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Agenda for Today

Cloud computing
Datacenter architectures

Hadoop cluster architecture
MapReduce physical execution
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Source: Wikipedia (Clouds)

Aside: Cloud Computing



The best thing since sliced bread?

.ŜŦƻǊŜ ŎƭƻǳŘǎΧ
Grids

Connection machine
Vector supercomputers

Χ

Cloud computing means many different things:
Big data

Rebranding of web 2.0
Utility computing

Everything as a service



Rebranding of web 2.0

Rich, interactive web applications
Clouds refer to the servers that run them

Javascript! (ugh)
9ȄŀƳǇƭŜǎΥ CŀŎŜōƻƻƪΣ ¸ƻǳ¢ǳōŜΣ DƳŀƛƭΣ Χ

ά¢ƘŜ ƴŜǘǿƻǊƪ ƛǎ ǘƘŜ ŎƻƳǇǳǘŜǊέΥ ǘŀƪŜ ǘǿƻ
¦ǎŜǊ Řŀǘŀ ƛǎ ǎǘƻǊŜŘ άƛƴ ǘƘŜ ŎƭƻǳŘǎέ

wƛǎŜ ƻŦ ǘƘŜ ǘŀōƭŜǘǎΣ ǎƳŀǊǘǇƘƻƴŜǎΣ ŜǘŎΦ όάǘƘƛƴ ŎƭƛŜƴǘǎέύ
Browser is the OS



Source: Wikipedia (Electricity meter)



Utility Computing

What?
/ƻƳǇǳǘƛƴƎ ǊŜǎƻǳǊŎŜǎ ŀǎ ŀ ƳŜǘŜǊŜŘ ǎŜǊǾƛŎŜ όάǇŀȅ ŀǎ ȅƻǳ Ǝƻέύ

Why?
Cost: capital vs. operating expenses
{ŎŀƭŀōƛƭƛǘȅΥ άƛƴŦƛƴƛǘŜέ ŎŀǇŀŎƛǘȅ

Elasticity: scale up or down on demand

Does it make sense?
Benefits to cloud users

Business case for cloud providers

I think there is a world 
market for about five 
computers.
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Everything as a Service

Infrastructure as a Service (IaaS)
Why buy machines when you can rent them instead?

Examples: Amazon EC2, Microsoft Azure, Google Compute 

Platform as a Service (PaaS)
DƛǾŜ ƳŜ ŀ ƴƛŎŜ ǇƭŀǘŦƻǊƳ ŀƴŘ ǘŀƪŜ ŎŀǊŜ ƻŦ ƳŀƛƴǘŜƴŀƴŎŜΣ ǳǇƎǊŀŘŜǎΣ Χ

Example: Google App Engine

Software as a Service (SaaS)
Just run the application for me!

Example: Gmail, Salesforce



Everything as a Service

Database as a Service
Run a database for me

Examples: Amazon RDS, Microsoft Azure SQL, Google Cloud BigTable

Search as a Service
Run a search engine for me

Example: Amazon Elasticsearch Service

Function as a Service
Run this function for me

Example: Amazon Lambda, Google Cloud Functions



Who cares?

! ǎƻǳǊŎŜ ƻŦ ǇǊƻōƭŜƳǎΧ
Cloud-based services generate big data

Clouds make it easier to start companies that generate big data

!ǎ ǿŜƭƭ ŀǎ ŀ ǎƻƭǳǘƛƻƴΧ
Ability to provision clusters on-demand in the cloud

Commoditization and democratization of big data capabilities



Source: Wikipedia (Clouds)

So, what is the cloud?



What is the Matrix?

Source:  The Matrix - PPC Wiki - Wikia



Source:  The Matrix



Source: Wikipedia (The Dalles, Oregon)



Source: Bonneville Power Administration



Source: Google



Source: Google



Source: Barroso and Urs Hölzle (2009)

Building Blocks



Source: Google



Source: Google



Source: Facebook



Source: Barroso and Urs Hölzle (2013)

Anatomy of a Datacenter



Source: Barroso and Urs Hölzle (2013)

Datacenter cooling
²ƘŀǘΩǎ ŀ ŎƻƳǇǳǘŜǊΚ



Source: Google



Source: Google



Source: CumminsPower



Source: Google


