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Course Purpose

The aim of this course is to provide students with critical
understanding on the evolution path towards distributed systems and
cloud computing. The course addresses the concepts, methods,
technologies and tools for cloud setup, management and deployment
of applications. Initial topics covered in the course include parallel and
distributed computing, their differences, as well as the concepts of
utility and cloud computing. Then, the cloud computing levels, models
and the cloud architecture are introduced. Following the cloud service
models: Infrastructure as a Service (laaS), Platform as a Service
(PaaS) & Software as a Service (SaaS) are defined and presented in
detail. The course proceeds to introduce the concepts of abstraction
and virtualization, the notion of virtual machines, machine images and
containers. These concepts are presented in practice via an overview
of the OpenStack and Azure cloud environments. The course has a
theoretical underpinning, but practical examples are also performed
that reveal how to setup and manage an OpenStack private cloud or
an Azure public cloud using the introduced implementation methods,
techniques and tools. The course concludes with the introduction of
Serverless Computing that aims to be the realisation of the cloud
computing vision of utility computing.

Learning
Outcomes

Upon successful completion of the course students will be able to:

e Describe and explain the concepts, as well as the differences
between parallel, distributed, utility, cloud and serverless
computing.

e Outline the layers of the cloud computing stack and define the
main cloud computing levels; infrastructure, platform and software.

¢ Understand and present the different cloud computing types:
cloud deployment models and cloud service models.

o Critically discuss service models: Infrastructure as a Service
(laaS), Platform as a Service (PaaS) & Software as a Service
(SaaS).

e Learn and understand the concepts of abstraction and
virtualization, virtual machines, machine images and containers.

e Learn the basic concepts of the OpenStack cloud environment
and install, configure and use it to setup a private cloud.

¢ Understand the differences and benefits of multi-cloud
development in comparison to utilizing a single cloud provider.

*One hour out of the three is normally devoted to cloud management and scripting exercises.




Learn the basic concepts of the Azure public cloud environment
and utilise DevOps tools and APIs to create images, deploy
applications and manage them through shell scripting.

Prerequisites

None. Corequisites None.

Course Content

1.

Introduction to Cloud Computing (1 Week)

- Personal Computing. Parallel and Distributed Computing.
Distributed Systems. Defining cloud computing. Overview
of cloud types — cloud deployment and cloud service
models. Understanding the paradigm shift of cloud
computing. The benefits and disadvantages of cloud
systems.

The Cloud Computing Stack — Cloud Architecture (1 Week)

- Using the cloud computing stack to describe different
cloud models. Understanding how platforms and virtual
appliances are used. The cloud computing communication
protocols. The new class of cloud-connected clients such
as Google Chrome OS.

Services and Applications by Type (1 Week)

- Learning about different service types. Creating clouds
with Infrastructure as a Service. Working with Software as
a Service. Developing applications on a Platform as a
Service. Securing cloud transactions with Identity as a
Service.

Abstraction and Virtualization (1 Week)

- Abstraction and cloud computing. Virtualization and shared
resource pools. Load balancing to enable large cloud
computing applications. Hypervisors and virtual machines.
System imaging and application portability for the cloud.

Capacity Planning (1 Week)

- Learning about capacity planning for the cloud. Capturing
baselines and metrics. Determining resources and their
ceilings. Scaling your systems appropriately.

Introduction to Multi-Cloud (1 Week)

- Defining Multi-Cloud. Cloud Portability Definition and
Issues. The Importance of Multi-Cloud. A Simple
Architecture. Multi- Cloud Deployment Toolkits. Apache
jClouds.

The OpenStack Cloud Environment (2 Weeks)

- Learning the basics of OpenStack. OpenStack
Architecture. OpenStack Services. OpenStack Private
Cloud Setup. OpenStack Cloud Inventories and
Management. OpenStack Documentation. OpenStack
Clients.

. The Azure Public Cloud — Management with Scripting (3 Week)

- Learning the basics of Azure. Azure Cloud Management
Methods. The Azure PowerShell Az module in Windows
and Linux environments. Connecting to Azure, Creating
and Managing Resources using shell scripting.

9. The Rise of Serverless Computing (1 Week)

*One hour out of the three is normally devoted to cloud management and scripting exercises.




- Defining Serverless Computing. History and Related Work.
Architecture. Programming Model. Tools and Frameworks.
Technical and Research Challenges.

Teaching
Methodology

The methodology followed in this course is structured around lectures
and laboratory exercises, so that students gain theoretical knowledge
as well as practical skills. The taught part of course is delivered to the
students with the help of computer presentations. Presentations are
available through the e-learning system for students to use in
combination with the textbooks. Furthermore, theoretical principles
are explained by means of specific examples and solution of specific
problems using practical examples. The code for these cloud scripting
examples is also made available in the e-learning system.

Lectures are supplemented with supervised computer laboratories,
which include demonstrations of taught concepts and experimentation
with related technologies to solve specific problems via exercises.
Hence, during laboratory sessions, students apply their gained
knowledge and identify the principles taught in the lecture sessions by
means of working on different tasks and solving problems. The course
includes a course project or two assignments that test both the
theoretical understanding and the practical application of the taught
concepts. Finally, the course assessment is completed by means of a
three-hours final exam at the end of the semester.
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o Course Project or Two Assignments: 40%
Assessment ¢ Final Exam: 60%
Language English.

*One hour out of the three is normally devoted to cloud management and scripting exercises.




