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== Capability Test Design & Analysis

Objectives

1. Discuss the concept of conducting a capability
evaluation strategy refinement process for testing in
a joint environment (TIJE)

2. Review the methods and processes for an evaluation
strategy refinement process

3. Review potential design of experiment techniques for
large number of factors

4. Review tools and techniques for an evaluation
strategy refinement process

5. Step through a “case study” example of an
evaluation strategy refinement process

6. Review potential issues and insights
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JTEM Capability Test Methodology
(CTM) v2.0

6 Steps 1. Characterize Test .
14 JTEM Capability —
Program Statement S b
Pro Cesses Introduction of u Set e : :
Document Capabilities
(Fl>JID) (SOC) Focus
* Develop Test Concept > Dévelop Test DeS|gn
* Refine Evaluation Strategy * Perform LVC Distributed
, . |» Technical Assessment Environment Analysis
. * Develop Test Plan
0. Develop . .
T&E Strategy Test . - Integrate
Concept °. Vigne
T&E T&E } .
Strategy Master Distribut 3 lmplement
(TES) Plan ) LVC_DE
(TEMP) Joint Ope — — Ironment
System
Develop Capability/SoS . .CE?.”}?Z‘.‘ .f.o. Design
Description 000 000OCGCOIOGIEOSOINOSNOIDS DOCSanSent
Developroint Opzeratior;al P cion (SDD)
Context for Test (JOC-T - —
» Develop Evaluation Strategy Test Environment|" Eﬁi:?gﬂ%’g}?gggﬁuﬁgﬂon
i ([g?(\)/gé(\),\%ﬁ(efme Cgetanfizy Dataee » * Integrate LVC Distr?buted
V- .. Test Control &| Environment

5. Evaluate Capability *.. Monitoring

Al

Capability 4. Manage Test

Joint

Capability Execution
Evaluation
(JCE) Event
Management
; ) ; Plan
LVC — Live, Virtual, Constructive
LVC-DE - Live, Virtual, Constructive Analyze Data

Distributed Environment Ev_aluat_e SOS Perfor.mance &
SoS — System of Systems Joint Mission Effectiveness
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JTEM CTM 0.3.3
(Develop Evaluation Strategy)

CTM 0.3.3.1
Develop
Evaluation
Framework

Evaluation Strategy Iterations:

0. Develo
T&E Strategy CTM 0.3.3.2 CTM0.3.3.3 CTM 0.3.3.4
—H AND

Develop/Refine N Execute N Conduct
Exploratory Exploratory Data Exploratory
Analysis Plan Collection Analysis

T&E T&E
Strategy Master
(TES) Plan
(TEMP)

* Develop Capability/SoS CTM 0.3.3.5

Description _ > ESanthe?lze
* Develop Joint Operational xlg ora"ory
Context for Test (JOC-T) esults
Develop Evaluation Strategy
Develop/Refine Capability
Crosswalk
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Exploratory Analysis Purpose

Purpose is three-fold:

— To explore a wide range of possible factors and levels that might affect joint
mission effectiveness (JMe), referred to as the initial JMe factor test space;

— To identify those combinations of factors that have the greatest impact on JMe,
referred to as the refined JMe factor test space; and

— To recommend potential factor combinations of interest from the refined JMe
factor test space for subsequent test events, referred to as potential test trial
sets.
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CTM 0.3.3.2: Develop/Refine
Exploratory Analysis Plan

+ Models and simulation

— Agent based models
— Other low-resoluion models
— Constructive, high-resolution models
— Virtual and human.in-the-Joop {HITL) simulation
— Adivity-directed networks (ADN)
— Petri nets
— Dynamical systems
Identify and = Other iechniques
Assess — SME input instruments: surveys, interviews, professional miltary
—»{ Potential - :stdnof 'mm or analyses of altemalives (AbA)
Tools and results to screen the factor space
Techniques — Dectsion analysis
ket Helee Develop M&S Develop
%NB—P A:ﬁ;ry?tiré:tle @ .I.Ao r::;y:'l:':’ —| Test Scenario Evaluation
Methods Techniques and Vignettes Strategy
* Develop evaluation strategy
\dentify — Refine factor space and measure
enti framework
—»| Analysis * ghmame based upon: — Final exploratory analysis strategy
Approach — Interest in main effects, two- or more-way inferactions outline
— Number of factors

— M of continuous/discrete/qualitatve Tactors
— Simuation nn fimes and computational budget

= Potential types
— Full and Fracional Factorial, Central Composite Designs, Lati
— Large factor space designs. Nearly Orthogonal Laiin Hypercubes

{NOLH), Fractional Faciorial Controlled Sequential Bifurcation (FF
Resolulion 5 Fraciional Factorials (R5FF), elc.

- M&S scenario and vignetie development

— Developed primarily from JOC-T producis

— Tied 1o higher level planning guidance

— Crifical that M&S scenarios and vigneties draw from
the same sources as test scenarnio and vignelies

« Analysis approach options
— Sequentially screen the Tactor space using a single model
— Simuitaneously screen subsets of the Tactor space using multiple
models
— Combmalions of the above

— Heralive process.
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___ CTM 0.3.3.3: Execute Exploratory
Data Collection

Configure TR

- Inputs to
—»| Computing —» \ olc and
Resources

Simulations Model,
—b@ﬂa @ Simulate and —p
Develop Collect Data

Other

»| Technique
Input

Instruments

» Depending upon tools and methods chosen, configuration of
computing resources may be quite involved.

« Other instruments of data collection are also developed here
(surveys, interview scripts, PMJ panel planning, etc.).

* Analysts develop model inputs (scenario files, DOE input files, data
output specifications, etc.) to execute the data collection.

* Model runs and data collection are executed according to
exploratory analysis strategy.
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Analysis

CTM 0.3.3.4: Conduct Exploratory

Prepare
——p Analysis
Tools

Conduct
Analysis

A 4

—— Draw Insights |——»

« |dentify and select appropriate tools and
techniques to conduct the analysis.

« Evaluate measure responses from
exploratory runs to refine the JMe
factor test space.

 |dentify factors to explore during
next iteration, as required.

« Potential analyses involved in these
steps will be discussed in more
detalil as part of CTM 5, Evaluate
Capalbility, since similar analytic
methods will be used as part of both
processes.
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CTM 0.3.3.5: Synthesize
Exploratory Analysis Results

Integrate Draw Refine Initial
Ex Iograto Explorato Recommend Test and
> ¢ oY i O | p! TestTrial |—»| Evaluation [—»
Analysis Analysis el oA
Results Insights egy
Outline

* This set of processes integrates the analyses conducted during the
multiple exploratory iterations to draw insights about the “probable”
factor space and the measure framework.

 The result should be a final refined factor space consisting of
potential test trial sets of interest for subsequent testing.

e Must integrate model related data and qualitative data 205
obtained from SMEs. ame,

e Insights from the analysis will help inform the risk s,
assessment conducted in the next step of the CTM. Potential

— Potential contributors to risk include the assumptions ~ Test Trial Set
made during modeling, the capabilities of the models,
the measures chosen, etc.

— Subseqguent tests can help validate assumptions made.
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Case Study Example
High Level Operational View (OV-1)

System of Systems
(S0S)

Task

KMission Desired Effect 10
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Develop Evaluation Framework

CTM 0.3.3.1
Develop

Evaluation
Framework

—

—1

Case Study
Example

Mission Measures of
Effectiveness

1. Threat Systems Combat
Ineffectiveness

2. Cumulative ineffectiveness time
Threat Systems in JOA

CTM 0.3.3.1.2.1
Identify Mission
Measures of Task Measures of Performance
Effectiveness
(Mission MOE) CT[';‘L&?;:E::-“ 1. Time to C2 indirect fires (IF)
»| Feasible Levels/ 2. Time to get ordnance on target for
STV 033122 Regions for JCAS
..... M H
\dentify Task Sl 3. Time to get ordnance on target for
Measures of JFIRES
Performance
(Task MOP)
CTM 0.3.3.1.2.5
Structure the
Measures ‘
CTM 0.3.3.1.2.3
»| dentify System Measures of System of
of System Systems Attributes
Attributes y

1. Speed of CFF Decisions
2. Speed of CFF Deconfliction

item@jte.osd.mil 11
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Agent Based Model case sty

<:: Deconfliction
air-space

Example

Civilian no-
shoot zone

* Visual basic code
o Simple interface
 Models:
- Agent interactions
- Airspace deconflictions
- C2 processes
e 17 materiel and non-materiel
factors built in for data
farming

12



Factor Capability Crosswalk

SME Estimates

Crosswalk Crosswalk Sub Factor Levels Factor Type
Dimension Dimension
1. Global Information Grid Yes/No Categorical
(GIG)?
Materiel 2. Blue Speed 1/2 (Multiplier) Continuous
3. Blue Monitor 1/2 (Multiplier) Continuous
4. Blue Fires 1/2 (Multiplier) Continuous
5. Multiple Trackers? Yes/No Categorical
6. Expedited Call For Fire? Yes/No Categorical
System of 7. Call For Fire type AlC Categorical
Systems Decision
8. Expedite Move Yes/No Categorical
Case Stu dy NOS_OTtartiirelel: 9. Restricted Op. Zone Restrictive/Permissive Categorical
Type
Example
10. ROZ Size 1/2 (Multiplier) Continuous
11. ROZ Expiration Yes/No Categorical
12. ROZ Slack Time 1/2 (Add. Time Increments) Continuous
13. Multi-Service Wait time | 1/2 (Add. Time Increments) Continuous
14. Adverse Weather? Yes/No Categorical
15. Civilian Zone? Yes/No Categorical
Condition Environmental
16. Civilian Zone Size 20/40 Continuous
17. Civilian Zone Location 1/2 Categorical

item@!ite.osd.mil

17 Factors with 3 dependencies

7 Continuous/
10 Categorical
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Step 1. “Quick Look” Analysis

Dependent Variable: Number Threat Kills

Independent Variables: 17 factors (decision & conditional)
DOE: Resolution lll Fractional Factorial (80 trials, 20 runs each)
Analysis tools: Stepwise Regression Model

SME

Estimate

X

X

Significant
factors

Non-
< Significant

factors

Findings:
» 14 factors significant, 3 factors not significant

_ _ _ » Adverse weather factor non-intuitive
[tem@jte.osd.mil 14




Step 2: Main Effects Analysis

Dependent Variable: Number Threat Kills

Independent Variables: 14 factors (decision & conditional)

DOE: Resolution V Fractional Factorial (2304 trials, 3 runs each)
Analysis tools: Classification and Regression Tree (CART) partitioning

Good
Blue Speed: 2
ROZ Size: 1
ROZ Type: P

Bad
Blue Speed: 1
ROZ Size: 2

Findings:
» Stressing factors (Blue speed, ROZ size, ROZ type)

item@jte.osd.mil 15




Step 2: Main Effects Analysis

Dependent Variable: Number Threat Kills

Independent Variables: 14 factors (decision & conditional)
DOE: Resolution V Fractional Factorial (2304 trials, 3 runs each)
Analysis tools: Stepwise Regression Model

SME
Estimate
X
X
X
Significant
factors

Non-
< Significant
X factors

Findings:

» 10 factors significant

* Blue fires no longer significant

» Adverse weather factor intuitive 16

item@jte.osd.mil




Independent Variables: 14 factors (decision & conditional)
DOE: Resolution V Fractional Factorial (2304 trials, 3 runs each)
Analysis tools: Stepwise Regression Model

SME
Estimate
X
X
X
X
Significant
factors

Findings:

* 6 main effect factors significant

« 5 additional factors significant in two-way interactions

* Blue fires & adverse weather part of two-way interactions

item@jte.osd.mil 17




Step 3: Aggregated Conditional Factors

Dependent Variable: Number Threat Kills

Independent Variables: 10 factors (9 decision, 1 conditional)

DOE: Resolution V Fractional Factorial (128 trials, 3 runs each)
Analysis tools: Classification and Regression Tree (CART) partitioning

Bad
Stressing Factor: Most

RSquare H :fllg::::; Blue Speed: 1

GIG?: Off

Good
Stressing Factor: Least
Blue Speed: 2
| CFF Type Decision: C

Case Study
Example

All Rows .
Court 128 LogWorth Difference Q O Z Ty p e . P
Mean 102373 13892196 351875

Sted Dew  31.096497

(5 Factor Least Stressing Levels)

Count G4 LogWo. W Difference
Mean 8478125 599460 2315
St Dev 22648781

(5 Factor Least Stressing Levels)

Court G4 LogWorth Difference
Mean 118 96873 12671298 38125
St Dewv  28.415529

Blue Speed<2 Blue ! ieed==2 Blue Speed<2 Blue Speed==2
“ount 32 LogWorth Difference Court 32 LogWorth Difference Court 32 LogwWorth ifference Court 32 LogWorth Difference
fean 7303125 41947915 218375 Mean 9653125 29392673 204375 Mean 10080625 42290919 204373 Mean 13303125 27937483 240625
sted Dev 18767653 Std Dey 20130196 St Dev 1743236 St Dey 24.225399
|
!—‘—\ [ 4‘—\ . [

GIG 2{0Hf) GIG2{0n) GIG 2{ 04} GIG 2{0n) CFF Type of Decision{A)|| CFF Type of =cision{C) CFF Type of Decision{A) CFF Type of Decision{C
Court 16 || Court 16 Court 16 || Court 16 LogWorth Difference Court 16 Court g Court 16 LogWorth Difference || Count 16
Mean 620625 || Mean a4 Mean © 23125 || Mean 10673 42011102 28 Mean 906375 Mean 1M1z Mean 127 28132009 34 || Mean 15106825
Std Dew 10266247 || Std Dev 1912764 Sted Dew 17 284748 (| St Dev 17774514 St Dev 14286211 St Dev 14183911 St Dev 24144012 St Dew  17.920077

ROZ Type(R) ROZ Type(P) | ROZ Type(R) ROZ Type(P)
Court § || Court g “aurit § || Court g
ean 9275 (| Mean 12073 M - 110 || Mean 144
St Dev 96473534 (| Std Dew 11.658541 Std De 14 6965938 || St Dey 19302109

item@jte.osd.mil
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Step 3: Aggregated Conditional Factors Results

(5 Factor Least Stressing Levels)

Dimension Sub Dimension Priority/Factor Levels Factor Type

1. Blue Speed 1/2 (Multiplier) Continuous

Materiel 2. Blue Fires 1/2 (Multiplier) Continuous

5. Global Information Grid (GIG)? Yes/No Categorical

3. Restricted Op. Zone Type Restrictive/Permissive Categorical

System of 4. Call For Fire type Decision A/C Categorical

Systems . -

y _ 6. Multiple Trackers? Yes/No Categorical
Non-materiel:

Doctrine Most Stress 1. ROZ Size 1 (Multiplier) Continuous

Most Stress 2. ROZ Expiration No Categorical

Most Stress 3. Multi-Service Wait 2 (Additional Time Continuous

time Increment)

Most Stress 4. Adverse Weather? Yes Categorical
Condition Eavirpnmental

Most Stress 5. Civilian Zone? Yes (Size = 40) Categorical

item@jte.osd.mil

Findings:
» One aggregated condition factor significant
« Six decisional factors significant
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Step 1. Measures Relationship Table

Case Study
Example
Green: Direct relationship
Red: Indirect relationship
. . M oM]IT T TIM M
No color: No relationship Mol om omlo o
0O o0l0 0O 0O|l5 5
E EIP P PlA A
Factors Values 10211 02 53112
GIG Off ar On 11111 (1]aof1
Blue Speed 1arZ 1111 [{0j0f1{D0
Elue Moanitar 1ar2 Tt p1 111
Blue Fires 1arZ 1T{(1]of-1{0})1{-
Chilian Zone Off ar On gljojrjojp1rgp1gn
Civilian Zone Size =mall ar Large S ofop1]o
Multiple Trackers Mo ar Yes 1111 {11111
Adverse Weather Mo or Yes 1111 {1 {ojof1 0 | (o]0 R
Eupedited CFF Mo or Yes t[1]of+1]o]ofofoftloloft]o]olololo]olo]lo]jo]o]n)
CFF Type of Decision | Closest or Awailable Sttt
Eupedite Move Mo or Yes 111 ][1]o]1]0 0 | (ot |oft|ofi o o|o]|0)
ROZ Type Festrictive or Permigsive | 1 [ 111 [ 1 [ 1] 1]
ROZ Size 1aor2 Al fofo]-1]1 oo olo (o|lofo|o)]
Multi-serdice Wait tirme 1 or 2 oloJol1|o]1|ofJo]jo]o]o]jolo]jof{of{of{ofjo{ofa]o|{o]aOl]
ROZ Expiration Mo or Yes 11 -1[-1[-1]-1]-1
ROZ Slack Time 1or2 IERERERERERER
Civilian Zone Location (1 arZ glojp-r|jof-1p-1141

Findings (Direct and Indirect relationships):

* Direct relationship for all measures: Blue Monitor, Multiple Trackers, ROZ Slack Time

* Indirect relationship for MMOEs and TMOPs/MOSAs: CFF Type of Decision, ROZ Expiration
* Direct relationship across both MMOEs

MMOE - Mission Measure of Effectiveness MOSA — Measure of System of Systems Attributes

item @ite.osd mil TMOP — Task Measure of Performance




Insights into Exploratory Analysis

 Resolution V DOE needed for assessing two-way interactions

— Resolution Il does not confound main effects with one another, but does
confound main effects with 2-factor interactions

— Resolution V does not confound main effects and 2-factor interactions, but
confounds main with 4-factor and 2-factor with 3-factor

« Factor prioritization is an iterative process
— Initial DOE and data farming may provide first insights into significant measures
— May require further exploration to validate initial findings

— May differ across multiple measures and require retaining uncertain factors in
the second design

— Iterative farming can provide additional prioritization of factors
e Factors with more than two discrete levels requires additional farming
to assess their impact
— Requires crossing with additional factors
— May wish to assume two levels for initial design
 Multiple measures (dependent variables) adds significant complexity to
determining factors with highest impact
— Requires evaluation of factors across measures
— Constructing relationship tables provides insights on measure impacts

item@jte.osd.mil 21




Summary

e EXxploratory analysis requires an iterative
process for prioritizing factors

e Factors can be analyzed across multiple
dependent variables (measures)

e Automated tools for DOE and modeling can
help to simplify the exploratory analysis
process

 Non-materiel factors can be equally important
to testing a System of Systems

item@jte.osd.mil 22
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Abstract

The Joint Test and Evaluation Methodology (JTEM) project has been collaborating
with various government organizations and academia to develop enhanced Design of
Experiment (DOE) modeling and analysis approaches for Testing in a Joint
Environment (TIJE). This paper discusses the applied research that has been
conducted in this area over the past three years, as well as its application to JTEM
test events. Discoveries involving enhanced data farming techniques and technology
applications have proven to be catalysts for test and evaluation of complex adaptive
systems. Hybrid DOE models for large factor test designs (e.g., Fractional Factorial
Controlled Sequential Bifurcation, Resolution Five Fractional Factorial, Nearly
Orthogonal Latin Hypercube) have demonstrated success in refining robust Joint test
spaces. Innovative application of analytical models and methodologies (e.g.,
Advanced Response Surface Methodology, Classification and Regression Tree) have
improved our ability to analyze Critical Capability Issues (CCI) involving multiple
responses. Agent based model simulation prototypes (e.g., Tester, MANA,
Pythagoras) have been modified and/or developed by our academic and government
partners to enable enhanced test design and evaluation of capabilities in a Joint
environment. Proof of concept efforts in this collaboration has included International
Data Farming Workshop (IDFW) events, where various techniques and tools have
been explored for use in Testing in a Joint Environment (TIJE). Key research
techniques and selected results are presented in the context of a use case that is
based upon JTEM test events.
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