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Chapter 0

Cloud Computing and 
Networking



Books
 Designing Cisco Network Service Architectures 

Foundation Learning Guide (3rd Edition) 
(Foundation Learning Guides)
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Administration
 Instructor: 

 曾學文 資工系 副教授

 Office: Room 908 
 Email: hwtseng@nchu.edu.tw
 Tel: 04-22840497 ext. 908
 http://wccclab.cs.nchu.edu.tw/www/index.php/course

 Office Hours: 
 (Monday)14:00~17:00; (Tuesday) 14:00~17:00.  

 Grade:
 Homework 30%
 Paper Presentation 30%
 Midterm Exam 20% 
 Final Exam 20%
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http://wccclab.cs.nchu.edu.tw/www/index.php/course


Course Goal
 What is cloud ?
 To know what is the cloud computing
 To understand what is cloud applications or services 
 To understand how to design the data center networks 

of cloud computing.
 QoS
 Throughput
 Routing and Failover
 Transmission Delay
 Scalable
 Power and Thermal
 …
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Cloud applications create huge data to use 
cloud computing 



How much data?
 Wayback Machine (網站時光機) has 2 PB + 20 

TB/month (2006) 
 “All words ever spoken by human beings” ~ 5 EB
 NOAA ( 美國國家海洋暨大氣總署) has ~1 PB climate 

data (2007)
 CERN’s LHC (大型強子對撞機) will generate 15 PB a 

year (2008)
 Google processes 24 PB a day (2009)

640K ought to 
be enough for 
anybody.

•1 Terabyte (TB) = 1024 GB
•1 Petabyte (PB) = 1024 TB
•1 Exabyte (EB) = 1024 PB
•1 Zettabyte (ZB) = 1024 EB
•1 Yottabyte (YB) = 1024 ZB



Hugh Data
 Huge multicast traffic in DCN

 Google MapReduce over 400 PB in one month
 Facebook registered users over one billion, the amount of 

data generated every day more than 300 TB
 2011 global digital data using about 1.8 ZB. 
 According to IDC (International Data Corporation) 

made the prediction research report, the total to 2020 
will be 44 times now, about 35.2 ZB

http://techorange.com/2013/04/16/why-virtual-machine-is-so-attractive/







How to create more data?
 Answering confusing questions

 Input pattern on the Web
 Works amazingly well

 Learning relations
 Input word patterns
 Search for patterns on the Web
 Using patterns to find more instances

Who shot Abraham Lincoln? → XXX shot Abraham Lincoln

Birthday-of(Mozart, 1756)
Birthday-of(Einstein, 1879)

Wolfgang Amadeus Mozart (1756 - 1791)
Einstein was born in 1879

PERSON (DATE – XXX )
PERSON describe …(Brill et al., TREC 2001; Lin, ACM TOIS 2007)

(Agichtein and Gravano, DL 2000; Ravichandran and Hovy, ACL 2002; … )



Different Use Habits 
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Large Data Centers
 Web-scale problems? Need more machines!!!
 Clear trend: centralization of computing resources in 

large data centers
 Necessary ingredients: fiber, juice, and space

 Important Issues:
 Redundancy --> fault tolerance, load balance.
 Efficiency --> transmission latency
 Utilization --> bandwidth utilization
 Management --> virtualization, cooling system



Big Data and Cloud Computing
 It starts with the premise that the data services and 

architecture should be on servers. 
 We call it cloud computing – they should be in a 

"cloud" somewhere. 

 If you have the right kind of browser or the right kind 
of access, it doesn't matter whether you have a PC or a 
Mac or a mobile phone or a BlackBerry or what have 
you – or new devices still to be developed – you can 
get access to the cloud. 

14Danny Sullivan 
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行動裝置
(1 to 1)

個人電腦
(1 to 1)

Mainframe
(1 to many)

• 1980年代 –
“ 每個人的桌上都有一台
個人電腦”

• 2010年代 –
“ 每個人在行動中擁有一台
超級電腦”

雲端資料中心
(many to many)

「雲端資料中心」讓電腦運算就像是水、電 一樣，只要連上網路就

可以pay-as-you-go無限量提供服務。

雲端運算新世代



雲端運算的定義



虛擬運算技術



叢集運算技術



雲端運算經濟學
Unused resources

Static data center Data center in the cloud
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Risk of over-provisioning: 
underutilization Lost revenue

Lost users
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Heavy penalty for under-provisioning

資料來源：UC Berkeley RAD Lab

要如何做好資源管理
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雲端運算商業模式

Cloud Ecosystem



雲端運算技術藍圖

IaaS

PaaS

Servers Storage Arrays Power DistributionSwitches
+

Scalable System Architecture System Management Cooling

Cloud Hardware  Platform

Hypervisor Virtualization Mgmt       Storage Mgmt         Security  
Backup/Replication       Data Center Automation      Energy Management     

Cloud System Software Platform (VRM)

LAMP      .NET        WebSphere        WebLogic        Google App Engine

Cloud  Application Middleware  Platform

SaaS ERP, CRM, Design Service, EMR, Smart Grid…Applications
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Market Share of Various Cloud Platforms 



伺服器
(英業達,神達,鴻海,緯創,廣達…)

處理器
(威盛)

儲存體
(普安、喬鼎、
宜鼎、世仰、
信億 ...)

網通設備
(智邦、友訊、

合勤、建漢、正文...)

Cloud
Hardware 

System

平台服務營運
(中華電、台灣固網、遠傳…)

Service 
Operation

Infrastructure 
Software 應用服務 (電子郵件, 資料備份, 醫療電子病歷 …)

Cloud OS(ITRI/III、Microsoft、VMware… )

台灣雲端上下游產業價值鏈

電源供應及冷卻系統
(台達電、康舒...)



雲端運算帶來破壞式創新
  

Clayton M. Christensen

•雲端技術是”Sustaining Innovation”
雲端技術提供更好的功能與表現，且滿足相同
企業用戶

雲端技術無法產生破壞性創新，而是技術的延
續

Time

Technology
Performance

Mainframe

Commodity 
Server

Commodity 
Server

+
Virtualization

Time

Service
Performance

Incumbent Software

Cloud Service

•雲端服務是”Disruptive Innovation”
雲端服務以使用量計費方式取代高額授權金
或硬體

鎖定中小客群而非主流大型企業客戶
不需具備IT專業知識即可快速使用雲端服務

資料來源：工研院 IEK
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Verari

Source: Daniel Costello, Microsoft Data Center Transformation, Microsoft WinHEC 2008

雲端貨櫃型電腦

http://www.greentelecomlive.com/wp-content/uploads/2008/06/ibm_container.jpg
http://www.greentelecomlive.com/wp-content/uploads/2008/06/ibm_container.jpg


Why Container Computer?

 能源使用效率(PUE)較佳

 貨櫃內密閉式空間，冷
卻成本大幅降低

 擴充彈性高

 方便運輸、安裝與卸除

 能以不同貨櫃尺寸為出
貨單位，支援不同的運
算需求
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Apple 雲端資料中心

1.Apple's existing Newark, CA., Data Center is 
around 109,000 square feet--the new one is over 
500,000. That represents either a ridiculously big 
scaling-up of business or a whole new thing
2.500,000 square feet is among the largest 
centers being built in the World on a single site. 
Microsoft's new one in Chicago is around 400,000, 
in comparison

1. iPad系列的優點包括運行速度相當快速，具
多點觸控功能、直覺的操作設計，能持續使
用12小時等特色，大幅增加iPad的吸引力。

2. 蘋果公司有一項重大東海岸資料中心建設，
以提高在線服務的能力。此次投資金額高達
10億美元，目標建設和運營大型server farm

www.datacenterknowledge.com

資料來源:經濟部科專辦公室
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Microsoft 雲端資料中心

微軟投資五億美金於芝加哥打造貨櫃型雲端資料中心

Microsoft…



Big Data
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What is Data Science? 
 Data science is the 

extraction of actionable 
knowledge directly from data 
through a process of discovery, 
hypothesis, and analytical 
hypothesis analysis

 A data scientist is a 
practitioner who has sufficient 
knowledge of the overlapping 
regimes of expertise in 
business needs, domain 
knowledge, analytical skills, 
and programming expertise to 
manage the end-to-end 
scientific method process 
through each stage in the big 
data lifecycle

Big data refers to digital 
data volume, velocity and/or 
variety whose management 
requires scalability across 
coupled horizontal resources



Prof. Kai Hwang, USC,  2014

The Five v’s of Big Data



Domain 
Expertise

Math
Statistics

Programming 
Skills

Analytics

Algorithms

Models

Data 
Science

Distributed 
Computing

Hadoop

Statistics

Machine Learning

Deep Learning (Neural Networks)
Natural Language Processing

Data Mining

Data 
Visualization

Social Network & 
Graph Analysis

Spark

Medical 
Engineering & 

Science

Linear Algebra & 
Programming

Today’s Dig Data Software Libraries 





Basic Dig Data Principles
• Structured vs. unstructured data and indexing 
• Identification, de-identification and re-identification
• Ontologies and semantics
• Data introspection and reduction
• Design, construction, operation and description
• Data integration and software interoperability
• Immutability and immortality
• Data measurement methods
• Data range, denominators, trending, and estimation



巨量資料分析
 李開復：『一斤數據優於一兩演算法』

 人工智慧使用在挖掘巨量資料，利用雲端中的巨量資料
來解決人工智慧中難以用數學方法精確描述的、隱喻的
複雜問題，且能接受精確度有瑕痴的預測

 藉由收集龐大的雙語語料庫，訓練「自動翻譯」的統計
模型，收集巨量的搜尋關鍵字，訓練「即時快搜
(instant search)」的統計模型

39



商人的水晶球- Big Data 
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Target百貨

• 美國的知名連鎖賣場Target寄發孕婦用品廣
告給中學女生。

• Target特別重視懷孕的預測

− 有了小孩是家庭的一件大事，未來十餘年的物品
購買習慣都會跟著改變。

• Target根據使用者的購買紀錄，包括使用的
化妝品和所吃的維他命，來決定一位婦女的
「懷孕預測指數」。

• 購買的商品和個人資料來預測懷孕指數值，
正確率高達87%。



雲端雲算與巨量資料驅動企業創新

 昔日錄影帶出租連鎖店龍頭企
業

 成立於1985年，2004年為發展
發展高峰期，擁有超過9,000家
店面

 於2010年9月23日宣告破產，
被Dish Network收購

 2013年11月宣佈將關閉所有美
國直營店面

 今日雲端影片服務領導企業，
運用社群媒體上的巨量資料持
續創新產品與服務

 成立於1997年，業務始於網路
上提供影片DVD出租服務

 1999年推出影片月租訂閱服務
模式

 2007年推出線上影片串流服務

 2013年善用big data精準掌握
觀眾的偏好，推出深受市場歡

迎的自製影集節目《紙牌屋》
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Netflix
 Netflix將觀眾尋找、評論和觀看影片的行為記錄下來

，工程師再將這些數據整理為有意義的資料，後來
發現有三個元素最受Netflix的美國觀眾歡迎：大衛芬
奇（David Fincher）導演、BBC出品、凱文史派西（
Kevin Spacey）主演。

 Netflix根據這三個元素打造自製影集《紙牌屋》，光
是2013第一季就新增了305萬用戶，單季營收衝破
10億2400萬美元，較2012年同期激增18% 。
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魔球成真「算」出勝利
 《魔球》（Moneyball）是一部2011年棒球題材的美國劇情片，

由布萊德·彼特主演。影片根據邁克爾·路易斯於2003年發表的
同名書籍 Moneyball 改編而成，講述奧克蘭運動家在球隊總經

理比利·比恩(Billy Beane）的帶領下，透過數字統計分析，打
破傳統，讓一支沒有明星球員、名不見經傳的小球隊，也能奪
得冠軍 ！
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Data Sources and Collection 
• Business transactions
• Textual and multimedia contents
• Qualitative knowledge data
• Scientific discovery
• Sensing data from the IoT
• Social media sources
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The Internet of Things (IoT) 



Evolution of the Internet of Things



Opportunities of IoT in 3 dimensions

(courtesy of Wikipedia, 2010)



IoT Enabling Technologies

Embedded Networking

Sensing

Control system with 
Small Untethered nodes Exploit collaborative sensing

Tightly coupled with 
the physical world

Embed numerous distributed devices to 
monitor and interact with physical world

Network devices to coordinate 
and perform higher-level tasks

Exploit spatially/temporally dense, in situation or 
remote sensing or actuation



Architecture of the Internet of Things
Merchandis
e Tracking

Environmen
t Protection

Intelligen
t Search

Tele-
medicine

Intelligent 
Traffic

Cloud Computing 
Platform

Smart 
Home

Mobile 
Telecom 
Network

The 
Internet

Information
Network 

RFID 

RFID Label

Sensor 
Network

Sensor Nodes

GPS 

Road Mapper

Sensing 
Layer

Network 
Layer

Application 
Layer





Sensor 
devices built 

inside a 
typical 

smartphone 
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Key Applications of IoT
Domain Brief description Examples

Industry,
commerce, and 

business

Activities involving financial or 
commercial transactions 
between companies and 
organizations

Manufacturing, logistics, service sector, 
banking, financial governmental 
authorities, retail, supply chains, dealers, 
intermediaries

Environment
energy, and 
resources

Activities regarding the 
protection, monitoring and 
development of all natural 
resources

Agriculture and breeding, recycling, 
environmental management services, 
energy management, smart grid projects

Smart home, city, 
and earth 

development

Utilities, appliances, health care, 
community services, 
entertainments, tourist, weather 
services

Bill Gates smart home, smart cities 
projects in many countries, IBM smart 
Earth project, Google map services 

Transport, 
and public 
services

Public transportation, traffic and 
crisis management, logistics, 
parking, emergency and disaster 
recovery

Intelligent highways, national parks, 
election, crowd sources, police services, 
public safety, crime prevention

Community 
services, national 

defense 

Government activities/initiatives, 
infrastructure, military defense, 
battle field management

Governmental services to citizens and 
infrastructures, e-inclusion (seniors, 
disabled people)



Location-sensitive Applications 
of Typical IoT Processing Stages



IoT Apps Domains and Users
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