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Motivation

= Problem: Verarbeiten grol3er Datenmengen (z.B. Wikipedia Corpus)

= Haufigkeiten zahlen, Invertierten Index berechnen, ...

= Alternative Szenarien
= Log-File Analyse
= Google Page Rank
=  Wetterdaten ...

= Master-Projektseminar im WS 09/10

= Advanced Map-Reduce-Algorithms on Hadoop

20.10.2009
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Verteiltes Rechnen

= Bekannte Beispiele

(el b

Search for Extraterrestrial Intelligence

SETIRE,HOME e
= IBM Deep Blue -

= Google (PageRank)GO Oglei
R

= Rendering

= Wettervorhersage

20.10.2009 Map/Reduce Algorithms on Hadoop


http://upload.wikimedia.org/wikipedia/commons/b/be/Deep_Blue.jpg
http://setiathome.berkeley.edu/sah_donate.php
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Motivation

Beispiel: Worthaufigkeit
O1l: String[] 1nput={""this 1s the foo text",
“"this 1s the bar text","even more foo text"};

02: HashMap<String, Integer> wordcount = new HashMap<String,

Integer>();
03: for (int 1 = 0; 1 < input.length; 1++) {
0O4: String[] words = input[i].sphit(" ');
05: for (int jJ = 0; jJ < words.length; j++) {
06: 1T (wordcount.containskey(words[j])) {
07: wordcount.put(words|[j], wordcount.get(words[j]) + 1);
08: } else {
09: wordcount.put(words[j], 1);
10: }
11: }
12: }

13: for (String s : wordcount.keySet())
14: System.out.printin(s + ":" + wordcount.get(s));

20.10.2009
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Motivation

Beispiel: Worthaufigkeit
O1l: String[] 1nput={""this 1s the foo text",
“"this 1s the bar text","even more foo text"};

02: HashMap<String, Integer> wordcount = new HashMap<String,

PaN

03: for (int 1 = 0; i < input.length; i++) { Fe¥t3
04: String[] words = input[i].split(” "); :z;ieﬂ
05: for (int j = 0; j < words.length; j++) { even;1
06: if (wordcount.containskey(words[j])) { f00:2
07: wordcount.put(words[j], wordcount.get(wor . .,
08: } else { bar:1
09: wordcount.put(words[j], 1); this:2
10: }

11: }

12: }

13: for (String s : wordcount.keySet())
14: System.out.printin(s + ":" + wordcount.get(s));

20.10.2009
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Motivation

= Verteiltes Rechnen
=  Programmiermodell erforderlich

= Infrastruktur erforderlich (Load balancing, data distribution,
messaging, hardware failures)

= Google Strategie: Berechnung auf mehrere Rechner verteilen
= Billige Standard-Hardeware
=  Shared Nothing
= Geographisch verteilt

=  Repliziert

20.10.2009
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Motivation
= Beispiel: Worthaufigkeit

= Phase 1
Input:
(1, "this i1s the foo text')
(2, "this i1s the bar text')
(3, "even more foo text')

Output:

¢'this™, 1,Cis", D,(C'the™, 1), ("foo", 1), (text"™, 1)
¢'this™, D,Cis", D,(C'the™, 1), (Tbar", 1), (text", 1)
('even', 1),("more", 1),('foo", 1), (text", 1)

20.10.2009
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Motivation

Beispiel: Worthaufigkeit

Phase 2 / Task 1

Input:
¢'this", 1), ('this", 1)

Output:
¢'this"™, 2)

Phase 2 / Task 8

Input:
('text", 1), (text', 1), (Ttext', 1)

Output:
('text™, 3)

20.10.2009
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Motivation

Beispiel: Worthaufigkeit

Phase 2 / Task 1

Input:

('this™, 1), ('this™, 1) text:3

Output: 1S:2 |

C'this™, 2) more:1

even:1

] foo:2
= Phase 2/ Task 8 the:2

Input: b?“j

("text™, 1), (Mtext", 1), (Ttext", 1) this:2

Output:

("text™, 3)

20.10.2009
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Map/Reduce

= Beobachtung: Datenverarbeitungsschritte konnen oft mit Hilfe der
zwei Funktionen map() und reduce() beschrieben werden

= map — Bildet ein Eingabepaar (k,, v;) auf eine Liste von
Ausgabepaaren (k,, v,) ab, z.B. map(k,, v,) -= list (k,, V,)

= reduce — Erhalt als Eingabe einen Schlussel und eine Liste von
Werten und bildet die Eingabe auf ein (oder auch mehrere)
Ausgabepaar (k,, v,) ab, z.B. reduce(k,, list(v,)) -= (K, V3)

= Map => Reduce

= Gruppiere alle Zwischenergebnisse mit gleichem Schltssel k,
und leite die Liste von Werten list(v,) an reduce() weiter

11 20.10.2009
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Map/Reduce

20.10.2009

~

v

input input input input
"
map

map

E‘-arner group values I::ﬁ!,ur keys

[rEdU£E ‘reduce | reduce

output

output

output
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Map/Reduce

= Beispiel: Worthaufigkeit

= map()
emit (word, 1) fur jedes Wort im Dokument

= reduce()
summiert alle Werte fur ein Wort auf
emit (word, total count)

20.10.2009
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Map/Reduce on Hadoop

Beispiel: Worthaufigkeit (Mapper)

Information
Systems
Group

O01: public static class TokenizerMapper extends Mapper<Object,
Text, Text, IntWritable>

02: {

03: private final static IntWritable one = new IntWritable(l);

04: pr

ivate Text word = new Text();

05: public void map(Object key, Text value, Context context)

06: {

throws 10Exception,

InterruptedException

07: StringTokenizer itr =new StringTokenizer(value.toString());
08: while (itr.hasMoreTokens()) {

09:

10:

11: }
12: }
13: }

20.10.2009

word.set(itr.nextToken());
context.write(word, one);



15

Map/Reduce on Hadoop

Beispiel: Worthaufigkeit (Reducer)
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O1l: public static class IntSumReducer extends Reducer
<Text, IntWritable, Text, IntWritable>

02: {

03: private IntWritable result = new IntWritable();
04: public void reduce(Text key, lterable<IntWritable> values,

Context context) throws I0Exception,

05: {

06: int sum = O;

07: for (IntWritable val : values) {
08: sum += val.get();

09: }

10: result.set(sum);

11: context.write(key, result);
12: }

13: }

20.10.2009

InterruptedException
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Map/Reduce

= _/bin/hadoop fs -put web i1nput

¥ HDFS: /user/hadoop/input - Mozilla Firefox

Datei Bearbeiten  Ansicht  Chronilk  Lesezeichen  Extras  Hilfe

<EI i .
- W - @ LLEF| | [ htkp://hadoop0Sws0&, hpi.uni-potsdam. de: 50075 browselirectory ., jsprdir="%2Fuser¥2Fhadoop%:2Fin
Zuriick. or Meu lademn  Skopp Startseike

Contents of directory /user/hadoop/input

Foto |,."userfhad|:|c|p,."input o |

7o to parent directory

Name Type Size Replication Block Size MModification Time Permission Owner Group

lehre html file 329EKB |1 G4 MB 2009-06-30 17:10 | rw-r--1-- hadoop | supersroup
AN AL file 62EKE |1 64 MB 2009-06-30 17:10 | rw-r--1-- hadoop |supergroup
projekte html file 9275KB |1 G4 MB 2009-06-30 17:10 | rw-r--1-- hadoop | supersroup
veroeffentlichungen htinl file 2359 KB |1 64 MEB 2009-06-30 17:10 | rw-r--1-- hadoop |supergroup

70 back to DEE home

Local logs

16 Log directory
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= _/bin/hadoop jar SearchEngines.jar WordCount input output?2

Map/Reduce

loopPfhadoopBPws1B hadoopls . binshadoop jar SearchEngines.jar WordCount input ow
17-82 12:86:48 INFO input.FilelnputFormat: Total input paths to process @ 4
1782 12:86:48 INF0 mapred.JohClient: Running Jjobh: jobh_28A0785181587_1817
1782 12:86:49 INFO mapred.JohClient: map @¥ reduce B

1782 12:86:59 INFO mapred.JohClient: map 58 reduce @

17-82 12:8Y:80 INFO mapred.JobhClient: map V5% reduce B

17-82 12:87:82 INFO mapred.JobhClient: map 188% reduce B

17-82 12:87:88 INFO mapred.JobClient: map 188x reduce 25

1782 12:807:17 INFO mapred.JohClient: map 188:x reduce 108

17-82 12:87:19 INF0O mapred.JohClient: Job complete: job_ZB88985%181587Y_1817
17-82 12:8Y:19 INFO mapred.JobClient: Counters: 18

1782 12:8Y:179 INFO mapred.JobhClient: Joh Counters

1782 12:87:1? INFO mapred.JobhClient: Launched reduce tasks=1
17-82 12:87:1? INFO mapred.JobhClient: Rack—local map tasks=3
17-82 12:8Y:179 INFO mapred.JobhClient: Launched map tasks=4

17-.82 12:8Y:179 INFO mapred.JobhClient: Data—local map tasks=1
1782 12:87:17? INFO mapred.JobhClient: FileSysztemCounters

17,82 12:87:19 INF0O mapred.JohClient: FILE_BYTES_READ=34476
1782 12:807:19 INFO mapred.JohClient: HDFS_BYTES _READ=43856
1782 12:87:19 INFO mapred.JohClient: FILE_BYTES _WRITTEN=670128
1782 12:87:19 INF0O mapred.JohClient: HDFS_BYTES _WRITTEM=17411
1782 12:87:1? INFO mapred.JobhClient: Map—Reduce Framework

17-82 12:87:1? INFO mapred.JobhClient: Reduce input groups=H
17-82 12:8Y:179 INFO mapred.JobhClient: Combine output records=25H7
17-82 12:8Y:179 INFO mapred.JobhClient: Map input records=855
1782 12:87:17? INFO mapred.JobhClient: Reduce shuffle bytes=27410
17-82 12:87:1? INFO mapred.JobhClient: Reduce output records=H

17-82 12:87:1% INF0Q mapred.JobClient: Spilled Records=5818
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¥ HDFS: /user,/hadoop/ output2 /part-r-00000 - Mozilla Firefox

Daktei  Bearbeiten  Ansicht  Chronik.  Lesezeichen  Extras  Hilfe

ormation

(jr] @ : M _ items
- 5 - S LB | [ http:,l',l'hadnuptl?wstlﬁ.hpi.uni-pu:utsu:lam.u:Ie:SEIIII?S,I'I:ur-:uwseEiIDck.jsp?l:ul-:u:klu:l=86164IZI62EI?615???3,up
Zuriick, Yar Meu laden  Sktopp Starkseite

File: mser/hadoop/output2 /part-r-00000

Toto |,f'user,f'hadn:u:up,-ﬁ:uutput2 go |

T back to dir Hsting
Advanced wew/download options

MNapa 1
Mauwnann 107
Neighbhorhoods 1
Neiling 1

Mejdl 1

MetDE 1
Networked 1
Networking
Networks 1
euss
Mew
Iext
Mominal
Norway
Motes
Mowr
Mowvenber ]

Mutzer 1

OPTIMIZE 1

Obiject 2

Ohijects 1

Ohijekt 1

Obijekte 2
Obhijektidentifikation 2
October 1

Off 3

jury

L L R L
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Map/Reduce

= Beispiel
Invertierter Index

=  |ldeen?

20.10.2009

¥ HDFS: /user /hadoop/output,/part-r-00D00 - Mozilla Firefox

Datei  Bearbeiten  Ansicht  Chronik  Lesezeichen  Exbras

Hilfe:

e P !
'<J'EI - - @ LB L] http:fhadoop09ws04, hpi,uni-potsdam, de: 50075 2

ZUriick ot Meu ladem  Stopp Startseite

Tail of File: 'user/hadoop/output/part-r-00000

o Back to Fie View

Chunk size to view (in bytes, up to file's DFS block size): IEE?EE Fefresh |

ERALSRE §unil S ) S o PLUO JERLCTIILINL
o hatane d veroeffentlichungen.html
molecular veroeffentlichungen.html

molina weroeffentlichungen.html
monheim wveroeffentlichungen.html
monica weroeffentlichungen.html
mor e projekte.html

most projekte.html
mueller weroeffentlichungen.html
muenchen veroeffentlichungen. html

multiple veroeffentlichungen.html,
munich weroeffentlichungen.html

murthy weroeffentlichungen.html

AL = veroeffentlichungen. html
moglicherweise projekte.html

milller weroeffentlichungen.html

milssen naumann

n veroeffentlichungen. html
nach projekte.html

namen naumann

napa veroeffentlichungen. html
natirliche nauwmann

naumanhn hauwmanh, wveroeffentlichungen.html,
need projekte.html

L Y amoam e S T = T s T

moritz projekte.html, wveroeffentlichungen.html,

multidisciplinary veroeffentlichungen. html

projekte.html

lehre.html,

nawmnann,

lehre.html

projekte.html
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Map/Reduce on Hadoop
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= Beispiel: Invertierter Index (Mapper)

= Q01: public static class InvertedlndexMapper extends Mapper

02:
03:
04:

05:
06:

07:
08:
09:
10:
11:
12:
13:

P
P
P

}

<LongWritable, Text, Text, Text> {
rivate Text word = new Text();
rivate final static Text location = new Text();
ublic void map(LongWritable key, Text val, Context context)
throws 10Exception, InterruptedException {
FileSplit fileSplit = (FileSplit)context.getlnputSplit();
location.set(fileSplit.getPath().getName());

String line = val.toString().toLowerCase();
StringTokenizer i1=new StringTokenizer(line.toLowerCase());
while (i.hasMoreTokens()) {

word.set(i.nextToken());

context.write(word, location);

}

14 :0.2b00
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Map/Reduce on Hadoop
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Beispiel: Invertierter Index (Reducer)

01:

02:

03:
04:
05:
06:
07:
08:
09:
10:
11:
12:
13:
14:

pu

P

}

blic static class InvertedlndexReducer extends Reducer
<Text,Text,Text,Text> {
ublic void reduce(Text key, lIterable<Text> values, Context
context) throws 10Exception, InterruptedException {
boolean first = true;
StringBuilder toReturn = new StringBuilder();
for (Text val : values) {
String fileName = val.toString();
iIT (toReturn.indexOf(fileName) < 0) {
iIfT (1first) toReturn.append(, '");
first=false;
toReturn.append(fileName);

}

by
context.write(key, new Text(toReturn.toString()));

]Z§ _T-_O.%OQ
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Map/Reduce

= Combiner
= Beispiel: Worthaufigkeit

= Mapper erzeugen fur eine Eingabe wiederholt gleiche Ausgaben,
z.B. ("is", 1)

= (Fast) alle Ausgaben gehen tUber das Netzwerk (shuffle process)

=  Problem wird durch Anwendung einer Combiner-Methode auf
dem Map-Rechner vermindert

=  Verwende Code von reduce() wird fur combine()
o job.setCombinerClass(IntSumReducer.class);

o job.setCombinerClass(InvertedIndexReducer.class);

20.10.2009
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MapReduce auf Hadoop

= Open Source Implementation von Apache
= Version 0.20
= Wer setzt Hadoop ein? http://wiki.apache.org/hadoop/PoweredBy

Yahoo!

0 Biggest cluster: 2000 nodes, used to support research for Ad
Systems and Web Search.

AMmazon

o Process millions of sessions daily for analytics, using both the
Java and streaming APIs. Clusters vary from 1 to 100 nodes.

Facebook

0 Use Hadoop to store copies of internal log and dimension data
sources and use it as a source for reporting/analytics. 600
machine cluster.

20.10.2009 Map/Reduce Algorithms on Hadoop


http://wiki.apache.org/hadoop/PoweredBy
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Hadoop an der FG Naumann

20.10.2009
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Master
NameNode / JobTracker

TCP/IP

Slaves
DataNodes / TaskTracker

Map/Reduce Algorithms on Hadoop
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Agenda

= MapReduce
= QOrganisatorisches

= Themen

20.10.2009
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Organisatorisches

=  Ablauf

=  Teilnehmer schicken Themenwunschliste an die Betreuer
bis zum 23. Oktober

= Themen und Teams werden gemal Wunschliste vergeben
= Benachrichtigung erfolgt per E-Mail und im WWW

= Paper lesen ab 24.10.09

= Nachster Termin 27. Oktober

20.10.2009



27

Information
Systems
Group

Organisatorisches

= Anforderungen

Teilnahme an allen Seminarterminen
Anwesenheit bei Konsultationen
Implementierung einer MapReduce L6sung in Java

Prasentation der implementierten Losung, inkl. Demo, als
Vortrag am Ende des Semesters. Dauer: 30 Minuten Vortrag +
15 Minuten Diskussion

Ausarbeitung (4 - 5 Seiten)

20.10.2009
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Organisatorisches

= Abschlussnote berucksichtigt die folgenden Punkte
= Implementierte LOsung
= Prasentation / Vortrag
= Ausarbeitung

= Mundliche Beteiligung

20.10.2009
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