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“There are two powers in the world --- the sword
and the mind. In the long run, the sword is always
beaten by the mind.” Napoleon

Here at USMA, we are here to insure the future leaders
of the US Army understand this and make the
appropriate decisions based on this reality.

A big change over the last decade: Information and Social
Sciences have not only arrived, but they are major parts of Army
and USMA’s research initiatives ---- thus, Network Science

One reason is because as the Army leadership reminds us:
“We are drowning in information, and starving for intelligence.”



WPNSC is the home of research projects for
faculty and cadets
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NS at West Point:

e Makes the military smarter

* Provides interdisciplinary education for future leaders (cadet
benefit)

e Changes the educational/intellectual culture (new liberal arts
college model)

e Broadens disciplines, builds multi-disciplinary teams, forges the
new world of modern knowledge and education

e Merges mathematical, computational, informational, social,
and physical sciences and builds an engaged community

e Embraces the complexity of real issues (qualitative and
quantitative modeling).

The world is not linear, not reductionist, not banana, not binary --
- it’s a NETWORK!
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Embrace the Complexity
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"Is there a science of networks? What progress
have we made in developing a network science?
How do the scientific philosophies of
reductionism, complexity & systems theory,
modernism, and postmodernism frame the
understanding of network science and complex
adaptive systems? What role does network
science play in light of the military's new strategic
guidance? How does social network analysis
contribute to the qualitative, quantitative, and
mixed-method models of the important
interdisciplinary issues in military science?"



It’s the Questions that Drive Us!

"Is there a science of networks? What progress
have we made in developing a network science?
How do the scientific philosophies of
reductionism, complexity & systems theory,
modernism, and postmodernism frame the
understanding of network science and complex
adaptive systems? What role does network
science play in light of the military's new strategic
guidance? How does social network analysis
contribute to the qualitative, quantitative, and
mixed-method models of the important
interdisciplinary issues in military science?"



Modeling: The BIG Picture --- Embrace the Complexity

Setting/Problem Problems
type

Disciplinary
Physical

Informational
Social
Biological
Behavioral
Mathematical

Computational

Multidisciplinary
Interdisciplinary
Simple
Complicated

Wicked

Problem Goals

Understand
Learn

Problem Solving
Decision Making
Predict

Design

Control

Organize

Prioritize

System types

Real
Simulated
Adaptive
Complex
Principled
Practical
Expert
Centralized
Decentralized

Autonomous

Modeling

Empirical
Explicative
Creative
Refining
Verifying
Assuming

Computing



More Modeling: The BIG Picture --- Embrace the Complexity (continued)

Models
Quantitative
Qualitative
Mixed
Reductionist

Complexity

Structures

Agents

Data

Functions
Graphs
Networks
Arrays/Lattices
Geometric
Fractal

Analytic

Processes

Linear
Non-linear
Discrete
Continuous
Deterministic
Stochastic
Chaotic
Simulation
Synthetic
Dependent
Independence
Ergodic
Non-ergodic
Dynamic
Static

Metrics
Human-based
Utility-based
Performance-based
Global
Regional
Local
Centrality
Variance
Outliers/Black
Swans/Edge-based
Cooperative
Competitive
Behavior-based
Trust
Influence
Dimensional
Distance
Energy
Entropy
Complexity
Scaled

Results
Optimal
Acceptable
Efficient
Effective
Valuable
Robust
Fragile
Sensitive
Resilient

Insight



Network Sciences

*Historical development

1736: Seven Bridges of Konigsberg by Leonhard Euler
® Historical orientation 1959: "On Random Graphs” by Paul Erdds
Random Networks . =4 . 1975: Exercise Bold Eagle (Ft Irwin) (Army intel discovers
£ the power of Networks)
[ i e . .
LR 1991: Exercise Intelligence (Camp AP Hill) (Army discovers
Ve data deluge)
‘Scale-free’ Netw’(?érg\l} 1999: Network Centric Warfare: Developing and Leveraging
/( \EC Information Superiority by Alberts, Garstka, & Stein
AN . :
‘L s \\/\1};} 2002: Linked: How Everything is Connected to Everything
Nl Else & What it Means for Business, Science, and Everyday

Life by A-L Barabasi

2003: Six Degrees: The Science of the Connected Age by
Duncan Watts

2 2004: Sync: The Emerging Science of Spontaneous Order by
Steven Strogatz

2008: Hot, Flat, and Crowded by Thomas Friedman
2010: Complex Webs & Disrupted Networks, B. West

Network Science?

NETWORKS ABOUND



Progress

How do networks of complex relationships, collaborations, &
communities of diverse entities work? Traditional approaches used
simplification -- studying individual nodes or entire graph, focusing on
centrality metrics & balance.

Recent work focuses on the use of complexity to build a unified & utility
approach, encompassing metrics for nodes and links, components
[subgroups of the network, & the entire network without a centrality
focus (variance) to understand tipping points and outliers (black swans)

Progress has come from merging graph theoretic measures with new
cooperative game theory using principles of complexity theory and
agent-based modeling and learning theory.

The new framework both embraces the complexity of the networked
systems and reveals their complex adaptive structures and processes.

No Free lunch --- with increased information through structure and
process comes increased sensitivity and fragility.



NRC (layered) Framework still valid

¢ tO: e Dynamic Communities of Interest e,
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control the behavior of
networks

—Understand linkages
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domains
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— Design robust networks
that align with human
cognitive and social et s Sensors)

capabilities
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