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Networks and Distributed Systems

e 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?



Networks and Distributed Systems

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

e A Distributed System is characterized by
— Multiple devices
— Connected by a network
— Cooperating on some task
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One more Example

_|_

CPU GPU
MULTIPLE CORES THOUSANDS OF CORES

* A modern computer is a distributed system
— Multi-core CPU
— Multi-core GPU

e Actually
— Even a modern cell phone



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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Networks and Distributed Systems

HISTORY



History

* [n 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?



1943 = Pre-me (<1979)

= Pre-you (<1989)
| think there is - 1989
a world market

: - 1990
for maybe five
- 1991
computers
- 1992
- 1993
- 1994

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 systemes, ...
* Or, more precisely no Computer Science




1969 = Pre-me (<1979)

= Pre-you (<1989)

- 1989
o - 1990
il - 1991
- 1992
POP 10 - 1993
- 1994

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



1969, 29 Oct, 22:30:

= Pre-me (<1979)

First data on the Internet | Pre-you (<1989)
= 1989
m = 1990
= 1991
22 =4
eRr VTR - 1992

t From UCLA to SRI:

lo ....
ﬂ @ (crash of SRI machine)!

Wanted to send “login”
First full-login:
veL about one hour later

&\




1969, 29 Oct, 22:30:
= Pre-me (<1979)

First data on the Internet | Pre-you (<1989)
= 1989

““" l L 1990

L\ o - 1991

*2

eRL @ - 1992
| - 1993

POP 10 - 1994

Lessons Learned:
1. First words/letters on the Internet: “lo”
2. Not many things in the Internet work on the first try
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(PLEASE NOTE THAT WHILE THIS MAP SHOWS THE HOST POPULATION OF THE NETWORK ACCORDING TO THE BEST
INFORMATION OBTAINABLE, ,NO CLAIM CAN BE MADE FOR ITS ACCURACY)

NAMES SHOWN ARE IMP NAMES, NOT INECESSARILY) HOST NAMES

<1977

Pre-me (<1979)
Pre-you (<1989)

1989
1990
1991
1992
1993
1994



99,998

49,000

166

3 Million

Internet 2007 (just the backbone)

www?2.research.att.com/~north/news/img/ATT_Labs_InternetMap_0730_10.pdf




1971 = Pre-me (<1979)

= Pre-you (<1989)
= 1989
= 1990
= 1991
= 1992
= 1993

: . : = 1994
Ray Tomlinson creates first email program




= Pre-me (<1979)
= Pre-you (<1989)
= 1989

= 1990

—
=

= 1991
= 1992
= 1993
= 1994

TCP / IP defined by Vint Cerf & Bob Kahn

& :
e 2004: both received the Turing Award

A M. TURING AWAR

= v




1984 = Pre-me (<1979)

= Pre-you (<1989)
= 1989
= 1990
= 1991
- 1992
= 1993
= 1994

Paul Mockapetris introduces DNS




1989 — The Web Emerges | Pre-me (<1979)

Fo The original proposal of the WWW , HTMLized - Mozilla Firefox [;]@]@ - P re -yo u ( < 1 9 8 9 )

File Edit View History Bookmarks Tools Help

@ g C (ar | L] hitpsjjus.w3.orgfHistory/1989/proposal. html 77 ~| |*§~ information management: a proposal S

s (CSJEE 144) The ideas behind the web © Internet Usage World Stats - Internet... [IM Internet Archive Wayback Machine - || How It All Started: Pre-W3C Web and ... | '] The original proposal of the Ww... £ | + | -

Information Management: A Proposal

Tim Berners-Lee, CERN

March 1989, May 1990 - 1 9 9 O

This proposal concerns the of general information about
solution based on a distributed hypertext system

and experiments at CERN. Tt discusses the problems of loss of information about complex evolving systems and derives a
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Overview

Many of the discussions of the future at CERN and the LHC era end with the question - *Yes, but how will we ever keep track of such a large project?® This proposal provides an answer to such questions
Firstly, it discusses the problem of information access at CERN. Then, it introduces the idea of linked information systems, and compares them with less flexible ways of finding information.

It then summarises my short experience with non-linear text systems known as *hypertext®, describes what CERN needs from such a system, and what industry may provide. Finally, it suggests steps we

should take to involve ourselves with hypertext now, so that individually and coll ly we may und d what we are creating.

v
X Find: | broder & next 4 Previous & Highlight all [] Match case
Done

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




1990

Info - | Mark all A ;s Homs bage 2
Navigate i- | Mark selection M My home page
Document | Link to marked L
Find i~ [LinktoNew N altas
Edit i~ | Unlink Z [The World-Wide Web Virtual Library: Subject Catalogue X
Links r | Linkto file... |
Style i~ | Help |
2:;:-'”% S The WWW Virtual Library
o High-Energy Physics Information X

Windows
Services
Hide
Quit

CERN Welcome

S

‘EJ' CERN Experiments

European Laboratory for Pai

Experiments

=

WW Support for Experiments

LEP experiment

Geneva, Switzerlan A Large lon Collider E
LHC

& Toroidal LHC Apparf

Anthropology W95 - Neutrino osc

CERN

Archaeolog About the Laboratory:

i A Compact Muon Sale
Asian Studies . on CERN info fjy

L 1
General information, divisions, groups and activities , scientific

Separate list

Bio Sciences Separate list.

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

— Only accepted as a poster!

= Pre-me (<1979)
= Pre-you (<1989)
= 1989
= 1990
= 1991
- 1992
= 1993
= 1994




1993

Beyond the Web (Conference Paper) - NCSA Mosaic =&l x|
Eie Edt HistoyManager View MNavigate Jooks Hotists Help
eSld| SR || AW Bl 2] <[] BO| 4| | &|D| ] [Goprerserves -

[ 7] it 7emnn usc. ecudeptinandessipaper/ E|

Session Files: Beyond the Web: Excavating the Real World Via Mosaic j

= THE MERCURY PROJECT.
@ Ken Goldberg, Assistant Professor, Computer Science
@ Michael Mascha Assistant Professor, Anthropology and
@ Steven Gentner, M.S. Candidate, Computer Science
@ Juergen Rossman, Graduate Student, University of Dortmund, Germany
@ Nick Rothenberg, PhD Candidate, Visual Anthropology
@ Carl Sutter, Senior Programmer/Analyst, Center for Scholarly Technology
@ Jeff Wiegley, PhD Candidate, Computer Science
University of Southern California. Los Angeles, CA.

(To appear in the Second International WWW Conference, Chicago, IL, Oct 17-21, 1994.)

[ Beyond the Web (Conke

Abstract
This papor describes a Mosaic server | Ilm allows users to "leave the Web" and interact with the real world An
ip y team of anthrop and electrical engineers collaborated on the project, desigining

a syshm which consisis of' a robot arm fitted with a CCD camera and a pnewmatic system. By clicking on an ISMAP control
panel image, the operator of the robot directs the camera to move vertically or horizontally in order to obtain a desired
position and image. The robot is located over a dry-earth surface allowing users to direct short bursts of compressed air onto
the surface using the pneumatic system. Thus robot operators can "excavate" regions within the environment by positioning
the arm, deltvering a burst of air, and viewing the image of the newly cleared region. This paper describes the system in
detatl, addressing critical issues such as robot interface, security measures, user authentication, and interface design. We see
this project as a feasibility study for a broad range of WWW applications.

Goals of the Project

WWW and Mosaic[1]-like servers provide a multi-media interface that spans all major platforms. Thousands of sites have been set up
in the past year. Our goal with this project was to provide public access to a teleoperated robot, thus allowing users to reach beyond
| ]| | the digital boundaries of the WWW.

iU IEIN =T Such a system should be robust as it must operate 24 hours a day and it should be low i cost (we had an extremely Immd budget) It
12 warth noting that the mamifachinne indnatre nesc the came critenia tn 1! rahnte far won Thie anr
NCSA Mosaic | Photo CD | Metasearch |

Pn 2009-04-13 5:17:57

Mosaic became the first graphical browser

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

= Pre-me (<1979)
= Pre-you (<1989)
= 1989
= 1990
= 1991
- 1992
= 1993
= 1994




1994

- Mosaic goes commercial
(later becomes Netscape)

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

@ Yahoo! - Mozilla Firefox

File Edt View History Bookmarks Tools Help
N > (N tpsfpweb.archive.orgiweh hoo.com

(M 1nternet Archive Wayback Machine - W... \V/ File:Vannevar Bush portrait.jpg - Wikip... [Im ¥ahoo! B8

WG I &
@ ?YAH»)%) %@f@w

YHETEOOL CELEBRATE AND WIN

Get Local BOLIDAY EXTRAVABANEA SLISK HERE.] w7, ity Pices

Options

Yellow Pages - People Search - City Maps -- Stock Quotes - Sports Scores

® Arts and Humanities - Arch Pt hy, Literature.

* Business and Economy [Xtra!] - Companies, Investments, Classifieds...

o Computers and Intemet [Xtra!] - Internet, WWW, Software, Multimedia
o Education - Universities, K-12, College Entrance.

o Entertainment [Xtra!] - Cool Links, Movies, Music, Humor.

® Government - 96 Elections, Politics [Xtra!], Agencies, Law, Military

o Health [Xtra!] - Medicine, Drugs, Diseases, Fitness...

® News and Media [Xtra!] - Current Events, I TV, Newspapers..

® Recreation and Sports [Xtra!] - Sports, Games, Travel, Autos, Outdoors.

® Reference - Libraries, Dictionaries, Phone Numbers

* Regional - Countries, Regions, U.S. States

Regional
o Science - CS, Biology, Astronomy, Engineering

=

® Social Science - Anthropology, Sociolo,

o Society and Cultwre - People, Environment, Religion.

Yahooligans! - Yahoo! Shop - Yahoo! Internet Life

Daily Picks - Random Yahoo! Link - Weekly Picks

J=ks
Yahoo
circa
1996

http:/jweb.archive.orgfweb) he and_E and_I

“lerry’ s Guide to the world wide web” started ...

it eventually became Yahoo

= Pre-me (<1979)
= Pre-you (<1989)
= 1989
= 1990
= 1991
- 1992
= 1993
= 1994




1995+ = Pre-me (<1979)

. o = Pre-you (<1989)
Amazon arrives and the commercialization of the

web begins

l@ Amazon.com--Earth’s Biggest Selection - Mozilla Firefox u@]@ = 1 9 9 O

Fle Edt Vew Hstoy Bookmarks Tooks Help

= 1989

@ - C (ar UM hetp: fweb.archive, orgjwebj19991013091817/httpsfamazon.com/ 77+ | *9- microsoft history J:

|l Amazon.com--Earth's Biggest Select...

' = 1991
Amazon = 1992

& | vouraccount | mee |

WELCOME [ Tovs & cames | ELecTRONICS | e-caRDs | AucTions | zsHops

GIFT OUR
SERVICES GUARANTEE COMMUNITY

Wednesday, October 13, 1999

Cr— circa

AllProducts || damazon.com
Hello! Shopping at Amazon.com is 100% secure--guaranteed. 1 9 9 9 - 1 9 9 3
Search of the Day: saffion | »jready a customer? Sign in. %% Guarantee holiday
*
. ’ ) . . {\\‘)» gift bliss with

Vote in our Millennium Poll--you could win 300 CDs, books, and videos! \c’ Amazon.com Wish E
* Books In Bogks Lists!

Bestsellers, Computers, | =~ 1 9 94
Kids, Business... Test Case o ) ] ) -
* Music R  The postwar inventors of the Scholastic Aptitude Test hoped to produce a brainier brand of meritocracy in the United States. But Amazon.com 100 Hot

Top Sellers, New . as Nicholas Lemann reveals in The Big Test, the SAT hit a great many ideological potholes--and ended up creating yet another, Books)

Releases, pencil-pushing elite. Go to Books Updated Hourly
Recommendation

Center, Soundtracks... 1. The Carbohydrate

¢ Video Addict's Lifespan

DYDs, Top Sellers, New Program : &

Releases, Kids & Personalized Plan for
Family In z8haps . Becoming Slim, Fit

o Electronics Many Merchants, Fabulous Finds and Healthy in Your
PalmPilots, Son Earth's Biggest Selection just got bigger! You'll discover an amazing array of products from merchants large and small, including: 40s, 50s, 60s and
Products, Top Sellers, | + A library of literature Beyond

Computer Add-Ons... . by Rachael F. Heller,

¢ Toys & Games Scads of sports st < Richard Ferdinand

Tove for Crownups + A cormucopia of costume jewelry Heller

JToys tor Grownups,

Games & Puzzles, ...and so much more. Go to zShops 2. The C?rbuh drate
Halloween Store, Toy w

Quest Contest... In Toys & Games Lifelong Salution to

* Auctions Halloween Headquarters Yo-Yo Dieting

Tutarial, Books, Hallowe Dare to be a T-Rex--or a hippie or a pumpkin--with the costumes and accessories for kids and adults in our Halloween E“;ﬁ:ﬁjh:‘r;;]:ﬂer'
Collectibles, Toys & at Boootigue. You'll also find decorations, party supplies, and more. Go to Toys & Games Heller

Games...

Am - The Carbohydrate

¢ Free e-Cards azon : lzi.ffsrhggn:me

Daily Cards, Hi, Love, Counter
F”Ld;hlg'” by Richard Ferdinand

¢ 2‘5—053—5_ i Heller, Rachael F.

Buying, Selling, Our In Auctions Heller

Guarantee, Start Significant Signatures

Browsing... On October 20, LiveBid will broadcast a live Profiles in History auction featuring hundreds of signed American treasures. Amazon.c » More Hot Books

¢ ...ANd More ~Af1d More Register today and you just might end up holding one of these: Auctions -
%&%MI' A card signed by Marilyn Monroe and Joe DiMaggio Today in Musi

) . . - oday in Music
Software, Sporting A letter written aboard the Titanic i S P ™

Done




Today

* How many connected devices do you have?

* Many!
— Desktop
— Laptop
— (Smart)phone
— Tablet
— TV / gaming console



Summary: A bit of History

Number of
Devices

Size per
device

Mainframe age (60’s & 70’s): PC age (80’s & 90’s): _ CIO”F' chputing _
One computer for many One computer for each, Mobile, ubiquitous computir
partially networked (Today, > 2000):

Many computers fof. each,
networked



Tomorrow?

Networked consumer electronics

26



Tomorrow?

Networked everything
Networked society

58/ (¢
o A

2020: More than 50 Billion
connected devices (Ericsson)

27



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



PROGRAMME CURRICULUM CAREER AND RESEARCH m m

Computer Systems and Networks
120 credits (MSc, 2 years)

Programme aim

As a student of this master's programme, you will develop a solid grasp of
computer systems and networks through a broad, yet in-depth, training
experience in the field of Computer Science and Engineering.

You will acquire theoretical knowledge and engineering skills in:
e Parallel and Distributed Systems
e Computer Security and Dependability
e Computer Systems Engineering
e Communication Networks

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



Computer Systems and Networks

Year 1 Year 2

Technical

Computer é/:\/rltmg il

Networks omputer
Systems and

Network Master's Thesis

Operating
Systems”

. Compulsory courses " Mandatory only if not taken before
" Recommended elective project courses: Autonomous and Cooperative Vehicluar
. Elective courses Systems (second study period), OCT Support for adaptiveness and Security in the
smart grid (fourth study period)
. Tracks ** Choose two out of these course tracks: Computer security, Real-time systems,

Distributed systems and Computer architecture



Networks and Distributed Systems

COURSES

32



Courses

Networks:
— EDA387 - Computer networks, LP1, 7.5 hec

— EDA343, EDA344, LEUO61 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



[Data Communication and later Computer networks]

Internet & its context + evolution

Mobile ne'rwor'k

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 10T,
varying data flows and virtualization
(Software Defined Networks)

Understand and think possibilities and
constraints in the existing systems

build and configure a working network

continuous evolution ....

‘Sncal Web



Course Operating Systems

* Course covering how operating systems bridge
hardware / software and users.

* Broad spectrum, from:

= B
Threads management \D = D/
in multicore CPUs ~_
e \[ _~ {E W .
| | | B B =
e ) = T ol I W
— EEE ,
4 L Security
Lo =

lllll
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Courses Distributed Systems

e Learn to build large-scale distributed systems

— And the associated challenges

Internet Facebook, etc. Modern Cars

36



Will | 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. :)”

e Started working at Spotify
* We hope you will have a similar experience



Computer Systems and Networks

Year 1 Year 2

Technical

Computer é/:\/rltmg il

Networks omputer
Systems and

Network Master's Thesis

Operating
Systems”

. Compulsory courses " Mandatory only if not taken before
" Recommended elective project courses: Autonomous and Cooperative Vehicluar
. Elective courses Systems (second study period), OCT Support for adaptiveness and Security in the
smart grid (fourth study period)
. Tracks ** Choose two out of these course tracks: Computer security, Real-time systems,

Distributed systems and Computer architecture



Questions



