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Systems of Systems and Complexity

“emergence is noted as a common characteristic of SoS particularly in SoS composed of
multiple large existing systems, based on the challenge (in time and resources) of
subjecting all possible logical threads across the myriad functions, capabilities, and data of

the systems in an SoS.

.... there are risks associated with unexpected or unintended behavior resulting from
combining systems that have individually complex behavior. These become serious in cases
which safety, for example, is threatened through unintended interactions among the
functions provided by multiple constituent systems in a SoS.”

https.//www.sebokwiki.org/wiki/Systems_of Systems_(S0S)
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SoS Complexity

Pain Points

SoS Authority Leadership

What are effective . What are the roles and
collaboration patterns m characteristics of effective
in SoS? SoS leaders?

Capabilities & Constituent
Requirements ' Systems

How can SE address SoS 1§ Y ¥ @  Whatare effective approaches

capabilities and . 7 to integrating constituent
requirements? ) systems?

Testing,

' N U2 oo d Autonom /,
Validation & o % > : y ";{r Interdepender cies &
Learning _tZ - = Emergence

How can SE approach X, SN How can SE ac Jress
SoS validation, testing, the complexiti :s of

and continuous learning interdependenci :s and
in SoS? SoS Pi'nciples emergent beha siors?

What are the key SoS thinking
principles?

INCOSE

MITRE

Taming Complexity:
A System of Systems
Challenge

Complex Adaptive Systems Conference

Baltimore, MD
November 2011
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Technical Complexity Across Systems

Diversity in system concept, design, control
structures, data syntax, semantics.....

User/Stakeholder Complexity

Independent system owners and stakeholders
with their own goals, objectives, motivations......

SoS Development Complexity

Taming Complexity:
A System of Systems
Challenge

Complex Adaptive Systems Conference

Complex Operatlonal Dynamlcs

Dynamics of asynchronous development
MITRE

Dynamics of independent operations
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Addressing SoS Complexity
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Where others see
complexity, the person
of action sees the thing
that needs to be done.

Michael Lipsey

Taming Complexity:
A System of Systems
Challenge

Complex Adaptive Systems Conference

Baltimore, MD

Time to go beyond “observe” -- admiring the problem



Partnership with Complexity Working Group

29 AT INCOSE

Orlanda, FL, USA

Appreciative Methods Applied to the Assessment of
Complex Systems
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A. COMPLEXITY THINKING: GUIDING PRINCIPLES

Table 1. Candidate appr address complexity in problem context or environment.

Think like a gardener, not a watchmaker.
Combine courage with humility.

Take an adaptive stance.

Use free order.

Identify and use patterns.

Zoom in and zoom out.

See through new eyes.

Collaborate

Achieve Balance.

Learn from problems.

. Mega-cognition.
. Focus on desired regions of outcome space

rather than specifying detailed outcomes.

. Understand what motivates autonomous

agents.
Maintain adaptive feedback loops.

Guiding Principles Candidate Approaches

Complexity WG offers foundational material to address SoS Complexity



INCOSE SoS & Complexity Project

Apply Complexity concepts to address Systems of Systems Complexity Challenges

Practical application of

INCOSE

e Complexity dimensions

* Guiding Principles for
complexity thinking
* Candidate approaches

to addressing
complexity
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Appreciative Methods Applied to the Assessment of
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Complex Systems

Practical approaches to
e identifying
* understanding
 addressing

Systems of systems
complexity
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Guiding Principles to Complexity
Thinking Applied in Systems of Systems

{uicing Prirciples to Complexity Thirking Ederanore 1o 505

First step was to recognize and understand
how complexity dimensions and principles

- apply to SoS and why

MITRE 1




How Do These Complexity Concepts
Apply in Context of Selected SoS?
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Operationalising our Knowledge of Complexity

Distinguishing Characteristics of SoS
(Gorod et al, 2008)

System of Subsystems

Taxonomy to Guide SoS Decision

Use these ideas to CIaSSify Making (DeLaurentis et al., 2011)

System of Systems

the class of SoS challenge
and use this knowledge to

direct practice
The latter is facilitated

through the development

of a discipline

Stephen Cook

MITRE

COMPLEX

Cause and effect are only
coherent in retrospect
and do not repeat

Pattern management
Perspective filters

Complex adaptive systems

Probe-Sense-Respond
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CHAOS

No cause and effect
relationships perceivable

Stability-focused
intervention

Enactment tools

Crisis management
Act-Sense-Respond

Flood and Jackson’s Total
Systems Intervention (1991)

Kurtz and Showden’s
Cynefin Domains (2003)

KNOWABLE

Cause and effect
separated over time
and space

Analytical/Reductionist
Scenario planning
Systems thinking

\Sense-Analyze-Respond

Cause and effect relations

I repeatable, perceivable
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Legitimate best practice

Standard operating
procedures

Process reengineering

Sense-Categoriz p SystemType
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Identifying the Class of SoSE Challenge
(Mitre 2011, Stevens 2011%)

Traditional program domain
Well-bounded problem
Predictable behavior
Stable environment

Systems engineering across
boundaries

Influence ys. a

Messy frontier

Political engineering (power,
control..)

High risk, potentially high reward
Foster cooperative behavior

Stevens R. 2011, Engineering Mega-
Systems, ISBN 978-1-4200-7666-0,
CRC Press.

Conformance Independence

Decentralization

Platform-Centric Connsetivity

Homogeneous Heterogeneous
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Next Steps



