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Introduction to Hadoop

How can | solve big data problem ?
AN (30% )
Cloud & Bioinformatics Application
ALY O B (10% )
Open Source for Bioinformatics




SN

LT OUNGC: 19 rlziduyy

91)
z1g)ed 1is Z@J:z yS1em

Powere d by DRBL

TR

9 AN AN
fa9-"Tsuny 14218y
jazznche.org.tw




5 rlzidooo ¥
J'J'J'./JJ_,J e T8 77

lieooop o s software platform
thailetssone f?ff/y wiriterancimn
5/7/7/ [celions sl process vast
amounts of data.

123 %:/’ £ (Bal orh A= \? TETA (e LA
Hadoop = 18 -2 Fs i it

j”ﬁﬁé%ﬁﬁ%*4i”?ﬁ$Af
R REBRERANEER

—

Z ?&%map I’ reduce I AEs3t- 7 | = -




2 e i i sy e g 2
JJ/QJJQJ_,'J 15 = G ) 23T 4

# & Vast Amounts of Data

— VA kA LR T K E AT RE

— Capability to STORE and PROCESS vast amounts of data.
®#& Cost Efficiency

~ TARES—K PCHIRZANRERITA

— Based on large clusters built of commodity hardware.
2% % Parallel Performance

—~ EBS RSB EARAAOT B AT ik i) = R

— With the help of HDFS, Hadoop have better performance.
T 5 Robustness

— F A B AR - RERP T A BT ARG EEH KR

— Robustness to add and remove computing and storage
resource without shutdown entire system. 5
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Doug Cutting Talks About The Founding Of Hadoop
clouderahadoop JEEH [z  RESTEEER
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Doug Cutting Talks About The Founding Of Hadoop
http://www.youtube.com/watch?v=qxC4urJOchs


http://www.youtube.com/watch?v=qxC4urJOchs
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e Lucene
— http://lucene.apache.org/
— AlJdava &8 52088 U % 3] 51 EAPI

— a high-performance, full-featured text search
engine library written entirely in Java.

- R IHFPHE—F  FRFOXAFREAETIREREE S

— Lucene create an inverse index of every word i
n different documents. It enhance performance
of text searching.


http://lucene.apache.org/
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— http://nutch.apache.org/

— Nutch £ R A5 46 75 P17 B 209 #8535 3% 5 5] %
— Nutch is open source web-search software.
— #| FlLucene & R\ & i %

— It builds on Lucene and Solr, adding web-
specifics, such as a crawler, a link-graph
database, parsers for HTML and other
document formats, etc.



http://nutch.apache.org/
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Nutch encounter storage issue GO Ugle
Google /&2 — &3k 5 F A 69 = K B 42 B iy

Google shared their design of web-search engine

— SOSP 2003 : “The Google File System”
— http://labs.google.com/papers/gfs.html

— OSDI 2004 : "MapReduce : Simplifed Data Processing on
Large Cluster”

— http://labs.google.com/papers/mapreduce.html

— OSDI 2006 : “Bigtable: A Distributed Storage System for
Structured Data”

— http://labs.google.com/papers/bigtable-osdi06.pdf


http://labs.google.com/papers/gfs.html
http://labs.google.com/papers/mapreduce.html
http://labs.google.com/papers/bigtable-osdi06.pdf
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« Dong Cutting reference from Google's publication
 Added DFS & MapReduce implement to Nutch
« According to user feedback on the mail list of Nutch ....
« Hadoop became separated project since Nutch 0.8
* Nutch DFS — Hadoop Distributed File System (HDFS)

« Yahoo hire Dong Cutting to build a team of web search
engine at year 2006.

— Only 14 team members (engineers, clusters, users, etc.)
* Doung Cutting joined Cloudera at year 2009.

YAaHOO! frloudera

7
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* Yahoo is the key contributor currently.

» |IBM and Google teach Hadoop in universities ...

« http://www.google.com/intl/en/press/pressrel/20071008 ibm_univ.html

« The New York Times used 100 Amazon EC2 instances and a
Hadoop application to process 4TB of raw image TIFF data (stored
in S3) into 11 million finished PDFs in the space of 24 hours at a
computation cost of about $240 (not including bandwidth)

— from http://en.wikipedia.org/wiki/Hadoop
 http://wiki.apache.org/hadoop/AmazonEC2
 http://wiki.apache.org/hadoop/PoweredBy

n AS.com = [BM = Powerset

s ADSDAQ by Contextweb s ImageShack s The New York Times
s EHarmony n S s Rackspace

s Facebook s Joost n Veoh

» Fox Interactive Media x Lastfm » Metaweb


http://www.google.com/intl/en/press/pressrel/20071008_ibm_univ.html
http://en.wikipedia.org/wiki/Hadoop
http://wiki.apache.org/hadoop/AmazonEC2
http://wiki.apache.org/hadoop/PoweredBy
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 Although the Hadoop framework is implemented

in Java™, Map/Reduce applications need not be
written in Java.

« Hadoop Streaming is a utility which allows users
to create and run jobs with any executables (e.g.
shell utilities) as the mapper and/or the reducer.

 Hadoop Pipes is a SWIG-compatible C++ API to

implement Map/Reduce applications (non JNI™
based).

13
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Hadoop Pipes allows C++ code to use Hadoop
DFS and map/reduce.

The C++ Interface is "swigable" so that interfaces
can be generated for python and other scripting
languages.

For more detail, check the APl Document of
org.apache.hadoop.mapred.pipes

You can also find example code at
hadoop-*/src/examples/pipes

About the pipes C++ WordCount example code:
http://wiki.apache.org/hadoop/C++WordCount )


http://hadoop.apache.org/common/docs/current/api/org/apache/hadoop/mapred/pipes/package-summary.html
http://wiki.apache.org/hadoop/C++WordCount

rlaicdlooo Sirearririg

Hadoop Streaming is a utility which allows users
to create and run Map-Reduce jobs with any
executables (e.g. Unix shell utilities) as the
mapper and/or the reducer.

It's useful when you need to run existing program
written in shell script, perl script or even PHP.

Note: both the mapper and the reducer are
executables that read the input from STDIN (line
by line) and emit the output to STDOUT.

For more detail, check the official document of
Hadoop Streaming

15


http://hadoop.apache.org/common/docs/current/streaming.html

'-

:)

Top oMo Chuliwa HBase HOFS Hive MapReduce Fig Zookeeper

+ About

i
* Wl W (s Welcome to Apache Hadoop!

o Mailing Lists

* Hadoop Common: The common utilities that support the other

Hadoop subprojects.

 HDFS: A distributed file system that provides high throughput
access to application data.

* MapReduce: A software framework for distributed processing of
large data sets on compute clusters.

16
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Chukwa: A data collection system for managing
large distributed systems.

HBase: A scalable, distributed database that
supports structured data storage for large tables.

live: A data warehouse infrastructure that
provides data summarization and ad hoc
guerying.

Pig: A high-level data-flow language and
execution framework for parallel computation.

ZooKeeper: A high-performance coordination
service for distributed applications.

17
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Pig Chukwa Hive HBase

MapReduce HDFS ZooKeeper

Hadoop Core

(Hadoop Common) Avro

Source: Hadoop: The Definitive Guide

18
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Avro Is a data serialization system.

It provides: W
— Rich data structures.

— A compact, fast, binary data format.
— A container file, to store persistent data.

— Remote procedure call (RPC).

— Simple integration with dynamic languages.

Code generation is not required to read or write data files
nor to use or implement RPC protocols. Code generation
as an optional optimization, only worth implementing for
statically typed languages.

For more detail, please check the official document:
http://avro.apache.org/docs/current/ 19



http://avro.apache.org/docs/current/
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« ZooKeeper is a centralized service for maintaining
configuration information, naming, providing distributed
synchronization, and providing group services. All of
these kinds of services are used in some form or another
by distributed applications.

 FEach time they are implemented there is a lot of work that goes into
fixing the bugs and race conditions that are inevitable. Because of the
difficulty of implementing these kinds of services, applications initially
usually skimp on them ,which make them brittle in the presence of change
and difficult to manage. Even when done correctly, different
implementations of these services lead to management complexity when
the applications are deployed.

20


http://hadoop.apache.org/zookeeper/

~lg

http://hadoop.apache.org/pig/

Pig is a platform for analyzing large data sets that
consists of a high-level language for expressing data
analysis programs, coupled with infrastructure for
evaluating these programs.

Pig's infrastructure layer consists of a compiler that
produces sequences of Map-Reduce programs

Pig's language layer currently consists of a textual
language called Pig Latin, which has the foIIowmg key
properties: o

— Ease of programming
— Optimization opportunities
— Extensibility



http://hadoop.apache.org/pig/

rlive

» http://hadoop.apache.org/hive/

 Hive is a data warehouse infrastructure built on top of
Hadoop that provides tools to enable easy data
summarization, adhoc querying and analysis of large
datasets data stored in Hadoop files.

« Hive QL is based on SQL and enables users familiar with
SQL to query this data.

22


http://hadoop.apache.org/hive/

Criuyyel

http://hadoop.apache.org/chukwa/

Chukwa is an open source data collection system
for monitoring large distributed systems.

built on top of HDFS and Map/Reduce framework
includes a flexible and powerful toolkit for
displaying, monitoring and analyzing results to
make the best use of the collected data.

= hukwa |



http://hadoop.apache.org/chukwa/

Mainout

http://mahout.apache.org/
Mahout is a scalable machine learning libraries.

iImplemented on top of Apache Hadoop using the
map/reduce paradigm.

Mahout currently has

— Collaborative Filtering
— User and Item based recommenders
— K-Means, Fuzzy K-Means clustering
— Mean Shift clustering
— More ...



http://mahout.apache.org/
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HBase is a distributed column-oriented database built on
top of HDFS.

A distributed data store that can scale horizontally to
1,000s of commodity servers and petabytes of indexed
storage.

Designed to operate on top of the Hadoop distributed
file system (HDFS) or Kosmos File System (KFS, aka
Cloudstore) for scalability, fault tolerance, and high
availability.

Integrated into the Hadoop map-reduce platform and
paradigm.




Architecture

HBase

DFS
Client

0o00g00 D\SLSDDB\ DDD%E(D N00GO0 ﬁagm
000000 || oooooo fooodoo || ooodoo oo
000000 || oooooo || ocooooo || oooooo || oboooo
\ DataNode J \ DataNode J \ DataNode ) \ DataNode ) \ DataNode )

Hadoop
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http://blast.ncbi.nim.nih.gov/
National Center for Biotechnology Information

BLAST is an algorithm for comparing primary biological
sequence information. (BLAST A&t 4 47 7] #) £ 2445 )

— the amino-acicd sequences of different proteins

— the nucleotides of DNA sequences
(440 : R &GN 095, L5 55 DNA &7 64+ 5 )

Flig c WS HAMYHE (o ER)RFAR THLGEARLAF
R8s A A B X R AR B2 » R R E 50142 -
BREE AL AR I R B 6 B e BT B A ﬂ(%%ﬁ%&o
FATEIAE  ERGFPIRRR T ZEAT IV » B B 9

Source: http://zh.wikipedia.org/w/index.php?title=BLAST (44 A% )&variant=zh-tw


http://blast.ncbi.nlm.nih.gov/
http://zh.wikipedia.org/w/index.php?title=BLAST_(%E7%94%9F%E7%89%A9%E8%B3%87%E8%A8%8A%E5%AD%B8)&variant=zh-tw

MTPISLNAS )

http:/ www.mpiblast.org/

An open-source, parallel implementation of NCBI BLAST

4L
— Database fragmentation

- Query segmentation

— Parallel input/output
FHAEA

— Tne Design, lmplementation, and Evaluzaiion of mols8LAST,
— http:// www.mpiblast.org/downloads/pubs/cwce03.pdf
AT R

— TurboWorx TurboBLAST

— Parallel BLAST by Caltech


http://www.mpiblast.org/
http://www.mpiblast.org/downloads/pubs/cwce03.pdf
ftp://anonymous@saf.bio.caltech.edu/pub/software/molbio/

GenBank
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- mpiBLAST-G2 is an enhanced parallel program of

LANL's mpiBLAST. It is based on Globus Toolkit 2.x and
MPICH-g2.

* Bioinformatics Technology and Service (BITS) team of
Academia Sinica Computing Centre (ASCC), Taiwan

— The MPIBLAST-g2 Introduction
— MPIBLAST-g2 Example

— mpiBlast-G2 with GT4

4, the globus toolkit®
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ACADEMIA SINICA
Computing Center



http://goc.pragma-grid.net/applications/biogrid/mpiBlast-g2/README.mpiBLAST-g2.html
http://goc.pragma-grid.net/applications/biogrid/mpiBlast-g2/example/EXAMPLE.mpiBLAST-g2.html
https://www.nbcr.net/pub/wiki/index.php?title=MpiBlast-G2_with_GT4
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AWS Access Key | 054F2VTX 3A67EW ZMGBO02

AWS Secret ey | ........................................

Add Machine | Refresh Table | Stop Al | Resetiognkeys |  About

Status Public Name Internal Name
1 tm@ |cc2r6?r202-3&-153.-:mmt!rl.mrmans.cm domi)-12-31-38-00-6C -C8.compute-1.internal
2 FUNMINg ec267-202-24-53. compute - 1. amazonaws. com domil-12-31-35<00-29-8 1.compute-1.nternal
3 FUNrEng ec-72-44-45-12.7-2 compute-1.amazonaws.com domi)-12-31-35400-35-12.z-2. compute- Linternal
4 FUnNninNg ec2-7T2-44-47-251.7-2.compute- 1.amazonaws.com  domil-12-31-35-00-40-71.2-2.compute-L.internal
5
6
< | >
Worker Threads: 0
machines status table updated 5

machines status table updated
machines status table updated
machnes status table updated
machnes status table updated
machases status table updated
machanes status table updated
machines status table updated
machines status table updated
machnes status table updated

O — T P R T TR

Video: http://www.runblast.com/videos/runblast-blastwizard.swf


http://www.runblast.com/videos/runblast-blastwizard.swf

51 GUTI B LAY )

* “CloudBLAST: Combining MapReduce and Virtualization on Distributed
Resources for Bioinformatics Applications”, eScience 2008

« 4% : 4k MapReduce % 7 %17 BLAST £ X

StreaminputFormat

(a) _ Worker 1
BLAST S to D 4 Spitinto chumke.
Ri=1{r I} >seq1 based on new line. | CCAAGGTT
Input sequences pl AACCGGTT >seq3
S={s1, ... 5} >5802 GGTTAACC
1, ..., 5k} >seq4
Worker 1 TTAACCGG
BLAST Sito D StreamPatternRecordReader splits
chunks into sequences as keys for
the mapper (empty value).
- Y Worker 1 >seq1 >seq3
BIAST 51 to Dy AACCGGTT GGTTAACC
Input sequences 7 >5eq2 >seqd
5= {81, ... %} u=in, - Tl / By CCAAGGTT TTAACCGG
Worker j v v
BLAST 5, to Dy BLAST BLAST
Mapper Mapper
Worker1’ BLAST output is
BLAST §; to Dy written to a local file.

7 2. part-00000 part-00001

= el R Workeri |
BLAST 5ito Dy DFS merger
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Open Bioinformatics Foundation - http://www.bioinfomatics.org

— BioPerl - http://bio.perl.org
— BioPython - hitp://biopython.org
— BioPHP - http://biophp.org
— BioJava - http://biojava.org

C++ Bio Sequence Library
— http://libseq.sourceforge.net/

— CH++ RN T I 94 & X B

Bio-SPICE - http://biospice.sourceforge.net/
BioEra - http://bioera.net/
— JRIGASEH &m0 TR EERIRIEIE o

NCBI Viewer - http://ncbiviewer.bravehost.com/


http://www.bioinfomatics.org/
http://bio.perl.org/
http://biopython.org/
http://biophp.org/
http://biojava.org/
http://libseq.sourceforge.net/
http://biospice.sourceforge.net/
http://bioera.net/
http://ncbiviewer.bravehost.com/
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http://trac.nchc.org.tw/cloud
http://trac.nchc.org.tw/cloud
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