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Software Process: Characteristics, Technology and Environments

Francisco Ruiz-González and Gerardo Canfora

In this introductory article we present the concept of Software Process (SP) and the properties that
characterize and distinguish this process from other types of processes (e.g. typical industrial production
processes). We go on to justify the interest in having Software Process Technology (SPT) to enable us to
automate and to integrate production and management processes in order to carry out software projects. We
also present Software Engineering Environments (SEE), collections of integrated tools whose purpose is to
provide support to the abovementioned processes. We conclude by summarising the problem of how to
integrate the tools making up an environment and how to create a process-oriented environment.

Keywords: Software Engineering Environment, Software
Process, Software Process Technology, Process-Orientation,
Tools Integration.

Characteristics of Software Processes
The definition of Software Process (SP) complements the

concept of software life-cycle in the sense that it defines the
skeleton and philosophy for carrying out an SP, but it is not in
itself sufficient to guide and control a development and/or
maintenance project. An SP is a “coherent set of policies,
organizational structures, technologies, procedures and arti-
facts that are needed to conceive, develop, deploy, and main-
tain a software product” [3].

The special nature of SPs can be defined as follows:
a) They are complex.
b) They are not typical production processes, since they are

exception driven, are strongly affected by highly unpre-
dictable circumstances, and each process has peculiarities
that distinguishes it from all others.

c) They are not ‘pure’ engineering processes either, since we
do not know the appropriate abstractions, (there is no
experimental science behind them), they depend too much
on too many people, their design and production are not
clearly differentiated, and their budgets, schedules and
quality cannot be programmed reliably enough.

d) They are not (entirely) creative processes because some
parts can be described in detail while some procedures are
previously enforced.

e) They are finding-based and depend on communication,
coordination and cooperation within predefined frame-
works. Their delivery generates new requirements, the cost
of changing software is not usually recognised, and their
success depends on user involvement and the coordination
of many different roles (sales, technical development,
customer, etc.).

The necessity for creative human participation and the
absence of repetitive actions means that neither the develop-
ment nor the maintenance of the software is a production proc-
ess. However, there are some similarities between the two
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kinds of processes which are useful for understanding software
processes in a broader perspective. Like production processes,
software processes consist of two inter-related sub-processes;
the production process and the management process [5]. The
production process relates to the actual production and mainte-
nance of the product, while the management process provides
the necessary resources for the production process, and
controls it. This control is possible when the production proc-
ess feeds back information about its situation to the manage-
ment process. These relationships are represented in Figure 1,
as are the relationships between processes and the external
environment. The request for a product comes from outside
(the external world); in other words, the external environment
justifies the production process’s existence. Management also
has to conform to the current standards of the external environ-
ment; in other words, the external environment also has an
indirect influence on the production process. In short, produc-
tion and management processes make use of technologies orig-
inating from the external environment.

Software Process Technology
The essence of SPT is that it allows the integration of

production and management technologies in a new work envi-
ronment, known as Process-centred Software Engineering
Environment (PSEE), which provides support to management
and production processes in an integrated manner. Figure 2
shows the impact of this new technology and how PSEE imple-
ments, controls and improves the flow of information by which
the management process controls the production process. The
main objective of SPT is to control the inherent complexity of
the SP via an in depth understanding of the process itself, and
by means of the automated support provided by a PSEE. An
essential factor in achieving this objective is computerized
support; in other words, having a process model and the proper
means of defining, modifying, analysing and enacting it [1].

Following on from the previous definition, SPT makes use of
a wide range of areas and concepts:
1. Software development and maintenance technologies

which provide the necessary tools and infrastructure to
make it possible and economically feasible to create and
maintain complex software products that meet present and
future needs.

2. Methods and techniques for software development and
maintenance which provide the essential methodological
support required to make efficient use of the abovemen-
tioned technologies and successfully perform development
and maintenance activities.

3. Organizational behaviour, in other words, the science of
organizations and people, is useful because software
projects are generally carried out by groups that need to be
coordinated and directed within an effective organizational
structure.

4. Marketing and economy, since software development
and maintenance projects are not executed in isolation,
and, as is the case with any other product, software must be
oriented towards the needs of real customers and users.

To sum up, when developing and maintaining software it is
necessary to pay attention to the complex relationships that
arise between the various organizational, cultural, technologi-
cal and economical factors.

Software Engineering Environments
Although the use of tools in helping developers to

produce software has existed in one way or another since the
early days of computing, the concept of Software Engineering
Environment (SEE), is a relatively recent development. SEE is
defined as “a set of tools providing full or partial automated
support to software engineering activities”. Normally these
activities are carried out within the framework of a software
project and refer to aspects such as specification, development,
reengineering and maintenance of software systems. SEE has
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Figure 1: Production Process vs Management Process.
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also been known by other names: IPSE (Integrated Project
Support Environment), ISEE (Integrated Software Engineering
Environment), CASE tools coalition, Federated CASE tools, or
ISF (Integrated Software Factory).

The term SEE can be applied to a wide range of systems:
from a set of a few tools running on the same system, to a
completely integrated environment able to manage and control
all data, processes and activities of a software product life-
cycle. Thanks to the automation of activities (partial or total),
SEE can produce significant benefits for an organization:
reduction in costs (high productivity), improved management
and improved quality of the end product. For example, the
automation of repetitive activities, such as the performance of
test cases, not only improves productivity but also helps to
ensure the completeness and consistency of testing activities.

SEE normally deals with information related to:
a) Software under development or maintenance (specifica-

tions, design information, source code, tests data, project
plans...)

b) Project resources (costs, computing resources, personnel,
responsibilities and duties...)

c) Organizational aspects (organizational policies, standards
and methods used...)

SEE gives support to human activities by means of a set of
services that describe the environment’s capabilities. These
services provide the correspondence between a chosen set of
software life-cycle related processes and their automation by
the use of tools. In most cases a tool’s functionality is related to
one or more services.

Interest was first aroused in SEE in the early 90s when the
first reference models were proposed and the first taxonomy of
the services to be included was produced [8]. But it was not
until the beginning of the 21st century that environments were
developed which actually tried to meet the ambitious objectives
that the definition of SEEs entails [6].

3.1 Integration
The concept that most differentiates an SEE from a simple

set of tools working on a computer under the same operating
system, is the degree of integration that it provides. The
concept of integration applied to an SEE can mean many relat-
ed but different things:
• The degree to which different tools can communicate effec-

tively between one another within the framework of an SEE.
• A measure of the relationships between SEE components.
• The simplicity, interoperability, portability, scalability, pro-

ductivity, etc., produced by the seamless interaction of SEE
components.

Sharing the same object management system (repository
manager) instead of having a separate file system for each tool
is an important feature of integration, but not the only one.
SEEs must have a series of interfaces enabling cooperation
between tools from different manufacturers. Integration can be
said to involve the three following aspects:
• A set of services. Most of the services described later are

applicable to integration. For example, using a common
object management system with common schemes enables
the tools to share objects; using global presentation charac-

Management Process Production Process

Management 
Technology

Production 
Technology

External world

Exploits Integrates

Provides Provides

Standardises Justifies

 

 

Process 
Technology

Provides

PSEE

Integrates

Supports

Figure 2: Impact of Software Process Technology.
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teristics in the user interface enables all tools to have a sim-
ilar “visual aspect”; and management process and commu-
nication services are necessary for the tools to communicate
with each other.

• A new dimension for each service. Having common serv-
ices permits integration but does not make it obligatory (tool
developers are not obliged to use them). This new dimension
indicates the degree to which a service can help to increase
integration.

• A policy. It is also necessary to implement policies so that
developers of tools, frameworks and platforms can use inte-
gration services efficiently. An example of this are the “style
guides” intended for tool constructors.

According to [7], the need for integration in an EIS involves
several different dimensions (see Figure 3):
• Data. Data integration is the ability to share information in

the SEE. The degree of data integration can be high (tools
use a common database with a common scheme), medium
(common data formats) or low (uses transformation mecha-

nisms). Another characteristic that data integration can
include is composition.

• Control. Control integration is the ability to flexibly
combine the functionalities provided in an environment.
These combinations may correspond to project preferences
and be driven by the underlying software processes.

• Presentation. Presentation integration is the ability to inter-
act with environment functionalities with similar screen
appearance and similar modes of interaction.

• Processes. Process integration is the ability to access envi-
ronment functionalities using a pre-defined SP enacted with
automated support.

3.2 Process Orientation
We have already mentioned the importance which process-

oriented SEEs (or PSEE)s have in SPT. In fact, the principal
role of an SEE is to provide support to order to enact the SP
effectively. This point of view is gaining ground as software
development and maintenance processes have become intellec-
tual activities of an ever more complex and laborious nature,

Tool

Interoperability 
How much work must be done for a tool 

to manipulate data produced by 
another?

Nonredundancy 
How much data managed by a tool is 

duplicated in or can be derived from the 
data managed by the other?

Data Consistency 
How well do two tools cooperate to 

maintain the semantic constraints on 
the data they manipulate?

Data Exchange 
How much work must be done to make 

the nonpersistent data generated by 
one tool usable by the other?

Synchronization 
How well does a tool communicate 
changes it makes to the values of 

nonpersistent, common data?

DATA

PROCESS

Process Step 
How well do relevant tools combine to 
support the performance of a process 

step?

Event 
How well do relevant tools agree on the 
events required to support a process?

Constraint 
How well do relevant tools cooperate to 

enforce a constraint?

PRESENTATION

Appearance and Behaviour 
To what extent do two tools use similar 

screen appearance and interaction 
behaviour?

Interaction Paradigm  
To what extent do two tools use similar 

metaphors and mental models?

CONTROL

Provision  
To what extent are a tool's services 

used by other tool in the environment?

Use  
To what extent does a tool use the 

services provided by other tools in the 
environment?

Figure 3: Properties of Tool Integration in SEE.
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with a great potential for improvement to quality and produc-
tivity, based on discipline, management, and the help of PSEEs
and other computing technologies. Many organizations have
problems defining and performing the steps which transform
user requirements into a software product in such a way that
they are replicable, measurable in terms of quality objectives,
and adaptable or improvable, so the use of an SEE to imple-
ment a defined process during the performance of a software
project can provide considerable short term benefits.

In a PSEE, process management services contribute to the
effective support of SPs, providing end-user oriented facilities
in order to define and use processes that can replace the undis-
ciplined, difficult to control, and tedious invocation of individ-
ual tools. Garg and Jazayeri [4] believe that process support in
PSEE is based on the following functionalities:
• Process definition. A process engineer use the PSEE to

define a process to be followed by one or more projects.
• Process analysis. A process model within a PSEE can be

analysed to verify its consistency, completeness, and
correctness.

• Process presentation. A PSEE includes support for the
graphical display of SPs (activity flows) and products (struc-
tured diagrams).

• Process simulation. The PSEE supports the use of simula-
tions to be able to evaluate the suitability of a process before
committing full resources to it.

• Process automation. Once a process has been defined, activ-
ities which do not require human intervention can be identi-
fied and automated by the PSEE.

• Process monitoring. The PSEE monitors the execution of a
process and records the history of the activities carried out.
This process history can be used later for future process
developments and improvements.

• Process change support. The PSEE allows an organization
to change its process definitions without interrupting its
work.

• Openness. The PSEE provides tools to exchange data and
metadata with other non-integrated tools or with other
PSEEs.

• Multi-User support. Typically, software engineering
projects are worked on by teams of people with different
roles. The PSEE must therefore provide services to all the
people working together on a process.

• Process guidance. Software engineers use the PSEE to carry
out various process steps. The PSEE must provide help in
choosing among possible next steps based on the modelled
process and the current state.

• Task-specific user interface. Based on the modelled process,
the PSEE can scope the user interface to the needs of each
task, thereby preventing an excess of information from
being presented to the user. 

It is becoming ever more common for software product
development and maintenance to be carried out with the collab-
oration of various companies or organisations. As a result, in
recent years there has been increasing interest in the study of

the problems that can arise when several separate and distinct
PSEEs are required to collaborate with one another, and, more
specifically, in the need for interoperability between the proc-
esses supported by those PSEEs. Among the various proposals
made to address this problem, perhaps the most interesting is
that put forward by a number of authors who, using the meta-
phor of international alliances, support the idea of forming
federations of PSEEs, whereby each organization would
manage its own processes (just as each country has its own
laws), and inter-organizational processes would act in a similar
way to international treaties between countries. In the relevant
bibliography, two types of conceptual architectures have been
proposed for PSEE federations: control based, favouring
centralization given the existence of common process models;
and state based in which there is a workspace in which the
common state is stored [2].

Conclusions
In this article we have presented the key aspects of Soft-

ware Process Technology: the object of interest (software proc-
ess and their characteristics); the interest in and justification for
giving automatic support to these processes; and the require-
ments, functionality and characteristics of integration and proc-
ess-orientation that the collection of tools need to have to
achieve these goals.
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