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1. INTRODUCTION 
 
Embedded systems give intelligence to many devices that we use in everyday life – they 

are found in everything from mobile phones and MP3 players, over cars and home appliances, 
to complex controllers. The continuous progress of semiconductor technology has made it 
possible to implement complex systems on a single chip, which has led to new challenges in 
design methodologies. Driven by these technological forces, the Faculty of Electrical 
Engineering and Information Technologies (FEIT) – Skopje with support from TEMPUS 
JEP_41107_2006 Project 0 has developed an interdisciplinary Master of Science Programme 
on System-on-Chip design, which couples hardware and embedded software design principles. 
The programme aims to provide students with competence and skills for designing, analyzing 
and verifying embedded systems. In this paper, we describe the process of developing the 
curriculum, the study programme plan, as well as our plans for developing PhD studies in 
System on Chip Design. 

 
2. BACKGROUND AND IMPLEMENTATION 
 
The Faculty of Electrical Engineering and Information Technologies in Skopje has 

reorganized the teaching process according to the Bologna declaration starting in 2004. The 
contents of the courses, as well as the teaching methodologies for both undergraduate and 
graduate programmes are therefore being restructured in order to meet the requirements of the 
Bologna declaration. The curriculum of System-on-Chip Design (SoCD), was developed as a 
master’s Programme, with aims to provide students with practical knowledge through laboratory 
work and practical student projects. Being developed as a part of the TEMPUS Joint European 
Project sponsored by the European Commission, the Programme has had the support of the 
European Commission and the project’s partner universities from the EU (School of 
Telecommunication Engineering at Technical University of Madrid, School of Electronics and 
Computer Science at University of Southampton and Elektronski Fakultet at University of Niš) 
throughout the entire process of the programme development and implementation. The support 
comes in terms of training teachers, equipping laboratories, student exchange possibilities and 
providing books for the university’s library, as well as creating and publishing new textbooks and 
laboratory manuals. 

The System-on-Chip Master’s programme at FEIT has been developed with the awareness 
of the need for a cross-disciplinary educational approach, coupling microelectronics with 
computer science technologies. In order to create our master programme we started with 
analysis of more master programme form different universities across Europe [3] [4] [5] [6]. As 
result of this analysis we get draft master programme which was sent to our European partners 
for revision. Also, in our programme we include experiences and knowledge form our partner 
form University of Nis 0. 
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According to Macedonian’s Low on Higher Education0: The second cycle academic studies 
are conducted in the period of one to two years. After their conclusion the students earn 60 to 120 
ECTS credits. The total credits that can be achieved during the first and the second cycle of 
university studies are 300 ECTS credits. The person that completed the studies with a total of 300 
ECTS credits attains a master degree of studies in the given field. At our university we chose the 
4+1 study model, and according to that our master studies last for one year and had 60 ECTS. 

Starting form this choice, the study plan includes a 20 ECTS compulsory block, which 
consists of both low-level and system-level design courses, as well as one compulsory non-
technical course. The students also choose 4 out of eleven elective courses, two in each 
semester, which also comprise 20 ECTS in the study plan. Additionally, students can also 
choose 10% of their courses (in this case one course) form any other programme form our 
faculty. Finally, the master’s thesis combines the acquired knowledge into an individual research 
project and totals the last 20 ECTS.  

This solution is not completely according the last changes (form March 2008) in 
Macedonian’s Low on Higher Education which state that: The study programs are made up of 
compulsory and elective courses. The topics of the compulsory courses are from the suitable 
area of the University unit, i.e. internal organizational unit (institute, department, section). The 
contribution of the compulsory courses cannot be above 50% of the number of courses on the 
study program. The rest of the study program is made up of the elective courses from all of the 
courses given on the University unit. The students are free to select any of the available elective 
courses. According of this, our compulsory courses are not above 50% which is complainant 
with the law, but we will need to change the status of elective course in suggested elective 
courses, and allow to a student to choose any other courses from our faculty/university. 

 
3. STUDY PROGRAMME PLAN  
 
The study plan is organised in two semesters. In the first semester of the programme, the 

student need to take four compulsory courses, as well as chose two electives. The second 
semester is reserved for the other two electives, as well as the preparation of the master’s 
thesis. The table 1 shows a list of the courses, credits and how they are scheduled. 

In order to make easily choosing and combining the courses and getting exactly the needed 
60 ECTS we have standardized the number of credits per course to 5 ECTS. All courses 
(except the non-technical one) are organised with 2 hours lectures per week, 2 hours laboratory 
per week and 2 hours per week for student project work. For every course the student must 
complete a practical work, that enable him to apply the acquired knowledge and develops 
practical and research skills. 

Table 1 – System on Chip Design Curriculum Structure 

 Title Semester Credits Classes 
1 System on chip design techniques IX  5  2+0+2+2
2 Integrated circuits design  IX  5  2+0+2+2
3 Embedded computer systems software development IX  5  2+0+2+2
4 Compulsory non-technical course IX  5  2+0+0+4
5 Specialization elective course IX  5  2+0+2+2
6 Specialization elective course IX  5  2+0+2+2
7 Specialization elective course  X  5 2+0+2+2
8 Specialization elective course  X  5 2+0+2+2
9 Master's thesis  X  20   
 Total   30 30  
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The first course, System on chip design techniques, aims to provide students with 
conceptual knowledge about System-on-chip (SoC) design methodologies. The course 
introduces the basic principles and problems of designing complete SoCs, focusing on 
hardware, as well as embedded software design principles simultaneously. It also gives an 
introduction to hardware description languages (Verilog HDL, VHDL and system C), and 
addresses the problems of testing and verifying SoC designs. Students will also learn how to 
use Intellectual property (IP) cores for the purpose of designing SoCs. Embedded computer 
systems software development concentrates on tools and techniques for developing embedded 
systems software and introduces embedded operating systems. Students should acquire good 
programming practice in an embedded context, using the appropriate software techniques and 
tools, as well as hardware interfaces. The aim of the Integrated circuits design course is to 
provide students with the knowledge for analysing and designing integrated circuits in CMOS 
technology. It covers the basic characteristics of the CMOS technology and the principles of 
designing small digital systems. 

The engineers of today are not only required to have professional technical knowledge, but 
also show some additional skills in order to be competitive for employers: whether it is about 
how to market a product or to write its technical description. Therefore, the last compulsory 
course in the SoC Master’s programme is non-technical and two different courses are offered as 
an alternative for the students. The first alternative is Project management, where students 
learn to effectively plan and control projects, identify and deal with risks and write project 
documentation. Technical writing and research methodologies is the second alternative course 
and the objectives of the course are to prepare students for autonomous research and 
argumentative, persuasive writing of technical reports and documentation. 

The electives courses give students the opportunity of customizing the study programme 
according to their interests. Therefore, the programme offers a broad spectrum of elective 
courses, either providing background for nanotechnology and digital system design, introducing 
cryptographic techniques or covering networking techniques and methods for network analysis. 
We present the full list of the elective courses, without additional course descriptions, which are 
beyond the scope of this paper: 

 
- Wireless and ad hoc computer networks 
- Contemporary methods for network analysis 
- Digital system design using HDL 
- System reliability 
- Collaborative computer systems 
- Digital electronic system design 
- Custom purpose networks 
- Cryptography 
- Process computers 
- Nanotechnology 
- Analogue and mixed signals design 
 
The studies from the second cycle are concluded by taking exams for every course and 

defending a master’s thesis in accordance to the study program. The students can chose their 
supervisor for master thesis between professors form which they get at least one course. The 
defending of the master thesis is done in front of a commission made up of three members that 
have higher science degrees. Two of the members need to have science degrees in the 
appropriate subject matter that coincides with the topic of the master thesis.  

Students that successfully graduate on the SoCD master’s programme can find potential 
employers in Macedonia in a variety of industries. In addition, there are more companies that 
are involved in outsourcing embedded software development, and also in creating and 
developing new embedded devices and software. Alternatively, students can continue with 
doctoral studies in the same field at the home university. 
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4. PERSPECTIVES FOR PHD STUDIES IN SYSTEM ON CHIP 
 
According to Macedonian’s Low on Higher Education, The PhD studies of 180 ECTS 

credits are taken in the period of three years. With the public defense of the PhD thesis the 
candidate obtains the PhD degree (dr. sc.). The PhD studies can be started after finishing the 
second cycle of academic studies. The university legislates the acquisition of ECTS credits on 
the PhD studies with a general act and also prescribes the ECTS credits that are needed to 
supply an application for making a PhD thesis. The PhD studies are concluded by taking exams 
for every course and developing and defending the PhD thesis (dissertation). The defending of 
the PhD dissertation is done in front of a commission made up of five members with a 
respective science degree. Three of the commission members must have a science degree in 
the appropriate area that corresponds to the doctoral dissertation. 

Based on this solution form the low, we are planning creation of ECTS based PhD studies 
that will begin form October 2009. Because, form beginning of this year we are part of 
integrated university, some parts of regulations will be common for all member faculties.  

Our considerations about PhD studies organization are similar to a solution that is used by 
Faculty of Electrical Engineering and Computing at University of Zagreb. Our proposal is to 
have 36 ECTS form courses (6 courses with 6 ECTS), and other ECTS required the student 
must acquire trough research work. The PhD thesis it self can be 60 ECTS. The rest of 84 
ECTS the student will need to take as reward for published research papers.  In research work 
are included publication in domestic conferences (12 ECTS), domestic journals (18 ECTS), 
international conferences (24 ECTS) and international journal (48 ECTS). 

 
5. CONCLUSIONS 
 
In this paper the presentation of Master programme for System on Chip Design at Faculty 

of Electrical Engineering and Information Technologies – Skopje was given. The master 
programme was realized with help of TEMPUS JEP_41107_2006 Project. We also give short 
explanation of parts of Macedonian’s Law on Higher Education that are connected with Master 
and PhD studies. The plans for creating three years PhD studies for SoCD are also presented. 

 
6. REFERENCE  
 

 [1] Law on Higher Education, Official Gazette of the Republic of Macedonia No. 35/2008 from 
14.03.2008,  

 [2] Tempus project (JEP 41107) 2006 System on chip design Home Page, 
http://leda.elfak.ni.ac.yu/education/tempus2_JEP_41107_2006/tempus2_JEP_41107_2006.htm 

 [3] MSc System-on-a-Chip Syllabus, University of Southampton, United Kingdom, 
http://www.ecs.soton.ac.uk/admissions/pg/msc/0910/system_on_chip.php 

 [4] International Master of Science Program in System-on-Chip, Lund University, Sweden, 
http://soc.eit.lth.se/index.php?id=441&L=1 

 [5] System on Chip Design Programme outline, KTH - Royal Institute of Technology, Sweden, 
http://www.kth.se/studies/master/programmes/ee/2.1748?l=en_UK 

 [6] Systems for design in microelectronics, Technical University Of Sofia, Bulgaria,  
http://ecad.tu-sofia.bg/soc/edu/meng.html 

 [7] Master degree syllabus in System on Chip Design, Elektronski Fakultet, University of Nis, Serbia, 
http://leda.elfak.ni.ac.yu/education/tempus2_JEP_41107_2006/data/presentations/SoCDesign.pps  

 [8] Bodovni sustav za Doktorski Studij, Faculty of Electrical Engineering and Computing, University of 
Zagreb, http://www.fer.hr/poslijediplomski/bodovi 
 

4



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


	Broj rada: Paper No. W-7, pp. 1-4
	sadrzaj: 


