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ABSTRACT  
 
“…the future of systems engineering can be said to be model-based” according to the International 
Council on Systems Engineering (INCOSE) vision for 2020. Within Australia, Model-Based 
Systems Engineering (MBSE) is emerging on a greater number of projects and across a broader 
range of organisations.  
 
The 2012 MBSE Symposium explored the innovative application of MBSE methodologies to 
Concept Engineering. Concept Engineering can be described as the application of systems 
engineering principles, processes, methods, techniques and tools to the identification and analysis 
of the needs of capability users and other stakeholders. 
 
The symposium included two keynote presentations and fifteen presentations from DSTO, 
industry and academia. It also included two workshop sessions that explored the use of capability 
system models as part of the contracting process. 
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1. Introduction 

1.1 Overview 

“…the future of systems engineering can be said to be model-based” according to the International 
Council on Systems Engineering (INCOSE) vision for 2020.  
 
Within Australia, Model-Based Systems Engineering (MBSE) is starting to emerge on a greater 
number of projects and across a broader range of organisations. This suggests that there is a 
greater appreciation of the benefits that MBSE affords a project. An informal symposium on 
MBSE in 20111 was so successful that DSTO again organised an MBSE Symposium in 2012. As 
a result of feedback from participants, the organising committee retained a similar format for 
the 2012 Symposium, involving a single stream of presentations, even though this limited the 
number of papers that could be presented. 
 
The MBSE Symposium held at DSTO Edinburgh, South Australia on 27-28 November 2012, 
explored the innovative application of MBSE methodologies to Concept Engineering. Concept 
Engineering can be described as the application of systems engineering principles, processes, 
methods, techniques and tools to the identification and analysis of the needs of capability 
users and other stakeholders. 
 
The 2012 MBSE Symposium was attended by 88 Australian and international participants, and 
was streamed live from Edinburgh to DSTO sites in Melbourne and Canberra. It included two 
keynote presentations and fifteen presentations from DSTO, industry and academia on a wide 
range of MBSE topics related to Concept Engineering. The symposium also included two 
workshops that explored the use of capability system models as part of the contracting 
process.  
 
The organising committee thanks the Defence Systems Innovation Centre (DSIC) for their 
generous sponsorship, and INCOSE, the Systems Engineering Society of Australia (SESA) and 
the DSTO Simulation Hub for their support. 
 
1.2 Symposium Contacts 

Conference Chair Kevin Robinson (DSTO) 
Technical Chair Quoc Do (UNISA) 
Technical Reviewers Åse Jakobsson (DSTO), Despina Tramoundanis (DSTO) and Jon Hallett 

(Deep Blue Tech) 
Technical Program 
Coordinator 

Wayne Power (DSTO) 

Secretary (General)  
Secretary (Finance) 

Wayne Power (DSTO) and Brendan Kirby (DSTO)  
Wendy Butler (DSTO) 

Symposium Editor Michele Knight (DSTO) 
Social Coordinator Allison Lang (Aerospace Concepts) 
Administration Rebecca Rocca, Charmae Bell 
                                                      
1 Rian Armstrong, Editor (2012) Symposium on Model-Based Systems Engineering Proceedings, 
Held 24th - 25th October 2011, DSTO Edinburgh, DSTO-GD-0698 

UNCLASSIFIED 
1 



UNCLASSIFIED 
DSTO-GD-0734 

1.3 2012 MBSE Symposium Program 

Tuesday 27 November 2012
Time

(ADL)
Event or Presentation Title Presenter Facilitator

8:30 Registrations open

10:30

12:00

17:00

19:00

8:30 Morning coffee/tea

10:30

12:30

14:20

16:00

9:00 Welcome & admin

SESA Welcome

Kevin Robinson

Mike Ryan

9:30 Keynote:  How to eat an elephant – building a constituency for 

research in simulation and modelling

Andrew Parfitt, 

University of South Australia

10:00 Faster, Better, Cheaper – The Fallacy of MBSE? David Long

11:00 Lessons Learned in Introducing MBSE – Post 2009 Peter Campbell

11:30 Theatre of Operations: An Entertaining Problem Tommie Liddy, Michael Waite, 

Paul Logan, David Harvey

12:45 Using MBSE to Understand the Link between Capability Acquisition 

Projects and DSTO Technology Advice

Simon Demediuk, Wayne Power, 

Brett Morris

13:15 Enhancing the Clarity of Low Level Decisions on the Goals of Large 

Complex Projects

Robert Dow, Lyn Dow, Kim Baddams, 

David Kershaw

13:45 Employing Concept Definition Techniques to Deliver Value on the RAN 

Air Warfare Destroyer Program

Steven J. Saunders

14:45 Workshop 1: What is a ‘Capability System Model’?

Workshop 2: MBSE Practices Across the Contractual Boundary

16:15 Workshop summary presentations and discussion

Wednesday 28 November 2012

Time Event or Presentation Title Presenter Facilitator

9:00 Keynote: Rebuilding the Tower of Babel: Better Communications with 

Standards

Matthew Hause, 

Object Management Group

9:30 A Proposed Pattern of Enterprise Architecture Dr Clive Boughton

10:00 Incorporating MBSE into SoS Engineering Practice Pin Chen, Mark Unewisse

11:00 Model Based Systems Engineering – Issues of application to Soft 

Systems

Ady James, Alan Smith, Michael Emes

11:30 The Best of Both Worlds – CORE‐based WSAF with DOORS‐based 

Requirements Management

Roger McCowan, Michael Waite

12:00 A Formal Modelling Language Extending SysML for Simulation of 

Continuous and Discrete Systems.

Mark Hodson and Nick Luckman

13:15 Towards the Use of Network Analysis Method In Analysing Node 

Properties In a System Model

Li Jiang, Hossein Seif Zadeh

13:45

13:50 Technical Risk Analysis – Exploiting the Power of MBSE Despina Tramoundanis, Wayne Power, 

Daniel Spencer

14:45 Modelling the Management of Systems Engineering Projects Daniel Spencer, Shaun Wilson

15:15 Potential Benefits of Product Lifecycle Management (PLM) 2.0 Social 

Networking Capabilities within MBSE

Axel Reichwein, Shaunak Hemant Shroff 

15:45 Closing remarks Kevin Robinson

Kevin Robinson

Jon Hallett

Despina 

Tramoundanis

Stephen Cook

Åse Jakobsson, 

Kevin Robinson

Quoc Do

David Harvey

WS 1: Mike Ryan

WS 2: Quoc Do, Jonathan Hallett

Streaming transition (switch between sites)

Refreshments

Lunch

14:15 Refreshments

Close Day 1

Symposium Dinner ‐ Crowne Plaza

Refreshments

Lunch

Refreshments

Close Day 2  
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2. KEYNOTE 1: How to eat an elephant – building a 
constituency for research in simulation and modelling  

 
Professor Andrew Parfitt 

Pro Vice Chancellor and Vice President, Division of Information Technology, 
Engineering and the Environment, University of South Australia 

Abstract 

Research to develop disciplines and capabilities that underpin outcomes for a variety of 
applications often struggles to gain support from end users, partly due to assumptions made 
about the utility of the underpinning science or technologies and partly because it is difficult 
to find a constituency within some application domains to champion the adoption of new 
techniques. Modelling and simulation and systems engineering are broad areas that seems to 
fall within this category outside a few recognised communities.  

This presentation discusses some of the ways in which the research community might look to 
engage users in order to develop an understanding of the benefits associated with the 
adoption of a systems approach, and in particular the use of modelling and simulation in the 
design, implementation and operations phases of large projects. 

Presenter Biography 

Professor Andrew Parfitt commenced as Pro Vice Chancellor and Vice President of the 
Division of Information Technology, Engineering and the Environment in August 2007. 
Previously, he was the Director of UniSA’s Institute for Telecommunications Research (ITR) 
(2004 - 2007), one of Australia's foremost ICT research organisations. 

In 2006 he concurrently acted as Head of the School of Electrical and Information Engineering 
and led the strategic planning that resulted in the formation of the new Defence and Systems 
Institute (DASI) and a closer cooperation between our electrical and electronic engineering 
related disciplines. 

Andrew has been a major contributor to the ATN Universities’ push to establish and maintain 
measures of applied research on the research evaluation agenda. 

He has a PhD in Electrical and Electronic Engineering from Adelaide University and was an 
Associate Dean in the Faculty of Engineering there, before joining CSIRO's 
Telecommunications and Industrial Physics division in Sydney in 1998. Within the CSIRO he 
led the Space and Satellite Communication Systems team from 2001. During this time he was 
responsible for fundamental and applied research in areas ranging from radar and 
communications to satellite systems and radio astronomy technologies.  

Andrew has had an outstanding career as a specialist in antenna and radio systems and more 
recently in areas relating to space science and technology. A graduate in engineering from the 
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University of Adelaide, he began his professional career with the Defence Science and 
Technology Organisation before returning to study under a DSTO cadetship. 

In 2003 Andrew became CEO of the Cooperative Research Centre for Satellite Systems 
(CRCSS), the national research group responsible for launching FedSat, Australias first 
satellite in 30 years.  

He has held adjunct academic positions at UniSA, the University of Adelaide, the University 
of Sydney and Macquarie University. In a professional capacity he is a Senior Member of the 
Institute of Electrical and Electronics Engineers and has been Chair of both its South Australia 
and New South Wales Sections. He is Chair of the Australian Academy of Science National 
Committee for Radio Science, and is a Fellow of Engineers Australia. 

He is a Board Member of the Defence Teaming Centre and the Technology Industry 
Association. 

In 2010 he was appointed to the Commonwealth Government's Space Industry Innovation 
Council. 

Presentation 
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3. Faster, Better, Cheaper – The Fallacy of MBSE? – 
 

David Long 
Vitech Corporation 

Abstract 

Scope, time, and cost – the three fundamental constraints of a project. Project management 
theory holds that these three dimensions are inextricably linked as competing constraints. To 
complete a project faster must sacrifice budget or scope (whether explicitly through reduced 
capability or implicitly through lower quality). Likewise, to complete a project at lower cost 
inevitably results in longer schedules or reduced capability/lower quality. As the standard 
saying goes today, “faster, better, cheaper – pick any two”. 

When Daniel Goldin became Administrator of the US National Aeronautics and Space 
Administration (NASA), he championed the cause of a unified “faster, better, cheaper” 
mentality. Using this management mantra, Goldin sought to save money while 
simultaneously improving performance and accelerating schedule. In other words, he sought 
to deliver results seemingly impossible given the “iron triangle” of project management. After 
multiple mission failures including the twin Mars mission disasters in 1999, the concept of 
faster-better-cheaper was widely derided, and we once again returned to the model of “pick 
any two”.  

Today, with the rise of Model-Based Systems Engineering (MBSE), the concept of faster-
better-cheaper has re-emerged, albeit under new monikers. The standard INCOSE MBSE 
briefing (MBSE Workshop, February 2010) promises quality and performance improvements 
with enhanced rigor and precision, improved stakeholder communication, and better 
management of complexity. Others tout MBSE’s ability to accelerate the systems engineering 
effort as well as the overall system life cycle.  

As we seek to transform the practice of systems engineering to better face the complexities 
and constraints of today, we must ensure that we maintain our own balance. We must 
promise improved results in order to justify the cost – and the risk – of adopting new 
practices. However, we must ensure that we don’t over promise and under deliver, or the 
legacy of MBSE will be landmark failures rather project success. As we seek to justify the 
adoption of new technologies and new approaches, are we simply falling into an old trap, 
retracing the steps of Goldin’s previous doomed journey? Or, through a skillful blend of 
systems engineering and project management approaches, can we actually achieve the vision 
of faster-better-cheaper? If so, what frameworks must we adopt as systems practitioners and 
what changes must we make as project managers? 

Presenter Biography 

David Long founded Vitech Corporation in 1992 where he developed and commercialised 
CORE®, a leading systems engineering software environment used around the world. He 
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continues to lead the Vitech team as they deliver innovative, industry-leading solutions 
helping organizations to develop and deploy next-generation systems. 

For over twenty years, David has focused on enabling, applying, and advancing model-based 
systems engineering (MBSE) to help transform the state of the systems engineering practice. 
He has played a key technical and management role in refining and extending MBSE to 
expand the analysis and communication toolkit available to systems practitioners. David is a 
frequent presenter at industry events worldwide delivering keynotes and tutorials spanning 
introductory systems engineering, the advanced application of MBSE, and the future of 
systems engineering. His experiences and efforts led him to co-author the book A Primer for 
Model-Based Systems Engineering to help spread the fundamental concepts of this key 
approach to modern challenges. In 2006, David received the prestigious INCOSE Founders 
Award in recognition of his many contributions. 

Presentation 
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4. Lessons Learned in Introducing MBSE: 2009 to 2012 – 
 

A. Peter Campbell 
University of South Australia 

Abstract 

An overview of the lessons that are emerging from recent efforts to employ MBSE in the 
development of large complex projects in both the defence and civilian sectors. A broad 
interpretation of MBSE will be taken to encompass tool systems that embody the spirit of 
MBSE, if not the specific modern practice arising from the OMG/INCOSE sources. The paper 
will address findings on lessons learned with respect to process development, cultural 
resistance, management perception and training methods and needs. 

Presenter Biography 

A. Peter Campbell returned to Australia from 22 years in the US in late 2000. He worked on 
three year contract (2004-07) for CSIRO Complex Systems Science Initiative to introduce 
complex system simulation tools for agricultural landscape planning and critical 
infrastructure analysis. In May 2004, Peter joined the Systems Engineering and Evaluation 
Centre (SEEC) at the University of South Australia as Professor of Systems Modelling and 
Simulation, working on the application of complex adaptive system simulation technology to 
large scale system integration projects at UniSA. Recent research includes architecture design 
for model based systems engineering applications to support evolvable systems integration 
management and the development of software agents to replace humans in the loop in 
defence T&E environments. 

Now in Defence and Systems Institute (DASI) at UniSA Peter has the responsibility for 
business development of modelling and simulation, particularly in the defence area. October 
2010 joined University of Wollongong as Professor of Infrastructure Modelling in the SMART 
Infrastructure Facility while continuing at UniSA. Work is in the area of the application of 
ABM and MBSE to the improvement of the management of large infrastructure development 
projects, with a specific project to develop an ABM of the interaction between transportation 
needs and changing demographics in metropolitan Sydney. 

Prior to 2000 Peter worked at Argonne National Laboratory in US for 15 years where he was 
involved in the development of advanced agent based modeling methods with application to 
decision support tools for defence and industry applications. Project lead and designer for 
ABM tools for energy supply, drug interdiction, hospital work flow, logistics operations and a 
range of defence applications 
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5. Theatre of Operations: An entertaining problem – 
 

Tommie Liddy1, Michael Waite1, Paul Logan2 and David Harvey1  
1Aerospace Concepts and 2Empel Solutions 

Abstract 

System requirements and constraints specify how a system must look, feel and function; but it 
is the needs of the users and stakeholders that give the system its raison d’etre. If a valid 
solution system is to be delivered, the end-users’ needs must be correctly identified, within 
the stakeholders’ constraints. While this process forms an essential part of the concept phase 
of the engineering lifecycle, it is often left under-done, with needs attributed to the general, 
non-specific “user”. Since needs vary per user, it is of critical importance to identify who the 
end-users are, what their role in the operational behaviour of the system entails, and from 
where they came. Similarly, when considering stakeholder constraints it is necessary to 
identify who the stakeholders are, what their influence on the system entails, and from where 
they view the system. 

One of the more significant changes to the US Department of Defense Architecture 
Framework (DoDAF) from version 1.5 to 2.0 is the manner in which operational entities are 
considered. In version 2.0, ‘Performers’ were added to the DoDAF meta-model to capture 
those entities responsible for performing the representative activities which make up the 
operational scenarios. These Performers replaced the often over-used and poorly-understood 
‘Operational Nodes’.  

Additionally, capability stakeholders offer requirements, in the form of constraints, which 
bound the problem space. These constraints, in combination with the user needs, allow the 
systems engineer to understand the operational concept of the capability. User needs and 
other stakeholder requirements are identified and described from the perspective of a 
particular class of stakeholder. To address these perspectives, each stakeholder-class and their 
environment is modelled with emphasis on identifying what they need the system of interest 
to be or not to be - i.e. what they need to achieve (goals and objectives), and to what they need 
to conform (limitations and constraints). The aggregate model of all stakeholders is thus an 
integrated architecture description of the problem space (ISO42010 2008).  

Effective needs analysis requires complete understanding of the users and how they act as 
operational performers, their roles, and the organisations to which they belong. This 
presentation provides an entertaining yet rigorous example and uses colloquial language to 
describe in readily understood terms a robust needs analysis methodology that is effective, 
efficient and also compliant with the Defence Architecture Framework (DAF). The example 
demonstrates the application of a model-based approach to concept engineering and, in 
particular, how a better understanding the ‘performers’ leads to a solid basis on which to 
design a solution. 

UNCLASSIFIED 
37 



UNCLASSIFIED 
DSTO-GD-0734 

Presenter Biographies 

Tommie Liddy is a mechatronic engineer completing his Ph.D. in Robotics at the University 
of Adelaide while working as part of the Model-Based Systems Engineering (MBSE) team at 
Aerospace Concepts. His academic study has focused on navigation control for Ackermann 
vehicles and uses vector fields as control schemes. Development of this work was achieved 
through simulation of vital concepts then a physical implementation of the final system. As 
part of the MBSE team at Aerospace Concepts Tommie is developing MBSE tools for 
operational analysis and capability definition. 

Michael Waite has been working as a professional engineer for over ten years since 
completing his Bachelor of Engineering (Mechatronics) degree in 2001. His career has seen 
him working for several multi-national automotive companies in Australia, Asia and Europe, 
including Mitsubishi Motors, Ford and Caterpillar. He currently works for Aerospace 
Concepts, a systems engineering consulting company, specialising in the development of 
complex-system capabilities.  

Paul Logan, following a twenty-three career in the Australian Army, has acquired twenty 
years of experience with model-based systems engineering methods, techniques and tools. He 
introduced MBSE into the Jindalee Operational Radar Network project in 1991 and has since 
applied model-based analysis and design in commercial and military projects. From 2002 Paul 
has been involved in Capability Definition Document (CDD) development for the Defence 
Department. Paul is a certified instructor of Vitech Corporation’s introductory and advanced 
courses on Model Based Systems Engineering using CORE®. Paul holds Bachelor of 
Engineering (Communications) and Master of Information Science degrees. He is a member of 
INCOSE, IEEE and SESA, of which he is a former President. 

Dr David Harvey is a systems engineer with a particular interest in Model-Based Systems 
Engineering. He holds a bachelor degree and a doctorate, both in the field of mechatronics. He 
currently leads the Model-Based Systems Engineering (MBSE) program at Aerospace 
Concepts Pty Ltd. This team is developing an MBSE approach and tailored tool to assist in 
complex system definition in conjunction with Australian Defence partners. As well as this 
development, he is also involved in applying the tool and approach to capability definition in 
major Australian Defence projects. 

UNCLASSIFIED 
38 



UNCLASSIFIED 
DSTO-GD-0734 

Presentation 
 

 
 

 

UNCLASSIFIED 
39 



UNCLASSIFIED 
DSTO-GD-0734 

 
 

 

UNCLASSIFIED 
40 



UNCLASSIFIED 
DSTO-GD-0734 

 
 

 
 

UNCLASSIFIED 
41 



UNCLASSIFIED 
DSTO-GD-0734 

 
 

 
 

UNCLASSIFIED 
42 



UNCLASSIFIED 
DSTO-GD-0734 

 
 

 
 

UNCLASSIFIED 
43 



UNCLASSIFIED 
DSTO-GD-0734 

 
 

 
 

UNCLASSIFIED 
44 



UNCLASSIFIED 
DSTO-GD-0734 

 
 

 
 

UNCLASSIFIED 
45 



UNCLASSIFIED 
DSTO-GD-0734 

 
 

 
 

UNCLASSIFIED 
46 



UNCLASSIFIED 
DSTO-GD-0734 

 
 

 
 

UNCLASSIFIED 
47 



UNCLASSIFIED 
DSTO-GD-0734 

 
 

 

UNCLASSIFIED 
48 



UNCLASSIFIED 
DSTO-GD-0734 

6. Using MBSE to Understand the Link between 
Capability Acquisition Projects and DSTO Technology 

Advice – 
 

Simon Demeduik1, Wayne Power2 and Brett Morris1 
1Maritime Platforms Division, DSTO and 2Weapons Systems Division, DSTO 

Abstract 

One role performed by technology Groups within DSTO is the provision of whole of platform 
advice to Defence capability acquisition projects during the needs and requirements phases of 
the capability development lifecycle. At present the process, or system, that links the request 
for advice from a capability acquisition project stakeholder to the analysis and advice 
provided by DSTO, is not clearly understood or defined. This lack of clarity can influence the 
form and content of the advice provided by permitting misinterpretation of the intended 
purpose of the advice by the DSTO Groups and/or misunderstanding on the part of the 
capability stakeholders as to the type of analysis required and the expected bounds of validity 
of the advice. The role that DSTO provides to the greater Defence organisation is analogous to 
many customer / service provider relationships in industry, thus this lack of clarity between 
customer requirements and technical advice provided is broadly applicable. 

In order to gain a better appreciation of the process of linking requests for advice to analysis, 
two main aspects need to be considered, one that resides at the Group level and the other at 
the enterprise level. The enterprise level considers the wider provision of advice to Defence 
acquisition projects by DSTO. At this level, the problem is ill-structured and contains a 
multitude of stakeholders. A soft systems approach is one method that could be beneficial in 
enhancing our understanding and helping to define the system at this level. This presentation, 
however, focuses on the Group level. At this level, the problem is somewhat simplified due to 
the reduction in stakeholders, processes, analysis tools and techniques, nonetheless, the 
problem space is still non-trivial. It is anticipated that by defining the system at the Group 
level, a more informed subsequent exploration of the enterprise level could be conducted. 

To address the problem at the Group level, a systems engineering approach has been deemed 
as suitable. This is based on the authors’ contention that the problem at hand (i.e. the 
provision of advice due to a request) can be described as being an assemblage of elements, in 
the form of related activities and processes that form a unitary whole, where this unitary 
whole constitutes a system2. In this instance, an Object-Oriented Systems Engineering Method 
(OOSEM) approach3, along with ISO15288, has been adapted and adopted to the development 
of a system for providing advice to stakeholders by the appropriate Groups within DSTO.  

                                                      
2 Blanchard, B. S. and Fabrycky, W. J. (2006) Systems Engineering and Analysis. 4th ed. New Jersey, 
Pearson Prentice Hall 
3 2. Friedenthal, S., Moore, A. and Steiner, R. (2009) A Practical Guide to SysML: The Systems Modeling 
Language. Burlington, MA, Morgan Kaufmann OMG Press 
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This presentation will cover the exploratory research and concept stages of the development 
of a system for providing advice and how the DSTO Naval Architecture and Platform System 
Analysis Group and the Weapons Capability Analysis Group were able to embed MBSE into 
the activities (for example the user requirements elicitation and analysis) that were conducted. 
The presentation includes an overview of the user requirements elicitation workshops and 
their outcomes. Following this, a discussion on some of the common themes arising from the 
workshops is given. Amalgamation of the outcomes of the workshops to potentially develop a 
common framework for providing technology advice is discussed. Some of the initial system 
component feasibility exploration is examined, along with the key lessons learned from 
embedding MBSE into the system development process. Finally, with the increasing use of 
Model Based Systems Engineering (MBSE) within Defence capability acquisition projects, the 
potential for this MBSE approach to be used to develop a linkage between a project’s 
knowledge model and simulation performed within DSTO, will be discussed. 

Presenter Biographies 

Simon P. Demediuk obtained a Bachelor of Engineering and a Bachelor of Science from 
Swinburne University in 2009. Since then Simon has worked as a Defence Scientist at DSTO. 
Simon joined Maritime Platforms Division in 2010 working for the Naval Architecture and 
Platform Systems Analysis group and currently works on development of analysis tools in 
relation to the Future Submarine Program. 

Wayne Power graduated with honours from the Queensland University of Technology (QUT) 
with a Bachelor of Engineering (Aerospace Avionics), minor in Systems Engineering. He has 
spent the last six years working in Weapons Capability Analysis within DSTO's Weapons 
Systems Division (WSD). His work in WSD has included weapon system integration 
modelling and analysis, but the major focus of his work has revolved around researching and 
developing the Whole-of-System Analytical Framework (WSAF). The WSAF employs a 
Model-Based Systems Engineering approach for the provision of cross-Defence modelling, 
simulation, analysis and Capability Development activities. 

Brett Morris is a Naval Architect/Systems Engineer who joined DSTO in 2007. He has 
previously worked for the RAN in the Directorate of Navy Platform Systems and is currently 
working in the fields of Naval ship concept design, structures and hydrodynamics, along with 
Systems Engineering applications to Naval Architecture. Brett holds a Grad. Dip. In Systems 
Engineering, a BE (Nav. Arch.) and is currently undertaking part-time research towards a 
PhD. 
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7. Enhancing the Clarity of Low Level Decisions on the 
Goals of Large Complex Projects – 

 
Robert Dow, Lyn Dow, LCDR Kim Baddams and David Kershaw 

Maritime Operations Division, DSTO 

Abstract 

The aim of the work is to examine the possibility of developing a tool to track, monitor and 
predict large complex system development by enhancing the clarity of how decisions at lower 
levels impact on the goals of the project. The approach uses Maritime Operations Division’s 
(MOD) established ability in combat system performance modelling using MBSE and attempts 
to connect that level to Operational Capabilities and hence Strategy.  

The paper leverages off MBSE tool capabilities, developments such as the Whole of System 
Architecture Framework (WSAF) and research approaches such as the Aligned Process Model 
(APM). The large complex project examined in this experiment is the Future Submarine 
project due to the authors’ experience with the project, however any other large complex 
project would have been equally viable for the experiment. 

Presenter Biography 

Robert Dow graduated from James Cook University of North Queensland with Bachelor of 
Engineering and Master of Engineering Science Degrees in 1974. His professional engineering 
and scientific research career includes designing Army man-pack radios at Army Design 
Establishment, Maribyrnong, Victoria (1974-77); scientific instrumentation and CNC machines 
(1977-84) in the Engineering Division of Materials Research Laboratory (MRL); then research 
into sea mine target detection logic in Explosives Division of MRL (1984-1989). From the early 
1990’s within Maritime Operations Division he looked after a team supporting the Mine 
Warfare Systems Centre Project, RAN Mine Warfare Exercises and research into artificial 
neural networks for ordnance. He moved to MOD, DSTO-E, Adelaide in 1998 where he has 
worked on MBSE in support of combat systems for surface combatants and submarines. 
Robert Dow currently works on MBSE for Combat Systems within the Submarine Combat 
System Group of the Submarine Systems Branch, Maritime Operations Division, DSTO-E.  

Lyn Dow has Higher Technician’s Certificates from Footscray Institute of Technology in 
mechanical and electrical engineering. She worked in Dimensional Metrology in Materials 
Research Laboratory (MRL) (1970-1972), Electrical Metrology (1972-1974, 1976-1978), 
Camouflage (1974-1976), and Electronics (1978-1983). Returning to work in 1989, Lyn 
provided LAN network, computer and executive support in Maritime Operations Division. 
She moved to MOD, DSTO-E, Adelaide in 1998 where she has worked on MBSE in support of 
combat systems for surface combatants. Lyn Dow currently works on MBSE for Maritime 
Warfare Operations Group of the Surface Ship Operations Branch, Maritime Operations 
Division, DSTO-E.  
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Kim Baddams served in the Royal Australian Navy from 1973 to 1998, qualifying as a fighter 
pilot, Air Warfare Instructor, and Principal Warfare Officer specialising in anti-submarine 
warfare. He held staff positions in the Naval Warfare Branch of Navy Office, where he was 
the inaugural Director Above and Underwater Warfare, and in the Maritime Development 
branch of Defence Capability Development. Since leaving full time service he has worked as a 
Naval Reserve in support of Navy tasks at the Defence Science and Technology Organisation, 
including considerable involvement with Model Based System Engineering. His qualifications 
include a Diploma of Maritime Studies and a Graduate Diploma of Applied Science. 

David Kershaw started in Defence as a Cadet Engineer with Navy Material in 1987 and 
transferred to DSTO in 1989. He holds a B.Sc(Hons) in Physics, a B.E in Electrical and 
Computer Systems Engineering and a PhD in Tracking Systems. Positions held within DSTO 
have included Head of Torpedoes & Torpedo Defence Group (1999 through to 2002), Navy 
Scientific Adviser (2003-04), Air Warfare Destroyer S&T Adviser (2005-06), Acting Research 
Leader in Surface Ship Operations (Sept 2006-March 07), Head Torpedo Systems Group (2007-
2010), and Head Submarine Combat Systems Group (2010-2012). David was appointed as the 
Research Leader Submarine Systems and SEA 1000 (Future Submarine) S&T Adviser in early 
2012. 
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8. Employing Concept Definition Techniques to Deliver 
Value on the RAN Air Warfare Destroyer Program – 

 
Steven J. Saunders 
Raytheon Australia 

Abstract 

Modern, complex development systems pose risks in defining the right system solution, 
building/integrating/delivering the capability and sustaining the capability through the 
complete lifecycle of that system. Major defence acquisition programs, like the SEA 4000 Royal 
Australian Navy (RAN) Air Warfare Destroyer (AWD) Program are no different. This 
presentation describes concept engineering processes employed on the AWD combat system 
during the capability definition stage of the Program. 

Concept definition is a critical activity of any major system development, requiring a balanced 
approach to multiple stakeholder considerations. The AWD Program has met this challenge 
by employing a collaborative team approach, early systems architecting and judicious use of 
Model Based Systems Engineering (MBSE). In this presentation, it is shown how Operational 
Activity models and supporting architectural views have been successfully used to 
communicate the system capability with the AWD capability sponsors. As the program has 
progressed, this MBSE environment has been progressively expanded to include additional 
SysML system composition and system behaviour model elements to support the system 
definition activities. A significant “by-product” of the system model has been the ability to 
identify, quantify and perform technical risk assessment on all system interfaces in order to 
provide a lead indicator of the cumulative integration risk to the program. Using this 
information, the architecture has been incrementally refined during concept definition in 
order to ensure the program integration risk has been minimized whilst ensuring other key 
stakeholder values have been satisfied. 

Key lessons from this presentation demonstrate the applicability of MBSE techniques in 
complex/large programs and the reality that theoretical application of MBSE must be tailored 
and augmented with other visualisations and tools to communicate with the variety of 
stakeholders engaged in the concept definition phase of the program. 

Presenter Biography 

Steve Saunders, FIEAust CPEng, is an Engineering Fellow for Raytheon Australia. He 
received his Bachelor of Electrical Engineering from the University of Technology Sydney 
(UTS) with first class Honors in 1990. He has worked with Rockwell International, Boeing 
Australia and now Raytheon Australia on Australian Defence projects in various Systems 
Engineering Management, Requirements Development, Architecture, Design and Test roles. 
He is a Raytheon certified architect having completed the Raytheon Certified Architect 
Program in 2005. 
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Steve has been involved in the Royal Australian Navy’s Air Warfare Destroyer Program since 
2005 as the Combat System Chief Architect working in phase 2 of the Program to establish the 
Combat System architecture. He is now the AWD Combat System Chief Engineer and Combat 
System design authority. 

Steve has written numerous articles on Systems Engineering and System architecting and has 
an interest in improving System Engineering and System Architecting maturity and the agility 
of Systems Engineering to support the rapidly evolving technology environment and 
complexity within the defence industry. 
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9. WORKSHOP 1: What is a ‘Capability System Model’? 
– 
 

Dr Michael Ryan 
University of New South Wales 

Abstract 

In the current Defence acquisition system, the Capability System is described principally in 
the text-based Capability Definition Documents (CDD) set of documents, which are provided 
to potential prime contractors through a formal tendering process. Tenderers are required to 
digest the CDD in order to propose system-level solutions to the Materiel System. Tendered 
solutions are assessed by the customer for compliance with the CDD (as well as with other 
terms and conditions of the tender). This text-based process is often perceived as inefficient, 
with a high likelihood of errors. One way to overcome these shortcomings would be to use an 
MBSE approach to pass Capability System models across the contractual interface and 
integrate them to the Materiel System models included in the tendered solutions. 

In an MBSE-supported system acquisition, however, the Materiel System is treated as a black 
box with its internal functions being subsequently defined by the tenderers in the solution 
space (presumably in a different way by each of the tenderers). To that end, the Capability 
System Models developed by the customer would treat the Materiel System as a single entity 
in order to show how it would be operated and supported in the operational environment. 
These Capability System Models would then be passed across the acquisition boundary so 
that tenderers can show how their tendered Materiel System model performs in the context of 
the Capability System Model. 

In order to be in position to use a Capability System Model as part of the acquisition of a 
Materiel System, the customer must therefore undertake considerable modelling of the wider 
context of the Capability System as well as of the relevant Fundamental Inputs to Capability 
(FIC)4 elements. 

This workshop examines how a Capability Systems Model could be used to replace the 
existing text-based content of the CDD documents. In particular: 

 The workshop will begin with an examination of the existing CDD in order to identify 
which elements of the existing documents can be replaced by the Capability System 
Model and which elements would need to remain text-based. Relevant documents 
include the Operational Concept Document (OCD) and the Function and Performance 
Specification (FPS). 

 Attention will then turn to identifying the degree to which the customer’s business 
processes be modelled in order to provide an appropriate level of abstraction for the 
Capability System Model, so that it is suitable to be used as the major artefact to cross 
the acquisition boundary. 

                                                      
4 The FIC is the standard list for consideration of what is required to generate Defence capability, 
comprising organisation, personnel, collective training, major systems, supplies, facilities, support, and 
command & management. 
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Specifically, the workshop will address the following three questions: 

Question 1: What information and processes currently described in text-based systems 
acquisition (TBSA) (i.e. in the OCD and FPS) would still be required to be included in some 
way in the MODEL which is the basis of model-based systems acquisition (MBSA)? 

Question 2: How can each information/process be modelled in MBSA, and how would that 
be different to TBSA? 

Question 3: What processes/information would be modelled in MBSA that do not exist in 
TBSA? 

Facilitator Biography 

Dr Michael John (Mike) Ryan is a Senior Lecturer with the School of Engineering and 
Information Technology, University of New South Wales, at Canberra. He holds Bachelor, 
Masters and Doctor of Philosophy degrees in electrical engineering as well as a Graduate 
Diploma in Management Studies. In addition, he has completed two years formal project 
management training in the United Kingdom. For the first seventeen years of his career he 
held a number of communications engineering, systems engineering, project management, 
and management positions in the Australian Army. Since joining UNSW, he has become an 
internationally recognised expert in systems engineering and requirements engineering, and 
has made a number of important contributions to the field. 

Dr Ryan regularly consults in the fields of systems engineering, requirements engineering, 
communications and information systems architectures, project management, and technology 
management including work for the 2004 Athens Olympic Games, the Department of Defence, 
other government departments, defence industry, and other industry.  

Dr Ryan conducts courses in systems engineering and requirements engineering as well as in 
the more-focused application in Defence acquisition, particularly in the development of the 
capability development documents (CDD) that guide acquisition in the Australian 
Department of Defence. He is the principal architect of the Master of System Engineering 
program run by the University of New South Wales in Canberra, creating the program 
structure and preparing the appropriate documentation for program approval. He also 
developed three of the four core courses in that program and is currently delivering two of the 
courses (systems engineering and requirements engineering). 

He is a Fellow of the Institution of Engineers, Australia; a senior member of the Institute of 
Electrical and Electronic Engineers; a member of the International Council on Systems 
Engineering; and a member of the Systems Engineering Society of Australia (in which he also 
serves on the management committee as the academic representative and the chair of the 
annual conference). He is currently the Chair of the Requirements Working Group in the 
International Council on Systems Engineering (INCOSE). 

Dr Ryan is the Editor-in-Chief of the international journal, Journal of Battlefield Technology, and 
is the author or co-author of nine books and three book chapters and over 100 technical papers 
and reports. He is a principal author of the Guide for Writing Requirements, recently published 
by INCOSE and is one of the authors of the revised edition of the INCOSE Systems Engineering 
Handbook (which is the basis of accreditation of systems engineers internationally). 
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10. WORKSHOP 2: MBSE Practices Across the 
Contractual Boundary – 

 
Quoc Do1 and Jon Hallett2 

1Defence Systems Innovation Centre (DSIC) and 2Deep Blue Tech 

Abstract 

Systems engineering practice is progressively migrating to Model-Based Systems Engineering 
(MBSE) practice as evidenced through the contributions to the DSTO MBSE Symposium 
(2011), INCOSE MBSE International Workshop (2012) and ongoing activities in various 
Australian organisations such as DSTO5, Deep Blue Tech6, Air Warfare Destroyer7, Aerospace 
Concepts8, Raytheon9, and DSIC10,11. Furthermore, MBSE is gaining momentum within the 
Australian Department of Defence. In particular, the SEA 1000, LAND 400, and LAND 19 
(Phase 7) projects are adopting an MBSE approach for the capability system definition.  

However, to date MBSE has only been adopted on an “Ad-hoc” basis (aka “model-supported 
engineering”). In other words, models are used to support the system engineering activities at 
distinct phases, rather than being evolved and matured throughout the system lifecycle. One 
of the key impediments is the reliance by all parties on the use of documents at the contractual 
interface between the acquirer and the provider, as illustrated in Figure 1.  

 
Figure 1: Contractual Interface 

As a result, in the defence context, “above-the-line” (acquirer) capability models are required to 
produce a Capability Definition Document (CDD) set and other related artefacts. These 

                                                      
5 Robinson, K., et al. Demonstrating Model-Based Systems Engineering for Specifying Complex Capability, in 
Systems Engineering Test and Evaluation (SETE) 2010 Adelaide, Australia 
6 Pearce, P., Model-Based Systems Engineering and Its Application to Submarine Design, in Submarine 
Institute of Australia Science, Technology and Engineering Conference 2011, Adelaide, Australia 
7 Mays, R., Deploying a SysML MBSE Environment - Lessons Learned from the SEA 4000 - Air Warfare 
Destroyer Program, in DSTO MBSE Symposium 2011, Adelaide, Australia 
8 Harvey, D., et al., Document the Model, Don't Model the Document, in INCOSE International Symposium 
2012, Rome, Italy 
9 Saunders, S., Does a Model Based Systems Engineering Approach Provide Real Program Savings? - Lessons 
Learnt, in DSTO MBSE Symposium 2011, Adelaide, Australia 
10 Do, Q., et al., Requirements for a Metamodel to Facilitate Knowledge Sharing between Project Stakeholders, in 
10th Annual Conference on Systems Engineering Research (CSER 2012)2012, Missouri, US 
11 Do, Q. and S. Cook, An MBSE Case Study and Research Challenges, in 22nd Annual International 
Symposium of INCOSE2012, INCOSE, Rome, Italy 
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documents are then provided to potential prime contractors (providers) who then interrogate 
them to produce their own systems model. This is an inefficient process and there is a high 
likelihood of errors and unwanted artefacts being introduced into the process.  

One solution would be to pass the capability system models through the contractual interface 
and integrate them to the provider’s system solution model. In order to address this issue, the 
workshop aims to discuss and surface the key issues and challenges inherent in utilising a 
single MBSE representation in a competitive tender environment.  

The workshop discussion will be limited to the Request For Tender (RFT) defence contracting 
model and will be focussed on the following areas (but not limited to): 

1. What classes of information in the Acquirer’s Capability System Model should 
be disclosed to the Provider? 

2. What classes of information in the Provider’s System Solution Model should be 
disclosed to the Acquirer? 

3. How should the two models be interfaced? 

4. Metamodels that could underpin items 1-3 

5. Model-based tender evaluation by the acquirer 

6. Model-based RFT evaluation by the provider 

7. Legal framework and IP issues. 

Facilitator Biographies 

Dr Quoc Do is currently a Research Lead – MBSE, at the Defence Systems Innovation Centre 
(DSIC), and a Research Fellow at the Defence and Systems Institute (DASI), University of 
South Australia. He completed his BEng, MEng and PhD all at the University of South 
Australia. His research interests are in the areas: 1) systems engineering, including systems 
integration of COTS/MOTS components, Model-Based Systems Engineering (MBSE), systems 
engineering of autonomous systems, and systems of systems; and 2) domain-specific 
engineering research, including autonomous systems, vision systems, data fusion, artificial 
intelligent, agent-based modelling, and Data Distribution Services (DDS). In addition, he has 
been actively involving in systems engineering professional societies, and currently the 
Deputy President of the Systems Engineering Society of Australia (SESA), and Associate 
Director for Technical Review of INCOSE. He is also the Editor of the International Journal of 
Intelligent Defence Support Systems (IJIDSS). 

Jonathan Hallett is the Systems Engineering Team Leader at Deep Blue Tech (DBT) and has 
over 27 years’ experience in the Maritime Defence Arena.  

A major focus of Jon’s work at DBT involves ensuring understanding and consistency across 
the design team through process, practise, tools and training. Jon leads the requirements 
development effort within DBT working with both retired submariners and DBT’s engineers. 
He provides both the co-ordination and interpretation of the needs of both the Operator 
Community and the Design Engineers to ensure that they are understood and translated into 
unambiguous requirements for the design team to work with.  
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Immediately prior to joining DBT, Jon was a Consultant to the Finnish Navy MCMV 2010 
project where he supported the Navy in their requirements definition, design reviews and 
shipbuilder/contractor reviews leading up to and during construction of three new Mine 
Countermeasures Vessels.  

Before this, Jon worked for QinetiQ (and its predecessors) in the Underwater Warfare area. He 
occupied roles such as Deputy Head of Science and Engineering – Underwater Systems, 
Business Group Manager – Underwater Warfare and Studies, Capability Leader – Detection 
Systems and Team Leader – Mine Sweeping Systems. During this time, Jon led and 
participated in numerous concept studies at business, platform and system level across the 
Underwater Warfare spectrum of activities. He was the QinetiQ Technical Representative in 
the UK MoD’s Mine Countermeasures Equipment (MCME) IPT, Sea Division representative 
on the QinetiQ Systems Engineering Practitioners Forum and has represented the UK on a 
NATO Mine Warfare Project Group and Joint Research Programme. 

Workshop Presentation and Outcomes 
 

 
 

UNCLASSIFIED 
93 



UNCLASSIFIED 
DSTO-GD-0734 

 
 

 
 

UNCLASSIFIED 
94 



UNCLASSIFIED 
DSTO-GD-0734 

 
 

 
 

UNCLASSIFIED 
95 



UNCLASSIFIED 
DSTO-GD-0734 

 
 

 
 

UNCLASSIFIED 
96 



UNCLASSIFIED 
DSTO-GD-0734 

 
 

 
 

UNCLASSIFIED 
97 



UNCLASSIFIED 
DSTO-GD-0734 

 

UNCLASSIFIED 
98 



UNCLASSIFIED 
DSTO-GD-0734 

11. KEYNOTE 2 : Rebuilding the Tower of Babel – 
Better Communication with Standards – 

 
Matthew Hause 

Co-chair of the UPDM group, OMG 

Abstract 

The book of Genesis tells the story of how the peoples of the earth came together to build an 
enormous tower. To confound them in their task, God changed the languages of the different 
groups of people so that they were unable to communicate. Since they could not coordinate 
their efforts, the project was abandoned and the different groups dispersed throughout the 
world.  

The same problem exists today in the world of Architecture Frameworks. Although they 
express similar concepts, interchange between the different frameworks is awkward at best, 
time consuming, and leads to misunderstanding and miscommunication. This lack of 
communication was highlighted in a recent report on the conflict in Afghanistan, where the 
lack of interchange of architectures was cited as a limiting factor in coalition efforts and may 
have contributed to loss of life.  

This presentation will assess the current situation, examine international efforts to solve it, 
and identify future challenges. This will include: 

 The role of standards for collaboration and communication 

 Standards and standards organisations 

 The Object Management Group (OMG) 

 A brief history of Military Architectural Frameworks 

 The interoperability problems of frameworks 

 The Unified Architecture Framework (UAF) effort 

 Using reference architectures to define a common conceptual “dictionary” 

 Systems engineering, acquisition, and process 

 Vertical and horizontally complementary emerging standards 

 Future problems and potential solutions 
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Presenter Biography 

Matthew Hause is Atego’s Chief Consulting Engineer, the co-chair of the UPDM group 
(Unified Profile for DoDAF/MODAF) and a member of the Object Management Group 
(OMG) SysML specification team. He has been developing multi-national complex systems for 
almost 35 years. He started out working in the power systems industry and has been involved 
in military command and control systems, process control, communications, Supervisory 
Control And Data Acquisition (SCADA), distributed control, and many other areas of 
technical and real-time systems. His roles have varied from project manager to developer. His 
role at Atego includes mentoring, sales presentations, standards development and training 
courses. He has written a series of white papers on architectural modeling, project 
management, systems engineering, model-based engineering, human factors, safety critical 
systems development, virtual team management, systems development, and software 
development with UML, SysML and Architectural Frameworks such as DoDAF and MODAF. 
He has been a regular presenter at INCOSE, the IEEE, BCS, the IET, the OMG, DoD Enterprise 
Architecture and many other conferences. Matthew studied Electrical Engineering at the 
University of New Mexico and Computer Science at the University of Houston, Texas. In his 
spare time he is a church organist, choir director and composer. 
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12. A Proposed Pattern of Enterprise Architecture – 
 

Dr Clive Boughton 
Australian National University 

Abstract 

The latest versions of the Department of Defence and Ministry of Defence Architecture 
Frameworks (DoDAF and MoDAF), as well as the Object Management Group’s Unified 
Profile for DoDAF and MoDAF each employ a meta-model, thus providing a basis for 
effective implementation of tools for constructing consistent architecture descriptions. 

UPDM comprises extensions to both OMG’s Unified Modelling Language (UML) and Systems 
Modelling Language (SysML), and thus provides for architectural descriptions that contain a 
rich set of (formally) connected DoDAF/MoDAF viewpoints expressed in a form familiar to 
those who use UML and SysML. 

These represent significant advancements that enable architecture trade-off analyses, 
architecture model execution, requirements traceability, and speedier transition to systems 
design and implementation. All very useful to both the enterprise architect and the solutions 
architect. But is there more that can be done, especially for those who should contribute input 
to the enterprise architecture? 

In this paper an extra model/view in the form of a pattern is described that is intended to aid 
in the development of enterprise architectures (EA), both small and large. The proposed 
pattern of EA is developed using information extracted from the Computer Emergency 
Response Team Resilience Maturity Model (CERT RMM) and the Capability Maturity Model 
Integrated (CMMI) for Acquisition, and for Services as well as the People Maturity Model. 

Although not completed, the pattern of EA is developed to the extent that some benefits from 
its use/application across several types of organisation are readily apparent. One of its main 
benefits is to allow business analysts/engineers early capture of EA requirements. A further 
benefit is that the ‘pattern’ should be easier for executive decision makers to appreciate and 
understand – without feeling technically incompetent. 

Presenter Biography 

As a professional, Dr Clive Boughton possesses over thirty years of practical experience in 
varying roles as scientist, engineer, software engineer, consultant, and project and company 
manager. His collective experiences have given him the opportunity to 
observe/research/manage and participate in commercial, defence and scientific software 
projects including native and embedded applications using contemporary techniques, 
languages and management methods. 

Clive held a full time academic position at ANU from 2000 – 2010 during which time he 
developed the final touches to the (then) new Bachelor of Software Engineering. He also fully 
developed the Masters in Software Engineering, the major parts of which still exist in the 
MCOMP program. Clive is an adjunct associate professor at both the ANU and UQ.  
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He now spends most of his time undertaking all sorts of systems/software engineering 
consulting and project management work through Software Improvements, a company he set 
up in 1992. 

Qualifications: 
 BSc (Applied Physics) - RMIT - 1976,  
 PhD (The Total Differential Scattering Cross Sections of some Weakly Anisotropic 

Molecules) – ANU – 1988. 

Affiliations: 
 Member ACM, Member IEEE Computer Society, Member ACS 
 Chair of Australian Safety Critical Systems Association (aSCSa) 

Main Research and Industry Interests 
 Requirements Engineering 
 Project Management 
 Modelling Languages and Techniques 
 Model-driven Development 
 Software/Enterprise Architecture 
 Software Measurement 

Present Appointment 

Technical Director and Chair of Board at Software Improvements Pty Ltd 
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13. Incorporating MBSE into SoS Engineering Practice – 
 

Pin Chen1 and Mark Unewisse2 
1Maritime Operations Division, DSTO and 2Land Operations Division, DSTO 

Abstract 

The engineering of complex systems-of-systems (SoS) is one of the main challenges facing 
Defence in the development, acquisition and implementation of integrated warfighting 
capabilities. SoSs are ubiquitous within Defence, yet there is currently little effort to engineer 
these systems and capabilities. 

This presentation explores the nature of SoS, SoS engineering (SoSE) and the potential for 
MBSE to support SoSE. It includes a discussion of: 

1) an understanding of military SoS in terms of its variety, formation, evolution and 
complexity; 

2) an understanding of SoS activities throughout lifecycles and in evolution; 

3) potential roles of MBSE in and relation to SoSE practice; and 

4) key challenges and opportunities for applications of MBSE for defence SoSE. 

Some important issues and features of SoS are explored, including military SoS variety, 
different SoS perspectives, SoS processes and SoS complexity and well-being. SoSE 
engineering is discussed, addressing the difference from traditional systems engineering and 
the US DoD approach to SoSE. Incorporating MBSE into defence SoSE practice is shown to be 
a necessary, albeit challenging, step in developing practical approaches to SoSE. This will 
require improvements and extensions of MBSE concepts, processes and tools in order to 
adequately and successfully address SoS challenges and issues. 
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Presenter Biographies 

Dr Pin Chen is a Senior Scientist in Maritime Operations Division, Defence Science & 
Technology Organisation (DSTO). Dr Chen’s main research interests include Architecture 
Practice, Systems Engineering for SoS, complex systems design, and complexity management. 
Dr Chen joined DSTO 1996 after he completed his Ph.D. in Computer Science at the 
Australian National University. Previously, Dr Chen led research tasks and studies in several 
fields, including architecture practice study, architecture information model development for 
architecture repository, SoSSE, and Unmanned Underwater Vehicle (UUV) cooperation 
modelling and design. 

Dr Mark Unewisse is a Principal Research Scientist with the Land Operations Division of the 
DSTO, leading the Land Capability Integration program. His 28 year career with Defence has 
spanned: submarine and surface ship simulation systems; infrared optoelectronic systems; 
Land force C2 systems; military experimentation; Army aviation; Land and Joint Fires; 
Combat Vehicle Systems; Land NCW; force-level integration; force protection; and supporting 
the RAAF Combat Support Group. In addition, Mark has undertaken a wide range of 
corporate and leadership roles within DSTO. Mark’s current research efforts include: system-
of-systems integration, tactical land Intelligence, Surveillance, Target Acquisition and 
Reconnaissance (ISTAR) and the implementation of networked force capability. 
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14. Model Based Systems Engineering: Issues of 
application to Soft Systems – 

 
Ady James, Alan Smith and Michael Emes 

UCL Centre for Systems Engineering, Mullard Space Science Laboratory 

Abstract 

Projects often seek to deliver new or improved capabilities within complex, poorly defined 
and changing contexts. The application of MBSE under such circumstances can be problematic 
and in this paper we discuss these issues, and suggest approaches for their mitigation.  

A particular system solution might be envisaged as a combination of subsystems connected 
through a common architecture. Systems thinking suggests that given clear requirements and 
a solution concept, one can move forward through the definition of subsystem capabilities 
and the system architecture – where MBSE is particularly useful. However, in many 
applications the degree of turbulence or evolution within the requirements that can be 
expected means that close human intervention is necessary to keep the solution fit for 
purpose. Moreover, this human intervention must be based on significant experience and 
domain knowledge so as to cope with the many Soft System issues that are likely to be 
present. At University College London (UCL) Centre for Systems Engineering we propose five 
principles that we believe should underpin all SE development projects. In this work we 
discuss these principles and their application to MBSE within a Soft System context. 

The UCLse principles are: 
 Principles govern process 
 Seek alternative systems perspectives 
 Understand the enterprise context 
 Integrate systems engineering and project management 
 Invest in the early stages of projects 

Moreover, we will also look at how encapsulation can be used to protect MBSE sub-system 
developments from the likely changes in scope and direction of the overall development. 
Encapsulation, while fundamental to an object oriented approach, is much less well 
developed for soft systems projects except where it manifests as a pragmatic approach taken 
by the systems engineer, systems engineering manager or project manager. Through an 
encapsulation approach one can create a system from the inside out, i.e. begin sub-system 
development before the final structure of the overall system is fully defined. There are 
parallels with a system-of-system approach in which the sub-systems pre-exist the system. Re-
use and the use of Commercial-Off-The-Shelf (COTS) and Military-Off-The-Shelf (MOTS) sub-
systems are natural to an encapsulated approach. 

An important element of such an approach is the validation of the chosen system architecture 
or an estimation of its resilience. This can be undertaken through a carefully selected (and 
weighted) set of scenarios – the consequences of each being used to define the interface 
margins and architectural capacity within the overall system. This is a natural extension to the 
concept of requirements volatility found in requirements management tools etc. 

UNCLASSIFIED 
154 



UNCLASSIFIED 
DSTO-GD-0734 

Finally we will look at the bounds of MBSE, where is it not a practical way forward and where 
should it be supplemented and augmented by a Soft Systems front end and concurrent 
activity? For instance some system capability uplifts are dominated by the viewpoints of 
existing participants and are often in situations where there is no single design authority. 
While MBSE can improve their toolset, the actual system level changes that are possible may 
lend themselves more to change management than MBSE. 

Presenter Biographies 

Dr. Adrian James is a Senior Research Fellow at MSSL and Co-director of UCL Centre for 
Systems Engineering (UCLse). He has worked at UCL for more than twenty years on various 
space programmes, including Mars 96, Cluster, XMM Newton, Hinode, and most recently the 
ESA Euclid project. As well as his project management and systems engineering activities 
within the Department Dr James provides training courses to industry on various aspects of 
Systems Engineering and Project Management. He is now based in Adelaide as Executive 
Director of MSSL (Australia).  

Professor Alan Smith started as an instrument scientist for the Medium Energy X-ray 
Experiment which flew on-board the European space agency mission EXOSAT. In 1990 he 
joined MSSL, initially as Head of Detector Physics but later to become Programme Manager 
and eventually Director and Head of Department and vice-Dean for Enterprise. In 1998 he 
was made a Professor of Detector Physics. While at UCL he has been Director of UCL’s Centre 
for Advanced Instrumentation Systems, a Co-director of the Smart Optics Faraday Partnership 
and is founding Director of UCLse. 

Dr. Michael Emes is Head of the Technology Management Group at MSSL and Co-director of 
UCLse. He researches technology management tools and theory, risk management, modelling, 
and the intersection of systems engineering and management. He teaches postgraduate 
courses at UCL and industrial training courses in the areas of systems engineering, design, 
modelling and management. Before joining UCL, Michael was a strategy consultant working 
on projects in retail, e-commerce and transport. He has a first-class MEng in Engineering, 
Economics and Management from St. John’s College, Oxford, and a PhD in Spacecraft 
Engineering from UCL. 
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15. Best of Both Worlds: CORE-based WSAF with 
DOORS-based Requirements Management – 

 
Roger McCowan1 and Michael Waite2 

1MHW Holistic Solutions and 2Aerospace Concepts 

Abstract 

The Whole-of-Systems Analytical Framework (WSAF) has been developed at DSTO with 
personnel from both Weapons Systems Division (WSD) and Aerospace Concepts Pty Ltd. It is 
based on Vitech CORE® and has evolved and matured through use on several projects and 
proved its worth as an MBSE capability environment. Despite the successes of the WSAF and 
the functionality within CORE® to support requirements management, Defence policy 
currently remains that IBM® Rational® DOORS® is mandatory for the requirements 
management on all ACAT I and ACAT II projects. Because of the Defence Materiel 
Organisation’s (DMO) current investment in DOORS® (licences and number of people trained 
in its use, etc.) this situation is unlikely to change for some time. 

This paper provides an overview of the means by which the capability modelling can be done 
using the WSAF to maintain model integrity whilst allowing projects to perform the ongoing 
management of requirements using DOORS®. The approach was developed and refined 
during the definition of the Land Combat Vehicle System (Defence Project LAND400), where 
the Operational Concept Document had been developed using the WSAF, and three Function 
and Performance Specifications (FPSs) covering nine vehicle variants needed to be produced 
using the WSAF but with the requirements transferred into DOORS® for use by the DMO 
project office. 

In order to maintain consistency between the two databases a strict data management scheme 
was developed, including the definition of the data interface. One of the greatest challenges of 
this was to understand and overcome the different implementations of data attributes and 
relationships used in CORE® and DOORS®. Amongst the variety of information transferred 
through this interface was the unique identifier assigned in both software tools to ensure data 
veracity. Although many of the requirements were common across both the three main 
vehicle types and the nine vehicle variants, there were others which were unique to particular 
variants. This highlighted the strength of the model-based approach, where it was possible to 
update the detail of one requirement, which would be reported in all relevant specifications. 

While the process developed and implemented still required manual “post-processing” of 
some of the data (mostly resulting from the differing character sets for hard returns, non-
breaking spaces and special characters e.g. °, ±, etc), this work proved that the systems 
engineer really can have the “best of both worlds” – the strength of rich, model-based 
information architecture from CORE® and the benefit of rigorous requirements management 
from DOORS®. 

This presentation will provide insight into the CORE® to DOORS® interface developed, the 
challenges faced and advice to personnel engaged on major capital equipment projects – in 
particular, they should not use the mandated policy of DOORS-based requirements 
management as an excuse to not use the WSAF to do capability modelling. 
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Presenter Biographies 

Mr Roger McCowan, BEng(Communications) is a senior Systems Engineer whose 
professional experience spans more than thirty years during which he has specialised in 
systems engineering across both the Defence and commercial sectors. He has extensive 
experience in requirements definition and analysis, system specification, architecture design, 
verification and validation, and project management, with a focus on networked information 
systems. He has published several papers in these fields. 

Mr Michael Waite, BEng(Mechatronics) has been working as a professional engineer for over 
ten years since completing his Bachelor of Engineering (Mechatronics) degree in 2001. His 
career has seen him working for several multi-national automotive companies in Australia, 
Asia and Europe, including Mitsubishi Motors, Ford and Caterpillar. He currently works for 
Aerospace Concepts, a systems engineering consulting company, specialising in the 
development of complex-system capabilities. 
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16. A Formal Modelling Language Extending SysML for 
Simulation of Continuous and Discrete System – 

 
Mark Hodson1 and Nick Luckman2 

1Block Software and 2Weapons Systems Division, DSTO 

Abstract 

MBSE tools and techniques in a broad sense provide a structured approach to developing 
conceptual models of complex systems. Key features of these approaches are: the use of 
graphical based views on a central model that reflect the interests of particular stakeholders in 
the system; hierarchical decomposition of the system in question; and an ability to add, over 
time, increasing levels of detail to the model as knowledge is acquired, or in other words 
allow the model to move from the abstract towards the formal without the need to redefine 
the model in a different modelling environment. Through such an approach the leap of faith 
required to transition from model to real system is reduced when compared to traditional 
techniques. 

When the real world system is software it is possible to take the conceptual modelling 
methodologies all the way to a formal (in the mathematical sense) specification such that 
ultimately the model has a one to one mapping with the real software system. Indeed great 
strides have been made with modelling methodologies and tools in the software domain, for 
example with UML.  

Systems Engineering of course has to deal with complex application domains well beyond just 
software, where any model of the system will always be conceptual at some level because a 
one to one mapping with the real system will never exist. SysML is an extension and 
modification of UML that aims to support the broader modelling needs of SE, hence the term 
MBSE. However, engineering has at its disposal another type of modelling that is simulation, 
which can provide great insights into the behaviour of complex systems. Although UML and 
SysML primarily support conceptual modelling they do have enough formality in them to 
support certain types of simulation (after all computer based simulations are in themselves 
software systems), for example in some behavioural graphical views, such as activity and state 
machine diagrams. The algorithmic model of computation used with these is basically 
Discrete Event Simulation (DEVS) such that the transitions between activities or state 
represent discrete events in time. Although many systems can adequately be simulated with 
discrete events (in time) many more need more powerful models of computation such as 
discrete time and Ordinary Differential Equation (ODE) solving, which although can be 
expressed in the DEVS formalisms are generally only realised in specialised engineering level, 
graphical based, modelling and simulation tools such as Simulink®. Such tools are built 
principally first and foremost to create formal models in a bottom up approach and thus lack 
features to support for conceptual modelling.  

Interestingly the diagrams used in specialised engineering M&S tools often have the 
appearance of structural models. This is because they are actually graphical representations of 
mathematical algorithms, more precisely iterative algorithms. The challenge therefore for 
MBSE is to develop general purpose graphical modelling views that transition naturally from 
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system relevant decomposition views into views of iterative algorithms capable of being 
executed with potentially any iterative model of computation.  

This paper outlines a graphical modelling view similar to the internal block diagram of SysML 
that supports hierarchical decomposition and iterative algorithmic expression at the same 
time. 

Presenter Biography 

Mark Hodson graduated with 1st class honours in Computer Systems Engineering from 
Adelaide University at the end of 1999. Since that time, Mark has worked for Tenix Electronic 
Systems Division (formerly Vision Abell, now BAE Systems) in the areas of information 
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Weapons Systems Division in DSTO in the areas of M&S theory and accompanying 
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Nick Luckman graduated from Adelaide University in 1990 with a degree in Mechanical 
Engineering. Since then he has worked for the Defence Science and Technology Organisation 
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developing modelling and simulation frameworks and architectures that take into account the 
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17. Towards the Use of Network Analysis Method In 
Analysing Node Properties In A System Model – 

 
Li Jiang and Hossein Seif Zadeh 
Joint Operation Division, DSTO 

Abstract 

Model-based system engineering methodologies advocate using system models as the main 
vehicle in system engineering processes12. In this methodology, a system model represents the 
relationships and interaction between the entities being modelled. Figure 2 depicts an 
example of such abstraction of the interaction within and between two subsystems.  

 
(a) The first component network   (b) The second component network 

Legend:  Filled circles represent actors or agents  
Filled diamonds represents use cases or components 
Different colours are used to distinguish actors (agents) or use cases 
(components) in each subsystem. 

Figure 2 A sample component network of two subsystems 

As a result of the difficulty in understanding complex relationships within comprehensive 
systems models, there is a need for a systematic approach in assessing properties of such 
models13.  

                                                      
12 Estefan, J. (2008). Survey of model-based systems engineering (MBSE) methodologies. Pasadena, California. 
USA, Jet Propulsion Laboratory, California Institute of Technology 
13 Brooks, R. J. and A. M. Tobias (1996). Choosing the Best Model: Level of Detail, Complexity, &  Model 
Performance, Mathematical and Computer Modelling, Volume 24, Number 4, August 1996 , pp1-14 
testing 
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Lacking evaluation mechanism for system models presents three major problems:  

(1) difficulty in understanding fundamental properties of the model which are often 
attributed as a major reason for failure of the system;  

(2) lack of a systematic and efficient mechanism in ensuring consistency of the model 
through all stages of process, system, and product development14; and  

(3) difficulty in understanding which components perform critical functions, and which 
components serve as a bridge between sub-systems.  

This paper presents a two-step approach in assessing properties and consistency of the model. 
The definitions of the properties and consistency are briefly discussed below:  

 Properties are defined based on a set of network science measures15. To use the 
network science measures, the relationships between entities in the system model are 
represented as an entity network (see Figure 1 for a simple example). The network 
measures can be computed and the results of the computation can be explained 
meaningfully within the system engineering discipline.  

 Consistency refers to the congruent between entities or artefacts developed in the 
system development process. These measures can be quantitative or qualitative. 

Jiang et al16 have shown that, in the context of software development, analysing properties of 
a model provides meaningful feedback for the purpose of design and system verification 
processes.  

The proposed approach provides a practical mechanism for analysing properties of the 
system. The major contribution of this work is two folds:  

(1) properties of system models can be used at both network and node level, containing 
critical information on the overall entity network, and  

(2) consistency-assessment measures provide a mechanism to verify consistency of the 
system model.  

The implication and significance of using properties of nodes within the context of system 
engineering are also discussed. 

                                                      
14 Van Der Straeten, R., T. Mens, et al. (2003). Using description logic to maintain consistency between UML 
models. «UML» 2003-The Unified Modeling Language. Modeling Languages and Applications: 326-340. 
15 Wasserman, S. and K. Faust (1995). Social Network Analysis: Methods and Applications. Cambridge, 
University of Cambridge Press 
16 Jiang, L., K. M. Carley, et al. (2012). The Impact of Component Interconnections On Software Quality: A 
Network Analysis Approach. The 2012 IEEE International Conference on Systems, Man, and Cybernetics 
(IEEE SMC 2012) 
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18. Technical Risk Analysis – Exploiting the Power of 
MBSE – 

 
Despina Tramoundanis1, Wayne Power1 and Daniel Spencer2 
1Weapons Systems Division, DSTO and 2Aerospace Concepts 

 

Abstract 

In his 2003 review into Defence procurement, Kinnaird recommended that for new 
acquisitions Defence undertake a ‘comprehensive analysis of technology, cost and schedule risks’ 
and that ‘Government needs to be assured that adequate scrutiny is undertaken ….by DSTO on 
technology feasibility, maturity and overall technical risk’. As a result, DSTO performs Technical 
Risk Assessments (TRA) to inform major acquisition decisions during the Requirements phase 
of the Capability Development process. 

Instructions for preparing the TRA are found in the Technical Risk Assessment Handbook 
(TRAH)17. These instructions provide useful guidance on the nature of technology and 
technical risks and means for risk discovery and assessment.  

The current TRA development practice has several shortcomings, including: 
 Existing templates do not necessarily fit every type of acquisition project. 
 At the early stages of capability definition, before a materiel solution has been 

selected, system decomposition is not always possible. 
 The level of discipline and rigour applied to risk analysis is variable depending on the 

skills of individuals. 
 System integration risk does not receive adequate coverage. 
 The TRA is a stand-alone document meaning that the risk analysis is not necessarily 

integrated with the capability definition. 
 It is not easy to see how risks in one part of the system impact risks in other parts of 

the system that may be directly or indirectly coupled. 

To address several of these shortcomings, this paper introduces the concept of Functional Risk 
Analysis (FRA) conducted within a Model Based Systems Engineering (MBSE) environment. 
FRA is a rigorous technique used to explore potential effects of functional failures or 
degradation that result from insufficient technical readiness, both within and between parts of 
a system and across system interfaces. (FRA is analogous to Functional Hazard Analysis, a 
technique applied in the aerospace domain.) The underlying method of FRA uses an 
Enhanced Functional Flow Block Diagram (EFFBD) representation of the system functionality 
and follows the following procedure: 

1. Perform the following steps on each function in turn: 
a. Define the purpose and behaviour of the function. 
b. Consider the technologies inherent in the function and the potential failure 

modes that may result based on an understanding of the technology readiness, 

                                                      
17 DSTO, Technical Risk Assessment Handbook, Version 1.1, 2010 
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e.g. ‘complete loss of function’, ‘degraded performance’, ‘incorrect operation 
(e.g. high, low, fast, slow etc …)’. 

c. Represent functional failure modes within MBSE model. 
2. Simulate or interrogate the functional model to assess the potential impact of 

functional failures on downstream functions and guide detailed system analysis. 
3. Record in the MBSE model the identified risks (i.e. the potential effect in terms of 

severity and probability of occurrence). 

Once the physical system has been designed or selected, the FRA procedure can be repeated 
using the system architecture to assess and explore the effects of component failures or 
degradation that result from insufficient system readiness. The results of the FRA are recorded 
in the MBSE model from which the TRA report is auto-generated via the running of scripts. 
This paper will use a generic weapon system example to illustrate the FRA technique. 
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19. Modelling the Management of Systems Engineering 
Projects – 

 
Daniel Spencer and Shaun Wilson 

Aerospace Concepts 

Abstract 

As described in the INCOSE Systems Engineering Handbook18, systems engineering is an 
interdisciplinary, holistic approach to realise successful systems. It often involves a combined 
effort of a team of professionals from different disciplines and backgrounds. 

The primary role of the Systems Engineering Manager (SEM) of a complex project is to ensure 
that the technical conduct of the project and the technical products achieve the required 
quality. The SEM performs this role by defining the technical processes, documentation and 
output products within the engineering lifecycle of a project through systems engineering 
management. These aspects of a project are not brought together through any other single 
management process. Furthermore, systems engineering management supports the other 
business systems such as project management, engineering management and quality 
management. 

Particularly in early concept development phases of a project, it is important for those 
involved in Model-Based Systems Engineering (MBSE) to not lose sight of systems 
engineering management as an enabler of engineering rigour. Engineers can overlook systems 
engineering management amongst the MBSE methods and technical activities they are 
conducting. 

In his paper at the 2004 INCOSE International Symposium19, Eric Honour concludes that 
systems engineering effort improves development quality, cost and schedule compliance, and 
that systems engineering management is known to be an important part of the systems 
engineering process. Further to this, improved quality of the systems engineering activity 
increases these benefits. 

The key document used to guide all technical aspects of the project is the Systems Engineering 
Management Plan (SEMP). The SEMP is now often referred to as a Systems Engineering Plan 
(SEP), and defines systems engineering organisation, process and products, and also describes 
speciality engineering integration in a project20.  

A SEMP is an evolving document that captures a project’s current systems engineering 
strategy and its relationship with the overall project management effort. The purpose of the 
SEMP is to describe the detailed operational plan for executing systems engineering. It also 
describes how a project organisation will manage technical activities in accordance with 

                                                      
18 Haskins, C., ed. 2010 Systems Engineering Handbook: A Guide for System Life Cycle Processes and 
Activities. Version 3.2. Revised by M. Krueger, D. Walden, and R. D. Hamelin. San Diego: INCOSE 
19 Honour, E., Reducing Longterm System Cost by Expanding the Role of the Systems Engineer, INCOSE 
International Symposium, France, June 2004. 
20 IEEE, IEEE Standard for Application and Management of the Systems Engineering Process, Institute of 
Electrical and Electronics Engineers 1220-2005, 09 Sept 2005 
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partners, clients and contractors. All other engineering control documents, such as the Test 
and Evaluation Master Plan, Configuration Management Plan and Risk Management Plan, are 
subordinate to the SEMP and must be consistent with it21. The SEMP should be established 
early in the project and updated as necessary to ensure its effectiveness. 

This presentation will outline an example of how a model-based systems engineering 
approach can be taken to represent the systems engineering management aspects of a project, 
and how the resulting engineering management model can be interrogated to produce the 
outputs required for a quality SEMP. After describing the underlying structure of the systems 
engineering management model, an example will demonstrate its use, with a focus on 
activities taking place in Concept Engineering phases of a project. 

This modelling of the project from the point of view of the SEM provides the benefits inherent 
in the application of MBSE; consistency, traceability, reuse and information sharing. Further to 
the benefits inherent in the MBSE method, benefits can be gained by facilitating the interface 
between the management system model and the various engineering models of the project. 

Engineering Management plan has a number of benefits that can improve product cost, 
schedule and quality when used appropriately. By having an approach tailored to the project, 
and interfacing this in a useful way, the likelihood of its use and the benefits of this use 
greatly increase. 

A robust, complete and consistent SEMP provides clear and unambiguous guidance to 
systems engineers and technical staff, improves efficiency of the project effort and likelihood 
of project success. Using a model-based approach to systems engineering management, 
particularly in a model-based development environment closely couples the systems 
engineering process and product, allowing clear definition of responsibilities and improved 
ability for assurance that these responsibilities have been carried out. 
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21 NASA, Systems Engineering Handbook, Revision 1, December 2007. 
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20. Potential Benefits Of Product Lifecycle Management 
(PLM) 2.0 Social Networking Capabilities Within MBSE – 

 
Axel Reichwein1 and Shaunak Hemant Shroff2 

1KONEKSYS and 2MEMKO 

Abstract 

The reuse of Web 2.0 concepts in the context of product development has been coined “PLM 
2.0”. Its goal is to facilitate and enhance the collaboration between engineers, end users and 
project managers. PLM 2.0 provides a transparent communication platform for knowledge 
sharing and knowledge creation between communities which were previously disconnected 
such as engineers and end users. As a result, all stakeholders can take a more active role 
during product development. Clients and end users can for example easily follow the design 
evolution and verify that their design intent is being met.  

As of now, PLM 2.0 concepts have been embedded in engineering software applications such 
as CAD and PLM systems as well as in Microsoft Office documents. However, many products 
are increasingly composed of software and electronics which require other design 
representations than plain 3D models and documents. For instance, a system architecture 
description is particularly useful in complex systems design to represent at a high level of 
abstraction the main system components and interactions. Multiple stakeholders from 
different disciplines as well as the clients and end users can then better identify interface 
issues and design change impacts.  

The paper provides a brief introduction to PLM 2.0 concepts with respect to social 
communication and explores some of the key features. It further delves into usage scenarios of 
PLM 2.0 technology and explores the benefits of such technology in a general perspective of 
the company. More specifically, an example of using PLM 2.0 in early stages of Systems 
Engineering activities and usage across a SysML example is explored. 

The Systems Modelling language (SysML) is increasingly used in Model-Based Systems 
Engineering (MBSE) to define the system architecture, requirements, functions, use cases and 
behaviour and cross-cutting dependencies. This article investigates the potential benefits of 
supporting PLM 2.0 social networking capabilities within a SysML modelling environment in 
order to improve: the collaboration between clients/end users and system engineers, the 
communication between system engineers and engineers from other disciplines, the 
traceability and consistency between design representations at multiple abstraction levels 
including requirements, system architecture, PLM, CAD and simulation models.  

Since the human factor is critical in reaching PLM 2.0 benefits, criteria are listed to enable 
social computing to reach its fullest potential within the systems engineering community. Two 
major factors are critical for the success of social technologies in engineering: company culture 
and communicative engineers. Without a company culture facilitating and encouraging 
healthy discussion, engineers will not use PLM 2.0. In addition, the value of PLM 2.0 relies on 
clear and qualitative contributions from engineers. The communication skills of engineers will 
therefore become more important as social technologies are increasingly adopted. 
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