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= Install, Configure,
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= Finally, use it = $ - pay for what you
$$$$....$(High CapEx) use, based on QoS

Every 18 months?
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o Implications of the Internet
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1969 — Leonard Kleinrock, ARPANET project

= "As of now, computer networks are still in their
infancy, but as they grow up and become
sophisticated, we will probably see the spread
of “Computer Ultilities”, which, like present
electric and telephone utilities, will service
individual homes and offices across the
country”.

= During the last 45 years, several advances
have taken place in both “computing” and

“communications” areas that are turning the
vision of “Computer Utilities” in to a reality.
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| Computing Paradigms and
@ Attributes: Realizing the '"Computer

Manjrasoft UtllltleS’ VISIOn
Web
Data Centres
Service Computing
Grid Computing
P2P Computing
Market-Oriented I
Computing ‘
- -Ubiquitous - .
: -Trillion $ business
Cloud Computing oenable ?
Big Data -Autonomic
-Dynamic
Paradigms discovery
- Composable
-Qo0S
-SLA
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K"‘? A Data-Driven World
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Science and Engineering

= Data from astronomy, genomics, bioinformatics ..

Business and Commerce Ej
= Corporate sales, stock market trans., airline trafﬁc

Entertainment and Social Media
= Internet images, movies, Social networks ...

Medicine and Healthcare
= MRI & CT scans, patient records, sports data ...
Education and Training

= T&L experiences, performance, on-line courses ... e

Government and Services

16 through government data analytlcs
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Scientific/Tech Applications y
‘Business Applications
Consumer/Social Applications

’ Sales Force
Web Store | Automation (.\
[+ i e
Marketing ad
i Campaigns '%
-

. Customer Support
|Biz Apps
- Crder

Fortal s,
= - ‘Management

Partner Portal

-
e
s

" shipping Financials xx

Purchasin g Inventory

5

Payroll
A ]
“Counting!

Business Applications

17 Consumer/Social Applications
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KM? Cloud/Big Data Application Platforms
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cA " . l
QoS (Time, @3 4@0 y.;’ ccry @{
Budget,

Accu racy, Appllcatlon Develop rent

Secrecy) ﬂ § 838 ﬁ

Unified Programming Models

HPC Application Platform Cloud/Big Data Platforms

(High Performance) Communication Infrastructure

: ! . , - 7 )
Desktop PCs Public Clouds

Datacenters
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Application Programming Models
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Thread —
Task : E 1%
Map Reduce v \iij |
Message Passing
= MPI, ... v 4
Parameter Sweeps
Workflows o

uuuuuu
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Outline

“Computer Utilities” + Big Data o

= Vision and Promising IT Paradigms < Platorm ase Service Fee)

Cloud Computing and Application Mod¢....roio

= System View, Applications, Challenges, Models

Aneka: A Cloud Application Platform - aPaaS
= .NET-based — multiple/10+ programming languages
= Models — Task, Thread, MapReduce + Tools

29

Cloudbus Workflow Management System
= Java-based Workflow Engine
= Apps Demos: fMRI, Spatial, LIGO, Montage

Summary and Thoughts for Future CLOUD c
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Aneka: Cloud Application Platform (CAP)

for Resource-Intensive/Elastic Apps

Manjrasoft

30

World-first platform Multiple Applications
supporting multiple Cloud
programming models (Task, Thread  Task .. MapReduce

Thread, MapReduce)

SDK (Software -

Development Kit) containing
APIs for multiple programming
models and tools

Runtime Environment for
managing application
execution on Clouds

Suitable for

= Development of Enterprise
Cloud Applications

= Cloud enabling legacy

Aneka

Multi-core Cluster Grid Cloud

appliCationS Frivate Cloud Microsoft Amzmeoome
Portability for Customer Apps: gEFFT B
= Enterprise < Public Clouds % @ @
= .NET/Win < Mono/Linux LAN et ork Data Center

Multiple Infrastructures



Aneka: The Cloud Application Platform

(CAP) for Resource-Intensive Apps
ManTaot (Available as Manjrasoft Product)

. W Management Kit
World-first pIIa_tflornC1I ; Henagement | Admimsiaton
Su ppo rt] ng mu t| p e ou Software Development Kit N N S
programming models (Task, T D || Seeseton I senagemer
Thread, MapReduce) fee——————————
S D K SOftwa re Programming Models

Development Kit) containing Tesk Thead  Map Reduce

APIs for multiple programming

models and tools it
aten

Runtime Environment for (usa)
managing application
execution on Clouds

Foundation Services

Suitable for
= Development of Enterprise Infrastructure I v
Cloud Applications TTNET @ Windows [ Mono @ linux |
= Cloud enabling legacy
applications Armazon

Portability for Customer Apps: Private Cloud Microsoft
= Enterprise < Public Clouds W W N R |
= .NET/Win < Mono/Linux
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(GoFront: A unit of China

Southern Railway Group)
sz Application: Locomotive design CAD rendering
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(GoFront: A unit of China

Southern Railway Group) B Rt

wabia Application: Locomotive design CAD rendering

W hEEEEARNE NN EERAT fenen

e s 3 Case 1: Single Server
Raw Locomotive Design Files

(Using AutoDesk Maya) Using Maya
N [ Graphical Mode
Directly
4 cores
server
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(GoFront: A unit of China @ csr

Southern Railway Group) EERiraatas

wabia Application: Locomotive design CAD rendering

o G EEERRGR NN EARAD FaeeR Aneka Maya Renderer
i BA HETIT R Rl G i N e

GoFront Private Aneka
Cloud

Use private
Aneka Cloud

LAN network
J/ (Running Maya Batch Mode on demand)

ey Case 2: Aneka <>
ﬁfﬁﬁfﬁf{:ﬁjﬁ*@ﬁiﬂfﬁ" ] Enterprise Cloud  manjrasoft
A1

| i
[ e Case 1: Single Server
Raw Locomotive Design Files
(Using AutoDesk Maya) Using Maya
g S Graphical Mode
Directly
4 cores
server
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(GoFront: A unit of China @ csr

Southern Railway Group) EERiraatas
wabia Application: Locomotive design CAD rendering

o EEE SRR R AN EERL T mrEen Aneka Maya Renderer

GoFront Private Aneka
Cloud

Use private
Aneka Cloud

LAN network
J/ (Running Maya Batch Mode on demand)

N
i ipeuiinteii taenreraninet oo RnE Case 2: Aneka ¢?
g‘[—em“’wﬂ“ffhu:‘%w ] l Enterprise Cloud  manjrasoft Time | ¥
x| 4 *. ] i

:

| ~ (in hrs) s &

) B 6000 Frames
: * § 40 W 4000 Frames
] R SRIE ) 25. m 2000 Frames
e SR L Case 1: Single Server 20 - | T

8

Raw Locomotive Design Files R F.a

(Using AutoDesk Maya) Using Maya

Graphical Mode

_ Single Aneka
Directly

Server Cloud
Aneka utilizes idle desktops

(30) to decrease task time
from days to hours
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= System View, Applications, Challenges, Models

Aneka: A Cloud Application Platform
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= Models — Task, Thread, MapReduce + Tools
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) Cloudbus Workflow Management
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Workflow Portal
XML-based Lang. s

Management

I/O Models
5

= Many-to-many,

Workflow Portal

&

T s Images
Workflow Workflow Modeling
Editor and Definition

|

|

|

I

I

I

= many-to-one £
= synchronization ri:
|

I

I

I

|

I

I

I

Workflow Enactment Engine

(&) 'E'. 2%

Data
Catalogue

Workflow Engine el

\ . Language Task Workflow  Resource  Fault-Tolerant - Negotiation
m Ap p SuU b mission b% Parser  Dispaicher  Scheduler  Aliocation  Management  ervices
handler e
Provenance Catalogue
- S Ch e d u I e r Management Resource Broker
Workﬂow Ditectory and

Event Service Maagement
Resource Broker

Applications
= fMRI, LIGO, Spatial..

Catalogue Services

J J

Public Cloud
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A*STAR Singapore use case:

Spatial-temporal data analytics for
Manjrasoft prediction of dengue fever outbreaks

lterative Opt. for
the BEST analytic

Data Processing workflow
= Climate: Temperature,
humidity, rain force,
etc.(Source: NEA) : Workflow Mgt )
ﬁ* ( b’ 5\} O Submit
* Geo-Population - s % d Le/ v-rJ @’ models
u Life cycle of Aedes - O Resource Mgt O
mﬂsquitﬂ : Irtermet r—""".f ..I" W"""‘ Process Wf
= Dengue records - _ . ‘T._._ n’m Nl =S O Auto scale
Courceinon) - ) 8 B —

O O Compare
_— Results
f:ﬁ‘graphtcal
O Adjust

eiser mierfa,ce
& Update
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Multi-Cloud Resource

Provisioning Policy

Manjrasoft

Create a pool of spot instances
If resource is available freely, allocate it.

Else, if budget is there, create an on-demand
iInstance

If no budget

= Find a suitable resource that will complete the task
In the earliest

47 47



e .\ ° Running Montage Application on
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Multiple Clouds
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Montage

An Astronomical Image Mosaic Engine
NASA Space Act Award Winner 2006

Montage
Workflow

= Montage - Image Mosaic Software for
Astronomers

= Montage is a toolkit for assembling CloudBus Workfiow Management System
Flexible Image Transport System (FITS) :
images into custom mosaics. y .| Tuple
m Montage has been tested by the CloudBus Resource Broker Space
Montage team on Linux platforms with
mosaics built from the 2-Micron All Sky Apache jClouds Resource Plus-n

Survey Atlas (full-resolution) images.

= It has been used to generate mosaics / \‘

from data released by Spitzer Space

Telescope, Hubble Space Telescope,

Infrared Astronomical Satellite,

Midcourse Space Experiment , Sloan ‘ Master ‘ O O

Node

telescopes such as National Optical Worker Worker \ /

Astronomy Observatories 4-m telescope
48 and William Herschel 4-m telescope. OpenStack AWS EC2
48 = http://montage.ipac.caltech.edu/ Private Cloud Public Cloud

Digital Sky Survey, and ground-based
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Input Data

Montage - Image Mosaic Software for
Astronomers

It is a I/O intensive application, which produces a
mosaic of astronomic images.

We used a montage workflow consisting of 110 tasks,
where the number of the tasks indicates the number of

images used.

'$ cd input




(%) WorkflowGenerator — Pegasus

(converted to Cloudbus format)

Manjrasoft

Workflow Type Example
Montage - 0.2 8% Pa
The Montage application created ./f”’ " /8 \ '\ \.
by NASA/IPAC stitches together multiple I~ -;C«ﬁx
input images to create | |, ""—.——'—'“ ) Agegion
custom mosaics of the sky. "\ .

,\f‘ = ?K =’

\ & /
- % H\ "r = o~
: Data Aggregaiion
[}

mProjectPP .m]]ifll":L  mConcaiFin mBgModel mackground

F
mlimgThi '\__jl mAdd fihrmk mlPEG

“ https://confluence.pegasus.isi.edu/display/pegasus/WorkflowGenerator
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Input and Output
(mosaic generated)
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Summary

Several Computing Paradigms have promised to deliver
“Computing Utilities” vision:
= Cloud Computing is the most recent kid in the block promising
to turn vision into reality

= Many exciting business, consumer, and scientific applications

Aneka is a rapidly emerging as a platform for:

= Building Clouds and their Apps rapidly — reducing the
cost/time of application Software Engineering.

= Applications Demonstrators in engineering, life science,
gaming, and business intelligence areas.
Cloubus Workflow Management Systems

= Ease composition on workflow apps and their deployment on
multiple Clouds (based on Deadline/Budget constraints)

= Applications Demonstrators in fMRI, Spatial, LIGO, Montage.
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IEEE TRANSACTIONS ON

CLOUD COMPUTING
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Thanks for your attention!
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Are there any
= Questions?
= Comments/Suggestions

e

Manjrasoft

o

LAB
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We welcome you to contact:
Study/Research with Us | To setup a Cloud Lab
http: /www.cloudbus.org | www.Manjrasoft.com

rbuyya@unimelb.edu.au | raj@manjrasoft.com
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Cloud Biz Potential:

a trillion $ business/year by 20207

Manjrasoft

2000

Worldwide IT Spending®” by Consumption Model
2008, 2012

600

B T Cloud Services

500 Il On-PremiselT
.

s
S
& 400 -
=
£
-
=
2 300 -
w
e
-]
2
E 200 -
H
=
100 -
0 4

2008 2012 | 2016 20207 20207

Buyya’s Guestimate!

* Includes enterprise IT spending on Business Applications, Systems Infrastructure Software, Application Development
& Deployment Software, Servers and Storage

Source: IDC, October 2008
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