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Agenda 

ÅAn Overview of Big Data 
ï Business drivers 

ï Some History 

ï High level overview 

 

 

 

ÅThe Technology of Big Data 
ï Hadoop 

ï NoSQL databases 

ï Other vendor specific 
technologies 
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ÅOperational concerns 
ï Hardware and software 

ï Development 

ï The steps involved to establish a 
physical server cluster 

ï Skill sets 

ï Training 

ï Testing and quality assurance 

ï The steps involved in managing 
the operational environment 

ï Software distribution and control 

ï Testing and production 

ï Performance and capacity 
monitoring 



An Overview of Big Data 

ÅWhat is Big Data why are we discussing it? 

ÅA brief history of High Performance Computing 

ïParallel processing and high performance computing 

ïThe No SQL camp 

ÅHigh level architectural overview 

ïThe Apache Hadoop family 

ÅSome Innovative Use Cases 

ïScience and technology 

ïSocial Networking and the Web 
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What is Big Data why are we discussing it? 

ÅData, data, and more data 

ïFacebook with 800+ million users generating something 
like 1.5 TB of data per day, storing over 70 PB of data 

ïGoogle indexes the Web 

ÅScientific data ς megabytes, gigabytes, terabytes,  
petabytes, exabytes, and now zettabytes 
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What is Big Data why are we discussing it? 

ÅData, data, and more data 
ïFacebook with 800+ million users generating something like 1.5 

TB of data per day, storing over 70 PB of data 

ïGoogle indexes the Web 

ÅScientific data ς megabytes, gigabytes, terabytes,  
petabytes, exabytes, and now zettabytes  
ï2 ZB stored by organizations by end of 2012! 

ï1+ ZB IP traffic annually by 2016 

ïOnly one more size to go- ???? 
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What is Big Data why are we discussing it? 

ÅData, data, and more data 
ïFacebook with 1 billion+ million users generating something like 

1.5 TB of data per day, storing over 70 PB of data 

ïGoogle indexes the Web 

ÅScientific data ς megabytes, gigabytes, terabytes,  
petabytes, exabytes, and now zettabytes  
ï2 ZB stored by organizations by end of 2012! 

ï1+ ZB IP traffic annually by 2016 

ïOnly one more size to go- the yottabyte 

 

     How can we ever process this amount of data? 
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What is Big Data why are we discussing it? 

ÅHow can we ever process this amount of data? 

ïHave we finally collected more data than is feasible to 
use? 

 

ÅaƻƻǊŜΩǎ ƭŀǿ ƻŦ ǇǊƻŎŜǎǎƛƴƎ ƛǎ ƻǾŜǊŎƻƳŜ ōȅ ǘƘŜ 
physics of data transfer limitations 

ïAt 100 MB/sec disk transfer speed, how long does it 
take to read 1 TB of data? How about 1 PB???? 

ïWhat if we can read from 10 disks simultaneously? 

ïIƻǿ ŀōƻǳǘ млл ŘƛǎƪǎΚ млллΚ Χ 
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What is Big Data why are we discussing it? 

ÅScaling up versus scaling out 

ïMonolithic, proprietary systems are expensive to expand 
ÅFrame size limits 

ÅInterconnect complexities 

ÅShared everything scalability 

ïBut lots of commoditized systems are hard to manage! 
ÅSoftware distribution 

ÅCrossbars and switching stacks 

Å²Ŝ ŀƭǎƻ ƘŀǾŜ ǘƻ ŎƻƴǎƛŘŜǊ Řƛǎƪ ŀƴŘ ǎȅǎǘŜƳ ŦŀƛƭǳǊŜǎ ŀǎ ǿŜƭƭ ǎƻ ƭŜǘΩǎ 
include redundancy in our discussion. 

8 November 9, 2012 Proprietary and Confidential 



What is Big Data why are we discussing it? 

ÅBut adoption is occurring at a staggering pace. 

ÅWeb scale corporate adoption began about 8 years 
ago. 

ÅCorporate adoption was slower, but has quickly 
become mainstream. 

ïGrowth in services and products 
ÅSaaS and PaaS adoption 

ïReview of hiring patterns shows rapid expansion 

ï444 LinkedIn Big Data Groups 

ïMeetUp, et al activity 

Å  
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Big Data Processing ς Some History 

ÅBeowulf ς early rather primitive attempt to use 
commodity computers to do parallel computing 

ÅSun Grid Engine, Apple Xgrid,  IBM HPC, Oracle Grid 
Engine, and many, many more 
ÅMPI, OpenMP(I), PVM and others 
ÅMicrosoft Dryad ς Microsoft.NET based 
ïhŦǘŜƴ ŘŜǎŎǊƛōŜŘ ŀǎ ŀ άsuperset of MapReduceΦέ 
ïActually, pretty powerful and was based on Microsoft HPC 

platform 

ÅAnd now, Hadoop  
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Big Data Processing ς Some History 

ÅSo, what is Hadoop and what problems does it 
address? 
ïWriting parallel programs is difficult and error 

prone when they share information and state 

ïMonolithic systems are expensive to expand 

ïCommoditized hardware is cheaper, but much 
more error-prone 
ÅWill the failure of a single component compromise the 

entire system? 
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Big Data Processing Systems 

ÅHadoop ς Java based Platform from Apache 
ïDistributed File System from Yahoo! Based on the Google Distributed 

Files System, and BigTable 

ïMapReduce ς DƻƻƎƭŜΩǎ ŦŀƳƻǳǎ ǇŀǊŀƭƭŜƭƛȊŀǘƛƻƴ ŀǊŎƘƛǘŜŎǘǳǊŜΦ ! ŎƻǊŜ 

component of Hadoop. Language independent.  
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Big Data Processing Systems 

ÅHadoop ς Java based Platform from Apache 
ïDistributed File System from Yahoo! based on the Google Distributed 

Files System, and BigTable 

ïMapReduce ς DƻƻƎƭŜΩǎ ŦŀƳƻǳǎ ǇŀǊŀƭƭŜƭƛȊŀǘƛƻƴ ŀǊŎƘƛǘŜŎǘǳǊŜΦ ! ŎƻǊŜ 
component of Hadoop. Language independent.  

ÅNow an emergent open source community with significant 
contributions from LinkedIn, Amazon.com, Twitter, Facebook, 
Google, and many, many others 
ïWe must mention Cloudera ς ǘƘŜ άwŜŘ Iŀǘέ ƻŦ IŀŘƻƻǇ 

ÅCloudera Distros and the Cloudera Manager 
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Big Data Processing Systems 

ÅHadoop ς Java based Platform from Apache 
ïDistributed File System from Yahoo! Based on the Google 

Distributed Files System, and BigTable 

ïMapReduce ς DƻƻƎƭŜΩǎ ŦŀƳƻǳǎ ǇŀǊŀƭƭŜƭƛȊŀǘƛƻƴ ŀǊŎƘƛǘŜŎǘǳǊŜ. A 
core component of Hadoop. Language independent.  

ÅNow an emergent open source community with 
significant contributions from LinkedIn, Amazon.com, 
Twitter, Facebook, Google, and many, many others 
ïWe must mention Cloudera ς ǘƘŜ άwŜŘ Iŀǘέ ƻŦ IŀŘƻƻǇ 
ÅCloudera Distros and the Cloudera Manager 

ïMapR, Hortonworks, IBM BigInsights, EMC/Greenplum, HP 
Vertica, Karmasphere and more 
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The Hadoop Family 

Å HBase ς a NoSQL database built on top of HDFS  

Å Hive ς ŀ ά{v[έ queriable άŘŀǘŀōŀǎŜέ ƻŦ ǎƻǊǘǎ ǘƘŀǘ ǇǊƻŘǳŎŜǎ aκw άƧƻōǎέ 

Å Pig ς ŀ ǎŎǊƛǇǘƛƴƎ ƭŀƴƎǳŀƎŜ ǘƘŀǘ ǇǊƻŘǳŎŜǎ aκw άƧƻōǎέ 

Å Zookeeper for distributed systems management 

Å Flume and Sqoop for data acquisition 

Å Oozie for workflows 

Å Mahout for machine learning 

Å aŀƴȅ ǎǳōǎȅǎǘŜƳǎ ŀƴŘ ǇǊƻƧŜŎǘǎΧ 
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NoSQL 

ÅWe have all seen the specialized database 
explosion 
ïTeradata machines 

ïMultidimensional databases and cubes 
ÅOLAP, MOLAP, ROLAP, and HOLAP 

ÅSummarization and materialization 

ïColumn-oriented databases 

ïStreaming databases 

ÅNow we have NoSQL 
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NoSQL 

ÅWe have all seen the specialized database 
explosion 
ïTeradata machines 

ïMultidimensional databases and cubes 
ÅOLAP, MOLAP, ROLAP, and HOLAP 

ÅSummarization and materialization 

ïColumn-oriented databases 

ïStreaming databases 

ÅNow we have NoSQL 
ï¢Ƙƛǎ ǊŜŀƭƭȅ ƳŜŀƴǎ άƴƻǘ ƻƴƭȅ {v[έ   ΗΗΗΗΗ 
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NoSQL 

ÅACID versus BASE 

ïAtomic, consistent, isolated and durable 

ïBasic availability, soft-state, and eventual 
consistency 

 

ÅThese are endpoints across a continuum! 

18 

ACID                                                                                                                                       BASE 
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NoSQL 

19 

http://blog.nahurst.com/visual-guide-to-nosql-systems 
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The Basic Hadoop Architecture 
Å One JobTracker per Hadoop 

instance 
ï /ƭƛŜƴǘǎ άǎǳōƳƛǘέ Ƨƻōǎ ǘƻ ǘƘŜ 

JobTracker 
ï Validates job and adds to 

Job Queue 
ï Schedules Job fragments 

(Map, Reduce, or 
intermediate steps) on 
nodes through a TaskTracker 
which runs on each node 
 

Å Hadoop Distributed File 
System (HDFS) 
ï One NameNode per 

Hadoop instance 
Å Manages all metadata 
Å Manages DataNodes 

which store replicated 
versions of all data 

ï All data is immutable! 
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MapReduce Decomposition 

21 

User Job User Job 

Combine 

Combine 

Hadoop 
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MapReduce Decomposition 
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User Job User Job 

Combine 

Combine 

Hadoop 
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The Technology of Big Data 

ǒ Map Reduce in three images 
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Data is processed in parallel 



The Technology of Big Data 

ǒ Map Reduce in three images 
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Data is processed in parallel 

Data is sorted and assembled 



The Technology of Big Data 

ǒ Map Reduce in three images 
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Data is processed in parallel 

Data is sorted and assembled 

Data is reduced to a final result 



The Technology of Big Data 

ǒ Map Reduce in three images 
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Data is processed in parallel 

Data is sorted and assembled 

Data is reduced to a final result 

Machine Learning 



Hadoop Architecture 
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Java Libraries 

Data distribution 
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Hadoop Architecture 
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Data distribution 

Replication 
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Hadoop Architecture 
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Java Libraries 

Deliver the program 
to the data, not the 

data to the  
program! 
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Hadoop Architecture 
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Java Libraries 

Deliver the program 
to the data, not the 

data to the  
program! 

 
Use very large 

blocks of data and  
heavily compress it  

with one of  
many codecs 
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Hadoop Architecture 
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Hadoop Architecture 

Task 
Tracker 

Slot 

Slot 

Slot 

Slot 

Disk Array 

Task 
Tracker 

Slot 

Slot Slot 

Task 
Tracker 

Slot 

Slot 

Slot 

Slot 

Task 
Tracker 

Slot 

Task 
Tracker 

Slot 

Slot 

Slot 

Slot 

Task 
Tracker 

Slot 

Slot 

Slot 

Slot 

JobTracker        NameNode 

Rack #1 

Task 
Tracker 

Slot 

Slot 

Slot 

Slot 

Disk Array 

Task 
Tracker 

Slot 

Slot 

Slot 

Slot 

Task 
Tracker 

Slot 

Slot 

Slot 

Slot 

Task 
Tracker 

Slot 

Slot 

Task 
Tracker 

Slot 

Slot 

Slot 

Slot 

Task 
Tracker 

Slot 

Slot 

Slot 

Slot 

Rack #2 

Task 
Tracker 

Slot 

Slot 

Slot 

Slot 

Disk Array 

Task 
Tracker 

Data 
Node 

Slot 

Slot 

Slot 

Slot 

Task 
Tracker 

Data 
Node 

Slot 

Slot 

Slot 

Slot 

Task 
Tracker 

Data 
Node 

Slot 

Slot 

Slot 

Slot 

Task 
Tracker 

Data 
Node 

Slot 

Slot 

Slot 

Slot 

Task 
Tracker 

Data 
Node 

Slot 

Slot 

Slot 

Slot 

Rack #3 

Data 
Node 

Data 
Node 

Data 
Node 

Data 
Node 

Data 
Node 

Data 
Node 

Data 
Node 

Data 
Node 

Data 
Node 

Data 
Node 

Data 
Node 

Data 
Node 

Task 
Tracker 

Data 
Node 

Slot 

Slot 

Data 
Node 

Data 
Node 

Data 
Node 

Data 
Node 

Data 
Node 

Job 
Queue 

Balancer 

Legend 
MapReduce 

Engine 

HDFS 

Slot 

Slot 

Slot 

Slot 

Slot 

Slot 

Slot 

Slot 

Slot 

Slot 

Slot 

Slot 

Slot 

Slot 

Slot 

Slot 

Data 
Node 

Data 
Node 

32 

Map task 
ready to 

run 

#2 - Job 
selected to 

run 

Fair Share 
Capacity 

Dynamic Priority 
Pluggable Schedulers 

FCFS 

November 9, 2012 Proprietary and Confidential 



Hadoop Scheduling 
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