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Assume you are …

Yasmine. You work on different projects. You needs IT applications and resources. You 
would like to start the applications you need with one click (without any development)

Ines. You manage using IT resources. You want to optimise and monitor these 
resources (in term of capital and operational expenses)

Emna. You develop applications for people within your organisation. You are 
fighting with new versions of your development environment. You would like to get 
rid of this burden. 

Source: Instagram, @emnas_pencil



• Minimize the Total Cost of Ownership (TCO)
• TCO = CAPEX + OPEX
• CAPEX: Capital expenditure
• OPEX: operational expenditure

4

Basic Concepts & Motivations



Basic Concepts & Motivations

• Capital Expenses (CAPEX)
• Expenditures creating future benefits.
• Incurred when a business spends money to buy fixed assets
• CAPEX is a cost which cannot be deducted in the year in which it is 

paid, and must be capitalized
• Examples

• acquiring fixed, and in some cases, intangible assets
• repairing an existing asset so as to improve its useful life
• upgrading an existing asset if its results in a superior fixture
• starting or acquiring a new business
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• Operational Expenses (OPEX)
• Ongoing cost for running a product, business, or system
• Day-to-day expense
• OPEX is the sum of operating expenses for a period of time (e.g. 

month or year)
• Examples

• license fees and / or rental fees
• maintenance and repairs
• attorney fees and legal fees
• utilities, such as telephone, subscriptions, etc.
• Insurance, property management
• travel and vehicle expenses
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• ICT related CAPEX
• Computer hardware and programs
• Network hardware and software
• Server hardware and software
• Workstation hardware and 

software
• Installation and integration of 

hardware and software
• Purchasing research
• Maintenance, warranties and 

support licenses

• ICT related OPEX
• Rented space (hosting, data 

center)
• Electricity (for related 

equipment, cooling, backup 
power)

• Testing costs, downtime, outage 
and failure expenses

• Backup and recovery process
• Technology training
• Audit (internal and external)
• Information technology 

personnel

Basic Concepts & Motivations



Basic Concepts & Motivations

ICT consumption models
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Source: Swisscom



Basic Concepts & Motivations

Concept of “Busy Hour”

9Source: “Characterization of the busy-hour traffic of IP networks based on their intrinsic features”, 
J García-Dorado, J Hernández, J Aracil, J López de Vergara, S Lopez-Buedo



Considerations

Evolution of business vs evolution of ICT
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Source: Amazon



Considerations

In an ideal world ...
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Source: Amazon
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Definitions by analyst firms

• A style of computing in which massively scalable IT-related capabilities are 
provided “as a service”, using internet technologies, to multiple external 
customers (Gartner 2008)

• An emerging IT development, deployment and delivery model, enabling real-
time delivery of products, services and solutions over the internet (IDC 2008)

• “the idea of delivering personal and business productivity applications from 
centralized servers (Merrill Lynch 2008)
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Definitions by analyst firms

• These definitions have a common characteristics:
• They define CC from the perspective of the end users
• They focus on how it might be experienced by end users
• The core feature of CC is the provision of IT infrastructure and 

applications as a service in scalable way
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“National Institute of Standards and 
Technology” (NIST) definition

• On demand self service.
• A consumer can unilaterally provision computing capabilities …

• Broad network access
• Capabilities are available over the network and accessed through standard mechanisms 

• Resource pooling.
• The provider’s computing resources are pooled to serve multiple consumers …

• Rapid elasticity
• Capabilities can be elastically provisioned and released …

• Metering capability
• Cloud systems automatically control and optimize resource use by leveraging a metering 

capability …
http://nvlpubs.nist.gov/nistpubs/Legacy/SP/nistspecialpublication800-145.pdf



Cloud Computing Service Models:
• Software as a Service (SaaS)
• Platform as a Service (PaaS)
• Infrastructure as a Service (IaaS)
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Cloud Service Models

Yasmine

Emna

Ines
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Cloud Service Models
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Cloud Service Models



Cloud Service Models
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• Meanwhile, many additional services appeared
• Database as a Service, Integration as a Service, Games as a Service, AI as 

a Service, etc.
• Function as  a Service (FaaS)

• Known as Server-less Computing
• FaaS builds/runs applications without caring about provisioning, scaling, and 

managing any servers.
• With FaaS, it may not be running at all until the function needs to be 

executed. It starts the function within the needed time and then shuts it down.
• A new business model
• A new (?) programming paradigm: a high level of abstraction
• Providers: AWS Lambda, Azure Functions, Cloud Functions, Manta, etc.



Function as a Service in a nutshell
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• Run your code without supplying or administrating servers.
• No charge is applicable when your code is not running
• Scalability: Scaling up the IaaS infrastructure according to the needs
• Stateless functions: use external resources to manage the state of the 

application so that the state can be shared.
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Cloud Service Models
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Private cloud. 
The cloud infrastructure is provisioned for exclusive use by a single organization, comprising multiple consumers (e.g., business 
units). It may be owned, managed, and operated by the organization, a third party, or some combination of them, and it may exist
on or off premises.
Community cloud.
The cloud infrastructure is provisioned for exclusive use by a specific community of consumers from organizations that have 
shared concerns (e.g., mission, security requirements, policy, and compliance considerations). It may be owned, managed, and 
operated by one or more of the organizations in the community, a third party, or some combination of them, and it may exist on or 
off premises.
Public cloud.
The cloud infrastructure is provisioned for open use by the general public. It may be owned, managed, and operated by a 
business, academic, or government organization, or some combination of them. It exists on the premises of the cloud provider.
Hybrid cloud.
The cloud infrastructure is a composition of two or more distinct cloud infrastructures (private, community, or public) that remain 
unique (separate) entities, but are bound together by standardized or proprietary technology that enables data (storage) and 
application (compute) portability between the entities.

22Source: The NIST Cloud Computing Definition

Cloud Deployment models

Cloud Computing Deployment Models:



Cloud Deployment models
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Private Cloud

Single User Group of users

Community Cloud

Any User

Public Cloud

Single User/ Any User
Composition of several 

distinct cloud 
infrastructures (private, 
community, or public)

Hybrid (public and
private) Cloud

Cloud Computing Deployment Models:
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Is cloud computing a new technology?

• No … It’s a combination of pre-existing technologies
• These technologies have matured at different rates, and were 

not designed as a coherent whole
• They have come together to create a technical ecosystem for 

the cloud computing
• These technologies are:

• Cloud access devices (advances in processors)
• Browsers and thin clients
• Broadband internet connection
• Fast inexpensive servers
• Virtualisation technology
• API
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Is cloud computing a new technology?

• Nothing new beneath the sun.



The clooud in the Hype Cycle
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2
7 To summarize … from a non 

technical perspective

• Cloud computing is not the savior of IT.
• It is nothing but a way to deploy your enterprise architecture in a way 

that has the potential to be more productive and cost effective.
• In essence, it is a tool, not a way of life. It is not magic, it is not even 

new, but if approached correctly, it could be a path towards 
efficiency.

Cloud Computing and SOA
Convergence in Your Enterprise

2009
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• CC is based on pay-per-use business models
• Main features of CC are based on virtualization and dynamic 

scalability on demand
• Cloud services are consumed either via web browser or defined API
• CC is massively scalable (elastic)
• Self-provisioning of resources

To summarize … from a technical 
perspective
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Case Study: Amazon AWS

● Amazon Web Services started in 2006/2007 
with two services, EC2 and S3. It is 
considered the first real cloud computing 
offering.

● In 2015 Gartner estimated that of total 
installed public cloud capacity Amazon holds 
90% and Microsoft 5%.

● 2017: AWS annual revenue: $15B, growing 
42% year-over-year

● July 2019: Q2: net sales jumped up 37% 
($8.38 billion) compared to Q2, 2018 ($6.1 
billion)

● Amazon introduces new services in AWS at a 
very rapid pace.

30
https://www.businessinsider.com/amazon-earnings-aws-
revenue-slowdown-2019-7?r=US&IR=T

https://www.businessinsider.com/amazon-earnings-aws-revenue-slowdown-2019-7?r=US&IR=T


Case Study: Microsoft Azure

• Microsoft is, by all estimates, is a serious 
challenger to AWS in the cloud ”wars”.

• So far, Microsoft prefers to merge Azure 
results into the much (very much) bigger 
Office 365 cloud revenue.

• According to MicroSoft, Azure revenue 
growth rate is above the overall market 
growth rate: 9% in 2016, 11% in 2017, 
14% in 2018 and 16% in the first quarter 
of 2019

https://techcrunch.com/2019/07/18/azure-revenue-continues-to-slow-down-
for-microsoft/

https://techcrunch.com/2019/07/18/azure-revenue-continues-to-slow-down-for-microsoft/
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Wordwide cloud infrastrucutre
service revenue in 2019 & 2020

https://www.statista.com/chart/18819/worldwide-market-share-of-leading-cloud-infrastructure-service-
providers/

2019 2020 ($30 billion in Q2)

https://www.statista.com/chart/18819/worldwide-market-share-of-leading-cloud-infrastructure-service-providers/
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Gartner Magic Quadrant for IaaS
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Gartner Magic Quadrant for IaaS

2018 2019
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Gartner Magic Quadrant for IaaS

2021



Swiss Perspective
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Many more: www.cloud-finder.ch
2010, HP to open Cloud Service Center in the Greater 
Zurich Area
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Cloud selection criteria
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Three types of cloud selection criteria
• Prerequisites criteria (constraints)
• Application requirements (characteristics) 

criteria
• Cost criteria



Prerequisites criteria
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• Data require a certain level of privacy/security
• SLA
• Geographical location



App requirements criteria
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• Service/OS/Application support

• VM characteristics and performance

Obj. storage image source: http://ceph.com
Servers image source: https://www.servermule.com.au

Performance image source: https://www.squarespace.com



Cost criteria
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• Total cost of running an application on a specific cloud

Image source: https://www.freeiconspng.com



Cost criteria: Examples
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• No discount
• Progressive discount

• AWS : networking (OUT): 10 first To/month cost 0.09$/Go, the next 40To cost 
0.085$/Go, the next 100To cost 0.070$/Go

• GCE: same thing, but with instances

• Reserved resources

• AWS: if you reserve instances for three years, you save up to a maximum 75% 
discount on total cost.

• AWS : There are two dedicated instance types: Standard - available any time 
24/7, and Scheduled

• Offered resources

• AWS: The first 1 Go/month (OUT) is free



Instances types (AWS)

• To maximise utilization of their infrastructure cloud providers offer different pricing models.
• Example AWS: It offers three instance models that differ in their availability and their pricing structure

• On-Demand Instances
• Pay-by-the hour
• Start and stop as you wish

• Reserved Instances
• Pay a yearly upfront fee and receive a discount on the hourly charge
• Start and stop as you wish

• Spot Instances
• Bid for unused EC2 capacity 
• Mention your Spot Price and if the market rate is less than your Bid, you get your instance
• Instance automatically terminates if your Spot Price becomes less than the current market 

rate
43



Progressive discount (GCE)
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https://cloud.google.com/compute/docs/susta
ined-use-discounts



Progressive discount (GCE)

45https://cloud.google.com/compute/docs/susta
ined-use-discounts



Progressive discount (GCE)

46https://cloud.google.com/compute/docs/susta
ined-use-discounts

To take advantage of the full discount, create your VM instances on the first 
day of the month. Discounts reset at the beginning of each month.



Progressive discount (GCE)

47https://cloud.google.com/compute/docs/susta
ined-use-discounts



Application context
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• Application : Allows clients to download files
• Cloud resources: 1 VM [2vCPU 7GB RAM

• Contexts :

Context Clients per month File size Total Network

Context A 100 0.1 [GB] 10 [GB]

Context B 1200 1 [GB] 1200 [GB]



49

Application context

AWS
Context A Context B

Instance cost 75.92 75.92
Network cost 0.81 107.91
Total 76.73 183.83

GCE
Context A Context B

Instance cost 51.10 51.10
Network cost 1.20 142.24
Total 52.30 193.94

• AWS: t2.large (2vCPU, 8GB RAM, 0.104$/h*)
• GCE: n1-standard-2 (2vCPU, 7.5GB RAM, 0.1$/h* + 

sustained discount)

*pricing data from Aug. 2019
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The context: Centralised Cloud platforms

• AWS IoT Core
• Azure IoT hub
• Cloud IoT Core (Google)



The context: From Cloud to Edge-
Cloud

• For many IoT applications, submitted to constraints the centralised
vision is not sustainable.

• Data production is exploding, making Cloud based centralised IoT
platforms, ill-equipped to cope with the huge quantity of collected
data.
• The Centralised model is doomed to fail.
• The need to make the edge smarter is inescapable.
• A new model, combining edge and cloud, is required
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The context: A Hybrid Edge-
Cloud platform
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What is Edge Computing ?

Edge computing is:

• a method of optimising applications by
taking some “portions” away from central
nodes to the other extreme (the "edge").

54

• a practice of processing data near the edge of the network, where
the data is being generated, instead of processing in a centralised
data-processing warehouse.



Why Edge Computing ?

• Four objectives are behind Edge computing:
• Unload the cloud.
• Limit the traffic between IoT devices and the cloud
• Keep decision as close as possible to the IoT devices
• Enhance security
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What are the Cons of Edge 
computing ?

• Strike the balance between:
• “keeping data at the edge” and “bringing it into a central cloud”
• “sophisticated algorithms in the cloud” and “lightweight

analytical processes” in the edge?

56



Edge-Cloud concept
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https://thenewstack.io/azure-iot-edge-a-technology-primer/

https://thenewstack.io/azure-iot-edge-a-technology-primer/
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Edge Computing market

https://www.alliedmarketre
search.com/edge-
computing-market

https://www.alliedmarketresearch.com/edge-computing-market

