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2005 Utility computing
(Amazon EC2/S3)
¢ al Org 2006 Apache Hadoop

Grid computing 2007 Cloud computing
(Google + IBM)

2002 Berkley Bonic
2003 Globus toolkit
1990 Open to the public 2004 EGEE gLite
; network

Clustering 1991 HTML, http, www

e Computing 1993 Mosaic (web browser)

oer Computing 1996 Internet

1975 Apple |
1946 Von Neuman 1981 IBM PC
1964 IBM System/360 1982 TCP/IP
1969 Unix 1985 er?dows
1972 C 1991 Linux
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Massive Scalability

(Iﬁ'H, ﬂ%E'I/Trend Micro)[3]
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° HI 73 " FilGartner[4]pV 5T B H Y 0 r;%ﬂf‘r*}{__r_ﬂ |
W 73 BB 5F > 5T F[IEY
0 —ff:‘f‘.}%m ; (Cloud Computing Services)
o gzjflﬁ.'*[jfi | (Cloud Computing Technologies)




o "IN BE AR El—Tf} SEIRUESRI T IS - (7]
YPHLH R H T i%&ﬂllgﬁﬂ f TRl / SEARAY
Amazon EC2 [5] 55 - ZTFI F[J%ffn}ﬁgﬁ i £ T

RIS ) (SaasS, Software asaSerV1ce)7FEL YRR o F]H]
’ﬁ ﬁm R IHE =Pl e 3 AGREF 25E5 B

etk [ B CA RN (B
o IaaS PaaS, SaaS¥ | £l ' = %HM

o {F911: Amazon EC2 & 83[5] Google App Engine[6] -
Apache Hadoop|7] ~ Yahoo! Cloud Computing [8] -
Microsoft Azure[g] ~ IBM Blue Cloud][10] -

Sector/Sphere [11] ~ Saleforce.com[12] ~ CHT HiCloud|13]
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* §TU: GPGPU, Virtuali

Cluster Management

*j:ﬂEQIHIFIJ FESETETETVR o lﬁ — F5
[ 1-=(Data Center)ﬂrij:h & Tﬁjﬂ:

i Fil

ization, Deployment, Metering,

° B M 1E - EYouTubeg/™
* What is Cloud Computing

http://www.youtube.

com/watch?v=Z5f2FQkLfdo

Source: salesforce.com
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°SaSS
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VIRTUOZZO

AMAZON

GOGRID

MOS80

BizTalk Lahs

SQL Server Data
Services

Google App
Engine

Facehook F8
Plaiform

Force.com

BUNGEE

NETSUITE

Microsoft
Dynamics CRM

Salesforce

RIGHT NOW

Live Mesh

Wiehex

Live Meeting

Office Live

Acrohat Connect

Pingldentity

TRICIFHER

Blogger

flickr

twitter

Google app
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Embedded p(j notebook
Platform Emb dded  PC

Platform
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Embedded PC
Platform

PDA otebook notebook

Embedded  PC
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~*E| 5" :Amazon Web Services (AWS) - Google App
Engine (GAE) - Microsoft Azure - Salesforce.com
Force Platform -

* Bf[hv== Eucalyptus[14] ~ OpenNebula[15] ~ Hadoop
+ Sector/Sphere - AppScale -

o £ E |5 IBM Blue Cloud - Microsoft Mcloud [16]
HP CloudStart [17] ~ Yahoo! Cloud Computing Yahoo!
Cloud Computing ~ HY ¥ Flc! Ti",ﬁ(flﬂDIY) o

o 3ﬁﬁ%Hadoop+Goole App Engine -
Mcloud+Azure - Ubuntu Enterprise Server+AWS -
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* Amazon Web Serv1ces (AWS) [5]> IaaS/PaaS

o It #{q [y * Amazon EC2 (Elastic Cloud
Computmg)%laaS

¢ - Small (Default) $0.085 per hour(L) - $0.12 per hour(W)
* - All Data Transfer $0.15 per GB
* @ J755 * Amazon S3 (Simple Storage Service)>Paas

* - $0.15 per GB - first 50 TB / month of storage used

* - $0.15 per GB - all data transfer in

* - $0.01 per 1,000 PUT, COPY, POST, or LIST requests
o #15. : Paying for What You Use
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* Google App Engine (GAE)[6] & PaaS
o FEHFH P E T E I A R [FHEO Google T ’F'};‘/ i
o H{Hl © - 500MB of storage
o - up to 5 million page views a month
o - 10 applications per developer account
o “«Lﬁfﬂ A= %‘:h,ﬂ i f{F=*] Python ¥ Java
. ﬁﬁl'@ﬁ
~ e P $0.12 S0 /GB, i #IFT $0.10 S /GB
* - CPU Effa $0.10 S_Tu /Eﬁ
o — [—a e ﬂ J E,\P?[‘“I $0.15 = v /GB-=J E|
o — B I F 5T H $0.0001 3T /& {EIFFH
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* Apache Hadoop [7]9 Software or SaaS

* fhApache ﬁf«?ﬂﬁié 7R PN E TR -

o gt H\%l G i

o -f'r El I EI = JﬂQpCF’%jg%p NE A %Liﬁﬁ |
o L 5 53 R R | Pt E B s
> 'EI% ';:{ 5§i [n*i TW&’QF“EI[ Ejf]E [ ’EIE NEIE ITF 7]

e ] bglél@?rrr R BT R
e BE“LEFU @#h%‘:fnﬂ I F'\IHUFIJ Java
nﬁw = MapReduce Hadoop Distributed File System
(HDFS) + HBase

* Google ~ IBM ... ffffli*] Hadoop fit 57" 7l
* Yahoo - Facebook...../"{jfi*| Hadoop fit£%e ] 73
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Google vs. Hadoop [25]

e

Platform
- Google app engine @haﬂ@ﬁﬂ
Function
Operation MapReduce MapReduce
FileSystem GFS HDFS
DataBase BigTable HBase
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[19] ¢

* National Institute of Standards and Technology (NIST),

USA, 2010.
http://www.google.com.tw/search?sourceid=navclient&hl

=zh-TW&ie=UTF-8&rlz=1T4GGLL_zh-
[WTW353TW353&q=NIST
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: zI Five Characteristics

o [JMEE T 'r'J ¥ Four Deployment Models

Q: %E_J

:Ba'% Three Service Models

s fEI’ﬂI? % Two Research Goals
*— [E'f&t# One Spirit
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* On-Demand Self-Service [ 17} [ IEP—;'»*’%F/?,J

* Broad Network Access ’?4 a{ﬁﬁ%ﬁ

* Resource Pooling ¥+

* Rapid Elasticity TR %

* Measured Service = £ k955
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* Private Cloud %. & 5>~ -3 7™
e Hybrid Cloud i F’—\[ =D =]

-

* Community Cloud m{EZ— 25 o] i




........

......
e

"
............
.........

= SRR

* [aaS ?,ET%EJH’%S;’%%UHHW Computing; Amazon EC2, IBM Blue
Cloud, and HP Flexible Computing Services.

* PaaS I 7| J[[4755> Platform for Programming; Google App
Engine, MS Azure, Oracle SaaS Platform, and Yahoo Application
Platform.

e SaaS ﬁ'?%élﬂﬁﬁi’%%All of Computings; Salesforce.com, Google
Docs, G-mail, and Trend Micro Web Reputation Services.

e SssS ['%T%EJH%’&"%%Storage Computing; Amazon S3, Twitter, and
MS SQL Services. (H} %[~ %E}I?L]”LFL“‘TEJ%FJ * TaaSf|1)
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* Cloud —%*’\Q\rﬂ%’m PO PN T = > BT
Fl1-= Data Center °

AWS, GAE, Hadoop, Eucalyptus, Azure, Blue Cloud,
and Saleforce.com

* Terminal ,F.JQHI | F ’Q\rp 3% 'ﬁj pﬁi[fam%ﬁ%ﬁ? =y
Y= ’LJ%:EE Mobile Device - f5E]* NI ﬁ”FT[ hm Chen

“F g ,r.ﬁ&Smart Terminal °

PDA, iPhone, iPad, Eee PC, and Embedded Platform
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* Anytime [fEfH]
» Anywhere[§&
*With Any Devices{fi | (= {4/

=N

* Accessing Any Services i+ 7V (= {355

!

*Everything as a Service & | Hi 2 [f355




ster computing. [20]

——

Lu.stre is a massively parallel distributed file sy
Walrus is a storage service included with Eucalyptus that is interface compatible with Amazon's S3. [21]

= WY = S INE= 2L, 7 S
%ﬁ@ﬁﬂ\l'ﬂ%ﬂ\ ;

Z~ -

s / "1
@ Web Interface or
EC2 API

Cloud Controller (CL.C)
Walrus Storage Controller (¥

Cluster Controller (CC)

Cluster Controller (CC)
Elastic Block Storage (EBS)

Elastic Block Storage (EBS)

Node Controllers (NC)

Node Controllers (INC)
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Applications
Social Computing, Enterprise, ISV, ...

User- Level

!

Programming language

Web 2.0 Interface, Mashups, Workflows, ---

*

User-Level
Middleware

v

Control
(Qos Neqotiation,Ddmission Control,
Pricing, SLA Management, Metering...

Virtualization
VM,VM management and Deployment

Hardware facilities

( Infrastructure: Computer, Storage, Network |

A

Core
Middleware

14

System Level

SaaS
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Applications eyeOS,Nutch,ICAS,
Social Computing, Enterprise, ISV, ... X-RIME.,...
Control
Qos Negotiation,Ddmission Control, |:> E?llé::lmifgiiangﬁr’
Pricing, SLA Management, Metering YPHs, o

Hardware facilities

Infrastructure: Computer, Storage, Network

b
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I: Amazon Web Services (AWS) ~ Google App

Engine (GAE)
° EFERGE

o ['IE'E
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1: MS Mcloud [16] - E"ri KAEUTJI""? aecaay SIRERS

DynaVirtual [22]
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e Data Center Virtualization- VMWare vSphere
ESX/ESXi, Microsoft Hyper-V, and Citrix XenServer

e Desktop Virtualiztion- VMWare Viewer 4, Microsoft
Hyper-V, and Citrix XenDesktop
o FIPARICY S
e Server Virtualization- Ubuntu 10.04 Server UEC,

Debian+Xen+GPU+VMGL(or OPGL), and
Eclipse+Hadoop+Hbase+PHP

 Client Side- Linux+JVM (virtual machine for program)
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o = EHE ™ (Full Virtualization) - VMware ESX Server|[25] £}
['*“?Ec : lﬁ“ﬁ i | "“ﬁ%ﬁ’-‘ ”(binary translation) *; 1% }[ﬁj’ i
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o bk (= (Para Virtualization) - Citrix XenServer[26]#!
Microsoft Hyper-V[27]£% Y% ° guest OSF 15} 111 E %[TF
Eﬁpﬁf'ﬁ J“[HJ;T =5 host OSE[Z) » [N 1] Cg.% Level-
assisted Virtualization ° —*fj:ﬁ/lmodlﬁed guest OS I'| P15}

— T ﬁl JOSHE - iguest OSF i * x5 & hypercalls
[FUAH A = B Jhypemsor[ SR ;f (=Bl o YL
Xen [28] ~ MS Hyper-V R2 -
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° R Pk~ (Hardware-Assisted Virtualization)-

Intel VT-x [23]F[| AMD-V[29] 5 {5k o +T%%§QTE[FB =3

ST 'J]?HL*E 12N guest OS“[EE’ET@E: S S i SR

?F[ &J”H SHE lglf@hyperwsor@;‘g’ == F d modified
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guest OSpybinary translation ; Ll 7 DMAF
B [l = R e Y Intel VT-x - \ﬁT d > VT-c7[!
AMD-V -
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* ¢ 7| A7 (Hosted Architecture) -
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TEIFE}I ENFJ ) 7f F| o7 Pelag i i
“fﬁz F' lﬂi oAk e 7]
Z/D VMware Workstation/Player
[30]

Hosted Architecture
. fi"? e IR = TE‘FE' (% B
= F 'VMware)[24]
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° Wl &£ B A 1y (Bare Metal
Architecture) - ;J/T{l?g Iy
- HEERCRTL ) =g 2
) o R E I (Y
R R = UTEVEE'%D o
el Eli&%w “/\T;{ZF—{J
FBJI‘P%% ko Y VMware
ESX/ESXi Server[go]
o 'gf'a‘{ IIE}"SL‘ jf{ ]r

: 'TE' = fE'
b L pifie

Bare-Metal (Hypervisor) Architecture

(% % F 'VMware)[24]
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* http://open.eucalyptus.com/
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o QI F IR T 14T E T UECS

o ’ﬁj il i{ﬁ‘?}'ﬁ? Amazon ECZ et | AYE | t’lfﬁr}’ﬁ =

* B5hLUbuntu 9.04 =I5E[¥% Eucalyptus V= [F

* Ubuntu Enterprise Cloud powered by Eucalyptus in
9.04

* E'# R Eucalyptus [l R ¢ i R R0

o BB E | A B A

(R E BB o 1 Y B ) 1]
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* Eucalyptus|14]}lopen source Linux-based software
architecture - i ITEEEHS Fr BihsX & | ;%:ﬁﬂﬁlﬁ

Zeoliodn

== [ Infrastructure as a Service (IaaS) -

* Eucalyptus private cloud %% -5k data center > ‘%
Intranetfy | AEHY FREIH B+ 5 ¢ R devplfod 2
% o Eucalyptus & ?’j\ %[lg%& %4 web services components:

* Top Level: Cloud Controller (CLC), Walrus Storage
Controller (WS3)[31]

» Middle Level: Cluster Controller (CC), Elastic Block
Storage (EBS)

* End Level: Node Controller (NC)
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cloud controller(CLC)

cluster controller(CC) | cluster controller(CC) | cluster controller(CC)

XentVMGL+Lustre | XentVMGL+Lustre | XentVMGL+Lustre
Open Nebula Open Nebula Open Nebula

* BCCHR3 A & hOpenNebula[is] ~ Xen[32]
VMGL[33] - Lustre[20] 2 A8 7 ik » £ HBCLCH - 1T
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Ubuntu 9.10 Server UEC|[34][35]
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J File Edit Wiew Wk Team Windows Help

D EE & E s

[11] Select cloud installation mode |

No Eucalyptus cluster controller was found on your network, so this
installation will default to installing a new cluster. Select "Node"
instead if this is a mistake and you already hawve a cluster
controller in place.

Cloud installation mode:

es huttons
To direct

Cdea T | & 4

Fi Help Fz L La 3 ap Fd M 5 hility F6 0ther Options

To direct fnput to this Vi, click inside or press Cte+ G .LEQ =Y % @H | E 4




J File Edit Wiew VM Team Windows Help

I e Rep el =] = el ==

T AT 3l 5 node

[11] Select cloud installation mode |

There is already a Eucaluptus cluster controller on your network, so
this installation will default to installing & new computing node.
Select ''Cluster' instead if this is a mistake and you already have a
node controller in place.

Cloud installation mode:

Cluster

he m o cts; <Ente activates buttons

To direct Clea | E 4

445 NC
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Java Mobile Edition Elfjfﬁiﬁ

* Java ME[36][37]3% 52 7] o APT & S | P8 i EaE fis
(configuration) - ETE']TE'['(profile)ﬂlfﬂa';;n {2 (4 (optional
package) -

o HAC I~ AT AL R AR -
IR 2 ([ E S Java MEEIfJE%iiﬁ‘fLHI > {F191: Connected
Device Configuration (CDC)

o PR AR > AL AR IAPTF 4
q/%ﬁﬂf‘ﬂﬂ ’J)iiEIH[JEIfJI%ﬁFJ > {JTy[!: Personal Profile (PP)

o ST (ERL A LA FOAP B avalle R
PapuIlg= - 191 Optional Packages (OP)
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Java Apps SWT AWT Java Apps SWT AWT
CDC+PP CDC+PP
GTK GTK
Clib Pango Atk Clib  Pango Atk
DirectFB x11
OS(kernel) OS(kernel)
GTK+DirectFB z¢ 1‘# i8] GTK+X112¢ 1‘# i8]

CDC+PP+0OP=Java ME technology delivered in APl bundles
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o e i Bootloader

Eboot Main Menu

[0] IP address: 192.168.80.1

[1] Subnet Mask: 255.255.255.0

[2] Boot delay: 3 seconds

[3] DHCP: (Disabled)

[5] Auto Download image at startup(Disable)
[D] Download image now

[L] Launch existing Flash resident image now
[C] Read current RTC time

[B] Change Eboot Debug Msg Mask(0x0)
[S] Set BSP Configuration

[U] Go to image update(Disabled)

[F] Format User Partition(Disabled)

[W] Write to FLASH after downloading image(Enabled)

[T] Test Menu
Selection: T
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Locked Domn Link 1
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Cloud Side

Ubuntu Enterprise
Server Node

Ubuntu Enterprise

Server Node

Cluster
controller

Ubuntu Enterprise
Server Node

Ubuntu Enterprise
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| |  Cloud Identification
connection

1192.168.1.125

| test ] [ldtntificatinnj

Name:Angela
Burthday; 1984/5/14
[d:R123456789
Address: X XXX XXX
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¢ Firewall+IDS+IPS/IDP+AAA—>
Network Security

* Anti-
virus+trojans+spyware+adware+
bots+keyloggers+dialers+email =
Host Security

* Encryption+Recovery = Data
Security

Intrusion Detection System (IDS), Intrusion Prevention System (IPS)

Authentication, Authorization, and Accounting (AAA)
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= e --- Smart Planet

Clauds for a Smarter Planet

In the long run, development of a Smarer Planel will depend on composable wab-deliverad services
on flexible infrastructure: that is, the Cloud.

Business Cloud-deliverad business services enabling quick adaptation to changing

Services global conditions, flexible collaboration and partnerships, easy
experimentation.

Application Web-delivered applications, accessible by

Services anyone, anywhere in the world.

(;ng E1IBM)[42]
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* X Services: Everything on-demand services

Object Services: Context-aware Ubiquitous computing among things

* People Services: Location and geography-aware services

* Business Services: Cloud-delivered business services
* Application Services: Web-delivered applications
* Platform Services: Cloud platform provisioning

* Infrastructure Services: Virtualization and IT resources sharing
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® The current WAN is turned out to be a new LAN
WAN facilities at
St ;ﬂ_ou
merged into data )& " wideAra et
center so that data 2 -
enterprise @ @ EntLrprlse
headquarter

local site are

wid ﬁm\n ‘%
center at
become a cloud

. o o %‘“
computing rather gék %;u %*. g\{ 6 : 5\5
than a single big 5593 érﬁ:@ gk é

computer.

(ﬁa'kf, 4 ' Trend Micro)[3]
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* We chase a hybrid cloud with mostly mobile connection
in the near future

3G Network Net
Devices + Hybrid
Cloud Security
Management
+Virtualization +
Data Centric
Protection + Cloud
Applications
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