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Big Data: Data Analytical Tools 
for Decision Support 
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Outline 

• Introduce Big Data (BD) 
 

• List the components of BD 
 

• Visualization and Analytics Tools 
 

• Demo 
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Data 

http://www.micfarris.com/wp-content/uploads/2011/10/Big-Data.jpg 

• Transportation Data increasingly drives the 
decision-making process in business, 
nonprofits, and the government. 
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What good is all of your data? 
 …Data as raw unorganized facts, is in and 

of itself worthless.  
 
 
 Information… potential valuable pieces 

based on data…. 
 
 
 
 

http://www.micfarris.com/wp-content/uploads/2011/10/Big-Data.jpg 
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What is Big Data (BD)? 

• Kilobyte  (kb) 10^3 
• Megabyte (MB) 10^6 
• Gigabyte  (GB) 10^9 
• Terabyte   (TB) 10^12 
• Petabyte (PB) 10^15 
• Exabyte   (EB) 10^18 
• Zettabyte   (ZB) 10^21 
• Youttabyte  (YB) 10^24 

 
 

Name 

BD is so large data that it becomes difficult to  
process it using the traditional system. 

1 YB 
= 10008bytes = 1024bytes = 1000000000000000000000000
bytes = 1000zettabytes = 1trillionterabytes 

https://en.wikipedia.org/wiki/Zettabyte
https://en.wikipedia.org/wiki/Orders_of_magnitude_(numbers)
https://en.wikipedia.org/wiki/Terabytes
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Area of Challenges for DATA 
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Capture 

Cleansing (ETL) 

Storage 

Analysis 

Search 

Sharing 

Transfer 
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Introduce Data: Making Sense of Data 
 Data is being generated at increasingly rapid rates 

in may disciplines such as: 
 Internet of Things (IoT) 
 Healthcare 
 Banking and Financial Services 
 Insurance 
 Agriculture 
 Pharmaceutical 
 Manufacturing 
 Businesses 
 Logistics 
 Academic (Education) 
 Transportation 
 Planning 
 Assets Managements 
 …… 

 

 Retail Sales (supply chain, consumer 
products, logistics..) 

  Inventory 
 Procurement(Electronic Commerce) 
  Order Management 
 Accounting 
  Customer Relationship Management 
  Human Resources Management 
 Telecommunications 
 GIS GeoSpatial 
 Social Media 
 Engineering, Energy, Aerospace  …… 
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BIG DATA 
By the Numbers 

2.8 Zetabytes 
The amount of information stored worldwide in 2012  

140 Zetabytes 
The amount of information estimated to be stored 

worldwide in 2020   
0.5% 

Percentage of all the world’s data currently analyzed 
33% 

Percentage of existing data in the world that could be 
useful if properly tagged and analyzed 

Over 5,000 miles 
The estimated cumulative size of all the world’s data 

centers in 2016 
Sources: SAS, a North Carolina-based software analytics firm, 2014 
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It is all about making 
business decisions based 
on analysis of DATA.                 
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Making Sense of Data 
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Making Sense of Data: from 3,000 ft. 
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Hot Topics in Business 
• Big Data Analysis 
• Hadoop 
• Business Intelligence 
• Business Analytics 
• Advanced Business Analytics 
• Data Management 
• Geospatial 
• Dimensional Models and Data warehousing 
• Predictive Analysis, Forecasting, and Time Series 
• Mining 
• Modeling 
• Data Analytics 
• Data quality, security, and privacy …. 
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Sources of Data 
• Observations 
• Surveys 
• Polls 
• Interviews 
• Questionnaires 
• Experiments (to understand cause-and-effect events by 

controlling some factors)  
• Business transactions 
• Planning, Designing, Operational  
• Payrolls, Funding   
• CRM (Customer Relationship Management databases) 
• ERP (Enterprise Resource Planning databases) 
• HRM (Human Resource Planning databases) …. 
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Introduce Big Data (BD) 
    
• Big data is a popular term used to describe 

the exponential growth and availability of 
data, both structured and unstructured. 
 

• Measures by the Three Vs of big data: 
volume, velocity and variety. 

 
• Other Two Dimensions about Big Data: 
Variability and Complexity.  

 
http://www.sas.com/en_us/insights/big-data/what-is-big-data.html 

http://www.sas.com/en_us/insights/big-data/what-is-big-data.html
http://www.sas.com/en_us/insights/big-data/what-is-big-data.html
http://www.sas.com/en_us/insights/big-data/what-is-big-data.html
http://www.sas.com/en_us/insights/big-data/what-is-big-data.html
http://www.sas.com/en_us/insights/big-data/what-is-big-data.html
http://www.sas.com/en_us/insights/big-data/what-is-big-data.html
http://www.sas.com/en_us/insights/big-data/what-is-big-data.html
http://www.sas.com/en_us/insights/big-data/what-is-big-data.html
http://www.sas.com/en_us/insights/big-data/what-is-big-data.html


Transportation 15 

Traditional and BD 
    

http://www.sas.com/en_us/insights/big-data/what-is-big-data.html 

• Documents  
• Finances 
• Personal File 
• Payroll 
• ….. 

 

Traditional Data 

• 3D models 
• Audio & 

Video 
• Simulations 
• Images 
• Location 

Data 
(GeoSpatial) 
 

Big Data 

http://www.sas.com/en_us/insights/big-data/what-is-big-data.html
http://www.sas.com/en_us/insights/big-data/what-is-big-data.html
http://www.sas.com/en_us/insights/big-data/what-is-big-data.html
http://www.sas.com/en_us/insights/big-data/what-is-big-data.html
http://www.sas.com/en_us/insights/big-data/what-is-big-data.html
http://www.sas.com/en_us/insights/big-data/what-is-big-data.html
http://www.sas.com/en_us/insights/big-data/what-is-big-data.html
http://www.sas.com/en_us/insights/big-data/what-is-big-data.html
http://www.sas.com/en_us/insights/big-data/what-is-big-data.html
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Big Data Sources 
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Users 

Applications 

Systems 

Sensors 
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Corporate Data 

Corporation Data 

structured unstructured 

repetitive nonrepetitive 

Transaction, 
Payments, 
Sales activity, 
ATM, 
Medical records 

Analog processing, 
Telephone call 
records 

Emails,  
warranty claims, 
Call center, 
Market research 
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Corporation Data 

unstructured 

repetitive 
nonrepetitive 

Analog processing, 
Telephone call records 

Emails,  
warranty claims, 
Call center, 
Market research 

Hadoop 
Centric 

Textual 
Disambiguation 

Centric 
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Corporation Data 

Hadoop 
Centric 

• Hadoop is the primary storage mechanism for Big Data with the 
following characteristics: 
 

• Managing very large volumes of data 
• Managing data on less expensive storage 
• Managing data by the “Roman Census” methods 
• Storing data in an unstructured manner. 
• Open source software framework can store large amounts of 

data and run applications on clusters of commodity hardware. 
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Loader 

Statistical 
Analysis 

Analyze 

Visualize 

Data Management 

Access 

Delete 

20 

Corporation Data 

Hadoop 
Centric 

• Technology Services around Hadoop 
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SAS Data Loader for Hadoop 
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SAS Data Loader for Hadoop 
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BD Analytics 
    
• Big data analytics is the process of examining big data to uncover hidden 

patterns, unknown correlations and other useful information that can be 
used to make better decisions.” 
 

• With big data analytics, data scientists and others can analyze huge volumes 
of data that conventional analytics and business intelligence solutions can't 
touch.  
 

• Consider this; it's possible that your organization could accumulate (if it 
hasn't already) billions of rows of data with hundreds of millions of data 
combinations in multiple data stores and abundant formats. 
 

• High-performance analytics is necessary to process that much data in order 
to figure out what's important and what isn't.  
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BD Users 
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http://www.sas.com/en_us/insights/big-data/what-is-big-data.html 

BD Architecture 
    



Transportation 26 http://www.sas.com/en_us/insights/analytics/big-data-analytics.html#dmhistory 

Why is BD Analytics Important? 
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Why Big Data? 

• Data Growth is Huge. 
• All that Data is Valuable. 
• Data won't fil on a single computer distributed 

Data. 
• Distributed Data=Faster Computation. 
• Image Recognition 
• Statistical Data Analysis 
• Machine learning and more…. 
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How BD works and what are the Key Technologies? 

There’s no single technology that encompasses big data analytics. 
Here are the biggest players: 
 

Data management  
Data needs to be high quality and well-governed before it can be reliably 
analyzed.  
 
With data constantly flowing in and out of an organization, it's important to 
establish repeatable processes to build and maintain standards for data quality.  
 
Once data is reliable, organizations should establish a master data 
management program that gets the entire enterprise on the same page (Agile 
project management). 
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How BD works and what are the Key Technologies? 

Data mining  
Data mining technology helps you examine large 
amounts of data to discover patterns in the data – and 
this information can be used for further analysis to help 
answer complex business questions.  
 
With data mining software, you can sift through all the 
chaotic and repetitive noise in data, pinpoint what's 
relevant, use that information to assess likely outcomes, 
and then accelerate the pace of making informed 
decisions. 
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How BD works and what are the Key Technologies? 

Hadoop  
This open source software framework can store large 
amounts of data and run applications on clusters of 
commodity hardware.  
 
It has become a key technology to doing business due 
to the constant increase of data volumes and varieties, 
and its distributed computing model processes big data 
fast.  
 
An additional benefit is that Hadoop's open source 
framework is free and uses commodity hardware to 
store large quantities of data. 
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How BD works and what are the Key Technologies? 

In-memory analytics  
By analyzing data from system memory (instead of from 
your hard disk drive), you can derive immediate insights 
from your data and act on them quickly.  
 
This technology is able to remove data prep and 
analytical processing latencies to test new scenarios and 
create models; it's not only an easy way for organizations 
to stay agile and make better business decisions, it also 
enables them to run iterative and interactive analytics 
scenarios. 
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How BD works and what are the Key Technologies? 
Predictive analytics  

Predictive analytics technology uses data, statistical 
algorithms and machine-learning techniques to identify 
the likelihood of future outcomes based on historical 
data.  
 
It's all about providing a best assessment on what will 
happen in the future, so organizations can feel more 
confident that they're making the best possible business 
decision.  
 
Some of the most common applications of predictive 
analytics include fraud detection, risk, operations and 
marketing. 
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How BD works and what are the Key Technologies? 

Text mining  

With text mining technology, you can analyze text data 
from the web, comment fields, books and other text-
based sources to uncover insights you hadn't noticed 
before.  
 
Text mining uses machine learning or natural language 
processing technology to comb through documents – 
emails, blogs, Twitter feeds, surveys, competitive 
intelligence and more – to help you analyze large 
amounts of information and discover new topics and 
term relationships. 
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Processing in the Hadoop Cluster  

SAS Data Loader and SAS In-Database Technology can process data in the Hadoop 
cluster.  
 
SAS/ACCESS Interface to Hadoop can pass SQL code to the Hadoop cluster, the SAS 
Scalable Performance Data (SPD) Engine can submit data sub setting to the Hadoop 
cluster, and PROC HADOOP enables you to submit MapReduce programs for further 
processing by Hadoop.  
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Processing in a SAS In-Memory Environment  

The in-memory environment is on a separate set of machines from the Hadoop 
cluster.  
 
The SAS server or client connects to the analytics cluster that is remote from the 
Hadoop cluster, submits a request, loads the Hadoop data to the in-memory 
environment, processes the request, and then sends only the results back to SAS.  
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SAS Visual Analytics, SAS In-Memory Statistics, SAS High-Performance 
Analytics products (such as SAS High-Performance Data Mining, SAS 
High- Performance Econometrics, SAS High-Performance Optimization, 
SAS High- Performance Statistics, and SAS High-Performance Text 
Mining), SAS High- Performance Risk, and SAS Visual Scenario 
Designer can process Hadoop data in an in-memory environment.  

Processing in a SAS In-Memory Environment  
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The Hadoop Platform  

• Hadoop Distributed File System (HDFS).   
• Hadoop YARN – a resource-management platform responsible for managing compute 

resources in clusters and using them to schedule users’ applications.  
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The Hadoop Platform  
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Video 

https://www.youtube.com/watch?v=7D1CQ_LOizA 

Explaining Big Data 

https://www.youtube.com/watch?v=7D1CQ_LOizA
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BIG DATA, WHAT’S THE BENEFIT FOR 
TRANSPORTATION? 

Asset Management 
Big data presents opportunities to identify problems,  
analyze and reduce project costs. 
 

Real Time Traffic Management 
Big data provides new opportunities to predict  
congestion before it happens, using a combination  
of real time information, historical trends and  
clever algorithms. 
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BIG DATA, WHAT’S THE BENEFIT FOR 
TRANSPORTATION? 

Asset Management 
Big data presents opportunities to identify problems,  
analyze and reduce project costs. 
 

Real Time Traffic Management 
Big data provides new opportunities to predict  
congestion before it happens, using a combination  
of real time information, historical trends and  
clever algorithms. 
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Planning   
An understanding of origins and destinations of 
trips – why, who, how and when they are made. 
 
Funding 
Big data presents funding, expenditures, and cash 
models. 
 
Data Security 
Big data helps you discover the 'who, what, when, 
where and why' of any security event. 
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Open Government 
Big data analytics can help governments improve 
the way they allocate funds by finding and 
eliminating potential inefficiencies in spending.  
 
Transit 
Transit authority officials can use ticketing data 
correlated with GPS data to analyze rider habits, 
traffic schedules and other factors that influence 
how people get around town. 
…. 
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Big 
Data 

Statistical 
models and 

pattern 
analysis 

Gain new 
insights and 
efficiencies 

Rapid, cost-
effective 
analytics  

Collect, 
Analyze, 

Understand 
Monitor, and 

Detect 

Identify in 
specific 

locations 
through 

hotspot maps 

Data-driven 
Intelligence 

State and Local Government 
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Big 
Data 

Collect 

Analyze Understand 

Study BD Challenge 
• Big Data 

Management 
• Data 

Visualization 
• Big Data 

Analytics 
• Statistical 

Methods for 
Data Science 

• Google 
BigQuery 
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North Carolina Government Data Analytics 
Center (GDAC) 

http://it.nc.gov/nc-gdac 

http://it.nc.gov/nc-gdac
http://it.nc.gov/nc-gdac
http://it.nc.gov/nc-gdac
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 Dashboards SAP Business Objects 
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 Dashboards SAP Business Objects 
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 Dashboards SAP Business Objects 
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https://bo.ncdot.gov/BOE/OpenDocument/opendoc/openDocument.jsp?sIDType=CUID&iDocID=klZTNtAAA9L5M5EAQBUAISiC8T8 
 

https://bo.ncdot.gov/BOE/OpenDocument/opendoc/openDocument.jsp?sIDType=CUID&iDocID=klZTNtAAA9L5M5EAQBUAISiC8T8
https://bo.ncdot.gov/BOE/OpenDocument/opendoc/openDocument.jsp?sIDType=CUID&iDocID=klZTNtAAA9L5M5EAQBUAISiC8T8
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 Decision Tree with SAS® Visual Analytics  

53 
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Demo: 
 

NCDOT  
SAS Model & SAS VA 
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 Dashboards with SAS® Visual Analytics  

55 



Transportation Source: SAS Inc. and Fiscal Unit-NCDOT 56 
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Using Tableau for Decision 

64 
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The NCDOT distributed more than $147.7 
million in State Street Aid, also known as the 
Powell Bill fund, to 507 municipalities across 
the state per population and mileages.  
 
Tableau used to visualize the initial allocations. 
 
Simple Dashboard helps to identify which city 
had received the largest allocations from 507 
municipalities. 

65 

$ 147,728,810.43 
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Conclusion 

Using Big Data does come with its own set  
of challenges, including data security and cluster  
of networks that turn big data into ‘Smart Information’.  
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Contact Information & Questions  
Dr. Majed Al-Ghandour, PhD, PE, CPM, M.ASCE 
Manager 
 
Division of  
Planning and Programming 
 
 malghandour@ncdot.gov 
 
919-707-4620  
 

mailto:malghandour@ncdot.gov
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