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3  Hadoop 
Hadoop ѿҩ ȁ ԍ ҉ № ̆ ԅ 

Map/Reduce ȂṢꜛԍ Hadoop̆ ץ Ώ№ ̆ ῒ

ԍ ҉̆ Ȃ 

׃ Hadoop ῏ ̆ῤ Ҋ̔ 

 ̧ Hadoop  

 ̧ Hadoop  

 ̧ Hadoop ⱳ ҍᵬ  

 ̧ ҹָӇҌ ῏  

 ̧ Hadoop ᴨ  

 ̧ Hadoop  ל

 ̧ Hadoop ῒ  

 ̧ Hadoop ᵣ  

 ̧ Hadoopҍ№  

 ̧ Hadoop ᶛ 

 ̧ Hadoop ҉  

3.1 Hadoop  

Hadoop Apache ᴆ ᴪ Ҋ ѿҩ № Ȃץ Hadoop№ ᴆ

̂HDFS̆ Hadoop Distributed File System̃ MapReducê Google MapReduce

̃ҹ Hadoop̆ ҹ ᶫԅ № ȂHDFS

ȁ ᵈ ᴨ ᾛ Hadoop ᵞ ᴆ҉̆ № ̕

MapReduce№ ᾛ Ҍԅ № ’Ҋ

Ȃ ̆ץ ≠ץ Hadoop ׆̆ №

̆ ғ ≠№ᾟץ Ữ ⱬ̆ ̂ 3-1 Ȃ̃ 
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3-1 Hadoop  

Hadoop Ὲ ѿ ҙ ‰ ᴆ̆ № Ҋ ᶫԅ

ⱬȂ₃Ӎ Һ Hadoop ΐȁ ᴆȁ ҙ ΐ ⱵȂ

2013 ̆ IT Ὲ ̆ EMCȁMicrosoftȁIntelȁTeradataȁCisco ⱴԅ Hadoop

῀ T̆eradata Ὲ ԅѿҩѿᵣ ̕ ѿ ̆⇔ҙ HadoopῈ ₮Ҍ ̆

SqrrlȁWandiscoȁGridGainȁInMobi ̆ ₮ԅ ᴆȂ 

3.2 Hadoop  

Hadoop Doug CuttingððApache Lucene⇔ ֲðð ᶏ Ȃ

Hadoop ԍ Apache Nutch̆ ѿҩ ̆ Ӟ Lucene ѿ

№Ȃ 

Hadoop ҩ Ҍ ѿҩ Ώ̆ ѿҩ Ȃ ⇔ D̆oug Cutting

Hadoop ľ̔ ҩ ѿ ԅ Ȃ

‰ ̆ Ώ̆ ӈ̆ ғҌᴪ ԍ≢ Ȃ

ȂGoogle ĿȂ 

Hadoop ῒ ᶏ Ӟҍῒⱳ Ҍ ῏̆ ѿ

ῒזꜚ Һ ̂ᶛ P̔ig̃ Ȃ ҩ № ҍ ̂ Ӟ Ḛ̃ Ȃ

ѿҩ ↕̆ ҹ ץ ῒ׆ ῒⱳ ̆ᶛ ̆jobtracker ᴋ

Ⱶ MapReduceᵬҙȂ 

׆ ѿҩ ѿҩ ++ Ҍ̆ Ώѿҩ ȁ
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ᴆ̆ ҳ Ғҙ ̆ ҹ

Ӈ ᴆȂ ̔ Mike Cafarella Doug Cuttingᵀ ̆ѿҩ 10

ַ ᴇṿ 50҆ ᾝ ᴆ ῀̆ 3҆ ᾝȂҌ ױז̆

Ḥ ѿҩ ᴇṿ ̆ ҹ ᴪ ᶏ Ȃ 

Nutch ԍ 2002 ̆ѿҩ ᵬ ΐ ₮ Ȃᵖױז

⌠ ױז̆ ⌠ ַ Ȃ 2003 ѿ Google

№ ᴆ ̂Google File System̆ GFS̃ ҹױז ᶫԅ ꜛ̆ Ҭ

Google ᶏ ᴆ ȂGFS ᵌ қ ̆ ץ ױז‗ Ҭ

֟ ᴆ Ữ Ȃΐᵣ ̆GFSᴪ ̆ Ữ Ȃ

2004 ױז̆ Ώѿҩ ̆ Nutch № ᴆ ̂NDFS̃ Ȃ 

2004 ̆Google ԅ ̆ ῃҕ ׃ ԅ MapReduceȂ2005 ∆̆Nutch

Nutch҉ ԅѿҩ ᵬ MapReduce ̆⌠ Ҭ̆ Һ Nutch

⌠ᶏ MapReduce NDFS Ȃ 

NutchҬ NDFS MapReduce Ҍ ̆ 2006 2 ױז̆

׆ Nutch ₮ ҹѿҩ Lucene ̆ ҹ HadoopȂ ѿ ̆Doug 

Cuttingⱴ῀ Y̆ahoo ᶫѿҩҒ Hadoop ѿҩ ҉

Ȃ 2008 2 ̆ ῒ ֟ ѿҩ 1҆ҩῤ Hadoop

҉Ȃ 

2008 1 ̆Hadoop ҹ Apache ̆ ⱳ ̆ ѿҩ ȁ

Ȃ ᴪ H̆adoop ⱳ ӊ Ὲ ̆ Last.fmȁFacebook

ȇ ȈȂ 

ѿҩ ᴰ ᶛ ȇ̆ Ȉᶏ ֒ EC2Ԑ 4TB

̆ ҹ ԍWeb PDF ᴆȂ ҩ Ҍ⌠ 24 ̆ᶏ 100 ̆

Ҍ ֒ ט ̂ ᾛ ȇ Ȉ ѿ ῤ

̃ Hadoop ԍᶏ ̆ Ҍᴪ Ӈ ꜚȂ 

2008 4 ̆Hadoop ҕ ̆ ҹ 1TB Ȃ ѿҩ 910

̆Hadoop 209 ῤ ԅ 1TB ̂ Ҍ⌠҈№ ̃̆ ₯ ԅ╠ѿ

297  ´Ȃ 11 ̆ Ҭ ̆ MapReduce 1TB

ԅ 68 Ȃ 2009 5 ̆ Yahoo ᶏ Hadoop 1TB

ԅ 62 Ȃ 
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Hadoop Ԋ  

 ̧ 2004 ðð ∆ ̂ ҹ HDFS MapReducẽ Doug Cutting Mike 

Cafarella Ȃ 

 ̧ 2005 12 ððNutch ⌠ ̆Hadoop 20ҩ ҉ Ȃ 

 ̧ 2006 1 ððDoug Cuttingⱴ῀ Ȃ 

 ̧ 2006 2 ððApache Hadoop ץꜚ MapReduce HDFS

Ȃ 

 ̧ 2006 2 ðð HadoopȂ 

 ̧ 2006 4 ðð ‰ ̂10GB ҩ ̃ 188ҩ ҉ 47.9ҩ Ȃ 

 ̧ 2006 5 ðð ԅѿҩ 300ҩ Hadoop Ȃ 

 ̧ 2006 5 ðð ‰ 500ҩ ҉ 42ҩ ̂ ᴆ 4 Ȃ̃ 

 ̧ 2006 11 ðð ⱴ⌠ 600ҩ Ȃ 

 ̧ 2006 12 ðð ‰ 20ҩ ҉ 1.8ҩ ̆100ҩ 3.3 ̆

500ҩ 5.2 ̆900ҩ 7.8ҩ Ȃ 

 ̧ 2007 1 ðð ⌠ 900ҩ Ȃ 

 ̧ 2007 4 ðð ⌠ңҩ 1000ҩ Ȃ 

 ̧ 2008 4 ðð ҕ 1TB 900ҩ ҉ 209 Ȃ 

 ̧ 2008 10 ðð 10TB Ȃ 

 ̧ 2009 3 ðð17ҩ ῍ 24000 Ȃ 

 ̧ 2009 4 ðð № 5̆9 ῤ 500GB̂ 1400ҩ ҉̃ 173

№ ῤ 100TB ̂ 3400ҩ ҉ Ȃ̃ 

 

3.3 Hadoop ꜗ ғᵲ  

ҹָӇױ Hadoop ̙ᴧ ̆ ף ᴪ Ḥ ̆ ֓Ḥ

̆ῒҬ ҩֲ ҙ Ȃ ⌠ 2020 ̆ ֟ Ḥ

ᴪ 1/3 ῤ Ԑ Ҭ ṢꜛԐ Ȃ ױ ֓ №

ץ̆ ᴇṿ Ḥ Ȃ Ӈ ױ ᵥ Ữ ֓ ̆ ᵥ№
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֓ ̙ ץ Hadoop ̆ ̆ ԅ№ Ữ ̆

ԅ Ώ ̆ ԅ Ữ Ȃ MapReduce № ᴆ ҉ ̆

Ḡ № Ȃҍ ̆Hadoop ỮΌᵩ Ḡ ԅ

ῃ Ȃ 

HadoopҬ HDFS ץ ԍ Java ̆ ᶏ Hadoop ץ

ᵞ Ҭ̆ Ҍ ԍ ҩ ᵬ ȂHadoopҬ HDFS ⱬ̆

MapReduce ᴋⱵ ץ̆ ̆ᶏῒ № Ҭ

̆ ᴧ ҙ Ҭ Ȃ 

3.4 ҿ־ӍҒ ῗ  

ҹָӇ Ҍױ ᶏ ⱴ҉ Ạ № ̙ҹָӇ

MapReduce̙  

ҩ ԍ ꜚ ѿҩ ̔ל ԍ

ᴰ Ȃ ꜚ⌠ ᵝ Ώ ᵬ ̆

ᵬ ̆ ᴰ ԍ Ȃ 

ԍ ל̆ ᴪ ( ԍ ) Ώ

№ Ȃ ѿ ̆ ѿ № Ṝ̆ᴰ B (῏ Ҭ

ᶏ ѿ ̆ ԍ ) Ȃᵖ №

Ṝ̆B MapReduce ̆ ҹ ᶏ / Ȃ 

’Ҋ M̆apReduce ҹѿ RDBMS(̓͂ ) ᾟ(ң

ҩ ӊ 3-1)ȂMapReduce ֓ № ҩ ץ̂

̃̆ ῒ Ad Hoc( Һ )№ ̆ RDBMS↕ ԍ ̂ῒҬ̆

ץ ᶫᵞ Ȃ̃MapReduce

ѿ Ώ῀ ̆ ῏ Ȃ 

3-1  ῏ MapReduce  

 ᴶ ῗ  MapReduce 

 GB PB 

 ֜ԑ   

 Ώ ѿ Ώ῀  
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  ꜚ  

  ᵞ 

ᵈ    

 

MapReduce ῏ ӊ ѿҩ ≢ ̆ ױ ᵬ Ҭ

Ȃ ‰ ӈ ᵣ ̆ΐ ӈ ̆

ӈ ̆ RDBMS ῤ Ȃ ѿ ̆ ̂

XML ̃̆ ̆ᵖ ̆ ץ ᵬ Ȃ

ָӇ ≢ ῤ ̆ᶛ Ἕ ȂMapReduce ԍ

̆ ҹ ҹ ῤ Ȃ ̔MapReduce ῀

ṿ Ҍ ̆ ױ № ֲ Ȃ 

    ῏ Ḡץ̆ ῒ − ΌᵩȂp ̆ ᴪ MapReduce

̆ ҹ ᶏ ҹѿҩ ᵬ̆ ғMapReduce Ẋ ӊѿ ̆

ץ ( ) ΏȂ 

Web Ⱶ ѿҩ ᶛ (ᶛ ̆ Һ ῃץ

̆ ᶏ ѿ ᴪ₮ )̆ Ӟ MapReduce ԍ№

ᴆ ӊѿȂ 

MapReduce ѿ ᵈ Ȃ Ώңҩ₱ ĺĺmap₱

Reduce₱ ĺĺ ѿҩ ӈѿҩ /ṿ ⌠ ѿҩȂ ֓₱

ױ ᶏ ̆ ױ ץ Ҍꜚ ⌠

҉Ȃ ̆ ῀ңṐ ̆ ᴪ ԍңṐȂᵖ ңṐ

̆ѿҩᴋⱵׅ ѿ Ȃ Ҍ ѿ SQL Ȃ 

̆῏ MapReduceӊ Ȃѿ ̆

῏ MapReduce ѿ֓ ( ASTER DATA GreenPlum )̕

ѿ ̆ ԍ MapReduce ( Pig Hive)ᶏ MapReduce ᴰ

ֲ Ȃ 

3.5 Hadoop ᴮ  

Hadoop ѿҩ № ᴆ ̆ ғ ѿץ ȁ ȁ
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ᵈ ̆ ΐ Ҋ₃ҩץ ᴨ ̔ 

 ̧ ̔ ҹ Ẋ ᾝ Ữᴪ ̆ ҩ ᵬ ◐ ̆

Ḡ № Ȃ 

 ̧ ̔ ҹ ץ ᵬ̆ ⱴ ȂHadoop

ᵈ ̆ PB ȂHadoop ӊ ꜚ ꜚ ̆ Ḡ

ҩ ꜚ ̆ ῒ Ȃ 

 ̧ ̔Hadoop № ᴋⱵ ̆ ֓

ץ Ḃ ⌠ ץ ҬȂ 

 ̧ ̔Hadoop ꜚḠ ҩ◐ ̆ ғ ꜚ ᴋⱵ

№ Ȃ 

 ̧ Hadoop ᵞ̔ᶭ ԍ ᴇ Ⱶ ̆ ᵞ̆ᴋᵥֲ ᶏץ Ȃ   

 ̧ Linux ҉̔Hadoop Java Ώ ̆ Linux

֟ ҉ Ȃ 

 ̧ ̔Hadoop҉ Ӟ ᶏץ ῒז Ώ̆ C++Ȃ 

3.6 Hadoop  שׂ

ԍHadoopᴨל ₮̆ ԍHadoop ̆ ῒ ԑ ȂYahoo!

Hadoop̆ץ Web F̕acebookṢꜛ Hadoop̆

ץ ῒ № ӟ̕ ↕ᶏ Hadoop №

ᵬ̕ Hadoop ԍ Ữ Ⱶ֜ ῏ ̕Ҭ ꜚ ԍ

Hadoop ľ ԐĿ̂ BigCloud̃ ̆ ԍ № ᶫ ⱵȂ 

2008 2 ̆Hadoop Yahoo˻ ԅ Hadoop ̆

ױ 2000ҩ ҉ ԅ 1҆ҩ Hadoop ̆ 5PB ῤ ̆

№ 1 ᾠҩ ӊ Ȃ ֓ 300TBȂ

Yahoo˻ ԍ ֓ҹ ᶫԅ ⱵȂ 

Hadoop ╠ ԅ ₮ Ȃ ԑ ̆ ҙⱵ Ҍ

̆Hadoop Ӟᴪ׆ԑ Ḥȁ Ⱶȁ ȁ └ Ȃ

Ḥ H̆adoop ᴪ Ҭ ҹ̆ ױ ᶫ ⱴ ᴨ ⱵȂ 
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3.7 Hadoop Ὶ  

Hadoop ᾝ Ȃ Hadoop Distributed File System̂HDFS̃ ̆ Ữ

Hadoop Ҭ Ữ ҉ ᴆȂHDFS ҉ѿ MapReduce ̆

JobTrackers TaskTrackers Ȃ 

 

3-2 Hadoop  

3-2 ԅ Hadoop Ҭ ̆ΐᵣ Ҋ̔ 

 ̧ Avro 

Avro ԍ ↓ Ȃ ᶫԅү ȁ ԋ └

ȁ Ữ ӄ ᴆ ȁ RPC ⱳ ꜚ ⱳ Ȃ

ῒҬ̆ף Ҍ Ώ ᴆ ̆ӞҌ ᶏ RPC ̆ ѿҩ

ȂAvro ᶭ ԍ ̂Schemã̆Avro Ώ

ӊҊ Ȃ ⁞ץ Ώ῀ ̆ ↓ ⁞ῒ Ȃ ̆

Ӟ ץ Ḃꜚ ᶏ ̆ ҹ ῒ Ȃ RPCҬ̆Avro

Ⱶ ֜ Ȃ Ⱶ ῃ

Ҍ̆ Ҋ ȁҡ ⱴ Ḥ ѿ ⌠ԅ

‗Ȃ 

 ̧ HDFS 

HDFS ѿ № ᴆ ̆ ԍ H̆DFSҹ HBase ᶫԅ

Ữ ̕ ԍ HDFSΐ ̂fault-tolerant̃ ̆ ץ ץ

ᵞ ̂low-cost̃ ᴆ҉Ȃ ץץ ̂high throughput̃

̆ ֓ ȂHDFS ԅ ᵬ ̂POSIX̆

Portable Operating System Interfacẽ ̆ ץ ץ ᴆ Ҭ
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ȂHDFS Apache Nutch ̆ ҹԅ Hadoop

ӊѿȂ 

Ҋץ HDFS ̔ 

̂1̃ ᴆ Ȃ ᴆ ̆ ҩ HDFS

Ữ ᴆ Ⱶ ̆ Ⱶ ̆ ̆

ꜚ HDFS ѿҩ Ȃ 

̂2̃ ȂHDFS ᶏ ױ ȂHDFS

̆ Ҍ ֜ԑ Ȃ ץ ̆ Ҍ

Ȃ 

̂3̃ ѿ Ȃ № HDFS ᵬ ᴆ ѿ Ώ῀̆ Ȃѿ

ҩ ᴆѿ ⇔ ȁΏ῀ȁ̓͂ ӊ Ҍ ḱ ԅ̆׆ ԅ ѿ

Ȃ 

̂4̃ Ḥ Ȃ Ḥ TCP/IP ӊ҉Ȃѿҩ ԅ

̂NameNodẽ ӊ ̆ ̂NameNodẽ Ḃ

̂Client Protocal̃Ȃ ̂DataNodẽ ̂NameNodẽ ӊ ↕

̂DataNode Protocal̃Ȃ 

 ̧ HBase 

HBaseᵝԍ Ữ ̆ ѿҩ№ ↓ Ữ ̕ ԍ Google

ñBigtable̔ѿҩ № Ữ òȂ Bigtable≠ ԅ Google ᴆ

̂Google File System̃ ᶫ № Ữ ѿ ̆HBase Hadoopӊ҉ ᶫԅ ᵌ

ԍ Bigtable ⱬȂHBase Hadoop ȂHBaseҌ ԍѿ ῏ ̆ῒ

ѿ̆HBase ѿҩ ԍ Ữ ̕ῒԋ̆HBase ԍ↓ Ҍ ԍ

ȂHBase Bigtableᶏ Ȃ Ữ ѿҩ ̆ѿҩ

ѿҩ ᴋ ↓Ȃ ԍ HBase ̆ ץ ӈ Ҍ

↓ȂHBaseҺ ԍ ȁ Ώ ̂BigDatãȂ 

 ̧ MapReduce 

Mapreduce ѿ ̆ ԍ ̂ ԍ 1TB̃ Ȃñ ò̂map̃ȁ

ñ ò̂ reducẽ ױ Һ ₱׆ ҬṢ Ȃ ᶏ ֲ

Ҍԅ № ’ҊӞ Ḃ № ҉Ȃ

MapReduce ᾢ ѿҩ map̂ ̃₱ ̆ ῀ ṿ ѿ ṿ ̆
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ѿ ֜ reducĕ reduce keyҊ value Ῥ ₮ ṿ

ᵬҹ Ȃ 

 ̧ Zookeeper 

Zookeeper ѿҩ№ ȁ Ⱶ̆ ᶫ№ ӊ Ⱶ̆

ԍ № ̆ҹ HBase ᶫԅ Ⱶ └Ȃ 

 ̧ Hive 

Hive Facebook ̆ ѿҩ Hadoop ӊ҉ ד ̆ ᶫ

ԅѿ֓ Ữ Hadoop ᴆҬ ȁ № ΐȂHive ᶫ

ѿ └̆ ᵌԍᴰ RDBMSҬ SQL ꜛ ֓ SQL

HadoopҬ ̆ ҹ HiveQLȂҍ ̆ ֓ᴰ MapReduce

ֲ Ӟ ץ Mapper ReducerҬ HiveQL ȂHive ᴪ HiveQL

ѿ MapReduceᴋⱵ̆׆ ḂMapReduce ֲ Hadoop Ȃ 

 ̧ Pig 

Pig ѿ ̆ ץ ̆ ԅ Hadoop

ᵬᴋⱵȂPig ⱴץ ȁ ץ Ữ ȂPig ῤ ᵬᶏ

ӈ̂ ᴆ Ȃ̃Pig Hive ҹ HBase ᶫԅ ̆ᶏ

HBase҉ ̕p ԋ̆ ≢ ȂHive Hadoop

Ҭ ד ̆ᾛ ᶏ ᵌԍ SQL ȂHive ԍ ד

ᴋⱵ̆Һ ԍ ץ № ᵬȂHiveҍ SQL ᵌ̆ ѿ ᶏῒ

ҹHadoopҍῒז BI ΐ ֜ ȂPig ԇ ֲ ̆

ᾛ ԍ Ḃץ ῀⌠ Ȃҍ Hive ̆Pig

ԍ ̆ Һ ᴨל ̆ ԍ ᶏ Hadoop Java APIs ̆ᶏ Pig ץ

ף⁞╝ Ȃ 

 ̧ Sqoop 

Sqoopҹ HBase ᶫԅ Ḃ RDBMS ῀ⱳ ̆ᶏ ᴰ HBase

Ҭ ḂȂ 

3.8 Hadoop ᵩ  

HDFS MapReduce Hadoop ң Ȃ ҩ Hadoop ᵣ Һ
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HDFS № Ữ ̆ ғ ᴪ MapReduce №

ᴋⱵ Ȃ 

3.8.1 HDFS ᵩ  

ױ ᾢ׃ HDFS ᵣ ȂHDFS ԅҺ̂׆Master/Slavẽ ̆ѿҩ

HDFS ѿҩ NameNode ҩ DataNode ȂῒҬ NameNodeᵬҹҺ Ⱶ ̆

ᴆ ᴆ ᵬ̕ Ҭ DataNode Ữ Ȃ

HDFSᾛ ץ ᴆ Ữ Ȃ׆ῤ ̆ ᴆ № ҩ ̆ ғ

ҩ ѿ DataNode҉ȂNameNode ᴆ ᵬ̆ ȁ

῏ ȁ ᴆ ̆ Ӟ ⌠ΐᵣ DataNode ȂDataNode

ᴆ ᴆ Ώ ̆ NameNode ѿ Ҋ ⇔ ȁ−

└ ᵬȂ 3-3 ₮ԅ HDFS ᵣ Ȃ 

NameNode DataNode ץ ҉ Ȃ ֓

GNU/Linux ᵬ ȂHDFS Java ̆ ̆ᴋᵥ Java

ץ NameNode DataNodeȂѿҩῖ Ҭ ѿ ѿҩ

NameNode ᶛ̆ῒז №≢ ѿҩ DataNode ᶛȂ ̆ Ҍ ѿ

ҩ DataNode ᶛ ’Ȃ Ҭ ѿ NameNode ↕ ԅ Ȃ

NameNode HDFSᾝ ̆ Ҍᴪ NameNodeȂ 

 

3-3 HDFS ᵣ  
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3.8.2 MapReduce ᵩ  

Ҋ ׃ MapReduce ᵣ ȂMapReduce ѿ ̆ ᶏ

ᴆ ץ Ώ₮№ Ȃ Hadoop ᵣ Ҭ̆MapReduce ѿ

ҩ ᴆ ̆ ԍ ץ ᴋⱵ№ ⌠ ҉ ҉̆ ѿץ

̆ Hadoop ᴋⱵ ⱳ ȂMapReduce

ѿҩ ľҺ Ŀ҉ JobTracker ҩ ľ׆ Ŀ҉

TaskTracker῍ ȂҺ ѿҩᵬҙ ᴋⱵ̆ ֓ᴋⱵ№ Ҍ

׆ ҉ȂҺ ױ ’̆ ғ ӊ╠ ᴋⱵ ׆̕ ֽ

Һ ᴋⱵȂ ѿҩ Job ֜ ̆JobTracker ⌠ ֜ᵬҙ Ḥ ӊ ̆

ᴪ Ḥ № ׆ ̆ ᴋⱵ TaskTracker Ȃ 

҉׆ ׃ ץ ₮ H̆DFS MapReduce̓̀ ԅ Hadoop№ ᵣ

ȂHDFS ҉ ԅ№ ᴆ M̆apReduce ҉ ԅ№

ᴋⱵ ȂHDFS MapReduceᴋⱵ Ҭ ᶫԅ ᴆ ᵬ Ữ M̆apReduce

HDFS ҉ ԅᴋⱵ № ȁ ȁ ᵬ̆ ̆ԋ ԑᵬ ̆

ԅ Hadoop№ Һ ᴋⱵȂ 

3.9 Hadoopғⅎ  

ױ № ῒ № ᴆ ̆ № ᴆ ̆

Ḥ ԑ ᵣ ҉ ᴋⱵ ̆ № ᵬ ȁ№

ῒ ̂ ̃ ȁ№ ᴆ № ȂHadoop №

ᴆ Ҭ ᴆ ѿ ᴆ̆ ԅ№ ᴆ №№ ⱳ Ȃ 

HadoopҬ № ᴆ HDFS̆ Ԑ҉

Ữ ȂHadoopҬ MapReducĕ Ώ Hadoop

ⱴ Ȃ 

Hadoop҉ ԍ MapReduce ȂMapReduce

̔≠ ѿҩ ῀ key/value ֟ ѿҩ ₮ key/value ȂMapReduce

ңҩ₱ ҩ ̔Map ReduceȂ 

ӈ map₱ ѿҩ ῀ key/value ̆ ֟ ѿҩҬ key/value
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ȂMapReduce ΐ keyṿ value ѿ ̆ ᴰ reduce₱ Ȃ

ӈ reduce₱ key ῏ value Ȃreduce₱ ֓ valueṿ̆

ѿҩ value Ȃѿ ̆ reduce₱ ֟ 0 1ҩ ₮ valueṿȂ

ױ ѿҩ ף Ҭ valueṿ ᶫ reduce₱ ̆ ץ ῃ

῀ῤ Ҭ valueṿ ԅȂ 

3-4 MapReduce ̆ ҩ ӊ № ҹ ҉

ҩ ̆ ҩ̂ ҩ̃ №≢ Ҭ ѿҩ ̂ѿ ѿ

̃ Ҭ ̆ ֓Ҭ ̆ Ȃ

3-4Ӟ ₮ԅMapReduce Ҋ Ҭ ңҩҺ ₱ m̔ap reduceȂ ҩ Ҭ̆

ᵬֽֽ ᴋⱵ Ώmap reduceңҩ₱ Ȃ 

 

3-4MapReduce  

MapReduce ҉ Ȃ 3-4Ҭ

ѿҩmapᴋⱵ ѿҩ reduceᴋⱵ ץ ԍѿҩ ҉̆ ̆

ῒ ̆ Ӈ ᵥẠ⌠ ̙Ҋ ׃ ѿҊῒ Ȃ 

1. № Ữ 

Hadoop№ ᴆ ̂HDFS̃ ѿҩ ̂NameNodẽ Nҩ

̂DataNodẽ ̆ ҩ ѿ Ȃ ᶏ ҉ HDFSҍ ױ

ᴆ ᵌ̆ ⇔ץ ⇔̆ ȁ └ − ᴆ ץ̆ ᴆ ῤ Ȃ

ᵖ HDFS ᴆ℗◓ ԅ Block̆ ֓ Block№ ỮԍҌ DataNode҉̆

ҩBlock ץ └ ᴍ ỮԍҌ DataNode҉̆ ⌠ ȂNameNode

↕ ҩ HDFS ̆ ѿ֓ ѿҩ ᴆ ℗◓ ԅ ҩ

Blockȁ ֓ Block ׆ץ ֓ DataNodeҬ ץ̆ ҩ DataNode Ḥ Ȃ 

2. №  

HadoopҬ ѿҩᵬҹҺ JobTracker̆ ԍ ῒז TaskTracker̆JobTracker

ץ ԍ Ҭ ᴋ ѿ ҉ȂTaskTracker↕ ᴋⱵ̆ ԍ

DataNode҉̆Ӟ DataNode Ữ ̆Ӟ ȂJobTracker mapᴋ

Ⱶ reduceᴋⱵ№ TaskTracker̆ ֓ᴋⱵ ̆ ᴋⱵ
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’Ȃ ѿҩ TaskTracker₮ԅ ̆JobTrackerᴪ ῒ ᴋⱵ ֜ ѿҩ

TaskTracker Ȃ 

3.  

Ữ ѿ ҉̆ № ̆ ⁞ץ

҉ ᴰ ̆ ᵞ Ȃ Hadoop ԍ № Ҭ̆

ץ Ḃ ᾟ̆ ᶫ ⱬ Ӎ ̆p ԍ Ҍ

ӊ ꜚ̆ ԅ ñ̆ ò ѿ

̆ҙ ҹñ ꜚ ꜚ òȂ 

4. ᴋⱵ  

℗◓ ̆ ԍ ԍ HDFSҬѿҩ Block

̂ 64MB̃̆ Ḡ ѿҩ ᵝԍѿ ҉ ̆Ḃԍ

Ȃ Mҩ ̆ ꜚ Mҩ mapᴋⱵ̆ M ҩ mapᴋⱵ№ ԍ N

҉̆ ᴪױ ̆reduceᴋⱵ R↕ Ȃ 

5. №◓̂Partitioñ 

mapᴋⱵ ₮ Ҭ key ⅞№ Rᴍ̂R ᾢ ӈ reduceᴋⱵ

ҩ ̃̆ ⅞№ ᶏ hash₱ ̂ h̔ash(key) mod R̃̆ Ḡץ ѿ ῤ key

ѿ ѿҩ reduceᴋⱵ ̆ ץ Reduce Ȃ 

6. ̂Combinẽ  

№◓ӊ╠̆ ᾢץ Ҭ ̂Combinẽ̆ Ҭ Ҭ

key  <key, value> ѿ ȂCombine ҍ reduce ᵌ̆ ’

Ҋ ץ ᶏ reduce₱ ̆ᵖ Combine ᵬҹmapᴋⱵ ѿ №̆ map₱

ȂCombine ⁞ Ҭ Ҭ<key, value> ׆̆ ᵞ Ȃ 

7. Reduce 

MapᴋⱵ Ҭ Ạ Combine Partitionӊ ץ̆ ᴆ ԍ ҉Ȃ

Ҭ ᴆ ᵝ ᴪ Һ JobTracker̆ JobTrackerῬ reduceᴋⱵ⌠ ѿҩ

DataNode҉ Ҭ Ȃ ̆ mapᴋⱵ֟ Ҭ ῒ keyṿ ѿҩ

hash₱ ⅞№ ԅ Rᴍ̆Rҩ reduceᴋⱵ ѿ key Ȃ ҩ reduce

ҩmapᴋⱵ ῒ key ῤ Ҭ ̆ reduce₱ ̆ ѿ

ҩ ᴆȂ 
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8. ᴋⱵ  

Rҩ reduceᴋⱵ̆ ᴪ Rҩ ̆ ’Ҋ Rҩ Ҍ

ѿҩ ̆ ҹ Rҩ ᵬҹץ ѿҩ ᴋⱵ ῀̆ ѿҩ

ᴋⱵ̆ Ӟ ԅᴋⱵ Ȃ 

3.10 Hadoop ᶡ 

ᴑҙ ̆ Ữ ҹᴑҙ ℗ ȂHadoop

ᵬҹ Ԑ ̆ ԅ ᴑҙ ῐ Ȃ 

̆Hadoop ⌠ԅ ῏ ̆ ⱴ῀⌠ Hadoop

Ҭ ̆ῒҬ ȁⱴ ᴿᾥ≠№ ȁ ȁ .

ȁ Ȃѿ֓ ῤ Ҭ ȁ ȁҬ ֲ Ӟ

Hadoop ῏ ̆ ῤ Hadoop Ữȁ ȁᵬҙ ȁ

ᴨ ȁ ῃ ҩ Ȃ 

ҙ ̆Hadoop ԑ ⌠ԅ Ȃԑ Ὲ

Ữ ῒ ̆ Hadoop Ȃ Facebookᶏ Hadoop Ữ

ῤ ץ ̕Yahoo˻ ≠ Hadoop

T̕witter↕ᶏ Hadoop Ữ ȁ ᴆ ῒזҬ Ȃ ῤ H̆adoop

Ӟ ⌠ԅ Ὲ ̆ Һ Hadoop ԍ №

̕ ↕ Hadoop ԍ ҙ ᴨ Ȃ 

Ҋ ױ ΐ ף Hadoop ᶛ № ̆ ԅ Hadoop ᴑҙ 

’Ȃ 

3.10.1 Hadoop Yahooϼ  

῏ԍ Hadoop Y̆ahoo˻ ԍ ᾢ ᵝ̆ Hadoop ԍ

֟ Ҭ̆ № ȁῤ ᴨ ȁ ᴆ ȁ ᴨ ȁ

ETL ̕ ̆ ῐ ȁ ȁ ᵝ ⌠ԅᾟ№ Ȃ 

Yahoo˻ Һ ҩ ̆ Ⱶ Apache׆ Ҭ user⌠ interest

̆ ғ 5№ ֟ Ҭ Hadoop ᴪ ԍ ↓ῤ ̆

7№ ↕ ҉ ῤ Ȃ 
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̆Yahoo˻ ≠ Hadoop ᴆ ҹ ᴆ №̆ ғ ₃ҩ

҉ ᴆ ̆ ץ ꜚ 50ַ ᴆ Ȃ 

╠ Hadoop ֟ Yahoo˻ Search Webmap ̆ 10000

Linux ̆Yahoo˻ ᶏ ֟ ȂWebmap

Ҋ̔ ᾢ ̆ ֟ ԑ ̆

ץ ѿҩ῏ԍ ̕ ֓ ᴰ Yahoo˻ Ҭ

Ȃ ҩ Ҭ̆ Ҭ ᴪ ⌠ 1TB̆ ֟₮

ᴪ ⌠ 300TB̆ ѿҩ MapReduceᴋⱵ ᶏ 10000 ῤ ̆ ֟ Ҭᶏ

Ữ 5PBȂ 

Yahoo˻ HadoopҬ ᶏ ԅ Hive Piğ ֲ ̆Hive Pig ᵣ҉ ᵌ̆

ғ Pig Latinҍ SQLӞ № ᵌȂ Ӈ Yahoo˻ ҹָӇ ᶏ ֓ ̙Һ

ҹ Yahoo˻ ֲ ԅ ױ ᵬ № ԅ ᶛ ҹ̆Ҍ ’Ҋ

ᶏ Ҍ ΐȂ 

ᾢԅ ѿҊ ᶏ Ȃ №ҹ҈ҩҌ ᴋ

Ⱶ̔ ȁ ‰ ̆ Ҍ ׃ ̆ ҹ Pig Hive

Һ ԍ ‰ Ȃ 

‰ ҹ ȁ ⱴ ̂Extract Transform Load̆ ETL̃

̆ ҹ ҩ Ȃ ѿҩ ̆ Ҭ

ᴪ ֟₮ ֟ ̆ ҍӊ ᵌ̆ ̆ ץ

₮ᶫ ᶏ Ȃ ҩ ̆ ̆

ҍῒז Ȃ ѿ ѿ ȁ Ғ

Ȃ 

ѿ ד ̆ ד Ữԅ ֟ ̆ ᴪ

֟ Ȃ ѿ ȁ№ ‗ Ȃ

ҩ ’ Ҍ ̆Yahoo˻ Ҍ ᶏ Ҍ ΐȂ ԅ Oozie

ᵬ Pig ≢ ԍ ̆ Hive↕ ԍ ד ȂҊ ׃≢№

ד Ȃ 

Yahoo˻ ҈ Ҍ ᵬ ̔ ȁ ף Ȃ 

ῖ ȁ Ȃѿҩ ᶛ Yahoo˻ Ⱶ

̆ ֓ ץ Ҍ Ḥ ̆ ↕ ⌠ ₯ӊ ⌠
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ȂPig № ̆ Hadoopӊ҉ ᶫԅ ȁ

ᴨ ᴆ ȂPig Latin ῏ ̆ ғ Pig ѿ №̆ ԍ

Ҋץ ̆Pig Latin ԍ SQL ̆ Ȃ ᾢ̆Pig Latin

̆ ғ Pig Latinᾛ ӈ Ҭ ᵝ ̕ῒ ̆Pig Latinᾛ

ᵬ Ҍ ᶭ ԍᴨ ̕ P̆ig Latin №

̆ ғ Pig Latinᾛ ᴋᵥ ῀ ף ȂPig 

Oozie ᵬ ΐѿ ᶏ ⇔ ̆ѿ ץ ҆ץ PigᵬҙȂ 

ף Ӟ Pig ̆ ’Ҋ ѿҩ Ȃ ҉

ῖ ⱴ῀ѿ ᴪ Ȃ ѿҩ ̆

Ữԅ Yahoo˻ Ҭ Ȃ ױ ץ ѿ ̆ ҩ

ѿҩ ̆ ↕ ֓ ѿҩԊᴆȂ ₃№ ᴪ

ⱴ῀ ̆ ֓ ΐ ֓ ⱴ⌠ Ҭ̆ ⌠ ᵌ

̆ − Ȃ ‰ Ҍ ̆ Ҍ ̆

ᶏ ῤ ֓ ԅȂɒ ̆ ⱴ῀ Ҭ

̆ ѿ ⌠ ̆ ҩ ҉ ᵬ Ҍ ̆ Ӟ ᴪ

ҩ Ȃ ̆ ⱴ ҉ ᵬ ᶏ ῃ ̂full joiñ

̆ ғ ҩ ₃№ Ȃ ‰ ᵬ ᶏץ Pig Latin ҉

̆ Pig ᴪ ⌠ Ȃ 

Yahoo˻ ֲ ױז̆ ΐ ַ҆ ̆

ֲ Ώ₮ Ȃp Ҭ̆

Ҍ ѿץ ȁ ‰ ̆ Pig ץ ԅ̆ ҹ ץ

̆ ȂPigҍ streaming ᶏ

҉ Perl Python ץ Ḃ ҉ Ȃ 

ד ̆ ңҩҺ ̔ ҙ № ̂Ad-hoc querỹȂ

ѿ ’Ҋ̆ ⌠ ҙ ̂BĨ ΐ̂ MicroStrategỹ ҉ ֟

῀ № Ȃ ԋ ’Ҋ̆ № ‗ Ȃ ң ’Ҋ̆

῏ SQL ȂԊ ҉̆ ד ҹ SQLᶏ ̆

ΐ № ΐ̆Hiveᵬҹ Hadoop ҹῒ ᶫԅ SQL ῏ ̆

Hive Hiveҍ BI ΐ ̂ ODBC̃ ᶏ Ȃ 

Pig Yahoo˻ ⌠ԅ ̆ ᶏ ⌠ Hadoop҉ ҹ
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Ȃ Hive ῀ᶏ ̆Yahoo˻ ד ⌠ Hadoop҉Ȃ ѿ ҉

ד ᴪ ᵞ ⱴ ד⌠ ̆ Ӟᶏ ῍֣ ד ӊ

ȁ ΐȁ ᴆ ҹ ȂYahoo˻ Hadoop҉ ᶏ ΐᶏ Hadoop

Ȃ 

3.10.2 Hadoop eBay  

eBay҉ Ữ ҉ַ Ḥ ̆ ғ ҆ ⱴ̆

Ԑ Ữ PB ≢ ̆ Hadoop↕ ҩ Ȃ 

Hadoop ҙ ᴆ҉ ȁ ȁ№ Ԑ ĕBay≠ Hadoop

ԅѿҩ ðAthenă №ҹԓ ̂ 3-5 ̃̆ Ҋ ׆

҉ ׃ ̔ 

1) Hadoop ̔ Hadoop ȁѿ֓ HDFS̆ ῒҬ ᴆ

ҹ Ώ Ạԅѿ֓ᴨ ̆ 128MB ҹ 256MBȂ 

2) MapReduce ̔ҹ ᴋⱵ ᶫ API ᴆȂ 

3) ̔ Һ HBaseȁPig Hive̔ 

Â HBase Google BigTable ↓ Ữ ̆

⅞№ ᶫ ̆ῒ Ữ HDFS҉Ȃ 

Â Piĝ Latiñ ᶫⱴ ȁ ȁ ȁ ȁ ȁ ȁ№ ᵬ

̆ ᶏ Pig Ȃ 

Â Hive ԍ ד ᶏ SQL Ȃ ԍ ȁ֟

№ ̆SQL ᶏ Hive ҹ Ȃ 

4) ΐ ⱴ ̔UC4 eBay׆ ҩ ꜚⱴ ᴑҙ Ȃⱴ

̔ ̂R ȁ̃ ӟ ̂Mahout̃ȁ ῏ ̂Hamã eBay

ԍ ̂Mobius̃ Ȃ 

5) ̔Ganglia № ̆Nagios↕ ѿ֓῏ Ԋ

ᴆ Ⱶ Ҍ ȁ Ȃ 

 

eBay ᴑҙ Ⱶ 64ᵝ RedHat Linux̔  

Â NameNode HDFS Һ Ⱶ ̕ 
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Â JobTracker ᴋⱵ ̕ 

Â HBaseMaster Ữ HBase Ữ Ḥ ̆ ғ Ḃҍ

̕ 

Â ZooKeeper Ḡ HBaseѿ № Ȃ 

 

3-5 Athena  

ԍ Ữ 1U CentOS ̆ 2ҩ

2TB Ữ ̆ 38~42ҩ ᾝҹѿҩ rack̆ ԅ Ȃ

῏ ̆ rack֜ ⌠ ҹ 1Gbps̆ rack֜ ⌠ ֜ ҹ

40GpbsȂ 

ҩ eBayῤ ҩ ῍ ᶏ ̆ ֟ ѿ ᴋⱵȂ ᶏ Hadoop

Ὲ ̂Fair Scheduler̃ № ȁ ӈ ᴋⱵ ȁ№ ȁ └ ҩ

ᴋⱵȁ ᴨᾢ Ȃ 

 

3-6  

ΐᵣ 3-6 ̆ 8TB 10TB ̆

HadoopҺ ԍ̔ 
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Â ԍ ӟ ̆ᶏ Hadoop ҩ ̂ ᴇ ȁ↓ ȁ

ȁ ῏ ̃ ₱ ̆ ⱴ Ẋ ⱳ ץ̆

eBay ῏ Ȃ 

Â ̆ ῃ ֲ Ҋᶏ ӟ

ҹҍ ῏ /ṿ ץ̆ № Ȃ 

eBay ֲ ᶏ Ҭ ⌠ ѿ֓∆ ⅞ Ҋ₃ҩץ ̔ 

Â ̔ ╠Һ NameNode ⱳ ̆ ᴆ Ҍ

̆ Ữ ᾝ ̆ ῤץ Ӟ Ҍ Ȃ 1PB Ữ

↕ 1GB ῤ ̆ ‗ ᶏ ⅞№̆

ᶏ HBase ZooKeeper ᾝ Ȃ 

Â N̔ameNode ֟ ᵬ ̆ ₮ԅѿ֓

̆ ᶏ ᴍ ȁ׆ Secondary NameNodeҬ ⌠ Avatar ȁ

ᾝ └ ȂeBay ֲ ֓ ԅ ֟ Ȃ 

Â ̔ Ữ ҉ ȁ

Ȃ ⅞ Hive ᾝ Owl ⱴ⌠ Ҭ̆ ҹ HowlȂ

eBay ֲ ꜜⱬ ҩ ⌠№ ҉ ̆ ץ Ҍ

Ҭ Ȃ 

Â ꜚ̔eBay ֲ ΐ̆ ҩ ΐ ץ Ҍ

ד HDFSӊ └Ȃ 

Â ̔ ȁ ᴍ ̂Hadoop Ȃ̃

eBay ֲ ԍ ᵬ Ҍ Ȃ 

Â ‰̔eBay ֲ ẫ ΐ ҹ ȁ ’ȁ ’ȁᶏ

’ Ȃ 

eBay ȁ ȁᶏ ץ̆ ᶫ ҙ ⱵȂ 

3.10.3 Hadoop  

ᵬҹῃ Ҭ Ὲ ̆ ᶫ ԍ ֟ ̆ ץ

ҹҺ ⱳ ץ̕ ҹҺ ̕ ȁ ҙ ȁMP3 ӏ

ץ̆ ̆₃Ӎ ԅҬ ҕ Ҭ Ȃ 
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̆ Ҋ № ̆

ῤ ⌠ ҉Ȃ ԑ 3-7 ̆

Ԑ ԅ̆Hadoop Ȃ ̆HadoopҺ ԍץҊ₃

ҩ ̔ 

Â Ữ ̕ 

Â № ̕ 

Â ҙ№ ̆ ҹ ῏ ̕ 

Â ̆ ⌠ ₯ ’̕ 

Â ̆№ ӊ ῏ Ȃ 

MapReduceҺ ѿ ̆Ҍ ‗ ῤҍ ῏ ̆ ֲ

ҹ 3-8 ̆HDFS ῍֣ Ữ̆ѿ֓ ᶏ MapReduce

‗ ѿ̆֓ ᶏ MPI ‗̆ ѿ֓ ң ῍ Ȃ ҹ MapReduce

ғ ⅞№ ̆ ץ ץ MapReduceẠѿ֓

̆ ⌠ ̆ MPI ѿ ̆

‗ Ȃ 

 

3-7ԑ  

 

3-8  
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3ҩ Hadoop ̆ 700 ̆ῒҬ 100

600 ̂ ױ ⱬ ԍ 200 ̃̆ Ҍ ῒ Ҍ

ⱴҬȂ MapReduceᴋⱵ 3000ҩ ̆ 120TB/ Ȃ 

ҹԅ Hadoop ̆ Ҋ₃ҩץ Ạԅ ̔ 

1) MapReduce  

Â └ᵬҙ ԍ ᴋⱵ ̕ 

Â ̆ └ ̆ѿ֓ᴋⱵҌ ̕ 

Â ῤ ’ ̕ 

Â Ҭ ₮̆ ⁞ I/O Ȃ 

2) HDFS ⱳ  

Â └̆ PB ҉ ῍֣ ̆ №

̆ᵖ └̕ 

Â № ҍ ̆ ѿ̆ҩ№ ҉ ῒז№ ץ ᶏ  ̕

Â ḱ DFSClient ◐ ᵝ ̆ ⱴⱳ ᶏ DFSClient

₮ DataNode̕  

Â ‗ VFŜ Virtual File System̃ POSIX̂ Portable Operating System Interface 

of Unix̃Ὶ Ȃ 

3) ḱ Speculative  

Â ṕ ף ̆ № Ҍ Ҍ ꜚ ’

̕ 

Â ⱴᴋⱵ ⌠ ҩ № ꜚ └̆ ‗ reduce

map ̕ 

Â ѿҩ map reduce ̆ ץ ꜚ Ȃ 

4) ᶏ └ 

Â ῤ └Ȃ ῤ ᶏ ᴪ ᵬ ѿ֓ᴋⱵ̆

ḱ Linuxῤ ᶏ ῤ └̆ ṿ

ץ Ȃ 

Â № ̆ Ữ῍֣ȁ ̆ HadoopҬ Ҍ

Ȃ 

Â ᴆ Ҭ̆X86 Ҋѿҩ 4KBȂ ̆
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ᴪ ᴪ̆ ⱴ ᵬ ᴇף ̆ ⱴ

Ȃ 

ᶏ Hadoop Ӟ ⌠ԅѿ֓ ̆Һ ̔ 

Â MapReduce ̔ ̆ ᵥ shuffle ⁞ I/O ץ

̕ ᵥ ҹ ̆ ҹ ᴪ

̆ ѿ֓ ’Ҋ Ҍ Ȃ 

Â HDFS ̔ ᵥ ץ̆ Ώ῀

̆ Hadoop Ώѿ HDFS҉ Ữѿ ̆ ᴪ ᵞȂ 

Â ῤ ᶏ r̔educer shuffleᴪ ᶏ ῤ ̆ ᵌ Linux

buddy system ‗ Ḡ̆ Hadoop ⌠ ≠ ̕ Java

ῤ ᶏ ῤ ̆ ץ ̂GC̃ ̕

ῤ └ ̆ ᴪ CPU ̆ ᴪ ῤ ᶏ ṿ ̆

⁞ ῤ └Ȃ 

Â ᵬҙ ̔ ᵥ └ᴋⱵ map reduce ᾝ ץ̆ Ḡ

ץ ᾝ̕ ᵥ TaskTracker № ץ̆└ └ᵬ

ҙ ̆ ץ ֜ᴋⱵ № №

Ȃ 

Â U̔serLogs cleanup task Ṝ ѿҊ ̆

‗ץ ̆ ᴪ ѿ ᴋⱵ ̆ ץ ׆ Java

⌠TaskTracker ‗̕ Java ᴪ ℗◓ map reduce

↕ᴪ ℗◓̆ ̆ ῏ Java ℗◓ⱳ ̕

ṜӞ ץ ̕ ΏӞ ץ

Ȃ 

Â ẫ ̔ mapper reducer ῤ └̆ ḱ

Linux ῤ ̆ ⱴῒ └ ῤ ⱳ ̕Ӟ ץ ҩ map

῍֣ѿ ῤ ѿץ̆ ⁞ᴇף ῤ ᶏ ̕ ץ DataNode

TaskTracker UGI ҹ ̕ DataNode

TaskTracker№ ꜚ̆ ḠHDFS ῃ ̆ Tracker ᵬDataNode

Ҭ ῤ ̕ Ҍ Ḡ ҩ ẫ ’Ҋ̆

̆ᵖ Ḡ Ӟ Ȃ 
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Â Streaming ̔ ̆ ̆mapper reducer

Ḥ̆ ԋ └ Ȃҹԅ ‗ ҩ ̆

ֲ Ώԅѿҩ Bistreaminĝ Binary Streaming̃̆ Java

mapper reducer ̂KeyLen̆ Key̆ ValLen̆ Valuẽ Ḥ̆

ץ ҩ Ώ Ȃ 

Â ̔ ҩ ‗Ⱳ ȁ ȁ

NameNode Job Tracker҉ Ҭ ̆ ᶫ ׆̆

Ḡ ῃ Ȃ 

Ҋѿ ᵬ Һ ᴪ Ҋῤץ ̔ 

Â ῤ ̔ ᵞ NameNode ῤ ᶏ JVM ῤ ̕ 

Â ̔ ᴋⱵ ץ ’̆ ₮ ԍ Capacity

ᵬҙ ̆ ᵬҙ ↓ΐ ᴨᾢ ғ ↓Ҭ ᵬҙ ץ Capacity̆

ץ TaskTracker№ ̕ 

Â ̔ ȁ⁞ Ữ ̆

ץ shuffle ̕ 

Â mapper reducer ᶏ └̆

Ȃץ╠ ḱ Linuxῤ └ ̆ LinuxҬ

῀ cgroup mapper reducerᶏ └̕ 

Â DataNode Ώ ҹ select ץ̆

Ώ Hypertable Ȃ 

Ӟ ᶏ Hypertablĕ ץ Google BigTableҹ №

Ữ ̆ ᵬҹ№ ҹ ̆ ᾝ Ҭ ȁῤ ᴨ ȁ

ῃẢ ȁ ꜚ Ạԅѿ֓ Ȃ 

3.10.4 Hadoop Facebook  

Facebookᵬҹῃ ֜ ̆ 3ַ ̆ῒҬ 3 ҆

ѿ ̕ ῍҉ᴰ 10ַᵩ ȁ1 ҆ҩ ץ̕

῍֣ 10ַ ῤ ̆ ȁ ȁ ȁ Ȃ Facebook Ữ

̆ ⱴ 4TB ̆ 135TB ̆ ҉
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HiveᴋⱵ 7500 ̆ 8҆ ̆ ץ Ԑ Facebook

̆ FacebookҺ Hadoop ԍ ȁ ד

Ȃ 

Facebook Ữ ≠ Hadoop/Hive ד ҉̆ ҩ ד 4800

ҩῤ ̆ΐ 5.5PB Ữ ̆ ҩ Ữ 12TB ̆ ̆ ΐ ң

̆ 3-9 ȂFacebookҬ MapReduce ꜚ ̆ ԍ ’

ӊ Ḥ ꜚ ꜚȂ 

 

3-9  

3-10ҹ Facebook ד ̆ ҩ Ҭ̆ Ⱶ ῤ Ⱶ

̆ Facebookᶏ ̆ ץ ץ Ữ NFS

Ⱶ ҉̆ᵖ № ᴪ └⌠ ѿҩҬ HDFS ᶛҬ̆ HDFS Ữ

ᴪ ⌠≠ Hive ד ҬȂHive ᶫԅ SQL ҍ MapReduce ̆

⇔ ץ̆ ױ ҉ № ȂHive ҉ ԍ

ᾛ Hive ȂOracle MySQL ֓ ̆ ֓

̆p Ȃѿ֓ ̆ Ữ Ḃ

Ữ ҉̆ 3-11 Ȃ 
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3-10 Facebook ד  

Ҋ ׃ Facebook AvatarNode Ạ ѿ֓ ᵬȂAvatarNodeҺ

ԍ HDFS ꜚ̆ HDFS ̆ ᾢ 10͘ 15№ 12GB

ᴆ Ἕ Ώ ̆ 20͘ 30№ 2000ҩ DataNode ̆

40͘ 60№ NameNode ᴆȂ 3-2 ԅ BackupNode AvatarNode

≢̆AvatarNodeᵬҹ NameNode ꜚ̆ DataNode Ȃ

AvatarDataNodeҍ DataNode ᵌ̆ ҩҺ ↓̆ᵖ №

ᴍȂֲ ᶏ AvatarShell פ ΐ ĂvatarShell ᵬ ZooKeeper

zNodĕ Ȃ№ Avatar ᴆ ᴆ ҉

Ȃ 
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3-11  

3-2 BackupNode AvatarNode ≢ 

BackupNode(‛ ᴍ) AvatarNode( ᴍ) 

Namespace ҍ  Namespace ҍ ₃ҩԊⱵ  

DataNodeḤ  ῃ DataNodeḤ  

ӊ╠ׅ 20~30№  6500҆ҩ ᴆ Ҍ ѿ№  

ԍᵝ Ҭ ѿ֓ ̔ ῤ ᴋⱵ ᴪ №

ᵞῤ TaskTracker̕ CPU ᾟ№≠ ̕ҹҌ ᴆ TaskTracker

Ӟ ȂFacebook ԍ ̆ Ὲ ֣ ̆

CPU ῤ ᶏ ’̆ ᴪ№ ῤ ’̆ ᴋⱵӊ

Ὲ № ᴋⱵ ῤ ᶏ Ȃ /proc/ ̆ ҉ CPU

ῤ ᶏ Ḥ ̆ TaskCounters ̂heartbeat̃ Ḥ Ȃ 

Facebook ד ᶏ Hive ῒ̆ 3-12 Ȃ HDFS ҈ ᴆ ̔

ᴆ̂TextFilẽ ̆ Ḃῒז Ώ̕ ᴆ̂SequenceFilẽ̆ Hadoop

№ ̕RCFilĕ ᶏ ᴆ ԍ Ữ ̆ ҩ ↓ Ữ̆

ȂFacebook ᴪ Hive҉ ץ̆ ȁ ȁ

ⱳ Ȃ 
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3-12 Hive ᵣ  

Facebookᶏ Hadoop ⌠ ̔ 

 ̧ Ⱶ ̔ ᴋⱵᴪ ̕ 

 ̧ ῃ ̔ ᴆ NameNodeԊⱵ ᵥ ̕ 

 ̧ ̔ ᵥ ץ ᵥ ̕ 

 ̧ ̔ ᵥ ‗ Ȃ 

3.11  Hadoop ҏ  

Yahoo! ֲ ᶏ Hadoop ԅ Jim Gray ‰ ̆ ῏ ‰̆

ҩ ‰ ↕Ȃ ‰ Ҍ └ ̆

ҩ ҹ 100 ̆ῒҬ╠ 10 ̆▼ᵩ № ṿȂMinuteSort ѿ

№ ῤ ĞraySort ̂ 100TB̃

̂TBs/minutẽȂ ‰ ↕ΐᵣ Ҋ̔ 

Â ῀ ҍ ῃ ̕ 

Â ᴋⱵ Ṝ̆ ῀ Ҍ ᵬ ᴆ ҬȂ Linux Ҋ̆

ӊ ᶏ ῤ ֜ ῒזῤ ̕ 

Â ῀ ₮ ̕ 

Â ₮Ҍ ῀ Ώ̕ 
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Â ₮ ᴆ ⌠ ҉̕ 

Â ῀ ₮ ҩ /ṿ CRC32̆ ῍ 128ᵝ ̆ ̆ ῀

₮ ̕ 

Â ₮ № ҩ ₮ ᴆ̆ Ӈ ῃ Ӟ̆ ֓ ₮ ᴆ

ץ ῃ ₮̕ 

Â № ⌠ ҉Ӟ ῀ ῤ̕ 

Â ᴋᵥ Ӟ ῀ ῤȂ 

Yahoo! ֲ ᶏ Hadoop ↓ 1TB 62 ̆ ↓ 1PB 16.25ҩ

̆ΐᵣ 3-3 ̆ ԅ Daytona GraySort MinuteSort ≢  ´Ȃ 

3-3 ҍ  

̂Bytes̃   ◐   

500,000,000,000 1406 1 59  

1,000,000,000,000 1460 1 62  

100,000,000,000,000 3452 2 173№  

1,000,000,000,000,000 3658 2 957№  

Ҋ ῤ ‰ ̂http://sortbenchmark.org/̃҉ ῏ᶏ Hadoop

῏ῤ Ȃ 

Yahoo! ֲ Ώԅ҈ҩ Hadoop TB ̔ 

Â TeraGen ֟ map/reduce ̕ 

Â TeraSort ̆ ᶏ map/reduce ̕ 

Â TeraValidate ₮ map/reduce Ȃ 

TeraGen ֟ ̆ ↓ ғ ᴋⱵ ҹ ҩ map№ ᴋ

Ⱶ̆ ҩ mapᴋⱵ֟ № ῤ Ȃ ̆TeraGenᶏ 1800ҩᴋⱵ֟

῍ 100ַ Ữ HDFS҉̆ ҩ Ữ ҹ 512MBȂ 

TeraSort ‰ map/reduce ̆ᵖ ᶏ Ҍ № Ȃ Ҭᶏ

N-1ҩ ṿ ҹ reduceᴋⱵ№ Ȃɒ ̆ ṿ key

sample[i-1]<=key<sample[i] ᴪ№ iҩ reduceᴋⱵȂ Ḡ ԅ iҩ reduce

ᴋⱵ ₮ i+1ҩ reduceᴋⱵ ₮ Ȃҹԅⱴ № №̆

ṿ҉ ң ȂTeraSort ᴋⱵ ֜ӊ╠ ῀ Ҭ ̆ ֟
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Ώ῀ HDFS ҬȂ ԅ ῀ ₮ ̆ᶏ ҈ҩ ץ

Ώ῀ ȂreduceᴋⱵ ◐ 3̆ ҹ 1̆ ҹ ₮ Ҍ └⌠

ҩ ҉Ȃ ᴋⱵҹ 1800ҩ mapᴋⱵ 1800ҩ reduceᴋⱵ̆ ҹᴋⱵ

ԅᾟ ̆ ֟ Ҭ ₮⌠ ҉Ȃ ᶏ 100000ҩ ṿ ‗ reduce

ᴋⱵ ̆ 3-13 ̆№ Ҍ Ȃ 

TeraValidateḠ ₮ ῃ ̆ ҹ ₮ ҩ ᴆ№ ѿҩ mapᴋ

Ⱶ̂ 3-10 ̃̆ mapᴋⱵ ҩṿ ԍ ԍ╠ѿҩṿ̆ ₮ ṿ

ṿ reduceᴋⱵ̆reduceᴋⱵ i ҩ ᴆ ṿ ԍ i-1 ᴆ ṿ̆

Ҍ ↕֟ Ȃ 

 

3-13 reduceᴋⱵ ₮ №  

҉ץ ҉̆ῒ ҹ̔ 

Â 910ҩ ̕ 

Â ҩ 4ҩ 2.0GHz ̕ 

Â ҩ 4ҩ SATA ̕ 

Â ҩ 8GB ῤ ̕ 

Â ҩ 1GB ץ ̕ 

Â 40ҩ ѿҩ rack̕  

Â ҩ rack⌠ 8GB ץ ̕ 

Â ᵬ ҹ Red Hat Enterprise Linux Server Release 5.1(kernel 2.6.18) ̕  

Â JDKҹ Sun Java JDK 1.6.0_05-b13Ȃ 
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ҩ 209 ̂3.48№ ̃ῤ ̆ 910ҩ ̆ᵖ

ҍῒז 2000ҩ ῍֣ ̆ ץ ᴪ ҹῒז ꜚ Ȃ 

ᶏ Hadoop GraySort ‰ Y̆ahoo! ֲ ҉ map/reduce

ⱴḱ ץ ↕̆ ҩ №ҹ 4ҩ №̆№≢ҹ̔ 

Â TeraGen ֟ map/reduce ̕ 

Â TeraSort ̆ ᶏ map/reduce ̕ 

Â TeraSum map/reduce ̆ ҩ /ṿ CRC32̆ ῍ 128ᵝ ̕ 

Â TeraValidate ₮ map/reduce ̆ ғ

Ȃ 

TeraGen TeraSortҍ҉ ׃ ѿ T̆eraValidate ԅ ⱴԅ ₮

ᴋⱵץ ̆ῒז ѿ ̆ ҌῬ Ȃ 

TeraSum ҩ /ṿ CRC32 ̆ ҩmapᴋⱵ ῀ ₮̆

ѿҩ reduceᴋⱵ ҩ map ⱴȂ ҩ ῀ Ҋ ҩ /

ṿ ̆ ₮ Ȃ 

 

3-14 ҩ ᴋⱵ  

‰ Yahoo! Hammer ҉̆ ΐᵣ Ҋ̔ 

Â 3800ҩ ̂ Ҭ̆ѿ֓ ᴪ ̃̕  

Â ҩ ңҩ 2.5GHz Xeons ̕ 

Â ҩ 4ҩ SATA ̕ 

Â ҩ 8GBῤ ̂ PB ╠ᴪ ⌠ 16GB̃̕  
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Â ҩ 1GB ץ ̕ 

Â ҩ rack 40ҩ ̕ 

Â ҩ ⌠ 8GB ץ ̕ 

Â ᵬ ҹ Red Hat Enterprise Linux Server Realease 5.1̂kernel 2.6.18̃̕  

Â JDKҹ Sun Java JDK̂ 1.6.0 05-b13 and 1.6.0 13-b03̃ ̂32 and 64 bit̃Ȃ 

ԍ ̆ NameNode JobTrackerᶏ 64ᵝ JVMȂ

Hadoop ӞẠԅѿ֓ ̆Һ ̔ 

Â ԅ Hadoop shuffle reducer №̆ ԅ shuffle 

̆ ԅ ̆ ғף Ӟ ԅ̕  

Â shuffle ׆ѿҩ ҩ map ̆ Ҍ ӊ╠ ѿ ѿҩ

Ȃ ԅ ᵩ ᴰ ̕ 

Â ᾛ shuffle ̆ ↕ ץ ῒ⁞ ̆ ҹѿ֓

’Ҋ shuffleᴪ ⌠ Ả ̆ ᴪ ⱴᴋⱵ ̕ 

Â TCPҹ ⱴ TaskTracker TaskTrackerӊ ping ⁞ץ̆

̕ 

Â ⱴѿ֓ף ̆ ׆ shuffleᴰ ̆ reduceᴋⱵ

Ȃ 

Â map ₮ Ṝᶏ LZO ̆LZO 45% ̕ 

Â shuffle ̆ ῤ Ҭ map ₮ Ṝ ԅ reduce ῤ

⌠ῤ ̆ ⁞ ԅ reduce ᵬ ̕ 

Â ᶏ ̆ Ώѿҩ ԍ ṿ № ҹ № ̕ 

Â ҉̆ TaskTracker JobTrackerӊ

⁞ץ̆ ̂ ҹ 10 /1000 ̆ ҹ 2 /1000 ̃̕  

Â JobTracker ᾢ ᾢ Ⱶ ҹ TaskTracker№ ᴋⱵ̆ ᴋⱵ

№ Ҍ № Ȃ׆ῃ ̆ ѿ ҹ map№

ᴋⱵ̆ ᴪ № ̆ᵖ ҹ Hadoop ῃ

̆ ԅ TeraSort ῃ ̕ 

Â Hadoop0.20 ⱴԅ ᴋⱵ ⱳ ̆ᵖ ‰ Ҍ ̆

ץ ҹҌ ꜚ ⁞ ᴋⱵ ̕ 

Â − ԅ Ҭҍ ᴋⱵ ῏ ѿ֓ ̆ ҹ ᴪ ⱴᴋⱵ
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̕ 

Â ᾛ ҹᴋⱵ ≢̆ ≢ ׆ץ INFO⌠ WARN ⁞

ῤ ⁞̆ ῤ ̆p ⱴԅ №

̕ 

Â ᴨ ᴋⱵ№ ף ̆ᵖ Ȃ ╠̆ ῀ ᴆᶏ RPC ⌠ NameNode

҉ᴪ Ȃ 

Hadoopҍ҉ ԅ ̆ ץ ῤ ᴋⱵȂṿ

̆ № Ҭ ̆ ᴪ

Ȃᵖ Hadoop ̆ ᴆ ̆ Ӟ Ҍ

ԅȂҌ 3-3 Ȃ 

ҹ ̆ ᶏץ Ҭ №

Ȃ ₮◐ ҹ 1̆ ҹ ҩ ғ ҉̆

Ȃ ҉̆ ᾧ ԍ̆ ◐

ҹ 2ȂHDFSḠ Ҍᴪҡ ̆ ҹҌ ◐ Ҍ ҉Ȃ 

Yahoo! ֲ ԅ JobTracker҉׆ᴋⱵ ֜ ’ ᴋⱵ ̆

3-15ȁ 3-16ȁ 3-17ȁ 3-18 ԅ ҩ Ҋ ᴋⱵ Ȃmaps ѿҩ ̆ reduces

҈ҩ ̔shuffleȁmerge reduceȂshuffle ׆ mapsҬ ̆merge Ҭ

Ҍ r̕educe Ώ⌠ HDFS҉Ȃ ֓ ҍ 3-10 ̆

ᵰᴪ ᴋⱵ ԅȂ 3-10 ѿҩᴋⱵ̆ Ӈ ᴋⱵ

40 ̆ Hadoop ץ ѿҩ TaskTracker̆ ⁞ ᴋⱵ

Ȃ 

̆ ᴰ ᴋⱵ Ӟ Ȃ PB

Ҭ̆ ҩ map 15GB Ҍ 128MB̆ ҩ reduce 50GB Ȃ

1.5GB/map ̆ 40ҩ Ȃ ̆ҹԅ ⱴ ̆ ⱴ

ҩ Ȃ 
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3-15 ҹ 500GB ᴋⱵ  

 

3-16 ҹ 1TB ᴋⱵ  


