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1 Introduction

Most PM systems are intended to serve in a hybrid
machine{human environment [1]. Thus, variability

through customization and evolution is crucial. As for
interactive and knowledge-based systems, many PM
systems have utilized interpretation and re
ection, of-
ten combined with object-orientation. However, there
is meagre methodological support for controlling vari-
ability e.g. of a Process Schema and its instances.

The paper will �rst de�ne the term process model.
Then follows a list of demands and existing technolo-
gies for process model variability. We also character-
ize some existing PM systems wrt. to such variability.
Thereafter follows a short presentation of the EPOS
support for PM variability, and some indications of
further work.

The EPOS approach to PM variability consists
of: 1) A common, re
exive, object-oriented data-
model, available through the SPELL process speci-
�cation language and o�ering types to describe the
software process world; 2) an AI Planner to incre-
mentally (re)generate task networks; 3) an underly-
ing EPOSDB versioned database that stores both the
Process Schema and its model instances.

2 Background

A (software) process consists of two main compo-
nents: a production process to carry out production
activities, and a meta-process to improve and evolve
the whole process. An internal (computerised) pro-

cess model provides a representation of external (real-
world) process entities and their relationships. It can
be similarlydivided in a production process model and
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a meta-process model (meta-model). A part of the
model is called a model fragment.

The process entities may be of the following main
categories: activities, products, tools, roles, and orga-
nization. Often a process model encompasses a tem-

plate model, a Process Schema with types or rules in an
enactable Process Modeling Language (PML). Such
a Schema is used to describe, create and manipulate
enactable and enacting model fragments (see below).
The Schema and other parts of the meta-model may
be explicitly manipulatible, allowing re
ection.

We can identify the following variability issues in
software process models:

1. Categories of variability:

� Customization according to project context
(\variants").

� Evolution: corrections and improvements (\revi-
sions").

We can also mention Re�nement linked to spe-
cialization and life-cycle phases.

2. When can process models and their sup-

port be changed?, cf. the following PM life-
cycle phases or meta-processes:

(a) PM0. Provide Process Support: e.g. PML,
pre-de�ned models, process tools.

(b) PM1. Elicit reqmts for process model.

(c) PM2. Analyse/design a template model
(\symbolic program").

(d) PM3. Implement an enactable model (\load
image").

(e) PM4. Executing an enacting model (\run-
ning image").

(f) PM5. Assess process performance.

3. Reasons for change: perfective, adaptive, or
corrective { and their frequency and costs.



4. Frequency of change: Is it every minute, day
or year { and for which model fragments?

5. What can be changed?: i.e. the variability
axes and their process parameters?

� Process Support (PM0): process tools and their
platforms.

� Meta-model fragments (PM2): e.g. policies for
model changes.

� Template model fragments (PM2): subschemas
for activities, products etc.

� Enactable model fragments (PM3): descriptions
of unstarted activities, products and their de-
pendencies, or tools (scripts and executables
with switches).

� Enacting model fragments (PM4): descriptions
of running activities.

And how many of the changes can be anticipated
(and thus \parameterizable"), and how many are
ad-hoc (\raw" versioning)?

6. Mechanisms to support model fragment vari-
ability:

� A 
exible architecture to substitute system parts,
cf. recon�gurable distributed systems.

� Dynamic binding: cf. Lisp, Smalltalk, and Pro-
log { cf. re
ection below.

� Restricting access rights: Modularization, inter-
faces, scoping.

� Re
ection with explicit types and meta-types,
so that we can reason upon, manipulate, and
dynamically interpret a Schema.

� Variable types (Schema):

{ versioned types (between transactions):
what are the consequences for their instances;
must we reformat them or temporarily passivate
activities?

{ subtyping (within a transaction),
{ views (cf. versioned types),
{ generic/parameterized types,
{ instance-level delegation.

7. Methodologies and principles to guide

changes.
We need meta-level rules e.g. to observe consis-
tency constraints and apply impact analysis, sup-
plemented by user views and roles.

The structuring and modularization facilities of the
PML and the model fragments will in
uence the possi-
bilities and mechanisms for variability. In PM systems
with dynamic binding, the phase distinction between

design of a template model (PM2), and an enactable
or enacting model (PM3 or PM4), is blurred.

Table 1 summarizes three variability aspects of PM
systems: Schema level, Task Network level, and un-
derlying mechanisms/methodologies. Given the het-
erogeneity in the above solutions, we should base our
PM support on a few general concepts, expressed in
a uni�ed formalism. Then the same mechanisms and
methodology for PM variability (subtyping, version-
ing, dynamic binding etc.) can be applied to most
model fragments: product and activity descriptions,
templates (types), and partly to the meta-Schema.

3 Variability in EPOS PM

There are four axes of structuring and variability
in EPOS Process Schemas:

1. Vertical structuring by subtyping and other
project specialization;
i.e. the activity rule base is hierarchic.

2. Horizontal evolution inside projects and version-
ing between projects.

3. Combined vertical/horizontal, e.g. by dynamic
binding semantics.

4. Re
ection, e.g. by type-level operations and con-
straints.

EPOS stores the entire process model in a versioned
software engineering database, EPOSDB. This has a
structurally object-oriented data model and imple-
ments Change Oriented Versioning (COV). COV en-
ables uniform versioning of entities and relationships,
and their types1. Nested and cooperative transactions
are executed on the current database version.

The SPELL [2] process speci�cation language com-
bines and extends the DDL and DML of the underly-
ing EPOSDB. SPELL supports user-accessible types
and meta-types (re
ection), type-level attributes,
type- and instance-level procedures, triggers on proce-
dures, and concurrency (tasking). The set of declared
procedures and triggers in a type is open-ended, and
with dynamic binding as in Smalltalk. Attributes and
procedures can be Private or Public, giving some de-
gree of modularisation. The type-level task attributes
serve as shared process parameters, and can be rede-
�ned by subtyping. Most of the type-level procedures

1NB: from a representation point of view, see Section 3 on
change semantics.
An EPOSDB type corresponds to a class in the OMG terminol-
ogy, and has an extent.



and -attributes instrument the Schema Manager, Ex-
ecution Manager, and Planner (see below). Many
procedures concern creation, update and deletion of
types, as well as creation and evolution of instances.

A task type expresses an activation rule by the
type-level attributes PRE DYNAMIC, CODE, and
POST DYNAMIC. Activities (tasks) are connected in
a task network, chained by products serving as ac-
tual parameters and decomposed into subtasks. Task
execution is performed by the Execution Manager

as a Process Engine (meta-process PM4), interpreting
the above activation rules. Incremental instantiation
and decomposition of networked tasks is done by the
Planner (PM3), interpreting the type-level attributes
PRE STATIC, POST STATIC, FORMALS, and DE-
COMPOSITION. It is also able to replan after product
and type changes.

The EPOS Schema Manager incorporates a
SPELL Editor to browse, edit, and analyse the types,
and their customization and evolution (PM2). A
SPELL Interpreter implements the access of proce-
dures, triggers, and type-level attributes.

Types are stored as TypeDescrs, with meta-types.
Type-changes can be hard (but simple!), involving
changes in instance-level attributes or the subtype hi-
erarchy. Hard changes are p.t. disallowed, cf. schema
evolution in databases. However, type-changes can
be soft or behavioral (and complex!). These are the
PM-speci�c ones, and can be implemented in SPELL
on top of the database. The type-level procedures
t create and t change are used to introduce and
change types, and these procedures can be subtyped.
The feasibility of a requested type-change must be
evaluated against its possible impact on the whole Pro-
cess Schema ands its instances. A list of constraints
will be consulted. If the impact is too big, a new sub-

type might be de�ned, so that only a subset of the
extent of the old type will be a�ected. E.g. we do not
allow changing the CODE script of an executing task,
but the PRE DYNAMIC might be changed.

3.1 Projects and Their Sub-databases: A
small Scenario

We will here describe the overall infrastructure of
the EPOS PM support tasks, and omit roles and ac-
cess rights (locking).

A long EPOSDB transaction is associated to a
Project task. Its most important subtasks are the
Schema Manager (meta-process PM2), a Project
Manager (in PM3) to start and �nish child projects,
a Coordination Manager (mostly in PM3{PM4)
with a Workspace Manager to coordinate with pos-

sibly overlapping sibling tasks and a Develop task
(PM4) that contains the real production subtasks.

We get started by manually generating a transac-
tion, that de�nes a database version of the entire pro-
cess model, and a local Project governing this. This
may require negotiation and delegation from a parent
project, e.g. according to an incoming change-request.
Under our local Project task, the Planner will generate
the above infrastructure of subtasks.

First, we use the Schema Manager to re�ne and
adapt the \inherited" Process Schema of the parent
project into a more speci�c one. This meta-activity
results in appropriate type descriptions of local ac-
tivities, products, production tools, and roles. Such
schema evolution can also be done incrementally later,
if the meta-model in the Schema Manager allows
this. Thus, several parallel subprojects can co-exist
and have customized Process Schemas, perhaps ini-
tially \borrowed" from a common superproject. This
means that the same, shared products can be governed
by several customized or versioned Process Schemas
(views), belonging to di�erent subprojects.

We then use the Cooperation Manager to es-
tablish cooperation protocols (negotiation and propa-
gation rules and patterns) against possible overlap-
ping neighbour projects/transactions. Such proto-
cols can specify tight cooperation (automatic propa-
gation), loose (manual propagation), or delayed un-
til commit. Thereafter we check-out the relevant
workspace �les from database \long �elds".

Then Develop can start, and its subtasks can be
gradually (re)planned and (re)executed { respectively
in meta-process PM3 and PM4. This process depends
on the actual production activities (PS changes) and
meta-process activities (type changes). In parallel,
we may have communication with neighbour projects,
and merging may be required of exchanged and re-
vised product parts. We can also start and �nish new
subprojects manually via the Project Manager.

Finally, the modi�ed workspace �les are checked-in
to the database. The local project is closed by commit-
ting the database transaction, and possible remaining
update con
icts resolved. The Project Manager of
the parent project is noti�ed.

3.2 Future work

� Better control of access rights, coupled to roles.

� Guidelines, as part of a methodology for PM vari-
ability.

� Extending the Schema Manager into a CASE Tool
for PM?



Survey of Variability in some PM systems

Name of Schema variability Task Network variability Methodology of Change
PM system (PM2) (PM3{PM4) (constraints, guidelines)
ADELE2 Evolving triggers Implicit activities Some guidelines,

and product types, through triggers no meta-model
dynamic binding

ALF Customizable subschema Activity network Customized parms,
in PCTE, late binding is static few guidelines

ARCADIA Changed APPL/A not after compilation None?
programs (not documented)

DARWIN Static types, but Dynamic task network The Law is mutable
rules may be added must obey Laws & self-regulatory

EPOS Subtyping, Incremental (re)planning Type-level procs
\soft" type-changes, of task network and constraints,

dynamic binding versioned EPOSDB
HFSP No type de�nitions Task network can Meta-operations to

be changed change process state
IPSE 2.5 Evolving types, Evolving network Type re
ection,

dynamic binding of tasks/roles PM \Cookbook"
MARVEL Activity rules Via changed rules Constraints on

can be customized rule/type evolution
MELMAC Static rules Petri Net can be No meta-rules, manual

gradually re�ned net construction
MERLIN Rule clusters Via changed rules

can be customized
OIKOS Static \theories" in Dynamic blackboards None?

Prolog, sub-blackboards and their agents (not documented)
Process (C++ programs) Task network can Recon�gurable tasks,
WEAVER be manually changed few guidelines
SPADE Static types in DBMS Petri Net dynamically By re
exive

(O2), may add new ones (re)reconstructed Petri Net

Figure 1: Variability in some PM systems.

� Considering changes also in process architec-
ture/platform.

� And: getting more experience with practical ap-
plications.
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