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Cloud Computing



What is Cloud Computing?



Origin of the “Cloud” metaphor



The best thing since sliced bread?

• Before Clouds …
– Supercomputers

– Grids

• Cloud Computing means many different 
things:
– Big-Data Processing

– Rebranding of Web 2.0

– Utility Computing

– Everything as a Service



Big-Data Processing

• Lots of User-Generated Content
– Examples: YouTube, Instagram, …

• Even More User-Behaviour Data
– Examples: Google search logs, Google ad clicks, 

Facebook friend suggestions, …

• Data Science
– Gather as much data as you need and run 

machine learning / data mining / predictive 
analytics algorithms to generate insights



Rebranding of Web 2.0

• Rich, interactive web applications

– Clouds refer to the servers that run them

– AJAX as the de facto standard (for better or worse)

– Examples: Facebook, YouTube, Gmail, …

• “The network is the computer”: take two

– User data is stored “in the cloud”

– Rise of netbooks, tablets, smartphones, etc.

– Browser is the OS



Rebranding of Web 2.0



Rebranding of Web 2.0



Utility Computing

• What?

– Computing resources as a metered service (i.e., 
“pay as you go”)

– Ability to dynamically provision virtual machines



Utility Computing



Utility Computing



Utility Computing



Utility Computing



Utility Computing

• Why?

– Cost: capital vs. operating expenses

– Scalability: “infinite” capacity

– Elasticity: scale up or down on demand 

• Does it make sense?

– Benefits to cloud users

– Business case for cloud providers



Utility Computing

• Who cares?

– Provision of Hadoop clusters on-demand in the 
cloud

– Lower barrier to entry for tackling big-data 
problems

– Commoditization and democratization of big-data 
capabilities 



Everything as a Service





I think there is a world 
market for maybe five 
computers.

The History of Cloud Computing

• It’s a long way









Where does it all start?

• 2004-2005: Google GFS/MapReduce/BigTable

• 2006: Amazon Web Services (AWS)

• 2010: Microsoft Windows Azure

The Obligatory Timeline Slide (Mike Culver @ AWS)
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The Principles of Cloud Computing 

• (1) Pooled Resources

• (2) Virtualization

• (3) Elasticity

• (4) Automation

• (5) Metered Billing



(1) Pooled Resources

• Available to any subscribing users







Infrastructure as Code

• For example

– Terraform provides a common configuration to 
launch infrastructure — from physical and virtual 
servers to email and DNS providers. 

• Once launched, Terraform safely and efficiently changes 
infrastructure as the configuration is evolved.

• Simple file based configuration gives you a single view 
of your entire infrastructure.

https://www.terraform.io/




(2) Virtualization

• High utilization of hardware assets

Hardware

Operating System

App App App

Traditional Stack

Hardware

OS

App App App

Hypervisor

OS OS

Virtualized Stack

15%- =>        65%+



Virtual Machine

• A virtual machine is just the software image of 
a complete machine that can be loaded onto 
the server and run like any other program.

• The server in the data centre runs a piece of 
software called a hypervisor that allocates and 
manages the server’s resources that are 
granted to its “guest” virtual machines.







Container

• Containers allow you to package up an 
application and all of its library dependencies 
and data into a single, easy-to-manage unit. 

• Rather than run a full OS, a container is 
layered on top of the host OS and uses that 
OS’s resources in a clever way.





Containers vs VMs

• Pros

– Lightweight

– Script-driven configuration

– Rapid deployment

– Completely portable

• Cons

– Process-level isolation, hence less secure

– More abstract port and IP address mappings



(3) Elasticity

• Dynamic scale without CAPEX





(4) Automation

• Building, deploying, configuring, provisioning, 
and moving, all without manual intervention





AWS SDK for Python (Boto3)

https://boto3.amazonaws.com/v1/documentation/api/latest/guide/sqs.html

https://boto3.amazonaws.com/v1/documentation/api/latest/guide/sqs.html


(5) Metered Billing

• Pay for what you use



The Benefits of Cloud Computing

• (1) Economic benefits of the change from 
capital expenses (CAPEX) to operational 
expenses (OPEX)

• (2) Agility benefits from not having to procure 
and provision servers

• (3) Efficiency benefits that may lead to 
competitive advantages

• (4) Security stronger and better in the cloud







The Economics of Cloud Computing



A small e-commerce configuration

• 3 years

• 2 firewalls: 2 x $1,500 = $3,000
• 2 load-balancers: 2 x $5,000 = $10,000
• 6 commodity servers: 6 x $3,000 = $18,000



Internal IT Deployment



Colocation Deployment



Managed-Service Deployment



Cloud Deployment



Cloud Deployment



A Small E-Commerce Configuration

• What if we only need it for 6 months?

– Internal IT deployment?

– Cloud deployment?





Where Does the Cloud 
Make Sense?

• (1) Limited lifetime requirement or short-term 
need

– e.g., …?

• (2) Scale variability or volatility

– e.g., …?

• (3) Nonstrategic applications or low 
organizational value

– e.g., …?



























Where Does the Cloud 
Not Make Sense?

• (1) Legacy systems

– e.g., …?

• (2) Applications involving real-time or mission-
critical scenarios

– e.g., …?

• (3) Applications dealing with confidential data

– e.g., …?



Take Home Messages

• What is Cloud Computing

• The History of Cloud Computing

• The Principles of Cloud Computing

• The Benefits of Cloud Computing

• The Economics of Cloud Computing

• Where Does the Cloud (Not) Make Sense


