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Personal Computers

Absolute control over the machine

Compute capacity is limited � not suitable for large entreprise
applications
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Cluster computers

Better performance

Compute capacity is still limited

We cannot vary capacity on demand

Développement logiciel pour le Cloud (TLC) A bit of history 5 / 21

The varying capacity problem

C
o
m

p
u
te

 c
a
p

a
ci

ty

Time

Demand

Développement logiciel pour le Cloud (TLC) A bit of history 6 / 21

The varying capacity problem

C
o
m

p
u
te

 c
a
p

a
ci

ty

Time

Demand
Necessary capacity

Développement logiciel pour le Cloud (TLC) A bit of history 6 / 21

The varying capacity problem

C
o
m
p
u
te

ca
p
a
ci
ty

Time

Demand
Necessary capacity

Développement logiciel pour le Cloud (TLC) A bit of history 6 / 21



The varying capacity problem
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What if demand increases beyond the capacity?

Développement logiciel pour le Cloud (TLC) A bit of history 6 / 21

Data centers

Can I rent
one of your
machines?

Sure, let me
see what I

have in stock

Resources on demand

Pay only for what you use

This is a manual process. . .

Slow!
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Cloud computing

Resources on demand

Pay only for what you use

Fully automated
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Real data centers

Google data centers (2012)
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The �rst modern cloud was created by Amazon

What is the relationship between a retail company and a new IT
paradigm?

I Lots of compute power
I Many di�erent services
I Varying workloads (day/night, week/weekend, christmas season)

Amazon �rst built its cloud infrastructure for its internal use
I An internal IT provider (�we have compute capacity for sale�)
I All other departments are customers of the IT service (�I need 10 new

machines right now�)

Can we sell the same service to external customers?
I . . . and make pro�t from our unused capacity
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What de�nes Cloud computing exactly?

1 Computing is considered as a service customers use, not as something
they own

I This is called utility computing

2 Cloud providers o�er a collection of compute/storage/network services
via the Internet

I Customers cannot get physical access to the devices
I The actual location of devices is (almost) irrelevant

3 The cloud hides the complexity and details of the physical
infrastructure from its users

I Users only see a simple API + a graphical interface

4 Services are available on demand
I Always available, anywhere, anytime

5 Pay-per-use
I Pay only for the resources you actually use. You can release resources

any time and stop paying immediately.
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The cloud creates new types of business relationships

Traditional software companies have two main roles
I Software provider
I End user

Cloud computing introduces new relationships
I Cloud IaaS provider
I Cloud platform provider
I Cloud customer (or cloud tenant)
I End user
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Cloud computing relies on virtualization technologies
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Example: create a new machine at Amazon EC2
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Cloud service layers
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The main Cloud service layers

Infrastructure-as-a-Service (IaaS) o�ers basic computing services
I Computing: �Create a new machine for me�
I Data storage: �Store/retrieve this data for me�
I Communication

Platform-as-a-Service (PaaS) o�ers high-level services for developers

I Databases: �I need a SQL database�
I Runtime environments: �Here is my Web application, run it for me�
I Development tools: �Give me a git repository�

Software-as-a-Service (SaaS) o�ers high-level services for end users
I Mail: Gmail
I O�ce applications: Google docs
I Enterprise applications: human resource applications, �nance. . .
I Payment services: Paypal
I Data management: Dropbox, iCloud
I Music on demand: iTunes, Spotify
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Services o�ered by a mature cloud provider

Compute: Elastic Compute Cloud (EC2), Elastic MapReduce,
Auto-scaling, Elastic load balancing.

Content delivery: CloudFront.

Database: Relational database service (RDS), DynamoDB,
SimpleDB, ElastiCache.

Deployment&Management: Identity and access management,
CloudWatch, Elastic Beanstalk, CloudFormation.

Application services: CloudSearch, Simple work�ow service, Simple
queue service, Simple noti�cation service, Simple email service.

Software: Marketplace.

Networking: Route53, Virtual private cloud, Direct Connect.

Payment and builling: Flexible payment service, DevPay.

Storage: Simple storage service (S3), Glacier, Elastic Block Store
(EBS), import/export, Storage gateway.

Workforce: Mechanical Turk.
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Bene�ts of cloud computing

Cost
I Pay-as-you-go may reduce costs compared to overprovisioning
I Capital expenditures → Operation expenditure
I Less �nancial risk for the cloud customers
I Economies of scale

Flexibility
I Cloud applications may request the resources they need whenever they

need them
I Dynamic resource provisioning

Performance
I �In�nite� pool of available resources
I Some services allow you to reserve certain levels of performance

Security
I Good cloud providers have dedicated security teams
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Drawbacks of cloud computing

Cost: resources can be very expensive
I Example: data storage in Amazon S3 costs $0.125/GB/month
I Storing 2TB for 3 years costs $9216 vs. $300 if you buy your own

RAID

Flexibility
I Each cloud has its own API
I Customer lock-in

Performance
I Some devices have poor performance for demanding applications

(networks)
I Worse: performance is often unpredictable

Security
I Can the cloud tenant trust the cloud provider?
I Legal concerns (patriot act in the US)
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