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Abstract

This paper discusses the importance of process support for business activ-
ities. A reference framework for process concepts and technology support
is sought. The general requirements and properties of the process do-
main are first discussed. Then, four process sub-models are presented to
describe activities, products, tools and organisations, respectively. Five
process model phases are also introduced, as well as meta-processes and
related human roles to handle process models and their transformations.
The process concepts are applied to a bank example.

Keywords: (software) process, process modeling, process improvement,
meta-process, roles.

1 Introduction
Business! activities carried out in our society are becoming more and more

complex and difficult to manage. The reasons for this are rooted in the rapid evo-
lution of social and economic activities during the last decades, and the diffusion
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of information technology in many new areas. These two factors are strongly in-
terrelated: advances in the technology enable creation of new products, services
and activities, or modification of old ones. These will again change our life, and
produce new needs, feedbacks, and requirements to technology providers.

Business activities with many interacting humans put hard demands on man-
agement. Examples of such activities can be found in a bank, where hundreds
of employees cooperate to produce the bank’s product, i.e. to provide its cus-
tomers with flexible and efficient financial services. In most of these activities,
humans rely on various computerised tools, which support (part of) their work.
Typically, these tools automate a specific task, or manage large quantities of
business-related information.

The insight that the quality of products and services intrinsically depends
on the quality of the associated process has steered work on quality towards
improvement of processes. Especially in these partly computerized businesses,
the opportunities to support the process through software has led to increas-
ing efforts in the industrial and academic communities to provide techniques,
methodologies and tools to assist the process part of businesses. In particular,
researchers are concentrating on the following topics:

e How can we describe a business, to understand it and to facilitate com-
munication and teaching of the business’s rules and procedures?

e How can we better manage, control and thus improve the business?

e How can we have humans and computerised tools cooperating in a coor-
dinated and controlled way to support the business?

Software production represents an important business activity, where humans
and computerised tools interact to deliver products to an end-user. We denote
the activities, rules, procedures, techniques, and tools used within this business
by software process. This term has recently gained popularity among researchers
and practitioners.

Around software process management, several recent initiatives have been
launched:

e Industrial initiatives to improve software processes have been adopted
within software development organizations. Cooperations between academia
and industry have also been established. A well-know initiative in this area
is DARPA’s Software Engineering Institute, created at Carnegie Mellon
University in Pittsburgh in 1983.

e A new research area have grown up, and many scientific events have been
established to facilitate the exchange and discussion of results, problems
and early experiences gained during these years. See [FCA91] [IEE91a]
[IEE91b].

e Outside the area of software production, similar efforts have emerged
within the area of office automation, usually under the common heading
of workflow support [HLI1].



Efforts have sofar been restricted within their specific areas (software engineer-
ing, office automation). Two aspects therefore deserve further attention:

e Software and office processes are not the only production processes. We
should aim at reusing the experience and research from other disciplines,
such as Information Systems, or CIM systems for VLSI design and pro-
duction.

e The recent intensive work on software processes has led to terminology
and definitions for software processes which generally are confusing. Many
different terms are used for the same or similar concepts, and vice versa.

It therefore seems worthwhile to establish a reference framework of process con-
cepts. This can be used within the software process community as a common
set of terms and concepts. It can also be used to exploit commonalities with
related application disciplines or research areas. Other clarification efforts of
PM concepts have been done by Mark Dowson et al. [DNR91] and by Watts
Humphrey et al. at SEI [Hum88].

This paper is structured as follows: Section 2 describes in more details the
systems we want to support. Sections 3 and 4 present the basic terminology
and concepts we are introducing. Section 5 applies these concepts to a bank
example.

2 Human oriented systems

We have previously used the terms “complex business activities” and “(soft-
ware) processes” to denote a system where humans and computerised tools
interact to achieve a common goal. In such systems, humans play a crucial and
active role. Furthermore, proper management and coordination of the interac-
tions among humans and between humans and computerised tools are critical
and complex activities. We call such systems human oriented systems. Their
requirements and properties can be summarised as follows:

e It is difficult to formalise human behaviour, since it is intrinsically non-
deterministic. Thus, human activities are difficult to coordinate and con-
trol.

e Different humans or components of the systems may have conflicting goals.
e The (human) understanding of the actual application is often weak.

e Humans are intrinsically goal-driven and can rarely be forced to use a
particular procedure or computerised tool, when other tools or manual
procedures can be used to achieve the same goal.

e Humans are creative and continuously seek to enhance and optimize the
way they carry out activities.



Typical examples of human oriented systems are a bank (as mentioned before),
an engineering center, or a software factory. In the last case, the computerised
tools are for example editors, compilers, CASE tools, and debuggers. The hu-
mans are the programmers and designers involved in software production.

To manage a human oriented system, we must effectively model and for-
mally describe the complex relationships between humans and tools, inside and
between products, and among humans. Within the software engineering com-
munity, this has led to several languages and notations to facilitate the above-
mentioned requirements and properties.

To better understand how process-related technology can improve processes,
we will present a set of basic concepts, which constitutes our initial reference
framework of process concepts.

3 Basic concepts

A business is carried out by humans who use tools and follow specific rules
and plans. Humans, procedures (manual or automatic), tools (i.e. external
and automatic procedures), rules, policies (often high-level rules), and activities
(tasks) are all components of the process to operate the business.

We distinguish between two main kinds of support technologies:

e Application Support Technology used within the process. This in-
cludes domain-specific and computerised tools used by human actors within
the process.

e Process Support Technology, i.e. methods and guidelines, languages
and formalisms, tools etc. to support the process itself (and the meta-
process discussed below, see section 4). This includes tools to support and
transform process models, and to execute the corresponding processes.

A process model and associated formalisms have at least five sub-models:

e An executable activity model (or task model), to express both simple
and aggregate activities. The available activity formalisms fall into four
main categories:

— Descriptive or rule/trigger-based (MARVEL [KFP88] and ADELE2
[BEMOL)).

— Network-based (MELMAC [DG90], OPIUM [HFLB90], Extended
Petri Nets [BFG91]),

— Imperative or programmmatic, usually interpreted (APPL/A [HSO90],
IPSE 2.5 [War90]).

— Hybrids (EPOS [C*90]).

e A product model to express (passive) data, being manipulated by ac-
tivities. An object-oriented ER model is often used [BGMTS8S].



Note, that the product is evolved by activities, often driven by the product
structure. The activities are themselves evolving and persistent artifacts,
i.e. “products” being operated upon by meta-processes. Indeed, the model
is itself a manipulatable product [BPRI1].

A tool model to describe tools and their architecture. This can partly
be expressed by the activity model, embedding a tool as an activity “en-
velope” [BCN90].

An organisational model to structure and control activities, and their
executable resources. Common artifacts are humans (e.g. modeled by
roles), machine resources, overall project constraints, team coordination,
and work delegation.

A user model to describe how various process actors benefit from the
assistance provided through process support technology. A useful model is
the information logistics, introduced in [FO91], to describe the availability
and flow of information between process actors.

Thus, a process model may cover an entire application, not only its “active
parts”.

A process model and its formalism must consider the requirements and prop-
erties of the real process (Sec. 2). Some relevant characteristics are:

Modularisation, e.g. by hierarchical submodels or reusable model frag-
ments.

Abstraction, and possibilities for gradual Specialisation (cf. PMi phases
below).

Evolution and Customisation:
A useful model must evolve to reflect changes in the business and to absorb
improvements, and it must be customisable [BL79].

Formalisation, and thus support for automated analysis and assessment.

Monitoring and feedback mechanisms, to assist the above assessment and
evolution.

Clarity and Orthogonality, so that a small set of well-defined concepts can
be freely combined.

Understandability by humans, e.g. through an external graphical notation.

Initially, only an informal process model, or its requirement or high-level de-
sign, may exist. This process requirement/design can be developed into a more
formal, albeit generic process model. The generic and abstract model can grad-
ually be refined and customised into a more specific process model. This can be
instantiated into a concrete process, ready for execution (“enaction”).

We thus have five stages through which process models go:



1. PM1. Process Model Requirements & Overall Design: a rather
informal process model, resulting from elicitation and formulation of exter-
nal process models. It will also contain feedbacks received by an executing
process, and the associated requirements on how to evolve the process.

2. PM2. Generic Process Model or Schema: a high-level and possibly
incomplete description of the general sequence of activities of the process,
and of the products involved. It can be used in many similar projects and
organisations, sharing common properties and characteristics.

Such a Schema suggests a very high-level process architecture, according
to general principles and requirements. Within software production these
schemas are called software life-cycles, such as the Waterfall [Roy70] and
the Spiral models [Boe88].

3. PM3. Specific / Customised Process Model: a more detailed and
rigorous description of each type of task in a process, possibly automati-
cally derived from the generic Schema in PM2. Requirements from man-
agement will be considered to refine all the sub-models above, e.g. by
subtyping or by binding project policies, domain-specific tools and roles
etc. We can mention a specific process model for the delivery of software
modules to the integration test group (in a software factory), or for the
emission of travel checks (in a bank).

At both PM2 and PM3 we need tools for analysis, assessment, simulation
etc. of process models.

4. PM4. Instantiated Process Model: A specific process model must be
further instantiated to accommodate the constraints and information of a
given project. An instantiated process model is thus an executable process
description, which links instantiated activities (i.e. task types which have
been instantiated to tasks) with concrete products and project resources,
and which obeys scheduling deadlines.

Once the process model has been instantiated for a corresponding project,
the model can be used to support, control, and evolve the project and its
activities.

5. PM5. Executing/Active Process Model: the manual or automatic
execution (rule-based or program-driven) of the instantiated model, lead-
ing to changes in all the above PM1-PM4 phases through feedbacks. The
execution of a model is usually referred to as model enactment.

The borderlines between these model phases can be hard to draw, and may
vanish in systems with late / dynamic binding.

Feiler and Huphrey have introduced a somewhat different taxonomy [FH92].
They speak of a Process Architecture, being the conceptual framework to ex-
press process models. Our process model requirements & overall design corre-
sponds to their process design, our specific process model corresponds to their



process definition, and our scheduling constraints (present in inputs to an in-
stantiated model) correspond to their process plan. Further, we speak mostly
about process models, making the distinction between the real-world processes
and their descriptions (which we call “models”), while Feiler and Humphrey
mainly refer to processes at different stages of abstraction, refinement and bind-
ing. Lastly, we put more emphasis on the meta-process and human roles.

The development and evolution of a process model is complex and critical.
This activity is called a (meta-)process, and it can be described as any other
process. We thus make the following distinction:

Process: Set of partly ordered activities — and related products, tools and
organisations — to produce the requested outputs.

Meta-process: Set of (meta-)activities to model, analyse, and support a pro-
cess.

This means that process models and processes are the objects upon which meta-
processes operate.

In the following, we will use simplified SADT diagrams [Ros77] as a process
formalism for processes and meta-processes.

4 The meta-process

As mentioned, every process needs to be made explicit, generalised and then
specialised /customised, instantiated, executed, and then improved and modi-
fied. We therefore need meta-process and its meta-subprocesses to transform a
PMi into its successor, and to continuously adapt and evolve them. The rela-
tionship between a process and its meta-process can be described as in Figure 1:

e Processes and meta-processes are operated by humans who can play dif-
ferent roles, e.g. Process Owner, Process Manager etc. See later in this
section.

e One of the outputs of a process is the feedback from its operating people
on the procedures and tools used. This feedback drives the meta-process
activity, thus impacting the changes of the process itself.

e The meta-process produces and modifies the process model of the phases
PM1-PM5. To do this, the meta-process uses a descrition (a model) of
the relevant Application Support Technology, and relies on meta-process
tools. Tools which are part of Process Support Technology, thus fall into
either of two categories: process tools, which support the Process Actors
(in PM5) and meta-process tools, which support the modeling activity.

e One of the outputs of the meta-process is comments and requirements back
to the producer of the Application Support Technology on the efficiency
and effectiveness of the domain-specific tools.
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The meta-process of Figure 1 is further refined in Figure 2, showing two impor-
tant meta-activities:
Business
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Figure 2: Process Improvement (the meta-process).

e Development of a Process Model Requirements & Overall Design

(PM1).

e Development of Process Model & Support Environment: i.e. to
produce PM2-PM5 and to carry out Process Technology Development.
The inputs are PM1 and given domain- or project-specific requirements.
The PM2-PM5 production can be refined as in Figure 3.

There are two important considerations to the previous discussion:

Incremental definition: It must be possible to generate, instantiate and
execute a process model incrementally. Typically, parts of the process
and its model are left unspecified until execution, by late (sometimes called
dynamic) binding as indicated above. This gives flexibility and helps to
avoid strait-jacket effects.

Feedback loops: Process models must be changeable also when the process
is active, i.e. after the model is instantiated and executed. This is because
the business which the model refers to, as well as the technology supporting
it, can and will change. These changes must be properly and promptly
reacted upon to implement an effective and efficient business management.

As mentioned in the beginning of this section, the meta-activities to produce
PM1-PM5 are operated by humans who can play different roles:
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Process Owner: gives inputs to PM1. He/she is responsible for managing the
process to be modeled. He provides the process description and evaluates
process performance, thus producing additional feedbacks and require-
ments for process improvement.

Process Model Designer: responsible for PM1, PM2 and partly for PM3.
His/her goal is to understand the nature of the process, and to elicitate or
create the initial, partly informal PM1. This PM1 requirements & overall
design must later be converted into a formal and generic PM2, e.g. by
using a library of existing and reusable models. The specialisation of a
Process Schema (output of PM2) to a particular project or situation may
or may not be under the responsibility of the Process Model Designer.

Process Manager: responsible partly for PM3 and for PM4. His/her goal is
to provide information to specialise/customise and instantiate the process
model, and to activate and monitor the execution of this instantiated
model.

Process Actor: responsible for PM5 execution and for feedbacks to the differ-
ent PMi’s. He/she is a human who operates within the business process.
He uses the set of domain/application-specific rules, tools and technolo-
gies, all of which are controlled, assisted or enforced by the process sup-
port.

Process Technology Provider: supports all PMi’s. He/she is the agent of
the Process Technology Development activity.

5 An example: a bank and its environment

This section will apply the definitions and concepts from the previous section
to a business example, consisting of the different processes involving IT (Infor-
mation Technology) operating within a bank. The goal is to structure the bank
processes according to the process/metaprocess introduced before. The different
process sub-models will not be elaborated.

We will consider processes and meta-processes of two different organisational
entities (see Figure 4: the bank offices (and the process involving the bank’s
customers), and its EDP department (in charge of developing the software ap-
plications used in the bank offices).

The Bank Process and Meta-process

The business of a bank is to deliver financial services to its customers. The
process in place to achieve this business goal is carried out in bank offices,
where the Process Actors are bank employees, and is referred to as the Bank
Process.
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In carrying out their work, the Actors use several technologies (computers,
networks, etc.) within the framework of procedures and rules that apply in the
bank. The Bank Process is supported and improved by means of the process
support developed by the Bank Meta-process. This is the joint activity of the
Process Owner, e.g. the bank’s steering group, and the Process Designer, for
example the bank’s methods department.

The Bank EDP Department Process and Meta-process

(Part of) the applications used by the bank’s employees are developed by the
bank’s EDP department. In the case of the EDP department, the actors are
the analysts and programmers in charge of producing these software applica-
tions. The EDP department also involves a meta-process, which is operated
by the group of persons in charge of improving the EDP department’s proce-
dures to develop software. This meta-process uses as input the application tools
(compilers, CASE tools, debuggers, ...) denoted with Software Development
Technology in the figure, that will be assembled to produce the EDP depart-
ment process model and support. The EDP department process is an example
of what we called “software processes”.

6 Conclusions

The paper has presented a reference framework for (software) process con-
cepts. Specially the meta-process apparatus should be followed up with tool
support, i.e. CASE tools for life-cycle process management. However, many
process aspects are not covered, e.g. monitoring, which SEI have treated in
more detail.

The framework will be evaluated in an upstarting ESPRIT Basic Research
Action, PROMOTER, where it will be applied to different scenarios and process
management systems.
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