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i Books

= Designing Cisco Network Service Architectures
Foundation Learning Guide (3rd Edition)
(Foundation Learning Guides)

aifluin]is Thiedbind Mt I
CIsCD

Designing Claco Network Service
Architectures (ARCH)
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Books

= Distributed and Cloud Computing: From Parallel
Processing to the Internet of Things (1st
Edition)

Distributed and Cloud Computing

From Parallel Processing to the Internet of Things

“Kai Hwang - Geoffrey C. Fox - Jack J. Dongarra

Kal Hwang




Administration

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

n Office Hours:
= (Monday)14:00~16:00

= Grade:
= Homework 30%
= Paper Presentation 30%
= Midterm Exam 20%
= Final Exam 20%



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 are cloud applications or services

tan t n th t ter network
o gilou dds ang;now 1 desidn, the qaLa feptel nghyorks

Aud Corp %tgng
QoS

= Throughput

= Routing and Failover
= Transmission Delay
= Scalable

= Power and Thermal



i How much data?

= Wayback Machine (4gubHy¢%) has 2 PB + 20
TB/month (2006)

= “All words ever spoken by human beings” ~ 5 EB

= NOAA ( EEIEZ FEFENRLEE) has ~1 PB climate
data (2007)

= CERN'’s LHC (KEIs&T¥1#E%) will generate 15 PB a
year (2008)

= Google processes 24 PB a day (2009)

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



s Huge multicast traffic in DCN

facebook Community Update

1.49 Billion
pecpie on Faceboak sach month

800 Million

peopio on Whatsapp each month

@ 700 Million

300 Million

pecple on Instagram each manth

Hugh Data

1.5 Billion

searches daily

1 Billion

people offered access through Internet.org

people using ips on Facebook

450 Million

people using Events on Facebook

small businesses using Pape:

I Tulauyle (10} — 1ves LD

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



Evolution of the Big Data Industry

Data

Size

» Doubled every 40 months since 1980s
- 2.5 Exabyte (10'8) of data per day

YB
ZB
EB

« World market size of IDC in
2012 is $22.6B (21.5% growth)

EB
PB
TB

« China IDC market size is
RMB 17.1B (67.1% growth)

TB
GB
MB

= Databases

- Data engineering
* Knowledge engineering

- Storage capacity today: 667 EB in 2013 (Cisco)

$34B in IT spending (2013)

4.4M new jobs related to
Big Data (2015)

Gartner predicted that Big
Data will be a traditional
industry by 2020
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Evolution of the big data industry in three development stages.

Stage Databases Data Centers Big Data Industry
Time Frame  1960-1990 1980-2010 2010 and beyond
DataSizes  MB,GB,TB TB, PB, EB EB,7ZB, YB

Market Size  Database market, ~ $22.6 billion market ~ $34 billion in IT spending (2013), predicted
and Growth  data/knowledge by IDC2012; 21.5%  to exceed $100 billion by 2020; 4.4 million

Rate engineering growth new big data jobs (2013)

e —————




i How to create more data?

= Answering confusing questions
= Input pattern on the Web
= Works amazingly well
Who shot Abraham Lincoln? — XXX shot Abraham Lincoln
= Learning relations
= Input word patterns
= Search for patterns on the Web
= Using patterns to find more instances

Wolfgang Amadeus Mozart (1756 - 1791)
Einstein was born in 1879
Birthday-of (Mozart, 1756)
Birthday-of (Einstein, 1879) PERSON (DATE — XXX )
(Brill et al., TREC 2001; Lin, ACM TOIS 2007) PERSON describe ...

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




- o -i' =
T i W
" i ‘." é —
‘-_\_-

Different Use Habits

8

TR -
X gt 4




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, resource utilization
= Management --> virtualization, cooling system



fig Data and Cloud Computing

= |t 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 BlackBerry or a mobile phone or what have
you — or new devices still to be developed — you can

get access to the cloud.

Danny Sulll"Va 15
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Pay by use instead of provisioning for peak ' Unused resources

N

Resources

Demand

Time
Static data center

v

/4

Resources

lll-l-l

Time

Risk of over-provisioning:

underutilization

Resources
;

>
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Time
Static data center

B} 5KIE : uC Berkeley RAD Lab

H

eavy penalty for under-grovisioning
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Cloud Application Middleware Platform

LAMP  .NET

WebSphere

WebLogic

Google App Engine

Cloud System Software Platform (VRM)

Hypervisor

Backup/Replication

Virtualization Mgmt

Storage Mgmt Security
Data Center Automation = Energy Management

Cloud Hardware Platform

Scalable System Architecture

Servers

System Management Cooling

Storage Arrays

Switches

Power Distribution




Market Share of Various Cloud Platforms
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Figure 1.13

Worldwide distribution of cloud service models and the growth rate based on projections by Gartner Research
from 2014-2020.
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http://www.greentelecomlive.com/wp-content/uploads/2008/06/ibm_container.jpg
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i Why Container Computer?
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1.Apple's existing Newark, CA., Data Center is
around 109,000 square feet--the new one is over
500,000. That represents either aridiculously 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. www.datacenterknowledge.com
Microsoft's new one in Chicago is around 400,000,
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What Is Data Science?

a 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 Iin
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

DOMAIN / RESEARCH ' STATISTICS
EXPERTISE DATA MINING

DATA

\ SCIENCE

PROGRAMMING
SKILLS



_| The Five v’s of Big Data

Volume Veloci
= Terabytes = Batch
= Records/Arch = Real/near-time
= Transactions = Processes
= Tables, Files = Streams
Varie Value
2 5 Vs of . |
« Structured . - tatistica
+ Unstructured Btg Data = Events
« Multi-factor « Correlations
= Probabilistic » Hypothetical

Trustworthiness
Authenticity
Origin, Reputation
Availability
Accountability

Veracity |

Prof. Kai Hwang, USC, 2014




‘ngay’s Dig Data Software Libraries

Iﬂ ra idminer Visualization _ »
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Medical
Engineering &
Science

Data Mining

Domain
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UCI >

Machine Learning Repository
Machine Learning
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operiNLP"

Natural Language Processing

Models

-~ SNAP. -
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Science

Social Network &
Graph Analysis

Gsas

Statistics

Math
Statistics

Igorithms

Linear Algebra & ‘ .

Programming Pt

Distributed
Computing
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Less than 1 MB (12)

3.7 %

|

1.1 to 10 MB (8)

||

2.5%

11 to 100 MB (14)

4.3%

101 MB to 1 GB (50)

15.5%

1.1 to 10 GB (59)

18%

11 to 100 GB (52)

16%

101 GBto 1 TB
(59)

18%

1.1 to 10 TB (39)

12%

11 to 100 TB (15)

a4.7%

101 TB to 1 PB (6) 1.9%
1.1 to 10 PB (2) _ 0.6%
11 to 100 PB (0) 0%
Owver 100 PB (6) 1.9%

Figure 1.1 Results from a KDnuggets Poll about Largest Data Sets Analyzed

Source: www. lkdnugpeets.com/polls/2013/largest-dataset-analvred -data-mined-2013. html.

A main obstacle to fully harnessing the power of big data using analytics is the lack of skilled

resources and “data scientist” talent required to exploit big data. In another poll ran by

KDnuggets in July 2013, a strong need emerged for analytics/big data/data mining/data science
education.? It is the purpose of this book to try and fill this gap by providing a concise and

focused overview of analytics for the business practitioner.
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iDat_a Sources and Collection

Business transactions
Textual and multimedia contents

Qualitative knowledge data
Scientific discovery
Sensing data from the loT
Social media sources
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The Internet of Things (10T)

P Wireless Sansor Nebwarks
@ Intemnet of Things
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gvolution of the Internet of Things

Network The Internet Mobile-Internet Mobiles + People + PCs Internet of Things
Hos F Mo ﬁ; ile F m hl Mo hl ' LE g
UE Host Host Host
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ple l Interconnected Objects



portunities of 10T In 3 dimensions

Any TIME connection

« On the move
« Dutdoors and indoors

= Might
*Daytime

= Onthe move
= Qutdoors
* Indoors (away from the PC)

= At the PC
Any PLACE connection

+ Between PCs
* Humanto Human (H2H), not usinga PC

* Human to Thing (H2T), using generic aquipment
+ Thing to Thing (T2T)

Any THING connection

(courtesy of Wikipedia, 2010)



loT Enabling Technologies

Embed numerous distributed devices to Network deviC_es to coordinate
monitor and interact with physical world and perform higher-level tasks

Embedded

Control system with
Small Untethered nodes

Networking

Exploit collaborative sensing

Sensing

Tightly coupled with
the physical world

e

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



Architecture of the Internet of Things
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Sensor Node ™ Data Flow

Microprocessor
.|
Module Bus

RF Module i i SensorModule { i MemoryModule i
t [wean] [wean] | i[Sensor] [ Fier | [ADC | | ELE:AM H{}w Flash | |
Random Access Memory Head-only Memory

IILL. SEEE I I I SIS I I S SIS S S I I I I I SIS I I ST S I I A I SIS I I S SIS S .

(a) Functional modules in a smart sensor node.
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Table 4.7: loT Wireless Communications and Networks

Metwork Wireless WMAN WLAN WPAN
Types WAN
Markat Hama GEM'GPRS WiMax ‘Wil Falla [ =1:1: 4 Slusbooth
Standard COMANMERTT gl2.15.6 2. 11g Si2.15.4 gl2.15.1
Application Wie Area Dala Bandwidth Web, Emall Monkaring & Cable
fOCLs valoe and Oala Iy 'WAF1 AP Video Coniral Feplacement
System 18 WE+ E MB+ 1 MB+ 4 KB - 32 KB 250 KB+
Rezourcas
Baltary Lifa -7 1.7 055 1001000+ 1.7
(Zays)
Hetwork Siza 1 1 32 Uinlimied [25) T
Eandwidth 64-128+ 16,000 64,000+ 20-260 120
(KBs)
Range (matars) | CO0ER + 100KM (L) 1-100 | — 100 + 1-10+
40KM {NLa5)
Succass Coverage, Spaed Speed, Rellability, Cast,




Key Applications of loT

Industry, Activities involving financial or Manufacturing, logistics, service sector,
ool ppnal=Igel=-Tale B8 commercial transactions banking, financial governmental
business between companies and authorities, retail, supply chains, dealers,
organizations intermediaries
=\ gelalaaCIa 8 Activities regarding the Agriculture and breeding, recycling,
energy, and protection, monitoring and environmental management services,
resources development of all natural energy management, smart grid projects
resources
ST g alel EINeIIAYAR Utilities, appliances, health care, Bill Gates smart home, smart cities
and earth community services, projects in many countries, IBM smart
e [SV/SIeloln[SIV 8 entertainments, tourist, weather Earth project, Google map services
services
Transport, Public transportation, traffic and Intelligent highways, national parks,
and public crisis management, logistics, election, crowd sources, police services,
services parking, emergency and disaster public safety, crime prevention
recovery
Community Government activities/initiatives, Governmental services to citizens and
S VIS Lo a LN infrastructure, military defense, infrastructures, e-inclusion (seniors,
defense battle field management disabled people)




Locatlon sensitive Applications
Processing Stages

et
4 |11

L
s+ Smart
v Wearable

Data Archive

Real Time
Processing

\

.": ;-? I---.-----.----|

- : 1 I

[ ' |

@.: ", B

'-------.---I : f_]{-‘—] ‘. ) :

Int&rmEdiaw T R EEREE I T T T
Communication Visualisation / Presentation /

and Processing Recommendation

! 4+ Thin g Devices
F

. =Context Discovery



loT Apps Domains and Users

Sensing, Analytics and

Visuakzation tools
Haorre! /

Farsonal Ty
User = T-J %
i r

Policy Makers Industrialists

Fig. 1. Incermner af Things schemaric showing the end users and applicanion ar=as bassd on dara.
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