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Summary.  Systems Engineering is needed throughout UK industry, but is often not recognised.  Most ‘Systems’ courses taught in UK Universities teach engineering applications, there is little teaching of Systems Engineering as a discipline.  Although Systems Engineering is best recognised in Aerospace/Defence, there are many job opportunities across other UK industries for all Systems Engineering roles.  For future success of UK industry, Systems Engineering needs to be recognised as a discipline in its own right, be taught in Universities on a par with other engineering disciplines and applied appropriately across industry.  INCOSE UK has an important part to play in this future.

the problem

INCOSE is dominated by Aerospace/Defence where ‘complete processes’ have been developed and are used for the specification, design and development of big systems.  

Other areas of engineering, such as Commercial Telecomms, IT and Software, work to market pressures and have much shorter development cycles, but appear to ignore many aspects of Systems Engineering. The systems produced are often as big and complex as in Aerospace/Defence and they appear to be Faster/Cheaper/Better.

The INCOSE-UK 2001 Autumn Assembly considered links between Academia and Industry  (Testo et al 2000).  This involved a range of views from both sides.  The general conclusions were that Systems Engineering was being taught in a few Universities and there were a small number of Industrial and University partnerships mostly within Aerospace/Defence.

Has Aerospace/Defence developed an implementation of Systems Engineering that is not appropriate to commercial business?  Can we regain sight of Systems Engineering concepts, principles and methods, and learn to apply them in a flexible way?  What needs to happen in education for Systems Engineering?  What can Systems Engineering really offer in all areas and how can it be applied effectively?

The situation in UK Education

University Courses: In the UK, there are 1501 Systems Courses at Universities and Colleges starting in October 2001, as listed by (UCAS 2001).

This compares well with the number of courses for other engineering disciplines and at a similar level to what might be expected in terms of the skills needed.
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Figure 1. UK Engineering Courses 2001
Systems Courses: If we look in detail at these systems courses they have a wide range of detailed applications.
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Figure 2. UK Systems Courses 2001

The most popular is Computer Systems Engineering followed by Information Systems, Multimedia Systems, Computer Systems, Geographical Information Systems, Business Information Systems, Intelligence Systems and so on.  In all there are 108 different types of systems courses on offer and at number 25 on the list are a group of ten courses called ‘Systems Engineering’. 

© BAE SYSTEMS 2001
Are these courses all teaching Systems Engineering, or are they really geared to their specific application and practice with little regard to the principles and process?  How much of a course on Computer Systems Engineering is learning about computers and how much is learning about systems?  

All these areas are related to ‘classical’ Systems Engineering and the students would benefit from being taught the basics of Systems Engineering, but how many courses include such modules?  The evidence is not good.  Most academics teach Systems Engineering at post-graduate level.  The basics are needed in all systems and other engineering courses.

The Situation in UK INDUSTRY

UK Engineering Jobs: By taking a snapshot sample of advertised engineering jobs (from the Internet at Gis-a-job), we can look at the proportion advertised as systems against the numbers for other disciplines. 
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Figure 3. UK Engineering Job Advertisements
Again the numbers of systems jobs are comparable, (although this particular agency did not categorise all software programming jobs as Engineering).  But how many of these would we recognise as ‘Systems Engineering’ in the sense recognised by INCOSE?  

What is a Systems Engineer?

(Sheard 1996) defines twelve Systems Engineering roles that characterise the ‘INCOSE view’.  (Sheard 2000) shows how these roles compare with Systems Engineering Capability Models. Any Systems Engineer will perform one or more of these roles. 

1. Requirements Owner (RO) Role. Requirements Owner / requirements manager, allocater, and maintainer / specifications writer or owner / developer of functional architecture / developer of system and sub-system requirements from customer needs.

2. System Designer (SD) Role. System Designer / owner of “system” product / chief engineer / system architect / developer of design architecture / speciality engineer (some, such as human-computer interface designers) / “keepers of the holy vision”.

3. System Analyst (SA) Role. System Analyst / performance modeller / keeper of technical budgets / sys-em modeller and simulator / risk modeller / speciality engineer (some, such as electromagnetic compatibility analysts).

4. Validation and Verification (VV) Role. Validation and Verification engineer / test engineer / test planner / owner of system test program / system sell-off engineer.

5. Logistics and Operations (LO) Role. Logistics, Operations, maintenance and disposal engineer / developer of users’ manuals and operator training materials.

6. Glue (G) Role. Owner of “Glue” among subsystems / system integrator / owner of internal interfaces / seeker of issues that fall “in the cracks” / risk identifier / “technical conscience of the program”

7. Customer Interface (CI) Role. Customer Interface / customer advocate / customer surrogate / customer contact. The CI (Customer Interface) role includes only the role of the engineers building a customer-deliverable product, not the full marketing process of a business or organization.

8. Technical Manager (TM) Role. Technical Manager / planner, scheduler, tracker of technical tasks / owner of risk management plan / product manager / product engineer.

9. Information Manager (IM) Role. Information Manager (including configuration management, data management and metrics).

10. Process Engineer (PE) Role. Process engineer / business process reengineer / business analyst / owner of the Systems Engineering process.

11. Co-ordinator (CO) Role. Co-ordinator of the disciplines / tiger team head / head of integrated product teams (IPTs) / system issue resolver.

12. “Classified Ads Systems Engineering” (CA) Role. This role was added to the first eleven in response to frustration encountered when scanning the Classified Ads, looking for the INCOSE-type of systems engineering jobs. Approximately half of the advertisements for “Systems Engineers” in a recent newspaper seemed to be asking for other things. For example, note the words in selected ads: “Skills must include shell scripting, SQL, performance analysis, and network integration”,  “...five years of solid analytical & debugging expertise in a telecommunications environment ”,  “To analyze and develop systems level software in C/C++ and UNIX scripts.”, “Object-Oriented /Design/ Analysis/ Programming... RDBMS (Oracle), Provide design, implementation, and ongoing  support for Managed and Non-Managed Private X.25, Frame Relay, and ATM Networks... ”
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Figure 4. UK Systems Jobs by Industry
Figure 4 shows that systems jobs are spread across UK industry. Some in Avionics and Defence, but others in communications, control systems, transport and other sectors.  But are these really ‘Systems Engineering’ jobs or are they just ‘Classified Ads’? 
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Figure 5. UK Systems Jobs by Role
Figure 5 shows that even in this relatively small sample, we can find examples of most types of ‘INCOSE Systems Engineers’ within the UK job advertisements.  There are some ‘Classified Ads’ Systems Engineers for jobs in computer operating systems, central heating systems, etc.  On the one hand it could be argued that these are more ‘technicians’ than ‘engineers’.  However, all such roles have some element of ‘Systems Engineering’ within them if we take a definition of a system as ‘a number of components working together to fulfil some purpose’, and all would benefit from some training in Systems Engineering.  Central Heating Systems are made from COTS components built together to provide regulated heat, an emergent property of the whole system. The designer needs some skills in Systems Engineering.  We can probably agree that the central heating installer need not be a systems engineer, but then this probably applies to the installer of any other system.  

Systems Engineering in INCOSE UK

How is INCOSE helping?  Are we involving all the industries we should in promoting Systems Engineering in the UK?  
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Figure 6. INCOSE UK Membership by Industry
Figure 6 shows the majority of current INCOSE UK members are from Aerospace and Defence – this partly reflects the support of these industries in establishing and promoting the UK Chapter, the awareness and widespread practice of Systems Engineering within those industries and their need to learn, develop and improve.  The next biggest sector are the consultants.  We certainly need them in INCOSE as they can work across industry.  Providing expertise in areas its needed and gaining insights through its application in different sectors.  There are members from the avionics sector, maybe they should be included with Aerospace/Defence.  Then we get the Universities.  We need the academics involved,  both for research and the teaching aspects, contributing and learning.  There are some members from the Telecomms, Transport, Computer, Civil Engineering and Air Traffic Management sectors – but they are few in number compared with the size of those sectors and their need for Systems Engineering.  Of course we have the tool vendors involved.  Its very good that they are involved for their marketing – finding out what is needed and telling us what they can provide.  Certainly the INCOSE Tools Interoperability Working Group would be very ineffective without their active involvement.

Comparing UK membership with the UK job market there are major sectors where we can help with Systems Engineering, in particular Transport and Telecomms.

The hunt so far

 The following facts have been presented in this paper: 

1. Systems Engineers are needed in UK Industry in comparable numbers to other engineers.

2. The advertised jobs are largely consistent with ‘Standard SE Roles’.  Even ‘Classified Ads Systems Engineers’ have some ‘Standard SE’ content. 

3. In INCOSE UK Aerospace/Defence are 62%, whereas they only represent around 14% of the job market for Systems Engineers.

4. There are 1500 Systems courses being held in UK Universities. Many are ‘Computer Systems Engineering’, only ten are ‘Systems Engineering’.

THE MAIN ISSUES

The questions to answer are:  

1. Why are Universities not running Systems Engineering courses that will produce comparable numbers of Systems Engineers to other engineers?

2. Why are Systems Engineers from the ‘commercial sector’ not getting involved in INCOSE in significant numbers?

To provide answers we need to look at the needs of commercial industry and the perceptions of Systems Engineering.

Industry Needs: Commercial industry has a different environment and different drivers to those that existed in the Aerospace/Defence industry from which most of ‘INCOSE’ Systems Engineering emerged.  The business environment is one where products are developed with no firm customer requirements, there are no orders prior to development and there will be high volume production.  This business environment provides drivers for the development such as short time-to-market, low unit cost (development cost often irrelevant), volume production, product line developments (rather then new every time) and public accountability.  The processes that need to be used have to support concurrent development, be pragmatic and provide integration of all activities.  There is a clear need for Systems Engineering to provide support in this business environment both for engineering the system and for engineering the development process.  

Process Application: The traditional Aerospace/Defence type of Systems Engineering, such as presented in Military Standards, with long time-scales, multi-layer ‘Waterfall’ or ‘Vee’ models of the development are not useful in this commercial environment.  The principles of Systems Engineering and the roles of Systems Engineers are relevant, but need to be used in a pragmatic way that supports the business.  Systems Engineering as represented in current standards such as EIA 632 and ISO 15288 provide some of the building blocks.  They need intelligent application and a holistic approach that integrates the various activities.

Systems Engineering Competence: Systems Engineering is not always recognised as an engineering discipline subject in its own right, distinct from other engineering disciplines such as software, electronics, mechanical and Project Management.  This has been a problem in the past and is still an issue even in the UK Aerospace/Defence sector.  Often the term Systems Engineer is used for the Engineering Manager or for someone with experience in development in a range of technologies.

(Arnold 2000) viewed engineering competence in terms of two dimensions or axes. One axis defines the process, or set of processes, considered relevant to the discipline of interest. The other axis establishes the level of proficiency attained, typically using a progression of increasing-value.   
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Figure 7. Engineering Competence Profiles
Figure 7 shows the competent of engineers of different disciplines plotted against the process axis to provide a competence profile. The notion of profile is important.  However, a single, smooth profile is to some extent an over simplification.   It assumes that a set of processes can be arranged in some meaningful, linear sequence and lead to a readily interpretable or recognizable profile. To be a competent engineer in a technical discipline needs some education in systems and project management.  To be a competent Systems Engineer needs a focus on systems engineering with some education in technical areas and project management.  However, an engineer experienced in many technical application areas will never be a Systems Engineer without a high degree of  competence in the systems technical processes.

Conclusions

People: Systems Engineers are needed throughout UK industry.  There is a need to migrate skills from Aerospace/Defence to other sectors.

Universities: Currently there are lots of systems courses but these are mostly teaching technical applications and few ‘Systems Engineering’ courses.  Those courses teaching technical applications need Systems Engineering modules to provide some competence in Systems Engineering.   There is a need to produce more Systems Engineering graduates for UK industry through specific courses.

Planning/Process: the ‘old standard’ Systems Engineering processes, as characterised by the ‘waterfall model’ are not suitable for commercial industry.  The ‘new’ process standards have the right components, but need a pragmatic approach and experience to provide ‘joined-up’ processes that can be shown to provide the benefits in cost and time reductions and resulting profitability.

INCOSE UK: needs to recognise its past but focus on the future of Systems Engineering in the UK.  We need to expand from our Aerospace/Defence tradition into the wider industrial base.
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		Manufacturing systems engineering studies (2 courses)

		Manufacturing systems engineering technology (2 courses)

		Manufacturing systems technology (4 courses)

		Mechanical electronic systems engineering (1 course)

		Mechanical systems (2 courses)

		Mechanical systems engineering (12 courses)

		Media communications systems (2 courses)

		Media information systems (1 course)

		Medical systems engineering (4 courses)

		Microelectronic systems engineering (6 courses)

		Mobile communications systems (1 course)

		Multimedia systems (121 courses)

		Multimedia systems design (1 course)

		Multimedia systems development (32 courses)

		Music systems engineering (1 course)

		Music technology systems (8 courses)

		Networks systems (5 courses)

		Networks systems support (22 courses)

		Optoelectronic systems engineering (1 course)

		Power electronic systems (1 course)

		Quality systems (1 course)

		Real time computing systems (20 courses)

		Real time systems (2 courses)

		Software systems (3 courses)

		Systems engineering (10 courses)

		Systems integrated (1 course)

		Systems theology (1 course)

		Technology systems (1 course)

		Telecommunications systems (3 courses)

		Telecommunications systems engineering (1 course)

		Video systems (1 course)

		Virtual reality systems (1 course)
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top courses

		Computer systems engineering		522

		Information systems		381

		Multimedia systems		121

		Computer systems		112

		Geographical information systems		107

		Business information systems		94

		Intelligence systems		74

		Business computing systems		71

		Manufacturing systems engineering		67
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jobs_role

		Classified Ads SE

		Coordinator

		Process Engineer

		Information Manager

		Technical Manager

		Customer Interface

		Glue Among Subsystems

		Logistics/Ops Engineer

		Validation/Verification Engineer

		System Analyst

		System Designer

		Requirements Owner
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		Engineering Courses

		Systems		1512

		Software		896

		Mechanical		672

		Electronics		2613

		Civil		554

		Job Adverts

		Systems		83

		Software		69

		Mechanical		203

		Electronics		76

		Civil		17

		Systems Jobs

		Telecomms		2				Defence						Avionics		9

		Sewerage		1										Heating		7.9

		Rail		3										Domestic		7.9

		Oil		2										Defence/Aero		7.9

		Medical Equipment		1				Telecomms						Control Systems		7

		Heating		8										Rail		3

		Domestic		8										Telecomms		2

		Defence		8										Oil		2

		Data Comms		2										Data Comms		2

		Control Systems		7										Broadcasting		2

		Broadcasting		2										Air Traffic		2

		Avionics		9										Sewerage		1

		Air Traffic		2										Medical Equipment		1

				53

		Roles

		Classified Ads SE		19		12

		Coordinator		2		11

		Process Engineer				10

		Information Manager		1		9

		Technical Manager		3		8

		Customer Interface		5		7

		Glue Among Subsystems		2		6

		Logistics/Ops Engineer		5		5

		Validation/Verification Engineer		5		4

		System Analyst		4		3

		System Designer		10		2

		Requirements Owner		4		1
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courses

		Aeromechanical systems engineering (2 courses)

		Aerospace auto systems (1 course)

		Aerospace systems (2 courses)

		Aerospace systems engineering (8 courses)

		Audio systems (41 courses)

		Audio systems design (1 course)

		Automotive systems (3 courses)

		Automotive systems engineering (5 courses)

		Avionics systems (2 courses)

		Business computing systems (71 courses)

		Business information systems (94 courses)

		Business information technology systems (1 course)

		Business systems (15 courses)

		Business systems engineering (10 courses)

		Business systems management (1 course)

		Business systems modelling (2 courses)

		Catering systems (1 course)

		Communications engineering systems (1 course)

		Communications systems (15 courses)

		Communications systems design (2 courses)

		Communications systems engineering (10 courses)

		Computer information systems (25 courses)

		Computer systems (112 courses)

		Computer systems design (1 course)

		Computer systems engineering (522 courses)

		Computer systems technology (5 courses)

		Computing control systems (3 courses)

		Control systems (5 courses)

		Control systems engineering (2 courses)

		Digital systems (2 courses)

		Digital systems design (2 courses)

		Digital systems engineering (12 courses)

		Distributed information systems (2 courses)

		Distributed systems (2 courses)

		Electromechanical systems (1 course)

		Electronic communications systems (4 courses)

		Electronic computer systems (1 course)

		Electronic power systems (1 course)

		Electronic systems (8 courses)

		Electronic systems design (5 courses)

		Electronic systems engineering (13 courses)

		Embedded electronic systems engineering (2 courses)

		Energy systems (1 course)

		Engineering systems (1 course)

		Environmental systems (4 courses)

		European legal systems (1 course)

		European manufacturing systems technology (1 course)

		Finance information systems (1 course)

		Finance systems (1 course)

		Food systems (1 course)

		Geographical information systems (107 courses)

		Health systems technology (2 courses)

		Human computing systems (1 course)

		Industrial systems (5 courses)

		Information management systems (2 courses)

		Information systems (381 courses)

		Information systems accountancy (1 course)

		Information systems analysis (1 course)

		Information systems design (3 courses)

		Information systems development (1 course)

		Information systems engineering (15 courses)

		Information systems management (4 courses)

		Information systems networks (1 course)

		Information technology systems (2 courses)

		Instrumentation systems (2 courses)

		Intelligence systems (74 courses)

		Interactive entertainment systems (1 course)

		Interactive systems (3 courses)

		Internet information systems (2 courses)

		Internet systems development (1 course)

		Life systems (3 courses)

		Management information systems (3 courses)

		Management of manufacturing systems (2 courses)

		Management systems (11 courses)

		Manufacturing systems (46 courses)

		Manufacturing systems engineering (67 courses)

		Manufacturing systems engineering studies (2 courses)

		Manufacturing systems engineering technology (2 courses)

		Manufacturing systems technology (4 courses)

		Mechanical electronic systems engineering (1 course)

		Mechanical systems (2 courses)

		Mechanical systems engineering (12 courses)

		Media communications systems (2 courses)

		Media information systems (1 course)

		Medical systems engineering (4 courses)

		Microelectronic systems engineering (6 courses)

		Mobile communications systems (1 course)

		Multimedia systems (121 courses)

		Multimedia systems design (1 course)

		Multimedia systems development (32 courses)

		Music systems engineering (1 course)

		Music technology systems (8 courses)

		Networks systems (5 courses)

		Networks systems support (22 courses)

		Optoelectronic systems engineering (1 course)

		Power electronic systems (1 course)

		Quality systems (1 course)

		Real time computing systems (20 courses)

		Real time systems (2 courses)

		Software systems (3 courses)

		Systems engineering (10 courses)

		Systems integrated (1 course)

		Systems theology (1 course)

		Technology systems (1 course)

		Telecommunications systems (3 courses)

		Telecommunications systems engineering (1 course)

		Video systems (1 course)

		Virtual reality systems (1 course)
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top courses

		Computer systems engineering		522
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		Geographical information systems		107

		Business information systems		94

		Intelligence systems		74

		Business computing systems		71
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		Coordinator

		Process Engineer

		Information Manager

		Technical Manager

		Customer Interface

		Glue Among Subsystems

		Logistics/Ops Engineer

		Validation/Verification Engineer

		System Analyst

		System Designer

		Requirements Owner
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		Defence/Aero

		Consultants

		Avionics

		University

		Communications

		Transport

		Computers

		Tool Vendors

		Civil Engineering

		Management

		Air Traffic
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incose members

		Aerosystems International								a				Defence/Aero		100		42		141

		Aerosystems International								a				Consultants		14		28		41

		Aerosystems International								a				Avionics		13		1		13

		Aerosystems International Ltd								a				University		8		154		161

		Aerosystems International Ltd								a				Communications		6		18		23

		Aerosystems Int'l.								a				Transport		6		148		153

		British Aerospace Airbus Ltd								a				Computers		4		24		27

		British Aerospace Airbus Ltd								a				Tool Vendors		4		144		147

		British Aerospace Defence Mil Air								a				Civil Engineering		3		15		17

		British Aerospace Defence System								a				Management		2		142		143

		British Aerospace Military Aircraft Ltd								a				Air Traffic		1		14		14

		GEC Marconi Avionics								a

		GEC Marconi Avionics								a

		National Air Traffice Service								atc				total		161

		Brown & Root								civ

		Brown & Root								civ

		Mott MacDonald Ltd								civ

		Lucent Technologies								comm

		BT								comm

		Eurotelecom Ltd								comm

		Fujitsu Telecommunications Europe Ltd								comm

		Nokia								comm

		Mitel Semiconductor								comm

		Computing Devices Co Ltd								comp

		Computing Devices Company								comp

		Computing Devices Company								comp

		Computing Devices Company Ltd								comp

		A-STEM								con

		Entelecheia Ltd								con

		John Boardman Associates Ltd								con

		Masefield Technical Services Ltd								con

		Praxis Critcal Systems								con

		Praxis Critical Systems Ltd								con

		Robert Briggs & Associates Ltd								con

		Bristec Ltd								con

		INSYSCO, Ltd								con

		Nickleby HFE Ltd								con

		Provector Limited								con

		Sentient Systems Ltd								con

		SQC Technology Ltd								con

		Sula Systems Ltd								con

		Alenia Marconi								d

		Archer Communications Systems Ltd								d

		BAe Systems								d

		BAE Systems								d

		BAe Systems								d

		BAE SYSTEMS								d

		BAE Systems								d

		BAE Systems								d

		BAE SYSTEMS								d

		BAE SYSTEMS								d
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		BAE Systems								d

		BAE Systems								d

		BAE Systems								d

		BAE Systems (Astute Class Ltd)								d

		BAE Systems (Avoionics) Ltd.								d

		BAE Systems Avionics Ltd								d

		BAE Systems Marine (YSL) Ltd								d

		BAE Systems, Airbus UK Ltd								d

		BAE SYSTEMS, Warton								d

		Baesystems								d

		BMT Defence Services Ltd								d

		CDA (Sea & Air)								d

		Corda Ltd								d

		CREW Services Ltd								d

		Defence Evaluation & Research Agency								d

		Defence Evaluation & Research Agency								d

		DERA								d

		DERA								d

		DERA								d

		DERA								d

		DERA								d
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		DERA								d

		DERA								d

		DERA								d

		DERA								d

		DERA								d

		DERA Bristol								d

		Lockheed Martin								d

		Lockheed Martin								d

		Lockheed Martin Technical Operations								d

		Marconi Electronic Systems								d

		Marconi Electronic Systems								d

		Matra BAe Dynamics								d

		Matra BAe Dynamics								d

		Matra BAe Dynamics								d

		Ministry of Defence								d

		Pilkington Optronics								d

		Quintec Associates Ltd								d

		Quintec Associates Ltd								d

		Quintec Associates Ltd								d

		Quintec Associates Ltd								d

		Quintec Associates Ltd								d

		Quintec Associates Ltd								d

		Quintec Associates Ltd								d

		Racal Defence Electronice Ltd								d

		RACAL Defence Electronics Ltd								d

		Racal Radar Defence Electronics Ltd								d

		Thomson Marconi Sonar Ltd								d

		Thomson Training & Simulation Ltd								d

		UK Army								d

		Ultra Electronics Command & Control Systems Ltd								d

		Admiral Management Services Ltd.								m

		Lloyd's Register								m

		3SL								t

		QSS Ltd								t

		Quality Systems & Software Ltd								t

		Rational Software Ltd								t

		London Underground Ltd								tr

		London Underground LTD								tr

		London Underground LTD								tr

		Siemens Transportation Systems								tr

		Siemens Transportation Systems Ltd								tr

		Rolls-Royce PLC								tr

		Centre for Software Reliability								u

		De Monfort University								u

		Independent/Open University								u

		Kings College London								u

		Richmond University								u

		Univ. South Australia/University College London								u

		University of Edinburgh								u

		University of York								u
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courses

		Aeromechanical systems engineering (2 courses)

		Aerospace auto systems (1 course)

		Aerospace systems (2 courses)

		Aerospace systems engineering (8 courses)

		Audio systems (41 courses)

		Audio systems design (1 course)

		Automotive systems (3 courses)

		Automotive systems engineering (5 courses)

		Avionics systems (2 courses)

		Business computing systems (71 courses)

		Business information systems (94 courses)

		Business information technology systems (1 course)

		Business systems (15 courses)

		Business systems engineering (10 courses)

		Business systems management (1 course)

		Business systems modelling (2 courses)

		Catering systems (1 course)

		Communications engineering systems (1 course)

		Communications systems (15 courses)

		Communications systems design (2 courses)

		Communications systems engineering (10 courses)

		Computer information systems (25 courses)

		Computer systems (112 courses)

		Computer systems design (1 course)

		Computer systems engineering (522 courses)

		Computer systems technology (5 courses)

		Computing control systems (3 courses)

		Control systems (5 courses)

		Control systems engineering (2 courses)

		Digital systems (2 courses)

		Digital systems design (2 courses)

		Digital systems engineering (12 courses)

		Distributed information systems (2 courses)

		Distributed systems (2 courses)

		Electromechanical systems (1 course)

		Electronic communications systems (4 courses)

		Electronic computer systems (1 course)

		Electronic power systems (1 course)

		Electronic systems (8 courses)

		Electronic systems design (5 courses)

		Electronic systems engineering (13 courses)

		Embedded electronic systems engineering (2 courses)

		Energy systems (1 course)

		Engineering systems (1 course)

		Environmental systems (4 courses)

		European legal systems (1 course)

		European manufacturing systems technology (1 course)

		Finance information systems (1 course)

		Finance systems (1 course)

		Food systems (1 course)

		Geographical information systems (107 courses)

		Health systems technology (2 courses)

		Human computing systems (1 course)

		Industrial systems (5 courses)

		Information management systems (2 courses)

		Information systems (381 courses)

		Information systems accountancy (1 course)

		Information systems analysis (1 course)

		Information systems design (3 courses)

		Information systems development (1 course)

		Information systems engineering (15 courses)

		Information systems management (4 courses)

		Information systems networks (1 course)

		Information technology systems (2 courses)

		Instrumentation systems (2 courses)

		Intelligence systems (74 courses)

		Interactive entertainment systems (1 course)

		Interactive systems (3 courses)

		Internet information systems (2 courses)

		Internet systems development (1 course)

		Life systems (3 courses)

		Management information systems (3 courses)

		Management of manufacturing systems (2 courses)

		Management systems (11 courses)

		Manufacturing systems (46 courses)

		Manufacturing systems engineering (67 courses)

		Manufacturing systems engineering studies (2 courses)

		Manufacturing systems engineering technology (2 courses)

		Manufacturing systems technology (4 courses)

		Mechanical electronic systems engineering (1 course)

		Mechanical systems (2 courses)

		Mechanical systems engineering (12 courses)

		Media communications systems (2 courses)

		Media information systems (1 course)

		Medical systems engineering (4 courses)

		Microelectronic systems engineering (6 courses)

		Mobile communications systems (1 course)

		Multimedia systems (121 courses)

		Multimedia systems design (1 course)

		Multimedia systems development (32 courses)

		Music systems engineering (1 course)

		Music technology systems (8 courses)

		Networks systems (5 courses)

		Networks systems support (22 courses)

		Optoelectronic systems engineering (1 course)

		Power electronic systems (1 course)

		Quality systems (1 course)

		Real time computing systems (20 courses)

		Real time systems (2 courses)

		Software systems (3 courses)

		Systems engineering (10 courses)

		Systems integrated (1 course)

		Systems theology (1 course)

		Technology systems (1 course)

		Telecommunications systems (3 courses)

		Telecommunications systems engineering (1 course)

		Video systems (1 course)

		Virtual reality systems (1 course)





course Chart1

		Computer systems engineering

		Information systems

		Multimedia systems

		Computer systems

		Geographical information systems

		Business information systems

		Intelligence systems

		Business computing systems

		Manufacturing systems engineering

		46

		41

		32

		25

		22

		20

		15

		15

		15

		13

		12

		12

		11

		10

		10

		Systems engineering

		8

		8

		8

		6

		5

		5

		5

		5

		5

		5

		4

		4

		4

		4

		4

		3

		3

		3

		3

		3

		3

		3

		3

		2

		2

		2

		2

		2

		2

		2

		2

		2

		2

		2

		2

		2

		2

		2

		2

		2

		2

		2

		2

		2

		2

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1

		1



522

381

121

112

107

94

74

71

67

10



top courses

		Computer systems engineering		522

		Information systems		381

		Multimedia systems		121

		Computer systems		112

		Geographical information systems		107

		Business information systems		94

		Intelligence systems		74

		Business computing systems		71
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