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Systems Thinking vs Reductionist Design?
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Requirements-Driven Systems and Systems Thinking
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The interaction between elements is the "key" system concept (D. Hitchins, 2009).

System

The focus on interactions and holism is a push-back against the
perceived reductionist focus on parts and provides recognition that
in complex systems, the interactions among parts is at least as important as the
parts themselves (SEBoK, 2019).

An arrangement of interacting parts
or elements that together exhibit
behavior or meaning that the
individual constituents do not,
organized to achieve one Or MOTe (| u—— ———— Systems Thinking

stated purposes. ‘ Requirements Understand and analyze system behavior and
interactions holistically.

The stated purposes thai
System must achieve. Capture and exploit Regularity/Patterns.

Capture and exploit Emergent system behavior i

All actions must be driven _
: the sum behaves differently than the parts.

| éa sensibility for the s
that gives systems their unique character
(Senge, 2006).

/&afas Thinking in Systems, Donna H. Meadows
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& A ETERE 2019 SEBoK: Systems Engineering Body of Knowledge (sebokwiki.orq)


https://www.sebokwiki.org/wiki/Guide_to_the_Systems_Engineering_Body_of_Knowledge_(SEBoK)
https://www.sebokwiki.org/wiki/Holism_(glossary)
https://www.sebokwiki.org/wiki/Reductionism_(glossary)
https://www.sebokwiki.org/wiki/Complex_(glossary)

Systems Terms 1 in a Word
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Systems Thinking
understand MBSE

represent

System Architecture
organize

Credits . .
Dave Long, Vitech Systems Engineering
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Ramifications '\ Risks

I Loss of Life
Future RIsSks Non-Optimal Products Catastrophic Failures
: ’ Missed Opportunities
without . =
{ Liability
enablin g Inaccurate Conclusions Regulatory Actions

Operational Shutdowns

PervaSI\le J Delays / Missed Deadlines
'l
Systems . Wrong Design Simulated Cost Overruns

Thinking Risks compounded by:
/ System Complexity & Emergent Behavior
Multiple Disciplines not in alignment



Pervasive Systems Thinking: Challenges

Global Product Data Interoperability Summit | 2019

A Small pool of Systems Thinkers
A Not all systems engineers are truly systems thinkers
A Most engineers are not trained in systems engineering

A Ingrained practices
A Focus on reductionist organizations and practices
A Why should an expert finite element analyst have to worry about emergent system behavior?

A Disconnected multidisciplinary processes
A Disciplines handled separately; brought together in an ad hoc manner and by physical testing

A Experts and data in silos
A Blind men and elephant analogy; understanding of holistic/emergent system behavior is lost
A Data are not managed and accessible across the enterprise; incomplete enterprise-level data

A Multiple/Incompatible tools
Challenges compounded by Multidisciplinary Products

Aaras and Use of Machine Learning and Al in Design
P EHEEY2019 p—




Requirements-Driven Everything!
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Are we designing the correct product?
Are we building the correct product?
Can we trace Requirements to all cross-discipline artifacts

' validation

Application
Requirements-Driven Platform Approach

Requirements & . System ) ; ; :
- (F m A Connect all engineering data and processes using

Requirement : .
eq:;:::ns Architecture A Subsystems ~_Jgi 1

Requirements-Driven enterprise Digital Thread

A Enable change impact analysis across disciplines

Requirements A Enable closed loop V&V of Requirements

Management
embedded in
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Interdisciplinary Collaboration with Systems Models f?%a’as
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When systems models sit at the
center of designs, they become
the connective tissue

The Digital Thread runs through them
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Seamless Integration
Systems Modeling to 3-D Simulation
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Verification & Validation

Need for

Simulation

Increasing T = Materials Advancements & Additive
Rapidly )

Design Space Exploration
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