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Bottom Line Up Front (BLUF)

• Small contractors tend to be less robust and easier 
to fail when facing disasters. 

• More than a hundred of subcontractors were 
located nearby an epicenter of 7.0-magnitude 
quake. 

• Hidden subcontractors could be identified through 
federal funding cut and higher unemployment 
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Goals of Our Study

• Data profiling and quality assessment of sample acquisition database

• Leverage web data for
• quality improvement of acquisition data

• crystalizing the needed information to enhance data analytics capabilities 

• Apply data analytics on acquisition data to discover patterns that help 
identify the room for improvement in acquisition management

4



Data Sources
• Usaspending.gov

• Contains spending information of all US Departments between the year 2000 to 
present for a selected state or all states.

• The data can be downloaded in different formats, such as CSV, TSV, and XML.

• Spending data are further categorized under prime award and sub-award. The 
types of spending include contracts, grants, loans, and other financial assistance.

• Our downloaded data contains 47GB data in total, covers the DoD budget 
between 2000-2017 including each type of spending data for both prime award 
and sub-award.
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USASpending Data

• Data is organized into four tables

Table Name RecCnt ColCnt CompleteCols/
SingleValCols

EmtpyCols IncompleteCols

PrimeContracts 23,677,787 212 50/1 0 162

SubContracts 395,569 101 41/0 3 57

PrimGrants 202,166 67 32/5 2 33

SubAGrants 11,115 101 29/4 25 47
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Research Methodology 

• Assess the quality of the sample acquisition database in terms of 
accuracy, field length consistency, and completeness. 

• Identify the fields for quality improvement.  
• The primary objective is to investigate the feasibility of leveraging the 

information online for both quality assessment and improvement. 

• Apply appropriate data analytics methods to discover useful patterns 
from the data.

• Utilize online data to complement the information of the sample 
database. 

• The primary objective is to research appropriate text mining methods to 
retrieve the information for the purpose of advanced data analytics. 
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Data Enhancement and Analytics System Framework
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Quality Assessment

• We classify attributes into two categories

• Identity attributes: attributes that provide identity information for a 
contract/contractor and agency including

• Project identifier, contractor identifier such as DUNS number, Business name, Address 
information, phone, fax

• Non-identity attributes: attributes that do not provide identity informaiton

• Quality assessment focuses on three dimensions: accuracy, 
completeness, and field length consistency.
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Quality Assessment --Completeness

• PrimeContracts Table
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Quality Assessment –Completeness (cont.)

• SubContracts Table
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Quality Assessment --Length Distribution
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Quality Assessment --Length Distribution (cont.)
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Accuracy

• Data is accurate if it is free of error and conforms to gold standards of 
data. 

• Accessing accuracy requires the knowledge of correct data and needs to 
compare each data item with the known correct value

• For proof of  concept, the accuracy assessment of this study focuses 
on DUNS numbers first. 

• The first phase focuses on Duns numbers other than 9 digit long.
• Duns & Bradstreet database provides free service that allows user to search a 

business’ DUNS number based on its name and address. However, the search 
result is delivered by email. 

• Address information is critical as each branch of a business has their own 
DUNS. 
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Improving Accuracy on DUNS Number of PrimeContracts
There are 26 records in PrimeContracts table that are ten-digit long.
• A closer study on those DUNS numbers revealed that most of them are actually the phone 

numbers; most records have misplaced addresses and business names.
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Approach
• The research focuses on fixing incorrect DUNS number based on the online Duns & 

Bradstreet database, which contains DUNS numbers of 285 million commercial 
entities and 100 million associated contacts. 
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Extracting the Missing DUNS Number – Example 1

• The figure shows an example of 
using Duns&Bradstreet
database to retrieve the DUNS 
number for the business LUCAS 
PRECISION LIMITED, which only 
has a single duns number.
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Extracting the Missing DUNS Number – Example 2

• The figure shows an example 
of extracting the DUNS 
numbers of companies that 
have multiple DUNS numbers.  

• The vendor name, address, zip 
code, and telephone numbers 
are used to identify the 
highlighted best match.

• Then the corresponding DUNS 
number is retrieved.
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Filling the Missing DUNS Number
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Filling the Missing DUNS Number (cont.)
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Data Mining

• Data mining is the process of examining large data sets to uncover 
hidden but interesting patterns 

• unknown correlations, market trends, customer preferences and other useful 
business information

• The analytical findings can shed significant insights to help add 
perspective to use the data and to lead to more effective decision 
makings.  

• Some major data mining techniques include association discovery, 
classification, clustering, regression, sequence or path analysis, and 
structure and network analysis. 
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Data Mining
• Association discovery aims to find frequent patterns that represent the inherent 

regularities in the datasets. 
• Association, correlation, and causality analysis, basket data analysis, cross-marketing, etc. 

• Classification, also called supervised learning, is the task of inferring a function 
from labeled training dataset. The function can then be used to classify new data 
instances.  

• Decision tree, Bayesian networks, support vector machine, and neural networks are some of 
the commonly used models for classification. 

• Clustering, also called non-supervised learning, group a collection of data objects 
into groups according a predefined distance function.  

• Clustering can be employed as a stand-alone tool to get insights about data or as a 
preprocessing tool for other algorithms. 

• Sequence analysis discovers patterns among sequences of ordered events or 
elements. Application of sequence patterns include customer shopping 
sequence, DNA sequences and gene structures, sequences of stock market 
changes, etc. 

• Graph and network analysis aims to discover frequent subgraphs, trees, or 
substructures. It has been used for social networks analysis and web mining. 
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Cluster Analysis

• Network analysis is performed on prime contractors and their 
subcontractors of the sample database 
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Cluster Analysis (cont.)
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Cluster Analysis (cont.)
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(a) Relationship between contractors and 
subcontractors by State

(b) Relationship of contractors of different 
business types



Pattern Discovery – Finding 1

• Small contractors are usually less robust and easier to fail compared to 
large contractors when facing natural or man-made disasters. 

• PTB is a small, single-location company with less than 200 employees. 

• It was involved in 6 different projects led by some key primary contractors 
including Boeing, Lockheed Martin, and L-3 Communications.  

• The average award amount is about $5400. 

• Company website: http://www.precision-tube-bending.com/index.html
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PRECISION TUBE BENDING Website Screen Capture
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Pattern Discovery – Finding 2
• We retrieved locations of 7.0-magnitude quake epicenters in US from U.S. 

Geological Survey website  www.usgs.gov, and identified 118 
subcontractors in SubContracts table located nearby an epicenter. 

• 984 awards have at least 1 subcontractor located in the high risk areas. 
• 41 of them have at least 2 subcontractors located in the high risk areas. 
• Table below shows the top 5 contracts with the most number of subcontractors in 

high risk earth quake areas.
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Project ID #Subcontractors
1 15
2 15
3 11
4 10
5 8

http://www.usgs.gov/


Pattern Discovery -- Finding 3

• Small privately  owned company 
making RF and microwave filters, 
multiplexers, and sub-assemblies 
for the military market in the 
United States and internationally

• Subcontractor on 8 projects for 2 
different contractors: Boeing and 
Lockheed Martin.

• Single location with less than 50 
employees

• Company website: 
http://www.rsmicro.com/compa
ny-information/about
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Detailed location and surrounding 
information

http://www.rsmicro.com/company-information/about
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Inferring Undisclosed Subcontractors from Public Contract 
Records and Employment Data

• We did a preliminary exploration of whether a correlation exists 
between procurement data and employment information from 
Bureau of Labor Statistics (BLS) Employment Data. 

• The result shows that large reductions in federal contracts are 
correlated in a majority of cases (66% or 75%, depending on the 
metric used) to drops in employment in a given region and industry.

• This finding shows that it is possible to determine the location of an 
undisclosed contractor by examining public employment data at the 
times when large contracts are reduced or simply reach the end of 
their period.  
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Sample Bureau of Labor Statistics (BLS) Employment 
Data
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Sample industry bundle for Essex, MA, fourth quarter 2014



Sample Instances of Contract Modification

32

Name of Vendor / Cut Date Percent change in employment 
level (the three months before 
the cut compared the three 
months after)

Percent change in employment 
location quotient (the three 
months before the cut compared 
the three months after)

AMC DEFENSE TECHNOLOGIES -2.25% -2.89%
9/10/2014 -2.69% -3.47%
12/10/2014 -1.82% -2.31%
ARNOLD DEFENSE AND ELECTRONICS -18.09% -17.38%
8/19/2015 -24.23% -24.25%
7/15/2016 -12.63% -11.27%
BARBER-NICHOLS INC. -15.52% -15.16%
9/28/2016 -15.52% -15.16%
B-K MANUFACTURING CO. 1.29% 1.72%
6/3/2014 1.29% 1.72%
BOSTON SHIP REPAIR -53.26% -51.10%
12/5/2016 -53.26% -51.10%
CD BIOSCIENCES INC 57.38% 4.10%
10/3/2014 57.38% 4.10%



Percentage Change in Employment Level and Location 
Quotient Before and After a Reduction
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Thank You
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