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Å The proposition that complexity generally increases with evolution seems 

indisputable. 

Å Energy rate density is a single, measurable, and unambiguous quantity uniformly 

characterizing Natureôs many varied complex systems, potentially dictating their 

natural selection on vast spatial and temporal scales.

Self-organizing Complexity



Growing Levels 

of System 

Complexity
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Classical Systems 

Engineering has this 

heritage.  Much of the SE 

toolkit in use today has 

roots in such systems, and 

is best applicable to such 

systems



Platforms: 10-50+ Years

Infrastructure: 10-25+ Years

Mobile Weapons: 5-20+ Years

Electronics: 1-5 Years

IEDs & Software: days to months

Self-Adaptive: ms to seconds

Rate of 
Change

Threats are adaptive and 

quickly evolving

Uncertainty in our new 

environment is 

demanding a rapid response

Yet we are often constrained 

by legacy

Where is the battle being fought: 

Evolving Systems of Greater Complexity



The Top 10 Illusions of Systems Engineering

1. Absolute: there is a ñrightò or optimal answer. 

2. Unambiguous: it is possible to specify unambiguous requirements 

using human

3. Sequential: a fundamentally sequential approach to development.  

4. Rational Actors: Engineers and managers are rational decision makers 

that have access to complete and perfect information

5. Reductionistic: the ability to divide and conquer

6. Centrally Controlled : Control of the development organization(s) is 

centralized and absolute. 

7. Static: In essence, the system need and the system context never 

change. 

8. Mechanistic: blind to the human element, including culture and history

9. Deterministic: system behavior is deterministic

10. Context Free: Best practices are universal and do not vary depending 

on the context.  



Traditional SE

Source: wpedia.goo.ne.jp/enwiki/Dual_Vee_Model

TOO LATE!

1 2

TOO
LONG!

http://wpedia.goo.ne.jp/enwiki/Dual_Vee_Model


Validate and Verify, early and often! 

Not So Subtle

Subtle



Paradoxes

The Boundary Paradox

The Control Paradox

The Intelligence Paradox

The Crowd Paradox

The Customer Paradox
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Paradoxes

The Boundary Paradox:  Definition of a system boundary is critical to bounding 

the problem, but it must also be permeable, extensible, and adaptiveé
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Paradoxes

The Control Paradox: Command and control is necessary to ensure order and 

conformity to strategic direction, but it must be subservient to ground zero intelligence to 

allow tactical opportunism and preservation of self awareness.Values such as creative 

disobedience, reciprocal loyalty, and ordered liberty will have to be leveraged for 

maximum effecté
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Paradoxes

The Intelligence Paradox: Prescience allows sound preparations, orderly planning, risk 

mitigation, and effective communication of the agenda, but we must also allow for 

emergence (which is a feature of self-organisation, self-sustainment, collective 

intelligence, subordination of self to whole which is an important property of self-

development)é
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Paradoxes

The Crowd Paradox: A system is a collection of entities and their interrelationship 

assembled in such a way that the whole is greater than the sum of the parts.  It is 

heterogeneity that enhances the purpose of the whole, yet the diversity among parts 

must never be to the point where belongingness to the whole is jeopardised. Thus a 

tension is set up between autonomy and dependence. The crowd paradox is that in 

order for a whole to be fulfilled, parts must belong, and yet they must maintain diversity 

for true fulfilment of the wholeõs purposeé
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Paradoxes

The Customer Paradox: We must listen to our customers in order to sustain 

responsiveness, but yet take advantage of disruptive technology, which might 

depend on our ability to ignore òshort termó customer focusé
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