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1. INTRODUCTION

In year 2002, the Tallinn University of Technology (TUT) switched to 3+2-year
education model reflecting the Bologna declaration [1]. The Faculty of Information
Technology of TUT is educating students in a common study domain - Information
and Communication Technology. There are six departments in the faculty that
organize teaching in the following five main study fields [2]:
1) Computer and System Engineering – Dept. of Computer Engineering and

Dept. of Control Engineering;
2) Telecommunication Engineering - Dept. of Radio and Communication En-

gineering;
3) Electronics Engineering - Dept. of Electronics;
4) Informatics - Dept. of Informatics and Dept. of Computer Science; and
5) Business Information Technology - Dept. of Informatics.
The Computer and System Engineering study field is focused to digital System-on-
Chip (SoC) and SoCWare design. The aim of the curriculum in the frame of 3+2-
year model is to teach and train the students on computer and systems engineer-
ing and automation. Depending on the subject of the graduation work, the students
acquire basic knowledge on computer, automation, systems, or software engi-
neering. The study field of computer and systems engineering prepares specialists
on design, implementation, application, management, and development of real
time technical systems. Typical above-mentioned systems are bank systems,
control and monitoring systems for transportation, environmental monitoring
systems, to name few of them.
This paper gives an overview of new and tightly connected sequence of courses
covering the fields of System-on-Chip design and diagnostics. The modifications
in curricula for undergraduate (bachelor) and graduate (master) students are
provided together with lessons learnt. Updates for the curricula are described.

2. COMPUTER AND SYSTEM ENGINEERING CURRICULA

The study of computer and systems engineering gives, depending on the speciali-
zation, the knowledge and skills about design and diagnostics of digital equipment
and systems, design and application of microprocessor systems, to name some
of them. Additional skills include configuration and application of computers and
computer networks and industrial data communication systems (software and
hardware). Also, multiple aspects of real time systems are studied to cover, for
instance, timing analysis, software engineering, and close to hardware program-
ming. There exist two specializations in the Computer and System Engineering
study field:



•  Computer Engineering with the main focus on digital systems design and test;
and

•  Automatics and Systems Engineering with the main focus on real time sys-
tems design and analysis.

The persons with bachelor or master degree will easily find jobs in companies for
development and application of computer systems engineers. Hopefully the
majority of graduates of bachelor level continue their studies in order to obtain
education necessary for the professional engineer's vocation.
The curriculum in Computer and System Engineering study fields consists of
several compulsory and elective parts as shown in Table 1. The amount of Credit
Points (CP) is calculated according to normal workload 40 CP per year. It differs
form European Credit Transfer System [3], which suggests 60 CP per year.

Table 1. Structure of curriculum in Computer and System Engineering study field
Part of the curriculum Bachelor (B)

CP 
Master (M)

CP 
Total B+M

CP 
1. General studies
2. Basic studies

13.5 
44.0 

7.0 
0.0 

20.5 
44.0 

Total 57.5 7.0 64.5 
3. Core studies
4. Special studies
5. Free choice courses

41.5 
10.5 
2.5 

0.0 
43.5 
6.5 

41.5 
54.0 
  9.0 

Total 54.5 50.0 104.5 
Total classroom studies
including optional and
common domain studies

112.0 
6.0 

70.5 

57.0 
28.0 
7.0 

169.0 
34.0 
77.5 

6. Practice
7. Graduation thesis

3.0 
5.0 

3.0 
20.0 

6.0 
25.0 

Total 120.0 80.0 200.0 

The three year bachelor program gives only basics needed for actual silicon
design, that is, courses about digital logic, general architectures, programming
languages, etc. The actual specialization is done at master program level where
the following courses help to specialize in SoC design:
IAY0040 HDL and Modeling (4.0 CP) – covers modeling concepts of digital and
analog hardware, plus hardware description languages VHDL, Verilog, SystemC.
IAF0010 Design for Testability and Fault Tolerance (3.5 CP) – covers testability
related problems of digital systems, built-in self-test, test architectures, etc.
IAY0022 Microprocessor systems II (2.5 CP) – covers main technical, economi-
cal, and organizational principles of microprocessor system development.
IAY0050 VLSI Synthesis (2.5 CP) – covers VLSI and ASIC synthesis related
topics – methodologies, automation, etc. – at different abstraction levels.
IAY0070 Hardware and Software Codesign (2.5 CP) – covers design topics of
mixed hardware and software systems – specification, estimation, partitioning, etc.



IAF0020 Programmable Logic (3.0 CP) – covers topics related to the use of
programmable logic devices in digital system prototyping and implementation.
IAY0130 SoC Design (3.0 CP) – covers technological, methodological, archi-
tectural, etc. topics of SoC and its component modeling, analysis, and design.
For more detailed description of the curricula see [2] and [4].

3. LESSONS LEARNT

In summer 2005, after three years from the beginning of the new curricula, the first
bachelor level students graduated. Today, in the beginning of 2006, master level
students have completed the first study semester. Transfer to the new curricula
has been successful. Few observations are described below.
In overall, the curricula are well balanced in how courses are moving from general
towards specific topics. This allows giving students strong background in the
beginning, followed by more specific knowledge in later years. The main problem
is, and has always been, that the students would like to see some real use of their
knowledge. This is rather easy with software but is not so easy anymore with
modern hardware – to design even a small chip accumulated knowledge of studies
over few years is needed. As a result, students who specialize in hardware get
tired and may change their specialization. To avoid this and to rise interest of
students, some courses were reorganized. One course in the fourth semester will
undergo a major modification. In addition to principles of digital logic and systems
that has been the main content of the course, a brief introduction to VHDL will be
given. The purpose is to introduce students the principles of modern design
methods together with a possibility to implement their designs in FPGA. In addition,
some other courses must take this modification into account, of course.
Another interesting problem arose in spring 2005 when the first bachelor students
were ready to graduate. Before graduation, they had to write their theses. Taking
into account their level of knowledge and that a thesis work corresponds to five
weeks of work (5 CP) the only reasonable solution was to create a set of tasks.
This set had to cover most of the topics relevant to digital system design, had to
be simple enough, and had to allow giving an individual task for every student. The
task, as it is now, consists of three sub-tasks:
(a) to implement a given complex arithmetic operation, e.g., 16-bit sequential

multiplication, at register-transfer level;
(b) to implement controller and a slice of data-part using given technology; and
(c) to analyze testability of the controller implemented at gate level.
In addition to the generic task, every student can still select a task from a list
proposed by faculty staff or even to suggest a task herself/himself. The later
requires evaluation by supervisor(s), of course.
The admission to Faculty of Information Technology in 2004 and 2005 is shown
in Table 2. In summer of 2005, the first admission into 3+2 model master curricula
took place. The admission was not very successful because the number of the
students who had finished their bachelor studies within nominal time was smaller
than expected. This was caused by several objective reasons: (a) students have
the right to take up to one year of academic leave during their curricula; (b) many
students have jobs that does not allow them to fully dedicate themselves to the
studies; and (c) male students have the obligation to serve in the military within the



first three years. Also, in summer 2005 the last admission to the "old" 4+2 year
model master curricula took place (altogether 73 students were admitted in IT
faculty). Due to the reasons described above, additional admission took place in
January 2006. In the second column of Table 2 we can see the decreasing ten-
dency that is caused, first, by the demographic situation in Estonia – the decreas-
ing number of high school graduates – and, second, the high interest of high
school graduates in humanities and social studies during last years. Today, the
large-scale project to popularise technical studies areas (including IT) has been
launched by Association of Estonian Information Technology and Telecommunica-
tion Companies. This fact gives a strong hope that the admission numbers and
especially the admission competition (applicants per place) will significantly im-
prove in year 2006. In addition to that, many students of the 4+2 model curricula
have already changed the curricula or are in the process of changing it, planning
to graduate the 3+2 model curricula.

Table 2. Admission to Faculty of Information Technology in 2004-2005.
Curriculum Bachelor studies

2005 (2004)
Master studies

2005
Computer and System Engineering 137 (146) 67
Telecommunication Engineering 60 (60) 36
Electronic Engineering 31 (38) 18
Informatics 133 (152) 87
Business Information Technology 73 (83) 37
Total in Information Technology 422 (479) 213

4. CONCLUSION

We have presented a brief overview of new courses in Computer and System
Engineering study field at Tallinn University of Technology that started at year
2002. The focus is on the new set of courses with a goal to recruit the graduates
in contemporary silicon design, i.e., SoC field. Also, lessons learnt after four years
and some modifications to the curriculum are described. Currently, there are some
successful companies active in ASIC and SoC design field in Estonia - ArsMicro,
Liewnenthal Electronics, Artec Design Group etc. These companies have strong
TUT background and they are cooperating actively with several departments of
Faculty of Information Technology. The expectations are high to have some new
spin-off companies arising in coming years.
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