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The Google File System

— Sanjay Ghemawat, Howard Gobioff, and Shu-Tak
Leong, SOSP 2003

MapReduce: Simplified Data Processing on Large
Clusters

— Jeffrey Dean and Sanjay Ghemawat, SOSP 2004

Parallel Architectures and Compilation Techniques
(PACT) 2006, KeyNote

— http://www.cs.virginia.edu/~pact2006/
program/mapreduce-pact06-keynote.pdf
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« DBV AT L, HPC, BAS IR, HMFEE, etc.

 MAPREDUCE’10

— The First International Workshop on MapReduce and its
Applications

— HPDC 20104&%

— http://graal.ens-lyon.fr/mapreduce/
« MAPRED‘ 2010

— The First Internatinal Workshop on Theory and Practice of
MapReduce

— CloudCom 2010%+%

— http://salsahpc.indiana.edu/CloudCom?2010/
mapreduce2010.html
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% DAh: Analyzing Human Genomes with hadoop

http://www.cloudera.com/blog/2009/10/analyzing-human-genomes-with-hadoop/
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Recommendation engine

PoS transaction analysis

Modeling true risk 6. Analyzing network data to
Customer churn analysis predict failure

Threat analysis
Trade surveillance

O 0o

Search quality
10. Data “sandbox”

Ten Hadoopable Problems

http://www.slideshare.net/cloudera/20100806-

cloudera-10-hadoopable-problems-

webinar-4931616
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* Cloudera
— Hadoop*Enterprisem T ICIEfft 9 B

- ZROAIvI—%1EAD

— http://cloudera.com/

* Yahoo!, Inc.
- RRI VI VN\yI Ty RZE|CHadoop& A

- RKETERKXERDFERES
— Pig, OozieFEDREIY 7 Uz 7 HRAE

* Facebook
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Hadoop Core Patches by Branch
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« HadoopAXTTr- b

— http://hadoop.apache.org/core/

— W|k| http://wiki.apache.org/hadoop/
c {VAN—JVAE - Fa—KNUTI- - TLEVERLGE

« Hadoop, hBase THEFET 5 KAFET — 7 AL

on Codezine
— http://codezine.jp/a/article/aid/2448.aspx

« ATV —-ADEI AT L "THadoops BEBITER

— http://preferred.jp/2008/08 /hadoop.html
« Hadoopd—H—X—UYJUX K

— http://groups.google.co.jp/group/hadoop-jp
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« Apache Hadoop wins TeraSort Benchmark
— http://sortbenchmark.org/
- HET7A—NYY ADIOOTT—F 2V — b

— Yahoo!®F—LALic LB LRh—k

* http://sortbenchmark.org/Yahoo2009.pdf
— 173 minutes, 3452 nodes

* 40 nodes per rack

« 2 quad core Xeon
8 GB Memory
4 Sata Disks
1Gbps Ethernet, 8Gbps uplinks per rack
I E$I570MB/ sec
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Hadoop® VAT

e HadoopZBhIC. KIMRARBRY 7 MUz 7HHEEINTWS

® Hive
o SQLZA VRSB TCRET —Y DEFTH BIEE
e SELECT user, COUNT(1)
FROM log_tbl
WHERE user.sex == “male”
GROUP BY user

® HBase

e HDFSLICEBRERENILAMET —FN—X
o UZINIALDHNEZRREICTDINILT Y

¥ Y
; Hadoo ©
HiveQL | > MapRedEce hBase Tﬂo
Hadoop .
Distributed File System HBASE
IVE

0SS DA AEHETHr
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0752V JIRE

« MPI (Message Passing Interface)
- WHTATSITDREODZTATZY
« ANV OERTIEEM
- 7O 7R 7Ot XADEE) % Ll
« BIEZY X7 1 7(Send, Recv, All-to-AIDHMREET 1
THEH, TNZzAVWTT—YBEZEIR

« SPMD
- FlR

c BE/NY—VREZT7OSNYMNIY NO—ILTE,
FREICT U CHRER AV S LZERT 23ENTES
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MPIZ7 07 2 LDF

- #include <stdio.h>
- #include <stdlib.h>
- #include <math.h>

- #include "mpi.h"

-int main(int argc, char *argv(])

{

int namelen, num_procs, myrank;

char processor_name[MPI_MAX_PROCESSOR_NAME];

MPI_Init(&argc, &argv);

w

MPI_Comm_size(MPI_COMM_WORLD, &num_procs);
MPI_Comm_rank (MPI_COMM_WORLD, &myrank);
MPI_Get_processor_name(processor_name, &namelen);

m_procs processor_name) ;

19 :

20
21 -

77 -

.

23 :

MPI_Finalize();

return EXIT_SUCCESS;

24

printf("Hellow, MPI! at Process %d of %d on %s\n", myrank, nu

29
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7L
— ZITVXLDERDAICTAT ZIINERTES
- HOFDEBELETITH U TRERETIL TR

« FAT7ZVAITHAKZRSEZETEHELTINS
- BIFMICUIEZE 98/ AEFIE
- O—RKNZ>2>T
— XY NT—=TErX - T AT ERAMEE
- MEEEDOERE
« 1/—RTKRHBUNSED /— KR TEEICERET
— MapReduceNBL BNiE. TNZzFES2TOTOT TLNEL RS
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MapReduceZd D 413

 WordCount

 Grep

« Sort

* Log Analysis

 Web Graph Generation

* |Inverted Index Construction
« Machine Learning

— NaiveBayes, K-means, Expectation
Maximization, etc.
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MapReduce ZFIAA U TUL\D 3 EF
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http://atbrox.com/2010/05/08/
mapreduce-hadoop-algorithms-in-
academic-papers-may-2010-update/
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Google T {&E

Usage Statistics Over Time

Aug, ‘04 Mar, ‘05

Number of jobs 29,423
Average completion time (secs) 634
Machine years used 217
Input data read (TB) 3,288
Intermediate data (TB) 758
Output data written (TB) 193
Average worker machines 157
Average worker deaths per job s
Average map tasks per job 3,351
Average reduce tasks per job 55
Unique map/reduce combinations 426

72,229
934
981

12,571

2,756
941
232

1.9

3,097
144
411

Mar, ‘06

171,834
874
2,002

52,254
6,743
2,970

268
5.0

3,836
147
2345

Geogle
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MapReduceDE{T7 O—

Map 7x—X Reduce 7z —X
(1HERDIHE - )  (HEOEW - HE)

36
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MapReduceOD% 70—

¢ Ajj AJC

— <key, value>*
* Map

— map: <key, value> = <key’, value’>*

« Shuffle

— shuffle: <key’, reducers> = destination reducer

 Reduce
— reduce: <key’, <value’> * > = <key’’, value’>*

- HAESHU

— <key’”’, value’>*
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« I —K

map(string key, string value) {
foreach word in value:
emit(word, 1);

}

reduce(string key, vector<int> values) {
int result = 0;
for (inti = 0; | < values.size(); i++)
result += valuesli];
emit(key, result);

§

20115F8H6HLEH



MapReduceDE{T7 O—

<k’, <v'>*>* = <k’ v

—> M
guce %
- <k, v>* = <k’, v'>*
<k, v>*
- <k, v>* = <k’, v Guce ﬁ
<k, v>* <k’, <v'>*>* = <k, v
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foo foo foo
bar bar buzz
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AHXE: docl 'fﬁ” R N RV

foo foo foo
bar bar buz

Data —_—>

docl: foo
docl: foo

Data —D

docl: foo
docl: bar

Data —>

docl: bar
docl: buz
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AHXE: docl 'fﬁ” R N RV

foo foo foo
bar bar buz

docl: foo
docl: foo

docl: bar
docl: buz

docl: foo
- docl: bar
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AHXE: docl 'fﬁ” R N RV

foo foo foo
bar bar buz

—

docl: foo
docl: foo

foo:
foo:

—>

docl: foo
docl: bar

—>

docl: bar
docl: buz

— Ma{/ :

uce

uce

—>

—>
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ANIXE: docl 15”

foo foo foo
bar bar buz

T—RATY R

foo: 1

foom\

>
—>

Map

bar:<<
foo:

O
—>

Map

bar: 1>
Reduce @ —>

barﬁ/

buz: 1

>
—>

Map

foo: , 1, 1> -
Reduce =—>
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ANIXE: docl 15”

foo foo foo
bar bar buz

o “""’“"———\\\

-

/”""“AA_A““\”\\
Data -

Data —
-

Vil \ARVRZS

Map

Map

bar: <1, 1>

buz: <1>
Reduce

foo: <1, 1, 1>

Reduce

>
—>
—
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ANIXE: docl 15”

foo foo foo
bar bar buz

Map

Map

Map

ol NVSRDZS

bar: <1, 1> bar: 2
buz: <1> buz: 1

Reduce Data
foo: <1, 1, 1> fco: 3 o

Reduce
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ANIXE: docl 15”

foo foo foo
bar bar buz

Map

Map

Map

Vil \ARVRZS

bar: 2
buz: 1

Reduce —> Data

foo: 3

Reduce —> tita/
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MapReduce D 45K

« T—HBE
— ZMapiLiE, ReduceiLIB|I5EL ICIFICEITRIEE
- NIV ZIBEPRBREZDONUIEBENHIIEZ D
o« MERFEME
— KB U7 =Map, ReducefLIB(IftD ./ — K THZETEINS
— ;BULZMap, ReduceLIBICDWTHEU

- O—AUFT~«
- T—YDHBGFACHRZH/ONIE. Ry NT—TZESH
VAL AN

* Moving Computation is Cheaper Than Moving Data
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30000

100TB Task Timeline

25000

20000 -

HH: Yahoo®D TeraSortL 7h—

~

15000

W waste

Running Tasks

10000

Hreduce

“ merge

5000

W shuffle

Smaps

101
106

Minutes

111
116
121

126

131
136

141
146
151

156
161
166
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Hadoop MapReduce

« Master/Slave 7—* 77 F ¥

 JobTracker
— Master
— Job%ZxTasklcE|U. TaskZz&TaskTrackerlc L

* Job: MapReduce 707 2 LDEITEAL

* Task: MapTask, ReduceTask
— 2TCDTaskDETRRAZER L. FEATLDENTLD U
TaskldBlldDTaskTrackercET= 5%
« TaskTracker

— Slave
— JobTrackerlc 7 Y+ > fzTaskZz=E1T

« REDOFHENEZITS
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MapReduce Architecture

JobTracker
””bf.k"..cnfo:rk V
TaskTracker

. . S V) "
5 2)° assign
3 _assign reduce .

map

sphit O

(6) write

output

split 1 file 0

worker

(5) remote read

split2 |—()read (4) local write
worker > tout
split 3 outpu
I ] file 1

split 4
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@ Master-Slave 77—+ 77 F +

Hadoop®D > A 7 LARERK

Switch
| 1
1000 Mbit
Switch I— Switch A—
[ [ Di |
— TaskTracker/ _\ p— _\
— DataNode — JobTacker
——) TaskTracker/| | | — 1
— =—| Namenode
[ TaskTracker/ ——) TaskTracker/
m— DataNode — DataNode
~— TaskTracker/ — TaskTracker/
— DataNode ) DataNode
—— TaskTracker/ —— TaskTracker/
. DataNode _ DataNode
TaskTracker/ — TaskTracker/
DataNode — DataNode
Rack Rack 52
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MapReduce
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Hive

+ SQLZ AV 72 EFET. MapReduce¥ 3 7 Z ik

— JavaZEN T IC. RERT—FZF2HDI 3T zHE
[CERTE S
hive> CREATE TABLE shakespeare (freq INT, word STRING)

ROW FORMAT DELIMITED FIELDS TERMINATED BY ‘\t’ STORED
AS TEXTFILE;

hive> LOAD DATA INPATH “shakespeare freq”
INTO TABLE shakespeare;
hive> SELECT * FROM shakespeare LIMIT 10;
hive> SELECT * FROM shakespeare
WHERE freq > 100 SORT BY freq ASC
LIMIT 10;
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 MapReduce

Pig Latin
A = LOAD ‘myfile’
AS (x, Y, 2); EE—
B = FILTER A by x> 0;
C = GROUP B BY x;

FOREACH A GENERATE
x, COUNT (B) ;

STORE D INTO ‘output’;

Pig

JDDSL (Domain Specific Language)

-

2

pig.jar:

*parses Execution Plan
*checks Map:
soptimizes Filter

*plans execution

esubmits jar Reduce:

to Hadoop Count

*monitors job progress

|

@Eﬁﬁawg]
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Enjoy Hadoop ©
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Hadoop & BRIV R T L & DEE
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BEY X T EHadoopDEAD T

o TV —TREBICHABIYIR—RY NDFEEL
TW3
- F—HR—2
- T=5JxT7I\TR
— 771 —/\—
AN NAIF NN

e HadoopldZFD XSG IVIR—KXY FD1DTUDEL
— ZOH(ChadoopZz ED L S ICfitTENITRWLWHN?
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RDBMS vs Hadoop

RDBMS
1000’ s

Transactions/
second
Concurrent Queries

Update Patterns
Join Complexity
Schema Complexity

Total Data Volume

Per Job Data
Volume
Processing Freedom

Hardware Profile

100° s

Read / Write
100’ s of tables
Structured

100°’s of TBs
10’s of TBs

SQL

High-end servers

Hadoop

n/a

10’ s
Append Only
Arbitrary keys

Structured or
Unstructured
10°s of PBs

10’s of PBs

MapReduce,

Streaming, Pig,
Hive, etc.

Commodity /
Utility Hardware

20115F8H6HLEH



Hadoop D& FAHA|

~—Enterpnse web site ———

Business
intelligence apps
Dynamic 'ge
OLAP queries
et
<—» Oracle,
Interactive 2:; Hadoop SAP
database
‘ —

i \_g/ J ~— —
ecommendations , elc...

62
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U
A
ﬁ—

Hadoop®D 77 —=F7 7
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Hadoop D RN ERHE K

g hBase
Google File System Hadoop
. y Distributed File System

Google DI EEHE 0SS DA AR

« Hadoop Distributed File System (HDFS)
- GFSo7r70—>

— MapReduce 7O S LD AAPCHEAICER

 Hadoop MapReduce
— MapReducexEIRI B/ DY—/I\— 14T
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HDFS

« Master/Slave 7—*% 77 F v
— Masterh¥i855 &V XATLE
EHM=1E
— J7A)bid70Oy U BAICh
L TRE
c SRI—"v hEAZE, EL
1TV IBEREF
- NameNode

— Master
— T7714IDAXYTF—5 (R -

TR &)z 51

« DataNode

— Slave
- EROF—F(7Ay U z=EE)

1. 771 ILEDS

DataNode Mfiii& % Enig
ent gy g NameNoc
2.7—3D
SedrIA FA
Block
]
m Eg Kg Eg By H
\_ J
Y
DataNodes
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HDFS Architecture

Metadata (Name, replicas, ...):

Metadata,ops"[ Namenode /home/foo/data, 3, ...
Block ops
Read Datanodes Datanodes

o Replication = [
B Blocks

S \ S \ )

g . N
Rack 1 s Rack 2

http://hadoop.apache.org/core/docs/current/hdfs glesign.html

20115F8H6HLEH



http://hadoop.apache.org/core/docs/current/hdfs_design.html
http://hadoop.apache.org/core/docs/current/hdfs_design.html
http://hadoop.apache.org/core/docs/current/hdfs_design.html

HDFS Clientd® 7 Ow 2

Client computer

HDFS-Aware Application

POSIX API

HDFS API

\

\
\

\

Regular VFS with local and Separate HDFS view
NFS-supported files
Specific drivers... Network stack

-~ HDFS NameNode
!
S HDFS DataNode
J
S HDFS DataNode
67

20115F8H6HLEH




T—YEEDILT) X A1)

c HBET— YL TIT—3 V[ TESTAHA WL
=, ED/—RICELET 5D 7

- EEBEDLS
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T—YEED7ILI)XALQR)

» HadoophMERHLTWA7Z)LTYU X A
- 1283 O0—AhILIcEL
- 2D HIZERSDC(Rack)lcE<
— 3D HIEE UDC(Rack)MES / — RIcEL
- 4DEBTIEZ VYA

H2 |[ H3 |H4i H5 ? HS | HO lHlOi Hil iHl2|
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NameNode D[ RE

« NameNodeW Y R TFTLEEDNKNILRY 71185
— REDAIT—I 77 ERZBHLLDBENEG D, CPUNT—HRE
- REDT77AMINZRFLLZER. TNIKINUX Y T—FZREFIT S
ENED, XEVUZKEICHEET S
- ZHOT =Y/ —RKRH5D/\— K NE—rXyvE—IZIEBT Z2HENE
D, REDRY NT—V#HzIET 2HEHNEF D
— Google THRAKDEBEZIZZ TS
* http://queue.acm.org/detail.cfm?id=1594206
. FRIRE
— NYILFY AT —1E? GoogleldBigTablelcGoogleFileSystem®d X ¥ 57—
FZBEWTWBES5 L LV
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http://queue.acm.org/detail.cfm?id=1594206
http://queue.acm.org/detail.cfm?id=1594206

Hadoop MapReduce

« Master/Slave 7—* 77 F ¥

 JobTracker
— Master
— Job%ZxTasklcE|U. TaskZz&TaskTrackerlc L

* Job: MapReduce 707 2 LDEITEAL

* Task: MapTask, ReduceTask
— 2TCDTaskDETRRAZER L. FEATLDENTLD U
TaskldBlldDTaskTrackercET= 5%
« TaskTracker

— Slave
— JobTrackerlc 7 Y+ > fzTaskZz=E1T

« REDOFHENEZITS
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MapReduce Architecture

JobTracker
””bf.k"..cnfo:rk V
TaskTracker

. . S V) "
5 2)° assign
3 _assign reduce .

map

sphit O

(6) write

output

split 1 file 0

worker

(5) remote read

split2 |—()read (4) local write
worker > tout
split 3 outpu
I ] file 1

split 4
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MapReduce DG P

« AIB(IL TMapReduce DERNICUN S B2 HENTF S
« Shuffle7 T —X CTABRICBEINRE

— ©Mapper <-> ©ReducerD&EE

— Xy NTJ—0 g}

=N DETENEF R RS

— Shuffle7 T —XTESIN3T—YEMapDEN)ZHIRT

5 DM ERIEADIRA >~

Map

Reduce
Map Shuffle

Reduce
Map
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HadoopD AN 70 7 k
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Hive

+ SQLZ AV 72 EFET. MapReduce¥ 3 7 Z ik

— JavaZEN T IC. RERT—FZF2HDI 3T zHE
[CERTE S
hive> CREATE TABLE shakespeare (freq INT, word STRING)

ROW FORMAT DELIMITED FIELDS TERMINATED BY ‘\t’ STORED
AS TEXTFILE;

hive> LOAD DATA INPATH “shakespeare freq”
INTO TABLE shakespeare;
hive> SELECT * FROM shakespeare LIMIT 10;
hive> SELECT * FROM shakespeare
WHERE freq > 100 SORT BY freq ASC
LIMIT 10;
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#: HivelZ X %])oinig{E

- MapReduceZfERUT. KEERZT—F[E
BEICEITTES

hive> INSERT OVERWRITE TABLE merged
SELECT s.word, s.freq, k.freq FROM

-~MDjoin%Z

shakespeare s JOIN shakespeare2 k ON

(s.word = k.word)
WHERE s.freq >= 1 AND k.freq >= 1;

hive> SELECT * FROM merged LIMIT 20;
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R

Raw access logs Geo database

leReduce

Parsed reoords

queries

Summary: top visitor locations

HivelT & %joinZz{#F U
Je > AT LEEA

77
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 MapReduce

Pig Latin
A = LOAD ‘myfile’
AS (x, Y, 2); EE—
B = FILTER A by x> 0;
C = GROUP B BY x;

FOREACH A GENERATE
x, COUNT (B) ;

STORE D INTO ‘output’;

Pig

JDDSL (Domain Specific Language)

-

2

pig.jar:

*parses Execution Plan
*checks Map:
soptimizes Filter

*plans execution

esubmits jar Reduce:

to Hadoop Count

*monitors job progress

|

@Eﬁﬁawg]
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B: Piglic X 27— 5 B1E

e Deta-flowig[m =&

T —4~8l& L Tset, associative array, tupleZsz /k—
« A7) T KB

# ANT—5DER

named events = FOREACH events by time GENERATE $1
as event $2 as hour, $3 as minute;

# 12H#.=.0)»r/\/|~

noon_events = FILTER named;events BY hour = 12’ ;
# unique’@MINRY b

distinct_events = DISTINCT noon_ events;

~
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hBase: X7 — Y RX—X

o FIEMT—FIN—X
— Google BigTable® 71 >z BEEL THEE
— F—H X T Binteractive’i 7V £ X iRt
» FBICKRREGRT—T2/KSDICELTWS

— ¥TB~¥PB
— r v 2
- S NETIEZXETIL T‘D.
— keyT®Dlookup HBASE

— transactionlZ{TEfI &> THE D, BEDRDBMS & EEAX
5EFEBICHEETNTWS
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hBase: E—1T\D 77t X

o« B—ITAD, keylc KB T7IVEANEEICEE

— BFICWeb7 7V —2 3 VTIEEEICR S T—Flookup
D

column A

column B

column C|...

row1

row2

row3

Quickly retrieve element
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hBase: MapReduce® A /7

« ZrowhH'MapReduceD AN EXH B

— MapReduce¥ 3 7T, sort/search/indexingZ&%17> Z &N
Bo

- hBase®sequentialfZscanzFE & LTW5 76, MapReduce¥’ 37
DRENFIET U@L
— AVTAVT—YUIBEESEG/\y FUBOMANEIRAGEICE S,
column A |column B |column C|...

row1
row2
row3

Scan into MapReduce
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More and more projects...

« fuse-HDFS: HDFSZfuseX V> 95707 5 A

« Zookeeper: ?HIEREIV IV

e Sqgoop: RDBMSH SHDFSANDED AHT VI YV

« Avro: Serialization + RPC7 L —L7T—7

« Scribe, Flume: AJWE T L —LT—7

« Mahout: MapReduceZz{ER U IcMEE 177V

« Qozie: 77— 70—V

- S UHEMEZERT S/cHIC. BEFEITHFE
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HadoopD{ERAE
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1> A =)L (CDH)

» Cloudera Distribution for Hadooph“&E¥l]

— Apache Project CECfRE N TWBSHDIC. Clouderatth¥id
H(Cbugfix & security fixzHe U c/Cy o —3 (FERD

— yum/aptFED/NY T —I VAT LARBRBETDA VA N=)

* yum install hadoop-0.20-*
— Hive/Pig/Hbase/FlumeZDRIYV 7 hEE&FENhTWS

Cloudera's Distribution for Hadoop

Ul Framework | SDK
Workflow Scheduling

Data Languages, Compilers Fast

, : read /write
Integration w access

Coordination

85
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N/Z0

HDFS D {E

# s
alias dfsls="'~/hadoop/bin/hadoop dfs -Is*

# s -r
alias dfslsr="~/hadoop/bin/hadoop dfs -Isr*

#rm
alias dfsrm="'~/hadoop/bin/hadoop dfs -rm*

#rm -r
alias dfsrmr="'~/hadoop/bin/hadoop dfs -rmr’

# cat
alias dfscat="'~/hadoop/bin/hadoop dfs -cat’

# mkdir
alias dfsmkdir="'~/hadoop/bin/hadoop dfs -mkdir*
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N/Z0

HDFS D {E

 HDFSEICT 7 1)L %Z ¥Rk

alias dfsput="'~/hadoop/bin/hadoop dfs -put’
dfsput <local-path> <hdfs-path>

 HDFSEMS 7 71 )L % ik

alias dfsget="'~/hadoop/bin/hadoop dfs -get'
dfsget <hdfs-path> <local-path>
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HadoopStreaming

. ZEAHEDZENUTMapReducelIBZZE (T2 L S5CTBHD
L A&
— sh + C++ - Ruby : Pythoni &, EEDSETMapReduceh AJaE
IC78 %
— http://hadoop.apache.org/core/docs/r0.15.3/streaming.html

« Hadoop StreamingldBfifizzwrapper>1 7> Y
- BELEZ7O7 S LDZEEANNIC<key, value>ZET
— BEERNIDSERZFZHAH. TNZEHS

- Amazon, FacebookZFT#HStreamingzZ K <{FRALTW3
— http://wiki.apache.org/hadoop/PoweredBy
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http://hadoop.apache.org/core/docs/r0.15.3/streaming.html
http://hadoop.apache.org/core/docs/r0.15.3/streaming.html

« R1THE
./bin/hadoop jar contrib/hadoop-0.20.2-streaming.jar

EWA

-input inputdir [HDFS®D /N K]

-output  outputdir HDFS®D/\X]

-mapper map map/ a7 ZLD/NXK]
-reduce reduce reduce A7 2 LAMD/NA]

-inputformat

[TextinputFormat

| SequenceFileAsTextInputFormat]

-outputformat [TextOutputFormat]
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#l: Rubylc&dT7—RKAOO > K

$ ./bin/hadoop
jar contrib/hadoop-0.20.2-streaming.jar
—-input wcinput
—output wcoutput
—-mapper /home/hadoop/kzk/map.rb
-reducer /home/hadoop/kzk/reduce.rb
—inputformat TextlnputFormat
—outputformat TextOutputFormat

map.rb

#!/usr/bin/env ruby
while ISTDIN.eof?
line = STDIN.readline.strip
ws = line.split
ws.each { |w| puts "#w\tl" }
end

reduce.rb

#!/usr/bin/env ruby
h ={}
while ISTDIN.eof?
line = STDIN.readline.strip
word = line.split("\t")[0]
unless h.has_key? word
h[word] = 1
else
h[word] +=1
end
end
h.each { |w, c| puts "#w}\t#
{c}"}
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MapReduceZ)LJYU X L
(1) JoinifE
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Joinig{E & (7

¢ 2DDF—HEy DB EXIT, BHEDTF—FhDSH

HFOF—Y2sBULTWS, COEE, SRBTIEHLLCT—4
BAETERZGZES LW,

. l:
- AJI:

« EMP: 42, XH, loc(13)
- LOC: 13, & =TH
- B
« EMP: 42, XH, loc(13), &AH=T H
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MapReducelc K %join

* Map-Side Join
—~ RADRNDXEY [CEZEHHETHESIEFE. mappericET
DT —% %= B TF I TjoinkiT>

- WADT—TILHKRED T —F DIFEICK I H KL

String getLocation(int locld) {
I X&) ED#EE or NEBT—F R—

R SR
‘o (k, v) {
_ W25 S N B& 7SR void map(k, v
RAZ A R BT int locld = parse_locid(v);
String location = getLocation(locld);

}

« Reduce-Side Join
— reducerffll TjoinZ 17>

map-side join
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Reduce-Side Join: T— % &

o . ;: \HE:
Uniont&38 565 Record {

enum Type { emp, loc }
Type type;

[ EMPRX 2N

String empName;
int empld;

[ LOCAHX 2\

String locationName;
int locld;

e o
=
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Reduce-Side Join: Mapper

« BTF—TJI)LEICmapperzEStTE. A Ureducerz{EFE
9%, mapperCldT—HtypeZKET b, keyldlocld

| o |
ZIEEo void map(k, v) { // employee

Record r = parse(v);
r.type = Type.emp;
emit (r.locld, r);

}
void map(k, v) {// locationF3

Record r = parse(v);
r.type = Type.loc;
emit (r.locld, r);

}
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Reduce-Side Join: Reducer

« valuesDEH T, Type.locDTE ./ ITHBFAEHRINA > TWL
DT, ThZzemployeesic 59 %,

void reduce(k, wvalues) {
Record thisLocation; List<Record> employees;
for (Record v in wvalues) {
if (v.type == Typ.loc)
thislLocation = v;
else
employees.add (v) ;
}
for (Record e in employees) {
e.locationName = thisLocation.locationName;
emit (e);
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MapReduce”)LTY X L

) 7Z77ITIVX LA
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{%]: MapReduce TDillz5lBFS

« JZ7LEDIERNS., 1DUEDCERESGTEFTORE/(RZXKDH S
« ZILTVXLA

— DistanceTo(StartNode) ==
— DistanceTo(n) ==
« fzf2UnldStartNodeh 5l %

— DistanceTo(m) = 1 + min(DistanceTo(n), n € S)
- EREASHSIUNEZETDIEARM

« MapReduceB![T3EBETICIFEDLSICTNIEVWLAN?
— 1THDREFAE
— Mapper, ReducerTIE ED K S RANIBHAHEHY?
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B 2 N TT— Y £ R

Pzl 2 BEL. EOZED RS
1123 |4
1101701
2 O(1]1
3 0,00
4 0(1]0

nrlll S S

W b~

W
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Parallel BFS by MapReduce

Map
- A7

« Value: D (startHh 5 O FEEf), S (nHh S EERGER / — K—E)
- Hh
e SICEENDETD./—RmIc2WT(m,D + D)&EHEAH

« Reduce
— A/ —RmIcA\DRET

- 7 REOFTREDOLDZENT S

« MapReducelle] T, 1 hopEHBZENTES, HA%Z[RE UMapReduce 70O
T LDANEVTBEHERAL, IRIZ2FETYa T ZzESERIT S,
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x &

« HadoopldZ/—7 )L OEEFMDOSSY O—

- RARBEF/ERICK>THAE - R - FIH=nT&h, HLL
FA70Yc7 hDRNEAEARELTWVWS

« MapReduceld KRETFT—FYUIBICHEUIZETIL
- Va7 OKREPIUIbEZ BEIMICIT>T<ND
- ETTRIBWH, FERICT4 vy T B7ITVIXLNES
— B& UTJOINRIEN U 2 7 LOBRRMEEZH < 2 ENHRS
- B—Y XY —, ShufflelfF DX v k7 — 0 BrixfEE
¢ B ROTWBVYIVETHULTHTTEL-)
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Enjoy Playing Around
Hadoop ©
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