
System software engineering, 2IW60 (part II)

Jan Friso Groote (J.F.Groote@tue.nl, HG 6.75, 040-247 5003).
The purpose of this part of the course is to learn means to specify behaviour of systems

and to experience the design of a system, starting from behavioural requirements which must
be proven to hold on the design.

For this part there will be lectures on Thursday 1st/2nd hour. At the end of the semester
there will be an examination which contains questions about the software engineering part,
given by Mark van den Brand, and questions about about specifying and analyzing system
behaviour. The exam is scheduled at Thursday, November 3, 2011 from 9:00 to 12:00 (regis-
tration deadline 23 October, 2011). The retrial is scheduled at Wednesday, January 25, 2012
from 14:00 to 17:00 (registration deadline January 15, 2012).

Literature

The course material consists of

• J.F. Groote and M.R. Mousavi. Modelling and analysis of communicating systems
(Abridged version). Lecture notes. 2011. Chapters 1, 2 (not 2.3.3 and 2.5.3), 3, 4, 5
(not 5.5), 6 (only 6.1 and 6.2) and 7.

• See www.mcrl2.org for the tools, manual pages, etc.

The lecture notes by Groote and Mousavi can be obtained at the office of the secretary
(Tineke van de Bosch, 247 5010, HG 6.74). The exam will cover the lecture notes as well as
everything said during the lectures. It is not allowed to use the reader at the exam.

Assignment

The assignment consists of designing a controller for a small distributed and/or embedded
system.

The suggestion for this year is to model an active controller for electrical power distribution.
In order to obtain a sustainable world, we should employ natural energy sources such as solar
and wind energy. An unfortunate property of these is that they are not continuous, and
their availability is even quite unpredictable. To guarantee a continuous energy supply it is
suggested that the battery pack of a modern hybrid car can be used as a temporary store for
energy. Another suggestion is that big energy consumers, like washing machines, dish washers
and electric heaters can postpone their energy demand when little energy is available.

The question is to construct a controller that can communicate with energy sources, energy
consumers and energy storage equipment to optimize energy consumption. This means that
it must be determined which interactions are required to let the controller communicate with
the devices, in which order these communications must take place. Furthermore, it must
be determined which properties the controller should satisfy (e.g., if energy sources provide
energy, it should not be wasted, unless there is really no way to use it). These requirements
must be shown to hold on your design of the controller.

Note that energy consumers want to have an as continuous power supply as possible, once
they have started (although this may differ from device to device, but distinguishing between
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these will make the assignment too large). You can assume that there is a central reliable
supplier of energy (the power grid) or you can assume as a simplification that it is not present.
In any case it is preferable to use the energy of local suppliers above those of global suppliers.

There is no need (=time) to deliver a full fledged technical report about your design.
But all essential elements must be there, such as the architecture, requirements, model and
verification steps, with sufficient detail that they can be checked, and if needed be redone.

The assignment should go through the following steps:

1. Write a software architecture of the controller. Identify the number of processing units
and the communications both with the outside world as well as among these units.
Model the communications as abstract actions with data. Describe the meaning of the
actions intuitively including an explanation of the data they are carrying.

2. Identify the requirements that this design must satisfy. In this assignment we are only
interested in those requirements that are provable within the context of this course. The
requirements must be formulated in terms of the external interactions of the system. If
there are no requirements for certain interactions, then apparently these interactions can
be removed from the system as they have no purpose. In this stage, the requirements
must be formulated in natural language.

3. Make an abstract behavioural model of system in mCRL2.

4. Reformulate the requirements in terms of the interactions and verify them on the design.

5. Write a technical report about your design. The report must be such that it can serve
as a technical basis for those that implement your design, or want to use or extend
it. It should be completely clear what your design is doing and how you have proven
that the requirements hold. Of course it is also helpful when you mention your design
decisions.

The mCRL2 toolset can be downloaded at www.mcrl2.org. Use the released version, and
not the development version. On these webpages plenty of information is available regarding
the use of the toolset.

Global time schedule

Below a global time schedule is indicated. Furthermore, there are exercises indicated, which
can be treated during the lectures. Students are supposed to make these exercises before the
lectures. The exercises can be found in the lecture notes.

8-9-2011. Chapter 1 and chapter 2. Transition systems, basic processes, the internal ac-
tion τ . Homework: Install the mCRL2 toolset (www.mcrl2.org) and formulate
interactions and a software architecture.

15-9-2011. Chapter 2 (remainder). Process equivalences, esp. strong and branching bisimula-
tion, and strong and weak trace equivalence. Homework: Formulate the external
actions of a software system. Exercises 2.1.1, 2.2.3, 2.3.2, 2.3.7, 2.5.5, 2.5.6.
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22-9-2011. Chapter 3. Abstract data types. Constructors. Built in data types, bool, quan-
tifiers, pos, nat, int, real. list, set, bag, functions, structured type. Difference
between ≈ and =. Homework: Design a controller for the assignment. Exercise
3.2.2, 3.2.4, 3.3.1, 3.4.1.

29-9-2011. Chapter 4. Multi-actions, basic processes and recursive processes. Process ax-
ioms. Simple derivations. Homework: Generate a state space of the controller.
Exercise 4.2.1, 4.3.1, 4.3.2, 4.5.1, 4.5.2, 4.6.1, 4.6.2.

6-10-2011. Chapter 5. Parallel processes, communication and hiding, The mCRL2 toolset.
Homework: Verify the requirements. Exercises 5.1.1, 5.2.2, 5.4.1.

13-10-2011. Sections 6.1 and 6.2. Hennessy-Milner logic and regular formulas. Exercises 6.1.1,
6.1.2, 6.2.1.

20-10-2011. Reserve.

27-10-2011. Reserve. If requested, questions regarding the exam.

22-10-2011. Date to hand a report about the assignment in.

14-11-2011. Date to hand final report about the assignment in.

3-11-2011. Exam (9:00-12:00). Closing date for registration is 23-10-2011.

25-1-2012. Exam (retry, 14:00-17:00). Closing date for registration 15-1-2012.
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