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Networks and Distributed Systems

• What is…
– A computer network?

• Have you ever seen one?
• Have you ever used one?

– A distributed system?
• Have you ever seen one?
• Have you ever used one?
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Networks and Distributed Systems

• A Computer Network is is characterized by
– Bring data from A and B
– By exchanging messages

• A Distributed System is characterized by
– Multiple devices
– Connected by a network
– Cooperating on some task
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Examples
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Internet Facebook, etc. Modern Cars

Cloud Computing / Data Center Phone Network Power Grid

We teach you how to 
build large-scale systems



One more Example

• A modern computer is a distributed system
– Multi-core CPU
– Multi-core GPU
– …

• Actually
– Even a modern cell phone
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Distributed Systems vs. Networks

• Networking is worried about
– Sending a message from here to there
– Not what you do with the message

• Distributed Systems
– Assume: 

There is a way to send messages
– Focus: How you build a system using 

those messages
– Teach you what things to do with a 

network
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HISTORY
Networks and Distributed Systems
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History

• In the examples
– Many different distributed systems and networks

• How did we get here
– Where do all these networks and distributed 

systems come from?
– What is the trend?

• Will their number increase even more?
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Pre-me (<1979)

Pre-you (<1989)

1989

1990

1991

1992

1993

1994

1943

I think there is 
a world market 
for maybe five 
computers

Thomas J. Watson,  1943;
Chairman and CEO of 
International Business 
Machines (IBM)

If this statement had been correct, we would not teach:
• Computer Networks, Distributed systems, …
• Or, more precisely no Computer Science



1969 Pre-me (<1979)

Pre-you (<1989)

1989

1990

1991

1992

1993

1994

ARPANET begins…with a deployment at UCLA, Stanford, 
UCSB, and Utah (one computer per site)



1969, 29 Oct, 22:30: 
First data on the Internet

Pre-me (<1979)

Pre-you (<1989)

1989

1990

1991

1992

1993

1994From UCLA to SRI:
lo …. 
(crash of SRI machine)!
Wanted to send “login”

First full-login: 
about one hour later



1969, 29 Oct, 22:30: 
First data on the Internet

Pre-me (<1979)

Pre-you (<1989)

1989

1990

1991

1992

1993

1994

Lessons Learned:
1. First words/letters on the Internet: “lo”
2. Not many things in the Internet work on the first try



1977 Pre-me (<1979)

Pre-you (<1989)

1989

1990

1991

1992

1993

1994

1969à

ß1977



Internet 2007 (just the backbone)

www2.research.att.com/~north/news/img/ATT_Labs_InternetMap_0730_10.pdf



1971

Ray Tomlinson creates first email program

Pre-me (<1979)

Pre-you (<1989)

1989

1990

1991

1992

1993

1994



1974

TCP / IP defined by Vint Cerf & Bob Kahn

Pre-me (<1979)

Pre-you (<1989)

1989

1990

1991

1992

1993

1994

2004: both received the Turing Award



1984

Paul Mockapetris introduces DNS

Pre-me (<1979)

Pre-you (<1989)

1989

1990

1991

1992

1993

1994



Who invited the Web?
Where was it invented?

1989 – The Web Emerges

Tim Berners-Lee writes �Information 
Management: A proposal� at CERN

Pre-me (<1979)

Pre-you (<1989)

1989

1990

1991

1992

1993

1994



1990

First browser developed at CERN

Pre-me (<1979)

Pre-you (<1989)

1989

1990

1991

1992

1993

1994



1991

First paper appears on the project at
Hypertext conference
à Only accepted as a poster!

Pre-me (<1979)

Pre-you (<1989)

1989

1990

1991

1992

1993

1994



1993

Mosaic became the first graphical browser

Pre-me (<1979)

Pre-you (<1989)

1989

1990

1991

1992

1993

1994

CERN agrees to allow public use of web 
protocol royalty-free!



Pre-me (<1979)

Pre-you (<1989)

1989

1990

1991

1992

1993

1994

1994
à Mosaic goes commercial 
(later becomes Netscape)

à Traditional dialups (AOL, CompuServe, 
Prodigy) begin to sell Internet access.

�Jerry�s Guide to the world wide web� started …
it eventually became Yahoo

Yahoo
circa
1996



1995+
Amazon arrives and the commercialization of the 
web begins

Pre-me (<1979)

Pre-you (<1989)

1989

1990

1991

1992

1993

1994

Amazon
circa
1999



Today

• How many connected devices do you have?

• Many!
– Desktop
– Laptop
– (Smart)phone
– Tablet
– TV / gaming console
– …
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Summary: A bit of History

25

Mainframe age (60’s & 70’s):
One computer for many

PC age (80’s & 90’s):
One computer for each,

partially networked

Cloud computing
Mobile, ubiquitous computing

(Today, > 2000):
Many computers for each, 

networked

Size per 
device

Number of 
Devices
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3
MORE THAN 50 BILLION CONNECTED DEVICESĺoĺDRIVING FORCES

coffee makers. As the cost, size and power requirements of wireless modules fall, all kinds of devices 
are becoming connected – not just stationary computers and laptops, but also tablets, ultra-mobile 
PCs, portable game consoles, TV sets, cameras and home appliances. Reduced cost, size and power 
requirements will enable a paradigm shift, after which connectivity can be used to monitor and/or 
control almost anything.

As wireless capabilities become increasingly integrated within computer chips, the benefits of the 
computing world – innovation, short development cycles and low cost – are extending into mobile 
communications. As a result, traditionally unconnected devices are becoming connected – varying 
from television to cars and industrial machinery to farmland equipment.

NUMBERS BEHIND THE NUMBER
To understand how the number of connected devices could reach more than 50 billion over the next 
decade, it is worth considering some high-level, macro-economic trends and statistics. As a few 
examples, by 2020 there will be:
oĺ ĺ�ĺBILLIONĺSUBSCRIBERSĺWITHĺSUFûCIENTĺMEANSĺTOĺBUYĺINFORMATIONĺONĺAĺ��
HOURĺBASISĺTOĺENHANCEĺ

their lifestyles and improve personal security. In mature markets, these customers will typically 
possess between 5-10 connected devices each. 

oĺ ���ĺBILLIONĺVEHICLESĺGLOBALLY�ĺNOTĺCOUNTINGĺTRAMSĺANDĺRAILWAYS�
oĺ �ĺBILLIONĺUTILITYĺMETERSĺ�ELECTRICITY�ĺWATERĺANDĺGAS	�
oĺ ĺ!ĺCUMULATIVEĺ���ĺBILLIONĺPROCESSORSĺSHIPPED�ĺEACHĺCAPABLEĺOFĺPROCESSINGĺINFORMATIONĺANDĺ

communicating.
Development of the networked world is progressing through a number of waves, as shown in 

Figure 2.

NETWORKED BUSINESS
The adoption of connected devices 
by business will be largely driven 
by customer-service enhancement, 
as well as opportunities to increase 
productivity, cost-efficiency, monitoring 
and control of assets. Other factors will 
include the need to comply with new 
legislation, whether in sustainability, 
security or other areas. Connectivity 
will be a core component of future 
service and application development.
Thanks to rapid technology 
development, the cost of connectivity 
is no longer a significant factor when 
considering if it is worthwhile to 
connect an application to a network. 
Opportunities in connectivity 
are emerging in parallel with the 
development of cloud-based services, 
which are accelerating the development 
of applications and offering faster 
and simpler reuse of applications 
and application components across 
industries.

In today’s globalized business 
world, networks are fundamental to 
commercial activity and production. 
Production is increasingly organized 
among separate players and their 
complex web of interactions creates 
value chains that help drive the global 
economy. Global networks cover many 
areas of activity, including networked 

Networked consumer electronics

Networked industries

Se
co

nd
 w
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e

Networked everything
Networked society

Improved
reach

Improved value
– consumer lifestyle

Improved process
efficiency

Improved human
efficiency

Third wave

First wave

Figure 2. The three waves of connected device development.

Tomorrow?

26
Today



27

3
MORE THAN 50 BILLION CONNECTED DEVICESĺoĺDRIVING FORCES

coffee makers. As the cost, size and power requirements of wireless modules fall, all kinds of devices 
are becoming connected – not just stationary computers and laptops, but also tablets, ultra-mobile 
PCs, portable game consoles, TV sets, cameras and home appliances. Reduced cost, size and power 
requirements will enable a paradigm shift, after which connectivity can be used to monitor and/or 
control almost anything.

As wireless capabilities become increasingly integrated within computer chips, the benefits of the 
computing world – innovation, short development cycles and low cost – are extending into mobile 
communications. As a result, traditionally unconnected devices are becoming connected – varying 
from television to cars and industrial machinery to farmland equipment.

NUMBERS BEHIND THE NUMBER
To understand how the number of connected devices could reach more than 50 billion over the next 
decade, it is worth considering some high-level, macro-economic trends and statistics. As a few 
examples, by 2020 there will be:
oĺ ĺ�ĺBILLIONĺSUBSCRIBERSĺWITHĺSUFûCIENTĺMEANSĺTOĺBUYĺINFORMATIONĺONĺAĺ��
HOURĺBASISĺTOĺENHANCEĺ

their lifestyles and improve personal security. In mature markets, these customers will typically 
possess between 5-10 connected devices each. 

oĺ ���ĺBILLIONĺVEHICLESĺGLOBALLY�ĺNOTĺCOUNTINGĺTRAMSĺANDĺRAILWAYS�
oĺ �ĺBILLIONĺUTILITYĺMETERSĺ�ELECTRICITY�ĺWATERĺANDĺGAS	�
oĺ ĺ!ĺCUMULATIVEĺ���ĺBILLIONĺPROCESSORSĺSHIPPED�ĺEACHĺCAPABLEĺOFĺPROCESSINGĺINFORMATIONĺANDĺ

communicating.
Development of the networked world is progressing through a number of waves, as shown in 

Figure 2.

NETWORKED BUSINESS
The adoption of connected devices 
by business will be largely driven 
by customer-service enhancement, 
as well as opportunities to increase 
productivity, cost-efficiency, monitoring 
and control of assets. Other factors will 
include the need to comply with new 
legislation, whether in sustainability, 
security or other areas. Connectivity 
will be a core component of future 
service and application development.
Thanks to rapid technology 
development, the cost of connectivity 
is no longer a significant factor when 
considering if it is worthwhile to 
connect an application to a network. 
Opportunities in connectivity 
are emerging in parallel with the 
development of cloud-based services, 
which are accelerating the development 
of applications and offering faster 
and simpler reuse of applications 
and application components across 
industries.

In today’s globalized business 
world, networks are fundamental to 
commercial activity and production. 
Production is increasingly organized 
among separate players and their 
complex web of interactions creates 
value chains that help drive the global 
economy. Global networks cover many 
areas of activity, including networked 

Networked consumer electronics

Networked industries

Se
co

nd
 w

av
e

Networked everything
Networked society

Improved
reach

Improved value
– consumer lifestyle

Improved process
efficiency

Improved human
efficiency

Third wave

First wave

Figure 2. The three waves of connected device development.

Tomorrow?
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Today

2020: More than 50 Billion 
connected devices (Ericsson)



3
MORE THAN 50 BILLION CONNECTED DEVICESĺoĺDRIVING FORCES

coffee makers. As the cost, size and power requirements of wireless modules fall, all kinds of devices 
are becoming connected – not just stationary computers and laptops, but also tablets, ultra-mobile 
PCs, portable game consoles, TV sets, cameras and home appliances. Reduced cost, size and power 
requirements will enable a paradigm shift, after which connectivity can be used to monitor and/or 
control almost anything.

As wireless capabilities become increasingly integrated within computer chips, the benefits of the 
computing world – innovation, short development cycles and low cost – are extending into mobile 
communications. As a result, traditionally unconnected devices are becoming connected – varying 
from television to cars and industrial machinery to farmland equipment.

NUMBERS BEHIND THE NUMBER
To understand how the number of connected devices could reach more than 50 billion over the next 
decade, it is worth considering some high-level, macro-economic trends and statistics. As a few 
examples, by 2020 there will be:
oĺ ĺ�ĺBILLIONĺSUBSCRIBERSĺWITHĺSUFûCIENTĺMEANSĺTOĺBUYĺINFORMATIONĺONĺAĺ��
HOURĺBASISĺTOĺENHANCEĺ

their lifestyles and improve personal security. In mature markets, these customers will typically 
possess between 5-10 connected devices each. 

oĺ ���ĺBILLIONĺVEHICLESĺGLOBALLY�ĺNOTĺCOUNTINGĺTRAMSĺANDĺRAILWAYS�
oĺ �ĺBILLIONĺUTILITYĺMETERSĺ�ELECTRICITY�ĺWATERĺANDĺGAS	�
oĺ ĺ!ĺCUMULATIVEĺ���ĺBILLIONĺPROCESSORSĺSHIPPED�ĺEACHĺCAPABLEĺOFĺPROCESSINGĺINFORMATIONĺANDĺ

communicating.
Development of the networked world is progressing through a number of waves, as shown in 

Figure 2.

NETWORKED BUSINESS
The adoption of connected devices 
by business will be largely driven 
by customer-service enhancement, 
as well as opportunities to increase 
productivity, cost-efficiency, monitoring 
and control of assets. Other factors will 
include the need to comply with new 
legislation, whether in sustainability, 
security or other areas. Connectivity 
will be a core component of future 
service and application development.
Thanks to rapid technology 
development, the cost of connectivity 
is no longer a significant factor when 
considering if it is worthwhile to 
connect an application to a network. 
Opportunities in connectivity 
are emerging in parallel with the 
development of cloud-based services, 
which are accelerating the development 
of applications and offering faster 
and simpler reuse of applications 
and application components across 
industries.

In today’s globalized business 
world, networks are fundamental to 
commercial activity and production. 
Production is increasingly organized 
among separate players and their 
complex web of interactions creates 
value chains that help drive the global 
economy. Global networks cover many 
areas of activity, including networked 

Networked consumer electronics

Networked industries

Se
co

nd
 w

av
e

Networked everything
Networked society

Improved
reach

Improved value
– consumer lifestyle

Improved process
efficiency

Improved human
efficiency

Third wave

First wave

Figure 2. The three waves of connected device development.

Tomorrow? Networked Society!

• Networks and Distributed Systems touch all aspects of 
daily life!
– Integral building block for our networked society
– Strongly increasing in numbers
– Result: Very good topic to study ;-) 28



MASTER PROGRAM
Computer Systems and Networks
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https://www.chalmers.se/en/education/programmes/masters-info/Pages/Computer-systems-and-networks.aspx



Computer Systems and Networks



COURSES
Networks and Distributed Systems
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Courses

• Networks:
– EDA387 - Computer networks, LP1, 7.5 hec
– EDA343, EDA344, LEU061 Datakommunikation, LP1, LP3, LP4. 7.5 hec

(Bachelor)

• Operating Systems:
– EDA092/DIT400 Operating Systems, LP1, 7.5 hec

• Distributed Systems:
– Distributed Systems, LP2, 7.5hec,  TDA596 (Chalmers), DIT240 (GU)
– Distributed Systems advanced, LP3 – 7.5 hec, TDA297 (CTH), DIT290 

(GU)

• Project Courses 
– DAT295 - Autonomous and Cooperative Vehicular Systems, Lp2, 7.5hec
– DAT300 - ICT support for adaptiveness and security in the smart grid, 

LP4, 7.5hec
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[Data Communication and later Computer networks] 

Internet & its context + evolution
Course aims
• Learn well the basic data-networking 

principles and methods, to follow constant 
change in the field

• Learn to deal with bigger problems by 
breaking into small ones

After completion of the course, you are able to 
• distinguish network services, related 

protocols, new systems relating with IoT, 
varying data flows and virtualization 
(Software Defined Networks)  

• Understand and think possibilities and 
constraints in the existing systems 

• build and configure a working network

24 Industrie 4.0

2 T
he

 vi
sio

n

2.5 Novel service-based, real-time enabled  
CPS platforms  

The strategic initiative Industrie 4.0 will give rise to novel 
CPS platforms geared towards supporting collabora-
tive industrial business processes and the associated 
business networks for all aspects of smart factories and 
smart product life cycles.
The services and applications provided by these plat-
forms will connect people, objects and systems to each 
other (see Fig. 4) and will possess the following features: 

•  Flexibility provided by rapid and simple orchestra-
tion of services and applications, including CPS-
based software 

•  Simple allocation and deployment of business 
processes along the lines of the App Stores model

•  Comprehensive, secure and reliable backup of the 
entire business process

•  Safety, security and reliability for everything from 
sensors to user interfaces

•  Support for mobile end devices 
•  Support for collaborative manufacturing, service, 

analysis and forecasting processes in business 
networks.

In the context of the business networks, there is a par-
ticular need for IT development work with regard to 
the orchestration of services and applications on 
shared CPS platforms, since this is where the specific 
requirements for horizontal and vertical integration of 
CPS, applications and services arise in industrial 
business processes (see also Chapter 5.1). For In-
dustrie 4.0, it is important to interpret the term ‘or-
chestration’ more broadly than is usually the case in 
the context of web services. It should explicitly include 
the setting up of shared services and applications in 
collaborative inter-company processes and business 
networks. Issues such as safety and security, confi-
dence, reliability, usage, operator model convergence, 
real-time analysis and forecasting will all need to be 
reviewed for the orchestration and subsequent effi-

Source: Bosch Software Innovations 2012

Internet of People
106-108

Internet of Things
107-109

Internet of Services
104-106

CPS-
platforms

Smart Building

Smart Grid

Smart Factory

Smart Home

Social Web

Business Web

Figure 4: 
The Internet of Things and 
Services – Networking 
people, objects and systems

continuous evolution ….



Course Operating Systems
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• Course covering how operating systems bridge 
hardware / software and users.

• Broad spectrum, from:

Threads management 
in multicore CPUs

Virtual memory

Security



Courses Distributed Systems

• Learn to build large-scale distributed systems
– And the associated challenges

36

Internet Facebook, etc. Modern Cars



Will I learn something useful?

• We hope so!
– This our key goal

• From an email we got from a former student
– ”[…] I'm […] making a living out of building 

distributed systems, […] rest assured I've been 
finding the contents of your course very useful. :)”
• Started working at Spotify

• We hope you will have a similar experience
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Computer Systems and Networks



Questions
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