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WHAT

Source: http://www.2010taipeiexpo.tw/ct.asp?xItem=17186&CtNode=5952&mp=3 

WhatWhat is Big Data ?  is Big Data ? 何謂海量資料何謂海量資料WhatWhat is Big Data ?  is Big Data ? 何謂海量資料何謂海量資料

挑戰：管理維度挑戰：管理維度
The Six DimensionsThe Six Dimensions
挑戰：管理維度挑戰：管理維度

The Six DimensionsThe Six Dimensions
定義定義

DefinitionsDefinitions
定義定義

DefinitionsDefinitions
趨勢趨勢
TrendsTrends
趨勢趨勢
TrendsTrends

http://www.2010taipeiexpo.tw/ct.asp?xItem=17186&CtNode=5952&mp=3
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Trends …. It's all about Trends …. It's all about BuzzwordsBuzzwords .....  ..... 「趨勢」亦或「流行語」？「趨勢」亦或「流行語」？
Web 3.0, Cloud Computing, Social Network, Big Data, ….Web 3.0, Cloud Computing, Social Network, Big Data, ….

整體而言，雲端運算（ Cloud 
Computing ）與社交網路（ Social 
Network ）呈現上揚。且社交網路
比雲端運算還引人注目。

語意網（ Semantic Web ）從 2001
年開始制定標準後，逐漸下滑。而
同義詞 Web 3.0 也呈現相似趨勢。
海量資料（ Big Data ）與其關鍵
技術 Hadoop ，則仍在上揚中。
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Trends of Market Needs Trends of Market Needs 市場需求趨勢市場需求趨勢

美國軟體就業市場分析，根據
indeed 與 simply hired 兩間公司的
趨勢觀察，都得到一樣的結果：
Big Data > Cloud Computing > 
Hadoop > NoSQL

Gartner CIO Agenda 2012 前三名：
[1] Business Intelligence (Big Data)
[2] Mobile technology
[3] Cloud Computing

參考來源： http://www.gartner.com/DisplayDocument?id=1524714

http://www.gartner.com/DisplayDocument?id=1524714
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How BIG? How BIG? 讓我們先來認識一下容量單位讓我們先來認識一下容量單位
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出處：Extracting Value from Chaos,
June 2011, An IDC White Paper - sponsored by EMC
http://www.emc.com/collateral/about/news/idc-emc-digital-universe-2011-infographic.pdf 

追蹤歷年的 IDC數據：

2006  161 EB
2007  281 EB
2008  487 EB
2009  800 EB (0.8 ZB) 
2010  988 EB ( 預測 )
2010 1200 EB (1.2 ZB)
2011 1773 EB ( 預測 )
2011 1800 EB (1.8 ZB)

Data expanded 2x each year !!Data expanded 2x each year !!每年約略兩倍每年約略兩倍

景氣差而成長趨緩？
或受新技術抑制？

http://www.emc.com/collateral/about/news/idc-emc-digital-universe-2011-infographic.pdf
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海量資料泛指資料大小已無法用一般軟體擷取、管理與處理；
單一資料集大小介於數十 TB至數 PB 的資料。

'Big Data' = few dozen TeraBytes to PetaBytes in single data set.

What is Big Data?! What is Big Data?! 何謂『海量資料』？何謂『海量資料』？

多個檔案，容量 100TB 一個資料庫，容量 100TB 一個檔案，容量 100TB

出處： http://en.wikipedia.org/wiki/Big_data 

http://en.wikipedia.org/wiki/Big_data
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Gartner Big Data Model ?Gartner Big Data Model ? 海量資料的模型？海量資料的模型？

海量資料的挑戰在於如何管理「數量」、「增加率」與「多樣性」

Volume 資料數量
(amount of data)

Velocity 資料增加率
(speed of data in/out)

Variety 資料多樣性
(data types, sources)

Batch (批次作業 )

Realtime (即時資料 )

TB

EB

Unstructured
非結構化資料

Semi-structured
半結構化資料

Structured
結構化資料

PB

參考來源：
[1] Laney, Douglas. "3D Data Management: Controlling 
Data Volume, Velocity and Variety" (6 February 2001)
[2] Gartner Says Solving 'Big Data' Challenge Involves 
More Than Just Managing Volumes of Data, June 2011

http://blogs.gartner.com/doug-laney/files/2012/01/ad949-3D-Data-Management-Controlling-Data-Volume-Velocity-and-Variety.pdf
http://blogs.gartner.com/doug-laney/files/2012/01/ad949-3D-Data-Management-Controlling-Data-Volume-Velocity-and-Variety.pdf
http://www.gartner.com/it/page.jsp?id=1731916
http://www.gartner.com/it/page.jsp?id=1731916
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Six Dimensions of Big Data?Six Dimensions of Big Data? 六個維度？六個維度？

VelocityVelocity
資料增加率資料增加率
VelocityVelocity
資料增加率資料增加率

VolumeVolume
資料數量資料數量
VolumeVolume
資料數量資料數量

VarietyVariety
資料多樣性資料多樣性
VarietyVariety

資料多樣性資料多樣性

資料驗證資料驗證
ValidationValidation
資料驗證資料驗證

ValidationValidation

資料複雜度資料複雜度
ComplexityComplexity
資料複雜度資料複雜度

ComplexityComplexity
資料族系資料族系
LineageLineage
資料族系資料族系
LineageLineage

Source: Big Data, not Big Problems, http://www.talend.com/products-big-data/ 

http://www.talend.com/products-big-data/
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12D of Information Management?12D of Information Management? 1212個維度？個維度？

Source: Gartner (March 2011), 'Big Data' Is Only the Beginning of Extreme 
Information Management, 7 April 2011, http://www.gartner.com/id=1622715 

Big Data
只是終極
資訊管理
的開端！

權限管控

品質管控

數量管控

http://www.gartner.com/id=1622715


建立建立 APIAPI
Public APIPublic API

供應鍊共享供應鍊共享
Supply ChainSupply Chain

建立私有雲建立私有雲
Build Private CloudBuild Private Cloud

導入公有雲導入公有雲
Adopt Public CloudAdopt Public Cloud
/ Community Cloud/ Community Cloud

Roadmap to build Your Enterprise Cloud !!Roadmap to build Your Enterprise Cloud !!
佈建企業雲端的時程規劃佈建企業雲端的時程規劃

形成混合雲形成混合雲
Be Hybrid CloudBe Hybrid Cloud

分析平台分析平台
PaaSPaaS

基礎建設基礎建設
IaaSIaaS

智慧服務智慧服務
SaaSSaaS

初期常態租賃初期常態租賃
Static VMStatic VM

後期動態租賃後期動態租賃
Dynamic VMDynamic VM

採用雲端服務採用雲端服務
Cloud CRMCloud CRM

上下游整合上下游整合
Mashup ServiceMashup Service

目前多數
還在這裡
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Three Solutions !! Three Solutions !! 三種服務模式三種服務模式 vs.vs. 三類因應對策三類因應對策

IaaSIaaS
Infrastructure as a ServiceInfrastructure as a Service

架構即服務架構即服務

IaaSIaaS
Infrastructure as a ServiceInfrastructure as a Service

架構即服務架構即服務

PaaSPaaS
Platform as a ServicePlatform as a Service

平台即服務平台即服務

PaaSPaaS
Platform as a ServicePlatform as a Service

平台即服務平台即服務

SaaSSaaS
Software as a ServiceSoftware as a Service

軟體即服務軟體即服務

SaaSSaaS
Software as a ServiceSoftware as a Service

軟體即服務軟體即服務

VirtualizationVirtualization
虛擬化技術虛擬化技術

VirtualizationVirtualization
虛擬化技術虛擬化技術

Data AnalysisData Analysis
資料分析資料分析

Data AnalysisData Analysis
資料分析資料分析

Web 2.0Web 2.0
網頁服務網頁服務
Web 2.0Web 2.0
網頁服務網頁服務

(A) (A) 儲存虛擬化儲存虛擬化
(B) (B) 備援與加密備援與加密
(A) (A) 儲存虛擬化儲存虛擬化
(B) (B) 備援與加密備援與加密

(A) (A) 資料整合資料整合
(B) (B) 資料探勘資料探勘
(A) (A) 資料整合資料整合
(B) (B) 資料探勘資料探勘

(A) (A) 提供提供 APIAPI 介面介面
(B) (B) 分散式資料庫分散式資料庫
(A) (A) 提供提供 APIAPI 介面介面
(B) (B) 分散式資料庫分散式資料庫
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Data Scientist !!Data Scientist !! 資料科學家資料科學家 !!!!

會「統計」的人照過來！
財星雜誌 (FORTUNE) 等均報導今年
最熱門的職缺是「資料科學家」！

Source : 
http://tech.fortune.cnn.com/2011/09/06/data-scientist-the-hot-new-gig-in-tech/ 

    http://visualoop.tumblr.com/post/4052912103/the-role-of-the-data-scientist 

http://tech.fortune.cnn.com/2011/09/06/data-scientist-the-hot-new-gig-in-tech/
http://visualoop.tumblr.com/post/4052912103/the-role-of-the-data-scientist
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Hot Jobs in Big DataHot Jobs in Big Data
從海量資料的熱門工作談起從海量資料的熱門工作談起

How to Get a Hot Job in Big Data, Dan Tynan, InfoWorld, March 19, 2012  
出處： http://www.cio.com/article/print/702388 

Data DiscoveryData Discovery       資料鑑識資料鑑識Data DiscoveryData Discovery       資料鑑識資料鑑識

Data Manipulation Data Manipulation 資料操控資料操控Data Manipulation Data Manipulation 資料操控資料操控

Data AnalysisData Analysis     資料分析 資料分析 Data AnalysisData Analysis     資料分析 資料分析 

Data Visualization Data Visualization 資料視覺化資料視覺化Data Visualization Data Visualization 資料視覺化資料視覺化

Data MiningData Mining       資料探勘資料探勘Data MiningData Mining       資料探勘資料探勘

http://www.cio.com/article/print/702388
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Applications of Data MiningApplications of Data Mining
資料探勘的應用資料探勘的應用 -- 搜尋引擎搜尋引擎

檔案搜尋檔案搜尋

信件搜尋信件搜尋 即時通訊搜尋即時通訊搜尋

資料庫搜尋資料庫搜尋

「網頁搜尋」「網頁搜尋」
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Applications of Data VisualizationApplications of Data Visualization
資料視覺化的應用資料視覺化的應用 --InfographicsInfographics

參考來源：未來「夯」職業：資料科學家 http://www.bnext.com.tw/print/article/id/21740
　　　　　淺談超吸睛的資訊圖表   http://www.inside.com.tw/2011/04/13/infographics

http://www.bnext.com.tw/print/article/id/21740
http://www.inside.com.tw/2011/04/13/infographics
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Applications of Data AnalysisApplications of Data Analysis
資料分析的應用資料分析的應用 -- 商業智慧商業智慧 (BI)(BI)

圖片來源： http://bizcubic.com/wp-content/uploads/2010/01/business-intelligence-dashboard.jpg 

http://bizcubic.com/wp-content/uploads/2010/01/business-intelligence-dashboard.jpg
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Applications of Data Applications of Data DiscoveryDiscovery
數位鑑識數位鑑識 --資訊與法律的結合資訊與法律的結合

http://www.solventosoft.com/upload/ANPR_02s.gif 

http://blog.udn.com/kf0630/6018593 

http://www.solventosoft.com/upload/ANPR_02s.gif
http://blog.udn.com/kf0630/6018593
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Data, Information, Knowledge, WisdomData, Information, Knowledge, Wisdom
知識管理模型：資料、資訊、知識與智慧知識管理模型：資料、資訊、知識與智慧

http://www.pursuantgroup.com/blog/tag/dikw-model/ 

http://www.pursuantgroup.com/blog/tag/dikw-model/
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The SMAQ stack for big dataThe SMAQ stack for big data
海量資料處理的資訊架構海量資料處理的資訊架構

參考來源： The SMAQ stack for big data ， Edd Dumbill ， 22 September 2010 ，　　　
　　　　　 http://radar.oreilly.com/2010/09/the-smaq-stack-for-big-data.html
圖片來源： http://smashingweb.ge6.org/wp-content/uploads/2011/10/apache-php-mysql-ubuntu.png 

做網頁相關的人可能聽過 LAMP
未來處理海量資料的人必需知道
SMAQ （ Storage, MapReduce and Query ）

http://radar.oreilly.com/2010/09/the-smaq-stack-for-big-data.html
http://smashingweb.ge6.org/wp-content/uploads/2011/10/apache-php-mysql-ubuntu.png
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The SMAQ stack for big dataThe SMAQ stack for big data
海量資料處理的資訊架構海量資料處理的資訊架構

參考來源： The SMAQ stack for big data ， Edd Dumbill ， 22 September 2010 ，　　　
　　　　　 http://radar.oreilly.com/2010/09/the-smaq-stack-for-big-data.html

用來儲存分散、沒有關聯
的非結構化資料

http://radar.oreilly.com/2010/09/the-smaq-stack-for-big-data.html
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The SMAQ stack for big dataThe SMAQ stack for big data
海量資料處理的資訊架構海量資料處理的資訊架構

參考來源： The SMAQ stack for big data ， Edd Dumbill ， 22 September 2010 ，　　　
　　　　　 http://radar.oreilly.com/2010/09/the-smaq-stack-for-big-data.html

運用批次處理的方式，將
運算工作平均分散到許多

的伺服器做運算。

http://radar.oreilly.com/2010/09/the-smaq-stack-for-big-data.html
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The SMAQ stack for big dataThe SMAQ stack for big data
海量資料處理的資訊架構海量資料處理的資訊架構

參考來源： The SMAQ stack for big data ， Edd Dumbill ， 22 September 2010 ，　　　
　　　　　 http://radar.oreilly.com/2010/09/the-smaq-stack-for-big-data.html

將算完的結構化資料儲存
到可供查詢的資料庫系統

http://radar.oreilly.com/2010/09/the-smaq-stack-for-big-data.html
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Three Core Technologies of Google ....Three Core Technologies of Google ....
GoogleGoogle 的三大關鍵技術的三大關鍵技術  ........

• Google 在一些會議分享他們的三大關鍵技術
• Google shared their design of web-search engine

– SOSP 2003 :
–  “The Google File System”
– http://labs.google.com/papers/gfs.html 

– OSDI 2004 :
–  “MapReduce : Simplifed Data Processing on Large Cluster”
– http://labs.google.com/papers/mapreduce.html

– OSDI 2006 : 
– “Bigtable: A Distributed Storage System for Structured Data”
– http://labs.google.com/papers/bigtable-osdi06.pdf 

http://labs.google.com/papers/gfs.html
http://labs.google.com/papers/mapreduce.html
http://labs.google.com/papers/bigtable-osdi06.pdf
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Open Source Mapping of Google Core TechnologiesOpen Source Mapping of Google Core Technologies
GoogleGoogle 三大關鍵技術對應的自由軟體三大關鍵技術對應的自由軟體

Open Source Mapping of Google Core TechnologiesOpen Source Mapping of Google Core Technologies
GoogleGoogle 三大關鍵技術對應的自由軟體三大關鍵技術對應的自由軟體

Hadoop Distributed File System (HDFS)Hadoop Distributed File System (HDFS)
Sector Distributed File SystemSector Distributed File System

Hadoop Distributed File System (HDFS)Hadoop Distributed File System (HDFS)
Sector Distributed File SystemSector Distributed File System

Hadoop MapReduce APIHadoop MapReduce API
Sphere MapReduce API, ...Sphere MapReduce API, ...
Hadoop MapReduce APIHadoop MapReduce API

Sphere MapReduce API, ...Sphere MapReduce API, ...

HBase, HBase, HypertableHypertable
Cassandra, ....Cassandra, ....

HBase, HBase, HypertableHypertable
Cassandra, ....Cassandra, ....

Google File SystemGoogle File System
To store petabytes of dataTo store petabytes of data
Google File SystemGoogle File System

To store petabytes of dataTo store petabytes of data

MapReduceMapReduce
To parallel process dataTo parallel process data

MapReduceMapReduce
To parallel process dataTo parallel process data

BigTableBigTable
A huge key-value datastoreA huge key-value datastore

BigTableBigTable
A huge key-value datastoreA huge key-value datastore

更多不同語言的 MapReduce API實作：
http://trac.nchc.org.tw/grid/intertrac/wiki%3Ajazz/09-04-14%23MapReduce

其他值得觀察的分散式檔案系統：
 IBM GPFS - http://www-03.ibm.com/systems/software/gpfs/
 Lustre - http://www.lustre.org/ 
 Ceph - http://ceph.newdream.net/ 

http://trac.nchc.org.tw/grid/intertrac/wiki%3Ajazz/09-04-14%23MapReduce
http://www-03.ibm.com/systems/software/gpfs/
http://www.lustre.org/
http://ceph.newdream.net/
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HadoopHadoopHadoopHadoop
• http://hadoop.apache.org 
• Hadoop 是 Apache Top Level 開發專案
• Hadoop is Apache Top Level Project
• 目前主要由 Yahoo! 資助、開發與運用
• Major sponsor is Yahoo!
• 創始者是 Doug Cutting ，參考 Google Filesystem
• Developed by Doug Cutting, Reference from Google Filesystem
• 以 Java 開發，提供 HDFS 與 MapReduce API 。
• Written by Java, it provides HDFS and MapReduce API
• 2006 年使用在 Yahoo內部服務中
• Used in Yahoo since year 2006
• 已佈署於上千個節點。
• It had been deploy to 4000+ nodes in Yahoo
• 處理 Petabyte等級資料量。
• Design to process dataset in Petabyte

Facebook、Last.fm
、Joost are also 
powered by Hadoop

http://hadoop.apache.org/
http://hadoop.apache.org/
http://hadoop.apache.org/
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Sector / SphereSector / SphereSector / SphereSector / Sphere

• http://sector.sourceforge.net/
• 由美國資料探勘中心研發的自由軟體專案。
• Developed by National Center for Data Mining, USA
• 採用 C/C++ 語言撰寫，因此效能較 Hadoop 更好。
• Written by C/C++, so performance is better than Hadoop
• 提供「類似」 Google File System 與 MapReduce 的機制
• Provide file system similar to Google File System and MapReduce API

• 基於UDT高效率網路協定來加速資料傳輸效率
• Based on UDT which enhance the network performance
• Open Cloud Testbed有提供測試環境，並開發MalStone效能評比軟體
• Open Cloud Consortium provide Open Cloud Testbed and develop 

MalStone toolkit for benchmark

http://sector.sourceforge.net/
http://sector.sourceforge.net/
http://sector.sourceforge.net/
http://udt.sourceforge.net/
http://udt.sourceforge.net/
http://www.opencloudconsortium.org/testbed.html
http://www.opencloudconsortium.org/testbed.html
http://code.google.com/p/malgen
http://code.google.com/p/malgen
http://code.google.com/p/malgen
http://www.opencloudconsortium.org/
http://www.opencloudconsortium.org/testbed.html
http://www.opencloudconsortium.org/testbed.html
http://code.google.com/p/malgen/wiki/Malstone
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Why we choice Hadoop? Good Ecosystem!Why we choice Hadoop? Good Ecosystem!

豐富的生態系建構出處理海量資料的工具庫豐富的生態系建構出處理海量資料的工具庫

http://rationalintelligence.com/wp_log/?p=104 

http://rationalintelligence.com/wp_log/?p=104
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BI and EDW build on Hadoop EcosystemBI and EDW build on Hadoop Ecosystem
運用運用 HadoopHadoop生態系搭建資料倉儲與商業智慧分析生態系搭建資料倉儲與商業智慧分析

http://rationalintelligence.com/wp_log/?p=104 

http://rationalintelligence.com/wp_log/?p=104


Hadoop

Tomcat

Crawlzilla System Management

Lucene

Nutch
JSP + Servlet + JavaBean

PC1 PC2 PC3

Web UI ( Crawlzilla Website + Search Engine)

Build your own search engine, tooBuild your own search engine, too
您也能用您也能用 HadoopHadoop搭建自己的搜尋引擎搭建自己的搜尋引擎
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Microsoft love Hadoop, tooMicrosoft love Hadoop, too
微軟幫微軟幫 AzureAzure 還有還有 SQL ServerSQL Server 都接上都接上 HadoopHadoop

參考來源： Big Data Solution | Microsoft SQL Server 2008 R2
http://www.microsoft.com/sqlserver/en/us/solutions-technologies/business-intelligence/big-data-solution.aspx

http://www.microsoft.com/sqlserver/en/us/solutions-technologies/business-intelligence/big-data-solution.aspx
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Oracle love Hadoop, tooOracle love Hadoop, too
OracleOracle 也接上也接上 HadoopHadoop

參考來源： Cloudera teams up to connect Oracle and Hadoop
　　　　　 http://news.cnet.com/8301-13846_3-20008242-62.html 

http://news.cnet.com/8301-13846_3-20008242-62.html
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Hinet Application of Big DataHinet Application of Big Data
中華電信已經在做的海量資料應用中華電信已經在做的海量資料應用

參考來源：中華電信：分析駭客行為，拓展對外新服務，發表日期： 2012-03-06
　　　　　 http://www.bnext.com.tw/print/article/id/22333

http://www.bnext.com.tw/print/article/id/22333
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Hinet Application of Big DataHinet Application of Big Data
中華電信已經在做的海量資料應用中華電信已經在做的海量資料應用

參考來源：中華電信用 Hadoop 技術分析通話明細，發表日期： 2011-06-12
　　　　　 http://www.ithome.com.tw/itadm/article.php?c=68023 

http://www.ithome.com.tw/itadm/article.php?c=68023
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Hadoop Hadoop 是一個讓使用者簡易撰寫並是一個讓使用者簡易撰寫並
執行執行處理海量資料處理海量資料應用程式的應用程式的軟體平台軟體平台。。

亦可以想像成一個亦可以想像成一個處理海量資料的生產線處理海量資料的生產線，只須，只須
學會定義 學會定義 map map 跟 跟 reduce reduce 工作站工作站該做哪些事情。該做哪些事情。

Hadoop Hadoop 是一個讓使用者簡易撰寫並是一個讓使用者簡易撰寫並
執行執行處理海量資料處理海量資料應用程式的應用程式的軟體平台軟體平台。。

亦可以想像成一個亦可以想像成一個處理海量資料的生產線處理海量資料的生產線，只須，只須
學會定義 學會定義 map map 跟 跟 reduce reduce 工作站工作站該做哪些事情。該做哪些事情。

What is Hadoop ?What is Hadoop ?
用一句話解釋 用一句話解釋 Hadoop Hadoop 是什麼是什麼 ????

Hadoop is a Hadoop is a software platformsoftware platform  
that lets one easily write and run that lets one easily write and run 

applications that applications that process vast process vast 
amounts of data. amounts of data. 
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Features of Hadoop ...Features of Hadoop ...
Hadoop Hadoop 這套軟體的特色是這套軟體的特色是 ......

• 海量 Vast Amounts of Data
– 擁有儲存與處理大量資料的能力
– Capability to STORE and PROCESS vast amounts of data.

• 經濟 Cost Efficiency
– 可以用在由一般 PC 所架設的叢集環境內

– Based on large clusters built of commodity hardware.

• 效率 Parallel Performance
– 透過分散式檔案系統的幫助，以致得到快速的回應

– With the help of HDFS, Hadoop have better performance.

• 可靠 Robustness
– 當某節點發生錯誤，能即時自動取得備份資料及佈署運算資源

– Robustness to add and remove computing and storage 
resource without shutdown entire system.
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Founder of Hadoop – Doug CuttingFounder of Hadoop – Doug Cutting
Hadoop Hadoop 這套軟體的創辦人 這套軟體的創辦人 Doug CuttingDoug Cutting

Doug Cutting Talks About The Founding Of Hadoop  
http://www.youtube.com/watch?v=qxC4urJOchs

http://www.youtube.com/watch?v=qxC4urJOchs
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History of Hadoop … History of Hadoop … 2002~20042002~2004
Hadoop Hadoop 這套軟體的歷史源起這套軟體的歷史源起 ... 2002~2004... 2002~2004

• Lucene
– http://lucene.apache.org/
– 用Java 設計的高效能文件索引引擎API
– a high-performance, full-featured text search 

engine library written entirely in Java. 
– 索引文件中的每一字，讓搜尋的效率比傳統逐字
比較還要高的多

– Lucene create an inverse index of every word in 
different documents. It enhance performance of 
text searching.

http://lucene.apache.org/
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History of Hadoop … History of Hadoop … 2002~20042002~2004
Hadoop Hadoop 這套軟體的歷史源起這套軟體的歷史源起 ... 2002~2004... 2002~2004

• Nutch 
– http://nutch.apache.org/ 
– Nutch 是基於開放原始碼所開發的網站搜尋引擎

– Nutch is open source web-search software.
– 利用Lucene 函式庫開發
– It builds on Lucene and Solr, adding web-

specifics, such as a crawler, a link-graph 
database, parsers for HTML and other 
document formats, etc.

http://nutch.apache.org/
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Three Gifts from Google ....Three Gifts from Google ....
來自來自 GoogleGoogle 的三個禮物 的三個禮物 ........

• Nutch 後來遇到儲存大量網站資料的瓶頸

• Nutch encounter storage issue

• Google 在一些會議分享他們的三大關鍵技術

• Google shared their design of web-search engine
– SOSP 2003 : “The Google File System”
– http://labs.google.com/papers/gfs.html 

– OSDI 2004 : “MapReduce : Simplifed Data Processing on 
Large Cluster”

– http://labs.google.com/papers/mapreduce.html

– OSDI 2006 : “Bigtable: A Distributed Storage System for 
Structured Data”

– http://labs.google.com/papers/bigtable-osdi06.pdf 

http://labs.google.com/papers/gfs.html
http://labs.google.com/papers/mapreduce.html
http://labs.google.com/papers/bigtable-osdi06.pdf
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History of Hadoop … History of Hadoop … 2004 ~ Now2004 ~ Now
Hadoop Hadoop 這套軟體的歷史源起這套軟體的歷史源起 ... 2004 ~ Now... 2004 ~ Now

• Dong Cutting reference from Google's publication
• Added DFS & MapReduce implement to Nutch
• According to user feedback on the mail list of Nutch ....
• Hadoop became separated project since Nutch 0.8
• Nutch DFS → Hadoop Distributed File System (HDFS)
• Yahoo hire Dong Cutting to build a team of web search 

engine at year 2006.
– Only 14 team members (engineers, clusters, users, etc.)

• Doung Cutting joined Cloudera at year 2009.
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Who Use Hadoop ??Who Use Hadoop ??
有哪些公司在用 有哪些公司在用 Hadoop Hadoop 這套軟體 這套軟體 ????

• Yahoo is the key contributor currently.
• IBM and Google teach Hadoop in universities …
• http://www.google.com/intl/en/press/pressrel/20071008_ibm_univ.html

• The New York Times used 100 Amazon EC2 instances and a 
Hadoop application to process 4TB of raw image TIFF data (stored 
in S3) into 11 million finished PDFs in the space of 24 hours at a 
computation cost of about $240 (not including bandwidth)

– from http://en.wikipedia.org/wiki/Hadoop

• http://wiki.apache.org/hadoop/AmazonEC2 

• http://wiki.apache.org/hadoop/PoweredBy 

http://www.google.com/intl/en/press/pressrel/20071008_ibm_univ.html
http://en.wikipedia.org/wiki/Hadoop
http://wiki.apache.org/hadoop/AmazonEC2
http://wiki.apache.org/hadoop/PoweredBy
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Hadoop in production run ....Hadoop in production run ....
商業運轉中的商業運轉中的 HadoopHadoop 應用應用 ........

• February 19, 2008

• Yahoo! Launches World's Largest Hadoop Production Application
• http://developer.yahoo.net/blogs/hadoop/2008/02/yahoo-worlds-largest-production-hadoop.html 

http://developer.yahoo.net/blogs/hadoop/2008/02/yahoo-worlds-largest-production-hadoop.html
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Hadoop in production run ....Hadoop in production run ....
商業運轉中的商業運轉中的 HadoopHadoop 應用應用 ........

• September 30, 2008

• Scaling Hadoop to 4000 nodes at Yahoo!
• http://developer.yahoo.net/blogs/hadoop/2008/09/scaling_hadoop_to_4000_nodes_a.html

http://developer.yahoo.net/blogs/hadoop/2008/09/scaling_hadoop_to_4000_nodes_a.html


12

Comparison between Google and HadoopComparison between Google and Hadoop
GoogleGoogle 與與 HadoopHadoop 的比較表的比較表
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Two Key Elements of Operating SystemTwo Key Elements of Operating System
作業系統兩大關鍵組成元素作業系統兩大關鍵組成元素

SchedulerScheduler
程序排程程序排程

SchedulerScheduler
程序排程程序排程

File SystemFile System
檔案系統檔案系統

File SystemFile System
檔案系統檔案系統
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Distributed Operating System of HadoopDistributed Operating System of Hadoop
HadoopHadoop 建構成一個分散式作業系統建構成一個分散式作業系統

8

Linuux

Java

Linuux

Java

Linuux

Java

Data Task Data Task Data Task

Namenode

JobTracker

Hadoop

Node1 Node2 Node3



9

Different Roles of Hadoop ArchitectureDifferent Roles of Hadoop Architecture
HadoopHadoop 軟體架構中的不同角色軟體架構中的不同角色
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Two Key Roles of HDFSTwo Key Roles of HDFS
HDFSHDFS 軟體架構的兩種關鍵角色軟體架構的兩種關鍵角色

名稱節點 名稱節點 NameNodeNameNode 資料節點 資料節點 DataNodeDataNode

•Master
•管理 HDFS 的名稱空間
•控制對檔案的讀 / 寫
•配置副本策略
•對名稱空間作檢查及紀錄
•只能有一個

• Workers
•執行讀 / 寫動作
•執行 Namenode 的
副本策略
•可多個
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Two Key Roles of Job SchedulerTwo Key Roles of Job Scheduler
程序排程的兩種關鍵角色程序排程的兩種關鍵角色

JobTrackerJobTracker TaskTrackerTaskTracker

• Master Node
 
•使用者發起工作
•指派工作給 Tasktrackers
•排程決策、工作分配、錯
誤處理

•只能有一個

• Worker Nodes
 
•運作 Map/Reduce 的
工作
•管理儲存、回覆運算
結果

• 可多個



HadoopHadoop 相關計畫相關計畫
Hadoop EcosystemHadoop Ecosystem

HadoopHadoop 相關計畫相關計畫
Hadoop EcosystemHadoop Ecosystem

Jazz WangJazz Wang
Yao-Tsung WangYao-Tsung Wang

jazz@nchc.org.twjazz@nchc.org.tw

Jazz WangJazz Wang
Yao-Tsung WangYao-Tsung Wang

jazz@nchc.org.twjazz@nchc.org.tw



2

可以跟資料庫結合嘛？
Can Hadoop work with Databases ?

總不能全部都重新設計吧？如何與舊系統相容？
Can Hadoop work with  existing software ?

Hadoop 只支援用 Java 開發嘛？
Is Hadoop only support Java ?

開發者們有聽到大家的需求 .....
Yes, we hear the feedback of developers ...
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　　　　 Is Hadoop only support Java ?Is Hadoop only support Java ?

• Although the Hadoop framework is implemented 
in JavaTM, Map/Reduce applications need not be 
written in Java.

• Hadoop Streaming is a utility which allows users 
to create and run jobs with any executables (e.g. 
shell utilities) as the mapper and/or the reducer.

• Hadoop Pipes is a SWIG-compatible C++ API to 
implement Map/Reduce applications (non JNITM 
based).
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　　　　 Hadoop Pipes (C++, Python)Hadoop Pipes (C++, Python)

• Hadoop Pipes allows C++ code to use Hadoop 
DFS and map/reduce.

• The C++ interface is "swigable" so that interfaces 
can be generated for python and other scripting 
languages.

• For more detail, check the API Document of 
org.apache.hadoop.mapred.pipes

• You can also find example code at
hadoop-*/src/examples/pipes

• About the pipes C++ WordCount example code:
http://wiki.apache.org/hadoop/C++WordCount 

http://hadoop.apache.org/common/docs/current/api/org/apache/hadoop/mapred/pipes/package-summary.html
http://wiki.apache.org/hadoop/C++WordCount
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　　　　 Hadoop StreamingHadoop Streaming

• Hadoop Streaming is a utility which allows users 
to create and run Map-Reduce jobs with any 
executables (e.g. Unix shell utilities) as the 
mapper and/or the reducer.

• It's useful when you need to run existing program 
written in shell script, perl script or even PHP.

• Note: both the mapper and the reducer are 
executables that read the input from STDIN (line 
by line) and emit the output to STDOUT. 

• For more detail, check the official document of 
Hadoop Streaming

http://hadoop.apache.org/common/docs/current/streaming.html
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　　　　 Running Hadoop StreamingRunning Hadoop Streaming

jazz@hadoop:~$ hadoop jar hadoop-streaming.jarhadoop jar hadoop-streaming.jar -help

10/08/11 00:20:00 ERROR streaming.StreamJob: Missing required option -input

Usage: $HADOOP_HOME/bin/hadoop [--config dir] jar \

          $HADOOP_HOME/hadoop-streaming.jar [options]

Options:

  -input    <path>     DFS input file(s) for the Map step

  -output   <path>     DFS output directory for the Reduce step

  -mapper   <cmd|JavaClassName>      The streaming command to run

  -combiner <JavaClassName> Combiner has to be a Java class

  -reducer  <cmd|JavaClassName>      The streaming command to run

  -file     <file>     File/dir to be shipped in the Job jar file

  -dfs    <h:p>|local  Optional. Override DFS configuration

  -jt     <h:p>|local  Optional. Override JobTracker configuration

  -additionalconfspec specfile  Optional.

  -inputformat TextInputFormat(default)|SequenceFileAsTextInputFormat|
JavaClassName Optional.

  -outputformat TextOutputFormat(default)|JavaClassName  Optional.

… More … 
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　　　　Hadoop Streaming with shell commands (1)Hadoop Streaming with shell commands (1)

hadoop:~$ hadoop fs -rmr input output

hadoop:~$ hadoop fs -put /etc/hadoop/conf input

hadoop:~$ hadoop jar hadoop-streaming.jar -input 
input -output output -mapper /bin/cat 
-reducer /usr/bin/wc
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　　　　Hadoop Streaming with shell commands (2)Hadoop Streaming with shell commands (2)

hadoop:~$ echo "sed -e \"s/ /\n/g\" | grep ." > 
streamingMapper.sh

hadoop:~$ echo "uniq -c | awk '{print \$2 \"\t\" 
\$1}'" > streamingReducer.sh

hadoop:~$ chmod a+x streamingMapper.sh

hadoop:~$ chmod a+x streamingReducer.sh

hadoop:~$ hadoop fs -put /etc/hadoop/conf input

hadoop:~$ hadoop jar hadoop-streaming.jar -input 
input -output output -mapper streamingMapper.sh 
-reducer streamingReducer.sh -file 
streamingMapper.sh -file streamingReducer.sh
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　　　　 There are serveral Hadoop subprojectsThere are serveral Hadoop subprojects

• Hadoop Common: The common utilities that support the other 
Hadoop subprojects.

• HDFS: A distributed file system that provides high throughput 
access to application data.

• MapReduce: A software framework for distributed processing of 
large data sets on compute clusters.
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　　　　 Other Hadoop related projectsOther Hadoop related projects

• Chukwa: A data collection system for managing 
large distributed systems.

• HBase: A scalable, distributed database that 
supports structured data storage for large tables.

• Hive: A data warehouse infrastructure that 
provides data summarization and ad hoc 
querying.

• Pig: A high-level data-flow language and 
execution framework for parallel computation.

• ZooKeeper: A high-performance coordination 
service for distributed applications.
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　　　　 Hadoop EcosystemHadoop Ecosystem

Hadoop Core
(Hadoop Common) Avro

ZooKeeperHDFSMapReduce

HBaseHiveChukwaPig

Source: Hadoop: The Definitive Guide
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　　　　 AvroAvro

• Avro is a data serialization system.
• It provides:

– Rich data structures.
– A compact, fast, binary data format.
– A container file, to store persistent data.
– Remote procedure call (RPC).
– Simple integration with dynamic languages. 

• Code generation is not required to read or write data files 
nor to use or implement RPC protocols. Code generation 
as an optional optimization, only worth implementing for 
statically typed languages.

• For more detail, please check the official document:
http://avro.apache.org/docs/current/ 

http://avro.apache.org/docs/current/
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　　　　 Zoo KeeperZoo Keeper

• http://hadoop.apache.org/zookeeper/
• ZooKeeper is a centralized service for maintaining 

configuration information, naming, providing distributed 
synchronization, and providing group services. All of 
these kinds of services are used in some form or another 
by distributed applications. 

• Each time they are implemented there is a lot of work that goes into 
fixing the bugs and race conditions that are inevitable. Because of the 
difficulty of implementing these kinds of services, applications initially 
usually skimp on them ,which make them brittle in the presence of change 
and difficult to manage. Even when done correctly, different 
implementations of these services lead to management complexity when 
the applications are deployed. 

http://hadoop.apache.org/zookeeper/
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　　　　 PigPig

• http://hadoop.apache.org/pig/
• Pig is a platform for analyzing large data sets that 

consists of a high-level language for expressing data 
analysis programs, coupled with infrastructure for 
evaluating these programs. 

• Pig's infrastructure layer consists of a compiler that 
produces sequences of Map-Reduce programs

• Pig's language layer currently consists of a textual 
language called Pig Latin, which has the following key 
properties:
– Ease of programming
– Optimization opportunities
– Extensibility

http://hadoop.apache.org/pig/
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　　　　 HiveHive

• http://hadoop.apache.org/hive/
• Hive is a data warehouse infrastructure built on top of 

Hadoop that provides tools to enable easy data 
summarization, adhoc querying and analysis of large 
datasets data stored in Hadoop files. 

• Hive QL is based on SQL and enables users familiar with 
SQL to query this data.

http://hadoop.apache.org/hive/
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　　　　 ChukwaChukwa

• http://hadoop.apache.org/chukwa/ 
• Chukwa is an open source data collection system 

for monitoring large distributed systems. 
• built on top of HDFS and Map/Reduce framework
• includes a flexible and powerful toolkit for 

displaying, monitoring and analyzing results to 
make the best use of the collected data.

http://hadoop.apache.org/chukwa/
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　　　　 MahoutMahout

• http://mahout.apache.org/ 
• Mahout is a scalable machine learning libraries.
• implemented on top of Apache Hadoop using the 

map/reduce paradigm.
• Mahout currently has

– Collaborative Filtering
– User and Item based recommenders
– K-Means, Fuzzy K-Means clustering
– Mean Shift clustering
– More ...

http://mahout.apache.org/
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