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| Introduction to Natural Language Processing

= NLP is a methodology allowing a computer to understand, interpret, and manipulate
human language through speech or text

= NLP began with Father Robert Busa in the 1940s, partnering with IBM to digitize and
document the works of Saint Thomas Aquinas
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| Natural Language Processing vs Machine Learning

NLP ML
= The process of making text machine- = Statistical techniques used to detect patterns
readable and malleable or predict outcomes
= Can be used to perform tasks such as: = Can be used to perform such tasks as:
= Keyword Extraction = Classification
= Syntax Analysis = Clustering
= Topic Extraction NLP ML Parametric & Non-Parametric Estimating
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| Classification vs Clustering

Classification Clustering
= Target groups are known, the computer is = Target groups are unknown, the computer
told which categories exist guesses the categories

Weapons Class A

Weapons Class B
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| Document Term Matrices

Doc_ID Sentence

line1 it was the best of times

line2 it was the worst of times

line3 it was the age of wisdom

lined it was the age of foolishness

Doc_ID it was the best of times worst age wisdom foolishness

line1 1 1 1 1 1 1 0 0 0 0
line2 1 1 1 0 1 1 1 0 0 0
line3 1 1 1 0 1 0 0 1 1 0
lined 1 1 1 0 1 0 0 1 1 1
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| Cosine Similarity

wisdom foolishness

line1 1 1 1 1 1 1 0 0 0 0
line2 1 1 1 0 1 1 1 0 0 0
line3 1 1 1 0 1 0 0 1 1 0
lined 1 1 1 0 1 0 0 1 1 1
a-b a; X b;
cos(@):l| ||><||b||= (9 i)
a
[Ze (257
Let 6 be the angle between line1 and line2 Let 6 be the angle between line1 and line3
cos(@) = 0.75 cos(8) = 0.5
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| Decision Trees

Contains “nuclear”

Contains “bomb” Contains “missile”

%

@ %% N

Contains “air”
and “strike”

Yes
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| Random Forest

Take advantage of the power of
numbers to produce a more

powerful classifier

Properly Resourced

Yes

Success

chnomics ;-

% Better Decisions Faster

Program Success

Known Commodity

Averages the results at the
end of each tree causes the
Reasonable Timeline “coefficients” to regress to the
mean

Yes No

Competent Team

Yes No

No

Yes

Competent Team

Yes

Contingency Funding

Yes No

Success
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| Gradient Boosting Machines (GBM)

= GBM leverages the error present in the prior iteration to improve model performance

= While more computationally intensive, GBM has proven to have significantly higher predictive
power than other, more advanced methods

Performance on dataset C with measures for
imbalance issue

80.00
75.00
70.00

65.00
60.00
55.00
50.00
45.00
40.00
35.00
30.00

Accuracy Precision (+) Recall (+ Precision (-) Recall (-)

W Decision Trees EMSVM W Naive Bayes M Deep Learning MEGBEM

Athanasiou & Maragoudakis, 2017

= Combinations of words, consecutive or not, lend themselves well to the “bagging” process
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| Gradient Boosting Machines

Error

f‘rlechnomics
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| Introduction to Clustering

= Clustering algorithms are important when the underlying categories of a dataset are
unknown or ill-defined

= Makes no pre-determined assumptions regarding the groups into which the data
might fall

= Common clustering algorithms are based on Euclidean or angular distance between
data points

= Standard statistical dimension reduction techniques, such as PCA lend themselves
well to high-dimensional matrices such as the document-term-matrix
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| Principle Component Analysis (PCA)

= Dimension reduction technique

= Seeks to find linear combinations of a large number
of variables that capture variance

= Common in econometric analysis and empirical
statistical research
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| Factor Analysis

= Factor Analysis produces an approximation of the

covariance matrix produced by a dataset

= Aims to find correlations between data elements

X4 X2
and a pre-determined set of “latent” factors
= Closely related to PCA, in that the factors mimic ° e
the linear variable combinations that capture

variance in the dataset

l'\TIecthmics
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| NLP in Industry

Humanities

Analyzing language evolution
over time, how meanings of
words change across the eras.

Construction

Categorizing construction
accidents to detect patterns in
similar geographical regions

Aviation

Classifying incidents at airports
to determine what causes
delays, malfunctions, and
miscommunications

Better Decisions Faster

f‘l’}echnomics

Finance

Using sentiment analysis on
message boards and
publications to predict market
patterns

‘ﬂ!e =* Refining sentiment analysis

messEssL____J
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----- 28 classification methodologies

using comments and tweets

Healthcare

Classifying medical diagnose to
create centralize repository,
enhancing medical care
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| Defense Program Management

= While common in intelligence analysis, the literature surrounding advanced analytical
techniques in program management for defense programs is surprisingly thin

= Traditional cost analysis requires a similar methodology to that required to perform more
advanced functional analysis:

-9

Problem & Scope Data Collection, Cleansing, Model Validation .
PP —r Model Development — Communicate Results
Definition & Normalization & Verification
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| Defense Program Management — NLP & ML Uses

* Program managers and analysts have a poor track record of predicting program
costs, schedule risks, and eventually overruns as evidenced by GAO and
congressional reports

= NLP and ML can combine to help improve the early stages of the cost analysis
lifecycle, thereby improving results down-stream

Technology . Operations &
Development - m - ArelEe ‘ Support

Analogic Parametric
Estimates Estimates
‘ ’ A Adapted from CEBoK and DAU
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| Gradient Boosting Machines

Raw Text Cleaned Text

Big data Infrastructure — equipment/software/support — buy #1  big datum infrastructur equip softwar support buy 1 big datum
big data Infrastructure — Equipment/Software/Support buy #1 infrastructur equip softwar support buy 1

Wire EDM NN Shell Wire EDM wire edm nn shell wire edm

5 axis machines-M90 AM (5) #3 5 axi machin m90 am 5 3

* Number of Rows: 1,777

« Data Categories:
« Metalwork, Machinery and Equipment (WPU113)
« Special Industry Machinery and Equipment (WPU116)
* Machinery and Equipment: Miscellaneous Instruments (WPU118)

GBM Test Set

GBM Training Set
Result WPU113 WPU116 WPU118
Correct 654 334 650 Correct 112 53 103

Result WPU113 WPU116 WPU118

f\l'lechnomlcs Incorrect 18 40 18 Incorrect 5 14 27

1
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| PCA & Factor Analysis

Weapon Asset Class

B61, B83, B28 Nuclear Bomb
W88, W80, W87, W76 Nuclear Warhead
Peacekeeper Missile Inter-Continental Ballistic Missile (ICBM)
GAM-87-Skybolt Air-Launched Ballistic Missile (ALBM)
Standard Missile 6, Rolling Airframe Missile Surface-to-Air Anti-Air Warfare (AAW)
AGM-114, Hellfire, AGM-179 JAGM Air-to-Surface Missile (ASM)
Trident Submarine-Launched Ballistic Missile (SLBM)
Tomahawk Long-Range Cruise Missile (Tactical Strike)
AMRAAM, Sparrow, Sidewinder Air-to-Air Missile (AAM)

PC1  PC2 PC3 PCa PC5

standard deviation 9.8168 5.1387 4.22994 3.93319 3.60072
Proportion of variance 0.4227 0.1158 0.0784E8 0.06785 0.05686
Cumulative Proportion 0.4227 0.5385 0.61697 0.68482 0.74168
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| Factor Analysis

« PCA can help inform the number of factors to include in Loadings:
the analysis 85 hucTcar bont 0253 0.810 -0.153

B28_nuclear_bomb 0.193 0.233 0.643 0.219

* The “loadings” associated with each of the factors 180_(ructear_warhead) o289 075 050 o105

represents correlation between the text in the article and |75, ...ccceener o, 0779 oas

the latent factor R 115 RaT1ing_Adrframe issile 0872  0.104
RIM—J.M_stand:?\r d_ERAM 0.838

- While open to interpretation, the factors can likely be e 0.705 0103 0’2
H . Tomahawk_(missile 0.891

deseribed as. SRR o

« Factor 1: Missiles
Factorl Factor2 Factor3 Factord
. 55 loadings 7.604 2,843 2.082 0.643
¢ FaCtor 2- NUC|ear Warheads Proportion var 0.422 0.158 0.116 0.036
cumulative var 0.422 0.580 0.696 0.732
® .
FaCtor 3 NUCIear Bombs Test of the hypothesis that 4 factors are sufficient.
. . . The chi square statistic is 12.93 on 87 degrees of freedom.
 Factor 4: Aerial Strike The p-value s 1
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|Tying it Together

« Correlation coefficients identified during factor analysis can help identify unknown similarities
between programs or components within programs

* New weapons systems are unlikely to have the same technical specifications as those that
they are intended to replace, and some components may have more in common with assets of

a different type
* The Joint-Air-to-Ground (JAGM) missile experienced a nearly two year delay in operational testing
due to a software communication issue with the Apache helicopter
» This same issue was not present in the legacy Hellfire missile that the JAGM is intended to replace,
implying that new or modernized software requirements were required for both JAGM and Apache

* While some similarity scores may demonstrate unlikely results, there is strong evidence that
quantifying text does reveal strong results

Doc 1 Doc 2 Cosine Correlation
AMRAAM Sparrow 79 71
w87 w88 75 .67
Apache Helicopter Hellfire Missile .58 4
f\l'lechnomics Apache Helicopter Trident Missile 49 .34

Better Decisions Faster
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| Data Cleansing Basics

01. Eliminate Characters

Non-ASCII characters aren'’t typically
used for analysis, may want to remove
numeric characters

02. Expand Acronyms

Turning industry-specific jargon into
machine readable text is essential,
some dictionaries may have the basic
acronyms prepared

03. Remove Stop-Words

Taking out words that aren’t significant
may reduce required computational
resources and improve future models

l'\TIecthmics

GeneralData 04

Cleansing

05

06
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Tokenize Words

Delineate characters by whitespace,
turning characters into words. To look
at n groups of words, tokenize into n-
grams

Lemmatize or Stem

Conflate related words. Stemming
removes suffixes, turning “moves” and
“moved” into “move”. Lemmatizing
combines similar words with possibly
different stems, like “am” and “are”

Annotate Text

Tag lemmas or stems with their part of
speech, so the meaning isn’t lost
despite the reduced word form

27



| Individual Processes Example

Sentence Type Result

Original | am no bird; no net ensnares me
Removed Stop-Words | bird net ensnares me
Tokenized | am no bird no net ensnar me
Stemmed | be no bird no net ensnare |

Lemmatized

| be no bird no net ensnare |

Annotated

‘I (PRON), “am” (AUX), “no” (DET), “bird” (NOUN), “no”

(DET), “net” (NOUN), “ensnares” (VERB), “me”"(PRON)

f\r;echnomics
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| Combined Processes Output

Doc ID Sentence

doc1 i am no bird no net ensanres me bird bird NOUN SG-NOM

doc1 i am no bird no net ensanres me net net NOUN SG-NOM

doc1 | am no bird no net ensanres me ensnares ensnare VERB PRES

doc1 | am no bird no net ensanres me me I PRONOUN PERS-P1SG-ACC

f‘r}echnomics
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