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The Challenge of System-of-Systems: 
FROM DEFINING THE PROBLEM TO SHAPING 
THE SOLUTION ARCHITECTURE
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How can established MBSE processes be adapted and scaled to 
support the development of System-of-Systems?
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Definitions
What is a System-of-Systems? 
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Constituent System “A system-of-systems (SoS) is a 
collection of independent systems, 
integrated into a larger system that 
delivers unique capabilities.” [1]

Distintinguishing Criteria [2]: 
1. Operational Independence
2. Managerial Independence

[1] INCOSE, SoS Primer

[2] Maier, Mark W. (1998): Architecting principles for systems‐of‐systems. In: The Journal on International Systems Engineering 1, S. 267–284.
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Overview of the Methodology
From a Problem to a Solution
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Application Case: 
Wildfire Fighting SoS



SoS Problem Definition 
Process Overview 
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SoS Problem Definition 
SoS Context and Existing Systems

Geographical and Urban Context of Andalusia

▪ Mediterranean climate with extreme summer 
conditions

▪ Large, topographically heterogeneous territory

▪ Extensive wildland-urban interface

▪ Critical civil and economic infrastructure embedded 
in fire-prone areas

Existing Infrastructure Landscape 

▪ Established aerial firefighting support infrastructure

▪ Regional wildfire brigades

▪ Fixed-wing firefighting aircraft
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Source: ©Adobe Stock/Tandem Stock



SoS Problem Definition 
Modification of the Meta-Model
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[1] R. Carson, Implementing structured requirements to improve requirements quality, INCOSE IS, 

Seattle, WA, 2015



Problem Definition and Specification
Stakeholders and Needs
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Stakeholder Overview

Needs Definition



SoS Problem Definition
Operational Scenarios
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SoS Problem Definition
Required Capabilties
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Capability Requirements



SoS Problem Definition
Capability Requirements
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Capability

(derived from Stakeholder Need) Condition

(derived from Scenario Descriptions)



SoS Problem Definition
Performance Requirements
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Performance Requirements



SoS Problem Definition
Performance Requirements
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Capability

(derived from Stakeholder Need)

Condition

(derived from Scenario Descriptions)

Parameter

(derived from KPIs/KVIs/business model)



Overview of the Methodology
From a Problem to a Solution
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Capture the current system-of-systems, 

capabilities and derive desired capabilities

SoS Problem Definition

Support decisions about system 
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Decision-Making

Define what the SoS architecture is, capture the 

architectural decisions

SoS Architecting
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SoS Architecting
Process Overview
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SoS Architecting
Architectural Design Space
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Quantities of Interest for 
Evaluation 

Choices on Tactics

Evaluation can proof if Performance 

Requirements are met
Choices on Composition + Number of Vehicles



SoS Architecting
Automated Design Space Evaluation
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Evaluation Tool 

(Agent-Based Simulation Tool 

„SoSID Toolkit“)

Architecture Generator

Rule-based translation



SoS Architecting
Automated Design Space Evaluation (DEMO)
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SoS Architecting
Architecture Selection
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Choices on the 

vehicles involved 

in firefighting and 

the chosen tactics



Conclusion and Outlook
Challenge of System-of-Systems
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Summary
How can established MBSE processes be 
adapted and scaled to support the 
development of System-of-Systems?
• Solution-agnostic processes for SoS 

problem definition and SoS architecting
• Implementation with selected MBSE 

tools and evaluations tools

Next Steps
• Shift to System-of-Systems Engineering 

requires evolutionary thinking in SoS 
architecting (in contrast to SE)

• Desicion-making requires consideration 
of distributed ownership of constituent 
systems
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