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o Updated syllabus to reflect
late submission penalties

@ Grading submissions

@ Need to schedule tests

0000000 [e]
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A “Hello World level problem.

With a little license.

A simply stated problem: Count
the number of unique words in
Shakespeare’s Macbeth.
o A few Java classes o
) Dennis Ritchie
@ A Hadoop environment 19412011
@ Process strings from a file

@ Summarize the results

Grad students have a little more
to do.
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Hadoop, The Definitive Guide

Storage and Analysis at Internet Scale

@ Version 3 is specified in the
syllabus [2]

@ Version 4 came out in
November 2015

@ We'll use Version 3 as much
as possible

The Definitive Guide

O'REILLY® Tom White
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Meet Hadoop

Datal

“In pioneer days they used oxen for heavy pulling, and when one ox couldn’t
budge a log, they didn't try to grow a larger ox. We shouldn’t be trying for
bigger computers, but for more systems of computers.” — Grace Hopper

@ Lots of data from all sorts of places. Some
that we've addressed before. sunn‘v/lh“ssﬂl
L 1 J,
@ Microsoft Research’s My Life Bits project * * '"."“'\
(http://research.microsoft.com/en-us/

projects/mylifebits/default.aspx)

@ Look at processing from a systemic point of

view:
© Paralizable : ;
@ Data locality 1 WAS IlllSYI_ll_\!ENTING THE
COMPILER
@ Coordination :
© Output

These issues and problems appear time and time again.


http://research.microsoft.com/en-us/projects/mylifebits/default.aspx
http://research.microsoft.com/en-us/projects/mylifebits/default.aspx
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Meet Hadoop

Compared to other systems

MapReduce is batch processing (vice interactive or real-time)

° D|V|d|ng ||ne between batch Table 1-1. RDBMS compared to MapReduce

. . . Traditional RDBMS MapReduce
and real_tlme IS sllppery Datasize  Gigabytes Petabytes
° Other para||e| programming Access Interactive and batch Batch
. . Updates  Read and write many times  Write once, read many times
technologies provide greater o , ‘
ructure  Static schema Dynamic schema
control, but require greater Integiity  High Low
management (MPI) Scaling  Nonlinear Linear
@ Some parallel computing is
relatively trivial
(SETIGhome) Image from [2]. .

Minimizing execution by balancing computation and data access
times
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Meet Hadoop

Summary

“This, in a nutshell, is what Hadoop provides: a reliable shared
storage and analysis system. The storage is provided by HDFS and
analysis by MapReduce. There are other parts to Hadoop, but
these capabilities are its kernel.”

@ Paralizable — number of
mappers determined by the
size of the input (growth in
linear)

@ Data locality — HDFS
distributes input data to
processing nodes

@ Coordination — starts,
monitors, stops, restarts
parallel tasks

o Output — intermediate
output is local, global is in
HDFS

References
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MapReduce
A CLI execution
Find maximum temperature
#1/usr/bin/env bash
. for year in all/*
do
@ No program to compile echo -ne “basenane Syear .gz""\t"
. gunzip -c $yeaf I\ .
@ Single thread of control e i P T

q = substr(so, 93, 1)

if (temp 1=9999 && q ~ /[01459]/ 88 temp > max) max = temp }
END { print max }'

@ Single output

done

Execution time: 42 minutes
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MapReduce

A MapReduce execution

@ A program to compile

@ Multiple threads of control

@ Multiple intermediate files SR e M Wi

@ Single output Hadoop supports many languages

@ Input and output is via (this is a Ruby example).
HDFS

Execution time: 6 minutes
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MapReduce

Basics of what Hadoop provides

©

Standard input (from the
HDFS)

@ Repeated and/or multiple
executions of the mapper

@ Consolidation, shuffling, and
sorting of mapper outputs

© Multiple executions of the Basic pipe and filter architecture.
reducer

@ Sorting of reducer outputs

@ Safely writing output to
HDFS

Hadoop supports any language that supports STDIN and
STDOUT.
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MapReduce

How many mappers and reducers?

@ Number of mappers = input
file size / HDFS block size

@ Number of reducers defaults

to 1 HOFS
. [} ﬂ Y o iy

@ Optimal number of reducers iy . -

- - .n Jﬂ"}——:pll(n]an

is < number of nodes in L.

system == SEO B E,
o Key value sorting is local e )
@ All key values are available Fere 24 Nopkec ot o i i ek

to all reducers

@ reducer outputs are separate
in HDFS
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Developing a MapReduce Application

The specifics will differ. (We've seen these before.)

© Write a Mapper
@ Write a Reducer h
; riiERBEm Overview
@ Write a main & (2
. Compute Cluster
© For Java: compile all the
classes into a jar (including m’
the Hadoop classes)
© For Java: run the jar: \ -
hadoop jar jar_file s Jes

mainClass arguments

@ Use hadoop fs to retrieve
the output
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Developing a MapReduce Application

Nothing magic about Java.

Assignment #2 Conclusion References
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Hadoop supports any mix of languages that support STDIN and
STDOUT.

Example 2-10. Map function for maximum temperature in Python

#1/usr/bin/env python

import re
import sys

for line in sys.stdin:
val = line.strip()
(year, temp, q) = (val[15:19], val[87:92], val[92:93])
if (temp 1= "+9999" and re.match("[01459]", q)):

e C, C++, Ruby, Python, ... e T b e

Example 2-9. Reduce function for maximum temperature in Ruby

@ Supports STDIN and Hfuslotnfene by
STDOUT last_key, max_val = nil, 0

STDIN.each_line do |line|
key, val = line.split("\t")
if last_key 8% last_key != key
puts "#{last_key}\t#{max_val}"
last_key, max_val = key, val.to_i
else

last_key, max_val = key, [max_val, val.to_i].max
end

end
puts "#{last_key}\t#{max_val}" if last_key
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Developing a MapReduce Application

How to run Hadoop with Ruby.

% hadoop jar $HADOOP_INSTALL/contrib/streaming/hadoop-*-streaming.jar \
-input input/ncdc/sample.txt \
-output output \
-mapper cho2/src/main/ruby/max_temperature_map.rb \
-reducer cho02/src/main/ruby/max_temperature_reduce.rb

Assumes that ruby is available.
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Developing a MapReduce Application
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Typical software development process.

Requirements

Development

Unit testing with local test
data

Cluster testing with HDFS
data

@ Refine as necessary

Debugging a distributed
application can be challenging.
Unit tests should be through.

System
Integration

Acceptance:
Testing

General Design
Specification

‘Component
Testing

Detaled Design
Specification

UnitTesting
V-Model
Usedfor:

Software Development
System Implementation

Image from:
http://allabttesting.blogspot.com/
2013_10-01_archive.html

Local and cluster testing controlled by Hadoop arguments, or by

configuration files
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Developing a MapReduce Application

Web Ul might be available on some installations.

Hadoop job_200904110811_0002 on Ip-10-250-110-47

Book says Web Ul is available at http://jobtracker-host:50030/
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Developing a MapReduce Application

How many reducers should | have?

@ | == input to the reducers
o O == output from the

reducers p
== ber of red .
ep number of reducers 21:1 ql > qO‘

Figure 1: 1 algori
bound on replication rate

available _

@ g == number of inputs - 7
@ r == number of replications ‘I‘ g(Q)’I

Image from [1]. .

Work to compute r.
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Developing a MapReduce Application

An example

Problem [1] [0] g(q) Lower bound on 7
Hamming-Distance-1, b-bit strings 2v 2 ql°§2q HQLUUHED 10; 5 (Section 3 ZD
Triangle-Finding, n nodes s % %q (Section [m 7 (Section -L—E
Sample Graphs (size s nodes) in Alon | (3) orm | n° ¢*? (%) ) or (/=)
Class in graph of m edges, n nodes S(‘cmonfl (Sections 5.2, aud‘b
2-Paths in n-node graph (%) % 6] (Secnon 5.4. ID o (Sertnm 5.4.1)
Multiway Join: N bin. rels, m vars., N(3) ) [h' 7;’::1 (S(’Ctinn—@b
Dom. n, parameter p from [6]

n x n Matrix Multiplication 2n? n? fﬂ—; (Soction‘(},lb (Section ‘G.lb

Table 1: Lower bound on replication rate r for various problems in terms of number of inputs |/|, number
of outputs |O|, and maximum number of inputs per reducer q.

Understanding your problem will drive your replications.
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Break time.

Take about 10 minutes.
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Looking at where words are used.

A simply stated problem: where
are certain words used?

@ Undergrad students — which
lines have the word “loue”

@ Grad student — which lines
of have the word “loue”,
which have the word
“course”, and which have
both

Interested in the line numbers
and the line itself.

An example: 1408: And wonne
thy loue, doing thee iniuries:

iy :
MIDSOMMER |
Nights: Dreame. et

oA &us primns.

Enter Thefeus, Higpolcn,withathers.

i3 Step-danue,ora Dowager,

nights.
Fncrights wil quickly dee m:w\a) the dme:
i|tséthenche Moone, A

(o lemities.
Th, Go Philofrate,
Sizerp i
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What have we covered?

@ Review the idea of lots of data

@ Summarized what Hadoop brings IS T“ls
to the table

@ Overview of the Hadoop

architecture

Hadoop is almost language

agnostic

Mappers controlled by Hadoop

Reducers can be controlled THE END2
Assignment #2 o

Next lecture: Hadoop book, Chapters 3 and 4
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