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Setting

Guaranteeing runtime qualities of SoS is complex due
uncertainties (systems detach at will, resources change, etc.)

Self-adaptation enables a system to adapt itself to achieve
particular quality goals in face of uncertainty and change

State of the art self-adaptation centralized and hierarchical
solutions, which are not applicable to SoS



Proposal

3 architectural styles for self-adaptation in SoS

- Decentralized control with increasing levels of
knowledge sharing and collaboration

- Challenge of guaranteeing properties that span
multiple systems of SoS
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SoS

An assembly of components which
individually may be regarded as systems
[Maier ‘98]
Two key characteristics

Operational independence

Managerial independence
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Control-based approach
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SoS as a managed system

No single entity with knowledge/
authority to adapt systems of SoS

Adaptation is decentralized
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Local adaptations style
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Local adaptations style

Design local feedback loops

Feedback loops interact indirectly
Sensitive to side effects/emergent behavior
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Regional monitoring — local adaptations
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Regional monitoring — local adaptations

» Feedback loops share information loops
» Create dependencies
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Collaborative adaptations style
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Collaborative adaptations style

» Feedback loops adapt collaboratively
* Increased dependencies



A key challenge

How to guarantee properties that span multiple systems
of SoS?

Beyond correctness by construction
Runtime analysis & verification
Learning approaches

Control theory, e.g., stability analysis
Guarantees with arbitrary interactions = open problem

Complex systems theory, e.g., entropy

System architects versus SoS architect



Wrap up

Self-adaptation as a means to separate concerns
to mitigate uncertainty

Three styles provide increasing degree of
knowledge sharing and collaboration

Design power vs. increased dependencies

Key challenge: provide guarantees of properties
that span multiple systems of SoS
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