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Background | Case Study / Approach | Defining | Acquiring | Preparing | Analyzing | Advising ”:j HERREN

» Data science and data analytics fields are growing; whether in the commercial
space, DoD fueling military readiness, or Academia with the growing
presence of Universities offering master’s degrees in Data Science
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4

= Data Science vs. Data Analytics, What is the Difference?

= Scope:

Data science and data analytics are unique fields, with the major difference being
the scope and exploration

Data Science: Multidisciplinary field focused on finding insights £, 70
by incorporating computer science, predictive analytics, SEEGEAR St
statistics, and machine learning to parse through massive raw . Science

or unstructured data sets

Data Analytics: Encompasses branches of broader statistics
and analysis to combine diverse sources of data and locate
connections while simplifying the results Source: Towards data science

Domains/Business
Knowledge

= Exploration

Data Science: Fixates on unearthing answers to the things we don’t know we
don’t know

Data Analytics: Creates methods to capture, process, and organize data to
uncover actionable insights for current problems, and establishing the best
way to present this data

Data Scientists main goal is to ask questions and locate potential avenues of study, with less

concern for specific answers and more emphasis placed on finding the right question to ask

© Herren Associates, Inc. Source: SISENSE 3
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= Herren leverages a systematic and iterative approach to tackling data
science and data analytics challenges including cost estimating

= Define: Define the problem and data requirements plan

= Acquire: Obtain necessary data

= Prepare: Structure / Restructure data to fit analytic needs

» Analyze: Interpreting data using statistical or analytical techniques
= Advise: Present data to stakeholders in easily interpretable format

Figure 1: The Cost Estimating Process

Initiation and research Assessment Analysis Presentation

Your audience, what you Cost assessment steps are The confidence in the point or range Documentation and

are estimating, and why iterative and can be of the estimate is crucial to the presentation make or

you are estimating it are accomplished in varying order decision maker break a cost estimating

of the utmost importance or concurrently decision outcome
Analysis, presentation, and updating the estimate steps

can lead 1o repeating previous assessment steps

g Deitermine Identify
o Define e il
L eslimating rules and
) program H Conduct a D Present Update the
'ﬂnﬁgg D;vﬁeln‘g:m re g e eNons Conduct risk and mement estimate to estimate to
purpose plan 2 Develop he point sensitivity uncertainty estimate management. reflect actual
L e Pox i forapproval | | costst
Og.gm cstimale and compars analysis jor app changes
data it to an independent
cost estimate

Source: GAC.

Herren Approach to Data Science and Data Analytics

© Herren Associates, Inc. 5
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= Case Study: The Navy is reviewing their maintenance program and
wants to project costs for a ship class. The Navy is interested in
gaining better insight on the following cost drivers:

= Port location where work is performed
= Variance in costs of systems, and
» /mpact of contracting strategies

© Herren Associates, Inc. 6
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= Define the Problem

= Engage stakeholders to gain an understanding of their
needs

» What types of issues do stakeholders have?
= |dentify key opportunities
= Solving which issue will make the greatest impact

= Case Study Problem: The Navy wants to better understand their cost
drivers

= Develop Hypothesis
= Determine what you expect from your analysis
= |s the issue worth pursuing? If so, use this as your defined hypothesis
= Case Study Hypothesis: Port location of maintenance work is being
done is the biggest cost driver for the availability

= What data would you need to gain an in-depth understanding of the issues?
= Begin thinking about whether the data exists to solve your defined problem

© Herren Associates, Inc. 8
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= Explore the different sources and structures of data available and determine if
they would help accept or refute the hypothesis
» |dentify ground rules and assumptions

= QObtain all necessary data to see the whole picture
» Structured Data: Data that resides in fixed fields
» Semi-structured Data: Data that contains tags and other markers to separate data elements

= Unstructured Data: Data that does not reside in fixed fields

= (Case Study: Leverage different data sources and structures for future

analysis
Unstructured:
Structured: Semi — Structured: Ex. Books, emails, untagged audio,
Ex. Database Spreadsheets Ex. XML or HTML Spreadsheets images, and video
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= Data Validation: Process of ensuring data has undergone data
cleansing so the quality of the data is useful and correct

7. Best Practices Checklist: Data _

[1 Asthe foundation of an estimate, data

v" Have been gathered from historical actual cost, schedule and program,
and technical sources;

v" Apply to the program being estimated;
v Have been analyzed for cost drivers;

v" Have been collected from primary sources, if possible, and secondary
sources as the next best option, especially for cross-checking results;

v Have been adequately documented as to source, content, time, units,
assessment of accuracy and reliability, and circumstances affecting the
data;

Have been continually collected, protected, and stored for future use;

v Were assembled as early as possible, so analysts can participate in site
visits to understand the program and question data providers.

[1 Before being used in a cost estimate, the data were

Fully reviewed to understand their limitations and risks;
Segregated into nonrecurring and recurring costs;

Validated, using historical data as a benchmark for reasonableness;
Current and found applicable to the program being estimated;
Analyzed with a scatter plot to determine trends and outliers;
Analyzed with descriptive statistics;

Normalized to account for cost and sizing units, mission or application,
technology maturity, and content so they are consistent for
comparisons;

".\

NN KN KN

v Normalized to constant base-year dollars to remove the effects of
inflation, and the inflation index was documented and explained.

Source: GAO Cost Estimating and Assessment Guide

© Herren Associates, Inc. 12
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» Data Re/structuring: If data isn’t cleanly structured, it can inhibit analysis
» |ncreasing efficiencies in data structuring decreases the overall amount of data
analysis
» Determine what fields are necessary and data flexibility needs

= Typical data cleaning activities include outlier checking, data parsing, null values,
and value imputation
= All of these are made easier with well structured data
= Precursor to relational databases & analysis tools (R, Python, Access)
=  Work best with data that is in a specific structure

» Real-world data is almost never in the correct form for analysis. As such, it
requires structing beforehand
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b Calzulated
5 B s s e S
IGER B Performing Activithe dan-tQl| Feb-tEN] Mar-1El]  ApriEd
F17 F'17 TH2H_5IM2 Facilitie= David Bateman MEWZ OO S k4 %
F 7 F'17 THE_COES00 Facilities DOavid Batemnan Lia % 4 %
F17 F*17 THE_CFS00 Facilities Dravid Blaterman ORS TECH ki E: 3
F1a F'12 20FP0_D0osan Facilities Diawid Elateman cosaDAMMECE | § ; E ¥
F'13 F'1g Z0P0_ATONO0 Facilities Diawid Batemnan cOsa DAMMECE. | § 150,000 % ¥
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80% of data analysis is spent cleaning and preparing data — before any analysis is done!

© Herren Associates, Inc. 13
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Ship Classes « FY17 FY18 i FY20 Bt FY22 P23 Total

CVN Z t — = = f 1 11
CG 47 3 3 4 5 3 1 3 22
DDG 51 9 10 9 10 9 10 9 66
LCS 1 2 2 2 3 3 2 15
SSBN 4 4 4 4 4 4 4 28
LHA 6 0 0 0 1 0 0 0 1
LHD 1 1 1 1 1 2 1 1 8
LPD 17 2 1 2 1 1 2 2 11
LSD 41 1 2 1 1 1 1 1 8
LSD 49 1 0 1 0 0 1 1 4
MCM 1 1 1 2 2 2 2 1 11
AS 39 1 0 1 0 0 0 0 2
ESB 0 1 0 0 0 0 0 1

Data for illustrative purposes and does not reflect fielding profile

= Problem: Fiscal years are used as the header
of the table.

» The “messy” data presented above is often used
for presentation purposes.

= Often used for displaying information over time
(previous financial management dashboard
example)

= More easily readable for humans, but is less
useful for computers and software

= Solution: “melt’ columns into rows

4

@) HERREN

=)

R script to transform data

¥

Ship Classes

CVN
CVN
CVN
CVN
CVN
CVN
CVN
CG 47
CG 48

\.

Year
FY17
FY18
FY19
FY20
FY21
FY22
FY23
FY17
FY18

y,

2

W W =2=2DMNDNDN -

Availabilities

© Herren Associates, Inc.
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= Relational Database — Utilize numerous tables with relationships
connecting all information and allowing simple extraction and
reporting of information across tables
» Reduced data redundancy
= Scales well — stores large amounts of data efficiently
= Powerful data manipulation enabled using SQL

» Case Study: Leverage structured data sets in tables to form
relationship allowing for queries and more efficient analysis

== Relationships

Availability Homeport MDs Rate
'} Ship — i} Ships Homeport —— i Homeport
Availability Year Homeport '—/— System Rate (FY17)
Avail Year MD
Inflation Years
Infiation
Contract Type

Relationships illustrated in Microsoft Access

© Herren Associates, Inc. 15
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= Data Analytics: Davenport and Harris characterize data analytics as beginning
with statistical analysis (“Why is this happening”) and enhancing a competitive
advantage up through predictive modeling and optimization

Business intelligence and analytics

Opfimization What's the best that can happan?

Pradictiva modeling What will happen noxt?

Mnalyﬁcs

Forecasting/extrapolation What if these trends continue?

Why is this happening?

What actions are needed?

Competlitive advanilage

Where exactly is the problem? Access

}and
How many, how often, where? reporting

What happened? J

Degree of intelligence

Source: Davenport and Harris (2007): Competing on Analytics: The New Science of Winning. Boston: Harvard Business Review Press

© Herren Associates, Inc. 17
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= Numerous analytical approaches and techniques exist and are
dependent on the previously defined problem and data available

= Numerous tools exist that support the efficiency and effectiveness of
analytical approaches and techniques; including, but not limited to:

= Python: Interpreted, object-oriented, high-level programming language with
dynamic semantics

» R: Free software environment for statistical computing and graphics

= Case Study: Leverage Python and R to analyze correlations of
variables impacting cost drivers and predict maintenance costs

» Leverage Python modules and packages, to run data correlations efficiently across
large data sets and multiple variables

= |Leverage R in support of the proposal evaluation process, including linear and non-
linear regressions, and sensitivity analysis
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(0. 17518 3 = e
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= Summarize your findings and conclusions

» Present data to stakeholders in easily interpretable format

» Develop charts and graphs that support your thesis
» Consolidate your findings into a report for the stakeholders

» Case Study: Data Visualization

= Link insights to financial and operational metrics to show the impact
= Ensure your results align with the stakeholder’s strategy

= Provides real-time scenario analysis and collaboration with stakeholders

Tnpooara EXteTar aata TSErt TOstom visuas TIemes . Rerauonsm| P Carcaranon STare,

VISUALIZATIONS FIELDS

4« B Query

> Avail Year

Wi S|

Availability Year
Contract Type
¥ Cost

Homeport
> MD

> Rate

> Rate (FY17)
Ship
System

Values

Add data fields here

Ship @Ship A @Ship 3 @Ship C @ 3hip D @Ship £ @Ship F @5hin G @Ship H @Shin| @Skip! b FILTERS

%— hy Page level filters
“\ N
L @

Drag data fields here

Homeport @8ath, ME @Bremerton, Wa @ Norfolk, VA @ Pazcagoula, M5 @5an Diego, CA
UNITED STATES & Report level filters
I dl-__h e Drag data fields here
I L L
i i i T s DRILLTHROUGH

: Minies
b 8ing MEXICO 18 2010 HERE! € 2018 Microsci Carporaban Jerms

Page 1 o+ Keep all filters

L M

Microsoft PowerBI
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