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Summary 
The Research Grand Challenges for Systems Engineering workshop provided a 
forum to discuss the main concerns for systems engineering practice and 
research in the UK. The objective of the workshop was to identify what are the 
key challenges in the understanding and analysis of complex systems, their 
emergence, organisation and behaviour, and the utilisation of tools including 
modelling and visualisation to understand their complexity, document their 
evolution and access the relevant information about them. The workshop 
provided an opportunity to formulate, discuss and reach a consensus amongst a 
group of participants from industry and academia. The resultant set of Research 
Grand Challenges is presented in this report and is intended to signal the areas of 
systems engineering where breakthroughs are required. The identification of the 
Grand Challenges is expected to a) facilitate collaboration across research 
groups, b) signal the areas where research efforts should be focussed and c) 
influence funding organisations to support the research.  
 

https://www.epsrc.ac.uk/
https://www.epsrc.ac.uk/


                                                                               
 

Research Grand Challenges for Systems Engineering – Workshop Report 2 

Contents 
 ............................................................................................................................................................ 1 
Summary ......................................................................................................................................... 1 
1. Introduction ......................................................................................................................... 3 
2. Workshop Process ............................................................................................................. 4 

2.1 Workshop Session I - Developing an Initial Set of Grand Challenges ....................... 5 
2.2 Workshop Session II – Reviewing the Grand Challenges ............................................... 5 
2.3 Workshop Session III – Consolidating the Grand Challenges ....................................... 5 

3.  Research Grand Challenges List ........................................................................................ 6 
4.  Discussion ...............................................................................................................................12 
5.  Conclusions/Recommendations .....................................................................................14 
References ....................................................................................................................................14 
Appendix A – List of all the Grand Challenges proposed in Session 1 of the 
Workshop ................................................................................... Error! Bookmark not defined. 
Appendix B - Grand Challenges Presentations Quad Charts ......................................15 

The Art of Complex Systems Design ............................................................................................ 15 
Organised and Disorganised Complexity in City Waste Management Systems ........ 16 
Projects as Complex Systems: A Network Perspective........................................................ 17 
Control of Statistical Behaviour .................................................................................................... 18 
The Purpose of Change is Problem Solving .............................................................................. 19 
Summary of Research in the LU Enterprise Systems of Systems research Group ... 20 
Systems Approach to Modelling Micro-needle Drug Delivery system .......................... 21 
How do you make Railways Greener? ........................................................................................ 22 
Steps Towards Next Generation Model Based Systems Engineering ............................ 23 
Rule Based Networks for Modelling and simulation of Complex Systems .................. 24 
Engineering Resilience in Complex Systems ........................................................................... 25 
Modelling Emergent Properties in Systems using RC and RLC Networks of 
Fractional Order using Systems Identification Techniques Addressing Three Grand 
Challenges .............................................................................................................................................. 26 
SE Challenges to Support Autonomous Systems and their Validation .......................... 27 
Challenges for Highly Scalable MDE for Autonomous Systems ....................................... 28 
In Vivo Point of Care Testing Instrumentation: Principles, Functionalities, Systems, 
Challenges .............................................................................................................................................. 29 
Maintaining systems of Systems Fit for Purpose ................................................................... 30 

Appendix C- Grand Challenges (Scanned copies) ...........................................................31 

 
  

https://www.epsrc.ac.uk/
https://www.epsrc.ac.uk/


                                                                               
 

Research Grand Challenges for Systems Engineering – Workshop Report 3 

1. Introduction 
Systems-NET was funded by the EPSRC with the objective of drawing on and 
consolidating the strengths of major systems engineering centres and research 
groups across the UK to share knowledge and communicate best practice 
between application domains. EPSRC is the main UK public funder of research in 
Engineering and Physical Sciences research and PhD training, investing about 
£800M per year. Part of EPSRC mission is to ensure that national capability in 
engineering is developed and sustained through a) supporting long term and 
ambitious research, b) mobilizing leadership in engineering related fields and c) 
shaping the portfolio in relation to national need. Systems-NET was created on 
these bases as network to bring together researchers and professionals in 
Systems Engineering (SE) to a) stimulate knowledge transfer between research 
groups by organising webinars in SE, b) promote knowledge transfer between 
industry and academia in the UK and internationally through several 
collaboration schemes, and c) organising network activities to discuss the grand 
challenges in SE research. 
 
The concept of Grand Challenges has been widely used to identify global issues 
such as global health, sustainable agriculture, access to clean water, energy 
availability, and in general the world’s most pressing issues that must be 
overcome for benefit of human kind. Systems-NET takes the view that a research 
Grand Challenge in SE can be loosely defined as a challenge that pursues goals 
that are recognised as being one or two decades in advance and its achievement 
is regarded as major milestone or breakthrough in the advancement of 
technology and engineering. Similarly EPSRC defines the features of a grand 
challenge as: a) they are long term, b) they require several disciplines working 
together to be achieved, and c) they require coordination, collaboration and 
investment to make a difference.   
 
EPSRC is currently concentrating effort in developing long-term, inspiring and 
cross-disciplinary engineering-focused research challenges, around which the 
UK research community can be mobilised. In a recent EPSRC retreat [1] to 
identify Engineering Grand Challenges for the next decade, one of the main 
recognised issues was the applicability of systems engineering across scales and 
sectors. Particularly in the understanding, analysis and control of large 
networked systems, and also in the definition of frameworks applicable to 
different areas of decision-making. With this concept in mind Systems-NET 
invited members of the SE community to a workshop to find out what they 
consider to be the main SE Grand Challenges from two different perspectives, a) 
from the perspective of their own studies b) from a generic point of view 
through workshop discussion groups. This led to formulation of a list of Grand 
Challenges that are common across many areas of SE. 
 
The workshop was attended by delegates from industry; LSC group, Thales UK, 
Rolls Royce, Systemic Consult Ltd, Airbus, Holistem Ltd, and Costain. There were 
participants from various universities including University of Strathclyde, 
University of Portsmouth, University of Sheffield, Loughborough University, 
University of Birmingham, University of Brunel, University of Leicester, 
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University of Hull, De Montfort University, University of Warwick, University of 
Reading, and University of York.  
 
There were 43 participants from academia and industry of which 22 also 
contributed with Quad Chart presentations and posters. The Quad Chart 
templates used consisted of a single PowerPoint page divided into four 
quadrants that summarised a Grand Challenge; the first quadrant was used to 
propose a grand challenge/problem statement and antecedents. The second 
quadrant was used to describe the approaches, plans, milestones or progress 
associated with the grand challenge; the third quadrant was used to give 
examples, evidence, results or findings, and the last quadrant was used to 
present the relationship of the challenge(s) discussed with other disciplines, 
areas of work or other grand challenges.  
 
The Quad Chart presentations came from widely diverse areas of research and 
work including design, analysis, statistics, methodology, applications, health 
care, manufacturing etc. These diverse topics were intended to offer an insight 
into projects as well as into the current understanding of actual SE issues. The 
presentations were also envisioned to motivate ideas and debate at the 
workshops where the participants formulated, analysed, and discussed SE issues 
of more generic relevance.  
 

2. Workshop Process 
The Workshop took place during a day and a half. On the first day, the time was 
divided so as to dedicate the first part of the morning to hold workshop Session I, 
“Developing an Initial Set of Grand Challenges”; this was followed by Quad Chart 
presentations on Complexity, Methodology, and Modelling. On the second day 
there were Quad Chart presentations on topics related with Autonomous 
Systems, and Verification and Validation. After the final Quad Chart presentation 
the workshop continued with Session II “Reviewing the Grand Challenges” and 
Session III “Consolidating the Grand Challenges” The conference/Workshop 
ended at this point, see Figure 1. 
 

 
Figure 1 Workshop process to identify the Research Grand Challenges for Systems Engineering 
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2.1 Workshop Session I - Developing an Initial Set of Grand Challenges 
This session was about polling opinions from all the participants as to what they 
consider to be the Grand Challenges for SE research through discussions 
between 6 to 7 participants in six different groups. This was a difficult task given 
that the area of specialisation of each participant was in most cases very 
different from many others; however the motivation to formulate a list of issues 
that are common across many areas resulted on several challenges proposed 
totalling 33 from all the groups together. Each challenge was written down in a 
template, this form included a definition of the Grand Challenge proposed, 
Context, Potential impact, and Perceived difficulty. The actual scanned copies of 
the Grand Challenges proposed in this session can be seen in Appendix B.  
 
The challenge templates where displayed in the exhibition area for the rest of the 
time while the conference presentations took place. Displaying the grand 
challenges statements served to give all the participants an insight into the 
challenges discussed in other groups and were discussed informally at various 
points during the break times. Additionally there was also an exhibition of 
posters submitted by a number of participants that illustrated the main research 
issues that concern systems engineering in the different projects or areas of 
research.  
 

2.2 Workshop Session II – Reviewing the Grand Challenges 
Following the last presentation on day two, the participants were asked to join 
their groups from the previous day. A set of copies of all the 33 challenges from 
the previous workshop were supplied to each group. The participants were 
asked to review and refine the set and select the challenges that were most 
representative of real concerns for research in SE. A total of 17 Grand Challenges 
from the original set of 33 were selected and also 5 extra grand challenges that 
were proposed as a result of the groups reviewing and expanding the original 
set. This selection process involved discussions amongst the participants within 
each group. Each group then selected a spokesperson 
 

2.3 Workshop Session III – Consolidating the Grand Challenges 
The spokesperson from each group read out the group’s selected list of Grand 
Challenges, on completion there was a general discussion on these by all the 
participants. The total number of Grand Challenges selected by all the groups 
was 22. These challenges were submitted to a voting process in which each 
participant could place up to six red star markers on a Grand Challenge to 
indicate their relevance.   
 
The Quad Chart presentations can be seen in Appendix A, and scanned copies of 
all the Grand Challenges proposed at the Workshop are given in Appendix B. The 
resulting challenges and votes are given in the following list. 

https://www.epsrc.ac.uk/
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3.  Research Grand Challenges List 

Challenge 1 
Grand Challenge Statement:  
Systems engineering methodology –How systems are 
defined, developed and tested is well established with 
different models existing. Can a scientific approach be 
used to determine if there is a better methodology that 
can be defined? 

Score 
 

20 stars 
 

Context: Improving the way we develop systems and coming 
up with an approach that is domain agnostic 
Potential Impact: Harmony in the way SE is applied and using 
a scientific approach to get there. 

Challenge 2 
Grand Challenge Statement:  
With the increase in autonomy in systems there is a need 
to ensure ethics can be embedded in a system rather than 
solely be applied at the operational phase by humans – 
legal issues 

Score 
 

19 stars 
 

Context: Increase of large complex interconnected cyber 
physical systems with demand for greater autonomy plus 
self-re-configuration. 
Potential Impact: 
Greater trust in systems  
Greater uptake of systems 
Gives potential to expand the autonomous functionality of 
systems 
Perceived Difficulty: Don’t know how to do this 

Challenge 3 
Grand Challenge Statement:  
Importance of the knowledge base to support system 
development (knowledge management) 

Score  
 

19 stars 
 Context: Different Domains /transferability between different 

domains, Decision making, Uncertainty and risk 
-Potential Impact 
-Extract required/needed knowledge 
-Interconnectivity/dependency 
-Consequences of failure/ prevention of fails  
-Multidisciplinary collaboration 
-Robotic systems, big data, maintainability of systems, expert 
support 

Challenge 4 
Grand Challenge Statement:  
Modelling the next generation Model Based Systems 
Engineering for the industry 4.0  (IoT) to allow scalability 
and add end-end value 

Score  
 

18 stars 
 

Context:  At the moment there is no model to support the 
changing business environment. In order to support the 
industry 4.0 plus IoT (which goes across manufacturing, 
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service, etc.) to add end- to -end value. The next generation 
MBSE tools should be able to address product/process 
interactions to make physical systems (e.g. factories) smart 
and flexible, as industry 4.0 doesn’t exist without these two.  
Potential Impact: There is no MBSE tool for the Industry 4.0 
or IoT. As whole industry is moving on a full autonomous 
approach. Having the next generation MBSE tool will allow 
studying the risk generated with system of systems and make 
them more resilient and flexible.  
Perceived Difficulty: 

 Organised data management (managing the real time 
information) 

 Self-learning (organising) based on real time 
information and unforeseen circumstances.  

 Human-machine interaction in order to address the 
issues due to a fully autonomous system 

Challenge 5 
Grand Challenge Statement:  
Reliability, robustness and recoverability of complex 
systems to support more flexible and autonomous 
negotiation between systems to enable/ease 
interoperability of different systems (including 
management of legacy and new systems) e.g. To develop 
systems for autonomous and connected transport 
systems. 

Score  
 

16 stars 
 

Context: Complex systems control critical operations like 
aircrafts, flying, nuclear power stations, railway system, etc. 
Failing of these systems might have catastrophic results that’s 
why they should not in the first instance but if it happens they 
have to be recoverable – either autonomous or thanks to 
human intervention. Understanding these factors would be 
the goal of this challenge.  
Potential Impact: Increase of complex systems reliability; 
reduction of redundancy due to deeper understanding of 
these factors; reduction of losses due to systems failures.  
Perceived Difficulty: Medium – high; risk management goes 
into this direction but has to be combined with in depth 
system knowledge. 

Challenge 6 
Grand Challenge Statement:  
Semantic conflicts and uncertainty 

Score 
 

12 stars 
 

Context: Complexity science, cyber-physical systems.  
Sources of uncertainty  
Physical environments 
Heterogeneity 
Agent autonomy 
Hazards 
Natural disasters 
Potential Impact: A new generation of systems, A new science  
Perceived Difficulty: Extreme-domain specific 

https://www.epsrc.ac.uk/
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Challenge 7 
Grand Challenge Statement:  
How do we achieve sustainability with Systems 
Engineering? 

Score 
 

12 stars 
 Context: Systems engineering could play central role in 

preserving the environment and the human race. 
Potential Impact: The impact would be enormous in terms of 
improving quality of life.  
Perceived Difficulty: The technology is still not advanced 
enough to meet this challenge.  

Challenge 8 
Grand Challenge Statement:  
Renewable electricity generation to reach carbon neutral 
state 

Score  
 

10 stars 
 Context: Preserving a liveable environment for future 

generations, maintaining species diversity. 
Potential Impact: Survival of human race (and other species), 
not needing to colonise mars 
Perceived Difficulty: International alignment, Social 
acceptance – changes to lifestyle, Economic stability  

Challenge 9 
Grand Challenge Statement:  
Decision making and big data era 

Score  
 

7 stars 
 

Context: System coupling is increasing and thus understand 
information around their interconnectivity becomes essential 
Potential Impact: Improve understanding in the 
consequences of system failure and how information around 
their use can reduce risk 
Perceived Difficulty: Challenging as data increases in size and 
in value, and thus involved parties are not prone in sharing  

Challenge 10 
Grand Challenge Statement:  
Achieving multi-disciplinary model integration across 
the system development lifecycle … to help deal with 
semantic conflicts and uncertainty 

Score  
 

7 stars 
 

Context:  Understand systems interactions better 
Potential Impact: System quality improvement , Further 
development time 
Perceived Difficulty: Modelling tool self-integration and 
related standards  

Challenge 11 
Grand Challenge Statement:  
Understand emergent properties of complex systems 
using system identification of fractional order calculus; 
non-linearity needs to be accommodated.  

Score  
 

5 stars 
 

Context: Broad, addresses most of the existing grand 
challenges  
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1. Characterisation of materials 
2. Agriculture modelling of fresh water, conservation in 

plants 
3. Energy/new superconducting technologies 
4. Neuroscience understanding of neuronal form and 

function.  
Potential Impact: High, enables us to move from black box 
type input /output models to grey box and white box models 
understanding better the underlying systems 
Perceived Difficulty: High. Requires training of researchers to 
existing tools and mathematics control theory and systems 
identification.  

Challenge 12 
Grand Challenge Statement:  
Develop a framework for socio-technical interactions 
between stakeholders. 

Score  
 

5 stars 
 Context: Being able to quantify and assess how stakeholders 

within a system affect each other and to what extent they 
affect each other.  
Potential Impact: The understanding of the implications of 
certain stakeholders working on projects/ programs and 
developing effective and efficient teams that deliver positive 
and beneficial outcomes allows greater resilience when 
forecasting issues between stakeholders.  
Perceived Difficulty: The quantifying impact of the interaction 
and understanding the extent to which an interaction may 
impact a system 

Challenge 13 
Grand Challenge Statement:  
Real time solution generation and update of integrated 
systems solution… 
 And forecasting (what ifs) and predicting performance 
(e.g. for IoT) 

Score  
 

5 stars 
 

Context: Robotics systems require high expert knowledge to 
build. However, a design environment that can generate 
solutions based on operational lifecycle can help to highlight 
behaviour as well as highlight solution changes in real time. 
Potential Impact: Non-expert or semi-skilled people can use 
such capabilities to test their ideas plus innovate, as well as 
small companies can uptake manufacturing of highly technical 
systems.  
Perceived Difficulty: 

 Availability of knowledge databases from different 
domains  

 Technical challenges to developing intelligent solution 
 Modelling real time systems in uncertain 

environments 

Challenge 14 
Grand Challenge Statement:  Score  

https://www.epsrc.ac.uk/
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Systems of autonomous and connected transport systems  
5 stars 

 
Context: Integration of autonomous vehicles into existing 
infrastructure meeting safety plus legal constraints building 
support infrastructure 
Driverless taxis => Google’s/amazon automated delivery  
Handling unexpected events 
Potential Impact: Improved mobility, safety, efficiency, energy 
consumption, reduced emissions, allowing elderly people on 
the road safely. 
Perceived Difficulty: Varying => many technical, legal and 
public perception challenges 

Challenge 15 
Grand Challenge Statement:  
Proof and communicate the benefits of SE to increase its 
attractiveness to a wider audience 

Score  
 

4 stars 
 Context: In order to increase levels of training, number of 

positions and funding for SE activities, political, economic and 
social entities have to inform and convince of its benefits 
Potential Impact: Increase of funding, use of SE methodology 
throughout, as well as public awareness of SE effects. 
Perceived Difficulty: Medium – high; biggest part is to actually 
start to do this and allocate money to it 

Challenge 16 
Grand Challenge Statement:  
Driven from context of a specific end solution (“go to 
Mars”, solve power generation”…) develop and mature 
the set of techniques for defining and analysing 
verification and validation systems solutions with 
characteristics required.  

Score 
 

3 stars 
 

Context: Techniques need to cope with 
Complexity 
Multi-disciplinary aspects 
SoS 
Interactions (interfaces/negotiation 
Semantics/underpinning science / 
Optimisation 
New and or incremental level of  
Ethics/legislation 
Full lifecycle aspects 
Large scale/ scalability 
Autonomous aspects 
Integration of models 
Within coherent process framework 
Balancing 
Social technical aspects 

Challenge 17 
Grand Challenge Statement:  
Management of legacy plus integration of new 

Score  
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Context: How does this apply to developing nations were 
legacy is not always so restrictive? 

3 stars 
 

Potential Impact: Legacy infrastructure is prevalent in many 
countries, and in many industrialised countries legacy 
infrastructure is reaching capacity constraints.  
Building resilience into connections between legacy and new 
systems 

Challenge 18 
Grand Challenge Statement:  
How do we actually engineer complex systems? 

Score  
 

2 stars 
 

Context: Complex systems exhibit emergent characteristics. 
How do we characterise these properties and provide 
systems engineering tools to support their construction (and 
verification and validation)? 
Potential Impact: Very significant – especially given internet 
of things/mobile technology 
Perceived Difficulty:  Very difficult – the innate 
unpredictability of such systems makes them difficult to 
verify and validate. 

Challenge 19 
Grand Challenge Statement:  
Balancing V.S. optimising systems (and sub-optimal 
systems) and understanding roles of competition and 
collaboration, (negotiation of boundaries) including the 
constraints of networks of contracts 

Score  
 

1 star 
 

Context: Against architectural, legal requirements, 
organisational, people’s expectations.  
Working towards good enough? May depend on the level of 
abstraction 

Challenge 20 
Grand Challenge Statement:  
The ability of humans to “interrogate” systems to 
understand, question, maintain or extract required data/ 
information /knowledge  

Score  
 

1 star 

Context: CPS (Cyber Physical Systems) etc., are all pervasive 
and geographically spread and in most cases are designed to 
be operated by a range of engineers, commercial/government 
organisations. 
Potential Impact: Improved use of systems, Improved 
transparency of systems, Improved maintainability of systems 

Challenge 21 
Grand Challenge Statement:  
Automated electricity demand management 

Score  
 

1 star Context: Balancing 

Challenge 22 
Grand Challenge Statement:  Score 
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More flexible and automated negotiation between 
systems to enable/ease inter-operability of different 
systems  

 
 1 star 

Context: Where multiple computer systems are used in “an 
environment” – e.g. organisation 
Potential Impact: Ability to address /solve problems not 
solvable by one system alone. “Modularity” of systems 
purchases. Extended lifetime of systems? 
Perceived Difficulty: Requirement for knowledge/ 
terminology/ agreed languages to enable negotiation  

- Artificial intelligence 
- Ontologies 
- Knowledge representation  

 

4.  Discussion 
At the end of workshop session III a list of 22 Grand Challenges was gathered, 
and voting took place to decide which were considered most important by the 
majority of participants. A total of 176 votes were casted. The results are 
illustrated in Figure 2.  
 
The five most voted for Grand Challenges have the highest scores from 16 to 20 
votes each and together they took some 50% of the total vote (Figure 3). These 
Grand Challenges are:  

- Develop Better Methodologies for SE Based on Systems Science see Challenge 1. 

- Ethics in Autonomous Systems (Challenge 2),  

- Knowledge Base to Support Systems Development (Challenge 3) 

- MBSE for Industry 4.0 and IoT (Challenge 4)  

- Reliability, Robustness and Recoverability of Complex Systems (Challenge 5).  

 
Challenges 6, 7 and 8, received scores from 12 to 10 gathering some 20% of the 
total vote, these are: 

- Semantic, Conflicts and Uncertainty (Challenge 6), 

- Sustainability with Systems Engineering (Challenge 7)  

- Renewable Electricity Generation to Reach Carbon Neutral State (Challenge 8) 

 
Of less concern amongst the SE community gathered at the workshop were the 
challenges represented by numbers 9 to 14 which all together received some 
20% of the votes and scores from 5 to 7 stars: 

- Decision Making and Big Data Era (Challenge 9)  

- Multi-disciplinary Model Integration (Challenge 10)  

- Emergent Properties of Complex Systems Using System Identification of 

Fractional Order Calculus (Challenge 11)  

- Framework for Socio-Technical Interactions between Stakeholders (Challenge 

12)  
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- Real Time Solution Generation and Update of Integrated Systems Solution 

(Challenge 13)  

- Systems of Autonomous and Connected Transport Systems (Challenge 14) 

 
The Grand Challenges 16 to 22 raised little support with a score from 1 to 4 stars 
which correspond to less than 10% of the total votes. This does not necessarily 
mean that they are of less validity and in some cases their importance is 
implicated in the area of application of the other more popular Grand Challenges.  
 
 

 
Figure 2  Grand Challenges Consensus Chart showing the number of votes for each Grand challenge. 
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Figure 3 Vote Percentages for each Grand Challenge 

 

5.  Conclusions/Recommendations 
 
A total of 38 Grand Challenges were identified during the workshops, the 
interpretation and analysis of each of them will be carried out independently 
from this report, as each one of them requires detailed and careful 
considerations. The objective of this report is to present the results of the 
workshop so that each contributor and participant has access to this information 
and is able to pursue further research in the Grand Challenge areas they consider 
most significant 
 
The set of proposed Grand Challenges reflects the concerns of the gathered 
community in this event, but although the background and experiences of the 
participants in this workshop was diverse, it would be expected that a different 
group of people could propose a different set of research Grand Challenges. 
 
The identified top Grand Challenges will be the subject of follow up workshops.  
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Appendix A - Grand Challenges Presentations Quad Charts 

The Art of Complex Systems Design 
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Organised and Disorganised Complexity in City Waste Management Systems 
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Projects as Complex Systems: A Network Perspective 
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Control of Statistical Behaviour 
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The Purpose of Change is Problem Solving 
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Summary of Research in the LU Enterprise Systems of Systems research Group 
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Systems Approach to Modelling Micro-needle Drug Delivery system 
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How do you make Railways Greener? 
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Steps Towards Next Generation Model Based Systems Engineering 
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Rule Based Networks for Modelling and simulation of Complex Systems 
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Engineering Resilience in Complex Systems 
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Modelling Emergent Properties in Systems using RC and RLC Networks of 
Fractional Order using Systems Identification Techniques Addressing Three Grand 
Challenges 
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SE Challenges to Support Autonomous Systems and their Validation  
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Challenges for Highly Scalable MDE for Autonomous Systems 
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In Vivo Point of Care Testing Instrumentation: Principles, Functionalities, Systems, 
Challenges 
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Maintaining systems of Systems Fit for Purpose 
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Appendix B - Grand Challenges (Scanned copies) 
A blue star indicates the challenge was chosen from the list of 33 proposed 
challenges. 
A red star represents a vote. 
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