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Outline

• Naval Missions & Systems

• Transportation Systems

• Warfare & Warfare Systems

• System Dynamics & Complexity

• Dynamic Feedback / Complex Adaptive Systems

• The Limits of (Traditional) Engineering

• DOD Systems Development & Acquisition

• A Critical Evaluation

•Some Solutions
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The Navy’s Missions:

Sea 
Basing

Sea 
Shield

Sea 
Strike

Conv’l / Joint 
Combat             

Ops

Special 
Ops / 
GWoT

Primary Support

Prerequisites:    - RDT&E of Naval Systems

A Closer Look at Naval Systems

= The “Means” to Accomplish the Missions

Missions and Systems
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Aircraft

ACE – Air Combat Element
AFOE – Assault Follow On Echelon
BLT – Battalion Landing Team
LCAC(X) – Future Landing Craft, Air Cushion

MEU – Marine Expeditionary Unit
MLP – Mobile Landing Platform
MPF(F) – Future Maritime Prepositioning Force
RSLS – Rapid Strategic Lift Ship

Hybrid Systems

“Ordnance on 
Target”

Engineering Systems
Engineering Systems

Engineering Systems
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Aircraft

ACE – Air Combat Element
AFOE – Assault Follow On Echelon
BLT – Battalion Landing Team
LCAC(X) – Future Landing Craft, Air Cushion

MEU – Marine Expeditionary Unit
MLP – Mobile Landing Platform
MPF(F) – Future Maritime Prepositioning Force
RSLS – Rapid Strategic Lift Ship

Still:  Family of Traditional Engineering Systems (TES)

•Measure of Effectiveness: Throughput

= Payload (P) X Distance (D)/ Time (T) 

where T = Time-to-Load + Time-to-Unload

+ Time-to-Transit (= D/V)

Transportation System

A

B

A  – Shuttle Ship:                                                
E = P x D / (TLd + D / V + TU )

B  – Transportation Chain/ Network:
Requires Integration over All Links
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Effectiveness Parameters:

• Troops & Systems (“Means”)
• Strategies, Tactics, CONOPS (“Ways”)
• The Environment
• The Human Dimension (“Will”; per Clausewitz)           

Fundamental Strategy:

Superior Strength       
@ the Point-of-Contact

Warfare 101

Measure of Effectiveness:  

Winning

- Both “Ours and “Theirs” -

“Will
” “Will”

Effectiveness

Combat….                                       
….Chess….

…or Football

- Complexity 
- Non-Linearity 

- Adaptation

(CAS)
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Naval Systems: A Closer Look 

Naval Ship Systems

JSF
AE

AO

DD(X)CV

LPD

The Mission / Warfare Systems

The Hull/Platform:  A Transportation System

AEGIS

AGS

The Warship:  
BothThe Hull:  A Transportation System

The Weapon Suit:  (Part of ) 
a Warfare System

LCS

Decoupling: 30+ Years of Missed Opportunities
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Outline
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• The Limits of (Traditional) Engineering
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• A Critical Evaluation
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System Dynamics & Complexity
• 1950’s – Jay Forrester: Father of System Dynamics;                                                          

published his book  titled “Industrial Dynamics” in 1961

• 1960’s – Edward Lorenz: Long-range weather forecast modeling;                         
Benoit Mandelbrot: “The Fractal Geometry of Nature”

• 1980s - Santa Fe Institute: Complex Adaptive Systems.                                                                  
James Gleick’s best-seller “Chaos: Making a New Science”. 

• 1992 - Waldrop “Complexity: The Emerging Science at the Edge of Order and 
Chaos”, Lewin: Complexity: “Life at the Edge of Chaos”. 

• 1992 – A. Beyerchen, “Clausewitz, Nonlinearity, and the                                   
Unpredictability of War”; Steven Mann: “Chaos                               
Theory and Strategic Thought”

• 1996 - U.S. Marine Corps, MCDP 6-Command and  Control,                                           
applying Complexity Theory concepts. 

• 1996 - NDU Symposium “Complexity, Global Politics,and                                        
National Security” (NDU and RAND) 

• 2000 – J. Sterman: “Business Dynamics: Systems Thinking                         
and Modeling in a Complex World”

L-3ComplTh
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• The Simple and the Complex
(Murray Gell-Mann)

• America in the World Today
(Zbigniew Brzezinski)

• Complex Systems: The Role of 
Interactions (Robert Jervis)

• Many Damn Things Simultaneously: 
Complexity Theory and World 
Affairs (James N. Rosenau)

• Complexity, Chaos and National 
Security Policy: Metaphors or 
Tools? (Alvin M. Saperstein)

• The Reaction to Chaos
(Steven R. Mann)

• Clausewitz, Nonlinearity,         
and the Importance of Metaphor
(Alan D. Beyerchen)

• Complexity and Organization 
Management
(Robert R. Maxfield)

• Command and (Out of) Control: 
The Military Implications of 
Complexity Theory
(John F. Schmitt)

• Complexity Theory and Air 
Power (Steven M. Rinaldi)

• Chaos Theory and U.S. Military 
Strategy: A "Leapfrog" Strategy 
for U.S. Defense Policy
(Michael J. Mazarr)

NDU Symposium Presentations 

http://www.ndu.edu/inss/books/books - 1998/Complexity, Global Politics and Nat'l Sec - Sept 98/ch01.html�
http://www.ndu.edu/inss/books/books - 1998/Complexity, Global Politics and Nat'l Sec - Sept 98/contribu.html�
http://www.ndu.edu/inss/books/books - 1998/Complexity, Global Politics and Nat'l Sec - Sept 98/ch02.html�
http://www.ndu.edu/inss/books/books - 1998/Complexity, Global Politics and Nat'l Sec - Sept 98/contribu.html�
http://www.ndu.edu/inss/books/books - 1998/Complexity, Global Politics and Nat'l Sec - Sept 98/ch03.html�
http://www.ndu.edu/inss/books/books - 1998/Complexity, Global Politics and Nat'l Sec - Sept 98/ch03.html�
http://www.ndu.edu/inss/books/books - 1998/Complexity, Global Politics and Nat'l Sec - Sept 98/contribu.html�
http://www.ndu.edu/inss/books/books - 1998/Complexity, Global Politics and Nat'l Sec - Sept 98/ch04.html�
http://www.ndu.edu/inss/books/books - 1998/Complexity, Global Politics and Nat'l Sec - Sept 98/ch04.html�
http://www.ndu.edu/inss/books/books - 1998/Complexity, Global Politics and Nat'l Sec - Sept 98/ch04.html�
http://www.ndu.edu/inss/books/books - 1998/Complexity, Global Politics and Nat'l Sec - Sept 98/contribu.html�
http://www.ndu.edu/inss/books/books - 1998/Complexity, Global Politics and Nat'l Sec - Sept 98/ch05.html�
http://www.ndu.edu/inss/books/books - 1998/Complexity, Global Politics and Nat'l Sec - Sept 98/ch05.html�
http://www.ndu.edu/inss/books/books - 1998/Complexity, Global Politics and Nat'l Sec - Sept 98/ch05.html�
http://www.ndu.edu/inss/books/books - 1998/Complexity, Global Politics and Nat'l Sec - Sept 98/contribu.html�
http://www.ndu.edu/inss/books/books - 1998/Complexity, Global Politics and Nat'l Sec - Sept 98/ch06.html�
http://www.ndu.edu/inss/books/books - 1998/Complexity, Global Politics and Nat'l Sec - Sept 98/contribu.html�
http://www.ndu.edu/inss/books/books - 1998/Complexity, Global Politics and Nat'l Sec - Sept 98/ch07.html�
http://www.ndu.edu/inss/books/books - 1998/Complexity, Global Politics and Nat'l Sec - Sept 98/ch07.html�
http://www.ndu.edu/inss/books/books - 1998/Complexity, Global Politics and Nat'l Sec - Sept 98/contribu.html�
http://www.ndu.edu/inss/books/books - 1998/Complexity, Global Politics and Nat'l Sec - Sept 98/ch08.html�
http://www.ndu.edu/inss/books/books - 1998/Complexity, Global Politics and Nat'l Sec - Sept 98/ch08.html�
http://www.ndu.edu/inss/books/books - 1998/Complexity, Global Politics and Nat'l Sec - Sept 98/contribu.html�
http://www.ndu.edu/inss/books/books - 1998/Complexity, Global Politics and Nat'l Sec - Sept 98/ch09.html�
http://www.ndu.edu/inss/books/books - 1998/Complexity, Global Politics and Nat'l Sec - Sept 98/ch09.html�
http://www.ndu.edu/inss/books/books - 1998/Complexity, Global Politics and Nat'l Sec - Sept 98/ch09.html�
http://www.ndu.edu/inss/books/books - 1998/Complexity, Global Politics and Nat'l Sec - Sept 98/contribu.html�
http://www.ndu.edu/inss/books/books - 1998/Complexity, Global Politics and Nat'l Sec - Sept 98/ch10a.html�
http://www.ndu.edu/inss/books/books - 1998/Complexity, Global Politics and Nat'l Sec - Sept 98/ch10a.html�
http://www.ndu.edu/inss/books/books - 1998/Complexity, Global Politics and Nat'l Sec - Sept 98/contribu.html�
http://www.ndu.edu/inss/books/books - 1998/Complexity, Global Politics and Nat'l Sec - Sept 98/ch11.html�
http://www.ndu.edu/inss/books/books - 1998/Complexity, Global Politics and Nat'l Sec - Sept 98/ch11.html�
http://www.ndu.edu/inss/books/books - 1998/Complexity, Global Politics and Nat'l Sec - Sept 98/ch11.html�
http://www.ndu.edu/inss/books/books - 1998/Complexity, Global Politics and Nat'l Sec - Sept 98/contribu.html�
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Two Paradigms
COMPLEX SYSTEMSTRADITIONAL SYSTEMS

Hierarchies 
Sequential processing
Centralized decisions
Predictability
Stability 
Behavior Controlled

Networks 
Parallel processing
Distributed decisions
Self-organization
Evolution
Emergent behavior

Generic Characteristics: - Co-evolution and Emergence

- Feedback and Interdependence

- Time - and Path-Dependence

Change of Emphasis: - From:  Objects
- To:       Relationships between Entities 
- From:  Control
- To:       Enabling infrastructures
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Systems – The Broader View Social Systems

Engineering Systems

Complex Adaptive Systems
(CAS)Reactive ~ (R-CAS)

Dynamic Feedback Systems
Simple Non-Linear ~

Networked ~ (NES)

Traditional ~ (TES)

Complex  ‘Chaotic’ ~

Proactive ~ (P-CAS)  Warfare, Economies, etc.

Weather

Ecology

Ants, Wasps, etc.

Social 
Systems

Natural 
Systems

Planetary S.

Engineering Systems

Presenter
Presentation Notes
 Here’s another hierarchy of systems.  Complexity increases as one goes from the bottom to the top

 I positioned the “ship” in the middle – and it affects, and is affected, by both ends of the spectrum.

 Note that we need to analyze and measure success by different methods when we consider the ship as a:
 super-system of pump, engine, propulsion, machinery; or
 sub-system of nation, government, defense, task force

Some analysis is purely technical
Some needs to be more general
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Systems Spectrum - A Status Review

A. Dynamic Feedback - & Complex Chaotic Systems:           
- Can be modeled; the laws of physics are known

- Are unpredictable, because of (a) extreme sensitivity to 
initial condition and/or minor perturbations and/or (b)  
systems tend to be open

B. Reactive - CAS: - Can be modeled; requires better understanding 
of the laws of nature governing adaptation

- Are unpredictable, because of compounding of A. & B. 

- Possibilities for behavior and emerging states can be 
determined

C. Proactive -CAS: - Can be modeled; need better understanding          
of the laws (?), if any, governing human behavior

- Are unpredictable, “…all bets are off !

However: Modeling can greatly Help us
Understand what the Future May Bring!



CSC Proprietary 12/11/2009 11:10:45 AM 008_7271_OVW  14

Complex Nonlinear Systems

Summary:
• Inputs and outputs are not proportional 

• The whole  - is not quantitatively equal to its parts                                     
- may not even, qualitatively, be 
recognizable in its constituent components

• Cause and effect are not evident 

• Phenomena are unpredictable,                                                                             
- but within bounds, self-organizing

• Unpredictability frustrates conventional planning

• Self-organization trumps central control

New ways of thinking and acting are required !
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WE DON’T KNOW  

WHAT WE ARE DOING…. 
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Outline

• Naval Missions & Systems

• Transportation Systems

• Warfare & Warfare Systems

• System Dynamics & Complexity

• Dynamic Feedback / Complex Adaptive Systems

• The Limits of (Traditional) Engineering

• DOD Systems Development & Acquisition

• A Critical Evaluation

• Some Solutions
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The Process
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1. The weapons acquisition process, which is slow, inefficient, …..                   
has become a burden on a defense industry already in the midst of a 
financial crisis.

2. The defense acquisition system has basic problems that must be 
corrected.  These problems are deeply entrenched and have 
developed over several decades from an increasingly bureaucratic 
and overregulated process.   

3. There is a growing and deep concern …. about the DOD acquisition 
processes. Restructuring acquisition is critical and essential! 

4. The existing Acquisition system is not capable of responding to 
customer needs in this new environment. The world in which DOD 
must operate has changed beyond the limits of the existing 
acquisition system’s ability to adjust or evolve. 
Note: 1. 2001 - U.S. Commission on National Security/ 21st Century

2. 1986 - Blue Ribbon Commission on Defense Management/ David Packard

3. 2005 - Dep Sec Def G. England, June 7 2005, before Congress

4. 1994 - Secretary of Defense William Perry 

Weapon Systems Acquisition                                     
Some Critical Comments



CSC Proprietary 12/11/2009 11:10:45 AM 008_7271_OVW  19

No True “Ways” & “Means” Trade-Off 

to Maximize Effectiveness

Without System Definition, i.e., a “Means” Solution: 

No Valid Cost Estimate for New, Advanced Systems, 

i.e., No Measure of Affordability

Acquisition Today: The Problem
The Traditional Acquisition Process:

1. Identify a Need/Threat ( or: “Capability Gap”) and                                           
Operational Concepts (“Ways”) to Defeat It

2. Explore Systems (“Means” Solutions)                                                                        
& Develop System Performance Requirements

3. Develop a System Meeting those Requirements

Requirements are finalized                                                    
before defining the System Concept

No True Cost vs. Performance Trade-Off,

No “Quality – Quantity” Trade-Off 
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Concept of Op’s

(How Used =“Ways”)

Environment

(Where Used)

Effectiveness

Effectiveness & Cost

To Establish a Relationships 
between Effectiveness and Cost 

Requires a Design Concept

Performance

Effectiveness

Cost

Concept

(For Warfare Systems-)

“Ours” “Theirs”

Our

Concept

(“Means”)

Performance

Their

Concept

(“Means”)

Environment

(Where Used)

Their 

“Ways”

Our

“Ways”

Their “EFF”Our “EFF”
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Effectiveness & Performance

• The link between System Performance (Our “Means”)
and Effectiveness in CAS is greatly weakened by  

• How and where we use Systems (Our “Ways”) ,
• Their “Ways” and Their “Means”

- Both Our ~ and Their “Will” Effectiveness

…..found in the “Ways” & “Means” Trade-Space

“Will”
“Will”

• Therefore:

Solutions must be found,

- Both for Our “Means”

and Our “Ways”,

- Representing the Best Combination

of “Ways” and “Means”



CSC Proprietary 12/11/2009 11:10:45 AM 008_7271_OVW  22

New “Ways”

Current “Ways”

Current “Means” New “Means”

Current 
Technology

The “Ways” & “Means” Trade-Space

Their

“Ways”

&

“Means”
New 

Technology

Transformation
(Our -)

Transformation:

= New “Ways” of using our Current - and New “Means”
- While, hopefully, anticipating

Their “Ways” and “Means” correctly

Today’s Problem 1:

- Premature Freezing of Requirements negates                   fully 
exploring the “Ways” & “Means” Trade-Space
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Requirements

(Performance 
Specs.)

Contractor A

Contractor B

The Winning 
Contractor’s  

Solution

Performance-Based Acquisition Links:

• What “Means” Solution should be Acquired with

• Who should be the Producer

How well do we meet the Selection Challenge ?

Performance-Based Acquisition
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A. Cost Criteria (55%)*

Category 1: Ability to Meet Cost
Boundaries & Realism (30%)

Category 2: Contract Cost (25%)

Note: *(A>B)
**(C1>C2)
***(F1>F2,F3); (F2=F3); F2,F3>>F4)

B. Technical, Mgmt, Past Perf. (45%)

Category 1: DD21 Sys Effectiveness (12%)***
Category 2: FSC Mgmt (10%)
Category 3: DD21 System Technical Design (8%)
Category 4: Life Cycle Engineering & Support (8%)
Category 5: Past Performance (7%)

Note: ****(C1>C2): (C2>C3,C4); (C3,C4>C5)

Category 1: System Effectiveness (12%)
Factor 1: Land Attack
Factor 2: Mobility
Factor 3: Ships Crew
Factor 4: Survivability
Factor 5: Maritime Dominance

Category 2: FSC Management (10%)

Category 3: System Techn. Design (8%)
Factor 1: Total Ship Computing 

Environment
Factor 2: C4ISR
Factor 3: Combat System
Factor 4: Ship System

Category 4: Life Cycle Engineering & Support (8%)
Factor 1: Training
Factor 2: Readiness & Logistics 
Factor 3:, Ashore Manpower
Factor 4: Certification, T&E
Factor 5: Smart Product Model
Factor 6: Integrated Data Environment
Factor 7: Modernization & Disposal

Category 5: Past Performance (7%)

DD21 RFP Section M –
Evaluation Factors for Award
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A. (Cost Criteria (55%))

Category 1: Ability to Meet Cost Boundaries & Realism (30%)

Category 2: Contract Cost (25%)

B. (Technical, Management, Past Performance (45%))
Category 1: System Effectiveness (12%)

Category 2: FSC Management (10%)

Category 3: System Technical. Design (8%)

Category 4: Life Cycle Eng’g & Support (8%)

Category 5: Past Performance (7%)

DD21 Evaluation Factors (Cont.)

The Totals:

• Design Data                         26%
• (Pre-existing Information:)

• From DRM                          6%
• Past Performance             7%

• Plans & Promises                61%
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Requirements– Based Acquisition

Requirements

Contractor A

Contractor B

The Winning 
Contractor’s   

Solution

1.   It is possible that the Navy selects the Contractor with the Better 
Concept, - the small weight given to the technical design could 
make a difference

2.   It is very likely that the Navy selects the Concept of the Contractor 
with the Best Proposal Team

3.  The best possible concept is probably not even in the running ; 
there is no synthesis of best sub-system solutions

The Solution:   Next
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Outline
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The Process
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Requirement 

Generation
Operations

Development

Solution

System

-The Process 

- Contracting

Acquisition

System

- System Categories

- System Dynamics

- Trade Spaces

Systems

Engineering

Warfare:  - Complexity

- Non-Linearity & Adaptation
- The Process 

- The Products

Development & Acquisition Issues

- Long-Term Viability

- Design

- Construction

Industrial

Base

Transportation:

- The Route 

& Payload

- Speed, Range, etc

“Solution-Based Acquisition”



CSC Proprietary 12/11/2009 11:10:45 AM 008_7271_OVW  30

Best System Concept

= The “Means” Solution

Best Operational Concept

= The “Ways” Solution

Alternative System                 
Concepts (“Means”)

Alternative 
Operational  Concepts 

(“Ways”)

• Concurrent Development of Warfare        
Concept – and Systems Solutions “Ways”

“Means”

(Credits: CF /CD Guidance, 

NAVSHIPS 0900-060-0100, 1967)

• Deciding what System Concept to acquire
Not : what Performance Requirements

should be the Basis for the Acquisition

Solution – Based Acquisition
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Phase 1. Customer – to - Concept
= Deciding what system to acquire - if any

i.e., what system solution;

- not : what system performance

Phase 2. Concept – to - Contract
= Defining it in greater detail &

deciding who should build it

Phase 3. Contract – to - Commissioning
= Developing final details & building it

The Solution-Based Model (SBM)

Proposed Acquisition Phases:
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Concept

Development Centers
Concept

Development Centers
Concept

Development Centers

+ Knowledge CurrencyCorporate Memory

Operations

Development Center (NWDC?)

Organizational Integration

Operational Concepts

(“Ways”)

ONI

Threat 
INTEL

ONR

S&T

NWDC

Fleet, 
CONOPS, 

MCCDC

USMC 
Strategies

Total Ship 
Concept

Design/R&D

Industry

Platform and 
systems

DARPA

S&T

NAVAIR

Aviation 
Concepts

JCS

Joint 
Strategies

OPNAV

Strategies 
Fleet Arch

SPAWAR

Battleforce      
C4I

Future 
Capabilities

SSGNAVSEA/ 
NSWC / 
NUWC

Technologies & Systems

(“Means”)

• Establish Integration Centers of Excellence - Virtually “Co-Located”!

+ Organizational Maturity

“Ways”

“Means”

Presenter
Presentation Notes
This chart shows the primary area of responsibility for potential participants identified in a Blue Box at the top.
NAVSEA and NSWC Carderock can take a key role as the Leader of that structured process, allowing each activity to “manage” their own studies – and facilitating how the information is brought forward for use by all.
The chart shows who the players are and then in a vertical fashion identifies the activity and product of those players and how those products feed one-another.
This type of process charting helps avoid duplication of effort (e.g. NAVSEA directs design efforts but does not study military effectiveness, NWDC conducts wargames but does not develop ship concepts in-house). 
Promising concepts will be periodically assessed and coordinated by presenting them to a Concept Assessment IPT.  After the concepts are discussed by the IPT, OPNAV could designate concepts for further study or move directly to initiation of an MAA. If additional studies are recommended before committing to an MAA, the IPT would coordinate this activity. NWDC, acting as an adjunct to OPNAV, could also recommend concepts for approval to OPNAV which would fulfill predicted necessary capabilities for the Navy After Next.
Once a promising concept is identified, OPNAV would approve additional study of the concept in a dedicated pre-MAA phase and generate the necessary guidance and funding.
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