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. 7Z) Problem
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0 Amount of data available for
analysis has increased
dramatically in recent years

Specific Data Example

O Time-prohibitive to clean,
normalize, analyze larger
datasets using traditional
methods

U Forced to analyze only

Document

Task planning sheets capture information

pa rt Of the data primarily used in planning, documenting, and
communicating between government program Number of records 35,044
D Label useless because offices and executing agencies:
too hard to unwire ° TaskTitle Number of entries 38
e Task Descriptions ]
* Deliverables List P
D Alternative methods are * Funding received and executed Types Strings,

Responsible organizations, etc.

required to more quickly Floats
process data for use

How can we efficiently clean, normalize, and map this data into a usable form?
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Solution: Machine Learning?

What is machine learning?

O Definition: A method of data analysis, using algorithms, where systems learn
on their own

— Application examples: filter email spam, refine search engine results, traffic
predictions, fraud detection, object recognition, text classification

Q Alternate definition: the science of getting computers to act without being
explicitly programmed (Coursera)

Why use machine learning?
O Manually mapping ~35,000 lines is time-intensive

— Instead, pass a few examples to a machine learning algorithm and get a mapping in less time

O Manually reviewing and formatting text is time-intensive

— Instead, use tools like Python™* to handle large amounts of data (i.e., normalizing)

“Supervised” and “Unsupervised” are the primary methods of machine learning

* “Python™” is a trademark of Python Software Foundation

Machine learning replicates human learning but can handle much larger amounts of

data more quickly
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Machine Learning Algorithm Types:
Supervised

Q In supervised learning, the data scientist acts as a guide for the machine learning
algorithm by providing examples, using a training set of data, where the correct

answers are known and labeled.
Common Supervised Algorithm

Types:
— Classification

Training Set
= Oval

. = Quadrilateral

= Triangle

— Regression

Oval

Quadrilateral

Triangle A ‘ ‘

Learn with guidance from the data scientist
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Machine Learning Algorithm Types:
Unsupervised

Q Unsupervised learning is closer to “true” artificial intelligence methods. In
unsupervised learning, the computer learns without guidance from the data
scientist. These methods are usually more complex but can tackle questions
humans cannot or when the correct answer is unknown. Unsupervised learning

identifies structure in data.
Common Unsupervised

Algorithm Types:
— Clustering

Cluster 1

Cluster 2

Cluster 3 A ‘ ‘

Learn without guidance from the data scientist
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wk=2ZY Experiment #1 Supervised Learning Process
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Raw Data Create Training and Test Sets Process Data
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Text Classification: Random Forest, Feature:
Task Title
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Use the Random Forest Classifier to map dataset into predefined categories
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W=zl Experiment #1 Define Labels and Features

ML Algorithm

= | abels Selected

— Align with cost Equipment
work Installation
breakdown —
structure Logistics
(CWBS) Ship Integration and Test (I&T)

» Feature Selected

— Task title

Development

Test and Evaluation (T&E)

Training

‘ Task Title Performer Task Effort

Description
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b ~Z] Experiment #1 Create Training and Test Sets

= Manually Labeled Example Sets
— Example Set 1, 232 records Training Set 1
— Example Set 2, 485 records

" Training Sets .
— 67% of the Example Sets used as .
Training Set I
— Training Set 1 & 2, 155, 325 records .

m Test Sets Training Set 2
— 33% of the Example Sets used as
Training Set .
— Test Set 1 & 2, 76, 163 records

Initial results from Training Set 1 poor, Major improvements with Training Set 2
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szl Experiment #1 Process the Data

DAHLGREN

Normalization Steps Example Text
Remove:

Remove duplicates Install 2 radar systems on a mast and perform testing
on the interfaces.

Rows without data Install 2 radar systems on a mast and perform testing
on the interfaces.

¢ :/ /@ python’

Words with < 3 Install 2 radar systems mast and perform testing the
characters interfaces.

Punctuation and Install radar systems mast and perform testing the
standalone numbers interfaces

English function words  Install radar systems mast perform testing interfaces
Lemmatization Install radar system mast perform test interface

Convert to numeric (tf-  1.45,0.51, 0.65, 0.08, 1.42, 1.61, 0.34 (example only)
idf)*

*Term Frequency-Inverse Document Frequency

Used Python to convert text to numeric values for analysis
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Label Highest tf-idf
Dev 1) radar
2) isea
Equipment 1) equ
2) equipment
Installation |-Lcombatsystem
2) install
Logistics 1) integrated
2) logistics
SI&T 1) leadership
2) test
T&E 1) evaluation
2) interoperability
Training |-LLengineering/ils/training

2) training
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g =ZY Experiment #1 Results Summary Test Set 1

= |nitial model was trained using
Training Set 1 and tested using
Test Set 1

= All algorithms performed poorly

Dev

Equipment

— Accuracy of model was 50% or
less for all but Dev and
Equipment

Training

Actual
QET

— Small numbers of other
categories in test set

Logistics

= Hypothesized training set
distribution was cause

T&E

Installation

Dev Equipment  Training Q&T Logistics T&E Installation
Predicted

Initial training set unbalanced distribution (development heavy) negatively impacted

algorithm performance
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Experiment #1 Results Summary Test Set 2
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= Updated model was
trained using Training Set 2
and tested using Test Set 2

Dev

" Improved all algorithm
performance

— Diagonal heat map visually
shows improvement

Training Equipment

Actual
SET

— Still some over prediction
for the development
category

Logistics

T&E

Installation

Dev Equipment  Training Q&T Logistics T&E Installation
Predicted

Second balanced training set performed significantly better
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=zl Experiment #1 Results Summary
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Classification Report

1.00
Installation (10) 0.80 0.80 0.80
0.95
T&E (27)
Logistics (22) -0.90
g SI&T (7) - 0.85
o
O
Training (18) - 0.80
Equipment (25)
0.75
Dev (52) 0.70 0.88
0.70
Precision Recall Fl-score
Metrics

Three primary metrics

O Precision = Percentage of predicted positives that are actually correct
O Recall = Percentage of actual positive that are predicted correctly
O Fl-score = Average of the two

Machine learning could accurately classify the labels with an F1 0.76-0.92
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Next Steps

= Reduce missed
— Increase size of training set to refine algorithms

D

o . . Label Highest tf-idf
— Improve initial data normalization by | ALradar
* Biand Trigrams L
.. “in Equipment 1) eqpt
» Alternate word divides “/ 2) equipment
“« H ” “ Installation 1) combatsystem
= Use alternate features “Task Title” + “Task 2) install
. 4 ” - 1) integrated
Description Logistics [ reics
= Optimize code sigT  |LLleadership
2) test
= Apply developed algorithms to map entire data TeE  (leveluation
2) interoperability
set Training<—1)7engineering/ils/training
2) training

Apply methodology to other data sets

Example #

Task Title

Predicted Label

Actual Label

— Expand beyond task orders Developmen: Dev Training
@Qineering/ﬁaining SuppoD
—_ Ieadersii Dev SI&T
Expand beyond COSt data 3 ! Common PAcq Logistics Dev Logistics
. pe . 4 Tech Refresh Procure/Install Dev I 1
— Expand beyond text classification Suppat ) e
5 Training SME Support D Training Dev

Machine learning can be applied to cost normalization problems
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izl Thank You

1918 2018
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A CENTURY OF INNOVATION
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