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usually start my lectures on

Software Specification by the
following comparison of Soft-
ware Engineering with other
“mature” engineering disciplines
such as civil engineering or me-
chanical engineering:

Assume that a bridge has to be built
over a river by a civil engineering
firm, you are in charge of overseeing
this project, and you observe the fol-
lowing scenario:

The engineers hold sessions with the
stakeholders in this project, have a
couple of internal discussions, in
which they make rough sketches of
the bridge on a white board, make
some drawings on paper and after a
few of these sessions they move to
the construction site.

You rush to them and ask them
where their design documents, and
plots and analysis results are. To
your surprise, you find out that
there are no such things; the engi-
neers say that they had a briefing
with construction workers, in which
a painting of the (to-be-built) bridge
is shown and its different parts are
discussed. Hence, engineers believe,
the workers should be able to work
out the details by themselves. When
you ask them about calculations re-
garding the strength of the structure
to be built and its resistance against
different types of stress, you hear:

“We have thought of an ingenious
test plan: we shall build the bridge
and cautiously let a car drive over it;
if it does not collapse, we let a truck
go over the bridge, then a loaded
truck and then a number of trucks.
If all goes well, then we are confident
that it will not collapse under any fo-
reseeable circumstance. Of course,
we cannot guarantee anything,
should anything unforeseen emerge
and the bridge collapse, we would

certainly be able to reconstruct it
within a week time.”

I would imagine that, by any reaso-
nable standard, this is considered
unacceptable and you would defini-
tely report this strange state of af-
fairs to the authorities that can stop
this project and bring it back to the
hands of “real” engineers.

Let’s compare the situation with the
practice of engineering software:
what is described above is conside-
red a very reasonable way of wor-
king in many, if not most, software
development teams. The team of en-
gineers starts with a rough sketch,
puts it down on paper, discusses it
with programmers and afterwards,
the programmers start program-
ming. There is not a quantitative
analysis of the properties of the to-
be-developed product and, at best,
there is a test plan to test the pro-
duct under foreseeable scenarios.

Computer systems can be as com-
plex as the most advanced products
in other engineering disciplines; a
bridge or a sky-scraper is not more
complex than the software you carry
in your laptops (e.g., the cost of buil-
ding the tallest skyscraper hitherto,
known as Burj Dubai, was about 1.5
billion dollars, while the develop-
ment of Windows Vista cost about
6 billion dollars; both figures are ta-
ken from Wikipedia).

What is the solution? One possible
solution is obtained by observing the
way of working in the other enginee-
ring disciplines and acquiring their
best practices.

A common aspect of all mature engi-
neering disciplines is the use of ma-
thematical models for making their
initial sketches more precise and the
use of mathematical techniques to
reason about them.
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The first step to-
wards this goal
is to map the
specification of
software systems
to an underly-
ing mathematical
theory. This map-
ping is called a
formal semantics.
After defining a
formal semantics,

As far as formal
verification is
concerned, I am
most interested
in efficient
techniques for
exhaustively
searching all
possible beha-
viors of a spe-
cification or
program. This

one can proceed
with devising analysis techniques to
measure and judge different proper-
ties of the to-be-developed computer
system. The process of measuring
and judging the specifications for gi-
ven properties is called formal veri-
fication. The title “formal semantics
and verification” nicely summarizes
my research interests in computer
science.

Regarding formal semantics, I am
interested in the methods for defi-
ning the actual behavior of programs
running on an abstract machine;
this is called “operational semantics”
and the most popular method in this
field is called Structural Operational
Semantics, SOS for short, which de-
fines the meaning of each composite
piece of specification in terms of its
components. The original course-
notes introducing

is done to firmly
establish that the software system
behaves well in all possible situati-
ons it can be confronted with.

This is called “model checking”. In
2007, the Turing Award, the Nobel
prize of Computer Science, went to
Clarke (CMU), Emerson (University
of Texas at Austin) and Sifakis (Veri-
mag) for their roles in ““developing
Model-Checking into a highly effec-
tive verification technology, widely
adopted in the hardware and soft-
ware industries”. This shows the
significance of this technique for the
whole field of Computer Science, in
general, and for the mathematical
specification and analysis techni-
ques (called Formal Methods), in
particular. As Daniel Jackson (MIT)
once nicely put it:
“Model checking saved the reputa-
tion of formal me-

this field of for-
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of modeling and
analyzing  huge
real-life computer
systems, thereby
turning our field
into a mature
engineering disci-
pline.




