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MapReduce
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» Hadoop: MapReduce T )LDEZED—D
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Hadoop COT O = AFEITD

y OO0 L%=EVERK
y BEARBY(C(FJava (BFOAMMDEEETHRIEE
y JarfEN(CT D

XXXX jar
=/ —

» XAT
y ANT—SZE /T B
FSIZIGUTE ANIGFRZERTE I D (input)
y 3708 IJ=wv 3>
AR NIBFiZESIZITE U TELT

$ hadoop jar xxxxjar input output

y BT —H O
FSICIL U e DEFRICE I =N D (output)



Example : WordCount java
(>= version 0.20.0)

public class WordCount {

static class WordCountMapper extends Mapper<IntWritable, Text, Text, IntWritable> {
pubic void map(IntWritable key, Text value, Context context) {
String line = value.toString();
for (tokenizer.nasMoreTokens())
context.write(new Text(line), new IntWritable(1));

J
J

static class WordCountReducer extends Reducer<Text, IntWritable, Text, IntWritable> {
public void reduce(Text, Iterable<IntWritable> values, Context context) {
int sum = 0;
for (IntWritable value : values)
sum += value.get();
context.write(key, new IntWritable(sum));

J
J




Example : WordCount java (cont’ d)

public static void main(String[] args) {
Job job = new Job();
job.setJarByClass(WordCount.class);

FileInputFormat.setlnputPaths(job, new Path(args[0]));
FileOutputFormat.setOutputPath(job, new Path(args[1]));

job.setMapperClass(WordCountMapper.class);
job.setReducerClass(WordCountReducer.class);

job.setOutputKeyClass(Text.class);
job.setOutputValueClass(IntWritable.class);

System.exit(job.waitForCompletion(true) ? 0 : 1);

}
J
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» Map
» TaskTrackerMSHUHE . 1 DDMapF AT E U TENME
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» Reduce
» TaskTrackerMSIFUH . 1 DReduce’ I XTI E U TEME
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» MapperZ = A% k7

» EFRDMapLIE (L. mapBdEiEXR=RIT D ETER
startup() — map() — cleanup()

» Context(C(IMapUIBD 1> FF+ X MIAD
=3 T DR
EDKVZUIE T D ?
FEKV (context(CXT U Cwrite 9 D)

» AHJIDKVIE, Writable InterfaceZz T U CTiTD

static class WordCountMapper extends Mapper<IntWritable, Text, Text, IntWritable> {
pubic void map(IntWritable key, Text value, Context context) {
String line = value.toString();

for (tokenizer.hasMoreTokens())
context.write(new Text(line), new IntWritable(1)); //<& [line, 1]1&UWLNDKVAR )7 72 7]

J
J




Writable Interface

» Writable InterfaceldHadoop CSerializationZZ{T D /2bD I A —<X W
» Serialization & (/R (THY ?

y BEbESNEAT 0 bE)\A A KU —LNZEH

9L
y JOTCXEEENCASNL—THIA
d>2)\O . ge. LR, B EDFISR

» deserialization(d. serialization0DIFMDIRIE
» JavalC(IBE(CSerializable ELND 1> AT T —ANHDH. HEELDIE

FH7R & (C K D HadoopH B DWritable % 1]

package org.apache.hadoop.io;
import java.io.DataOutput;
import java.io.Datalnput;
import java.io.lOException;

public interface Writable {
void write(DataOutput out) throws IOException:
void readFields(Datalnput in) throws IOException;

}




Writable Interface 44

» IntWritable
» int(CHEZE

IntWritable i = new IntWritable():
i.set(2010);

int j = i.get();

» Text
» UTF8(String)(CHHZ

Text p = new Text();
p.set(“Hello World”);
String g = p.getString();

ainterface»
Writable
org.apache.hadoop.io

'
"
'
'
¥
¥
i
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Fee
'
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"
'
Las
v
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i
i
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«interface»
WritableComparable

a

ArrayWritable

BooleanWritable

ByteWritable

VintWritable

FLoatWritable

LongWritable

VLongWritable

DoubleWritable

2
3

NullWritable

Text

BytesWritable

MD5Hash

ObjectWritable

GenericWritable

TwoDArrayWritable

AbstractMapWritable

MapWritable

SortedMapWritable




Reduce

» Reducer? = R 7% k&
» EPRDReducelLIB (X, reducefdEixER I D ETEIR

startup() — reduce() — cleanup()

AFIDvalueld. IterableE U TEEIND
context(C I JIKVZ write 9 D

static class WordCountReducer extends Reducer<Text, IntWritable, Text, IntWritable> {
public void reduce(Text, Iterable<IntWritable> values, Context context) {
int sum = 0;
for (IntWritable value : values)
sum += value.get();
context.write(key, new IntWritable(sum));




main

public static void main(String[] args) { \
Job job = new Job(); // JobZZ SR (. =3 T D&k, HlfEl. SubmitZzid

job.setJarByClass(WordCount.class); // Jar(DHR T EDIT S ANSHIET DNV EIETE

FileInputFormat.setlnputPaths(job, new Path(args[0])); // 5 —/~ DA TIDAIE
FileOutputFormat.setOutputPath(job, new Path(args[1])); // ZiEE

job.setMapperClass(WordCountMapper.class); // Mapper’) = A ZI8TE
job.setReducerClass(WordCountReducer.class); // Reducer’ = A= 57E

job.setOutputKeyClass(Text.class); // Exf2Hi /1 & 18 DkeyDI = A% I8TE
job.setOutputValueClass(IntWritable.class); // Ex#& 1 &7k DvalueDT =5 A% I8TE

// =3 T%SubmitUT. T IBDFETHD
System.exit(job.waitForCompletion(true) ? 0 : 1);
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HadoopDF&ERk
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Tsudoop: Hadoop on TSUBAME

y BIERT 1 —SADIG
» n1geNSPBS Pro\Z 5
y B3 — ROEUE

EXfZHadoopD¥iHAH T %2

$PBS NODELIST ZDEEIS

y 58 — RIC(EsshOdJ -1 >1]

SAFTALICEDYZETOTRDHIBR
» A ML —(3HEELEIRT]
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T8/ — SIS AT72 NFIOER
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® run Map-Reduce tasks on the TaskTracker nodes

v \ 4 \ 4 4

|
A [ Job } [ Task } [ Task } [ Task H Task }
Tracker Tracker Tracker Tracker Tracker

G
G
g
8

(@ acquire computing nodes node hode node

node
by using PBS Pro
) I
\
3 ,’
\ I

@) invoke JobTracker and TaskTrackers i //
(optionally NameNode and DataNode) \‘ y
I
/
I
@ submit a MapReduce job to the JobTracker \
I 14 [

File Systems (HDFS, Lustre, etc.)

I
” file file file file file file
‘ l ‘ (D run tsudoop-sub by user
T =
\i § / ® 1/0 to FSs (HDFS, Lustre, etc.)

“client T @ “kilf JobTracker and TaskTrackers, T
(optionally NameNode and DataNode).




d1—HDOHE
t2subDSw /) {— XU

- o o o e e .

- PBS ProDAT> 3> (F1—&, JIL—T&, =3TE etc))
— HadoopDA T3> ( J—RE, T7AILE AT LDEIR, etc.)

#!/bin/bash

| . $TSUDOOP_HOME/conf/tsudoop.sh
' hadoop jar hadoop—mapred—examples—* jar sort /input /output E



Hadoop CEH N =Y > 7)) L0005 A%
TSUBAME2.0_ETZE1T (1)

» TSUBAME2.0ADOT A >
» $ ssh —I taro login—t2.g.gsic.titech.ac jp

y BRSO MNUZVER. B> TILOIE—
» $ mkdir —-p ppcomp—mapred/sample (—C D7+ L2 NJZIHMER)

$ cd ppcomp—mapred/sample

v

$ cp —r /work0/GSIC/apps/tsudoop/sample/mapred/wc .
$Is input (— ANWT—H=BTHD)

v Vv

=Jur=

y IRISESTE
» $ export PATH=/work0/GSIC/apps/tsudoop/bin:$PATH

» $. sample—settings.sh



Hadoop CEH N =Y > 7)) L0005 A%
TSUBAME2.0_ETZE1T (2)

y A>T

» $ mkdir wordcount_classes
» $ javac —d wordcount_classes/ WordCount,java
» $ jar cvf wordcountjar —C wordcount_classes/ . (—EZICEUAR)

y T3 TKA
» $ tsudoop—sub —h
» $ tsudoop—sub —n 4 —g t2g—ppcomp wc.sh
—n(ETaskTracker®D_J — R£X
-gldEReTIL—T
J— REFEARESSVWEXTICLTHENWTLIZELY,

» BT —FDTALINIEHTHB

» $Is output
» $ less output/part—r—00000 (—J 71 )L&(FT—R)\AH5—X)



Hadoop CEH N =Y > 7)) L0005 A%
TSUBAME2.0_E 31T (3)

y FLERIED
» $less OTHERS.o(Job ID) (—{Z#H 1)
» $ less OTHERS.e(Job ID) (—E¥TS—HH)

]

13/07/19 17:40:19 INFO input.FileInputFormat: Total input paths to process : 15
T =3 IRk

13/07/19 17:40:20 INFO mapred.JobClient: Running job: job_201307191739_0001

13/07/19 17:40:21 INFO mapred.JobClient: map 0% reduce 0%

13/07/19 17:40:36 INFO mapred.JobClient: map 40% reduce 0%

13/07/19 17:40:39 INFO mapred.JobClient: map 100% reduce 0%

13/07/19 17:40:48 INFO mapred.JobClient: map 100% reduce 100%

13/07/19 17:40:53 INFO mapred.JobClient: Job complete: job_201307191739_0001

13/07/19 17:40:53 INFO mapred.JobClient: Counters: 23
123 TETE

>3 MBI SR TERIDEN . =3 T EIT(ITHhh D FoFE



» MapReduce: Simplified Data Processing on Large Cluste
rs
» Jeffrey Dean et al.
b

» The Google File System
» Ghemawat et al.
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http://labs.google.com/papers/mapreduce.html
http://labs.google.com/papers/gfs.html
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