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Abstract, Change management is a core problem of software development.
Management of changes means managing the process of change as well as
managing all artifacts of an evolving software system. Both challenges have
been focused extensively in the field of software process modeling and software
configuration management, respectively. In this paper, we motivate that change
management needs an integrated approach to process and configuration man-
agement. A fundamental prerequisite to provide such a comprehensive support
is the integration of the underlying representation formalism of process and ver-
sion models. To cope with this problem, we propose a conceptual framework to
provide a common conceptual basis of process and version modeling concepts
and identify the requirements for comprehensive process support for change
management, Furthermore, we classify and evaluate different approaches of
how to integrate process and version models from a conceptual point of view.

1. Introduction

Change management is one of the core problems of sofiware development. Manage-
ment of changes to any software document means (1) managing the process of
change as well as (2) managing all artifacts of an evolving software system. Both
aspects serve as motivation for an integrated modeling approach to support process
and configuration management in a process-centered software engineering environ-
ment (PSEE):

(1) Focusing the sofiware development process has been always a core challenge of
software engineering. At the beginning, very coarse-grained and informal descrip-
tions of the software process in terms of life-cycle models were considered and have
been criticized ever since, In the last decade, the explicit and unambiguous specifi-
cation and continuous improvement of processes were recognized as a key factor for
successful completion of software projects ((CFFS92]).

The software process is characterized - like every engineering process - by the
complexity of both, the product and the process, and the dynamically changing envi-
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ronment in which the process takes place. Thus, feedbacks' and changes occur in all
life cycle phases. Though many process modeling languages (PML) were developed
and feedbacks in the software process have been recognized as an important factor of
software process technology (SPT) (cf. [Dow87]), most PMLs provide only poor
concepts for managing the process of change. Moreover, most existing PMLs lack
integration of version and configuration modeling mechanisms into the overall rep-
resentation formalism.

(2) Software configuration management (SCM) has been identified as a major part of
a well defined software development and maintenance process ((Hum89]). SCM
deals with controlling the evolution of complex software systems and supports both,
technical development as well as management of the evolution of software systems
([Fei91, CoWe97]):

The technical view of SCM provides mechanisms and functions to control ver-
sions of software objects, to build derived versions, and to construct consistent soft-
ware configurations. On a technical level, it supports performing changes by differ-
ent mechanisms like workspace control, long transactions, or sub-databases, Many
version models and concepts have been proposed ([CoWe97, Cag95]). But all of
them lack sophisticated process support, although some process-oriented featurcs
were sometimes added. Currently, process support is of growing interest in soflware
configuration management (cf. [Est95, MiC196, EDA97, Leb97]).

The management view of SCM focuses on the organizational and administra-
tive aspects of SCM. As part of the overall management of a software project, SCM
provides methods to handle change requests, and to perform changes in a controlled
manner by introducing well-defined change processes. Furthermore, it supports
monitoring the status of the software components.

1t seems that SCM provides all concepts and techniques for a methodical approach to
change management. Moreover, change management seems to be just another notion
of SCM. But, a detailed and comprehensive process support for implementation and
management of changes is not given. On the technical level, support for process
automation is sometimes provided to build derived objects and to trigger proccdures
before or after a SCM activity is done. On the other hand, the management view of
SCM considers only very coarse-grained and informal process descriptions with all
the drawbacks of such models. Thus, there is 2 gap of process support between the
technical and the management view of SCM.

We believe that an integrated approach to process and configuration management
can bridge this gap and is the basis for comprehensive change management support
provided by a PSEE. The prerequisite of such an approach is the integration of the
underlying process and version modeling formalisms. This paper aims at providing a
conceptual framework for the integration of process and version models. It identifies

! The term feedback is used as a generic term to denote deviations from a linear progression
of a process. Similar terms are “iteration’, ‘repetition’, or ‘rework’ (cf. [Dow87]).
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the core problems and requirements for integrated representation formalisms. In
particular, it focuses on the capabilities needed for comprehensive process support
for change management. Furthermore, we use the framework to classify approaches
of how to integrate process and version models on a conceptual level.

Section 2 introduces the conceptual framework for integration of process and version
models and relates it to other work on conceptual frameworks. Further, it describes
the main integration aspects of an integrated representation formalism. Section 3
characterizes change processes and outlines the main requirements for integrated
process and configuration management in order to support change management. In
section 4 existing process and version models are classified and evaluated using the
proposed framework. Finally, section 5 gives a short conclusion.

2. Conceptual Integration Framework

2.1 Objectives of the Conceptual Framework and Related Work

Several conceptual and terminological frameworks have been proposed in the field of
sofiware process technology for different purposes (e.g., [CFFS92], [FeHu93],
[Lon93], [CFF93], [CoLi95]). Some aim at providing an unambiguous and generally
accepted terminology, some characterize and clarify the basic challenges, require-
ments and concepts, and some are designed for comparison and evaluation of exist-
ing approaches. All of them provide valuable knowledge for an essential under-
standing about the software process and are fruitful for developing both, a sophisti-
cated theory and technology concerning software processes. In relation to our con-
ceptual framework, the following work is of particular interest:

In [CFF93], a framework for evolving software processes is introduced. Process
change and the process of process evolution is a specific topic concerning changes
which is not focused on in this paper. Some requirements of evolving processes may
be adopted and adapted for handling general changes of sofiware documents.

Conradi and Liu discuss in [CoLi95] whether a process modeling language
should be designed by using one or many languages for the different sub-models of a
process model, They define four classes of PML design approaches. Furthermore,
they distinguish six core process elements (activities, artifacts, production tools,
roles, humans, model evolution) and take versioning as a non-core element into ac-
count. The aim of the paper is to clarify the basic concepts, functionality and tool
architecture of a PSEE with respect to the various PML design approaches. A deep
consideration of integration aspects for process and version models is not provided.

Our conceptual framework takes only a subset of the software process modeling do-
main into account, namely the process space, the product and version space, and the
work environment which are introduced below. Thus, it neither claims to be a gen-
eral framework for software process technology, nor is it intended to provide a pre-
cise terminology, Rather, the aim of our conceptual framework is to integrate con-
cepts from software process technology and SCM to provide the conceptual basis for
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studying change processes and to identify the integration dimensions of process and
version models. Thus, it claims to be adequate for clarifying and improving the un-
derstanding of the interdependencies between modeling concepts of these research
areas. Moreover, it serves as the basis for the characterization of different integration
aspects and is used for the evaluation and classification of existing approaches.

Interrelationships between process and configuration management have been
discussed by the SCM community mainly with respect to cooperation support (e.g.
[GCCM95, EDA97]) or low-level process control and automation rather than focus-
ing on all integration aspects. A deep consideration of these interrelationships, par-
ticularly with high-level process concept, is currently of growing interest.

2.2 Fundamentals of the Conceptual Framework

With the intention of considering process and version modeling formalisms in mind,
we have to deal with different terminologies from SPT and SCM. In particular, a
process model usually combines descriptions of different perspectives of a process,
namely activities, artifacts, resources, organizational units, and execution behavior
(cf. [CFFS92, Lon93]), but the artifact (sub)model of existing PMLs takes only the
product space into account. On the other hand, a version model consists of a product
space which describes the software documents? and their relationships and a version
space which identifies and organizes the object’s versions.

In order to define a common terminological basis and to avoid this overlapping
meaning of process and version model, we adopt and integrate the basic notions from
SPT and SCM: First, we adopt the notions repository, product, version, and work-
space from SCM as defined below. Next, we use the notion process space to denote
the active parts of a process and hence use it in a restricted sense rather than cover-
ing all aspects of a process.

Our framework is based on the notions of process space, product space and ver-
sion space., Figure 1 illustrates these perspectives and their interdependencies and
additionally shows the resource and organization perspectives which will be disre-
garded in the following. All these spaces together define the modeling scope of an
integrated representation formalism. Moreover, Figure 1 illustrates the work envi-
ronment which defines the virtual world in which processes are performed by agents,
The building blocks of the framework are defined as follows and their integration
aspects are discussed in the following sub-section.

The process space defines what tasks have to be done and how these tasks may be
accomplished in terms of a partially ordered set of process steps. Furthermore, it
specifies the dynamic execution behavior (execution states, control and data flow) of
process instances. With respect to change management we emphasize two aspects,
namely (a) different forms of feedbacks and change processes and (b) process support
for SCM as part of a change process is needed on a low-level of abstraction for the
technical side as well as on a high-level of abstraction for the management side.

2 We use the notions document, artifact, and software object synonymously throughout this
paper and use change as a general term for medification of any software document.
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Fig, 1. Overview of the conceptual framework

The repasitory space consists of the product space and version space and provides
the fundamental procedures for defining, identifying and accessing of versions, vari-
ants, and configurations ([CoWe97]). The product space describes the structure of a
software product without taking versioning into account. It defines the composition
of software documents/objects and their dependencies. Sofiware objects are coarse-
grained units which have an internal fine-grained structure. The version space de-
fines how versions are represented and managed. In general, version representations
may be classified into state-oriented versioning and change-oriented versioning. The
internal representation is encapsulated by basic operations for retrieving and con-
structing of versions. Note, that we do not subsume capabilities for low-level process
control under the repository space which are ofien associated with SCM (cf.
[Leb94]), To provide an orthogonal and well-defined conceptual framework, these
capabilities are part of the process space.

The work environment provides the virtual environment in which an agent (human
or machine) perform its activities. It is divided into the workspace, task space, and
the technical and organizational environment: The workspace provides all software
documents that the agent needs to do the work including temporary results. The task
space contains the personal work list, provides enactment support (guidance, en-
forcement, automation) and handles process feedback information [DoFe94]. Thus,
the task space is the activity-oriented equivalent to the data-oriented notion work-
space. Finally, the technical and organizational environment is derived from the re-
source model and organization model and should be customized to the user-specific
needs, E.g, it provides uniform invocation of tools.

The work environment controls and maintains the task and workspaces in conjunc-
tion with the process and configuration management services and allows for interop-
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erability among different work environments. Different concepts exist for workspace
management: E.g., a workspace may be either a partial or total copy of the repository
space (e.g. implemented by check-in/out), or a specific view on it (e.g. implemented
by virtual file systems, sub-databases, or long transactions) (cf. [EsCa94, Fei91)).
Thus, it may be more or less under the control of the PSEE’s repository.

2.3 Integration Aspects of Process and Version Models

Afler defining the building blocks of the conceptual integration framework, we now
identify the interrelationships between process space and repository space. These
interdependencies are denoted in figure 1 by (A) - (F). We outline the fundamental
integration aspects which have to be considered when integrating process and ver-
sion models on a conceptual level. Note, that every modeling space may be described
on various levels of abstraction (type, template and instance), and hence, the intc-
gration of the modeling elements have to be considered on every level.

A. Interrelationships between process space and product space

a) Interdependencies between process and product structure: The process and
product structure, i.e. the (de)composition of processes/documents and their
(static) dependencies, have great interdependencies. E.g. the sofiwarc archi-
tecture determines a lot of tasks to be accomplished and module dependencies
define data and control flow dependencies. Managing these interdependencies
is fundamental for an integrated modeling approach and in conjunction with
the management of design decisions the basis for impact analysis,

b) Formal input/output-relationship: From a functional point of view, a process
takes software objects as inputs and produces new or modified objects as out-
put. From the product point of view, software documents are used, created and
modified by operations or processes. In any case, there is a (static) relation-
ship between the absiract process definition and product definition that de-
termines which kind of input and output a process may consume or produce,
respectively. This relationship further determines several properties of the
actual dataflow (see below) and is more complex than in conventional pro-
gramming languages: (1) kind of parameter (input, output, in/out), (2) kind of
data passing (original, copy, reference), (3) kind of access (exclusive, shared,
read-only, write), (4) cardinality of parameter (optional or mandatory, unique
or multiple values), and (5) parameter type (restricted by document/object
type and/or by a document specified in the product space which acts as a
placeholder for the actual version).

B. Interrelationships between process space and version space
a) Actual data flow: Different kinds of actual data passing and access have to be
taken into account. In particular, several versions may be passed between
running activities. Thus, the actual data flow has to take versioning into ac-
count. In general, the logical data flow of the process space must be separated
from the physical passing of versions using workspace management capabili-
ties in order to realize different data flow scenarios (e.g. push vs. pull),
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b) Interdependencies between the version state and the process’ execution be-
havior: As the product structure influences the process structure, the actual
version state may affect the execution behavior of a process. E.g. a process
must not be started if the version is not approved. Furthermore, version state
transition may be associated with specific activities,

¢} Concurrency control: Processes which operate concurrently on the same ver-
sion have to be coordinated using an adequate control mechanism which de-
pends on the employed workspace management approach. This implicit coor-
dination provided by a SCM system may affect the scheduling of processes
under the control of 2 process engine which is in charge of explicit coordina-
tion of activities.

Interrelationships between process space and repository space

a) Reflexivity: Obviously, process specifications are documents; due to several
reasons process models will evolve in time. Thus, process models are part of
the repository space and will be under version control. Moreover, the process
of process (model) changes (usually referred to as meta process) is defined in
the process space. Therefore, process representation formalisms have to pro-
vide reflective features [BaFu93]. Note, that for the sake of readability this
reflexivity relation was not accurately illustrated in figure 1,

Interrelationships between change processes and SCM operations

a) Integration of basic SCM operations in the process space: A version model
defines not only the structure of the product and version space. It also pro-
vides basic operations to build up and modify these spaces (e.g. retrieving and
constructing of versions, building of derived objects). These basic procedures
have to be integrated into the general PML used for the process space.

b) Support for general SCM processes: For managing changes, process support
is needed for SCM activities on different levels of abstraction (see Sec. 3.2).

Intrarelationships in the process space

a) Correlation of change processes: Many separately and independently initi-
ated but correlated change processes which concern similar problems have to
be synchronized during execution and may have to be joined together.

b) Transactional and non-transactional activities have to be integrated following
different strategies of how to react on changes.

Interrelationships between product space and version space: The integration of
product space and version space is essential for a versioned repository. In par-
ticular, construction of configurations and building of derived objects have to be
investigated with respect to change management. In this paper we do not further
address this topic. For a comprehensive overview see [CoWe97].
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3. Process Support for Change Management

SCM deals with changes on both, technical and management level, but it lacks com-
prehensive process support for software engineers and managers, as mentioned in the
introduction. In the following, we focus on changes from a process-oriented view in
order to outline the main requirements of an integrated approach to process and
configuration management. First, we focus on feedbacks in a software process from a
technical point of view. Next, we describe the process support needed for SCM ac-
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3.1 Feedbacks and Change Processes

The notion feedback was employed to subsume notions like backtracking, repetition,

iteration, rework and so on (cf, [Dow87]). This variety of notions already shows that

there will be no general concept for handling changes in a PSEE. The following list
gives an overview of such situations (cf. [HKNW96]) and defines some of the above
mentioned notions:

o Loops: predefined repetition with defined exit condition until an accurate result is
accomplished; no analyzing or planning phase. Example: combination of manual
and automatic process steps until an accurate result is accomplished

e Rework: predictable or unpredictable repetition of finished tasks or activities re-
using the previous process and resources; additionally, a change request is docu-
mented, analyzed and authorized and the change will be validated and approved
following general configuration management policies (cf. [Hum89]); but, no
planning of activities and resources is needed. Example: iteration of coding,
testing and reviewing a software module due to error correction

e New process: instead of repetition of the previous process, a new process is in-
stantiated for implementing and managing the change which consists of analysis
and authorization of change, planning the activities for change, implementation
and approval; the process may be as complex as the overall development process.
Example: modification of a system which does not fulfill the user’s needs.

e Reaction: reaction to change requests and adaptation of previous results during
enactment by the agent who currently performs the task (simultaneous engineer-
ing). Example: during module implementation new features may be added.

e Backtracking/Rollback: undoing previous actions and proceeding differently
which is useful for automated process steps with transactional semantics.

e Prototyping: predefined iterations of processes on type level with corresponding
iterated evolution of actual process instances and their results.

Furthermore, the situations of feedbacks in the software process sketched above are
even more complicated since many possibly dependent or overlapping feedbacks may
occur concurrently. Process support for feedbacks have to take this diversity of
change situations into account. Thus, the core requirement with respect to the proc-
ess modeling and enacting capabilities of a PML is the adaptability of the execution
behavior specification which includes:
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o Modeling and initiating of feedbacks: Flexible modeling mechanisms have to be
provided in order to determine the target of a feedback and to define how to react
to this situation. In particular, predefined control flow constructs like loops have
to be combined with ad hoc decisions where to restart a process. Instead of reacti-
vation of finished activities, in some situations new activities have to be dynami-
cally initiated and integrated into the process for handling the changes.

o Impact analysis and consequences: After initiating a feedback, we have to con-
sider who is potentially affected, what could be the consequences, and how
should one react, E.g. transactional activities should be aborted whereas human
activities may be suspended or even informed.

o Managing the flow of change: When actual changes are done, we have to decide
when these changes should be propagated to the affected process steps. E.g., to
support simultaneous engineering, this can be done before the activity is finished.
Thus, advanced data and control flow mechanisms are needed and have to be in-
tegrated with workspace management services for propagation. Furthermore,
changes may lead to on-the-fly modifications of the planned activities.

The need for a flexible and adaptable execution behavior induces further require-
ments, We emphasize the following three derived requirements: (1) On-the-fly modi-
fications and local customization of enacting process instances to react to unforeseen
situations (cf. [CFF93]), (2) coordination and joining of correlated change processes,
and (3) support for transactional workflows ([GHS95]).

3.2 Process Support for Configuration Management

For change management, process support for SCM activities are needed on a low-
level of abstraction for the technical side as well as on a high-level of abstraction for
the management side. To bridge this gap we need capabilities for:

a) Process control and process automation: the process space should be able to
control the basic SCM operations, i.e. who, when and where changes can be
made (e.g. in conjunction with a role concept modeled in the resource space);
moreover, mechanisms for automatically triggering actions should be provided
and integrated in the overall process modeling capabilities, e.g., for building de-
rived objects, for constructing or updating a workspace, etc.

b) Integration of management processes and technical processes: processes for im-
plementation of changes have to be integrated with management processes of
SCM like change request authorization or approval of changes. This requires spe-
cial modeling features (reflexivity, see section 2.3) and monitoring capabilities.
Furthermore, product-centered processes based on state-transition diagrams for
controlling the product life-cycle have to be supported (cf. [EDA97]).

¢) Modeling of global SCM policies: establishing and controlling general SCM
policies (e.g. for quality assurance) and customization to the organization’s ex-
isting policies require modeling capabilities for global process rules or constraints

Furthermore, rather to provide traceability only for the version history, an integrated

approach has to be extended to include the process history as well.
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3.3 Work Environment Support for Performing Changes

Support for performing changes has to deal with the trade-off of “sharing vs. isola-
tion” ([Cag95]). On the one hand, software engineers want to perform changes iso-
lated from influences of other changes as much as possible. On the other hand, they
want to be notified about all changes which affect their work and want to obtain
these new results as early as possible. Thus, the right degree of cooperation between
various work environments defined as inter work environment data exchange is es-
sential. We need support for both, controlled cooperation and free cooperation:

Controlled cooperation support deals with notification of changes and propa-
gation of intermediate and final results. It may be explicitly controlled on process
level by passing of intermediate results or may be implicitly controlled on data level
by extended transaction protocols with relaxed isolation properties depending on the
applied workspace management concept. Furthermore, we have to distinguish be-
tween simultaneous changes of versions of dependent objects and concurrent changes
to the same version of an object. The latter further requires reconciliation of concur-
rently changed versions.

Free cooperation support deals with direct interaction among engineers which
is not fully controlled by the process engine or repository (e.g. shared applications,
video conferencing, etc.). The concept of shared workspaces scems to be a good ap-
proach in this direction; On process level, we can control which activities may share
parts of their workspaces, whereas the actual data interchange is managed by the
actors (cf. [EDA97]). Finally, we need synchronization mechanisms to integrate syn-
chronous cooperating activities into a predefined workflow on process level.

Another important service of work environment management is the configuration of
the workspace which has to support some form of ‘recovery’ for change manage-
ment: To implement a change, the old work environment must be re-established and
adapted, i.e. at least old and new input versions, the previously produced results, and
the modified task description or the change request have to be provided.

4. Classification of Process and Version Model Integration

Representation formalisms of both, process and version models vary between several
paradigms (cf. [FNK94], [CoWe97]). Thus, existing approaches of integrating proc-
ess and version models can only be compared and classified on an abstract and con-
ceptual level. To achieve this goal, we apply meta modeling techniques in conjunc-
tion with our conceptual framework, i.e. we neglect all details and use an ER-like
notation to skeich a model of the underlying concepts which will be embedded in the
conceptual framework. In addition, we give examples and briefly evaluate some of
the few existing integrated approaches to process and configuration management and
point out their strengths and weaknesses. Most of them are descended from configu-
ration management systems extended by process-oriented features.
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Fig. 2. Activity-centered integration approaches

First of all, we distinguish between activity- and product-centered integration ap-
proaches, Furthermore, we divide the activity-centered approaches into dataflow-
oriented and change-oriented, illustrated in Figure 2. The product-centered ap-
proaches are classified into product-state-based and object-based approaches, illus-
trated in Figures 3.

4.1 Activity-centered Integration

A) Dataflow-oriented: The dataflow-oriented approach is based on activities and
information flows between them. Furthermore, it is characterized by a clear separa-
tion of processes and products. In the process model, the dataflow is represented by
tokens which refer to any product or data item and hence abstract from their repre-
sentation, as illustrated in Figure 2. Thus, no assumption is made about the under-
lying object model so that every object model (versioned or not) may be integrated.
Another advantage is that feedbacks and change processes can be supported on a
high-level of abstraction. On the other hand, only a very loose-coupled integration
can be achieved, B.g., since versioning cannot be presumed, dataflow and execution
behavior do not take versioning into account. Moreover, most often only poor work
environment and cooperation support is provided by this approach.

Examples of this approach are Petri-net based or activity-centered process manage-
ment approaches like Spade [BFGL94] or DYNAMITE [HIKW96]. The latter is
particularly designed to cope with the dynamic nature of sofiware processes, and
provides some remarkable capabilities to support change processes. It provides spe-
cific mechanisms for feedback handling and supports cooperation on process level by
passing of intermediate results between running activities. The involved tasks of a
feedback and the produced results are versioned within the process model so that
traceability and reestablishing of the work environment is guaranteed. The integrati-
on with a version and resource model is currently investigated (cf. [HKINW96]).
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B) Change-oriented: In the change-oriented approach, activities, transactions, and
changes are closely interrelated and are the basis for the integration of process and
version models. An activity is performed in a (mostly human-centered) transaction
within the work environment. The transaction leads to some change of a product
which is related to the activity. The actual flow of information between the work en-
vironments is not represented on the process level. Rather, this approach is based on
support for controlled cooperative work between activities which determine the con-
tent and topology of the corresponding work environments. Whereas the activitics
define the context, the underlying SCM system is in charge of providing version and
workspace control capabilities and of supporting cooperative work on the technical
level. Its strength lies in the good cooperation support and its weakness is the little
support for coordination on the process level. Obviously, this approach fits very well
to change-oriented version models and hence allows for tightly integrated version
and process modeling formalism as well. However, the systems which follow this
approach most often support integration only on a technical level so that only a loose
integration on a conceptual level is achieved (e.g., EPOS [Con+94], COO [God+96],
ClearGuide [Leb97]) or have very limited process management capabilities (e.g.,
Asgard [MiC196]).

4.2 Product-centered Integration

C) Product-state-centered: The product-state-centered approach to integrate proc-
ess capabilities into configuration management focuses mainly on controlling the
product life-cycle and on a low-level process functionality based on state transitions
and event/trigger mechanisms, as illustrated in Figure 3. Usually, there is no (high-
level) notion of an activity. Thus, the work environment consists only of the work-
space which is managed by the SCM system. Event/trigger mechanisms may well
support low-level process functionality. But they are not suitable as a general process
modeling formalism, because they are difficult to understand for humans, the exccu-
tion is hard to control, and high-level concepts for process specifications are missing
[BEMY94].

Most SCM-systems fall into this class. E.g., ClearCase [Leb94] provides a process
control toolset which supports access control, event recording and dynamic policy
enforcement based on triggers. However, ClearCase does not offer any comprehen-
sive process modeling and enacting capabilities.

The problems of the low-level process formalisms may be reduced by a process
formalism which hides the low-level event/trigger definitions: Adele-Tempo
[EsCa94, BEM94] is a SCM-system which provides process functionality based on a
trigger mechanism, On top of this, the process formalism Tempo was proposed
which is based on the role concept. A process type is defined as a set of objects play-
ing a role. Thus, this formalism is again product-centered. It supports actor assign-
ment to activities but lacks modeling information and control flows of processes.
Comprehensive process support is therefore missing.

Another approach of integrating high-level process support for SCM systems
and in particular for the Adele system is APEL [EDA97]. This approach is mainly
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based on activities (following the change-oriented approach), but also integrates
product-state-based aspects. It provides comprehensive process and cooperation sup-
port. Unfortunately, enactment is not provided on this high-level of abstraction but
needs compilation to the Adele language, i.e. to event/trigger rules.

D) Object-based: The object-based approach is adapted from object-oriented mod-
eling techniques which are applied for process and configuration management. In
this approach, software objects are the building blocks of the model. They define the
structure of the product space, organize their own versioning, and specify operations
which may be performed on an object. Further, the execution behavior is specified by
a statechart variant which defines the coordination of the object’s operations. Opera-
tions and their coordination specifications form the process space which overlaps the
product and version space. In this approach, product-state- and structure-based as-
pects are integrated best. Moreover, SPM and SCM concepts are integrated on a high
level of abstraction. However, we believe that an approach that is exclusively based
on objects has its limitations for a general PML. The intrinsic subordination of ac-
tivities to software objects or documents and the implicit representation of informa-
tion flows are strong weaknesses. But, an enhancement of such an approach which
defines and integrates different object classes for processes, artifacts and their ver-
sions etc. whose behavior are coordinated by message/event passing seems to be a
promising approach (cf. [Joe97]).

ESCAPE+ [NSS96] and SOCCA [EnGr94] follow this approach. SOCCA does
not explicitly take versioning into account, whereas ESCAPE+ extends its predeces-
sor ESCAPE [Jun95] of version concepts.
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4.3 Comparison

From the process management point of view, most PMLs disregard versions and
configurations, They are designed on top of SCM systems and hence are integrated
only on a technical level. From the configuration management point of view, support
for process control and automation may be found in SCM systems for a few years
based on “low-level” mechanisms like rules and triggers. Integration of more high-
level process modeling and enacting concepts is currently investigated in the SCM
community. The capabilities of the most promising approaches are summarized in
Table 1. Note, that these approaches are not dataflow-oriented and provide only poor
support for feedback handling on the process level.

Regquirement EPOS Adele/Tempo | APEL ESCAPE

Integration Aspects

structural by planning no no inherent

integration

input/output alternate task | implicit, in/out parame- | derived from

relationship and data net ter + dataflow | object relation
dependencies

behavioral based on at- ECA-ruleson | local STDs inherent

intepration tributes attributes (statecharts)

scheduling & con- | not integrated | implicit (yes) implicit

currency coatrol

SCM operations (no) yes (no) yes

general SCM yes (no) yes (no)

processes

joining of correlated |no no no no

processes

Int. WE support

controlled cooperating role collabora- |{ various coop- | coopcration

cooperation {ransactions tion eration policies | patterns

free cooperation WE overlaps | public areas public arcas no

Table 1: Integrated SPM and SCM support provided by different systems

5, Conclusion

Integration of process and configuration management support is of growing interest.
We have addressed this topic by focusing changes and change processes. A funda-
mental prerequisite to provide such a comprehensive support in a PSEE is the inte-
gration of the underlying representation formalism of processes and versions to ob-
tain explicit descriptions of the process and repository space. Due to the diversity of
the existing modeling languages for processes and versions, integration of these for-
malisms is a great challenge. To cope with this problem, a common conceptual basis
of process and version modeling concepts and elements is needed. In this paper, we
have proposed a first approach to such a conceptual framework which adopts and
integrates generally used notions of SPT and SCM, and is based on the notions of
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process space, product space, version space and work environment. We have tried to
outline the interdependencies between process and version models on 2 high-level of
abstraction and to identify the basic requirements for an integrated approach.

An important issue discussed in this paper is the classification of how to inte-
grate process and version models. Based on the fundamental distinction of activity-
centered and product-centered integration, four classes have been identified, namely
the dataflow-oriented, the change-oriented, the product-state-based, and the object-
based approach. Every approach has its specific strengths and weaknesses.

We hope that the material presented in this paper will be fruitful to support fu-
ture work on this challenge. Still much work has to be done in this direction. First, it
is an open issue whether the development of a comprehensive PML leads to one
large language or to several separated but well integrated sub-PMLs (cf. [CoLi95]).
Second, the interdependencies between process and version models must be dis-
cussed in more detail, E.g., the consequences of specific representation paradigms
like state-oriented vs. change-oriented version models on the integration with proc-
ess concepts have to be considered. Furthermore, we have to focus on the impact of
different concepts for workspace management on an integrated approach. Third,
SCM functionality for building derived version and constructing configurations
which may be provided by version rules have to be considered in a more comprehen-
sive version of the framework. Finally, the framework has to be extended to explic-
itly describe the interrelationships between process and version models on the differ-
ent level of abstraction (type, template, instance level).
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