development context.

3  Principal Requirements

A component specification framework predetermines a set of specifications and, in general, should
fulfil the following requirements:

— Specifications ought to be methodically substantiated, which means that each specification should
be justified by relating its emergence to corresponding development phases and providing utiliza-
tions for the purposes of software development.

— The framework should provide a complete documentation of a component. When applying the
specification framework to a certain field of application, one should be able to perform the corre-
sponding tasks solely on the basis of the provided specifications.

— The framework has to be normative and precisely determine what is to be specified (the specifica-
tion extent) and which notations have to be used to denote specifications (the specification formats)
to enforce homogeneous component specifications that can be utilized by CASE tools.



— The framework structure ought to be modular and extensible. Modularizing component specifica-
tions, which usually have different utilizations and refer to different target groups, reduces complex-
ity and enhances readability. Moreover, this supports future (backward-compatible) extensions
which can be achieved simply by adding new modules.

— The framework should support different component types. Although today’s standardized speci-
fication frameworks (e.g. UDDI [24]) usually support components based on a special technology
only, their overall structure is platform-independent and thus justifies the development of a unique
specification framework.

— The framework ought to provide both human- and machine-understandable specifications. In
order to enable tool-supported or automated discovery and configuration, formal (machine-
understandable) specifications should be preferred compared to informal (natural) languages. On the
other hand, specifications should be simple enough for a human programmer to use.

4  The Unified Software Component Specifications Framework

Based on the pre-mentioned principal requirements, this chapter focuses on elaborating a specification
framework to support component development, discovery, and configuration. It is called “Unified
Software Component Specifications” (USCS) and has been designed to support multiple component
technologies. Additionally, it maintains backward-compatibility to the standardized UDDI specifica-
tion framework [24], which can be augmented to contain all of the here-mentioned specification as-
pects [19].

The framework theoretically justifies relevant specifications by using a classification schema (see fig-
ure 1), which distinguishes three significant perspectives to completely specify the external view of an
application (part) [7], [9], [10], [13], [17]: the static view concentrates on the data model (i.e. the struc-
ture of data and relationships between data elements) and quality attributes, which refer to the compo-
nent as a whole and remain constant during the lifecycle. The operations view focuses on the opera-
tions model (i.e. the structure of operations and relationships between operations) as well as operation-
specific quality attributes. Finally, the dynamic view covers the process model (i.e. relevant control
flows, orders, and causal dependencies between operations), which is augmented with the correspond-
ing performance characteristics."

Functionality / Con-
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External Structure /
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Implementation /
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(Data Model)
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Fig. 1. The initial structure of the component specification framework is determined by a classification schema.

Moreover (and orthogonal to that), the framework distinguishes component specifications according to
their content and their emergence during the process of component (or application) development [10]:
specifications describing the component functionality usually originate from domain engineering and
are provided as a set of domain-related concepts (either in the form of a lexicon or a domain model,
respectively) [6], [8], [10]. The (external) component structure typically is determined during architec-
tural design and consists of one or more component interfaces [6], [10]. Finally, extra-functional in-

1 . . . . .
Operations and dynamic view are often summarized and commonly addressed as behavior.



formation about the component implementation, which is available after the corresponding develop-
ment phase has been completed, is provided in the form of ISO 9126 quality attributes. Figure 1 shows
the resulting classification schema and uses it to identify different classes of specifications that will be
integrated into the specification framework.

The identified specification classes can be used to describe the provided and required services of a
component. In so doing, the specification of the external component structure contains the provided
and required interfaces [6], [10]. Accordingly, both the description of the component functionality and
the implementation quality can respectively be partitioned into provided as well as required function-
ality/quality.

Taking into consideration these theoretical foundations, the proposed specification framework intro-
duces an aspect-oriented structure in order to make use of different specialized (and preferably well-
established) notations and to support future extensibility. Currently, it introduces a total of eleven as-
pects in order to attempt a complete component specification (see figure 2). They are structured using
a thematic grouping into different pages. White pages provide general and commercial information
about components. Yellow pages contain both enumerated and faceted component classifications. Blue
pages hold information about the component functionality in the form of a component domain lexicon
(which comprises domain-related concepts). Green pages provide contractually specified interfaces
and, finally, grey pages contribute extra-functional information about the quality of the component
implementation.

white

{ general information | general and commercial information
—— enumerated & faceted classifications
classifications N
(e.g. domains, component technology)
domain-related entities/objects

supported domain-related tasks
implemented domain-related
P processes (e.g. business processes)
interface definitions | interface description and location
pre- and post-conditions, invariants
s dependencies between methods
(within and between components)
" usability and maintainability (e.g.
component quality J oo mptexity, testability)
X . functionality and reliability (e.g. security,
mean time between failures)
X . efficiency (e.g. response time,
run-time quality throughput, resource behavior)

yellow

blue

green

Software Component

grey

Fig. 2. The Unified Software Component Specifications Framework consists of eleven aspects.

Every aspect comprises a principal format to denote specifications and thereby prefers formal nota-
tions compared to natural language to enforce precise and machine-understandable specifications.
Each notation is platform-independently applicable to specify components. In addition, a specialized
mix of notations, which have already been established to specify XML Web services, has been tied
together to maintain compatibility with the emerging Web services architecture [3]. This specialized
specification framework is called WS-Specification and discussed in detail in [19].

4.1 White Pages: General and Commercial Information

The white pages contain general and commercial information about a component which is required to
store and exchange components. General information consists of the component name, its unique iden-
tifier, version, description, producer, administrative contacts, and dependencies to other components.
Commercial information refers both to the conditions of purchase and usage.



Specifications referring to the conditions of purchase describe supported distribution channels that
respectively consist of a distribution form, a price, accepted payments, and the scope of supply (i.e. a
list of artifacts included with the component shipping). The conditions of usage are determined by a
license agreement.

The preferred notation for these rather descriptive specifications is natural language. To support pre-
cise and machine-understandable specifications, the specification framework provides taxonomies,
which have either directly to be used for specification or to classify specifications containing arbitrary
text. Figure 3 illustrates the use of taxonomies and shows an example specification.

Name Oversoft EasyBookKeeping

Version 1.0.3455

Identifier 206B2F65-E7BC-47a0-8DCF-4E34347322AA

Dependencies
Oversoft ProfitAndLossAccount 1.0 (EA517DDS-CAC5-44e7-B560-4280FAF2FB77)

Producer

Name: Oversoft Software

Means of Communication (type: e-mail): info@oversoft.biz
Means of Communication (type: phone): +49 6003 810 260
Address line (type: city): Rosbach

Address line (type: country): Germany

Distribution Channel

Identifier: Internet download

Price (type: USD): 399.90

Accepted Payment (type: credit card)

Scope of Supply: easybookkeeping.cab, handbook.doc, setup.exe

Terms of use
Specification (type: license agreement): Oversoft EULA ...

Fig. 3. An example specification illustrates the white pages and the use of taxonomies during specification.

4.2 Yellow Pages: Classifications

Enumerated and faceted component classifications [20] are grouped within the so-called yellow pages.
They are essential to specify the (horizontal or vertical) domain which a component belongs to. The
specification framework therefore provides a variety of standardized taxonomies, e.g. UNSPSC or
NAICS to describe the domain from an economical perspective. Moreover, the yellow pages contain
information about the underlying architecture and technology of a component. To support the specifi-
cation of these attributes, the framework provides taxonomies, which list implementation technologies
(e.g. EJB, COM, .NET, XML Web service, CCM etc.), conceptual component types (e.g. specialized
component, framework, application etc.), and reuse concepts (e.g. logical reuse, which means “pro-
vided as redistributable”, and physical reuse, which means “provided as remote service”). Figure 4
shows an example.

Domain (type: UNSPSC — Accounting and Controlling)

Component type (type: specialized component)
Reuse concept (type: logical)
Technology (type: Microsoft .NET Framework 1.0)

Fig. 4. An example specification illustrates the yellow pages.

Additionally, yellow pages can be used to classify the location of mobile services (which form a spe-
cial component type), e.g. by providing a standardized geographic taxonomy like the Microsoft GEO



taxonomy that originally belongs to the UDDI framework [24].

4.3 Blue Pages: Domain-Related Information about the Functionality

The blue pages summarize domain-related information about the component functionality that was
gathered during the domain design [6], [8], [10] and later on used during the implementation of a
component. The information is provided as a domain lexicon (see figure 5) that contains relevant con-
cepts, definitions, and relationships between concepts. It distinguishes three kinds of concepts: objects
(entities), operations (tasks), and processes. Concepts can principally be related to each other by using
one of the fundamental relationship types: abstractions or compositions. Abstractions determine a cer-
tain degree of identity between concepts and can be used to execute compatibility tests and perform
subtyping between components. Typical abstractions are the is-synonym-to (is-identical-to), is-
specialization-of, and is-generalization-of relationships. Compositions are used to combine concepts
and to express the (compound) structure of concepts. Typical compositions are order relationships, the
is-part-of, and consist-of relationship. The framework provides a specialized taxonomy to express a
variety of different relationships between concepts.

Concept (type: entity): BALANCE

. Short definition: BALANCE =pf the comparison of ASSETS and LIABILITIES of a company at a special
date (CUTOFF DATE) based on a LEGAL REGULATION.
. Relationships: US-GAAP _BALANCE is a BALANCE.
IAS BALANCE is a BALANCE.

Concept (type: task): ANNUAL ACCOUNTING

L] Short definition: ANNUAL ACCOUNTING =p ...
. Relationships: ANNUAL ACCOUNTING consists of CLOSE ACCOUNTS.
ANNUAL ACCOUNTING consists of BALANCING.
ANNUAL ACCOUNTING consists of PROFIT & LOSS ACCOUNTING.

Concept (type: process): EXECUTE ANNUAL ACCOUNT

. Short definition: EXECUTE ANNUAL ACCOUNT =p ...

. Relationships: EXECUTE ANNUAL ACCOUNT starts with CLOSE ACCOUNTS.
CLOSE ACCOUNTS is sequentially followed by PROFIT & LOSS ACCOUNTING.
PROFIT & LOSS ACCOUNTING is sequentially followed by BALANCING.

Fig. 5. An example specification illustrates the blue pages.

Concept definitions give an impression on what a component or an interface-method does. Explicitly
specifying implemented concepts and relationships between them facilitates the emergence of domain-
specific standards and provides valuable input for component development, assessment, and configu-
ration. Since they usually can be mapped to data types, properties, methods, events, or coordination
constraints, concept definitions moreover assist in both the identification of heterogeneities and the
design of adapters during configuration.

The principal notation for domain-related information is normative language, a special format to de-
note an ontology [18] that is both machine- and human-understandable. It uses a standardized form of
natural language for specification and provides patterns to build sentences (e.g. A is a B etc.). Alterna-
tively other ontology-based notations could be used. However, most of them are rather complex and
render both specification and readability a lot more difficult.

4.4 Green Pages: Contractually Specified Interfaces

The green pages provide information referring to a component’s interfaces which is necessary to cor-
rectly configure and finally invoke component services. They contain both the provided and the re-
quired interfaces. In addition, interfaces that support component customization (e.g. by providing pa-
rameters) can be specified. Each interface consists of different definitions, including named interface-



methods and their signature, named public properties as well as variables, constants, declarations of
specific data types, possible exceptions and events (see figure 6). The principal notation to specify
interface-definitions is OMG IDL, which supports specifying provided, required, and customization
interfaces.

interface EasyBookKeeping {

typedef string accountno;
typedef double quantity;

struct account {
accountno n;
quantity safetyquantity;
quantity reorderimgquantity;
}i
struct booking {
accountno n;

date executiondate;
string orderno;
double bookingquantity;

bi

exception toolittlequantity {};

void book (in booking b);

void reserve (in booking b) raises (toolittlequantity);
quantity calculatequantityfor (in accountno n, in date z);
quantity calculatedemand (in accountno n, in date z);

}i
interface ProfitAndLossAccounting {
typedef double quantity;
struct account {
accountno n;
quantity safetyquantity;

quantity reorderimgquantity;

Yi

quantity executeProfitAndLossAccount (in account[] input);

Fig. 6. An example illustrates the specification of provided and required interfaces.

In addition, the specification of invariants and pre- and post-conditions for each of the interface-
methods is supported to enable designing applications by contract [16]. Pre-conditions express the
constraints under which an invoked method returns correct results. Accordingly, post-conditions de-
scribe the respective state resulting from a method’s execution und thus guarantee that it will satisfy
certain conditions (provided that it was called with the pre-condition satisfied). The principal notation
to specify these so-called assertions is the Object Constraint Language (OCL), a formal notation pro-
vided as part of the Unified Modeling Language (UML). An OCL expression firstly defines the con-
text of a specification by linking it to an interface-method or a component. Thereafter, the respective
assertions that apply to the context are listed.

EasyBookKeeping
self.account->forall (k:account | k.safetyquantity >= 0)

EasyBookKeeping::calculatequantityfor (n:accountno, z:date) :quantity
pre: self.account->exists (k:account | k.accountno = n)
post: result = self.booking->iterate (b:booking; r:quantity = 0
if b.accountno = n and b.date <= z
then
r + b.bookingquantity
endif
)

Fig. 7. An example specification illustrates the specification of assertions.

Figure 7 contains an example specification. The first expression states that the security quantity for
each account has to be greater or equal zero. The second expression determines that the service calcu-
latequantityfor can only be executed for an account known to the component. Moreover, the quantity
of an account (returned by the service calculatequantityfor) is the sum of the quantities that have been
booked on this account up to the current date (decreases are considered as negative quantities and thus



subtracted).

Finally, the framework supports specifying constraints referring to the ordered invocation of interface-
methods (coordination constraints), which can both occur within an interface and between interfaces.
Usually, interface-methods may not be arbitrarily invoked and have to be called in a predetermined
order that is difficult to identify solely on the basis of interface-definitions. Thus, coordination con-
straints provide valuable information which can be utilized during configuration to determine the re-
sulting control flow of the application. They can be denoted using a specialized format that is based on
OCL and extends it with temporal operators to implement a temporal logic (for a complete list of tem-
poral operators see [1]). Extending a well-established specification format instead of creating a new
one enhances both acceptance and the probability for future tool-support.

Figure 8 shows an example specification expressing that the booking service may only be called after
the reserve method, which debits the account so that the booking can take place.

EasyBookKeeping: :book (b:booking)
pre: sometime_past (reserve (b:booking)

Fig. 8. An example specification illustrates the specification of coordination constraints.

4.5 Grey Pages: Information Referring to the Implementation

The grey pages hold information about the component implementation. Although this may sound
somewhat strange at a first glimpse (components are black-boxes), providing extra-functional informa-
tion about the implementation quality nevertheless is useful since it serves as valuable input for com-
ponent discovery. Quality attributes can refer both to the component as a whole as well as to single
interface-methods. Following an adoption of the ISO 9126 quality model for COTS components [4],
the specification framework supports specifications referring to the usability, maintainability, func-
tionality, reliability, and efficiency of a component implementation.

type Efficiency = contract {
responseTime: decreasing numeric msec;
componentSize: decreasing numeric kbyte;

}

qualityProfile for EasyBookKeeping = profile {
from book require Efficiency contract {
responseTime < 5 msec;
componentSize == 1428 kbyte;
}

Fig. 9. An illustration of the USCS type library and the specification of quality attributes within the grey pages.

The principal notation to denote quality specifications is QML [11], which supports both the definition
of specific quality attributes along with their respective metrics as QML contract types and the specifi-
cation of concrete implementation quality characteristics as QML contracts. To ensure the specifica-
tion of homogeneous quality characteristics, the specification framework provides a QML type library
with quality attributes and metrics (based on ISO 9126 and [4]), which can be augmented with addi-
tional quality attributes as needed (see figure 9).

5 Future Directions

The proposed specification framework has recently been evaluated in practise (initial case studies can
be found under www.fachkomponenten.de). Ongoing research focuses on introducing a standardized
data model that can be used to store and exchange specifications between tools. This data model will
also be used to integrate different notations (e.g. WS-Specification and USCS) via a model-view con-



cept. Furthermore, UML 2.0 is currently being introduced into the specification framework as an al-
ternative mix of graphical notations.

Based on the proposed specification framework various CASE tools and processes are currently being
developed, among those a repository to store and exchange components, a marketplace to trade com-
ponents, a tool to support the specification-process, a flexible process model for component-based
software engineering, and a process for component discovery based on multi-criteria decision-making.

An important goal is to start standardization of component specifications at an international level. This
framework has been developed to contribute an initial proposal and open discussions in a broader
standardization interest group.
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