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MapReduce

« Google EBEITARIEENIZIE
« Google T72hMZEIR - EAEEFR S HERFLEIHLERRE
- FEERAFFZHSRmERTE
RIEEABREMIEERIESR - Map B2 Reduce °

« Google W ZEZEIKEREZEZ P map £ reduce PREHIEL
22
« PREJ4RTZ | MapReduce
Map
— [1,234]- (*2) > [2,3,6,8]

Reduce
- [1,2,3,4] - (sum) > 10

- DmmAaZ ~ ERIZN (Divide and Conquer) 1&g
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MapReduce M Google FR5|:EREESIELR - BEREHEBINEE FHAEIE
FEFITOBNEE - :EERE LN HREEZMapHIReduce&

& - MapReducetEZR EimsAzs SR SN EENRERNE A ~ BiABEHIT -
FRAEEE

— Map HE - LERBNEAR —E” key/value FB¥t - BiHAI&5S"—4”
intermediate key/value FF¥J4

— Reduce K - LR AESFHEMEED intermediate key & #HE R BB
intermediate values ° i &4 i 45 Rkey/value P ¥t

HITAHENZSEH MapReducelEZRERE o

Compute Cluster

DFS Block 1
Data !
data dats data da DFS Block |

data data datadata dasa
data daa daradata 0

data dats data data date DFS Block 2 I

data s datadata dats

dala dats dats dats dats DFS Bloc

data data datadata dass

data data daradata dan DFS Block 2
data dats dals dats dats ™

data data daradata 0a
dala dats dals datas dats
P PR RN PRI
DFSBlock 3
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http://www.dbms2.com/2008/08/26/known-applications-of-mapreduce/
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« EHETEEMIERH
— map (K1, V1) = list(K2, V2)
— reduce (K2, list(V2)) = list(K3, V3)

-

-

 grep E5fl
— Map: (offset, line) - [(match, 1)]
— Reduce: (match, [1, 1, ...]) =2 [(match, n)]

« MapReduce #HEfi1z:

input map shuffle reduce > output
dog < 0, dog> <dog, 1>
cow < 4, cow <cow, 1> <cow, (1,1)> <cow, 2> cow,2
bee ™ < 8, bee> <dog, (1) > <dog, 1> > dog,1
cow <12, cow> <cow, 1>




input
HDFS

spiit 0
spiit 1
spiit 2
spiit 3
spiit 4

...................................




Word Coun't

FH[ERE
RSN ERENNAFERESH  FTESEwordry BIRRE

- Map : (offset, line) = [(word1, 1), (word2, 1), ... ]
- Reduce : (word, [1, 1, ...]) = [(word, n)]

Map, ReducelR T\ [E Bt S

reduce (String key, Iterator values):

map(String key, String value):
// key: a word

// key: document name ;
// value: document contents // values: a list of counts

M - . R N e
for each word w in value: int result = 0;

EmitIntermediate(w, "1"); for each v in values:
result += Parselnt(v);

Emit (AsString(result));
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82 MapReduce I

« ENTVHEEEY (Distributed Grep)
- REXFPHRESASEERI (pattern) IERT

- DEIIHER (Distributed Sort)
- BARENEETHER

5T& URL BYTFEN4EZR (Count of URL Access Frequency)

— 518 Web ER HEEE M URL ZHER » {5527 HEHERR
rjtiﬁi H mu*%%l = 7~T7~$‘7E|'J F/R-F
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adoop MpReduce

Apache Hadoop E1E Google #J MapReduce

— IREHFANEIRES MapReduce ZR18

— B Java BEEES

— BA Hadoop 384 TViESRZ 4 (HDFS) MBS ERFEFERAR
Yahoo! B F EMNEBNE
Google, Yahoo!, IBM, Amazon &%k #5{§F Hadoop

BT (Trend Micro) #EF Hadoop MapReduce TE K= 0] &%
MBI TRRIRPETON - WIKHEERAL SR

| =Ta/alalo '
Q NE0RE




adoop MapReduc

« Map/Reduce frameworkFZ # AR ¥5

— JobTracker
— TaskTracker

 JobTracker
— JobHIHFRIESR
— EBSIEJobHUARIN - HEEHLRGRE » JobTracker&EHE X B ERIEMNJob.
 TaskTrackers
- EfE#{TJob

DataNode

TaskTracker
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—{EHadoop MapReducefZ I FYEZSHEZR

class MyJob {

class Map {

}

class Reduce {

}

}

main() {

JobConf conf = new JobConf(“MyJob.class”);
conf.setlnputPath(...);
conf.setOutputPath(...);
conf.setMapperClass(Map.class);
conf.setReduceClass(Reduce.class)

JobClient.runJob(conf);
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T Map R

- E1{E Mapper THEHIIHES map() B
Map : (K1, V1) > list(K2, V2)

map( WritableComparable, Writable,
OutputCollector, Reporter)

o H—¥ input - EZREFZMEIL—R map() EREAEIRZ
« OutputCollector {EF collect() method UK EE I Bl 4%

OutputCollector.collect( WritableComparable,Writable )
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class Map(Class extends MapReduceBase

implements Mapper<LongWritable, Text, Text, IntWritable> {
private final static IntWritable one = new IntWritable(l);
private Text hour = new Text();

public void map( LongWritable key, Text value,

OutputCollector<Text,IntWritable> output, Reporter reporter) throws
IO0Exception {

String line = ((Text) value).toString();

String[] token = line.split(",");

String timestamp = token[1];

Calendar c = Calendar.getlInstance();
c.setTimeInMillis(Long.parseLong(timestamp));
Integer h = c.get(Calendar.HOUR);
hour.set(Ch.toString());

output.collectChour, one)




« B1E Reducer 7TH * iiFE 2 reduce() method
. Reduce : (K2, list(V2)) > list(K3, V3)

reduce (WritableComparable, Iterator,
OutputCollector, Reporter)

« OutputCollector fE collect() method RIS

OutputCollector.collect( WritableComparable,Writable )
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T Reduce HE|

class ReduceClass extends MapReduceBase implements Reducer< Text,
IntWritable, Text, IntWritable> {

IntWritable SumValue = new IntWritable();
public void reduce( Text key, Iterator<IntWritable> values,
OutputCollector<Text, IntWritable> output, Reporter reporter)
throws IOException {

int sum = 0;

while (values.hasNext())

sum += values.next().get(Q);
SumValue.set(sum);

output.collect(Ckey, SumValue);
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+ JobConf X2 Rl FARREXE
— Mapper * Reducer ~ Inputformat ~ OutputFormat ~ Combiler Petitioner &
F
— EIARSE
— B EREE
- Hth TIERE

- map E2 reduce {EZEMFTEE DL
- BUEERISNEREE

o HITIRBITERSF * JobClient BRIE LA Jobconf L SHCE

Job(Client.runJob(conf);
JobClient.submitJob(conf);
JobClient.setJobEndNotificationURICURI);
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Main Function

Class MyJob{
public static void main(String[] args) {
JobConf conf = new JobConf(MyJob.class);

conf.setJobName(”Caculate feedback log time distribution");

// set path

conf.setInputPath(new Path(args[0]));

conf.setOutputPath(new Path(args[1]));

// set map reduce

conf.setOutputKeyClass(Text.class); // set every word as key
conf.setOutputValueClass(IntWritable.class); // set 1 as value
conf.setMapperClass(MapClass.class);
conf.setCombinerClass(Reduce.class);

conf.setReducerClass(Reduce(Class.class);

onf.setInputFormat(TextInputFormat.class);
conf.setOutputFormat(TextOutputFormat.class);

// run
JobClient.runJob(conf);
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1. e
—  javac -classpath hadoop-*-core.jar -d MyJava
MydJob.java
2.  HE
—  jar —cvf MydJob.jar -C MydJava .
3. EfT

—  bin/hadoop jar MyJob.jar MyJob input/ output/

: Copyright 2007 - Trend Micro Inc.
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H{THE=ZE

® bin/hadoop jar MyJob.jar MyJob input/ output/

09/05/16 17:39:58 INFO mapred.FilelnputFormat: To at pa to process : 1
09/05/16 17:39:58 INFO mapred.JobClient: Running job: job 200905161736_0001
09/05/16 17:39:59 INFO mapred.JobClient: 0% reduce 0%

09/05/16 17:40:09 INFO mapred.JobClient: 7% reduce 0%

09/05/16 17:40:19 INFO mapred.JobClient: 20 0%

05/05/16 17:40:37 INFO mapred.JobClient: s 0%

09/05/16 17:40:39 INFO mapred.JobClient: 53 0%

09/05/16 17:40:40 INFO mapred.JobClient: 61% 0%

09/05/16 17:40:42 INFO mapred.JobClient: 61% 7%

09/05/16 17:40:43 INFO mapred.JobClient: 76% 7%

09/05/16 17:40:45 INFO mapred.JobClient: 92% 7%

09/05/16 17:40:46 INFO mapred.JobClient: 100% reduce 7%

09/05/16 17:40:48 INFO mapred.JobClient: 100% reduce 12%

09/05/16 17:40:58 INFO mapred.JobClient: 100% reduce 100%

09/05/16 17:41:00 INFO mapred.JobClient: Job complete: job_200905161736_0001
09/05/16 17:41:00 INFO mapred.JobClient: Counters: 19

09/05/16 17:41:00 INFO mapred.JobClient: Job Counters

09/05/16 17:41:00 INFO mapred.JobClient: Launched reduce tasks=1

§85853853588

09/05/16 17:41:00 INFO mapred.JobClient: Rack-local map tasks=5
09/05/16 17:41:00 INFO mapred.JobClient: Launched map tasks=13
09/05/16 17:41:00 INFO mapred.JobClient: Data-local map tasks=8
09/05/16 17:41100 INFO mapred.JobClient: FileSystemCounters
09/05/16 17:41:00 INFO mapred.JobClient: FILE BYTES READ=177
09/05/16 17:41:00 INPO mapred.JobClient: HDPS_BYTES READ®20635
09/05/16 17:41:00 INPO mapred.JobClient: PILE BYTES WRITTENw842
09/05/16 17:41:00 INFO mapred.JobClient: HDPS_BYTES WRITTENw111
09/05/16 17:41:00 . Map-Reduce Framework
09/05/16 17:41:00 Reduce input groups=1
09/05/16 17:41:00 Combine ocutput records=9
09/05/16 17:41:00 Map input records=613
09/05/16 17:41:00 Reduce shuffle bytes=249
09/05/16 17:41:00 Reduce output records=1
05/05/16 17:41:00 Spilled Records=18
09/05/16 17:41:00 Map output bytes=1564

09/05/16 17141100 Map input bytes=20635
09/05/16 17141100 Combine input records=92

09/05/16 17:41:00 . Map output records«=92
09/05/16 17:41:00 Reduce input records«9 Copyright 2009 - Trend Micro Inc.
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State: AUNNING

1 T4a
http://172.16.203.132:5003C
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2

Started: Sat May 16 17.:36:12 CST 2009

Version: 0.20.0, r783504

T
4 )

Complled: Thu Apr § 05.18:40 UTC 2009 by ndaley

Identifier: 200805161736

Cluster Summary (Heap Size is 4.94 MB/198.5 MB)

Map Corpletion Grag® - ke

190 5
s
0
N

[

0.
Maps | Reduces | Total Submissions | Nodes | Map Task Capacity | Reduce Task Capacity | Avg. Tasks™Nod« ;g~
0 1 4 2 4 - 400 204

0

FTTT a0
Scheduling Information Reduce Comelton Graon - ceae

IOuouo Name ISchodullng Information

| ctaut

| NA

Filter (Jobid, Priority, User, Name)
Example. ‘Gaeramts 3200 wil 1Rer Dy ‘smilh’ only i 1 cler Tl and 3200 » af felts

Running Jobs
Jobid Priority | User | Name Map % Complete | Map Total | Maps Completed | Reduce % Complete Job Scheduling Information
0 200005161736 0004 — Fmcnted
161 NORMAL | root | grep-soarch S 13 13 _——— 1 0 NA
Completed Jobs
Jobid Prioeity | User | Name Map % Complete | Map Total | Maps Completed | Reduce % Complete | Reduce Total | Reduces Completed | Job Scheduling Information
100.00% 100.00%
b 200005161736 0001 | NORMAL | root |grep-search | 1000 13 13 L 1 1 NA
b 200005181736 0002 bl e
1 NORMAL | root | grop-son 1 1 —) 1 1 NA
100.00% 100.00%
00 200005161736 000G | NORMAL | root | grep-search E— 13 13 m— 1 1 NA
Failed Jobs
Local Logs
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« Mapper BZME?
— MapperfAZERInputfIFR/IVRE ° InputBEFl#EHadoop )l ik 2%
REIEEZMEMapper °
— T BAFAJobConfi{#setNumMap Tasks(int) ;K12 TsHadoopFE i}
MapperfhE = - {BIRER{IEHHadoop#El -

« ReducergZ4M@E?

— T BAFJobConfi{4$#JobConf.setNumReduceTasks(int) ;R B 1%
iZHlReducerfNEE - REECJRERAEZIZES -

— IEINReducerNHEZFERANWE G » (BIZINReducerH =1,
o] BAFEEEMapReduceMIMapEEReduce I T{EFEH B IFHIAK -
BIFRFHIEINESEM -




Non-Java Interface

 Hadoop Pipes
— A MapReduce 121t C++ AP| EHFE B
— C++ EFAEX S java (EEFEFRNBE DT
« Hadoop Streaming
— OJBAR{EAEEMapReduce PRANSHITERERHELE
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ZEn

Google MapReduce &3

— http://labs.google.com/papers/mapreduce.html
Google : —iEASE MapReduce

— http://code.google.com/edu/submissions/mapreduce/listing.html

Google : E&HEHE MapReduce

— http://code.google.com/edu/submissions/mapreduce-minilecture/

listing.html

Hadoop EXE H 4k
— http://hadoop.apache.org/core/
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Z=ZEn

- @EFN Eclipse N #1121\ MapReduce T HE (IBM &
%)
— T8 Eclipse 812t Hadoop ZIEMEBENHIER
— #aut
 http://code.google.com/edu/parallel/tools/hadoopvm/hadoop-
eclipse-plugin.jar
» Hadoop E#IR{SKTE (Google $Ei)

— H VMware BYRIEBI S TESCBECER Hadoop EE—ENELE R @ TIiE
HATEEETEZHENNH @ E1FASFEAEOER - B5E
RZEFENHBAE LA&,M\?IE\IIVEE'JF—‘EEJEH THITEIE
BEd VMware FERFZET\#E4E  A%48[@ Google N ER48uL

— 4t

 http://code.google.com/edu/parallel/tools/hadoopvm/
index.html
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