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As modern engineered systems become ever more connected and interdependent 

there is an increasing need to evaluate their complexity. However, evaluating 

system complexity is challenging due to the complicated conceptual landscape of 

competing definitions of the term complexity itself, and the range of perspectives 

that can be taken on what constitutes the System of Interest. This paper attempts 

to overcome these hurdles through introducing a Complexity Register with which 

to build and record a shared understanding of system complexity for key 

stakeholders. In order to overcome current challenges in evaluating the 

complexity of an engineering system, the Complexity Register encourages 

personnel to adopt a broad range of perspectives on the potential issues, impacts 

and mitigations to manage system complexity. The formulation of the 
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Complexity Register is informed by design principles derived from a case study 

analysis of a system complexity evaluation tool. The Complexity Register should 

enable more effective shared understanding by encouraging collaboration that 

makes explicit the multiple viewpoints taken when evaluating system complexity 

and promoting continued re-evaluation throughout a system or project lifecycle. 

Keywords: system complexity; systems engineering management; decision 

support, risk management 

Introduction 

As modern engineered systems become more connected and System-of-Systems (SoS) 

deployments continue to proliferate (John Boardman & Sauser, 2006; Hartmann et al., 

2014; Keating et al., 2003; Kotnour & Farr, 2005; Maier, 1998; Mayfield et al., 2018; 

Sauser & Boardman, 2008), there is an increasing need to evaluate the complexity of 

such systems and the projects that strive to realize them. Complex systems are generally 

made up of a large number of diverse sub-systems and components, interconnected and 

interdependent via non-linear relationships, which can lead to difficulty in 

understanding and predicting overall system behavior and performance (S. A. Sheard & 

Mostashari, 2010). Further, increases in system complexity has consequences that 

include increases in lifecycle costs and difficulty in repairing and maintaining systems 

(Ameri, Summers, Mocko, & Porter, 2008). It is therefore important for engineering 

managers to evaluate the complexity of a system throughout its lifecycle as complexity 

may present difficulties in understanding a system of interest (SoI) (Mostashari & 

Sussman, 2009) and/or in successfully realizing it (Luzeaux, Ruault, & Wippler, 2013; 

S. Sheard et al., 2015; S. A. Sheard, 2013). Evaluating the complexity of a system can 

usefully inform a decision management and risk management process throughout a 

system lifecycle, and contribute to architecture evaluation and system analysis processes 

(INCOSE Systems Engineering Handbook: A Guide for System Life Cycle Processes 
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and Activities, 2015). If the complexity of an engineered system has not been explicitly 

evaluated, organizations may underestimate the likely challenge facing their system 

realization efforts (Sheard, 2012).  

In order to reduce the risk that the difficulty of successfully delivering candidate 

systems and their realization projects, engineering managers can make use of 

complexity assessment tools to elicit the likely impact of system complexity. Here, we 

provide an improved complexity assessment tool, with design principles derived from a 

case study analysis of one particular tool from Thales Group as an illustrative case study 

and further supported by analysis of surveyed literature.  Engineering managers can 

overcome challenges in system complexity evaluation through using a Complexity 

Register; a tool designed to make explicit the viewpoints and perspectives of 

stakeholders when evaluating system complexity throughout a system or project 

lifecycle. The key features and intended benefits of a Complexity Register are derived 

from a review of the literature and a case study analysis involving semi-structured 

qualitative interviews on complexity evaluation with 16 experts within Thales Group. A 

worked example is used to concretize the use of the novel tool. 

The purpose of the paper is thus to argue for the use of a Complexity Register by 

engineering managers as a collaborative, iterative, progressive tool that can make 

visible the perspectives and assumptions that underpin stakeholder evaluations of 

system complexity in order to aid an organization’s decision-making capabilities 

throughout a system or project lifecycle. The original contribution of the paper is in the 

design principles supporting the creation of a Complexity Register, along with the 

Complexity Register itself.  

The paper is structured as follows; first we survey academic literature and 

examine a Thales Group proprietary complexity assessment tool as an example of 
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current real-world practice in order to identify challenges and opportunities in system 

complexity evaluation, culminating in the provision of a preliminary Complexity 

Evaluation Framework. Next, an example of a Complexity Register is presented as a 

mobilization of the Complexity Evaluation Framework. A worked example is used to 

help concretize the use of the novel tool. Key design principles underpinning the 

Complexity Register are presented which are derived from the case study analysis and 

the surveyed literature, alongside the key differences between a Complexity Register 

and a risk register. Finally, the potential benefits of the Complexity Register and hurdles 

that remain for organizations intending to deploy such an approach to support 

complexity evaluation are discussed.  

Literature Review 

There are two key challenges that engineering managers must grapple with when 

trying to evaluate the complexity of their candidate systems: (1) What does the term 

“system complexity” mean in reality? (2) Which aspects of the SoI should be included 

in an evaluation? We explore these challenges here, in turn, examining competing 

definitions of structural complexity, behavioral complexity, and socio-political 

complexity, before highlighting the ambiguous scope or boundary of an SoI during 

system complexity evaluation. Two complexity assessment tools available in the 

academic literature are used to concretize the challenges facing an engineering manager.  

Contested Definition of “System Complexity” 

The first significant challenge in evaluating the complexity of an engineered 

system is navigating the contested and complicated conceptual landscape of definitions 

of system complexity, resulting in contrasting and/or overlapping terms with which to 

describe system complexity (Alkan, Vera, Ahmad, Ahmad, & Harrison, 2018; Ameri et 
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al., 2008; Ladyman, Lambert, & Wiesner, 2013; Lloyd, 2001; S. A. Sheard & 

Mostashari, 2010). 

For example, while some argue for a focus on structural complexity (Domerçant 

& Mavris, 2011; Efatmaneshnik & Ryan, 2016; ElMaraghy, ElMaraghy, Tomiyama, & 

Monostori, 2012; Sinha, 2014; Sinha & de Weck, 2013; Sinha & de Weck, 2016), or 

dynamic complexity (Fischi, Nilchiani, & Wade, 2015), others highlight socio-political 

complexity (see also socio-technical complexity) (Mostashari & Sussman, 2009; Sillitto, 

2014). These approaches are a mix of qualitative and quantitative approaches to 

evaluating the complexity of an engineered system.  

Structural complexity posits that the number and heterogeneity of system 

components and their connections is the most important contributor to difficulty in 

engineering a system. Sinha and de Weck (Sinha, 2014; Sinha & de Weck, 2013; Sinha 

& de Weck, 2016) provide a metric for the structural complexity of an engineering 

system relying on a graph (or network) representation of a system/product architecture 

to provide a quantifiable measure. However, in taking such an approach, an engineering 

manager must exercise caution as the structural complexity of a network representation 

of a product or system architecture is not necessarily the structural complexity of the 

engineered system itself, as it depends on the modelling assumptions used to represent 

the architecture as a network (e.g., the level of abstraction used, what constituents an 

entity or relationship in the architecture, etc.). Further, the constituent terms in the 

complexity metric rely on estimates of individual component and interface complexity 

which are themselves disputed properties. Thus, the quantification of the structural 

complexity of an engineered system using this approach is perhaps more clearly stated 

as an estimation of structural complexity of a particular representation of the 

engineered system.  
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Dynamic complexity is another quantitative approach to evaluate system 

complexity but instead posits that complexity can be considered as the difficulty in 

predicting future system behavior, which can be estimated as a probability (Fischi et al., 

2015). The challenges here include determining where, in terms of system hierarchy, to 

apply this estimate (i.e., at component level, at sub-system or system level, does it 

include the system operating and interacting with the deployed environment, does it 

include post-deployment activity such as maintenance, etc.), determining a suitable time 

horizon to conduct the evaluation over, and consideration of not only how difficult the 

system behavior is to predict but how capable the observer is in predicting this behavior.  

Conversely, socio-political complexity emphasizes the effect of people on the 

system, such as perceptions of how difficult the system is to comprehend and 

consideration of the behaviors of humans and agents in the development and operation 

of the SoI (Sillitto, 2014). However, how can engineering managers make use of such a 

stance on system complexity? Although metrics can be suggested to quantify system 

complexity, e.g., the extent to which stakeholder perceptions align, how many 

(different) stakeholders affect the development of the system, etc., it remains a 

fundamentally qualitative perspective on system complexity. Further, socio-political 

complexity is more applicable to evaluating the complexity of the stakeholder, project 

and operational/mission environment and context of the SoI as opposed to the technical 

SoI itself. 

While several metrics linked to system complexity, such as “requirement 

difficulty”, “cognitive fog” and “stable stakeholder relationships”, have been found to 

have statistically significant correlations with system realization project outcomes, these 

criteria are far from exhaustive and there is considerable difficulty for engineering 
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managers in accurately measuring them, despite the existence of estimating tools 

(Boehm & Valerdi, 2008; S. A. Sheard, 2012; Valerdi, 2005). 

Contested Definition of the System of Interest 

From the above it is clear “system complexity” is a disputed property. However, 

for engineering managers a compounding challenge is determining what constitutes the 

SoI; is it purely the technical system to be realized or does it also include the socio-

technical system that realizes the SoI? In evaluating system complexity, should an 

organization also be concerned with the complexity of the project to realize that system 

(Componation, Youngblood, Utley, & Farrington, 2008; Mirza & Ehsan, 2017; Ribbers 

& Schoo, 2002)? To what extent should evaluation encompass the wider organizations 

that design, develop, deliver, operate, maintain and dispose of the system? Should an 

evaluation also include the system’s operational environment? Are wider SoS 

implications to be included (Martin, 2004)? Further, from which perspective is 

complexity considered; is it from the perspective of a user of the SoI, a maintainer of 

the SoI, the designers of the SoI, etc. Whatever position is taken, it remains the case that 

any combination of these perspectives may be of different importance throughout a 

system lifecycle ("ISO/IEC/IEEE International Standard - Systems and software 

engineering -- System life cycle processes," 2015). Despite this, engineering managers 

currently lack guidance to effectively utilize these perspectives. 

Complexity Assessment Tools 

Here, we briefly introduce two system complexity assessment tools available to 

engineering managers in academic literature which serve as examples that challenges in 

system complexity evaluation remain to be addressed. The first tool is Steven’s 

Enterprise Systems Engineering Profiler (Stevens, 2008) which categorizes system 
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complexity into four contexts, each with three levels of complexity; system context (the 

behavior of the system and the desired outcome of the implementation of the SoI), 

implementation context (the scale of effort and acquisition environment), stakeholder 

context (stakeholder holder relationships and environment) and strategic context (the 

mission environment and scope of effort). It is argued in this approach that systems 

engineering and program management strategies can be tailored according to the level 

of difficulty, or complexity, evaluated by the organization.  

Similarly, the second tool, the Systems Engineering Activity (SEA) Profiler 

(Brian E White, 2010; Brian E. White, 2011), argues for changing the approach to nine 

typical systems engineering activities based on the perceived complexity facing the 

organization. To use the SEA Profiler, each of the nine systems engineering activities 

(e.g., “Define the System Problem”, “Analyze Alternatives”, “Pursue Solutions”) is 

rated on a sliding scale from traditional systems engineering activity to complex 

systems engineering, where a different approach is required for each activity. An 

aggregate score for the undertaking is then given by the average position of the sliding 

scale. 

However, despite  a wealth of complexity categorization frameworks with which 

to frame an understanding of the term complexity, and a wealth of complexity 

assessment tools available which purport to support evaluations of system complexity, 

several challenges remain for engineering managers (Barker & Verma, 2003; Dean 

Beale & Tryfonas, 2018; D. Beale, Tryfonas, & Young, 2017; Snowden & Boone, 

2007; Sousa-Poza & Kovacic, 2008; Stacey, 2012; Stevens, 2008). While each 

individual complexity assessment tool is likely to be useful in some regards, there is a 

considerable challenge for an engineering manager in integrating the multitude of 

perspectives on system complexity into a coherent, useful and actionable evaluation.  
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To overcome these challenges, we propose a system Complexity Register, the 

design principles of which are derived from this analysis of surveyed literature and a 

case study analysis of a particular complexity assessment tool used by Thales Group, 

introduced next.  

Prior Work 

The research presented here was carried out in close collaboration with Thales 

Group, a multi-national engineering firm providing a range of products, sub-systems, 

systems and services across a variety of business domains including, inter alia, 

aerospace, ground transportation, defense and security, and digital security. Thales 

Group produces both standalone and networked radar systems, air traffic control 

systems, command, control, communications, computers and intelligence (C4I) systems, 

armored vehicles, missiles and unmanned air systems. As such Thales Group is an ideal 

partner to make progress on the challenges of evaluating the complexity of engineered 

systems as they operate across a diverse range of business domains and across the 

spectrum of the system hierarchy (from component to SoS). 

Semi-structured qualitative interviews on system complexity evaluation and the 

utilization of the Thales Group complexity assessment tool, introduced next, were 

conducted with 16 experts within Thales Group as a case study1. The research was 

conducted within an Action Research methodology (Bradbury, 2015) in line with a 

Systems Thinking approach (J. Boardman & Sauser, 2008; Checkland, 1999). The semi-

 

1 For further details on the interviews, the following has been published as open data in the 

University of Bristol Data Repository: Participant Information Sheet, Participant Consent 

Form, Question Set, Anonymized Biography, Textual Excerpts, available at 

https://doi.org/10.5523/bris.pji8xwa0q6ue27lcu8gp62k0q  

https://doi.org/10.5523/bris.pji8xwa0q6ue27lcu8gp62k0q
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structured interview format involved using 16 questions, a mixture of open and closed, 

that provided a formal structure. However, they also allowed for further discourse as 

required to establish a depth of understanding. The target population was personnel with 

over ten years experience working in a systems engineering context within Thales 

Group who have experience evaluating the complexity of systems. The sample 

population is predominately systems engineering managers, systems architects and 

enterprise architects, although the roles and jobs they undertake within Thales Group 

vary and the kind of engineered systems they have worked on include sonars, infra-red 

sensors and air traffic control radar. The population was sampled using theoretical 

sampling; individuals were chosen as those who were in the best position to provide 

answers that were well-informed and relevant. A sample size was not pre-determined; 

instead, the interviews were conducted until more than a minimum number (10) had 

been carried out, and a saturation point was achieved, where no significant new views 

were uncovered during the interviews. Interviewees were also asked to nominate 

additional potential candidates as part of the interview. The interview protocol was 

approved by the University of Bristol Ethics Committee on 12th March 2019 

(application ID 81802).  

The interviews took place between March 2019 and September 2019 at various 

Thales Group locations within the United Kingdom and France, representing multiple 

business units within the Group. The interviews were audio recorded, and were then 

transcribed. A thematic analysis was conducted on the interview transcripts (Braun & 

Clarke, 2006; Patton, 1987), the results of which are presented next. 

Challenges with Current Complexity Assessment Tools 

The Thales Group Complexity Assessment Tool is spreadsheet-based and has been in 

use by Thales Group for several years across a number of countries (Garnier, 2013; M. 
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Potts, Sartor, Johnson, & Bullock, 2019; M. W. Potts, Johnson, & Bullock, 2020), 

originally inspired by Steven’s Profiler (Stevens, 2008). The purpose of the tool is to 

provide a view of the complexity of a system in order to support operational and 

technical decision making, such as: should we proceed with this design, and, if we do, 

what risks are presented by the complexity of the SoI? The complexity assessment 

involves three steps; (i) identifying and scoring the complexity of the SoI against eight 

pre-defined criteria (detailed in Exhibit 1) using an integer score (1-4), (ii) defining an 

action plan to manage the identified complexity, and (iii) implementing actions. 

<Journal Placeholder – Exhibit 1> 

Despite the mandated use of the Thales Group Complexity Assessment Tool on 

projects that are considered by Thales Group to be high value, the interviews revealed 

several obstacles that were reducing the effectiveness of complexity evaluation which 

are detailed below. The interested reader is directed to the separately published textual 

excerpts document for further evidence in support of these points. Several of the 

identified challenges also apply to other complexity assessment tools and approaches 

surveyed in the literature review and are noted accordingly. 

1. “Divide-and-conquer” 

The Thales Group tool takes an inherently “divide-and-conquer'' approach, 

where a single person is tasked with completing a single profile at a single point in time. 

The complete evaluation only conveys a general understanding of the complexity of the 

system as interpreted by an individual at a single point in time during its development. 

Although the tool recommends work is conducted collaboratively, in reality, the tool 

appears to be designed to be completed by an individual and is not structured in a way 

that allows multiple perspectives to be captured or compared.  
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2. Quantifying a disputed property 

Similarly, in evaluating a limited number of poorly defined, subjective properties on a 

crude numerical scale the Thales Group tool only masks the problems associated with 

measuring a disputed property. The limited number of complexity factors encoded in 

the profiler also leaves specific SoS considerations as a blind spot (e.g., autonomy, 

diversity, connectivity, and emergence). Similarly, the surveyed literature identified a 

multitude of possible perspectives on system complexity (e.g., structural complexity, 

dynamic complexity) that may be advantageous to evaluate but are not included in the 

tool. A compounding issue is that the profiler is not sensitive to interactions between the 

defined system complexity factors. Trying to evaluate the impact of complexity factors 

in this reductionist manner may miss compounding risks arising from the interaction 

between factors. The reality is that the lack of consensus on complexity needs to be 

foregrounded and confronted explicitly by the tool, rather than relying on a limited 

number of defined properties treated in isolation. The same challenges also apply to an 

organization employing the Steven’s Profiler (Stevens, 2008) or the SEA Profiler 

(White, 2010). 

3. Discrete complexity assessment tools 

The Thales Group tool is an inherently punctate, discrete tool applied at a point 

in time but purporting to evaluate a system overall (i.e., timelessly), with no reference to 

previous or subsequent evaluations. While the associated “User Guide” suggests the 

tool should be used at several stages of a system development process, the reality is that 

any revision activity is discretionary and is likely to only focus on that specific point in 

time.  
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4. “Fire-and-forget” 

Finally, the Thales Group tool is a fire-and-forget system that sits inside 

business processes rather than spanning them. It only has the potential to improve 

business practices if embedded in a wider organizational learning system. Without a 

wider learning system new, relevant aspects of complexity cannot emerge, nor can the 

process be tailored and adapted to respect the role context plays in system and project 

outcomes, which may prevent the sharing of lessons and better practice across different 

projects. There is no process or structure to support the evolution of the evaluation 

process or to connect evaluations with project outcomes, either positive or negative. As 

a consequence, the use of the tool does not straightforwardly result in improvements to 

the organization’s ability to make the most effective decisions. For an organization 

employing the Steven’s Profiler (Stevens, 2008) or the SEA Profiler (White, 2010) the 

same challenges also apply.  

This analysis reveals two complimentary research questions: (1) What features 

would an effective complexity assessment tool encompass? (2) How can such a tool be 

embedded within a wider organizational context to ensure it delivers the value 

expected?  

Previous work by the authors has sought to address the second question and 

below we briefly summarize the main findings. However, the focus of the present 

manuscript is on contributing an answer to the first research question. Namely, the 

design of an effective complexity assessment tool that overcomes hurdles uncovered 

from the surveyed academic literature and the case study analysis.  

Complexity Evaluation Framework 

The complexity evaluation framework (M. Potts et al., 2019) emphasizes that the utility 

of complexity assessment tools depends on their successful integration within a wider, 
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holistic structured way of thinking about complexity evaluation within an organization. 

A visualization of the framework can be seen in Exhibit 2. The framework is centered 

on an iterative five-step complexity evaluation process (identification of system 

complexity factors; collaborative evaluation of their impact; communication of the 

resultant shared understanding; planning mitigations; and implementing these 

mitigations) embedded within a larger organizational learning cycle that interrogates 

and progressively improves the operational aspects of complexity evaluation and 

monitors its net benefit.  

<Journal Placeholder – Exhibit 2> 

The Complexity Register 

While a framework can encourage a structured way of thinking about system 

complexity, organizations wishing to implement or mobilize this kind of thinking 

require a tangible means to support complexity evaluation and an improved tool to 

support system complexity evaluation. Here, we advocate for the use of the Complexity 

Register; a tool which can support the five-step core process of the framework, whilst 

also providing a vehicle for the wider outer loop of organizational learning. An example 

of the Complexity Register can be seen below in Exhibit 3. Key design principles, and 

the rationale for these, are detailed later.  

<Journal Placeholder – Exhibit 3> 

The value proposition of the Complexity Register is in promoting deliberate 

thinking about system complexity in a collaborative discussion that builds shared 

understanding, documented in a tool that enables effective management of system 

complexity while gathering data to support longer term learning.  
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Using the Complexity Register  

The complexity of a candidate system can be evaluated at any point in the project or 

system lifecycle, although early and frequent evaluations are recommended (INCOSE 

Systems Engineering Handbook: A Guide for System Life Cycle Processes and 

Activities, 2015). Organizations should start by gathering a diverse group of internal, 

and external if suitable, project stakeholders to discuss, collaboratively, the risks or 

issues they perceive to be presented by the complexity of a SoI, along with the impact 

of these risks or issues. Stakeholders should be asked to describe the complexity of the 

project and the system, to identify any issues related to this complexity, and to record 

each of these issues in one row of the Complexity Register, making use of the guidance 

provided in the first row in blue text.   

Personnel are encouraged to adopt a wide range of perspectives on the system of 

interest including; the technical system to be realized, the technical system deployed in 

its operational environment, system-of-systems considerations, the socio-technical 

system that develops the technical system, and the project that realizes the system.  

Stakeholders should be asked to propose suitable mitigating actions to reduce the 

impact of each complexity issue and to record the mitigating action in the column 

“Proposed Mitigating Actions”. Stakeholders should then be asked the following 

questions, recorded against the respective lines in the Complexity Register: (a) How 

was this issue identified? (b) What is the extent or scope of the issue? (c) Does the issue 

implicate other processes or activities? (d) Who should be in the loop for this issue? (e) 

How likely is the mitigation to succeed? (f) When should consideration of this issue by 

revisited? (g) Who has responsibility for dealing with this issue? To support this 

activity, further probing questions are provided below.  
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Questions to support the elicitation of judgements on system complexity 

When discussing perspectives on system complexity, the following questions can be 

used to probe further: 

• How complex do you think the system is?  

• Can you indicate which aspect(s) of the system you are considering? For 

example, are you considering; the technical system to be realized, the project 

that realizes the system, the organizations involved in system delivery, the 

technical system deployed in its operational environment, or the technical 

system interacting with other systems in a System-of-Systems context? 

• How would you characterize this complexity in general terms? 

• Can you explain what the impact of this complexity could be? For example, 

does it raise the possibility that something undesirable will occur during system 

operation, does it manifest as a challenge in accomplishing something during 

system design, or might it present an opportunity?  

• Can some complexity be eliminated, and how? Conversely, might some residual 

degree of complexity always be present in the system, perhaps as a direct 

consequence of the system's functional requirements? If so, how would you 

characterize this residual complexity? 

• How might system complexity impact on validation, verification, robustness or 

resilience? Might system complexity problematize the ability to predict, 

anticipate or mitigate pathological system behavior, or reaction to unforeseen 

events?  

• What can be done to manage or mitigate the concerns you have raised? 

• How confident are you in this evaluation? What other information is required in 

order to increase this confidence?  
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A Complexity Register Aide-Mémoire 

To support organizations conducting complexity evaluation an aide-mémoire of 

“complexity factors” that may be useful to consider is provided below, again derived 

from the surveyed academic literature and case study analysis. This aide-mémoire 

contains a categorization of potentially useful perspectives which can be taken on 

system complexity to prompt collaborative discussion while executing the Complexity 

Register.   

A. Prompts related to the technical system to be realized: 

A1. How many components or sub-systems are included in the system and how 

diverse are they? 

A2. How many connections or interactions exist between the components or sub-

systems of the system, and how diverse are they? 

A3. To what extent is system complexity understood to be encapsulated, and where 

does this encapsulation occur, e.g., within sub-systems, beyond the system 

boundaries, etc? 

A4. To what extent are the system's functional and non-functional requirements 

challenging to implement from a technical perspective? 

A5. To what extent are the system technologies novel or critical?   

A6. To what extent might the answers to the above prompts be liable to change 

during the project, and what impact on the project might such changes have? 

What steps would need to be taken in these circumstances? 
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B. Prompts related to the technical system deployed in its operational 

environment: 

B1. To what extent is the system's operational environment stable and well-

understood? 

B2. How many, and how diverse, are the users of the system and to what extent is 

their intended use of the system stable and well understood? 

B3. To what extent are the interfaces or interactions between the system and external 

systems stable and well understood? If the system is part of a System-of-

Systems (SoS), to what extent are the associated external constraints, 

expectations and authorities stable and well understood? 

B4. How constrained is the system by regulatory and or compliance requirements?  

B5. To what extent is complexity assumed to be encapsulated in the system's 

environment, its users, or the systems that it interfaces with?  

B6. To what extent might the answers to the above prompts be liable to change 

during the project, and what impact on the project might such changes have? 

What steps would need to be taken in these circumstances?  

C. Prompts related to the project that realizes the technical system: 

C1. How numerous and diverse are the stakeholders involved in the successful 

realization of the system, how mature are their relationships, and to what extent 

are their views of the project aligned? 

C2. To what extent is the realization of the system challenging for designers and 

developers? This may include consideration of the challenge involved in the 

validation and verification of the system’s requirements. 
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C3. To what extent is the engineering organization tasked with developing the 

system stable and well understood? 

C4. How constrained are the resources required to successfully realize the system? 

C5. To what extent is the complexity of the system's realization project 

encapsulated, and how? 

C6. To what extent might the answers to the above prompts be liable to change 

during the project, and what impact on the project might such changes have? 

What steps would need to be taken in these circumstances?  

These prompts are intended for stakeholders to consider during collaborative 

complexity evaluation workshops. This aide-mémoire was informed by the literature 

described above, the results from the case study analysis, and a dataset from a survey of 

current systems engineering practitioners (M. W. Potts, Sartor, Johnson, & Bullock, 

2020)2. While some aspects of system complexity may naturally be approached in a 

quantitative manner (e.g., how many different components and sub-systems are there in 

a system), we have already discussed inherent limitations with these approaches, 

suggesting some aspects of system complexity may more profitably be approached in a 

qualitative manner. Consider that in a simple world, cause and effect may be predictable 

or at least estimated with confidence. However, in a complex world there is a potential 

for emergent behavior that is less predictable. Further, the ‘tails’ of impact distributions 

may be longer and fatter, making evaluations of the potential consequences of system 

complexity more challenging. 

 

2 Bullock S, Potts M. 20190611‐Survey results survey design engineer system complexity 

factors. The University of Bristol; 2019. Available from: 

https://doi.org/10.5523/bris.2mlbi0pc4rdiy250iavo7uh0om   

https://doi.org/10.5523/bris.2mlbi0pc4rdiy250iavo7uh0om
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Questions to help support broad coverage of system complexity evaluation  

Once the evaluation team has had an opportunity to identify and evaluate an initial, 

provisional, set of complexity issues, the team should use the probing questions 

provided below to help support broad coverage of system complexity evaluation.  

• Have you considered the potential for any compounding risks or issues? That is, 

do some of the issues that you have raised amplify or exacerbate each other? 

• Have you considered the complexity issues that you have raised so far from each 

of the three perspectives suggested in the Aide-Mémoire? 

• Have you clarified any ambiguous terms used within your Complexity Register 

so that it is understandable to someone who did not take part in the discussion?  

• If someone was identified as accountable or responsible for an identified  

complexity issue, but was not part of the discussion, consider bringing relevant 

personnel into the discussion to address the issue.  

Once the Complexity Register is completed, the team should have a greater 

understanding of the challenges presented by the complexity of their SoI. The actions, 

risks and issues suggested by the complexity evaluation activity may require 

transferring into another engineering management artefact to be tracked, resourced and 

actioned accordingly, although the actions, risks and issues may also be managed in the 

Complexity Register itself. It is in tracking the evaluations of system complexity that  

organizations can realize many of the intended benefits of the tool, however, how 

organizations implement this tracking is likely dependent on their own internal 

processes (e.g., knowledge management processes, project reviews, etc). The 

Complexity Register can be provided to additional project stakeholders to help improve 

their understanding of likely challenges and difficulties associated with the SoI.  
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Organizations should conduct frequent complexity re-evaluations, as a minimum 

before major gate reviews or other significant lifecycle milestones for the organization. 

Therefore, the engineering manager should schedule another complexity evaluation 

exercise at a suitable point to evaluate not just the complexity perceived at that specific 

time period, but also revisit the previously completed Complexity Register to evaluate 

the trajectory of the project.  

Through additional prompts and continued complexity re-evaluations it is 

possible for an organization to capture additional data and information from 

stakeholders that might otherwise be confined to verbal discussions. By capturing more 

mature conversation about system complexity evaluation, the Complexity Register 

supports long term organizational learning by helping provide an answer to questions 

such as: What issues did we expect to face? Were these the issues we were affected by? 

Were we estimating correctly? Did our mitigations deliver the desired effect? Were we 

affected by risks and issues that we did not predict? Over time, organizations stand the 

chance of developing a greater understanding of how issues relating to system 

complexity manifest and what can be done to effectively mitigate them.  

Worked Example 

In this section, we introduce a synthetic worked example, based on input from 

experienced systems engineers, to help concretize the use of the Complexity Register 

tool and compare results with likely outcomes if the Thales Group tool was used.  

Consider an organization, PIRAMON GROUP, that operates primarily as a large 

systems integrator and currently designs, develops, delivers and operates maritime 

autonomous underwater vehicles (MAUVs) in a commercial fishery setting. The 

organization has recently developed a novel, proprietary sensor that provides a new 
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capability to an existing customer, meeting a stated need expressed in this customer’s 

most recent Invitation to Tender (ITT). The customer has requested a new MUAV with 

the new sensor integrated, and the organization has completed an initial design to meet 

the customer requirements. The engineering manager finds themselves leading a 

preliminary design review, providing an evidence base to inform the decision: Should 

we respond to this ITT and, if so, how should we frame our response? In order to reduce 

the technical risk that is perceived in the SoI design (arising from the inclusion of the 

novel sensor technology), the organization decides to resource dedicated work packages 

that define the project's scope and requirements, while providing additional contingency 

funding for testing and acceptance activities.  

In one version of events, the organization utilizes the previously described 

complexity assessment tool according to standard use. The resultant profile is shown in 

Exhibit 4. From this assessment in isolation, the engineering manager is able to suggest 

potential mitigating actions to the perceived system complexity. However, the 

engineering manager is hamstrung by the challenges already uncovered, and the 

suggested mitigating actions are largely “business as usual”, as such they have the 

potential to be under resourced, all combing to result in an evaluation that omits several 

key aspects of system complexity.  

<Journal Placeholder – Exhibit 4> 

In a different version of events, the engineering manager decides to utilize the 

Complexity Register to support a dedicated workshop to conduct complexity risk, 

assumption, issue and opportunity analysis with the project team as the preliminary 

system architecture (top-level design) implies that their system of interest is part of a 

wider, complex SoS. During this workshop, the senior systems architect describes the 

system architecture and presents the assumed system boundaries, stating that the current 
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thinking involves acquiring (from a separate organization) an existing Commercial Off-

The Shelf (COTS) underwater vehicle that will provide the platform for the new 

system's novel sensor. They go on to argue that this platform can be considered as a 

well-specified sub-system, treated as a ‘black-box’ during development, and that 

exploiting it presents a low risk, as PIRAMON GROUP has had experience integrating 

other systems onto this same platform already. The engineering manager utilizes the 

Complexity Register to probe this assumption in order to build a shared understanding 

within the project team of the potential impacts of this assumption. The engineering 

manager suggests that as the platform is itself a complex system, made up of a diverse 

number of sub-systems and components, deployed in a changing and challenging 

operational environment, that the organization might be exposed to a currently 

unquantified risk from this assumption.  

The engineering manager asks; “how robust is our system design to adverse 

performance of this sub-system?”. The project team decide that they do not have 

sufficient information to answer this question and the engineering manager thus 

requests resources to allow the project team to conduct additional modelling and 

simulation to assess this scenario. The Complexity Register also prompts the project 

team to ask “if this sub-system does not perform as expected, what commercial 

arrangement would we have in place to rectify the issue?”, with the commercial 

manager suggesting additional clauses could be included to ensure accountability 

remains with the supplier and to provide additional support from the supplier for trials, 

testing and integration if required.  

The Complexity Register is updated to reflect the discussion and capture data to 

support these decisions (entry PB1, Exhibit 5).  

<Journal Placeholder – Exhibit 5> 
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Later in the workshop, the project manager raises an assumption that the 

operational context of the proposed MUAV is unlikely to change; an assumption that is 

challenged by the engineering manager as he uses the Complexity Register to ask “how 

well known and stable is the intended use of the system?”. The engineering manager 

suggests that as the MUAV is part of a wider, complex SoS that the organization should 

consider the impact of evolving Concept of Use, Employment and Operation 

(CONUSE, CONEMP and CONOPS) on their system. After a discussion centred on the 

tension between resources available to conduct further analysis and a time pressure to 

respond to the Invitation to Tender, the complexity of the operational context of the 

MUAV is considered in the Complexity Register as both an opportunity and a risk. The 

potential for PIRAMON GROUP to influence future concept developments of their 

customer by obtaining a presence at key meetings relating to these developments is 

discussed as an opportunity. The potential impacts for PIRAMON GROUP if the 

MUAV system is unable to be reconfigured and redeployed to meet future operational 

demands is discussed as a risk (entry PB2, Exhibits 6). The project team escalates the 

risk to their project steering group to see if additional resources can be allocated to 

conduct further system design. The project team also agrees that the engineering 

manager is to brief the opportunity to influence future concept development to the 

MUAV customer relationship manager for exploitation. If this complexity issue arises 

during the lifecycle of the MUAV system, the organization could add a “lesson 

identified” or “warning indicator” for future system delivery projects which have a long 

lifecycle to reduce the likelihood that the same issue occurs again. These two entries are 

copied into the project’s Risk, Assumption, Dependency, Issue and Opportunity register 

for on-going management, with the organization able to trace back their origins to the 

Complexity Register.  
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<Journal Placeholder – Exhibit 6> 

Over the course of the project the Complexity Register would continue to be 

revisited, with the project team able to evaluate the trajectory of their project and 

answer; how much complexity are they effectively managing? Further project ‘post-

mortems’ could also later be conducted, supported by the evidence provided in the 

iterations in the Complexity Register, to formally capture organizational knowledge 

with an updated aide-mémoire of complexity factors and updated lessons identified with 

the impact of encapsulated complexity, the need for enhanced customer relationship 

management focused on influencing operational concept development and the 

opportunity to invest in more flexible design strategies. 

This worked example is not intended to prove that the MUAV system is more 

likely to succeed simply due to the use of the Complexity Register. Nor does it seek to 

demonstrate that the Complexity Register will capture and solve all issues for a project. 

The Register is a tool and process designed to support organizational learning, and 

assumes that mistakes are likely to still occur in the complex and evolving world that 

organizations operate in. The premise of the Complexity Register is to increase the 

chance that similar mistakes are not repeated.  

Design principles of the Complexity Register 

The design of the Complexity Register embodies principles derived from the case study 

analysis and literature described above. Most fundamentally, the Complexity Register 

should allow personnel completing a complexity evaluation to start by collaboratively 

identifying contextually-relevant complexity factors, as opposed to relying on a limited, 

fixed set of, often poorly defined, pre-set criteria (DP1). This design principle mitigates 

the issue of the contested definition of the term system complexity and the “divide-and-

conquer” approach of other complexity assessment tools. The emphasis on collaboration 
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enables an organization to better exploit knowledge and information from available 

personnel who have a wide and ranging experience.   

In a departure from the previously introduced complexity assessment tools, the 

Complexity Register does not impede complexity evaluation by forcing judgements on 

a pre-set scale. Instead, as system complexity is presented here as a subjective notion, 

given the challenges associated with quantitative approaches described in the literature 

and case study analysis, it is to be assessed in a descriptive manner; with a textual 

description of the issue or risk that the complexity factor presents, along with its likely 

impact (DP2). The potential for compounding risks should also be evaluated and is 

prompted by the Complexity Register, a feature missing in other surveyed complexity 

assessment tools. Further, as system complexity is not inherently undesirable (some 

systems may necessitate a minimum complexity to provide desired functionality), 

evaluators should also include judgements of the residual complexity that may remain 

even after mitigating actions have been completed. 

Risks or issues relating to complexity may also be expressed in a quantitative 

way in the tool, with a design principle to ensure the Complexity Register can dovetail 

with other important engineering management artefacts such as risk registers, project 

plans, architecture views, etc, (Carbone & Tippett, 2004; Coppendale, 1995; Qazi, 

Dikmen, & Birgonul, 2019; Sols, 2018). In doing so, organizations can avoid issues 

uncovered from the case study analysis such as a lack of traceability for documented 

risks and ambiguity over where identified risks should reside. It is proposed here that if 

a risk is documented in the Complexity Register it can be linked to a corresponding 

entry in a dedicated risk management tool (DP3).  

Rather than be completed by one key individual, the Complexity Register 

encourages complexity evaluation activity to start with a collaborative workshop that 
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can provide an understanding of stakeholder perspectives on how system complexity 

can manifest and affect the successful delivery of systems. The Complexity Register is 

designed to capture the provenance of sources of complexity (DP4) as opposed to 

naming an individual (or role) responsible for conducting complexity evaluation. While 

one individual (or role) may be responsible for compiling information into the tool, 

emphasis here is on collaboratively building a shared understanding between key 

stakeholders. While it may be tempting to use decision support tools with an emphasis 

on accountability, interpretations of this term can lead to the tools being a way to 

apportion blame. Instead, the Complexity Register is designed to utilize the experience 

that is likely to be in the room and instead asks “who should be in the loop for this 

issue”.  

Those completing a complexity evaluation should also document and make 

explicit; their rationale for their assessment, their confidence in their assessment, and 

the perspective they are considering for the system (i.e., does their evaluation consider 

the technical system to be realized, or the wider system that includes activity to realize 

the target system) (Martin, 2004) (DP5).   

As in the Thales Group complexity assessment tool, proposed mitigating actions 

should also be included. However, to avoid the tool becoming a “fire-and-forget” 

system, the Complexity Register promotes through-lifecycle complexity evaluation by 

prompting those using it to include criteria to be surveyed and an indication of when 

(whether in terms of project or system lifecycle,) to re-evaluate the complexity factor 

(DP6). Collecting data over time can support organizational learning, supporting a 

“lessons identified/lessons learned process” within a wider Information and Knowledge 

Management process. The Complexity Register emphasizes learning; it is not about 

removing any chance of making mistakes, or devising a way to apportion blame for 
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mistakes, but instead about avoiding making the same mistake twice. While the 

Complexity Register cannot address “unknown unknowns” it does support an auditing 

and learning process. The list of prompts provided in the aide-mémoire can be tailored 

and adapted over time to reflect lessons identified by the organization. Completed 

Complexity Registers can be independently reviewed by an expert panel to provide an 

additional assurance that complexity evaluation is being undertaken appropriately and 

promote further learning, supporting auditing and maturity assessment. Further, 

completed Complexity Registers can be fed back into relevant internal training courses 

for two purposes; to promote complexity evaluation throughout the organization and to 

increase the motivation of those using the Complexity Register by opening their work to 

peer scrutiny. 

Any organization employing a decision support tool faces the challenge of 

ensuring that it is interacted with in an appropriate way; something that the Complexity 

Register attempts to address by ensuring an appropriate role is documented, and agreed, 

as responsible for the complexity issue identified (DP7). We can imagine a scenario 

where, without a clear owner for each issue, it is too easy for personnel to make hasty 

evaluations of system complexity, knowing that no matter what the outcome is further 

down the system or project lifecycle, the decision is unlikely to be traced back to them 

e.g., where a bid team does not go on to deliver the system they have bid for, instead 

handing delivery over to a separate delivery team. By putting appropriate personnel “on 

the hook” for evaluations and decisions, personnel should be more invested in a mature 

evaluation of system complexity; further, organizations have a better chance to learn as 

they can pinpoint decisions and evaluations a posteriori and enter into discourse on why 

these decisions and evaluations were arrived at. If an issue is identified that is the 



 

29 

 

responsibility of someone not in the discussion, the user guide advises widening the 

scope of the discussion to include relevant personnel.      

The final design principle, DP8, advocates three sets of six prompts on system 

complexity and manifests itself as an aide-mémoire to support the identification of 

sources of system complexity, with entries drawn from surveyed literature. The 

Complexity Register also attempts to stimulate comprehensive evaluations of system 

complexity by prompting considerations of how robust and resilient the system, project 

or organization is to some issue. We use the term robustness to describe how much 

perturbation a system can take before it fails, and resilient to describe the ability of a 

system to survive and thrive under adverse conditions (Khoury & Bullock, 2014; 

Khoury, Bullock, Fu, & Dawson, 2015). The Complexity Register asks personnel 

interacting it to consider explicitly the potential consequences of disruptive changes 

(robustness) and how the organization would need to act to recover from them 

(resilience).  

A schematic representation of the relationships between the main threads of the 

design thinking that links the challenges identified in the earlier case study analysis to 

the design principles and implemented elements of the Complexity Register is shown in 

Exhibit 7. 

<Journal Placeholder – Exhibit 7> 

Comparing the Complexity Register with a Risk Register 

Organizations may already be well versed in approaches to manage risk and likely 

utilize a risk register in their daily activity, so how is the Complexity Register related to 

the risk register? The Complexity Register can be considered as a ‘cousin’ to the risk 

register; both are containers for recording evaluations of threats and considering 

mitigation. However, while the risk register generally includes atomic risks and relies 



 

30 

 

on them being characterized quantitatively, the Complexity Register emphasizes issues 

that are necessarily extended, integrative, systemic, relational, and non-linear. 

Consequently, it entails capturing issues that span multiple areas of responsibility that 

are potentially difficult to determine. Similarly, while risk evaluation approaches such 

as Failure Mode and Effects Analysis (FMEA) or Fault Tree Analysis (FTA) have 

proven their utility for risk identification and evaluation, they may not uncover 

complicated failure mechanisms that span multiple events and are again hamstrung by 

the lack of consideration of compounding risks. Additionally, such approaches can 

become encumbered as the scale and diversity of components and sub-systems 

increases, and the extent to which such approaches can usefully inform analysis earlier 

in a system lifecycle (e.g., in support to bid management activity, operational context 

evaluation or system architecture evaluation) is not readily addressed by literature.  

Moreover, the assessment of these kind of issues resists straightforward quantitative 

evaluation as the relevant sources of disruption are likely characterized by distributions 

with tails that are long and fat, meaning they do not combine straightforwardly. As a 

result, while it may be the case that some risks and issues can easily be transposed from 

a Complexity Register to a Risk Register, and vice versa, it is also the case that some 

issues raised during system complexity evaluation cannot adequately be captured on a 

risk register (e.g., as Low Probability, High Impact), and some risks recorded on a Risk 

Register are not relevant to the aims of the Complexity Register.  

As the Complexity Register deals with less atomic, more cross-cutting risks than 

we would expect a risk register to pick up, questions of robustness and resilience are 

designed to elicit consideration of challenges that may go unnoticed in conventional 

approaches. Systemic issues may be identifiable by taking a perspective that probes how 

robust assumptions are and how resilient the organization is to changes (Bullock & 
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Cliff, 2004). Further, in providing an answer and rationale to these questions, along with 

identifying a suitably empowered owner (DP7), it is intended to promote further 

commitment and support to system complexity evaluation (Leitch, 2010; Murray-

Webster & Office, 2010).          

Discussion 

As systems, and the projects that strive to realize them, become increasingly complex 

there is an increasing need to evaluate the difficulty this complexity presents. However, 

the evaluation challenge is magnified by the contested definition of system complexity 

which has resulted in a complicated landscape of contrasting and/or overlapping terms 

described in the literature review. To overcome these hurdles, the Complexity Register 

is presented here as a collaborative, iterative, progressive tool for engineering managers 

and their firms, designed to surface and interrogate risks associated with system 

complexity that may otherwise go unnoticed or unaddressed. It promotes continued re-

evaluations of system complexity whilst encouraging personnel to make explicit the 

perspectives that they have taken during evaluations of system complexity in order to 

support wider organizational learning and facilitate knowledge and information 

management. While further work is needed to fully validate and improve the tool in 

light of limitations which are discussed next, the implication for engineering managers 

is that a Complexity Register should enable more effective shared understanding by 

encouraging collaboration that makes explicit the multiple viewpoints taken when 

evaluating system complexity and promoting continued re-evaluation throughout a 

system or project lifecycle. 

While the Complexity Register is intended to be a collaborative tool, there 

remains a challenge in understanding and integrating different perspectives. One 

suggestion would be to utilize structured communications techniques to assist in 
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identifying and evaluating sources of system complexity, or to lean on guidance for 

running effective collaborative workshops (Phaal, Farrukh, & Probert, 2007; Phaal & 

Palmer, 2010; Trainor, Brazil, & Lindberg, 2008). Independent subject matter experts 

can also be utilized to review the perceived complexity of the SoI by examining the 

completed Complexity Register as part of a project or systems design review (Gandhi & 

Sauser, 2008). Ensuring that the tool is engaged with in an appropriate way remains a 

challenge for an organization deploying the Complexity Register. The tool should not 

become regarded as an end in itself; a superficial, low-value exercise to be completed 

once with by a single individual at a single point in time with minimal effort. Unknown 

unknowns do not become visible by taking this approach. The Complexity Register is 

instead a prompt for deliberate thinking and a container for a rich set of data and 

information that can aid an organization’s decision-making capability if utilized 

appropriately. By basing the tool’s design principles on issues arising from the analysis 

of a current decision support tool and thereby emphasizing a more mature approach to 

complexity evaluation, the value of the Complexity Register is intended to be more 

readily understood by stakeholders, reducing the likelihood that personnel do not 

interact with it in an appropriate manner.  

Providing clarity on terminology within an organization, and with external 

stakeholders, remains a challenge due to the subjective, interpretative nature of the term 

system complexity (S. A. Sheard & Mostashari, 2010). While advances in hardware 

engineering or software engineering have yielded more concrete notions and measures 

of complexity, the same cannot yet be claimed authoritatively for system complexity. 

An organization conducting frequent complexity assessments, within a wider evaluation 

framework, may mature their understanding and use of language relating to system 

complexity over time if the framework supports this.  
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The Complexity Register was designed to dovetail with other important 

engineering management artefacts. However, such artefacts and processes are likely to 

be organization specific and hence this integrating necessarily is left as further work for 

individual organizations.  

Future investigations could deploy the Complexity Register within an 

organization in order to inform a cost-benefit analysis of complexity evaluation within 

the organization, to continue to improve and refine the tool itself, and, ultimately, to 

validate the tool and the framework empirically. Such investigations will require 

considerable effort. Comparing actual project outcomes with the counter factual project 

outcomes that would likely have occurred had the intervention not taken place requires 

careful methodological consideration.  

Conclusion 

It is increasingly important to evaluate the complexity of a system. However, evaluating 

system complexity is challenging due to a complicated landscape of definitions of the 

term, a range of perspectives that can be taken on what constitutes the SoI, and a lack of 

suitable metrics. To overcome these hurdles, a Complexity Register is presented as a 

tool to aid an organization evaluating the complexity of their systems and the projects 

that aim to realize them. The Complexity Register is designed as a collaborative tool to 

build a shared understanding between stakeholders, able to make explicit the 

assumptions and rationale of evaluators, created using design principles derived from 

case study analysis and grounded in surveyed academic literature. Within the 

Complexity Register, users are able to identify contextually relevant sources of system 

complexity and evaluate the likely impact of these factors, whilst promoting continued 

re-evaluation throughout a lifecycle; all within a tool that dovetails with other 

engineering management artefacts.  
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A challenge remains for organizations wishing to deploy the Complexity 

Register in integrating the tool with other engineering management processes and 

artefacts to ensure information is not duplicated and to prevent conflicting information 

within an organization. Integration with other processes and artefacts is also crucial to 

avoid the Complexity Register being seen as “process for process sake”.   

With a theoretical foundation for the Complexity Profiler provided by case study 

analysis, including expert interviews within Thales Group, attention can turn to 

investigating a long-term deployment of the Complexity Register in order to further 

refine and validate the tool. At the very least, organizations wishing to make use of the 

Complexity Register stand to gain an increased understanding of how complexity 

affects their systems and system realization projects. More optimistically, they can start 

to identify aspects of system complexity that substantively impact future project 

performance in order to improve their ability to engineer systems that are able reliably 

and effectively take part in increasingly sophisticated System-of-Systems deployments.   
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Challenge. For example, DP4 (capture the provenance of identified issues) addresses the 

“Divide-and-Conquer” and “Fire-and-Forget” challenges (C1 and C4), and is itself 

operationalized through Tool Elements 2, 4, and 5 which capture the provenance, 
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implications and people associated with each complexity issue identified during system 

evaluation. 
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Exhibit 1. Description of the complexity criteria used in the Thales Group proprietary 

complexity assessment tool. © Thales Group. (Garnier, 2013). 

Complexity Factor Description 

Impact of environment on solution 

Impact of physical environment on the 

properties of the solution (which includes 

operational processes). 

Operational concept stability 

Operational concept includes concept of 

operation, concept of use, and concept of 

employment.  This factor is intended to 

evaluate the stability and predictability of each 

concept (purpose, goals, mission, activity 

objectives) along the solution lifecycle (from 

solution conception to disposal). 

User diversity 
Expected number of users and their role 

diversity. 

External stakeholder involvement 
Level of confidence regarding stakeholder 

support during the execution of the contract. 

Life-cycle interlacing 

Number of system/solution life-cycles possibly 

interlaced in a global Programme shared 

between several contractors. 

Systems engineering effort and 

criticality 

Level of innovation and criticality of 

engineered parts. 

System behavior stability and 

determinism 

The ability to define system modes, system 

functions, system states and system 

performances, and to predict their evolution 

according to well-defined mathematical laws. 

Engineering organization 
Level of cooperation and subcontracting due to 

team size and number of organizational units. 
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Exhibit 2. The Complexity Evaluation Framework, taken from (M. Potts et al., 2019). 
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Exhibit 3. An empty row of the Complexity Register used to describe one complexity 

issue identified during evaluation. The row is divided across two figures. 
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ID Description of the Issue: Impact of the Issue: Proposed Mitigating Actions:

Description of your first identified 

complexity issue.

Description of the issue's 

anticipated impact.

Action plan to mitigate the impact 

of the issue.

How was this issue 

identified?
What led to the issue being raised?                                                                     

What is the provenance of the issue,  if any?

What is the extent or 

scope of the issue?

Does the issue relate to the technical system itself, the project  

that realizes it, or the system in its operational environment?                                                                                                      

Does it implicate external stakeholders?                                                    

Does the issue implicate 

other processes or 

activities?

Any management tools, plans, architectures, products,      

services, budgets, etc, that are relevant to the issue should            

be referenced here.

Who should be in the loop 

for this issue?

Which roles/people need to be aware of the issue for purposes   

of planning, monitoring, mitigation, etc? This may include 

personnel outside of your team or organization.

How likely is the 

mitigation to succeed?
What factors or contingencies influence this likelihood?

When should 

consideration of this   

issue by revisited?

 Provide a date by which to re-evaluate this entry, or provide a 

trigger event (e.g., the start of a specific project phase).

Who has responsibility for 

dealing with this issue?
Provide the role(s) that is/are responsible for managing the 

identified issue.

Further Prompts:

#

1

Please refer to the Complexity Register's User 

Guide and the associated Aide Memoire for 

prompts that are intended to encourage the 

identification of issues that may have 

relevance to the system's complexity.

Your description should include consideration 

of:

- The potential impacts of the issue  

- The likelihood of these impacts occurring

- Any issues compounding these impacts

Your plan should include consideration of:

- Criteria to monitor the success of the action

- Any residual impact expected to remain

ID Description of the Issue: Impact of the Issue: Proposed Mitigating Actions:

Description of your first identified 

complexity issue.

Description of the issue's 

anticipated impact.

Action plan to mitigate the impact 

of the issue.

How was this issue 

identified?
What led to the issue being raised?                                                                     

What is the provenance of the issue,  if any?

What is the extent or 

scope of the issue?

Does the issue relate to the technical system itself, the project  

that realizes it, or the system in its operational environment?                                                                                                      

Does it implicate external stakeholders?                                                    

Does the issue implicate 

other processes or 

activities?

Any management tools, plans, architectures, products,      

services, budgets, etc, that are relevant to the issue should            

be referenced here.

Who should be in the loop 

for this issue?

Which roles/people need to be aware of the issue for purposes   

of planning, monitoring, mitigation, etc? This may include 

personnel outside of your team or organization.

How likely is the 

mitigation to succeed?
What factors or contingencies influence this likelihood?

When should 

consideration of this   

issue by revisited?

 Provide a date by which to re-evaluate this entry, or provide a 

trigger event (e.g., the start of a specific project phase).

Who has responsibility for 

dealing with this issue?
Provide the role(s) that is/are responsible for managing the 

identified issue.

Further Prompts:

#

1

Please refer to the Complexity Register's User 

Guide and the associated Aide Memoire for 

prompts that are intended to encourage the 

identification of issues that may have 

relevance to the system's complexity.

Your description should include consideration 

of:

- The potential impacts of the issue  

- The likelihood of these impacts occurring

- Any issues compounding these impacts

Your plan should include consideration of:

- Criteria to monitor the success of the action

- Any residual impact expected to remain
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Exhibit 4. Evaluated complexity of the MUAV worked example using the Thales Group 

complexity assessment tool. 

Complexity Factor Description Value Value Meaning  

Impact of 

environment on 

solution 

Impact of physical environment 

on the properties of the solution 

(which includes operational 

processes). 

3 Major physical 

constraints. 

Operational 

concept stability 

Operational concept includes 

concept of operation, concept of 

use, and concept of employment.  

This factor is intended to evaluate 

the stability and predictability of 

each concept (purpose, goals, 

mission, activity objectives) 

along the solution lifecycle (from 

solution conception to disposal). 

2 Minor evolution. 

User diversity 
Expected number of users and 

their role diversity. 

1 Single user. 

External 

stakeholder 

involvement 

Level of confidence regarding 

stakeholder support during the 

execution of the contract. 

2 Common 

understanding with 

minor risks. 

Life-cycle 

interlacing 

Number of system/solution life-

cycles possibly interlaced in a 

global Programme shared 

between several contractors. 

2 Several simple life-

cycles. 

Systems 

engineering effort 

and criticality 

Level of innovation and 

criticality of engineered parts. 

4 New development 

with critical 

technology. 

System behavior 

stability and 

determinism 

The ability to define system 

modes, system functions, system 

states and system performances, 

and to predict their evolution 

according to well-defined 

mathematical laws. 

1 Behavior well 

defined. 

Engineering 

organization 

Level of cooperation and 

subcontracting due to team size 

and number of organizational 

units. 

1 Small size. 
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Exhibit 5. Figure. Caption: Caption: Evaluated complexity of the MUAV worked 

example using the novel Complexity Register (Entry PB1). The row is divided across 

two figures. 

 

  

ID Description of the Issue: Impact of the Issue: Proposed Mitigating Actions:

How was this issue 

identified?

When discussing the system architecture during 

System Complexity Workshop the Engineering 

Manager raised this issue based on previous 

experience (project GAMMA).

What is the extent or 

scope of the issue?

Issue relates to the technical system deployed in its 

operational environment. Issue implicates MUAV 

platform supplier. 

Does the issue implicate 

other processes or 

activities?

Entry linked to System Architecture (top level design).

Entry lined to Work Package (WPXX).

Entry linked to risk register entry (RRXXX).

Who should be in the loop 

for this issue?

Engineering manager, MUAV system architect, MUAV 

system modelling team, MUAV commercial manager, 

supplier commercial manager.

How likely is the 

mitigation to succeed?

Medium confidence in mitigating action. Different 

opinions between the senior systems architect (highly 

confident of low risk after mitigating actions) and 

engineering manager (highly confident of high risk 

after mitigating actions). 

When should 

consideration of this   

issue by revisited?

Revisit issue as part of completion of WPXX. Revisit 

prior to Critical Design Review.

Who has responsibility for 

dealing with this issue?

1. Engineering Manager.

2. Commercial Manager.

P

B

1

The MUAV platform is intended 

to be a COTS procurement. In 

previous projects we have a 

limited ability to understand, 

predict and change the behaviour 

and performance of this platform.  

The current design strategy is to 

procure a previously used COTS 

MUAV platform from a known 

supplier. However, there is no 

guarantee that the MUAV 

platform supplied will be exactly 

the same as previous MUAV 

platforms or behave in the same 

way. 

The project team does not have 

full visibility or control of the 

MUAV platform design and build. 

The  MUAV platform may not 

perform to the desired level or 

integrate effectively with the new 

sensor capability, causing 

damage, over-run, limited 

performance, etc. 

There will remain some residual 

complexity in understanding the 

MUAV platform despite enhanced 

modelling and simulation. 

The impact of this residual 

complexity can be reduced by 

securing additional support from 

the supplier during system 

integration and testing.

1. Work Package (WPXX) 

resourced to conduct additional 

modelling and simulation of the 

MUAV system under changing 

performance characteristics of 

the MUAV platform.

2. Commercial manager to 

investigation contractual 

mechanisms with the MUAV 

platform supplier should 

performance not meet 

expectation and to provide 

additional support during 

integration and testing.

Further Prompts:
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Exhibit 6. Figure. Caption: Evaluated complexity of the MUAV worked example using 

the novel Complexity Register (Entry PB2). The row is divided across two figures. 

 

 

  

ID Description of the Issue: Impact of the Issue: Proposed Mitigating Actions:

How was this issue 

identified?

Engineering Managed concerned over assumption in 

project mandate that the operational concept of the 

MUAV system is unlikely to change.

What is the extent or 

scope of the issue?

Considers the MUAV system deployed in its 

operational environment, considered as a constituent 

system within a wider commercial fishery SoS.

The project team that is responsible for realizing the 

MUAV as a technical system.

Does the issue implicate 

other processes or 

activities?

Entry linked to risk register entry (RRXXY).  

Entry linked to CRM database.

Entry linked to Project Mandate.

Who should be in the loop 

for this issue?

Engineering manager, Customer relationship 

manager, customer point of contact tbc.

How likely is the 

mitigation to succeed?

Project team has medium confidence in mitigation 

succeeding; team requesting more analysis to assess 

impact of operational concept changes on the MUAV 

system. 

When should 

consideration of this   

issue by revisited?

Revisit issue as part of completion of WPXY. 

Revisit prior to Critical Design Review.

Who has responsibility for 

dealing with this issue?

1. Engineering Manager.

2. Customer Relationship Manager.

P

B

2

System operates as part of a SoS; 

changes to other systems in the SoS 

may affect the mission effectiveness 

of the MUAV system. The long 

lifecycle of the MUAV system makes 

this risk more likely to occur. 

There is a risk that operational 

context changes may make the 

MUAV system no longer fit for 

purpose for the customer.

Given the long lifecycle of the MUAV 

system, it may not be able to deliver 

mission effectiveness if the 

operational context changes, causing 

damage, over-run, limited 

performance, etc. 

The MUAV system has been 

designed assuming that the 

operational context will not change 

during its entire system lifecycle. 

The same impact remains after 

mitigating action and is due to the 

complex SoS operational 

environment the MUAV system 

resides within. 

1. New workpackage (WPXY) to 

understand the boundaries of the 

safe operating environment 

envelope. This understanding will be 

used to steer future relationship 

with customers. Engineer manager 

to launch WPXY. Customer 

relationship manager to engage with 

customer.

 

2. Engineering Manager to report to 

project steering group on the need 

to evaluate the flexibility of the 

candidate system designs when 

system's have long lifecycle 

durations.

Further Prompts:
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Exhibit 7. Figure. Caption: A schematic representation of the design thinking 

undergirding the Complexity Register. Four identified challenges (C1-C4) are shown on 

the left, each projecting to one or more of eight Design Principles (DP1-DP8) 

formulated to overcome these challenges. Each Design Principle is operationalized by 

elements of the Complexity Register tool itself (T1-T9) and its associated 

documentation (T9-T11). Heavy arrows denote major influence between nodes, while 

dashed lines indicate minor influence. Node color denotes the most strongly associated 

Challenge. For example, DP4 (capture the provenance of identified issues) addresses the 

“Divide-and-Conquer” and “Fire-and-Forget” challenges (C1 and C4), and is itself 

operationalized through Tool Elements 2, 4, and 5 which capture the provenance, 

implications and people associated with each complexity issue identified during system 

evaluation. 


