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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。
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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 i
n 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
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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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Why should we learn Hadoop ?Why should we learn Hadoop ?
為何需要學習為何需要學習 Hadoop ??Hadoop ??

1. Data Explore1. Data Explore
資訊大爆炸資訊大爆炸

1. Data Explore1. Data Explore
資訊大爆炸資訊大爆炸

3. Looking for Jobs3. Looking for Jobs
好找工作好找工作 !!!!

3. Looking for Jobs3. Looking for Jobs
好找工作好找工作 !!!!

2. Data Mining Tool2. Data Mining Tool
方便作資料探勘的工作方便作資料探勘的工作

2. Data Mining Tool2. Data Mining Tool
方便作資料探勘的工作方便作資料探勘的工作
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2007 Data Explore2007 Data Explore

Top 1 : Human Genomics – 7000 PB  / YearTop 1 : Human Genomics – 7000 PB  / Year
Top 2 : Digital Photos Top 2 : Digital Photos  – 1000 PB+/ Year – 1000 PB+/ Year
Top 3 : E-mail (no Spam)  –  300 PB+ / YearTop 3 : E-mail (no Spam)  –  300 PB+ / Year

2007 Data Explore2007 Data Explore

Top 1 : Human Genomics – 7000 PB  / YearTop 1 : Human Genomics – 7000 PB  / Year
Top 2 : Digital Photos Top 2 : Digital Photos  – 1000 PB+/ Year – 1000 PB+/ Year
Top 3 : E-mail (no Spam)  –  300 PB+ / YearTop 3 : E-mail (no Spam)  –  300 PB+ / Year

Source: http://lib.stanford.edu/files/see_pasig_dic.pdf 

Source: http://www.emc.com/collateral/analyst-reports/expanding-digital-idc-white-paper.pdf

http://lib.stanford.edu/files/see_pasig_dic.pdf
http://lib.stanford.edu/files/see_pasig_dic.pdf
http://lib.stanford.edu/files/see_pasig_dic.pdf
http://lib.stanford.edu/files/see_pasig_dic.pdf
http://www.emc.com/collateral/analyst-reports/expanding-digital-idc-white-paper.pdf
http://www.emc.com/collateral/analyst-reports/expanding-digital-idc-white-paper.pdf
http://www.emc.com/collateral/analyst-reports/expanding-digital-idc-white-paper.pdf
http://www.emc.com/collateral/analyst-reports/expanding-digital-idc-white-paper.pdf
http://www.emc.com/collateral/analyst-reports/expanding-digital-idc-white-paper.pdf
http://www.emc.com/collateral/analyst-reports/expanding-digital-idc-white-paper.pdf
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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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Terminologies of HadoopTerminologies of Hadoop
Hadoop Hadoop 文件中的專業術語文件中的專業術語
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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 Node
 

•Manage NameSpace of   
 HDFS
• Control Permission of    
  Read and Write
• Define the policy of       
  Replication
• Audit and Record the     
  NameSpace

• Single Point of Failure

• Worker Nodes
 

• Perform operation of 
  Read and Write

• Execute the request  
  of Replication

• Multiple Nodes
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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
 

• Receive Jobs from         
  Hadoop Clients
• Assigned Tasks to         
  TaskTrackers
• Define Job Queuing       
  Policy, Priority and        
  Error Handling

• Single Point of Failure

• Worker Nodes
 

• Excute Mapper and    
  Reducer Tasks

• Save Results and       
  report task status

• Multiple Nodes
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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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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
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About Hadoop Client ...About Hadoop Client ...
不在雲裡的不在雲裡的 Hadoop ClientHadoop Client



What we learn today ?What we learn today ?What we learn today ?What we learn today ?

WHENWHENWHENWHEN

WHOWHOWHOWHO

WHATWHATWHATWHAT

HOWHOWHOWHOW

WHYWHYWHYWHY

HadoopHadoop 是是 20042004 年從年從 NutchNutch 分裂出來的專案分裂出來的專案 !!!!

Hadoop became separate project since year 2004 !!Hadoop became separate project since year 2004 !!
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始祖是始祖是 Doug CuttingDoug Cutting ，， ApacheApache 社群支持，社群支持， YahooYahoo 贊助贊助

From Doug Cutting to Apache Community, Yahoo and more !From Doug Cutting to Apache Community, Yahoo and more !
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HadoopHadoop 是運算海量資料的軟體平台是運算海量資料的軟體平台 !!!!
hadoop is a software platform to process vast amount of data!!hadoop is a software platform to process vast amount of data!!
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Data Explore, Data Mining, Jobs !!Data Explore, Data Mining, Jobs !!
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Questions?Questions?
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Lab 0 : 準備實驗環境

- 下載 Ubuntu 9.10 安裝光碟 ISO 檔
- 下載 WinSCP 與 PieTTY
- 下載 VirtualBox
- 安裝 VirtualBox



連線至 http://free.nchc.org.tw/ubuntu-cd/karmic/
下載 Ubuntu 9.10PC (Intel x86) desktop CD



連線至 http://ntu.csie.org/~piaip/pietty/
下載 PieTTY (SSH Client)

http://ntu.csie.org/~piaip/pietty/


連線至 http://winscp.net
下載 WinSCP (SFTP Client)

http://winscp.net/


連線至 http://www.virtualbox.org/wiki/Downloads
下載 VirtualBox 虛擬化工具



安裝 VirtalBox (1)



安裝 VirtalBox (2)



安裝 VirtalBox (3)



Lab 1 : 安裝 Ubuntu 9.10 
GNU/Linux



安裝 Ubuntu 9.10 (1)



安裝 Ubuntu 9.10 (2)



安裝 Ubuntu 9.10 (3)



安裝 Ubuntu 9.10 (4)



安裝 Ubuntu 9.10 (5)



安裝 Ubuntu 9.10 (6)



安裝 Ubuntu 9.10 (7)



安裝 Ubuntu 9.10 (8)

$ cd /media/cdrom
$ sudo ./VBoxLinuxAddon-x86.run



安裝 Ubuntu 9.10 (9)

$ exit



一個令人哭笑不得的說法

學習使用免費的 學習使用免費的 LinuxLinux ，，

除非你的時間也是免費的！！除非你的時間也是免費的！！



Linux 入門資源

• 如何找尋協助？如何找尋協助？

• Linux Linux 基本指令操作基本指令操作

• Linux Linux 管理者指令管理者指令

• Linux Linux 檔案系統簡介檔案系統簡介

時間可以存起來嘛？把作過的事情紀錄下來吧！
這部分的介紹，我 2001 年作過就請大家自己看了

http://angkor.jazzbear.idv.tw/Linux_DivX/02.avi 

http://angkor.jazzbear.idv.tw/Linux_DivX/02.avi


基本管理篇 [1] 用 apt-get update 更新套件



基本管理篇 [2] 用 apt-get upgrade 升級系統



基本管理篇 [3] 用 apt-cache search 搜尋



基本管理篇 [4] 用 apt-get install 安裝套件
Ex. apt-get install proftp



安裝 ProFTP

$ sudo apt-get install proftpd
$ sudo apt-get install ftp
• 測試

$ ftp localhost 21



安裝 SSH

$ sudo apt-get install ssh
$ ssh localhost



讓 Windows 可以連到虛擬機器

• VBoxManage.exe setextradata "Ubuntu 9.04" "VBoxInternal/Devices/pcnet/0/
LUN#0/Config/guestssh/Protocol" TCP

• VBoxManage.exe setextradata "Ubuntu 9.04" "VBoxInternal/Devices/pcnet/0/
LUN#0/Config/guestssh/GuestPort" 22

• VBoxManage.exe setextradata "Ubuntu 9.04" "VBoxInternal/Devices/pcnet/0/
LUN#0/Config/guestssh/HostPort" 8022



使用 WinSCP 上下傳檔案 (1)



使用 WinSCP 上下傳檔案 (2)



Appendex A : 
安裝 Debian 4.0r3 GNU/Linux



開始模擬從光碟安裝



選擇中文 ( 繁體 ) 語系



選擇『台灣』



選擇『美語鍵盤』



輸入『主機名稱』 = drbl-srv



輸入『網域名稱』 = ym.edu.tw



選擇『 Debian 檔案映象站』 (1) 台灣區



選擇『 Debian 檔案映象站』 (2) 
推薦 ftp.twaren.net 或 free.nchc.org.tw

ftp://ftp.twaren.net/


選擇『 Debian 檔案映象站』 (3) 
通常不需要輸入 Proxy ，除非網路環境有限制



選擇『磁碟分割方式』
初學者建議採用第一種『引導 - 整顆硬碟』



選擇『欲分割磁碟』
目前只有虛擬一顆硬碟，若實機有兩顆請小心 !



練習時可用同一個分割區，
服務用系統請至少獨立出 /home 分割區



導引模式會切割兩個磁區，一個根目錄 (root)
一個 swap ( 拿硬碟當記憶體空間用 )



確認將目前的磁區分割表寫入硬碟
請用 TAB 選擇 < 是 >



設定最高權限 root 管理者密碼



建立自己的帳號，習慣上不用 root登入



確認安裝 Grub Boot Loader



第一次系統開機



首次可使用 root登入，
日後建議用一般身分登入



基本管理篇 [1] 用 ifconfig 確認網路連線



基本管理篇 [2] 用 apt-get update 更新套件



基本管理篇 [3] 用 apt-get upgrade 升級系統



基本管理篇 [4] 用 apt-cache search 搜尋



基本管理篇 [5] 用 apt-get install 安裝套件
Ex. apt-get install ssh



管理番外篇 [*]關於 udev鎖住網卡MAC
rm /etc/udev/rules.d/z25_persistent-net.rules



基本管理篇 [6] 用 halt -n 關機



HadoopHadoop 叢集叢集設定解說設定解說
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Yahoo’s Hadoop ClusterYahoo’s Hadoop Cluster
雅虎的大象軍團雅虎的大象軍團

• ~10,000 machines running Hadoop in US
• The largest cluster is currently 2000 nodes
• Nearly 1 petabyte of user data (compressed, unreplicated)
• Running roughly 10,000 research jobs / week
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Hadoop Pseudo-Distributed ModeHadoop Pseudo-Distributed Mode
我們已經實作過單機模式我們已經實作過單機模式

• Step 1: Setup SSH key exchange
• Step 2. Install Java
• Step 3: Download Hadoop Source Package
• Step 4: Configure hadoop-env.sh

– export JAVA_HOME=/usr/lib/jvm/java-6-sun 

• Step 5: Configure *-site.xml
– Set Namenode to hdfs://localhost:9000
– Set Jobtracker  to localhost:9001
– bin/hadoop namenode -format 

• Step 6: Format HDFS
• Step 7: Start Hadoop

– bin/start-all.sh 

• Step 8: Complete!! Let's check the status of Hadoop
– Job admin http://localhost:50030/    HDFS  http://localhost:50070/ 

http://localhost:50030/
http://localhost:50030/
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Diagram of Pseudo-Distributed ModeDiagram of Pseudo-Distributed Mode
Hadoop Hadoop 單機環境示意圖單機環境示意圖

Namenode

JobTracker

Datanode

Tasktracker

Localhost

Node 1

conf/slaves:

conf / core-site.xml:

mapred.job.tracker  -> 
localhost:9001

localhost

localhost:50070

localhost:50030

fs.default.name -> 
hdfs://localhost:9000

conf / mapred-site.xml:

http://www.pc-magazin.de/common/images/firefox_ie_desktop/firefox_ie_desktop_800x600.jpg
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Hadoop Fully-Distributed ModeHadoop Fully-Distributed Mode
我們接著要用兩台電腦實作叢集模式我們接著要用兩台電腦實作叢集模式

• Step 1: Setup SSH key exchange
• Step 2. Install Java
• Step 3: Download Hadoop Source Package
• Step 4: Configure hadoop-env.sh

– export JAVA_HOME=/usr/lib/jvm/java-6-sun 
• Step 5: Configure *-site.xml

– Set Namenode to hdfs://x.x.x.1:9000
– Set Jobtracker to x.x.x.2:9001

• Step 6: Configure Slaves
• Step 7: Syncronization of all slaves
• Step 8: Format HDFS

– bin/hadoop namenode -format 
• Step 9: Start Hadoop

– On NameNode ： bin/start-dfs.sh  
– On JobTracker ： bin/start-mapred.sh 

• Step 10: Complete!! Let's check the status of Hadoop
– Job admin http://x.x.x.2:50030/    HDFS  http://x.x.x.1:50070/ 

http://x.x.x.2:50030/
http://x.x.x.1:50070/
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Datanode

Tasktracker

x.x.x.1

Node 1

conf/slaves:

Node1
Node2

http://x.x.x.1:50030

JobTracker

Datanode

Tasktracker

x.x.x.2
Node 2

http://x.x.x.1:50070

Namenode

Run namenode -format
and   start-all.sh

conf / core-site.xml:

mapred.job.tracker  -> 
Node1:9001

fs.default.name -> 
hdfs://Node1:9000

conf / mapred-site.xml:

Use case #1Use case #1
設定情境一設定情境一

http://www.pc-magazin.de/common/images/firefox_ie_desktop/firefox_ie_desktop_800x600.jpg
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Namenode

Datanode

Tasktracker

x.x.x.1

Node 1

conf/slaves:

http://x.x.x.2:50030JobTracker

Datanode

Tasktracker

x.x.x.2

Node 2

http://x.x.x.1:50070

Run namenode -format
and   start-dfs.sh

run start-mapred.sh

conf / core-site.xml:

mapred.job.tracker  -> 
Node2:9001

fs.default.name -> 
hdfs://Node1:9000

conf / mapred-site.xml:

Node1
Node2

Use case #2Use case #2
設定情境二設定情境二

http://www.pc-magazin.de/common/images/firefox_ie_desktop/firefox_ie_desktop_800x600.jpg
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x.x.x.1

Node 1

http://x.x.x.1:50030JobTracker

Datanode

Tasktracker

x.x.x.2
Node 2

http://x.x.x.1:50070

Namenode

Datanode

Tasktracker

x.x.x.n
Node N

…

conf/slaves:

conf / core-site.xml:

mapred.job.tracker  -> 
Node1:9001

fs.default.name -> 
hdfs://Node1:9000

conf / mapred-site.xml:

Node2
…..
NodeN

Use case #3Use case #3
設定情境三設定情境三

http://www.pc-magazin.de/common/images/firefox_ie_desktop/firefox_ie_desktop_800x600.jpg
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conf/slaves:

http://x.x.x.2:50030

http://x.x.x.1:50070

conf / core-site.xml:

mapred.job.tracker  -> 
Node2:9001

fs.default.name -> 
hdfs://Node1:9000

conf / mapred-site.xml:

Node3
…..
NodeN

Use case #4Use case #4
設定情境四設定情境四

http://www.pc-magazin.de/common/images/firefox_ie_desktop/firefox_ie_desktop_800x600.jpg
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HadoopHadoop叢集佈署工具叢集佈署工具
Hadoop Deployment Tool : SmartFog and DRBLHadoop Deployment Tool : SmartFog and DRBL

HadoopHadoop叢集佈署工具叢集佈署工具
Hadoop Deployment Tool : SmartFog and DRBLHadoop Deployment Tool : SmartFog and DRBL

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
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Source:http://www.funnyjunksite.com/wp-content/uploads/2007/08/programmer.jpg Source: 
http://www.sysadminday.com/images/people/136-3697.JPG

Programmer   Programmer   v.s.v.s.  System Admin.  System Admin.Programmer   Programmer   v.s.v.s.  System Admin.  System Admin.

http://www.funnyjunksite.com/wp-content/uploads/2007/08/programmer.jpg
http://www.funnyjunksite.com/wp-content/uploads/2007/08/programmer.jpg
http://www.funnyjunksite.com/wp-content/uploads/2007/08/programmer.jpg
http://www.funnyjunksite.com/wp-content/uploads/2007/08/programmer.jpg
http://www.funnyjunksite.com/wp-content/uploads/2007/08/programmer.jpg
http://www.funnyjunksite.com/wp-content/uploads/2007/08/programmer.jpg
http://www.sysadminday.com/images/people/136-3697.JPG
http://www.sysadminday.com/images/people/136-3697.JPG
http://www.sysadminday.com/images/people/136-3697.JPG
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PC Cluster 101PC Cluster 101PC Cluster 101PC Cluster 101

Jazz WangJazz Wang
Yao-Tsung WangYao-Tsung Wang
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PART 1 :PART 1 :PART 1 :PART 1 :
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At First, We have “ 4 + 1 ” PC ClusterAt First, We have “ 4 + 1 ” PC ClusterAt First, We have “ 4 + 1 ” PC ClusterAt First, We have “ 4 + 1 ” PC Cluster

It'd better beIt'd better be
2 2 nn

It'd better beIt'd better be
2 2 nn

ManageManage
SchedulerScheduler
ManageManage

SchedulerScheduler
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GiE SwitchGiE SwitchGiE SwitchGiE Switch

WANWANWANWAN

Then, We connect 5 PCs with Then, We connect 5 PCs with 
Gigabit EthernetGigabit Ethernet Switch Switch

Then, We connect 5 PCs with Then, We connect 5 PCs with 
Gigabit EthernetGigabit Ethernet Switch Switch

10/100/100010/100/1000
MBpsMBps

10/100/100010/100/1000
MBpsMBps

Add 1 NICAdd 1 NIC
for WANfor WAN

Add 1 NICAdd 1 NIC
for WANfor WAN
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WANWANWANWAN

4 4 Compute NodesCompute Nodes will communicate  will communicate 
via via LAN SwitchLAN Switch. Only . Only Manage NodeManage Node  
have have Internet Access Internet Access for Security!for Security!

4 4 Compute NodesCompute Nodes will communicate  will communicate 
via via LAN SwitchLAN Switch. Only . Only Manage NodeManage Node  
have have Internet Access Internet Access for Security!for Security!

Compute NodesCompute NodesCompute NodesCompute Nodes

Manage NodeManage NodeManage NodeManage Node
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Linux KernelLinux KernelLinux KernelLinux Kernel
Kernel ModuleKernel ModuleKernel ModuleKernel Module

GNU LibcGNU LibcGNU LibcGNU Libc

Boot LoaderBoot LoaderBoot LoaderBoot Loader

MPICHMPICHMPICHMPICH

BashBashBashBash

PerlPerlPerlPerl

MessagingMessagingMessagingMessaging

YPYPYPYPNISNISNISNIS
Account Mgnt.Account Mgnt.Account Mgnt.Account Mgnt.

SSHDSSHDSSHDSSHD

GCCGCCGCCGCC

Compute NodesCompute NodesCompute NodesCompute Nodes

BasicBasic
SystemSystem
SetupSetup

forfor
ClusterCluster

BasicBasic
SystemSystem
SetupSetup

forfor
ClusterCluster
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Linux KernelLinux KernelLinux KernelLinux Kernel
Kernel ModuleKernel ModuleKernel ModuleKernel Module

GNU LibcGNU LibcGNU LibcGNU Libc

Boot LoaderBoot LoaderBoot LoaderBoot Loader

MPICHMPICHMPICHMPICHOpenPBSOpenPBSOpenPBSOpenPBS

BashBashBashBash

PerlPerlPerlPerl

MessagingMessagingMessagingMessaging

YPYPYPYPNISNISNISNIS
Account Mgnt.Account Mgnt.Account Mgnt.Account Mgnt.

SSHDSSHDSSHDSSHD

GCCGCCGCCGCC

Job Mgnt.Job Mgnt.Job Mgnt.Job Mgnt.

NFSNFSNFSNFS
File SharingFile SharingFile SharingFile Sharing

ExtraExtraExtraExtra

On On Manage NodeManage Node,,

We need to install We need to install SchedulerScheduler and  and 

Network File SystemNetwork File System for sharing for sharing

Files with Compute NodeFiles with Compute Node

On On Manage NodeManage Node,,

We need to install We need to install SchedulerScheduler and  and 

Network File SystemNetwork File System for sharing for sharing

Files with Compute NodeFiles with Compute Node
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Challenges of Cluster ComputingChallenges of Cluster ComputingChallenges of Cluster ComputingChallenges of Cluster Computing
 Hardware

− Ethernet Speed / PC Density 

− Power / Cooling / Heat

− Network and Storage Architecture
 Software

− Job Scheduler ( Cluster level )

− Account Management

− File Sharing / Package Management
 Limitation

− Shared Memory

− Global Memory Management
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Common Method to deploy ClusterCommon Method to deploy ClusterCommon Method to deploy ClusterCommon Method to deploy Cluster

1.1. Setup one Setup one
TemplateTemplate
machinemachine

1.1. Setup one Setup one
TemplateTemplate
machinemachine

2.2.  CloningCloning
toto

multiplemultiple
machinemachine

2.2.  CloningCloning
toto

multiplemultiple
machinemachine

3.3.  ConfigureConfigure
SettingsSettings

↓↓

4.4.  InstallInstall
JobJob

SchedulerScheduler

↓↓

5.5. Running Running
BenchmarkBenchmark

3.3.  ConfigureConfigure
SettingsSettings

↓↓

4.4.  InstallInstall
JobJob

SchedulerScheduler

↓↓

5.5. Running Running
BenchmarkBenchmark
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Challenges of Common MethodChallenges of Common MethodChallenges of Common MethodChallenges of Common Method

Upgrade Software ?
Upgrade Software ?
Upgrade Software ?
Upgrade Software ?

Add New User Account ?
Add New User Account ?
Add New User Account ?
Add New User Account ?

Configuration Syncronization
Configuration Syncronization
Configuration Syncronization
Configuration Syncronization

How to share user data ?

How to share user data ?

How to share user data ?

How to share user data ?
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How to deploy 4000+ Nodes ????How to deploy 4000+ Nodes ????How to deploy 4000+ Nodes ????How to deploy 4000+ Nodes ????
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Advanced Methods to deploy ClusterAdvanced Methods to deploy ClusterAdvanced Methods to deploy ClusterAdvanced Methods to deploy Cluster
 SSI ( Single System Image )

− Multiple PCs as Single Computing Resources

− Image-based
 homogeneous
 ex. SystemImager, OSCAR, Kadeploy

− Package-based
 heterogeneous
 easy update and modify packages
 ex. FAI, DRBL

 Other deploy tools

− Rocks : RPM only

− cfengine : configuration engine
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Comparison of Cluster Deploy ToolsComparison of Cluster Deploy ToolsComparison of Cluster Deploy ToolsComparison of Cluster Deploy Tools

Distribution 

Support

Diskless/

Sysmless

Type

Node 

configuration 

tools

Cluster 

management 

tools

Database 

installation

System 

Imager
ALL Yes Image Yes No No

OSCAR
RPM-

based
Yes Image Yes Yes No

Kadeploy ALL No Image Yes Yes Yes

DRBL ALL Yes Package Yes Yes No

FAI
Debian-

Based
Yes Package Yes No No
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Hadoop Deployment ToolHadoop Deployment ToolHadoop Deployment ToolHadoop Deployment Tool
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Source: Deploying hadoop with smartfrog
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf

http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
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Source: Deploying hadoop with smartfrog
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf

http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
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Source: Deploying hadoop with smartfrog
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf

http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
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Source: Deploying hadoop with smartfrog
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf

http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
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Source: Deploying hadoop with smartfrog
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf

http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
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Source: Deploying hadoop with smartfrog
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf

http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
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Source: Deploying hadoop with smartfrog
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf

http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
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Source: Deploying hadoop with smartfrog
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf

http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
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Source: Deploying hadoop with smartfrog
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf

http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
http://people.apache.org/~stevel/slides/deploying_hadoop_with_smartfrog.pdf
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Introduction to DRBLIntroduction to DRBLIntroduction to DRBLIntroduction to DRBL
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• Diskless Remote Boot in Linux

• Network is cheap, and our time is expansive

• In simple words, DRBL is .....

– Replace IDE/SATA cable with network cable 

– 40+ student PCs connected to one DRBL server

+ +=

Server
Diskless
PC

source: http://www.mren.com.tw

Diskfull
PC

What is DRBL ??What is DRBL ??What is DRBL ??What is DRBL ??

http://www.mren.com.tw/
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1st, We install Base System of 1st, We install Base System of 
GNU/Linux GNU/Linux on on Management NodeManagement Node. . 

You can choose:You can choose:
Redhat, Fedora, CentOS, Mandriva,Redhat, Fedora, CentOS, Mandriva,

Ubuntu, Debian, ...Ubuntu, Debian, ...

1st, We install Base System of 1st, We install Base System of 
GNU/Linux GNU/Linux on on Management NodeManagement Node. . 

You can choose:You can choose:
Redhat, Fedora, CentOS, Mandriva,Redhat, Fedora, CentOS, Mandriva,

Ubuntu, Debian, ...Ubuntu, Debian, ...

Linux KernelLinux KernelLinux KernelLinux Kernel
Kernel ModuleKernel ModuleKernel ModuleKernel Module

GNU LibcGNU LibcGNU LibcGNU Libc

Boot LoaderBoot LoaderBoot LoaderBoot Loader
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2nd, We install 2nd, We install DRBL packageDRBL package  and and 
configure it as configure it as DRBL ServerDRBL Server. . 

There are lots of service needed:There are lots of service needed:
SSHD, DHCPD, TFTPD, NFS Server,SSHD, DHCPD, TFTPD, NFS Server,

NIS Server, YP Server ...NIS Server, YP Server ...

2nd, We install 2nd, We install DRBL packageDRBL package  and and 
configure it as configure it as DRBL ServerDRBL Server. . 

There are lots of service needed:There are lots of service needed:
SSHD, DHCPD, TFTPD, NFS Server,SSHD, DHCPD, TFTPD, NFS Server,

NIS Server, YP Server ...NIS Server, YP Server ...

DHCPDDHCPDDHCPDDHCPDTFTPDTFTPDTFTPDTFTPDNFSNFSNFSNFS

BashBashBashBashPerlPerlPerlPerl

Network BootingNetwork BootingNetwork BootingNetwork Booting

YPYPYPYPNISNISNISNIS
Account Mgnt.Account Mgnt.Account Mgnt.Account Mgnt.

DRBL ServerDRBL Server
based on existingbased on existing
Open SourceOpen Source and and

keep keep HackingHacking!!

DRBL ServerDRBL Server
based on existingbased on existing
Open SourceOpen Source and and

keep keep HackingHacking!!

SSHDSSHDSSHDSSHD

Linux KernelLinux KernelLinux KernelLinux Kernel
Kernel ModuleKernel ModuleKernel ModuleKernel Module

GNU LibcGNU LibcGNU LibcGNU Libc

Boot LoaderBoot LoaderBoot LoaderBoot Loader



38pxelinuxpxelinuxpxelinuxpxelinux
vmlinuz-pxevmlinuz-pxevmlinuz-pxevmlinuz-pxe
initrd-pxeinitrd-pxeinitrd-pxeinitrd-pxe

Config. FilesConfig. Files
Ex. hostnameEx. hostname
Config. FilesConfig. Files
Ex. hostnameEx. hostname

After running “After running “drblsrv -idrblsrv -i” & ” & 
““drblpush -idrblpush -i”, there will be ”, there will be pxelinux, pxelinux, 

vmlinux-pex, initrd-pxevmlinux-pex, initrd-pxe in TFTPROOT,  in TFTPROOT, 
and different and different configuration filesconfiguration files for  for 

each Compute Node in NFSROOTeach Compute Node in NFSROOT

After running “After running “drblsrv -idrblsrv -i” & ” & 
““drblpush -idrblpush -i”, there will be ”, there will be pxelinux, pxelinux, 

vmlinux-pex, initrd-pxevmlinux-pex, initrd-pxe in TFTPROOT,  in TFTPROOT, 
and different and different configuration filesconfiguration files for  for 

each Compute Node in NFSROOTeach Compute Node in NFSROOT

Linux KernelLinux KernelLinux KernelLinux Kernel
Kernel ModuleKernel ModuleKernel ModuleKernel Module

GNU LibcGNU LibcGNU LibcGNU Libc

Boot LoaderBoot LoaderBoot LoaderBoot Loader

DHCPDDHCPDDHCPDDHCPDTFTPDTFTPDTFTPDTFTPDNFSNFSNFSNFS YPYPYPYPNISNISNISNISSSHDSSHDSSHDSSHD
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BIOS PXEBIOS PXEBIOS PXEBIOS PXE BIOS PXEBIOS PXEBIOS PXEBIOS PXE BIOS PXEBIOS PXEBIOS PXEBIOS PXE BIOS PXEBIOS PXEBIOS PXEBIOS PXE

3nd, We enable 3nd, We enable PXEPXE function in  function in 
BIOSBIOS configuration. configuration.

3nd, We enable 3nd, We enable PXEPXE function in  function in 
BIOSBIOS configuration. configuration.

pxelinuxpxelinuxpxelinuxpxelinux
vmlinuz-pxevmlinuz-pxevmlinuz-pxevmlinuz-pxe
initrd-pxeinitrd-pxeinitrd-pxeinitrd-pxe

Config. FilesConfig. Files
Ex. hostnameEx. hostname
Config. FilesConfig. Files
Ex. hostnameEx. hostname

Linux KernelLinux KernelLinux KernelLinux Kernel
Kernel ModuleKernel ModuleKernel ModuleKernel Module

GNU LibcGNU LibcGNU LibcGNU Libc

Boot LoaderBoot LoaderBoot LoaderBoot Loader

DHCPDDHCPDDHCPDDHCPDTFTPDTFTPDTFTPDTFTPDNFSNFSNFSNFS YPYPYPYPNISNISNISNISSSHDSSHDSSHDSSHD
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BIOS PXEBIOS PXEBIOS PXEBIOS PXE BIOS PXEBIOS PXEBIOS PXEBIOS PXE BIOS PXEBIOS PXEBIOS PXEBIOS PXE BIOS PXEBIOS PXEBIOS PXEBIOS PXE

While Booting, While Booting, PXEPXE will query will query
IP address from IP address from DHCPDDHCPD..

While Booting, While Booting, PXEPXE will query will query
IP address from IP address from DHCPDDHCPD..

pxelinuxpxelinuxpxelinuxpxelinux
vmlinuz-pxevmlinuz-pxevmlinuz-pxevmlinuz-pxe
initrd-pxeinitrd-pxeinitrd-pxeinitrd-pxe

Config. FilesConfig. Files
Ex. hostnameEx. hostname
Config. FilesConfig. Files
Ex. hostnameEx. hostname

Linux KernelLinux KernelLinux KernelLinux Kernel
Kernel ModuleKernel ModuleKernel ModuleKernel Module

GNU LibcGNU LibcGNU LibcGNU Libc

Boot LoaderBoot LoaderBoot LoaderBoot Loader

TFTPDTFTPDTFTPDTFTPDNFSNFSNFSNFS YPYPYPYPNISNISNISNISSSHDSSHDSSHDSSHDDHCPDDHCPDDHCPDDHCPD
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IP 1IP 1IP 1IP 1 IP 2IP 2IP 2IP 2 IP 3IP 3IP 3IP 3 IP 4IP 4IP 4IP 4

While Booting, While Booting, PXEPXE will query will query
IP address from IP address from DHCPDDHCPD..

While Booting, While Booting, PXEPXE will query will query
IP address from IP address from DHCPDDHCPD..

pxelinuxpxelinuxpxelinuxpxelinux
vmlinuz-pxevmlinuz-pxevmlinuz-pxevmlinuz-pxe
initrd-pxeinitrd-pxeinitrd-pxeinitrd-pxe

Config. FilesConfig. Files
Ex. hostnameEx. hostname
Config. FilesConfig. Files
Ex. hostnameEx. hostname

Linux KernelLinux KernelLinux KernelLinux Kernel
Kernel ModuleKernel ModuleKernel ModuleKernel Module

GNU LibcGNU LibcGNU LibcGNU Libc

Boot LoaderBoot LoaderBoot LoaderBoot Loader

TFTPDTFTPDTFTPDTFTPDNFSNFSNFSNFS YPYPYPYPNISNISNISNISSSHDSSHDSSHDSSHDDHCPDDHCPDDHCPDDHCPD
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IP 1IP 1IP 1IP 1 IP 2IP 2IP 2IP 2 IP 3IP 3IP 3IP 3 IP 4IP 4IP 4IP 4

After PXE get its IP address, it will After PXE get its IP address, it will 
download booting files from download booting files from TFTPDTFTPD..
After PXE get its IP address, it will After PXE get its IP address, it will 
download booting files from download booting files from TFTPDTFTPD..

Config. FilesConfig. Files
Ex. hostnameEx. hostname
Config. FilesConfig. Files
Ex. hostnameEx. hostname

Linux KernelLinux KernelLinux KernelLinux Kernel
Kernel ModuleKernel ModuleKernel ModuleKernel Module
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