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Introduction

Messy text data is

1. Frustrating

2. Annoying
3. Hard to work with
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Introduction

Messy text data is

1. Frustrating

Annoying
Hard to work with

Useful
Common

S A LN

Possible to wrangle with programming tools
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Al and ML Basics

Enable Computers to mimic human
behaviour

Machine Learning ®

Subset of Al, which use statistical methods to
enable machines to improve with experiences

Deep Learning ®

Subset of ML, which use algorithms inspired
by function of human brain

Source: Data Science Foundation
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https://datascience.foundation/sciencewhitepaper/natural-language-processing-nlp-simplified-a-step-by-step-guide
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Natural Language Processing (NLP)

NLP = Intersection of Linguistics and Al

Source: Data Science Foundation
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Types of Classification

Example

e Label 1: Car
Pick one e
Label 1 -/
Label 2

Source: The Al Learner

e Label 2:
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Types of Classification: Multi-Class

Pick one

Example
Label 1 * Label 1: Car
Label 2 * Label 2: Ship
Label 3

 Label 3: Spacecraft
Label 4

* Label 4: Aircraft
Lat;:_-IL

Source: The Al Learner

Each example fits a
distinct label
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Types of Classification: Multi-Label

Pick all applicable

Label 1
Label 2 </

Source: The Al Learner
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Example

Label 1: Car
Label 2: Ship

Label 3: Spacecraft
Label 4: Aircraft

Picture fits multiple labels:

Aircraft AND spacecraft
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Past research

e Basics of Machine Learning— ICEAA presentations

— Roye and Smart

— Johnson and Shafer

e NLP use cases for cost estimators

— Mourikas et. al. — 2 studies of cost savings of items based on:
manufacturing descriptions or manufacturing technigues

— Brown and Geraghty — Labeling records based on task descriptions

— lonescu et. al. — Estimate software labor hours based on task

descriptions

11

Estimate with Confidence™



https://www.iceaaonline.com/ready/wp-content/uploads/2019/06/ML06-Paper-Beyond-Regression-Applying-Machine-Learning-Roye.pdf
https://www.iceaaonline.com/ready/wp-content/uploads/2019/06/ML04-Dont-Be-Scared-Machine-Learning-is-Easy-JohnsonMary.pdf
https://www.iceaaonline.com/ready/wp-content/uploads/2019/06/ML05-Machine-Learning-and-Natural-Language-Mourikas.pdf
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https://www.iceaaonline.com/ready/wp-content/uploads/2019/06/ML02-Machine-Learning-Assisted-Data-Extraction-BrownJonathan.pdf
https://sic.ici.ro/wp-content/uploads/2017/06/SIC-2-2017-Art.10.pdf
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Use Case:
Dataset Description
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About the Use Case

* Goal: Automate category assignments for a
hardware dataset

* Steps:

— Assign Categories based on Name column
— Normalize data
— Characterize data

— Study possible NLP techniques (use cases)

Estimate with Confidence™ 13
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Use Case example - 1,270 datapoints
. Name

Accelerometer
Aileron
WGF AILERONS

9mm, Full Metal Jacket, Round Nose

40, S&W, Full Metal Jacket

Ampliefier

Antenna

ARC210v Antenna Logic Unit
Parabolic Reflector Antenna 25 GHz
CF SPINE SKINS

Radome Assembly

Battery Assembly

Thermal Battery

Electronics, Attitude Control

OFNR Riser, #Fibers = 2, Breakout Style Cable, Indoor,
Singlemode
OFNR Riser, #Fibers = 72, Tight buffered, Non-breakout style

cabl, Indoor, Singl

Fuse, Small Production
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Labeling Data for Machine Learning

__________ Name | Initial Category

Accelerometer

Aileron

WGF AILERONS

9mm, Full Metal Jacket, Round Nose
40, S&W, Full Metal Jacket
Ampliefier

Antenna

ARC210v Antenna Logic Unit
Parabolic Reflector Antenna 25 GHz
CF SPINE SKINS

Radome Assembly

Battery Assembly

Thermal Battery

Electronics, Attitude Control

OFNR Riser, #Fibers = 2, Breakout Style Cable, Indoor,
Singlemode

OFNR Riser, #Fibers = 72, Tight buffered, Non-breakout style
cabl, Indoor, Singl

Fuse, Small Production

Estimate with Confidence™

Accelerometer
Aileron

Aileron
Ammunition
Ammunition
Amplifier

Antenna

Antenna Logic Unit
Antenna

Skin

Radome

Battery

Battery

Attitude Control Electronics

Fiber Optic Cable

Fiber Optic Cable

Fuse
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Normalization Steps

* Only the first letter of each Name is uppercase

* Added categories where there was only technical data or
brand

— “40, S&W, Full Metal Jacket” = “40, S&W, Full Metal Jacket,
Ammunition”

* Fix spelling mistakes

I”

— “cabl” = “cable”

* Make plural words singular
— “WGF AILERONS” = “Wgf Aileron”

Estimate with Confidence™ 16
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Normalized Data

- Name | Normalized Name

Accelerometer
Aileron
WGF AILERONS

9mm, Full Metal Jacket, Round Nose

40, S&W, Full Metal Jacket

Ampliefier

Antenna

ARC210v Antenna Logic Unit
Parabolic Reflector Antenna 25 GHz
CF SPINE SKINS

Radome Assembly

Battery Assembly

Thermal Battery

Electronics, Attitude Control

OFNR Riser, #Fibers = 2, Breakout Style Cable, Indoor,
Singlemode

OFNR Riser, #Fibers = 72, Tight buffered, Non-breakout style
cabl, Indoor, Singl

Fuse, Small Production
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Accelerometer
Aileron
Wegf Aileron

9mm, Full Metal Jacket, Round Nose, Ammunition

40, S&w, Full Metal Jacket, Ammunition

Amplifier

Antenna

Arc210v Antenna Logic Unit
Parabolic Reflector Antenna 25 GHz
Cf Spine Skin

Radome Assembly

Battery Assembly

Thermal Battery

Electronics, Attitude Control

Fiber Optic Cable, OFNR Riser, #Fibers = 2,
Breakout Style Cable, Indoor, Singlemode

Fiber Optic Cable, OFNR Riser, #Fibers = 72, Tight
buffered, Non-breakout style cable, Indoor, Single

Fuse, Small Production
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Overall Category Distribution — By Count

MW Categories with Less
than 10 Names

Assigned Total Number of Unique

M Categories with 10 or

More Names Component Categories: 372
Assigned

Estimate with Confidence™ © 2021 PRICE Systems, L.L.C. All Rights Reserved 18
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Overall Category Distribution — By Count

MW Categories with Less
than 10 Names

Assigned Total Number of Unique Component

M Categories with 10 or CategorieS' 372

More Names
Assigned

Number of categories with 10
Or more unigque occurrences
represented in the dataset:

32/372
(9%)

Estimate with Confidence™ © 2021 PRICE Systems, L.L.C. All Rights Reserved 19
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Category Distribution

Category Counts > 10

Cablirg |
Ethernet Swtich |

Fixed-Wing Aircraft [

WLAN Access Point NG

iy 0200000
INChECKeEe @z~ z~00 |

Machined Plate or Bar Stock NGNS

Doors NG

Transmitter I

Launch Vehicle GG

Ethernet Hub I

Fixed Wing Aircraft [
Structural/Mechanical Group I
Transponder I

Ammunition NG

Power Supply N

Receiver NN

Router NG

Tank (Component) NG

Thruster NG

epalote = 0000

Ribs I

Spar NG

Array Antenna I

Radio NG

0 10 20 30 40 50 60
Count of Category

Category
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Overall Category Distribution — By Count

B Categories with only 1
Name Assigned

M Categories with more
than 1 Name Assigned

More than half of the categories
only had ONE example or
“instance” in the dataset.

Estimate with Confidence™ © 2021 PRICE Systems, L.L.C. All Rights Reserved 21
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Overall Category Distribution — By Count

B Categories with only 1
Name Assigned

W Categories with more More than half of the categories
than 1 Name Assigned

only had ONE example or “instance”
in the dataset.

This is problematic for training a
model using Machine Learning!
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General Data Challenges

e Assumptions about labeling component categories

— Inherently subjective process due to legacy data

* No clarity on abbreviations
— E.g. “Cf” in “Cf Spine Skin” stands for “Center Fuselage”?

* Hundreds of unigue component types represented with
not many examples to train a model on — aka an
“imbalanced” dataset

Estimate with Confidence™ 23
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Use Case:
Methods Explored
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NLP Methods Explored

1. Multi-class Classification
2. Part of Speech Tagging

3. Lexicon

Estimate with Confidence™ 25
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1. Multi-Class Classification

* Large scale multi-class classification process

— 372 categories (or “classes”)

— Data set is severely imbalanced
* Many classes have small amounts of examples represented (see slides in previous

section)

 Similar vocabulary
— Possibly confusable classes

* Antenna
* Parabolic Reflector Antenna 25 GHz

* ARC210v Antenna Logic Unit

Ultimately, multi-class classification was NOT
pursued as a solution for this use case

Estimate with Confidence™ 26
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e}

2. Part of Speech Tagging

* Assign each word in a sentence a part of speech

— Nouns, verbs, adjectives, etc.

Different meanings of the words can have different parts of
speech (e.g. bug is a noun or a verb)

* Part of Speech Tagging gets its “intelligence” from a text
corpus - a collection of documents where words were already
assigned parts of speech tags

* Chunking — pairs words together based on Part of Speech
Tagging (e.g. combining adjectives with the nouns they
describe)

Estimate with Confidence™ 27
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Part of Speech Tagging Setup

e Used nltk library in Python

* Chose Conll2000 corpus/tagger
— Tagged sentences from Wall Street Journal articles

— Initially chosen because of its chunking capability (but chunking was
not pursued due to initial poor results with Part of Speech Tagging)

* Could not find corpora exclusively meant for engineering
disciplines
— Different types of engineering might need unique corpora [Source]

Estimate with Confidence™ 28
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Part of Speech Tagging Results
. Name | PartofSpecchTags

Accelerometer [(‘accelerometer’, 'Noun')]
Aileron [(‘aileron', ‘Noun’)]
Wgf Aileron [(‘'wgf', ‘Noun’), (‘aileron’, ‘Noun’)]

[("9mm’, ‘Cardinal Digit’), (‘full', ‘Adjective’), (‘'metal', ‘Noun’),
(‘jacket', ‘Noun’), (‘ammunition’, ‘Noun’)]
[('40', ‘Cardinal Digit’), ('s', ‘Adjective’), ('w', ‘Noun’), (‘full’,

9mm, Full Metal Jacket, Round Nose, Ammunition

40, S&w, Full Metal Jacket, Ammunition ‘Adjective’), (‘'metal’, ‘Noun’), ('jacket’, ‘Noun’), (‘ammunition’,
‘Noun’)]

Amplifier [(‘amplifier', ‘Noun’)]

Antenna [(‘antenna’, ‘Noun’)]

[(‘arc-210', ‘Adjective’), ('v', ‘Noun’), (‘antenna’, ‘Verb, 3rd
Person Singular’), ('logic', ‘Adjective’), (‘unit', ‘Noun’)]
[('parabolic’, ‘Adjective’), ('reflector’, ‘Noun’), (‘antenna’,
‘Verb, Past Tense’), ('25', ‘Cardinal Digit’), ('ghz', ‘Noun’)]

Arc210v Antenna Logic Unit

Parabolic Reflector Antenna 25 GHz

Cf Spine Skin [('cf', ‘Noun’), ('spine', ‘Noun’), ('skin’, ‘Noun’)]
Radome Assembly [(‘'radome’, ‘Noun’), (‘assembly’, ‘Noun’)]
Battery Assembly [('battery’, ‘Noun’), (‘assembly’, ‘Noun’)]
Thermal Battery [(‘thermal’, ‘Adjective’), ('battery’, ‘Noun’)]

[(‘electronics', ‘Plural Noun’), (‘attitude’, 'Verb, Sing. Present'),

Electronics, Attitude Control , ,, ,
(‘control', ‘Noun’)]

Fuse, Small Production [(‘fuse', ‘Adverb’), (‘small', ‘Adjective’), ('‘production’, ‘Noun’)]

Estimate with Confidence™ 29
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Part of Speech Tagging Issues

Examples

Name Part of Speech Tags

[('40', ‘Cardinal Digit’), ('s', ‘Adjective’),
(‘w', ‘Noun’), (‘full', ‘Adjective’), ('metal’, ‘Noun’),
(‘jacket’, ‘Noun’), (‘ammunition’, ‘Noun’)]

40, S&w, Full Metal Jacket,
Ammunition

[(‘arc-210', ‘Adjective’), ('V', ‘Noun’),
Arc210v Antenna Logic Unit (‘antenna’, ‘Verb, 3rd Person Singular’), ('logic’,
‘Adjective’), (‘unit’, ‘Noun’)]

About 1/3 of examples did not turn out as expected

Ultimately, part of speech tagging would not be recommended

Estimate with Confidence™ 30
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3. Lexicon Methodology

Term Key Name Type

acceleromet Pri
CCEIETOmELE LU Goal: label key words that
access point Primar . .
' Y show up in the data as either
accessory drive P “descriptive” (Secondary) or
accumulator Primary describe a ”type” of
tuat Pri .
actiator S component (Primary)
aileron Primary
airborne Secondary
, , Uses Python code to extract
airframe Primary
. . 120 keywords from each
altimeter Primary o
Aluminum Secondary datapoint in the use case
amplifier Primary
antenna Primary
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Lexicon Results

| teme ] frmenme ] Y
Name

['accelerometer’]
DN [aileron']

['aileron’]

9mm, Full Metal Jacket, Round Nose, [‘ammunition’] [‘metal’, ‘round’]
Ammunition

['ammunition’] ['metal’]
ETTIE S ['amplifier']
ST [‘antenna']

[‘antenna’, ‘logic unit’]

_ ['antenna’, 'parabolic reflector

Parabolic Reflector Antenna 25 GHz antenna’, 'reflector antenna'l

[‘skin’]

[‘radome’, ‘assembly’]

[‘battery’, ‘assembly’]

[‘battery’] [‘thermal’]
['attitude control'] [‘electronic’]
[‘cable’] [‘fiber optic’
[‘cable’] [‘fiber optic’]
[‘fuse’]

Estimate with Confidence™ © 2021 PRICE Systems, L.L.C. All Rights Reserved 32
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Lexicon Pros/Cons

Pros

* Easy to implement or add
new words/phrases

* Efficiently pre-processes
data for labelling

Estimate with Confidence™

Cons

 New words/phrases need
to be added manually

e Text extraction issues

— Spelling errors

— Differences between plural and
singular words

— Acronyms

— Case sensitive

33
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Lessons Learned For Each Solution

1. Multi-class classification Machine Learning models:
— Understand the limitations of the algorithms used

— Look for “balanced” classes

2. Part of Speech Tagging:
— The tagging functionality is limited by text corpus
— Using Chunking is dependent on a good Part of Speech Tagging model

3. Lexicons:
— Can compliment (but not replace) the work of a human

— Has limitations
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Future Directions

Perform multi-class classification
with a balanced dataset

Estimate with Confidence™

Research more Machine
Learning algorithms
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Conclusions

* Working with aerospace and defense data has unique
challenges

— Hundreds or thousands of possible component types

* Developing a lexicon of common phrases may be a useful
way to pre-process data

— Humans still need to normalize the data
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Contact Information
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Cara Cuiule

Cost Research Analyst

Cara.Cuiule@pricesystems.com

Special thanks:
Adam James of Technomics, Inc.

ajames@technomics.net
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Backup
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Overall Category Distribution — By Count

W Categories with Less MW Categories with only 1
than 5 Names Assigned Name Assigned

M Categories with 5 or MW Categories with more
More Names Assigned than 1 Name Assigned

Most of the data did not have more than 10 represented in the
dataset.

Estimate with Confidence™ © 2021 PRICE Systems, L.L.C. All Rights Reserved 40
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Part of Speech Tagging Issues - Backup
. Name | PartofSpeechTags

[('40', ‘Cardinal Digit’), ('s', ‘Adjective’), ('w', ‘Noun’),
40, S&w, Full Metal Jacket, Ammunition (‘full', ‘Adjective’), (‘'metal’, ‘Noun’), (‘jacket’, ‘Noun’),

(‘ammunition’, ‘Noun’)]

[(‘arc-210', ‘Adjective’), ('V', ‘Noun’), (‘antenna’, ‘Verb,

Arc210v Antenna Logic Unit 3rd Person Singular’), ('logic', ‘Adjective’), ('unit’,
‘Noun’)]
[(‘parabolic’, ‘Adjective’), ('reflector’, ‘Noun’),

Parabolic Reflector Antenna 25 GHz (‘antenna’, ‘Verb, Past Tense’), ('25', ‘Cardinal Digit’),
('ghz', ‘Noun’)]

Cf Spine Skin [(‘cf', ‘Noun’), (‘spine’, ‘Noun’), ('skin', ‘Noun’)]

[(‘electronics’, ‘Plural Noun’), (‘attitude’, 'Verb, Sing.
Present'), (‘control', ‘Noun’)]

[(*fuse’, ‘Adverb’), ('small', ‘Adjective’), (‘production’,
‘Noun’)]

Electronics, Attitude Control

Fuse, Small Production

About 1/3 of examples did not turn out as expected
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