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Abstract 

For an industrial product with more than a minimal complexity the only reasonable way to ensure its quality is to 
guarantee that it is produced via a quality process. Industrial maturity demonstrates itself in the ability to separate the 
product from its development process, that is separating the WHAT from the HOW. This separation allows to analyze and 
certify (!) the development process. Especially for software development the need for certified development processes (IS0 
9000, IS0 12207) is pressing. In this presentation we explore some of the basic concepts underlying the notion of a software 
process and some of their implications. 
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Qualio . . . is the degree to which a customer or user 
perceives that software meets his/ her composite 
needs. 

1. Introduction 

To ensure the quality of any industrial product, 
different approaches can be used, cf. Fig. 1. In the 
sequel we describe them and discuss how far they 
are applicable to software engineering. 

. In scientifically well-understood disciplines we 
find construction: Based on a once-and-for-all 
established transformation, the product is pro- 

duced, using the specified requirements as inputs. 
The algorithm is very often directly implemented 
by a tool. This approach can be found in a small 
area of the software development: compiling. 
Once the compiler has been proven correct, it 
suffices to write the program in the appropriate 
higher level language. The compiler will produce 
the corresponding machine language text, For 
software engineering in general we find that many 
properties of software products (e.g. user friendli- 
ness) cannot be formalized with sufficient rigor to 
allow the construction approach. In reality user 
requirements are often not fully understood and 
thus no basis for a construction process. At the 
same time they might be too subtle or too volumi- 
nous to allow formalization. 
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The construction algorithm is (hopefully) proven 
correct for all future products. Lacking such a 
universal tool one can try to perform a proof of 
an individual product: The end product is aug- 
mented by a description of the sequence of trans- 
formation steps which were used to derive it from 
some accepted true statements (axioms). The 
checking of these transformation steps (not their 
creation) must be fully mechanical, based on a set 
of rules defining valid transformations. Examples 
of proofs for software products show that they are 
usually longer and more error prone than the 
original program [ 13,421. If user requirements 
change, the construction and the proof process 
have to be repeated... 
Related to the proof we find the exhaustive test, 
exercising completely the behavior of a product. 
This is a hopeless attempt with software products. 
In some disciplines one can use representative 
tests, knowing that due to the continuous nature 
of physical phenomena the correctness of the 
representative proves the correctness of all values 
in its range. Due to the digital nature of software 
we cannot rely on this assumption: Changing a 

single bit (the famous missing comma in a space 
shuttle program) will cause the program to be- 
have in unpredictably different ways (a typical 
chaotic behavior). As E. Dijkstra pointed out: 
“Testing can never prove the absence of errors, it 
can only proof the presence of errors!” 

* Other approaches rely on mechanical comparison 
of two representations of a product and a detec- 
tion of incompatibilities. Two approaches exist: 
Two versions of the same product are created in 
parallel and then compared (either at delivery 
time or during the run-time of the system, i.e. 
redundancy checking). Alternatively the created 
product is reverse engineered to its initial re- 
quirements. These requirements are then com- 
pared with the original ones. The problem with 
this approach lies in the high cost (essentially two 
independent developments) but is used in highly 
safety critical applications. 

= Given the inapplicability of the more rigorous 
methods above, we have to rely on some informal 
quality assurance by humans. We see static (in- 
spections and reviews) and dynamic verifica- 
tion/validation techniques ( prototyping). One 

Fig. 1. Quality approaches. 
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tries to execute some form of the intermediate or 
final products in order to detect mechanically 
some unacceptable properties (e.g. collisions) or 
to enable humans to validate the outcome. 

. A completely different approach tries to utilize 
the observation that the quality of a product is 
strongly related to the quality of the developer 
and their level of motivation: they rely on motiva- 
tion, training and on accumulation of personal 
experience. This definitely can be brought to bear 
fruit for software engineering. Due to the youth of 
this field, however, many seasoned practitioners 
will not have received a formal education in 
many of the subjects necessary for proper soft- 
ware development. 

. Finally, experience also tells us that proper orga- 
nization of work can reduce the number of errors, 
often discussed under the topic of fool proo$ng 
[32]. Part of this approach is also an emphasis on 
high-quality documentation, an approach prac- 
ticed by bureaucracies throughout the millennia. 
This approach, too, looks promising for software 
engineering. 
From the above survey we can conclude that 

looking at the way a product is created (the develop- 
ment process) seems to be one of the most promising 

routes to software quality (Fig. 21, despite the fact 
that there is no guarantee. This means that one tries 
to improve product quality by improving the pro- 
cess quality. 

2. Process abstraction 

Industrial maturity demonstrates itself in the abil- 
ity to abstract the development process from the 
specifics related to the production of the individual 
product. One of the basic assumptions of CASE- 
technology is our ability to abstract from the individ- 
ual product. Such an abstracted process acts as a 
process model (a template) for future development 
processes (Fig. 3). This abstraction is not straight- 
forward, since it is necessary to decide which fea- 
tures of an individual process are considered to be 
specific to an individual product and which features 
are to be considered relevant for the process model 
and thus for future processes. Conceptually we sepa- 
rate the WHAT (individual product one wants) from 
the HOW (this should be done in a general fashion 
[9]). Obviously, one has to choose a compromise 
between too general a process description - covering 
all types of products but lacking any specifics about 
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Fig. 2. Approaches to quality. 
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Project 1 Project 2 

Fig. 3. Abstracting the software process. 

an individual product class - and too narrow a 
description which cannot be applied to a large enough 

class of products. 
Simple processes like building a chair are learnt 

once and for all (e.g. in apprenticeship). For un- 
known or complicated processes (e.g. assembling a 
ready-made chair or cooking an unknown dish, Fig. 
4) a written, formalized description is needed. To 
this aim the desired process(es) are represented in a 
Process Model (e.g. [5]) and expressed in one of the 
available Process Model Representation Languages 

[ml. 
The notion of process models is actually our daily 

routine: cooking recipes (Fig. 4), instructions on how 

to operate the telephone, the video recorder, the car, 
etc., are essentially process models describing (in 
more or less detail) a process to be performed 

Abstracting the process model offers several ad- 

vantages: 

- The same process model can be applied to differ- 
ent products. 

- One can “reason about the software process” 
[43], about advantages and disadvantages of cer- 
tain methods and activities. 

. One can gradually improve the process based on 
past experience [26,22,20,37] by adding newly 

detected process know-how to the process model 
to be utilized by future projects. 

The abstraction of a process is usually based on 
the experience with already performed processes (Fig. 
3) together with some methodological concepts, e.g. 
as laid down in the IS0 9000 standard [19,36] and 

IS0 12207. 
The abstraction of a process actually has several 

dimensions: 

* Abstracting from individual products: Typically 
the basic software development process to de- 
velop a reservation system for a football stadium 
and one for assigning students to courses will be 

similar. 
* Abstracting from instances: Within one project 

we find different instances of the same type of 
partial product or activity (e.g. specification of 
several individual modules of the system). The 
process model will only contain a description of 
the types (the “classes”) of activities to be per- 
formed and of the types (the “classes”) of results 
to be produced (cf. Fig. 3). In the example of Fig. 
4 we abstract from several steaks which we might 
use. Equally we abstract from several C + + 
modules of the same type. 

- Abstracting from individual engineers: The pro- 
cess should be essentially the same when per- 
formed by different engineers. The process has to 
be described independently of any personal bias 

I 
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Fig. 4. A recipe. 
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Fig. 5. Cascade model of software processes. 

or preference. This is in clear contrast to artisans 
where the apprentice learns primarily by instruc- 
tion and observation of the master. 

In order to describe a process via a process model, 
we need several essential components (Fig. 5). We 
distinguish: 

Result types: They describe intermediate and final 
results of the development process. 

Dynamic result structure: It describes in a very 
general way how results are dependent on one an- 
other (e.g. “object module is compilation of source 
module”). 

Activity types: They describe the elementary steps 
of the development process. Activities use results to 
produce further results. Their description implies the 
methods to be used. 

Dynamic work jlow structure: It describes the 
dynamic relationships of activity types (e.g. “coding 

must be done after design”). The dynamic work 
flow structure must consider the constraints already 
given by the dynamic result structure but may add 

further sequencing constraints. It defines the strategy 
of the development process. 

Skills: They define the skill(s) a person needs in 
order to perform the activities of the specified type. 
This is the key to select personnel for process enact- 

ment. 
Tools: This defines the tools to be used. Including 

tool invocation in the process model allows to auto- 
mate it. 

Some components also have a static hierarchy, 
e.g. tools have subtools, etc. For the purpose of this 
paper we do not need to discuss these hierarchies 

any further. We also ignore the problem of generic 
models and their tailoring [21,5,40]. 

Note that a model only talks about the “types” of 
components. When performing an actual project they 
have to be instantiated (Fig. 3). An activity instance 
is the executable result of instantiation, cf. [21,40,41]. 
There may be several instances for a given activity 
type. The number of instances usually has to be 
determined at run-time. 

Only the written/stored representation of the de- 
sired process can be the basis for further improve- 
ment of the process. It has to be pointed out that the 
actual codification of the process is hard, time-con- 
suming, error-prone and full of controversy [28]. 
Secondly, the perception of the process can be quite 
different [27]. One has to distinguish 

* The perceived process: What you think you do. 
* The actual process: What you actually do. 
. The oficial process: What you are supposed to 

do. 
l The initial process: What you define initially. 
- The target process: What you want to do in the 

future. 

The perceived, the actual and the official process 
are the basis for an initial process model. Based on 
observation, experience and theoretical considera- 
tions this should gradually he transformed into the 
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target process. The target model itself is a moving 
target, since continuous improvements are expected 
and actually necessary. In order to become world 
class, the process model must include the relevant 
accompanying processes like quality management, 
project management [6,7], etc. For providing flexibil- 
ity (e.g. different quality assurance paradigm) this 
implies that we create partial process models and 
combine them in a controlled way [l 11. 

At this point one has to point out that process 
models go far beyond a life cycle model. Life cycle 
models primarily define several phases of the devel- 
opment process and the results to be passed between 
them without concern about the detailed steps within 
each phase. They contain a limited number of phases, 
usually between 4 and 10; the most well-know being 
the waterfall model [4]. Process models, on the other 
hand, give a very detailed description of the intended 
process, giving details of the intermediate products 
to be processed and their relationship to the individ- 
ual activities. Typically IBM’s process model ADPS 
had more than 180 activity types and some 200 
result types [7]. Due to its greater level of detail a 
process model implies a certain development method. 
Additionally, a process model also describes meth- 
ods to be applied for the various activity types and 
often it even defines the tools to be used. 

3. Process enactment / software engineering envi- 
ronments 

The size of a process model results in a rather 
voluminous written description. The danger is that a 
purely printed document will not be consulted during 
development and, thus, the adherence can not be 
guaranteed or enforced. A solution is the use of a 
formalized and machine readable process model 
which is on-line and interpreted (“enacted”) by a 
computer program. One usually calls such an enact- 
ment mechanism a Process Engine [43]. One of its 

Fig. 6. Basic functions of a software engineering environment. 

tasks is to guide the users via the process model 
through the development process [ 10,2 1 I. 

Nowadays the Process Engine provides numerous 
functions to the users (Fig. 6): 

Interpreting the process model, (gradually) instan- 
tiating the process and then controlling its enact- 
ment. 
Since the process model expresses in detail the 
methods to be used it can also define the tools to 
be used. Tools are the actual workhorse of devel- 
opment and are essential for providing productiv- 
ity and quality. The process engine can call the 
tools on behalf of the user. 
Obviously the availability of the description of 
the results related to the activities allows the 
Process Engine also to administer the various 
intermediate and final results on behalf of the 
user. 

An environment providing a process engine, a 
process model and the necessary tools is usually 
referred to as an (Integrated) Software Engineering 
Enuiromnent, but many other names exist, too 
[25,29,35]. 
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Fig. 7. Components of a software engineering environment. 

From a user perspective a software engineering 
environment provides a structure as shown in Fig. 7. 
One recognizes 

* the process model, describing the intended pro- 
cess; 

. the process engine guiding and controlling the 
development process; 

* the CASE-tools for performing the individual de- 
velopment tasks; 

l the Repository, containing all intermediate and 
final results and their relationships; 

l the user interface providing appropriate represen- 
tations to the user. 

The user performs three different tasks: 

navigation: deciding what to do next, based on 
the process model, on the status of results and 
other activities. The system can give some help 
by providing priorities, etc.; 
development work, performing the creative part 
of software engineering, utilizing the existing 
CASE tools; and 
(to a lesser extent) administration of the results. 
This is mainly done by the process engine. 

4. Existing process models 

A number of process models has been widely 
published and a few are in wide use. Some widely 
used models became to some extent de-facto stan- 
dards in some countries or industry segments. In the 
sequel we will list some of the well-known ones and 
provide references for further details: 

ADPS from IBM [8,7] was a software engineering 
environment with a very complex process model 
(some 180 activity types), describing develop- 
ment, quality assurance and project management. 
Its primary target platform was AD/CYCLE [31]. 
It was fully operational on a process engine. 
ESA-Model [ 171, the model of the European Space 
Agency consists of a written set of documents 
describing in textual form the development pro- 
cess. In order to enact it via a process engine, 
considerable work would have to go into the 
definition of activity types. 
EVROMETHOD [18] is a framework to manage 
the technical and organizational aspects of a con- 
tractual customer-supplier relationship, during the 
life cycle of an information system. 
HERMES is the model prescribed by the Swiss 
government [l]. It is largely a variant of the 
V-Model (see below). 
MAESTROII from Softlab [30,44] is a 
repository-centered software engineering environ- 
ment. Its process model is a variant of the SETEC 
model (see below). 
MERZSE [12,34] is a process model with a long 
standing tradition in France. It is widely accepted 
there. 
SETEC [24,23,38,39] has as basic philosophy that 
the users should keep their existing methods. 
SETEC is used to bind them together into an 
appropriate life cycle frame work. 
SSADM [15,14] is the de-facto standard in the 
United Kingdom. The process model is very de- 
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. 

tailed, mostly in form of data flow-type diagrams 
with associated text. The activities concerned with 
development, quality assurance and project man- 
agement are intermixed in one model. 
V-Model [5,61 is the standard of the German 
government and quickly becoming an industry- 
wide standard. Besides a model for actual soft- 
ware development the standard describes also in 
detail separate, but interlinked submodels for 
quality assurance, project management and con- 

figuration control. Its translation into an enactable 
process model is under way. 

5. Process models and process improvement 

The motive behind introducing process models is 
the observation that the quality of the development 
process strongly and positively influences the quality 
of the product. This is also the incentive to improve 

the process itself. 
In the last decade several concepts of measuring 

the quality of the software development process have 
been publicized (CMM [33], IS0 9000 [36], BOOT- 

STRAP [3]). There are also several international 
methods to measure potential process improvements 
(e.g. BOOTSTRAP [20], SPICE [37]). Several papers 
in this special issue discuss this topic. 

6. Trends and outlook 

The industry, but also the European Community, 
recognize the fact that an orderly, best-practice based 

Fig. 8. ESPITI-logo. 

Fig. 9. Austria’s ESPITI logo. 

process model together with the provision for its 
observance are a key to a successful software indus- 

try. The European Software Process Improvement 
Training Initiative (ESPITI) honors this fact and tries 
to disseminate this idea in Europe (Fig. 8 and Fig. 
9). It is carried out in all countries of the European 
community [2,16]. 

Numerous advantages can be derived from a for- 
mal description of the process model. Some of them 
are [9,28]: 

The way the project should be performed is laid 
down before the project begins. 
The project can be planned easier. 
The methodology can be taught more effectively. 
The process becomes transparent. 
The process can be improved - a necessary pre- 
requisite for full maturity of software develop- 
ment [33]. 
Usually the resulting products have a higher qual- 
ity. 
The process can be certified, thus giving more 
creditability to the company. 
Past projects can be better audited, etc. 

Summing it all up, it shows that the concept of a 
.  ̂

Process Model is a central point of control tor 
software production. It will gradually become a pre- 
requisite for mastering the challenges of the software 
industry in the near and distant future. 
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