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Cloud Concepts
Data Center Architecture

The cloud flavors: IaaS, PaaS, SaaS

Our world of client devices plus the cloud

Science in the Cloud

How to transform research.
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A model of computation and data 
storage based on ñpay as you goò 
access to ñunlimitedò remote data 
center capabilities.

A cloud infrastructure provides a 
framework to manage scalable, reliable, 
on-demand access to applications.

Examples:
Search, email, social networks

File storage (Live Mesh, Mobile
Me, Flicker, é)

Just about any large-scale web 
service is a cloud service.
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The current driver: how do you
Support email for 375 million users?

Store and index 6.75 trillion photos?

Support 10 billion web search queries/month?

And 
deliver deliver a quality response in 0.15 seconds to 
millions of simultaneous users?

never go down.

The future applications of the cloud go well 
beyond web search

The data explosion 

The merger of the client (phone, laptop, your personal 
sensors) with the cloud.

A major implication for data center architecture
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Range in size from 
ñedgeò facilities to 
megascale.

Economies of scale
Approximate costs for a 
small size center (1000 
servers) and a larger, 
100K server center.

Each data center is 

11.5 times 

the size of a football field

Technology Cost in 

small-sized

Data Center

Cost in Large

Data Center

Ratio

Network $95 per Mbps/

month

$13 perMbps/

month

7.1

Storage $2.20 per GB/

month

$0.40 per GB/

month

5.7

Administration ~140 servers/

Administrator

>1000 

Servers/

Administrator

7.1
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The impact on the environment
In 2006 data centers used 61 Terawatt-hours of power

1.5 to 3% of US electrical energy consumption today

Great advances are underway in power reduction

With 100K+ servers and apps that must run 24x7 
constant failure must be an axiom of hardware 
and software design.

Huge implication for the application design model.

How can hardware be designed to degrade gracefully?

Two dimensions of parallelism
Scaling apps from 1 to 1,000,000 simultaneous users

Some apps require massive parallelism to satisfy a 
single request in less than a second.
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Conquering complexity.
Building racks of servers & 
complex cooling systems all 
separately is not efficient.

Package and deploy into 
bigger units:   

Generation 4 data center video

http://video.msn.com/video.aspx?vid=b4d189d3-19bd-42b3-85d7-6ca46d97fe40
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Chicago center has 7.5 
miles of chiller tubes for 
conventional racks.

The vision for Gen 4.

No building.  

Ambient Air 

Shift load on hot days.
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Scale
Blue Waters = 40K 8-core ñserversò

Road Runner = 13K cell + 6K AMD 
servers

MS Chicago Data Center = 50 
containers = 100K 8-core servers.

Network Architecture
Supercomputers: CLOS  ñFat Treeò 
infiniband

Low latency ïhigh bandwidth 

protocols 

Data Center: IP based

Optimized for Internet Access

Data Storage
Supers: separate data farm 

GPFS or other parallel file system

DCs: use disk on node + 
memcache

Fat tree network

Standard Data Center Network
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Monsoon 
Work by Albert Greenberg, ParantapLahiri, David A. Maltz, 
Parveen Patel, SudiptaSengupta.

Designed to scale to 100K+ server data centers.

Flat server address space instead of dozens of VLANS.

Valiant Load Balancing. 

Allows a mix of apps and dynamic scaling.

Strong fault tolerance characteristics.
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Infrastructure as a Service (IaaS)
Provide a data center and a way to host client VMs and 
data.

Platform as a Service (PaaS)
Provide a programming environment to build a cloud 
application   

The cloud deploys and manages the app for the client

Software as a Service (SaaS)
Delivery of software from the cloud to the desktop



14

Infrastructure 

as a Service

Platform as a 

Service

Software as a 

Service

http://open.eucalyptus.com/
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Rolesare a mostly stateless process running on a core.
Â Web Roles provide web service access to the app by the users.  Web roles 

generate tasks for worker roles

Â Worker Roles ÄÏ ȰÈÅÁÖÙ ÌÉÆÔÉÎÇȱ ÁÎÄ ÍÁÎÁÇÅ ÄÁÔÁ ÉÎ ÔÁÂÌÅÓȾÂÌÏÂÓ

Â Communication is through queues. 

Â The number of role instances should dynamically scale with load.
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Experiments Archives LiteratureSimulations

Petabytes

Doubling every 

2 years

Instruments

The Challenge: 

Enable Discovery.

Deliver the capability to mine,

search and analyze this data

in near real time.

Enhance our Lives

Participate in our own heath 

care.  Augment experience

with deeper understanding. 


