The Joint Improvised Explosive Device
Defeat Organization (JIEDDOQO)
Proposal Value Model

Advisors: Dr. Jeff Weir, Dr. Ken Bauer,
Dr. Shane Knighton

Students: Maj Dawley, Maj Marentette,
U.S. AR EOC || CaptlLong, CaptRichards, Lt Willy
D\_/D A Y

19 May 2009

The views and opinions expressed in this presentation are those of the authors and do not reflect

U.S. Air Force or Department of Defense Policy

Integrity - Service - Excellence



Outline

* Background

* Problem

* Model Development

e Model Enhancements

* Analysis & Validation

e (Conclusions

Attack the Network, Defeat the Device, Train the Force 2/20




1EDs

* Primary source of US and coalition casualties
« Wide variety of devices

* Fuse, explosive fill, detonator and power supply, and a container

* Generally difficult to detect and protect against
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JIEDDO Background

 Army IED Task Force (2003)
* Joint IED Defeat Task Force (2004)
* Joint IED Defeat Organization (JIEDDO) (2006)

* Intended to synchronize all available resources and
streamline acquisition process for IED defeat technologies

JIEDDO reports directly to DepSecDef
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JIEDDO Background

JIEDDO Mission

To focus (lead, advocate, coordinate) all DoD actions in support of
COCOMs and their respective JTFs’ efforts to defeat IEDs as
weapons of strategic influence.

- DODD 2000.19E
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JIEDDO Background

« JIEDDO Objectives:

Reduce Effect of IEDs against friendly forces
Provide leaders with single POC for C-1IED efforts
Establish JCOP of IEDs and their employment
Provide Joint forum to synchronize efforts

Provide leaders with method for identifying 1ssues requiring
Interservice resourcing

* Provide Joint forum to 1dentify C-IED efforts to be rapidly
implemented and developed

* Provide for interservice, interagency, industry and
international coordination of IED defeat
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Current IED Defeat Practices a

e Lines of Operation
« Attack the Network

e Predict/Prevent

* Defeat the Device
* Detect
* Neutralize
« Mitigate

* Train the Force

e Train
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JIEDDQO’s Process

« Joint IED Defeat Capability Approval and Acquisition
Management Process (JCAAMP)

* Broad Area Announcement (BAA)

 BAA Information Delivery System (BIDS)
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JCAAMP Process

447 Passed
Initial Review

-Initiative Evaluation Process-
1274 EP /EPZ EP 3 EP 4 EP5
Submltted \ ﬂ / /

Transfer or Transition

* Why the model?
« Extremely large budget ($4.37B)
« Enables traceable, repeatable, and defensible selection decisions
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The Model

Additive Value Function:

V(X) = .1 76VGaps(Xi) +.112VTimeToCounter(Xi) +.110 VTechPerf(Xi) +.1 OOVWorkLoad(Xi) +.091 VInterop(Xi) +
.087Vopssurden (Xi) +.056VTenets(Xi) +.056Vciassification(Xi) +.056Vsuitaviity(Xi) +.056VFieldingTimeline(Xi) +
.05OVTrainingTimeIine(Xi) +.037VTechRisk(Xi) +.01 3VProgramMaturity(Xi)
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Model Verification
Proposal Selection

* Wide variety of proposals—30 1n all

* Previously evaluated in BIDS

13 accepted/17 rejected

Crossed all 5 tenets

Offensive & defensive

Materiel & non-materiel

Kinetic & non-kinetic

Aircraft, vehicle & soldier-mounted

Feasible & highly speculative
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Results and Analysis

Proposal Score

* R&D proposals BD 35

« High correlation to BIDS o
accept/reject decisions
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Rejected Proposals - EijbeBtofejepted
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e Qutliers 1n the accepted and
rejected regions

 Worst case scenario not intuitive
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The Tool

Proposal Name |ciassified | = ] Total Score
Entry Look Up‘ Submit ‘ 0.539
ID Number lu |
Measures Input Values s ~
1.00

# of Tenets Impacted Select Tenets |f 1 |
Primary GAP Addressed | None | L 0.50
Classification Level [ FOUO | —
Months Useful Operation | 24 | o8

F0.70
Performance Rating | 3 |
Suitability Rating | 5 | [ oo0
Interoperability Issues [ Minor Issues | | 050

_ cooons I
Technology Readiness Level | TRL 6 | St
Meonths to Fielding | 4 | r o0
0.24

F0.30
Maximum Capacity (%) [ 5% | = - .
Interaction Minutes per Hour | 0-1 min/hr | '
Training Hours Required | 1 | TUsabiity 022 L 0.10
Training Level [ TRNL 3 | _-_

+ 0.00

ADD/ VIEW COMMENTS | . .,
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Further Model Verification

* Used Discriminant Analysis to see if a discriminant
function could be built to classify proposals into either a
funded or not funded

« Data splitting technique

« Discriminant function creation for each population type

Specific observation Mean for variables in
seeking population i Prior

classification \ / / Probability
d? =——ln|S|-——(X - X' (X = X)) +P
T
Covariance

Structure Bauer (2008)
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Confusion Matrix: Dillon & Goldstein (1984)

Predicted Membership
DF Categorization

Accept Reject
Actual
JIEDDO Accept 13 0
where: Decision Reject 0 17

N.. = # of class i classified correctly
N.. = # of class i classified incorrectly

1 = Actual Membership accept
2 = Actual Membership reject

ty
A
Ei
g SRR
v
G o
sy

It is possible to create a function that will predicted whether a

proposal will be accepted or rejected
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Multi-Dimensional Sensitivity .
Analysis

Minimize ZON —w )’
subj ect to:

Z(V (X)-v (x))w =0 VA=B
2.W

2=

0<w,W<1 Vi=1.Kk

W. =the initial weights defined by the decision maker
w, =the weights found that minimize the measure

VA(Xi) = value score of attribute i for alternative A

435 pairwise Distance 1/(1+ Dij) . Similarity FA Cluster
comparisons Matrix Matrix Analysis




Sensitivity Analysis

* For the set of 30 JIEDDO proposals, there were 435
unique pairwise comparisons

* Objective function values are stored 1n a distance matrix

0 Dy, Dy - . Dig
D,y 0 Dyy o o . Dyy
Dy Dy, O o . . Dyy
0
0
0 D29,30
B | oo | oo | o | e | Bgam | ©

The distances between proposal scores will shed light on their sensitivity

BAendln

Similarity FA Cluster




Sensitivity Analysis

* Distance matrix has far apart a given pair of proposals are
from one another 1n the weight space

« Similarity matrix characterizes how similar the sets are to
one another

Si,j — 1 /( 1 +Di,j)

1/(1+0) 1/(1+D;,)  1/(1+D,3) 1/(1+Dy 50)
1/(1+D, ,) 1/(1+0) 1/(1+D, 5) 1/(1+D, 5)
1/(1+0)
1/(1+0) D59 30
1/(1+Dyq ) 1/(1+D5q 50) 1/(1+0)

Clust
Analy:

@

o

S

Math 435 pairwise Distance 1/(1+ Dij)
Programming | comparisons Matrix




Proposal Ranked Factor 1 Factor 2 Factor 3 SCOre
1 0. 353 -0.481 0.822
z 0em A 77 | Factor Analysis: utilized to simplify
4 0.522 -0.377 0.672 . . .
- 0821 0443 0.672 complex relationships that exist
B -0.455 0.620
’ 0320 0%e7 | oms among a set of observed
g~ -0.4949 0.523 D.529
om21 o4st | osre variables by uncovering common
11 -0.815 0.525 0.565 .
2 of¢  oss2 | oses factors that link together the
_ e S I seemly unrelated variables
16 -0 524 0424 0.554
7 o1 osm ) os= e The number of retained factors
- Sy 042 | oo based on eigenvalues
2= 0.480 0.421
- o zos vie | 22| « Underlying variable contribution
4= 0.518 0.441 0.447 . o o o
- 0.42 0457 | a0 1s determined using loading
2E= 0424 0.317 0.401 .
Py 0325 | oser matrix
26= .435 25 0.364 — %
3= ngB gi?ﬁ 0.170 L _ evalue evector
Varlmax 10.772 10.235 E.095 L = loading matrix
Proportlonal varlance Clae — eigenvalue
explalned =% = 27 €0t = Eigenvector
Math 435 pairwise _ Distance 1/(1+ Dij) Similarity FA
Programming comparisons Matrix g Ma




VYV 11AAL VAU ULi1LD Vil U aAjvvull vilnv

sensitivity of a specific

Utilizing the information captured in the distance matrix, it 1s
possible to extract information regarding how well a

proposal scored as compared to competitors

/ cach D;; has a

0 Dy, Dj5 - .. Dis unique 13 |

dimensional weight
D,y 0 Dy o . D330 vector tied to it
D, Dy, O .. L . D5 5
0
0 /
0 D29 30 /
[ I L B R N O /
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Technical
Performance
Load
Interoperability
Classification
Suitability
Fielding
Timeline

Training Time
Technical Risk

Operations
Burden

Proposal
Ranked #

1
2
3+
a4
5*
6
7
8*
9*
10
11
12
13*
14
15
16
17
18*
19*
20*
21*
22*
23*
24*
25*
26*
27*
28
29*
30*

Time to Counter

Tenets Impacted
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Applying the Technique

Maturity
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Percent Change for Proposal 1 {3
Sorted by Average % Weight Change

3 i
Q c [J] x 2
-8 3 g 9 g ° £ 2 g £
E> 35 § § pg 55 £ £ & 3 B § 3
£ 2§ E £ 55 §f§ ¥ o J4 S8 3§ @ E
58 §¢ s« 31 s=F 3z ¥ £ 3 = £ 3 ¢
Proposal = kg < 3 ) @ 2 = g 8 8 £
Ranked # l2 = = -
1
2 P t
3* Percentile ercen
4 Change (%)
5% 100 906
6 95 215
;* 90 134
o 85 103
10 80 81
11 75 66
:: 70 51
14 65 42
15 60 36
16 55 27
:;* 50 17
19 45 6
20* 40 0
21* 35 -23
§§: 30 -49
24* 25 -64
25* 20 -82
26* 15 -100
27* 10 -100
28 5 -100
29*
30* 0 -100
Original
Global 0.013 0.110 0.056 0.056 0.056 0.087 0.056 0.050 0.100 0.112 0.037 0.176 0.091
Weights

Average %
Weight 306 81 79 64 33 -4 -10 -30 -34 -35 -40 -42 -46
Change

* Indicates JIEDDO rejected proposal
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:

Fielding
Timeline
Suitability

Tenets Impacted

Classification
Training Time
Technical Risk

RIRRR!

Proposal 8
Ranked #

1

2

3*

a4

2 Percentile _ I oreent
7 Change (%)
- 100 903
o 95 103
10 90 48
11 85 32
12 80 19
13 75 13
14 70 8
15 65 5
16 60 2
17 55 1
19+ 45 0
20* 40 0
21* 35 -1
22* 30 -2
23* 25 -7
24~ 20 -14
25* 15 -25
26~ 10 -44
27* 5 -100
28 0 -100
29*

30*

Original
Global 0.176 0.112 0.110 0.100 0.091 0.087 0.056 0.056 0.056 0.056 0.050 0.037 0.013
Weights

Average %
Weight -2 -7 10 12 -19 -14 25 19 8 -4 1 1 106
Change

* Indicates JIEDDO rejected proposal
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Percent Change for Proposal 15 §5
Sorted by Percent Change .

£ § 3 ¢ > Ot g
§2 B 8 2eg = = E, = 3 § §
5 & E £ E e i g £ o 'g
g g iﬁ '§ ] g = '€ o -1 8 a
Proposal % F E tF -§ E 8 ‘3 g
(&) ] = = = €

Ranked # = F =
1
2* Percentile Percent
3 Change (%)
;* 100 903
6 95 103
7 920 48
8* 85 32
9* 80 19
10 75 13
:; 70 8
Tav 65 5
14 60 2
15 55 1
16 50 0
17 45 0
:g: 40 0
20* 35 -1
21* 30 -2
22* 25 -7
23* 20 -14
24* 15 -25
25* 10 -44
26* 5 -100
27*
28 0 -100
29*
30*

Original

Global 0.013 0.056 0.056 0.110 0.056 0.037 0.050 0.176 0.056 0.112 0.100 0.087 0.091
Weights

Average %
Weight 106 25 19 10 8 1 1 -2 -4 -7 12 -14 -19
Change

* Indicates JIEDDO rejected proposal
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Further Model Modifications

How does one create a value model which
accurately and succinctly captures factor

interactions without an unduly lengthy DM
solicitation?
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Past Methodology:
Formulae

« Complicated To Explain

* Requires many extra solicitations and value comparisons

* End value function comprised of 2"— 1 terms
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New Methodology:
Requirements

 New model does:
« Allow interaction not require 1t
e Maintain VFT-like structure
* Possess two-way monotonicity for combined measures
e Minimize DM solicitation

* New model does not:
« Examine interactions above 2" degree

e Require Single Dimensional Value Functions a priori
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New Methodology:
Overview

o SO“Cit subset ofinteractions - |61 0o JoosJo2foz)oa)los)oes)os oo oss| 1
@ G2 0 Jooafoa7]o2s5)03a)o04a2fo55)067]0.76) 0.8 J0.84
g G3 0 Joozfo11)o16)0.21)0.26]0.24])042]04a7] 05 J0.52
. . - T |Ga 0 Joo02foo07]o11)o1s5)018)0.24]0.29]0.33)0.35]0.37
InterpOIate remaining values E-GE 0 Jo.o02fo006]0.09)013f016)0210.25]0.28) 0.3 Jo.32
‘; G6 o Joo1]oo04a]o.06)008]o011]014]017]0.19) 0.2 Jo.21
Defi . f 3 |a7 o Jo.o1]o0.03]0.05)006]008] 01 J0.13]0.14])0.15]0.16
* efine equatlons or < |G8 0 o |o.01}0.020.02] 0.03] 0.03 | 0.04 | 0.05 ] 0.05 | 0.05
Continuous gaps None| 0 0 0 0 0 0 0 0 0 0 0
0 | 6 | 12 )18 |24 300 36 | a4 | a8 | 54| 60
Months Useful Operaton
« Combine value function
contributions
V(X) = 056 v(Tenets) + .288 v(TimeToCounterGap)

+ .056 v(Class) + .11 v(TechPerf) + .056 v(Suit)
+ .091 v(Interop) + .037 v(TechRisk) + .056 v(FieldTime)
+ .087 v(OpsBurden) + .1 v(Workload) + .05 v(TrngTime)

+ .013 v(TrngMaturity)
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Analysis and Validation:
Value Function Comparison

° I 1
Gap Impact & Time to Counter o e
. s 0.8

» Original v. Complete 0 o

 Average difference of 0.22 o —

« Maximum difference of 0.61 04 - e

0.3 - —0—G6

» Partial v. Complete o Y
* Average difference of < 0.01 A . o

 Maximum difference of 0.27
Partial

——G1 0; /A ——G1

-2 ' -2

——G3 83 ‘//‘ ——G3

—>—G4 8:? # / ——G4

—¥—G5 04 Ve | p AN —¥—G5

—0—G6 0.3 1 —0—-G6

——G7 g'i ——G7

0 Tes I ==== . =, ——G8
0 20 40 60 None 0 20 40 60 None

Original Complete
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Analysis and Validation:
Group Rankings

* To ptler rankings

* Model as a filter
Interpolated model produces sam

. 1scret alternative sets
* Ornigimal model shares only half ¢

Group size decided by DM

Group Complete Solicitt Critical Values
Size v. Original v. Partial a=.05 a=.025 o=.005
1 (n=30) 0.628 0.862 0.218 0.255 0.333
0.887 0.467 051 4
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“Qur ultimate customer is the Soldier...

My son or daughter, your son or daughter
...who will judge our efforts with their
lives and their mission accomplishment.

This is a sacred trust
which will not be compromised.”

Larry G.
Lehowicz
Major General {Ret.)



