Storing and Analyzing Transportation Big Performance e

Measures /£

Data using Distributed Computing

Transforming Big Data into Actionable Information



What is big data?

VOLUME

Large amounts of data.

VELOCITY

Needs to be analyzed quickly.

VARIETY

Different types of structured
and unstructured data.

Key questions
enterprises are asking
about Big Data:

How to store and protect big data?
How to backup and restore big data?

How to organize and catalog the data
that you have backed up?

How to keep costs low while
ensuring that all the critical data
is available when you need it?
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WHAT ARE THE VOLUMES OF DATA
THAT WE ARE SEEING TODAY?

Everyday business
and consumer life
creates 2.5 quintillion

bytes of data per day.

2012 20Mm 2010

90% of the data in the
world today has been

created in the last two
years alone.

WHAT DOES THE FUTURE LOOK LIKE?

Worldwide IP traffic will
quadruple by 2015.

34545 4%

By 2015, nearly
3 billion people

¢

will be online, pushing the data
created and shared to nearly
8 zettabytes.

HOW IS THE MARKET FOR BIG DATA
SOLUTIONS EVOLVING?

$3.2 billion

thin the next th

23rds: surveyed
businesses.in North America
said big data will become a
concern for them within the
nextfive years.

Asigra.

In 1992 global internet

traffic amounted to 100 GB

per day.

In 2019 global internet
traffic will be ~52,000 GB

per second!

Source: Cisco VNI, 2015



What does transportation big data look like?

Traffic events: 40,000 records per day (0.001 GB/day)
Traffic detectors: 35,000,000 records per day (5 GB/day)
Probe vehicles: 4,200,000,000 records per day (550 GB/day)
V2X: X, XXX, XXX, XXX, XXX records per day (??? ?B/day)

Connected vehicle will generate
25 GB of data per hour.







Traditional storage methods and challenges
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Distributed computing approach

Core Modules: Other Modules:
e Hadoop-common e Hbase

* HDFS e /ooKeeper
 MapReduce e Impala

e YARN e Storm




Hadoop Distributed File System (HDFS)

HDFS

e Distributed
e Redundant
e Block based
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MapReduce

Input Data
Output Data

Split Sort Merge
[k1, v1] by k1 [k1, [v1, v2, v3 ..]]

Source: https://dzone.com/articles/how-hadoop-mapreduce-works



Apache Storm

Source: https://cwiki.apache.org/confluence/display/PIG/Pig+on+Storm+Proposal



Storm Cluster Storage

HBase Bolt

Preprocessing PostgreSQL
(EWhEE Storm Bolt Pre-processed Bolt

Data Source Storm Spout PostgreSQL

Application




Data storage structure

Typical speed data record

Element _________Type __________Size (bytes)

TMC Code String — 9 characters 9
Timestamp Unsigned integer 4
Speed Unsigned byte 1
Average Speed Unsigned byte 1
Quality Unsigned byte 1
Value 1 Unsigned byte 1
Value 2 Unsigned byte 1

Total per record 18



Rolling calculations challenge

Example overnight run

Configuration
e 1 million records
Good: 4 Hadoop nodes
* Runs on Hadoop 128 GB of memory per node
e Allows multiple MapReduce cycles
e Reduces number of (long) startups
e Keep intermediate results in memor
g / Results
Bad: e 1,280 iterations

e Difficult to configure . A . 45 9
e Performance starts high, degrades badly VErage run. secondas

e Frequent hangs and crashes e 20+ minute hangs at the end
e Startup time still significant



Rolling calculations challenge
(‘3 Example overnight run (again)

Configuration

CIOj ure e 1 million records
. . e 1 developer workstation
* Functional language built
on top of JVM e 16 GB of memory
e Lisp dialect
e Specifically designed for
concurrency Results

e ~50,000 iterations (vs 1,280)
e Average run: < 1 second (vs 45 seconds)



e Continue to tune the system for performance and storage
e Scale

e Consider moving to cloud



Thank You!

Nikola Ilvanov
ivanovh@umd.edu

301-405-3626
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