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Research QuestionsResearch Questions

Conceptual: 1) Can the information that emerges from the acquisition process be 
used to produce overall awareness of the fit between programs/projects/systems 
and needs for which they were intended?. 2) If a higher level of awareness is 
possible, will that enable system level regulation of programs/projects/systems 
f i f h i i ifor improvement of the acquisition system?

Focused: 1) Based on the normal evolution of documentation and current data-
based program information, can requirements (needs) be connected to system p g q ( ) y
capabilities? 2) Can requirements gaps be revealed?

Theory development: Is there a correlation between system interdependency 
(links/relationships) and development costs?(links/relationships) and development costs?

Methodology: Is it possible to use natural language and other documentation 
(roughly, unformatted data) to produce visualization of the internal constructs 

f l f t th h l i l li k l i (LLA)?
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useful for management, through lexical link analysis (LLA)?



Critical Need: Automation 

JCIDS Process and Acquisition Decisions 
(From J-8 CJCSI 3170.01G)(JCIDS, 2009)

•Data is too voluminous, unformatted 
and unstructured! 

•Need automationNeed automation

•Extract relations among PE, 
MDAP and ACATII

•Extract costs
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LLA for Analysis of Unstructured DataLLA for Analysis of Unstructured Data

• Apply Collaborative Learning Agents
– Separate patterns and anomalies
– Parallel computing using NPS High Performance Center (HPC)

• Develop Visualization• Develop Visualization 
– AutoMap
– Radar
– Matrix

• Conduct Pre-processing Steps
– Named Entity ExtractionNamed Entity Extraction

• Leave out people, places and organizations
– Parts of Speech Tagging

• Separate nouns verbs adjectives adverbs• Separate nouns, verbs, adjectives, adverbs
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Apply Learning Agents to Perform LLA

Agent collaboration: multiple agents work 
together for anomaly detectiontogether for anomaly detection

A learning agent ingests structured, 
unstructured, historical or real‐time data and 

separate patterns and anomalies
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separate patterns and anomalies.



What is a learning agent?What is a learning agent?

• A computer program or softwareA computer program or software
– Installed in a computer with permission
– Perform automatic tasks 

• Multi-agent distributed networks are capable ofMulti-agent, distributed networks are capable of
– Self-managing (Hinchey et al, 2006)
– Self-healing (Dashofy et al, 2002)

Self optimizing self configuring self adapting– Self-optimizing, self-configuring, self-adapting…
• Our learning agent 

– Related to 
• Reinforcement learning (Sutton 1998)Reinforcement learning (Sutton 1998)
• Bayesian belief networks (Pearl, 1986; Ben-Gal, 2007)
• Hidden Markov Models (Huang 1990)

– Learning patterns and anomalies 
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Example 
Analysis of Urgent Need Statements (UNS)

• Analyzed three lists of classified needs• Analyzed three lists of classified needs 
statements and links to Trident Warrior 10 
technology capabilitiesgy p
– Navy classified UNS 
– C5F (5th Fleet)
– Integrated Priority List (IPL)

• CENTCOM and NAVCENT

• Validity checked by Subject Matter Experts
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VisualizationVisualization

Lexical Links between System 1 and 2 Unique Features of q
System 2

Unique Features of 
System 1

System 2

System 1

y
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Overlapping categories

DISE

42 of 67 (62%) of UNS 
are matched in TW10

Gap categories Un-matched UNS

Distributed Information Systems ExperimentationNaval Postgraduate SchooDistributed Information Systems Experimentation

Gap categories

Categories found automatically

Marched TW10
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Large Scale DataLarge Scale Data

• Program Elements• Program Elements
• Programs 

Major DOD Acquisition Programs (MDAP)– Major DOD  Acquisition Programs (MDAP)
– Acquisition Category II (ACAT II)

• UJTLSUJTLS
• Source

– Rob Flowe OUSD(AT&L)/ARA/EIRob Flowe OUSD(AT&L)/ARA/EI

10



DOD Program ElementsDOD Program Elements
http://comptroller.defense.gov/defbudget/fy2009/index.html
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PE Narrative Justification

P El tProgram Element

Narrative 

JustificationJustification
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Acquisition DocumentsAcquisition Documents

• Program Elements: RDTE 
books

– Air Force
– Army

• http://asafm army mil/Docu• http://asafm.army.mil/Docu
ment.aspx?OfficeCode=120
0

– Navy
• http://www finance hq navy• http://www.finance.hq.navy.

mil/fmb/11pres/BOOKS.htm

• Universal Joint Task 
ListList

• Weapon Books 
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Critical Need: Automation 

JCIDS Process and Acquisition Decisions 
(From J-8 CJCSI 3170.01G)(JCIDS, 2009)

•Data is too voluminous, unformatted 
and unstructured! 

•Need automationNeed automation

•Extract relations among PE, 
MDAP and ACATII

•Extract costs
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LLA Methodology Can Help!LLA Methodology Can Help!

Warfighters RDTE Program Elements 
Requirements/Needs 

(UJTLS)
(DOD Budget $$$ 

Justification)

• Ho to alidate LLA?

?
• How to validate LLA?

• Do PEs or Programs match requirements?

• Do inter-connected PEs or Programs cost more?

Weapon Book

(Final Products for 
LLA  automates the possibility to 

develop awareness of the “fit” 
Procurement)between  PE’s, budget and  

warfighter requirements.
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PE Links Identified by Human Analysts
(Used for LLA Validation)(Used for LLA Validation)

0604602F references 0605011F Forward Link

0605011F referenced by 0604602F Backward Link
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Validate LLA and Discover Statistically 
Significant CorrelationSignificant Correlation

PEs

PEs

From LLA using the narrative descriptions of each PE

From human analysts

Pearson correlation between the two 
is 0.39 (p-value=0.0000001) 

From human analysts
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Visualize the CorrelationVisualize the Correlation
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Use LLA Scores to Predict PE Links:  
G i Ch tGains Chart
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Links discovered by LLA

Links noted by analysts
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Weapon Systems

Weapon book

Weapon Systems

Constructive view: Does a 
program cost more with p g

increased relations to others?

Distributed Information Systems Experimentation

Pearson correlation between the two is 0.21 p-value<0.032     
(statistically significant positive correlation)
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There is a statistically insignificant correlation between weapon systems’ 
RDT&E cost and # of lexical links to ACAT II systems

Weapon Systems

ACAT II Sys

Pearson correlation between the two is 0.18         
p-value<0.055 statistically insignificant
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Correlation between Unique # of LLA Word Hubs and                        
Increasing Procurement Cost

Weapon Systems

ACAT II Sysy

Pearson correlation between the two is 0.34             
p value < 0 001 statistically significantp-value < 0.001 statistically significant
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Results/Conclusions

• Provided an automated tool to surface important aspects among 
programs

• Proved LLA Validity for automation
– Adequately models expected human performance but faster

• Demonstrated correlation among relations between programs
– Cost drivers: Interrelated and Uniqueness 

• Discovered statistically significant correlations of Lexical links y g
between MDAP and ACAII, and RDT&E cost

24



Future Work

• Extract lexical links for applications
– Continue to explore available acquisition data

• Extract the cost of MDAP programs (PNO) from the PE documents
• Compare with SAR (Selected Acquisition Report) as in the MDAP 

tiperspective
– Search for other correlations among other program attributes
– Identify more dependent variables 

Di it t i• Diversity metrics
– Predict program costs using this methodology

• Cost and cost growth relative to the Milestone B
C ff f• Cascade effect of program costs
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Future Work

• Determine methods to leverage the NPS HPC to analyze larger data 
tsets

• Develop improved graphic illustrations of findings
– 3-D
– Dynamic

• Provide an automatic LLA service for program self-awareness
– Enterprise Lexicon ServiceEnterprise Lexicon Service
– Meta-Data Registry

• Establish a complex system theory for a cross-domain
L f i it i t– Law of requisite variety 

– Design Structure Matrix
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