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Abstract

Industrial software projects are not based on a top-down devel opment process relying on refinement but use an evo-
lutionary approach. In this paper, we present the basic concepts of a suitable overall componentware methodology with
respect to software evolution. We clarify the difference between refinement steps and evolution steps in an document-
based development process. Based on this, we introduce the concept of Requirements/Assurances Contracts to explicitly
model the dependencies between the development documents. This helps developers to track and manage the software
evolution process.
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1 Introduction

Most of today’s software engineering methodologies are based on a top-down development process, e.g. the Object
Modeling Technique (OMT) [RBP*91], the Rational Unified Process (RUP) [1va99], the Objectory Process [Jac92], or
the German standard for information systems development in the public service, called V-Modell [IAB98]. The basic
idea behind those is: During system development a model of the system is build and step-wise refined. A refinement
step adds addional properties of the desired system to the model. At last the model is a sufficient fine, consistent, and
correct representation of the desired system. It may be directly implemented or even generated. Surely, al of these
processes support local iterations, for instance the RUP allows developers to have interations during analysis, design or
implementation. But the overall process is still based on refinement steps of the underlaying system model. In formal
approaches, like ROOM [Bra94] or Focus [BDD192, Bro98] is the concept of refinement even more strict.

These kind of process modelsinvolve some severe drawbacks: Initialy, the customer often does not know all relevant
requirements, cannot state them adequately, or even states inconsistent requirements. Consequently, many delivered
systems do not meet the customer’s expectations. In addition, top-down development leadsto systemsthat are very brittle
with respect to changing requirements because the system architecture and the involved components are specificaly
adjusted to the initial set of requirements. Thisisin sharp contrast to the idea of building a system from truly reusable
components, as the process does not take already existing components into account with respect to reuse. Beyond this,
lifecycle and maintenance are not supported in these approaches. This is exremly critical as, for instance, nowadays
maintenance takes about 80 percent of the IT budget of europe’'s companies in the average and 20 percent of the user
reguirements are obsol ete within one year (cf. [Neu99)).

However, there are some approaches available with a more sophisticated support of software evolution, like for
instance Rapid Prototyping [Bis92] or reuse resp. component based approaches[BRSV98a, BRSV98b, ABD* 99, Szy97].
Neverthel ess, software evolution as abasic concept is currently not well supported. In our opinion, thisis partly dueto the
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lack of asuitable overall componentware methodology with respect to software evolution. Such a methodology should at
least incorporate the following parts, asillustrated in Figure 1:
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Figure 1: Framework of Software Evolution in Componentware

System Model: A well-defined conceptual framework for componentware and software evolution is required as a re-
liable foundation. It contains the basic definitions, notion, and concepts, e.g. for evolution, a component, or an
interface.

Description Techniques: Based on the system model, desciption techniques for componentware are needed. Therewith,
developers can model and document the evolution of a single component resp. a whole component system. As
the description techniques are based on the system model we can state well-defined consistency criteria between
descriptions of different evolution steps. We may be able to verify the correctness of evolution steps with the help
of specialized tools.

Software Evolution Process: Development should be organized according to a process model tailored to software evo-
Iution resp. componentware evolution. This includes guidelines for the usage of the description techniques and
reasonabl e evolution steps.

Evolution Resistant Architectures: To minimize the costs of software evolution systems should be developed on evo-
lution resistant architectures. Such architectures contain a common basic infrastructure for components, like
DCOM [Bro95], CORBA [OH97], or Java Enterprise Beans[Jav99]. But even moreimportant are business oriented
standard architectures, which are evolution resistant. Whereas the latter one relay on the former one.

Tools: Atlast, al former parts should be supported by tools. Instances of the system model are stored in repositories and
changed by editors, which support the description techniques. An overlying workflow tool organizes the software
evolution process. Programming tools support evolution resistant architectures.

In the following sections we will discuss these aspects in detail. In Section 2 we introduce our view of a software
evolution process and of development documents. We introduce the concept of Requirements/Assurances Contracts to
model explicitly the dependencies between the devel opment documents. A short conclusion ends the paper.



2 Development Documentsand Process

Usually, during the development of a system, various documents are created. Such a document is seperate unit that
describes a certain aspect of, or 'view' on the system under development. In componentware we typically have the
following kinds of documents:

Structural Documents describe the structure of the of a system resp. component. The structure of a component con-
sists of its subcomponents and the connections between the subcomponents and the supercomponent. Usual struc-
tural documents describe the static structure of the system (e.g. aggregation or inheritance in UML Class Dia-
grams [OMG99]). More sophisticated onces can also describe the structural changes over time (e.g. Architecture
Description Languages[BDRS97]).

Interface Documents describe the interfaces of components. Currently most interface descriptions (eg. CORBA
IDL [OH97]) only allow to specify the syntax of component interfaces. The behavior of interfaces is usual de-
scribed in prose. Enhanced descriptions use pre- and post-conditions, e.g. Eifel [Mey97].

Protocol Documents describe the interaction between a set of components. Typicia interactions are message exchange,
data exchange, or dynamic changes in the connection structure. Examples of protocol descriptions are: Sequence
Diagramsin UML [OMG99] or Extended Event Traces [BHK S97].

Implementation Documents describe the implementation of a component. Programm code is the most popular kind
of those descriptions, but we can also use automatons, like in [Rum96, Har88]. Especially in componentware
the implementation of a component can be (recursively) described by a set of structural, interface, protocol, and
implementation documents.

During development we describe a system by sets of those documents. Let DOC' be the infinite set of all documents.
Let SY S betheinfinite set of all systems. We can assigh a semantic to agiven set of documents viathe semantic function
sem asfollows:

sem : P(DOC) — P(SYS)

Intuitively, sem calculates for a given set of development documents the set of systems that are described by these
documents or—in other words—that ' fulfill’ the specification given by the devel opment documents. Current devel opment
methods are based on refinement asalready outlinedin Section 1. Figure 2 illustrates three refinement steps. A refinement
step (e.g. from Docy, to Docy, ) isformally correct if the set of systems described by Doc;, is asubset of the systems
described by Docy,: sem(Doci,) C sem(Doct,). Formal methods like for instance Focus alow us to prove the
sematical correctness of those refinement steps [BDD 192, Bro98, Rum96]. More informal methods provide tools that
perform syntactical correctness checks of refinement steps.
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Figure 2: Refinement during System Development

As Figure 2 illustrates, a correct refinement steps adds additional properties to the set of documents describing the
desired system. Let PROP be the infinite set of al properties. Thus, we can define another semantic function which
gnesto agiven set of documents a set of properties characterizing the system:



prop : P(DOC) — P(PROP)

Again, arefinement step isformally correct, if the condition prop(Doct,) 2 prop(Doct, ) holds, or moreintuitively,
if the new set of properties are consistent with the former one. Nevertheless, the pure top-down approach based on
refinement has several severe drawbacks (Section 1). For that reason development steps in practice are not refinement
steps but evolution steps. Hence, tools based on formal or informal methods can not help devel opersin areasonable way.

Figure 3 shows three typical evolution steps during system development. An evolution step in our sense are changesin
the set of development documents within a certain time step. Neither refinement (first condition) nor abstraction (second
condition) are evolution steps. But the described properties of the system before the evol ution step and after the evolution
step must have a common base (third condition). Formally, an evolution step is given by the following function:

change : P(DOC) — P(DOC), whereVDoc € P(DOC) :
prop(Doc) 2 prop(change(Doc)) A prop(change(Doc)) 2 prop(Doc) A prop(Doc) N prop(change(Doc)) # @
Note, this definition of an evolution step is strongly simplifying. We have to refine this definition and come up with

evolution rules for a single document of a certain type. A full treatment is beyond the scope of this executive summary,
as the resulting formulae are rather lengthy.
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Figure 3: Evolution during System Development

Asillustrated in Figure 3, the basic condition of classical refinement based approaches prop(Doct, ) 2 prop(Doct, )
does not longer hold. However, for the development of complex systems, we still need methodical guideline and help.
Obviously, we need new techniques to prove the ' correctness' of those evolution steps. For that reason we claim that an
evolution based development methodology has to include guidelines and tools to

1. calculate and visualize for each evolution step the dismissed properties of the system
(formally given by prop(Docy, ) \ prop(Docy,)),

2. calculate and visualize for each evolution step the new properties of the system
(formally given by prop(Doc:,) \ prop(Doct, )), and

3. validate the correctness of this evolution step by specialized tools or devel opers.

To reach this goal we have to make the dependenci es between the devel opment documents more explicit. Currently, in
description techniques or programming languages the model abl e dependencies between different documents are extremly
rudimentary. For instance, in UML [OMG99] designers can only specifiy the relation uses between documents or in
Java [Fla96] programmers have to use the import statement to specify that one document relays on another.

If a document changes—via an evolution step—the consequences for documents that relay on the evolved document
arenot clear at al. Normally, the devel oper, who causes the evolution step, has to to check whether the other documents
are still correct or not. As the concrete dependencies between the documents are not explicitly formulated, the developer
has usually to go into the details of all concerned documents.

To avoid these drawbacks, we propose to model the dependencies between the different documents more concretely
within description techniques tailored to the special needs of software evolution. These description techniques enable
the designer to model the required and assured properties of a certain document explicit within this document. Such
description techniques must be strongly structured. They should have at least two additional parts capturing the set of
required and assured properties:



Requirements: In the requirements part the designer has to specify the properties the document needs from its enviorn-
ment.

Assurances: In the assurances part the designer describes the properties the document assures to its enviornment, as-
suming its own requirements are fulfilled.

Once these aditional aspects are specified, the designer can explicitly state the dependencies between the documents
by specifing for each document the assurances that guarantee the requirements. We call such explicit formulated depen-
dencies Requirements/Assurances Contracts. Figure 4 illustrates the usage of those contracts. The three development
documents include the additional requirements (white bubble) and assurances (black bubble) parts. Developers can ex-
plicitly model the dependencies between the documents by requirements/assurances contracts shown as double arrowed
lines.
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Figure 4: Reguirements/Assurances Contracts between Documents

In the case of software evolution the designer only hasto re-check whether requirements of documents, that relay on
the assurances of the evolved document, are still guaranteed. For instance, in Figure 4 document C has changed over time.
The designer has to validate whether Cont r act B still holds. More exactly, he has to check whether the requirements
of document C are still satisfied by the assurances of document A or not. The advantages of requirements/assurances con-
tracts come only fully to vaidity if we have adequate description techniques to specifiy the requirements and assurances
within documents.

Therefore, we propose description techniques similar to those well-known in the field of design by contract’ [Mey97]
or 'contracts in object-oriented systems' [HHGO0]. Design by contract is based on pre- and post-conditions that are
restricted to the scope of a single object. In [HHG90] contracts are used to specify the collaborations between objects.
These approaches take neither evolution nor componentware into account. Nevertheless, the description techniques
can be reused to specifiy requirements and assurances in the proposed contracts. Ancther related approach are ' Reuse
Contracts' [LSM97]. There, evolution conflicts in the scope of inheritance and call structures are discussed, but not
conflicts in component collaborations, as sketched by the proposed requirements/assurances contracts. We still have to
elaborate a consistent set of description techniques to support evolution in componentware at the best.

3 Concluson and Further Work

In this paper, we have outlined the overall idea of an evolution based devel opment methodology for componentware: it
consists of a system model, description techniques, a software evolution process, evolution resistant architectures, and
tools. During software evolution, a set of development documents are created. The refinement approach has severe
drawbacks, for instance it does not support maintenace or change of user requirements. For that reasons we discussed the
basic concepts of a development process based on software evolution. To provide guidelines and help for developers we
introduced the concept of requirements/assurances contracts to model explicitly the dependencies between development
documents. Thus, in case of the evolution of a single development document, we can point out the effects for the rest of
the system.

The full version of the paper includes a more detailed discussion of the presented evolution development process.
Additionally we provide more sophisticated graphical description techniques. A complete development example shows
these description techniques in practice. Finally, we present mappings into technical componentware infrastructures
like CORBA, DCOM, or Java Enterprise Beans. Further work has to be done concerning a complete embedding of
the concept of evolution into aforma componentware methodology. Moreover, we have to provide mappings from the
presented description techniques into this formal model. At last, we have to develop tool support and provide a set of
evolution resistant architectures.
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