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Abstract. One of the issues in teaching formal specifications is abstrac-
tion. When confronted with the same exercise or case study specification,
some students will address the abstract problem, while others will strug-
gle with the concrete one (which is usually much more - and unnecessarily
- complex). To which extent and how can we help and guide students to
the abstract way ? Some experience in teaching algebraic specifications
and Petri nets is related here.

Keywords: specification method, modelling method, teaching formal methods,
patterns, algebraic specifications, (coloured) Petri nets.

Topics: Experience from teaching formal methods, Specification and modelling
techniques

1 Introduction

Abstraction is one of the major issues in human thinking as studied by psychol-
ogists [19]. It is stated that human beings are able to think abstractly, and to
use symbols related to abstract concepts, now how does this happen ?

What is unconsciously involved is described as follows [10]

— One learn new concepts by constructing mental objects.

— One solves a problem by mentally manipulating the involved objects (or
structures).

— When one lacks a mental object to hang onto, one reduces the level of ab-
straction.

To select an appropriate level of abstraction is one of the issues in order to have
an efficient problem solving process.

Through experience we grasp a new concept, and another important point is
that we are later able to generalize/extend it to adapt to other relevant experi-
ences.

While abstraction seems to be a characteristic of human thinking, it is
claimed in many disciplines as diverse as painting, music, mathematics, computer
science and software engineering. “Computational thinking is using abstraction
and decomposition when ... designing a large complex system” [24].



However for computer science more is required as noted by Jeff Kramer [14]
who stresses that in computing one should be “skilled at moving from an informal
and complicated real world to a simplified abstract model”.

Teaching to write formal specifications addresses different issues that are
intermingled. One issue is how to extract, from the addressed problem descrip-
tion, the relevant elements that should be specified (this means e.g. to remove
repetitions, as well as descriptions that do not bring any matter as regards a
computer processing, ... ). These relevant elements often encompass a complex
information structure that can in turn be described in a very precise, mathemat-
ical way. So this first issue addresses both finding information in the informal
text, but also providing a structure to present this information in a meaningful,
understandable way (as opposed to an unstructured myriad of yet important
details).

After a given specification language is chosen, another issue is how to make
the best use of it to produce a clear, elegant, legible specification of the above
selected relevant elements of the problem. While some general rules (such as
to always provide a natural language accompanying explanation - possibly with
some schemas - together with the formal specification) may be given, this is-
sue is clearly closely related with the specification language used. This paper
reflects experience in teaching algebraic specifications, lately in the CASL lan-
guage (Common Algebraic Specification Language) [2, 18], and CASL-LTL [22],
an extension using Labelled Transition Logic for specifying dynamic systems.
Experience in teaching Petri nets and coloured Petri nets [12] is also related,
but the style issue for these is not addressed.

There are two remaining issues which are (i) does the specification com-
ply with the requirements, (ii) are relevant properties expressible, and possibly
proved or checked.

Now, when dealing with human brains, some facts are known from psychol-
ogy, with of course some variations between individuals, that may be worth
paying attention to when asking how students can be helped for this task.

1.1 The “magic” number seven

Miller [17] presents results concerning the human brain ability to process infor-
mation, considering that “two bits of information enable us to distinguish among
four equally likely alternatives”. When asked to distinguish between a number
of inputs (along one variable dimension), for instance when asked to distinguish
between different tones in (audible) frequency, between 2 to 14 would be rec-
ognized without error, that is from 1 to 3.8 bits of information. When several
variables are used, this capacity is increased, but less than in an additive way.
However, when using in an experiment “six different acoustic variables with each
five different values, that is 5¢ different tones”, “the transmitted information was
7.2 bits of information, that is about 150 different categories identified without
error.” [17] This number seven appears as striking as a (statistical) limit of our
communication channel, given that if we make use of several variables we can
manage to process significantly more information.



Let us note at this point that, while our physiological system is thus equipped
that we deal with several variables in an auditive task without being aware of
them, an issue is, when faced with a lot of information conveyed e.g. in a problem
description (to be solved by a software system), how to find the relevant analysis
variables that will help us distinguish and identify the relevant factors.

Another experiment shows that recalling a sequence of 18 bits (0 or 1) will be
achieved much more efficiently as they are grouped by chunks of 2, 3, 4 or 5 to
produce less numbers to recall. “We must recognize the importance of grouping
or organizing the input sequence into units or chunks. Since the memory span is
a fixed number of chunks, we can increase the number of bits of information that
it contains simply by building larger and larger chunks, each chunk containing
more information than before. ...this process would be called recoding. ...the
simplest is to group the input events, apply a new name to the group, and then
remember the new name rather than the original input events.” [17]

Thus human reasoning is easier if less elements have to be dealt with. A
consequence for the specification concern is that it is desirable to keep this
number low when structuring/decomposing into subproblems or subsystems that
make sense (represented by a given name). There is of course no way to control
what is the nature of the problem to be solved (and it may involve often numerous
issues), the work to be done is to find out how to cluster related issues into
composed ones, that is how to achieve the recoding mentioned above. This may
also involve to differ some issues to a further step of processing where issues
considered as “details” will be reintroduced and dealt with, in other words,
details are abstracted away until reintroduced in a refinement step. As stated by
Jeannette Wing [24], “Computational thinking is thinking in terms of multiple
layers of abstractions, ...and defining the relationships between those layers.”

1.2 Left brain, right brain

The left and right parts of our brain play different roles in our handling of
tasks [16,4]. The left part of the brain [4] is the logical, analytical, rational
hemisphere involved in speech, reading, writing. The right part of the brain [4] is
the the intuitive, creative hemisphere, involved in dealing with the visual world,
with patterns, etc., and it is also active for synthesis activities. An individual
organization of the brain integrating optimally these two parts will result in
better performances.

Those results were considered for a better teaching activity, with a recom-
mendation to try and address both brain hemispheres (for instance, talking is
only addressing the left hemisphere, so it could be accompanied with some vi-
sual artifacts). A nice example is shown in [15] where colored simple geometrical
figures are proposed to illustrate and explain calculus for elementary algebra,
simple polygons areas, finite series, and differential calculus.

When working with and teaching formal specifications, this may be kept
in mind, and specifications that combine both text/mathematical formulas and
visual graphics are likely to be best written and understood, and should therefore
be promoted. The analytical gifts associated with the left hemisphere are needed



so as to adequately analyse all the elements of the problem to be specified. While
the synthesis capacity associated with the right hemisphere is essential in the
elaboration of a structure that will put the various elements in a meaningful
setting. The use of patterns may also be quite useful for this activity.

2 Finding the problem relevant elements

2.1 Searching at an abstract level

As pointed out in the introduction, the activity of finding out the relevant ele-
ments to be described in the specification should be done having in mind abstrac-
tion and clustering goals. If this is not kept in mind, one may be overwhelmed
with a great number of different issues, and trying to understand them thor-
oughly just adds to the complexity, while the way to an integrated structure is
pushed further away.

It turns out that reasoning at an abstract level may not be that obvious to
some students. A number of years ago, while a cognitive study of the software
engineering course was done [23], the students were given in an exam a spec-
ification exercise to produce an algebraic specification of graphs. Half of them
produced a specification that involved operations like adding a node, adding an
arc, etc. The other half went on specifying the adjacency matrix, which turned
out to be (i) quite concrete since it is one of the possible graph representations
they learned in the algorithmics course, (ii) much more complicate to write,
very difficult to read, and very much error-prone, and this may be illustrated by
Figure 1.
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Fig. 1. Abstract and concrete views of a graph

Obviously, half of the students quite naturally reasoned at the abstract level,
while the other half felt the need to switch to the concrete representation. A
question then is whether it is possible to help this second half on the path of
abstraction. All of them knew that they should look for generators/constructors
and other operations, but it was not enough since they did that at a different
level. The issue here seems to be as if one should “unplug” a brain connection
between analysing a problem and writing a program, and accept to ground one’s
thoughts in this abstract ground.



Assuming that the students are able to work at the abstract level (which
seems to be true if they can think in terms of a matrix, but in general may be a
question [14]), would there be a way to phrase the problem in such a way that
abstraction would be enforced ?

One approach to provide abstractions ready to use is given through the use of
patterns. Patterns are abstract schemas representing structures that are identi-
fied as often found in software engineering. They offer families of frequently met
structures that the user is invited to “try” (or even to adapt) on the problem to
be solved, so as to benefit from “ready to wear” structuring concepts. Although
Figure 2 exhibits shapes that are much simpler, the parallel may be interesting.
What is proposed is, through trial and error, to acquire a first broad view of the
nature of the problem.

Patterns may be viewed as an elaborated mean of reusing knowledge acquired
from experience. They address different levels. Problems frames [11] are proposed
by M. Jackson to provide a global structure to problems, while architectural
styles [9,1] bring structures of a finer granularity that are often usable at the
design level.

Fig. 2. What is the shape of my problem ?

At the requirement specification level, the use of problem frames may be
quite helpful in getting the specifier started. A limited number of basic problem
frames is given, and the approach is to try and find whether the problem studied
may be matched against one or several of them (in combination). This matching
goes with identifiying the problem frames different elements in the problem under
study. While this may seem oversimplified because it may be that the matching is
not fully adequate and the closest problem frame should be adapted or combined
with another one, the thinking process got started and some relevant elements
will emerge. The questions raised (by whether a problem frame is matched) help
in finding the nature of the problem (and also in finding what it is not), and
a first sketch of a structure. Therefore this activity involves the pattern and
the visual graphics of the problem frame diagram together with the analytical
reasoning about the requirements description text, thus potentially addressing
optimally the brain capacities.

2.2 Searching in the informal description

Another issue is how to analyze a text in natural language (but also possibly
graphics) so as to extract the relevant items for the specification. Usually an



informal description will include some redundancy and some irrelevant text,
possibly some ambiguity, and also some contradictions or inconsistencies. We
do not address here work done with natural language processing to help sorting
things out. Again here providing a set of questions, of elements to look for, of
potential properties to express, may guide the process of extracting the relevant
information from the text. In facts the idea is similar to that of a pattern to
match.

In what follows, method paths will be shortly described in the light of these
ideas.

3 Formal specification methods

As mentioned above, some patterns address a coarse granularity and are useful
to sketch a first rough structure of a problem, and some patterns are of a finer
grain and are needed when subparts are detailed and thoroughly specified. To
start and find a rough decomposition of a problem, problem frames are rather
adequate and will be discussed in Section 3.1, use cases may also be helpful. The
“in the large” patterns are diverse and may be combined when a large system is
addressed. As in Figure 2, the issue is whether trying out some shapes with the
help of some guidance/questions, a relevant concept will emerge. Some “in the
small” patterns will then be presented in Sections 3.2 and 3.3.

3.1 Using problem frames patterns

Problem Frames [11] present, classify, understand software development prob-
lems, and provide a characterisation of a class of problems in terms of their
main components and the connections between these components, as shown in
Figure 3. A problem frame diagram includes the involved domains (here the Con-
trolled Domain, and the Operator), the requirements (Commanded Behaviour),
the design (Control Machine), and their interfaces (straight or dashed lines, la-
belled with shared phenomena). The involved domains may be of different kinds
(here the Controlled Domain is C for causal - which means it can cause some
evolution in its state, while the Operator is B for biddable, which applies for
people), and this information helps in chosing which problem frame to match
with.

Jackson identified five basic problem frames together with some variants. In
fact, questioning the nature of the domains and whether a user is involved may
already lead to sort out most possible basic problem frames. The Commanded
Behaviour frame in Figure 3 addresses the following class of problems :

“There is some part of the physical world whose behaviour is to be controlled
in accordance with commands issued by an operator. The problem is to build
a machine that will accept the operator’s commands and impose the control
accordingly.”

Jackson explains that once a problem is successfully fitted to a problem frame,
its most important characteristics are known. For instance, Figure 4 provides
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Fig. 3. The Commanded Behaviour problem frame
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Fig. 4. The Lift instance of the Commanded Behaviour problem frame

an instance of the Commanded Behaviour Frame for a lift problem, and some
information on what to take into account is put to light, that is the lift plant and
its sensors, the lift user commands, the actuators managed by the lift controller.
While the diagrams provided for the basic problem frames are quite simple,
as mentioned in Section 2.1, trying to match one of them leads to progress in
understanding the nature of the problem. It may be the case that the matching
depends on the viewpoint and that several candidates are eligible, so one of them
has to be chosen, possibly with some argument for the choice. It may be also
the case that some adaptation or combination of problem frames should be done
before a successful matching is obtained. In all cases, a better understanding is
gained, and different parts are sorted out for further precise formal specifications.
In [7], algebraic specifications skeletons are associated with basic problem
frames, and these skeletons show which elements should appear in the specifi-
cation to comply with the nature of the system (Figure 5). Thus guidance to a
much more detailed and precise specification is provided, and a combined use of
the problem frame diagrams and the mathematical specification is proposed.

3.2 Using guidelines

As mentioned in Section 2.2, guidelines, e.g. expressed by questions and elements
or properties to look for, help in finding relevant ingredients in an informal text
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Fig. 5. Associating an algebraic specification skeleton to a problem frame

describing the requirements so as to provide a formal specification of them. At
this stage, we do not think these guidelines are necessarily tightly linked with a
specific language or paradigm. Although the works presented in [8, 6, 20, 21] were
applying specification method ideas for a specific target language, a number of
ideas may be considered independently from a given specification language. As
stated earlier in Section 1, the issue of making the best use of a given language
should be considered separately.

Another pitfall is the wide variety of applications and systems, while it may
be tempting to design different methods for different kinds of applications, one
may end up with too many different methods to learn to use. In [8], the software
items distinguished are (i) a simple dynamic system (where ”simple” means that
it does not contain subsystems), (ii) a structured dynamic system (which may
be considered as a specialisation of a simple one), and (iii) a datatype. For each
item, the relevant characteristic features to look for are presented, together with
a graphic presentation to express them. For a simple system, these features are
state observers (that are a way to characterize a state of the system) and the
elementary interactions (that yield state transitions). In turn, for these features,
the possible properties to look for are proposed.

All these guidelines are patterns expressing structures drawn from experience.
It should be noted that these patterns address a finer grain, while the problem
frames are coarse grain. Of course the two can be combined as shown in [8].

While this method was originally used to produce modular algebraic spec-
ifications of complex systems, it was felt that it could be used for a variety of
languages, and even for UML descriptions. Recently it was experimented and
adapted for coloured Petri nets [6].

3.3 Adressing a specific language

In this section, just a snapshot of what an algebraic specification language may
require is given since this issue was addressed by many [18,2], with different
viewpoints (sometimes hinted by the tools one had in mind).

Algebraic specifications of complex systems are written in a modular way,
relevant datatypes are identified and equipped with generators (sometimes called
constructors), predicates and operations. As mentioned earlier, it is useful to use
graphical representations associated with them. For instance, Figure 6 illustrates



the operations associated with the Nat domain, while Figure 7 illustrates the
stack operations behaviour.

The (generators, predicates, operations) properties are expressed through
axioms. Styles in writing axioms help in checking that cases are not forgotten (the
constructive style relies on the generators/constructors, while the observational
style relies on selected observers - operations and/or predicates). The logic used
for writing the axioms is first order when dealing with datatypes, and a temporal
logic when dealing with dynamic systems.
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Fig. 6. Graphic representation of the Nat signature
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Fig. 7. Graphic representation of the Stack structure

Modularity should be dealt with care so that the information is not spread
out in irrelevant modules.

When a specification is refined, some constructions are provided so that the
changes do not alter the semantics in an unintended way.

4 Conclusion

Much work was achieved to provide better languages and good tools for formal
specifications so as to ease their use and make it more attractive and machine
equipped.



While formal specifications bring an opportunity to produce models with
which it is possible to reason about and hence to feel more confident with, they
remain somewhat difficult to address when a system is complex.

Our experience is that to be able to work at an abstract level with formal
specifications is essential. While some students may not do this, a question is
whether it is possible to help them. Some facts of psychology shed some light on
why some help may then come from visual presentations (to help to read formal
specifications), from patterns (to help to structure them), and from guidelines
(to help to write them). It is also shown here that different kind of patterns may
be used in a combined way at different steps.

The patterns provided by problem frames are used by researchers using dif-
ferent formal specification languages [3,13]. Let us note that a use case decom-
position may also be considered [5].

The validation and verification issues were not addressed in this paper, how-
ever it is recommended to carefully check how the informal requirements descrip-
tion is reflected in the formal specification, and to provide a precise account on
questions raised and answers given or choices made during the process, for fur-
ther reference upon maintenance. As regards properties, they may be expressed
in different ways depending on the specification language. When an algebraic
specification language is used, they may be expressed by the axioms. When us-
ing coloured Petri nets, pre and postconditions (complying with some adequate
form) are expressed through the net transitions, while other properties may ei-
ther be expressed through guards or datatypes axioms, or model checked.

We plan to extend the specification method ideas to deal more extensively
with hierarchy, and with real-time systems. It seems that visual artifacts for
properties are still very few, and that more are needed to help to manipulate
them more ”fluently”.
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