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Summary from MBSE Forum -MBSE Beyond SysML
The MBSE Forum Seminar/Workshop “MBSE Beyond SysML” were divided into 2 topics together with a related presentation. 3 different predefined questions per topic were given to the forum and the questions were then answered in a workshop, with the participants divided into groups. The answers were groupwise and orally presented for the forum.
Below is a summary of the answers made by Copilot. The original notes can be found in the end of this summary.

Topic 1: The Architecture of MBSE
Presentation: Excuse me Sir/Madam – which model
Presenters: Dr. Erik Herzog, Dr. Robert Hällqvist, Dr. Johanna Wallén Axehill, Erik Rosenlund PhD student
Abstract: Development of complex systems through the application of Model-Based Systems Engineering (MBSE) will require the creation and maintenance of multiple models, created using multiple languages. Hence, structuring the models such that there is efficient support for incremental development requires some foresight. Having models with multiple or unclear purposes may introduce situations where parts of the organisation will ask for modification for representing a desired future system state, whereas other parts of the organisation require it to remain unchanged in order to represent the present state. This paper introduces a structure with associated terms and characteristics of the different model types in order to provide guidance to an organisation. In particular, it extends previous work on model tenses, capturing different time perspectives/purposes on the models, to also include model usage for keeping track of the actual state of a realised system instance. For example, the concepts of Digital Twin and Digital Shadow are discussed and conceptualised. As such, the contributions made in the paper allows an organisation to reason about the completeness of their modelling methodology and its applicability to support incremental development. Above all, the paper spells out clearly that for a complex heterogeneous system, any request for an update to “the model” will prompt the response “Excuse me Sir/Madam, which model?”.


Questions/Answers:
1.1. What does the overall model landscape look like.
- Does the proposed framework align with your needs and experiences?
One‑sentence summarized answer
The model landscape is fragmented, domain‑dependent, and often unclear, and while the proposed framework is generally seen as helpful and promising, it must better support cross‑disciplinary integration, interface modelling, abstraction layers, safety/SoS/PLE concerns, and alignment with established frameworks to fully meet the groups’ needs.
Summary with reasoning
· Uncertainty and fragmentation: 
· Group 1 said the landscape is “unknown.”
· Group 2 Digital landscape is a model landscape, described deep silos, limited breadth (different disciplines, domains), poor context, and little early traceability.
· Group 3 emphasized that different industries see different landscapes and that key concerns (safety, SoS, PLE) cut across multiple models.
· Framework reception: 
· Group 4 liked the framework, especially separating interface models to reduce complexity.
· Group 5 called it “fantastic,” contrasting it with the usual “one model to rule them all.”
· Group 2 & 3 noted that it is useful but not the whole picture and must relate to existing frameworks like UAF/NAF and ADL‑based multi‑layer modelling.
· Cross‑cutting concerns: 
· Interface modelling, abstraction layers, safety arguments, SoS/PLE modelling, and design rationale all need explicit support.
· Implication: 
· The framework aligns directionally but requires extensions and contextualization to truly address the full landscape.
· Experience Gaps: 
· Several groups admitted they primarily work in the "architecture and design" corners of the framework and often have limited knowledge of how their models are used in later implementation or realization stages.
· Current State of Chaos: 
· Participants described a "chaos" where models exist everywhere but their connections and overlaps are often poorly understood. Some groups noted that many companies currently rely on "one model to rule them all," which often performs poorly because it tries to incorporate too much complexity.
1.2. What is your preferred approach for capturing model purpose and credibility?
One‑sentence summarized answer
Model purpose and credibility should be captured through clear, context‑dependent, stakeholder‑aligned purpose statements embedded in the modelling process and supported by concise documentation (e.g., a purpose or “model manifest”) explaining what questions the model answers and how its validity is established.
Summary with reasoning
· Purpose must be explicit and context‑driven: 
· Group 1: Purpose is hard to define without landscape clarity.
· Group 2: Purpose must be documented, model must answer specific questions, and credibility comes from purpose‑driven modelling; suggested a purpose report/manifest.
· Group 3: Purpose comes from the process and is quality‑assured.
· Group 4: All stakeholders must agree on the purpose, and credibility = value + transparency + participation.
· Group 5: The framework can help define purpose; a higher‑level concept model is desired.
· Common themes: 
· Purpose needs to be documented,
· aligned across stakeholders,
· embedded in the modelling method/tool, and
· tied to credibility through validation and value.
· Inherent Purpose: 
· Ideally, a model should be designed so that its limitations and intended use are contained within the model itself, preventing it from being used incorrectly.
· Credibility through Inclusion: 
· To build organizational credibility, it is crucial that all stakeholders feel represented in the model and empowered to contribute to it.



1.3. Are there adequate mechanisms for maintaining configuration control for the complete model set?
- Traceability between model types, and between model and system? (e.g. analysis architecture model and system architecture)
One‑sentence summarized answer
Current configuration control is inconsistent and often limited to individual models or projects, and effective landscape‑level control requires stronger governance, clearer ownership, improved traceability across model types and to system artifacts, and mechanisms that handle secrecy, interfaces, and varied organizational maturity.
Summary with reasoning
· Challenges across all groups: 
· Group 1: Traceability is key, but secrecy may prevent consolidating all data into one “landscape.”
· Group 2: Managing a single model is OK; managing a model set is difficult and requires ownership, portfolio perspective, interface coverage, and informed decision‑making.
· Group 3: Traceability challenges especially across model types and to system architecture.
· Need for "Policing": 
· Because manual updates are often forgotten, participants emphasized the need for automated checks and "policing" to ensure that as subsystem designs evolve, they remain aligned with the higher-level architecture.
· Open Standards vs. Tool Locking: 
· Most groups agreed that open standards and interfaces (such as SysML v2 and SSP) are essential to maintain connectivity between different model types without forcing every team into a single proprietary tool.
· The Risk of Automation: 
· While automation is desired, participants cautioned against automatically propagating changes from the architecture level directly into implementation. Since architecture is forward-looking and realization is present-tense, forced updates could break current working configurations.
· 

Topic 2 – V&V, Simulation and MBSE
Presentation: Early Validation & Verification in Model-Based Systems Engineering
Presenters: Dr. Johan Cederbladh
Abstract: Abstract: This presentation will discuss the role of simulation for early V&V in the context of model-based systems engineering. I summarize some relevant findings from my PhD thesis work on this very topic, and provide a few examples of how simulation can be integrated into MBSE, and what challenges exist in this context in addition to enables. The existing research offers an academic look into these concepts and provides a starting point for industrial integration of simulation as a driver during early MBSE stages.
Questions/Answers:
2.1. What is required to trust a simulation in your context?
One‑sentence summarized answer
A simulation is trusted when its purpose, assumptions, parameters, data fidelity, validation evidence, traceability, and limitations are clearly defined and consistently demonstrated against real or reference behaviour.
Summary with reasoning across the groups
Groups converged strongly on what drives simulation trust:
· Purpose and expected behaviour:
· Group 1: Check that the model makes sense, gives repeatable results, and matches reality.
· Group 2: Trust depends on what is captured, inputs vs. outputs, and known scenarios.
· Validation and credibility measures:
· Group 1 directly described validation steps.
· Group 2 listed credibility measures, sensitivity analysis, expert knowledge.
· Traceability to architecture and requirements:
· Group 3 emphasized traceability from static models to simulation models and “requirements observers.”
· Data quality and stakeholder understanding:
· Group 2 and 4 stressed system knowledge and model comprehensibility.
· Trusted references:
· Group 5: Need traceability to a trustworthy source, not just to old models.
Together, trust emerges from purpose clarity, validation, data quality, and traceability to established system knowledge or system reality.

2.2. What is the difference between a design/analysis model and the system architecture model?
One‑sentence summarized answer
A system architecture model defines the system’s structural elements, relationships, and constraints at a higher level, whereas a design/analysis model provides detailed, purpose‑specific behavioural or performance insight to support decisions.
Summary with reasoning across the groups
Groups consistently differentiated the two model types:
· Abstraction and detail:
· Group 1 & 2: Architecture = high-level, communicative structure; analysis = detailed and outcome‑oriented.
· Purpose-driven distinction:
· Group 3: Architecture is based on system requirements; Design/Analysis architecture is driven by the decision-making purpose.
· Structure vs. behaviour:
· Group 5: Architecture model = objects and structure; Design/Analysis model= behaviour, states, events.
· Problem space vs. solution space:
· Group 4: Architecture models explores system trade space; Design/Analysis models is more tightly coupled to concrete solutions. Problem space/Solution space.
Across all groups, architecture sets the context, while analysis models explore deeper behaviour or compute results for specific questions.

2.3. How can you reason about what simulation model is appropriate in a decision‑making context?
One‑sentence summarized answer
Choosing the right simulation model requires aligning its purpose, fidelity, assumptions, scenarios, and traceability with the decision at hand, while making limitations and required data explicit.
Summary with reasoning across the groups
The groups emphasized decision‑driven model selection:
· Start with purpose and decision needs:
· Group 1 & 5: Model choice depends on purpose and required scenarios.
· Group 2: Tie model to decision impact—important decisions → higher fidelity.
· Formalize the reasoning:
· Group 3: Suggested creating explicit use-cases, prioritizing by risk, and translating them into simulation model requirements with acceptance criteria.
· Consider assumptions, facts, and uncertainties:
· Group 4: Distinguish between facts, assumptions, and speculations.
· Match fidelity and boundaries:
· Group 2: Understand relationships, frames, critical activities; ensure the right fidelity.
· Traceability and trusted reference:
· Group 5: Ensure scenarios and requirements align to the simulation model’s source of truth.
In summary, the “appropriate” simulation model is the one that best fits the decision’s purpose, fidelity needs, traceability requirements, and risk level.


Notes from the workshops
Topic 1: The Architecture of MBSE
Presentation: Excuse me Sir/Madam – which model
Questions
1. What does the overall model landscape look like?
– Does the proposed framework align with your needs and experiences?
2. What is your preferred approach for capturing model purpose and credibility?
3. Are there adequate mechanisms for maintaining configuration control for the complete model set?
– Traceability between model types, and between model and system? (e.g. analysis architecture model and system architecture)

Answers
Group 1
1. They agreed on that the modelling landscape is quite unknown
2. Which question should it answer (hard to do without knowing the landscape)
3. Much about traceability, but is it possible gather all data in a “Landscape” depending on secrecy?
Group 2
1. Digital landscape is a model landscape, lack of breadth(over disciplines and domains), more of depth(silos). Digitizing and interface of data. There needs to be A framework. Framework is relatable but not necessarily the whole picture. Models are everywhere but not really traced or viewed together. Figuring out traces of models late rather than early. Models are not put into context sufficiently. Model landscape is just not the system model.
2. Purpose is dependent, context dependent to steer purpose of models. Process related. Why do we need the model? The Model need to answer specific questions. Viewpoint needs a clear purpose, preferably in the language/tool/method itself. Purpose driven modelling for credibility. Need to document the purpose(report), manifest for the model.
3. Configuration management, tricky to answer. Model, OK. Model set, tricky. Landscape requires broad mandate and responsibility. Knowledge is needed; data is not enough. Interfaces are important to cover the borders of models in the landscape. Ownership of data/information, views. Data usage must be known, each use is not equal. Portfolio perspective. Decision somewhere for how information should be seen. Tailoring is needed.


Group 3
1. Had different backgrounds (Automotive, Space, Software) and see different landscapes.
Maybe, Sometimes the cake need to be cut in a different way in order to capture the design decisions made in between proposed model in this framework.
Safety arguments tend to cut across multiple models which can be difficult.
Often SoS and PLE issues need to be captured formally in models . We can't judge if this has been considered.
The framework also is dependant on how many layers of abstractions are needed. Automotive typically build models capturing information cutting multiple abstraction layers using Architectural description languages (ADL)
Modelling is also about documenting knowledge, why certain designs look the way they do, this might suffer if models are partitioned.
We are also curious to how this relates to Frameworks like UAF/NAF
2. - (no real answer) Processes determines the purpose of the model and is Quality assured for said purpose.
3. Traceability between model types, and between model and system? (e.g. analysis architecture model and system architecture)
Group 4
1. Liked the proposed framework. Different ways of describing, but same purpose. Breaking out the interface model to make a new, makes sense, avoiding complexity in other models and focus on black box parameters.
2. Purpose of the model is very important and that all that will be involved in the model agrees on this. Credibility: That the model brings value, makes complexity easier to analyse and view. It is also very important that the organisation that will use/be involved feels that they can contribute and represented.
3. The maturity of modelling varies a lot between the participating company and the need for modelling och configuration management across the product line.
a. SAAB Kockums is very much a project driven company. Very much of the way of working is set by the project. Each project develops its configuration and delivers upon that, but has recognised the need to accelerate configuration control but mostly on the production side.
b. SAAB Surveillance: Getting more in to line engineering and have variance control in DOORS but have no traceability between models
c. AFRY working FMV has connected the requirement and the models.
d. General note: Julian have worked with customers with quite connected models/structures, (Joachim notes “and to maintain this a configuration control is essential. “)



Group 5
1. The Framework looks fantastic, normally there is “one model to rule them all”.
2. It’s possible to use the framework to define the purpose.
Would like to see a concept model for the framework (a paper under work...).
3. The purpose can be used as support for Configuration Management.

Topic 2 – V&V, Simulation and MBSE
Presentation: Early Validation & Verification in Model-Based Systems Engineering

Questions
1. What is required to trust a simulation in your context?
2. What is the difference between a design/analysis model and the system architecture model?
3. How can you reason about what simulation model is appropriate in a decision-making context?

Answers
Group 1
1. Three step approach:
a. Does it make sense (right parameters in the set?)
b. Do we get the expected result, every time?
c.  Does the result mimic the result we get in reality? -> Model/simulation validation.
2. It depends...
System Architecture model: Less details in Architecture model. Made to communicate something.
Design/Analysis model: The model is expected to provide an outcome/result. Analysis model needs perhaps more context to yield a result.
3. Depends on the purpose. A model/simulation is made for that intent/purpose.



Group 2
1. A bit philosophical how do you define trust
a. What is Captured?
b. Input vs output
c. Known scenarios
d. Sensitivity analysis
e. Credibility measures
f. Visualisation to understand result(understandable)
g. System knowledge
h. Expert knowledge
2. System Architecture model: contains main components and relations, principles high level map.
Design/Analysis model: More detailed, trying to find a design from the proposed architecture.
3. Depending on the decision
Understand relationships, identify frames, main needs, critical activities
Understand decisions, input of data to decision.
Need a “Trustworthy” model.
Important decisions need high fidelity
Group 3
1. All in all, many things as described in for example NASA standard 7009; however, the group discussion focused on traceability aspects. Experiences identified traceability from “Static model” (analysis architectures expressed in for example SysML) to system simulation models (Simulink, Modelica etc.) as important. 
Furthermore, the capability to trace product requirements all the way to product realization and utilization (software) by means of “requirements observers” where identified as important
2. We decided to focus on the difference between “architecture” and “analysis architecture” if adopting the nomenclature of the Saab/Boing framework.
In that context, the difference lies in the purpose/decision-making activity that is driving the analysis architecture. The system architecture is formulated based on the requirements of the system. In contrast, the analysis architecture is intended to represent selected aspects of the system architecture while supporting the sought purpose of the simulation.
3. The group had experiences where unstructured engineering judgement and group reasoning resulted in implicit requirements on an analysis architecture and corresponding design/analysis models. 
We reasoned that there could be value in making this process explicit and more formal. This could be achieved by means of quantifying the simulation purpose through the formulation of use-cases. These use-cases should be prioritized with respect to risk. Furthermore, if needed, the coarse use-cases could be broken down into fine-grained requirements on the simulation model with acceptance criteria to simplify, for example, V&V and credibility assessment.



Group 4
1. Greenfield / Brownfield
Knowledge about the actual system. Hard to say anything before testing the actual system.
2. Architecture to agree on the system, explore the trade space
Designed is more coupled
Problem space/Solution space
3. Facts/Assumptions/Speculations
Understand our decisions
Group 5
1. Traceability to a trustworthy source/reference to know that the simulation model is consistent to what is known. Not only to relay on old models (need to know its trustworthy).
2. If you just look at the presented framework.
System Architecture model: Definition
Design/Analysis model: Design
From our discussion.
System Architecture model: Objects with structure, but without behaviour
Design/Analysis model: Behaviour, states and events
3. It depends...
Need to have and know about the “right” set of requirements and scenarios for that particular simulation model.
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