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Summary 
This study proposes the adoption of standardized systems engineering approaches, with methodologies 
selected based on the complexity of the system being engineered. By classifying systems according to their 
complexity, we can ensure that the most appropria te engineering practices are deployed, thereby optimizing 
efficiency, reducing risk, and improving the overall quality of the engineering processes for the Dutch high -
tech industry in order to stay competitive on a global scale.  

 

Approach of the study  
The top -down and iterative approach taken in the study has three stages:  

• The first stage starts reasoning from global drivers, towards industry challenges, and possible 
opportunities for standardized SE/SA processes. Results of the first stage can be found in this report.  

• The second stage, after scoping the opportunity space, will identify organizational capabilities with 
desired effects to eventually be able to measure the actual outcomes of an intervention. This stage 
requires more resources from TNO -ESI and might be inte grated with our current studies (for example the 
MBSE and DASE study).  

• The final stage is needed to actually validate that the standardized approach does have the intended 
impact and therefore has to be a research or pilot project with one or more industry partners. In this 
project, further tailoring of the standardized appro ach might be needed to satisfy the needs of the 
partner and ensure successful implementation.  

 

 
 

Figure 1:  Approach of the study  
 
This mindmap  represents the approach of the study. The research question is positioned as a central topic, 
surrounded by the six main topics. Main topics should be read from top left (drivers) towards bottom left 
(outcomes) and are related by a dependency. This means for instance if a driver changes, th en a challenge 
might change (and so on towards outcomes). It is a traceable and iterative approach , adaptive to changes 
during the study period.  

 

Conclusion of stage 1  
To conclude the first stage of the study and answer the research question:  

'What value can domain -agnostic SE/SA standards that are used in defence, (aero)space, infrastructure and 
other industries, bring to the high -tech industry?  

It provides a reference framework for developing informal, semi -formal and formal approaches for 
engineering high -tech systems.  
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Three alternative approaches can be evaluated in terms of effectiveness for the high -tech industry:  

1. The informal (or reference) approach  

2. A semi -formal (model enhanced/centric) approach,  

3. A formal model -based approach.  

Since there is no reference approach available for the high -tech domain (every industry partner has its own 
way of working), this reference needs to be agreed upon in order to perform the trade -off between 
alternative approaches.  

 
Three industry challenges were identified for applying the alternative approaches to:  

1. Loss -Driven Systems Engineering (LSDE)  

2. Product Line Engineering (PLE)  

3. Requirements Engineering and Management (RE&M)  

Digital engineering is considered to be an enabler for dealing with these challenges. Therefore, in Stage 2 
clear MBSE capabilities must be defined with expected effects that can actually be measured in Stage 3.  

 

Next steps (stage 2 and 3)  
The goal for stage 2 of the study would be to evaluate alternative approaches (informal, semi -formal and 
formal modeling) to drive Systems Engineering, for different life cycles (development, acquisition, 
deployment) of high -tech systems with different lev els of complexity (simple, complicated and complex).  

 
The approach for stage 2 should be based on learning by doing in a team, in order to get the required 
competencies, and be able to assess risks & opportunities for each SE approach (based on team experience).  

Representative reference cases (existing or new) for developing, acquiring or deploying & using a simple, 
complicated or complex high -tech system should be selected. Stage two should p referably start with a 
simple case and make the selection together with industry partners in order to stay grounded, motivated 
and relevant for the high -tech industry.  

Important preconditions would be not to reinvent the wheel and:  

• Use existing approaches that comply with suggested standards  

• Use SysML as notation for both semi -formal and formal modelling  

• Use existing tools that implement SysML and formalized extensions  (profiles)  

 
Follow up research questions for stage 2:  

Why should there be different approaches to SE?  

• When to standardize and when to customize a SE approach?  

• Which complexity characteristics are key for selecting a SE approach?  

When to go for informal, semi -formal or formal modelling to drive SE?  

• What is the SE purpose? Concept definition, system definition, system realization and/or system 
deployment and use?  

• What is the MBSE purpose? Business analysis, operational analysis, function analysis, system structure 
design, system analysis, domain design integration and/or system verification & validation?  

How to manage building and supporting models for different purposes (descriptive, analytical, and discipline 
specific models)?  

• When to release a model for a specific purpose (defining model maturity levels)?  

 
Follow up research questions for stage 3:  

How to collaborate across multiple organizations?  

How to implement (MB)SE within an organization?  

• Why MBSE, what are the organizational goals?  

• Which capabilities are needed to meet these goals?  

• How to plan a strategy or define a roadmap to obtain these capabilities?  

• What is constraining each transition towards a new evolutionary stage of the roadmap (people, 
processes and tools)?  
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1. Introduction 
In the high -tech industry, the complexity of the systems being developed varies significantly. From simple, 
well -defined subsystems to highly complex systems and even adaptive systems of systems, the engineering 
approaches required can differ drastically. Th e overall  goal of the study  envisions  a framework for selecting 
standardized systems engineering methodologies that are best suited to the specific complexity level of the 
system of interest.  This part focuses on the first stage , where domain specific drivers, challenges and 
opportunities are identified.  

 
Considering the state of practice, many established organizations have evolved over time and developed 
their own valuable way of working. Sometimes current development methods are reaching the limits of 
complexity that can be handled (for example by a sing le person), and adoption of new approaches is needed 
to advance the state of practice (for example move towards teamwork including more domain specialists). 
However, highly skilled people using rather simple methods also constrain interventions towards new  
approaches using more advanced and specialized development techniques. Often , this means very specific 
evolutionary changes are needed, in order to stay successful and fit for the future. Small incremental steps 
must to be carefully planned and managed to enable the transition within an organization or enterprise.  

 
Other domains than high -tech also have encountered the effects of scaling and specializing. As a 
consequence , Systems Engineering is adopted to educate and train the 'workforce of the future'. Best 
practices from these domains [14] have been (and are continuously) consolidated towards standards and 
guidelines [13] for Systems Engineering, which might bring value to the high -tech industry as well. This study 
aims to look at the specific challenges for the high -tech industry and common opportunities the 'stat e of the 
art' of Systems Engineering might offer.  

 

What makes a system complex?  
Systems can be classified as simple, complicated and complex systems [1]. The fact that a System, as well as 
a Project developing, deploying or modifying such a System, has a lifecycle and undergoes changes during its 
life, causes a large part of the compl exity. Often , there is a 'handover' where information is incomplete or 
missing or where knowledge lacks, gets lost or is misunderstood. So, it is not only technological, but also 
organizational and social complexity that needs mastering.  

 
It is important to understand that a System sometimes is considered as a Product (realized by a Project) and 
sometimes as a Service (realized by a Process). This fully depends on the perspective or 'eye of the beholder'. 
After all different stakeholders ha ve different interests in a System, depending on their perspective or 
context. Agreement on the problem is essential in understanding the needs for a Product or Service.  

 
Quote: As a system’s diversity, connectivity, interactivity, or adaptivity increases, the risk associated with 
using simpler methods and simplifying assumptions also increases, and more advanced techniques may be 
needed. Tools and techniques apply differen tly to systems on a spectrum of increasing complexity. At the 
less complex end, the waterfall model for top -down sequential design applies well. At the more complex 
end, tools such as agent -based models for model -based systems engineering can be used to un derstand 
and address complex, dynamic system design challenges. Techniques at the lower end of the spectrum tend 
to be easier to learn, and simpler and faster to apply, because they make simplifying assumptions that 
ignore some of the complexity. The pract itioner must apply judgement to utilize a mixture of tools along this 
spectrum that satisfies Einstein’s razor: make things as simple as possible, but not simpler. [1]  

 

When to standardize or customize a process?  
The decision to standardize or customize a systems engineering (or architecting) process should be guided 
by a thorough understanding of business goals and stakeholder needs. When considering the (Dutch) high -
tech industry as an ecosystem or enterprise, th ere might be benefits in standardizing the way of working in 
the sector.  

 
Standardization of engineering processes may not only be needed for regulatory compliance, but can also 
have benefits in terms of training and knowledge transfer, quality assurance, efficiency and cost savings due 
to consistency across projects. However , customization brings along other benefits, for instance when 
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reusability of artifacts consumed and produced (inputs and outputs) of the lifecycle processes of a system is 
low.  
 
As a follow up of the Helix study [9], the NXTGEN DASE study has started, to identify what makes the Dutch 
Approach to Systems Engineering specific and how to align education programs of academic partners with 
continuous learning programs of industry partn ers. Results from both studies are used to better understand 
the Dutch high -tech industry and their needs.  

 

Purpose of this document  
This version of the document reports on Stage 1 of the study. It focuses on generic drivers and challenges for 
the high -tech industry (Chapter 3) and suggests some opportunities for (MB)SE/SA to continue with in Stage 
2 and 3 of the study (Chapter 4). No specifics for TNO-ESI ’s industry partners are included in the report . 
Chapter 5 summarizes the (preliminary) findings, conclusions and recommendations related to the problem 
defined in Chapter 2.  
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2. Problem definition   
 

Hypothesis  
This study investigates the applicability and value of systems engineering (SE) standards and practices from 
other domains to the high -tech equipment engineering sector. The study is based on the premise that 
systems engineering across different domains ex hibit similar patterns in terms of architecting and design.  

 
For example: In many domains, stakeholder acceptance goes beyond accepting the basic functionality for 
operational use. Often there are qualities required from a system. For instance, in railway, automotive and 
medical domains, all systems require some kin d of safety acceptance in order to be allowed to be put into 
use. Next to this safety quality, there might even be more ‘loss -driven’ qualities (e.g. reliability, security and 
sustainability) driving design. It is not uncommon that these qualities are conf licting with the intended use 
and require balanced trade -offs. Architecting and design methods for these qualities, can be generic.  

 
In defining an approach to perform (MB)SE activities, it is interesting to see where differences and 
commonalities lie and whether processes, methods and tools from a specific domain can be reused for 
another or whether specific extensions are needed. Rein venting the wheel might bring additional value, but 
building on existing knowledge has proven to be more successful. It is common knowledge that the SE 
standards provide guidelines that need tailoring to fit the needs of organizations and their enterprises  [14] . 
 

The value of standards  
Systems Engineering (architecting included) is a ‘discipline under development’, where a lot of best practices 
from different domains are captured by international standards. Recently, some new standards were 
released on a Unified Architecture Framework (U AF) and (Model Based) Systems Engineering processes, 
methods and tools. These standards are complemented with a guide for using the UAF and an updated 
Systems Engineering handbook from INCOSE  [13] . The following diagram gives a ‘state of the art' overview of 
these standards and how they relate to each other.  

 
Note: 'domain -agnostic' standards for SE/SA need to be tailored in order to be used in a purposeful 
manner. It should always be clear 'why' a certain standardized framework, process, method or tool is 
adopted. The value it adds to the existing way of working should alwa ys be clear.  

 

 
 

Figure 2:  Systems Engineering and Architecting standards and 
their relations  
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Figure 2 gives an overview of Systems Engineering and (Enterprise) Architecting standards, which are in fact 
complementary to each other:  

• ISO15288 provides a process framework for the life cycle processes of engineered systems, which also 
includes system architecting.  

• ISO42020 and ISO15704 refines the architecting processes considering not only engineered systems, but 
other architecture entities as well (enterprise, business, organization, solution, project, etc .). 

• ISO24641 provides a reference model for engineering systems by using models supporting: business 
analysis, operational analysis, function analysis, system structure design, system analysis, domain 
design integration and verification & validation. Depending  on where you are in the lifecycle of a system 
and what you are trying to achieve, you can make use of this reference model to structure your 
activities.  

• ISO19540 (UAF standards) formalizes the semi -formal SysML notation and provides an architectural 
framework that can be used as part of a model -based (enterprise) architecting approach.  

 
In general , standards support agreements on interfaces or protocols for businesses, consumers and 
governments. However , the standards shown in Figure 3 are also used for educational and certification 
purposes, in order to make sure that Systems Engineers and Architects worldwide speak a common 
language. This makes these standards relevant for tool vendors to invest in as w ell. Most commercial CASE 
tools not only support standardized notations like SysML, but also standardized frameworks like UAF.  

 
The m ain takeaway is that the use of standards might be an effective solution for sharing knowledge and 
solving communication problems, especially when stakeholders need to collaborate and require or provide 
each other’s  services. This can be a customer versus supplier interaction, but also intra - or inter -
organizational interactions (for example between a developer and a manufacturer). In the high -tech 
industry , it is a common practice to agree on domain - or organizatio n-specific ways of working and a choice 
whether or not to comply with Systems Engineering and Architecting standards. In other words, there is a 
balance between what to standardize and what to customize for Systems Engineers and Architects in the 
high -tech industry.  

 
To give some examples:  

1. In concept definition stage, models can be used for business analysis to identify opportunities for a 
business case or operational analysis to describe the (modified) use cases of a system. In other domains , 
it is good practice to align on business goals, organizational and system capabilities and their intended 
effects, as well as translating these needs into stakeholder requirements. Artefacts like concepts of 
operations (ConOps) and operational concept des criptions (OpsCon) have proven to be very useful for 
understanding the purpose of an enterprise or change in an organization or system.  

2. In system definition stage, models can be used for a (black box) functional analysis and (white box) 
system design and analysis, as well as specifying the system requirements for different domains designs. 
Artefacts like 'system level' architecture descrip tions, designs and specifications have proved to be very 
useful in conveying structure, behavior and design constraints for different engineering disciplines 
(electrical, mechanical, software, etc. ). Especially when organizations and projects grow globally  and in 
complexity, domains get more specialized, many disciplines are involved in engineering the system, and 
multi -layered communication is needed.  

3. Models created in the early lifecycle stages can be reused across subsequent lifecycle stages for tracing 
system requirements towards stakeholder requirements, performing impact analysis on changes and 
supporting verification & validation purposes. These m odels can even be used for building a digital twin, 
representing multiple configurations and implementations of a system in the field.  

 

Research questions  
What value can domain -agnostic SE/SA standards that are used in defense, (aero)space, infrastructure and 
other industries, bring to the high -tech industry?  

 
As input for this study, insights from the following projects and their research questions are considered:  

• Helix [9] - What does it mean for an individual or organization to be effective at systems engineering?  

• NXTGEN DASE - What is the Dutch approach to systems engineering?  

• ArchSkills [16] - What are the required systems architecting competencies in the near future?  

• Canvas - How to architect for sustainability and circularity?  

• INTERSCT  [10]  - How can safety and security of a cyber -physical system in an expanding system of 
systems landscape be ensured?  



 TNO Public   TNO 2025 R10116  

 TNO Public  

 

3. Industry drivers & challenges 
This chapter focuses on generic drivers and challenges for the high -tech manufacturing industry.  
 
In the manufacturing industry, there are two main approaches: original equipment manufacturing and 
original design manufacturing. Key difference lies in ownership and control of product design. An Original 
Equipment Manufacturer (OEM) produces the product based on specifications provided, and the buyer 
designs the product. An Original Design Manufacturer (ODM) designs and develops the product, and the 
buyer can customize it to meet specific needs. Supplier roles of an organization can be classified as: Mach ine 
Supplier, Solutions Provider, Maintenance Partner, Performance Partner and Value Partner [5].  

 
The business strategy of a supplier depends on where it is now, and eventually wants to be in the value chain 
of a business. This strategy should drive the product portfolio by identifying key qualities and differentiators 
from other suppliers. One of the trends in the high -tech industry is the desire (by the supplier) or demand (by 
the customer) for 'climbing the value chain' [2, 3, 4, 6]. In other words , changing from OEM towards ODM 
and/or provider of value added services.  

 
Architecting is used to describe fundamental concepts of a product (or product line) and guide design, 
realization and evolution of these concepts. A reference architecture might be used to guide product 
architecting, by connecting the business strategy, a nd intended market, ensuring that stakeholder needs of 
both customer and supplier are satisfied [12].  

 
Figure 3 shows a subset of stakeholder roles, organizations that may realize these roles, and actual 
organizations typed by these organizations.  

 

 
 

Figure 3:  Overview of industry partners and their position in the 
value chain  
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The high -tech industry partners of TNO -ESI can basically be classified as OEM's or ODM's. Most of them even 
provide value added services for operation and maintenance, and might even be responsible for 
performance during the operational lifetime of the pro duct. TNO -ESI as a knowledge partner of its industry 
partners, also provides value added services , for example in analyzing operational performance data of 
(legacy) products in the field or improving the development of new products by providing validated 
m ethodologies.  

 
Depending on the business actual organizations are in and roles they play (can be more than one), a specific 
strategy is needed to stay on top of their game. Basic examples of such strategies are: technical leadership 
(go for best product), customer intima cy (go for best relation) or operational excellence (go for best 
operational process or service). Being good at all three is hardly possible.  

 
Some examples: Machine Suppliers might try to reduce manufacturing costs by modularity and agreements 
with tier suppliers (go for a platform approach). Solution Providers might try to sell their products to new 
customers and extend the range of services th at can be supported by their machines. Suppliers that also 
have a stake in operation & maintenance of the product, will look into more effective operational scenarios 
and improved performance (for example: change from corrective or preventive to predictive  maintenance 
strategy).  

 

High -tech industry drivers  
In a way , the Dutch high -tech industry can be seen a system of systems or ecosystem , that also faces 
environmental, social and economic  challenges. In order to make sure the enterprise stays sustainable, a 
change of strategy might be needed as well.  

 
Most high -tech manufactures start as a technical leadership company in combination with customer 
intimacy and then at some point may have to make a transition towards operational excellence to stay 
ahead of competition when markets are getting more mature and margins are reducing . Generic (global) 
drivers would be the scarcity of resources, consisting of both people and materials; the environmental 
impact human made (engineered) systems have on the environment; and the international competition for 
acquirin g these scarce resources and supplying competitive solutions.  

 
Drivers for each specific organization within the enterprise differ and depend on the type of business and 
products and/or services provided and required within this business. To elaborate a bit on high -tech products 
and services, the analogy is drawn with  the seven samurai of systems engineering [8].  
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Figure 4:  The Seven Samurai  
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so does the amount of information/data exchange. For this reason , most organizations in the high -tech 
industry are 'vertically integrated' and work in close collaboration. The tight coupling between elements of a 
product, have resulted in choosing close collaboration and strategic partnerships across the supply chain 
over a more formal and contractual approach based upon (standardized) interface specifications. This 
approach was recognized in the DASE project.  

 

Challenges for original design manufacturers  
In general, s olution providers will go for customer intimacy to make sure there is a smooth transition 
towards newly provided services. This requires a sound knowledge about the operational processes and 
realistic  scenario's. The v alue the solution provider brings is more in this knowledge rather than the 
manufacturing of products. There even may be a shift at play, where commodities are provided by tier 
suppliers (even directly to the customer, e.g. to save on total costs of owners hip). Acquiring products via 
solution providers will not always be best for the project . Hence , in large complex infrastructure projects the 
customer will have a contracting strategy (D&B, DBFM or even DBFMO) and the supplier needs to have a 
supply/acquire  strategy for making or buying the product or its components.  

 

 
Figure 5:  Managing the variability challenge  

 
When in control of designing a product (system of interest), you can decide to either standardize or 
customize (commercialize) internal interfaces. However , there will always be external interfaces towards 
enabling systems you are not in control of. Solution providers and their customers might benefit from 
standards, but also here a trade -off is needed at system of systems level.  

 
As long as every specific solution has its own specific designer, there will never be standardized interfaces 
between constituent systems that make up a system of systems. The only way to solve this dilemma is by 
(international) collaboration between custo mers, suppliers and standard developers, focusing on common 
(enterprise) goals for standardization. There have been many initiatives on this in other domains (telecom, 
railways, automotive, process industry) from which high -tech industry can learn.  

 

Challenges for value added services  
A value -added reseller is a firm that enhances the value of third -party products by adding customized 
products or services for resale to end -users. Value -added resellers play a prominent role in the information 
technology (IT) industry, providing additiona l hardware, installation services, consulting, troubleshooting, or 
other related products or services on top of core products. Value can be added across the whole lifecycle of a 
System of Interest: during concept definition, system definition, system reali zation, operation & maintenance 
and system retirement.  

System solution contexts [ISO 15704]
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Figure 6:  Managing the digitalization challenge  
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change' , other competencies are needed than the traditional ones. Future practitioners of  digital engineering 
approaches should prepare for a steep learning curve.  

 
A ‘digital twin’ is often seen as the holy grail, but before you have a virtual representation of the realized 
system, you need to define your concepts and systems. These activities also result in models that need 
ownership. A digital engineering environme nt supports all modeling activities, where designers, builders, 
users, operators and business owners can collaborate and share their models, views and viewpoints. 
Standards provide methods for model -based systems engineering, that can help scope the right problem 
and solution space regarding the support of SE by modeling. There is commercial tooling available supporting 
such digital environments and standardized notations & methods.  

 
Note: When developing a complex system of systems , where multiple organizations are involved and many 
stakeholders might have an interest in the system (owner, user, operator, maintainer, integrator, builder, 
designer, ...), loss -driven qualities are the driver for system acceptance. For safety and secur ity, independent 
assessors take part in this acceptance process, but taking sustainability into account is rather new. 
Standardized (MB)SE approaches might offer opportunities for balancing a system of systems, by making 
sure that loss -driven qualities are  properly accounted for across the constituent systems that together make 
up this system of systems.  
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4. Opportunities for (MB)SE/SA 
Considering the  drivers for high -tech manufacturing , and challenges for OEM’s, ODM’s and value added 
service providers, multiple business goals and objectives per organization or ecosystem can be defined . 
Opportunities for (MB)S E/SA emerge e specially when ownership of products, services and value s change 
within the ecosystem , and organizations need to communicate and collaborate to manage these changes.  
 
Preliminary results/insights 

Suggest to look for opportunities related to:  

1. Developing a system of systems with clear enterprise goals for loss -driven quality (acceptance of SoS by 
multiple stakeholders f.i. by independent assessor)  

2. Decision support for product portfolio management (alternative trade -off analysis and variant 
selection/reduction)  

3. Acquisition/supply chain support (sharing information, data and models via a digital environment)  

 
Proposed Framework:  

1. Complexity Assessment: Develop a complexity assessment tool to evaluate the system's complexity 
based on various parameters , such as size, interconnectivity, dynamic behavior, and technological 
novelty.  

2. Categorization of Systems: Define categories for systems based on complexity (e.g., simple, moderate, 
complex, highly complex).  

3. Standardized Methodologies: For each category, identify and standardize a set of systems engineering 
methodologies that are most effective. This includes processes, tools, and techniques tailored to the 
complexity level.  

4. Implementation Guidelines: Provide detailed guidelines for the implementation of these standardized 
methodologies, including best practices, case studies, and potential pitfalls.  

 
Benefits:  

• Efficiency: Streamlined processes tailored to system complexity can reduce development time and 
resource expenditure.  

• Risk Reduction: Appropriate methodologies can help identify and mitigate risks early in the development 
process.  

• Quality Improvement: Standardized approaches ensure consistent application of best practices, leading 
to higher quality outcomes.  

• Scalability: The framework allows for scalable engineering practices that can be adjusted as the 
complexity of the system evolves.  

 

Different approaches to Systems Engineering  
As Systems Engineering is considered to be an enabler for successful realization, use and retirement of 
engineered systems, depending on its purpose a level of formality can be selected . 
 
Suggest to introduce three generic SE approaches for the high -tech industry:  

1. The informal approach to high -tech systems engineering (document based)  

2. The semi -formal approach to high -tech systems engineering (model enhanced/centric)  

3. The formal approach to high -tech systems engineering (model based)  

 

Implementation strategies for MBSE  
As Model Based Systems Engineering is considered to be the formalized application of modelling to support 
Systems Engineering, different implementation strategies can be selected . 
 
Suggest scenario's for:  

1. Transition from informal to semi -formal SE approach  

2. Transition from semi -formal to formal SE approach  

3. Transition from formal to semi -/informal SE approach (optional)  
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5. Study results   
This chapter summarizes the findings, preliminary conclusions, and recommendations for future initiatives 
towards digital engineering for managing a supply chain, product portfolio, services or stakeholder values. 
 

Findings  
Insights and observations based on the considered projects:  

• So far, no 'Dutch' approach to engineering high -tech systems has been identified in the DASE project. 
Only company specific ways of working for the development of low volume, high capital, and high 
precision machines. Every company has its own culture, and  often practices a pragmatic and human -
centric approach, rather than a systematic one.  

• Enterprise architecture and systems engineering processes , as defined in the ISO standards , are not 
recognized as such in the high -tech industry. So far, the DASE and ArchSkills projects have focused on 
individual SE roles and competencies rather than team roles and organizational capabilities. This is 
reflected in the way responsibilities are a ssigned to individual roles in flat organizations (the people -
oriented approach). The d ownside of this approach is that a lot is expected of people in terms of 
compe tency profiles (a need for more unicorns).  

• Of all 7 samurai, most of the focus goes to the product. There is no clear ownership within the 
organization for the other 6 systems. The MBSE study [15] shows that some companies have already 
started initiatives regarding a transition towards digital engineering. Planning such an initiative, model 
organization and arranging ownership for the different type s of models is an issue.  

• Because architecting focuses on the (technical) product, and not so much on the organization, or 
services provided by an organization, the link to business seems to be missing. Architecture is rather a 
result of evolution than driven by business (OPAB inst ead of BAPO). The Canvas project has identified this 
gap between enterprise and system architecture. The ArchSkills project [16] also identified the need for 
architecture governance and management, and did not see it as a responsibility for the architect.  

• The ArchSkills project identified overlap in the roles for the platform, systems and solutions architect. 
Awareness was created that each architect has another 'system of interest' and lifecycle to consider. 
Apparently the naming 'architect' has quite some  status and value in the high -tech industry. In other 
domains , there is a trend towards splitting roles and responsibilities differently towards a requirements 
owner, system designer, systems architect and system modeler.  

• It seems loss -driven qualities are becoming more important for the high -tech industry. This is reflected 
by the increased need for (cyber) resilience [11] and concerns about environmental impact. As learned in 
the Canvas project, often such qualities are a nalyzed in isolation (for a constituent system) and not from 
a 'system of systems' perspective. Other domains like railways, automotive and aerospace where 
systems of systems are more common might offer cross -over opportunities in terms of defining an 
engi neering approach.  

 
Note: Creating technical debt and having a legacy to support might be a consequence of the pragmatic 
approach to systems engineering. What defines an innovative environment? When should an informal and 
human -centric approach make a transition towards more formal and systematic approaches? Which 
approach fits which organization (small scale start -ups versus large and established organizations)? These 
are all strategic questions that might require enterprise arc hitecting and systems engineering.  

 

(Preliminary) Conclusions  
The high -tech industry way of working in the Eindhoven area has evolved towards highly specialized and 
organization -specific approaches. This amount of customization makes it difficult to scale and transfer 
domain knowledge quickly. People working in the industry typically tend to stay, because their in depth 
knowledge, experience and status will not be applicable in ot her domains. Job descriptions are more or less 
unique and as a consequence organizations have a hard time finding new people that can fill t hese posts.  

 
Retaining existing and developing the future workforce is impossible if there is no room to grow as a systems 
engineer. For this growth, being exposed to multiple domains and systems of systems challenges is 
considered to be a key ingredient [9]. The close d community in Eindhoven and specific approaches per 
organization makes it difficult to develop SE capabilities and grow as an organization. Professionals joining an 
organization first need to become familiar with all 'seven samurai', and for that depend h ighly on (implicit) 
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knowledge and experience of their colleagues [8]. The increased complexity of high -tech systems combined 
with the limits an individual can comprehend may require a change in the Dutch approach to engineering 
high -tech systems.  

 
Systems Engineering and Enterprise Architecting standards are expected to bring value to:  

1. TNO-ESI and its industry and implementation partners; by providing a reference framework for 
developing, implementing, and sustaining domain -specific  approaches to architecting and engineering 
high -tech systems  

2. TNO, academic, industry, and implementation partners, as shared discipline -specific  knowledge assets 
for (continuous) learning and knowledge management  

 
By adopting a generic approach to systems engineering based on the system complexity, the high -tech 
industry might become more successful in coping with its challenges. Tailoring of standards towards the 
domain should ensure that life cycle processes are e ffective, regardless of the system's complexity. Other 
domains have good and bad experiences tailoring these standards, both can be of value to the high -tech 
industry. For each organization , there will remain a specific balance between the level of standar dization 
versus customization, in order to improve efficiency, risks reduction, quality, and scalability.  

 
Quote: A framework is a logical structure for classifying and organizing complex information. In any given 
domain, a reference framework provides a common backplane for consistency, collaboration, sharing, and 
reuse. With an appropriate reference framework , the work of individual projects, programs, divisions and 
partners will be coordinated with just enough formality to ensure that the many moving parts can fit 
together when and where needed. [ISO IEC IEEE 24641] . 
 

Recommendations  
The PMC team Systems Architecting/Systems Engineering already identified some key areas of interest to 
collaborate on. Digital transformation (also described in Chapter 3) is considered to be an important enabler 
for developing complex systems of systems a nd product lines [6]. Many industry partners (TNO included) 
seem to struggle getting started with this transition. Difficulties are seen in defining the purpose, taking the 
lead, and organizing and allocating ownership of the different types of models.  

 
The following three industrial challenges are identified for which a model -based approach might bring a 
valuable opportunity when considering the high -tech domain:  

1. Improving system qualities and managing digitalization for value -added services in highly complex and 
adaptive systems (of systems) is a crucial challenge. Loss -driven qualities like safety, security, and 
sustainability are increasingly becoming critical d rivers for upgrading these systems to stay competitive. 
Loss -Driven Systems Engineering  (LSDE) approaches can provide opportunities addressing this challenge.  

2. Managing variability for solution providers of complicated (sub)systems and platform modules involves 
balancing standardization and customization to meet diverse customer needs while maintaining 
efficiency and scalability. Product Line Engineering  (PLE) approaches can provide opportunities to achieve 
this balance by enabling systematic reuse of core assets and facilitating the management of product 
variations.  

3. Managing integration for machine suppliers with well -defined system elements is still an ongoing 
challenge, especially when it comes to supporting design, make, or buy decisions and organizing systems 
engineering within the supply chain. Requirements Engineering and Management  (RE&M) approaches 
can provide opportunities to streamline these processes and ensure successful integration.  

 
In order to evaluate an approach to SE/SA that addresses a challenge like described above, a scope needs to 
be defined. Are we only considering the architecting part, or do we also look at design and integration 
activities? And to what extent are managemen t and governance activities part of the approach? The ISO 
15288 standard provides a framework for all these lifecycle processes. This framework can be used to 
structure the activities we want to include in each approach. The intention is to define an infor mal, semi -
formal and formal approach for each challenge and test it out for a simple, complicated and complex 
system , respectively . At some point , the amount of information to be managed during the lifecycle of such a 
system will become so much, a transition towards a more formal approach is needed to collaborate in an 
effective way.  

 
Recommendations:  

• Agree on the scope of each approach and what to use as a reference  

• Make sure to have representative cases for each challenge and associated domain experts available  
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• Make sure to have a digital environment and associated modeling experts available for evaluating the 
(semi) formal approaches  

• Start testing the approaches for simple systems, and then continue to more complicated and complex 
systems, while continuously evaluating and updating the approaches.  

• Prepare for a steep learning curve. Break down the work in small steps and take an iterative approach.  

• Learning by doing is essential in overcoming the steep learning curve associated with the more formal 
model -based approaches. Make sure to have an MBSE expert onboard to intervene if necessary.  

 
By progressively building knowledge and skills, integrating tools and processes, and fostering a culture of 
continuous learning and improvement, a team can effectively master MBSE and leverage its benefits for 
complex architecting and design challenges. By  integrating systems engineering standards into each phase 
of the learning and implementation process, the team can ensure consistency, reliability, and interoperability 
in their MBSE efforts.  
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Glossary 
 

Term Type Meaning 

Business Organizatio

n 

An organization engaged in the trade of goods, services, or 

both to consumers. 

Complex System System A complex system has elements, the relationship between the 

states of which are weaved together so that they are not fully 

comprehended, leading to insufficient certainty between cause 

and effect. 

Complicated System System A complicated system has elements, the relationship between 

the states of which can be unfolded and comprehended, leading 

to sufficient certainty between cause and effect. 

Digital Twin Model A digital twin is a related yet distinct concept to digital 

engineering. The digital twin is a high-fidelity model of the 

system which can be used to emulate the actual system. An 

organization would be able to use a digital twin to analyze 

design changes prior to incorporating them into the actual 

system. 

Model Entity An abstract representation of an entity or collection of entities 

that provides the ability to portray, understand or predict the 

properties or characteristics of the entity or collection under 

conditions or situations of interest. 

Model-based systems 

engineering 

Entity Model-based systems engineering (MBSE) is the formalised 

application of modelling to support systems engineering (SE) 

throughout the whole life cycle of an System of Interest (SoI). 

MBSE is a subset of digital engineering (DE). MBSE supports 

the SE activities of requirements, architecture, design, 

verification, and validation. These models would have to be 

connected to the physics-based models used by other 

engineering disciplines such as mechanical and electrical 

engineering. 

Organization Entity A group of people and facilities with an arrangement of 

responsibilities, authorities and relationships. 

Process Entity Set of interrelated or interacting activities that transform inputs 

into outputs. 

Product Entity Output of an organization that can be produced without any 

transaction taking place between the organization and the 

customer. 

Project Entity An endeavor with defined start and finish criteria undertaken to 

create a product or service in accordance with specified 

resources and requirements. 

Service Entity Output of an organization with at least one activity necessarily 

performed between the organization and the customer. 

Simple System System A simple system has elements, the relationship between the 

states of which, once observed, are readily comprehended. 

System Entity Arrangement of parts or elements that together exhibit a stated 

behaviour or meaning that the individual constituents do not. 
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