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Networks and
Distributed Systems



Definition
* | believe you know what a network is...

* But, what is a Distributed System?
— Have you ever seen one?
— Have you ever used one?

* A Distributed System is characterized by?
— Multiple devices
— Connected by a network
— Cooperating on some task
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Cloud Computing/ Data Center
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Power Grid

Phone Network



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



Note

* Non computer-driven
“distributed systems”

— Atoms

— Molecules

— Society

— Animals (ants, bees, ...)

* Not topic of our lectures




Distributed Systems vs. Networks

* Networking is worried about

— Sending a message from here to there
— Not what you do with the message

e Distributed Systems
— Assume:
There is a way to send messages
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— Focus: How you build a system using
those messages

— Teach you what things to do with a
network




COURSES



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

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

Programme Curriculum Career and Research Media News

Computer Systems and Networks

120 credits (MSc, 2 years)

Programme aim

depth, training experience in the field of Computer Science and
Engineering.

You will acquire theoretical knowledge and engineering skills in

« Parallel and Distributed Systems
« Computer Security and Dependability
« Computer Systems Engineering




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

Operating
Computer systems * Seminar
networks in CSN
Masterclass Masterclass

Systems Distributed real time
systems | systems systems

Autumn Spring

Thesis work
Distributed Parallel and
Fault-Tolerant systems || dist.
Computer

Autumn

Also available as
elective courses
from other
programs



Course Goals in a Nutshell

* Lectures: Teach you Distributed Systems
— What do they do?
— How do they work?

* Labs: Give you hands-on experience
— Feel the challenges
— Master the techniques

* Have some fun!
— Optional: you can pass without it



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. :)”

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



More courses

* Distributed Systems:

— Distributed Systems, LP2, 7.5hec(hp), TDA596 (Chalmers),
DIT240 (GU)

— Distributed Systems advanced (Distribuerade system fk.), LP3
— 7.5 hec (hp), 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
* Broader Field
— EDA387 - Computer networks, LP1, 7.5 hec

— EDA343, EDA344, LEUO61 Datakommunikation, LP1, LP3, LP4.
7.5 hec

— EDAA491 - Network security, LP4, 7.5 hec



HISTORY



History

* [n the examples
— Many different distributed systems

* How did we get here
— Where do all these DSs come from?

— What is the trend?
 Will their number increase even more?



1943

Itm tere B

a world market
for maybe five
computers

Thomas J. Watson, 1943;
Chairman and CEO of

International Business
Machines (IBM)

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




1969 = Pre-me (<1979)
= Pre-you (<1989)

= 1989

o - 1990

v - 1991

= 1992

PP 10 - 1993

= 1994

36°
ARPANET begins...with a deployment at UCLA, v

Stanford, UCSB, and Utah (one computer per site)



1969, 29 Oct, 22:30: e (<1679,
First data on the Internet | Pre-you (<1989)

= 1989

i aue L 1990
\\ - 1991
22 =4

SRL j UThH - 1992

t From UCLA to SRI:

| lo ....
ﬂ @ (crash of SRI machine)!

)

Wanted to send “login’
First full-login:
verh about one hour later

*\




1969, 29 Oct, 22:30: e (<1679,
First data on the Internet | Pre-you (<1989)

= 1989

K aue L 1990

L\ - 1991

a1 “u

uy @ - 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




1977

1969->

ARPANET LOGICAL MAP, MARCH 1977
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y AT&T

World Internet
by the Numbers.

AT&T's Network
by the Numbers.

9~81 320,000
48 Million
1
- 1.133 Billion
12.9 Million
- 6.4 Million
540,000
1.6 Billion
$6 Billion
40 Million
36
= 35,000
301,760 :
97% ~... 100 Million
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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




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

’ 'S ;‘_ - 1989
e - = L 1990
. 2{ i ;:;' - ™ 1991

- 1992

- 1993

- 1994

TCP / IP defined by Vint Cerf & Bob Kahn

s 1 B

A M. TURING AWARD 2004: both received the Turing Award




1984 = Pre-me (<1979)

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

K - 1994
Paul Mockapetris introduces DNS




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

e ==x| | Pre-you (<1989)

Fle Edt Yew Hstory Bookmarks Tooks Help

information management: a proposal

@ g C {ar | L] http:ijwwws.w3.orgiHistory/1989jproposal.html -

s (CSJEE 144) The ideas behind the web. © Internet Usage World Stats - Internet. |IM 1nternet Archive Wayback Machine - || How It All Started: Pre-W3C Web and || The original proposal of the ww... & | + | -

g = 1989

Information Management: A Proposal

Tim Berners-Lee, CERN

March 1989, May 1990 - 1 9 9 O

This proposal concerns the management of general information about accelerators and experiments at CERN. It discusses the problems of loss of information about complex evolving systems and derives a
solution based on a distributed hypertext system.
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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 infroduces 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 Iy we may unds d what we are creating,

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

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




1990 = Pre-me (<1979)

: e Tim’s Home Al &2
Info Mark all A Myhomep:)g;ge 4 - Pre'you (<1989)
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i = 1992
e
|
Agricult WWW Support for Experiments
A
v European Laboratory for Pal ALEPH LEP experiment
Geneva, Switzerlar ALICE fHLgrge lon Collider E: - 1 9 9 3
BTLAS A Toroidal LHC Appar
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L
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Bio Sciences Separate list.

First browser developed at CERN




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 =8| x|
Ele Edt Histoy Manager View Navigate Jooks Hotists Help

£ld| 8| ~|%| RlW| B 2| <|>|BO| 2] | &S B Gopersere: S
El

I|hl(p I usc.edu/dept/tonders/poper/

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

- 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 D: d G y
@ Nick Rothenberg, PhD Candidate, Visual Anthropology

@ Carl Sutter, Senior Programmer/Analyst, Center for Scholarly Technology
Q 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.)

Abstract

This paper describes a Mosaic server that allows users to "leave the Web" and interact with the real world An

nterdisciplinary team of anth and electrical engineers collaborated on the project, desigining
a system which consists of a robot amﬂuod' with a CCD camera and ay system. By chicking on an ISMAP control
panel image, the operator of the robot directs the camera to move wruca!ly or horizontally in order to obtain a destred
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 prowide public access to a teleoperated robot, thus allowmng users to reach beyond

< 2| | the digital boundanies of the WWW.

x| N2 7] Such a system should be robust as it must operate 24 hours a day and it should be low m cost (we had an extremely hmed budgel) It

i< wnrth nating that the mannfachining indictrs nces the <ame criteria tn suahiate rahate for Thie anr 1=l
NCSA Mosaic | Photo CD | Metasearch |

[ Beyond the Web (Corke

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
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= 1993
= 1994




1994

- Mosaic goes commercial
(later becomes Netscape)

—> Traditional dialups (AOL, CompusServe,

Prodigy) begin to sell Internet access.

@ Yahoo! - Mozilla Firefox
Fle Edt View Hitory Bookmarks Tools Help

- & (] ttpsiweb.archive.orgiweb hoo.con

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

T3 CELEBRATE AND

¥ ND WIN_
Get Local HOLIDAY EXTRAVAGANTA SUICK weRE] 57, ity ickes

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

Arts and H s - Arct Ph hy, Literature.

o Business and Economy [Xtra!] - Companies, I Classified:

o Computers and Internet [Xtra!] - Internet, WWW, Software, Multimedia...

Education - Universities, K-12, College Entrance.
o Entertainment [Xtra!] - Cool Links, Movies, Music, Humor.
® Government - 36 Elections, Politics [Xtra!], Agencies, Law, Military.

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

News and Media [Xtra!] - Current Events, D TV, Newspapers

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

® Reference - Libraries, D; Phone Numbers

Regional - Countries, Regions, U.S. States

Science - CS, Biology, Astronomy, Engineering,

® Social Science - Anthropology, Sociology, E

Society and Culture - People, Environment, Religion

Q
< *9- tannevar Bush

B

>

Yahooligans! - Yahoo! Shop - Yahoo! Internet Life

Daily Picks - Random Yahoo! Link - Weekly Picks

http:/fweb.archi h and. and.

Yahoo
circa
1996

“Jerry’ 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)
= Pre-you (<1989)

Amazon arrives and the commercialization of the
web begins

[@ Amazon.com--Earth’s Biggest Selection - Mozilla Firefox [;]@]

Fle Edt Yew Hstory Bookmarks Tooks Help

Qb cx o

UM beep: e archi -~

[Ill Amazon.com--Earth's Biggest Select... \

AllProducts v/

Search of the Day: saffron

BROWSE

* Books
Bestsellers, Computers,
Kids, Business...
* Music
Top Sellers, New
Releases,
Recommendation
Ci , Soundtracks...
* Video
DVDs, Top Sellers, New
Releases, Kids &
Eamily...
Electronics
Palmpilots, Sony.
Products, Top Sellers,
mputer Add-Ons...
o Toys & Games
Tovys for Grownups,
Games & Puzzles,
Halloween Store, Toy
Quest Contest...
* Auctions
Tutorial, Books,
Collectibles, Toys &
Game
¢ Free e-Cards
Daily Cards, Hi, Love,
Eriendship...
* zShops
Buying, Selling, Our
Guarantee, Start
Browsing...
e ...And More
Women's Apparel,
Garden & Patio,
Software, Sporting

&/ | vour account | Hetp |

[ Tovs & Games | eecrronics | e-caros | auctions | zsHops

WELCOME

Y amazoncon

Hello! Shopping at Amazon.com is 100% secure--guaranteed.
Already a customer? Sign in.

GIFT OUR
SERVICES GUARANTEE COMMUNITH

Wednesday, October 13, 1999

%31 Guarantee holiday

T, oift bliss with
\c/\)‘Amazon‘cnm Wish

Lists!

Vote in our Millennium Poll--you could win 300 CDs, books, and videos!

In Books
Test Case
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
as Nicholas Lemann reveals in The Big Test, the SAT hit a great many ideological potholes--and ended up creating yet another, Books

pencil-pushing elite. Go to Books

Updated Hourly

1. The Carbohydrate
Addict's Lifespan
Program : &
Personalized Plan for
Becoming Slim, Fit
and Healthy in Your
40s, 50s, 60s and

In zShops
Many Merchants, Fabulous Finds
Earth's Biggest Selection just got bigger! You'll discover an amazing array of products from merchants large and small, including;

* & library of literature Beyond
+ Scads of sports shiff by Rachael F. Heller,
£ports St Richard Ferdinand
* A comucopia of costume jewelry Heller
and so much more. Go to zShops 2, The Carbohydrate
Addict's Diet : The
In Toys & Games Lifelong Solution to
Halloween Headquarters Yo-Yo Dietin
Hallowe: Dare to be a T-Rex--or a hippie or a pumpkin--with the costumes and accessoties for kids and adults in our Halloween E?‘cﬁ::jh:‘n;;\::c‘ilen
at Boootique. You'll also find decorations, party supplies, and more. Go to Toys & Games Heller
Amazon 3. The Carbohydrate
Addict's Gram
Counter
by Richard Ferdinand
In Auctions :z::z;. Rachael F.
Significant Signatures
On October 20, LiveBid will broadcast a live Profiles in History auction featuring hundreds of signed American treasures. Amazon.c ) More Hot Books
Register today and you just might end up holding one of these: Auctions
« & card signed by Marilyn Monroe and Joe DilMaggio o .
+ A& letter written aboard the Titanic Today in Music
N vy . Free song downloads

77+ | M- microsoft history J

Done

Amazon
circa
1999

= 1989
= 1990
= 1991
= 1992
= 1993
= 1994




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

Mainframe age (60’s & 70’s): PC age (80’s & 90’s): | Clou'd cgmputing |
One computer for many One computer for each, Mobile, ubiquitous computing
partially networked (Today, > 2000):

Many computers for each,
networked



Tomorrow?

32



Tomorrow?

Networked everything
Networked society

()

2020: More than 50 Billion
connected devices (Ericsson)

g'

o) L

Today

33



Tomorrow? Networked Society!

= [O]

Networked consumer electronics

it

5]
=
J.j ?\ﬁ“ﬂa\‘e

()

(@

* 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 ;-) 3



COURSE TOPICS



Course Topics: Motivation

* Assume: your task is to build
— Facebook or
— Amazon or

— just a simple web application

 What challenges do you face?



The Eight Fallacies of Distributed Systems

* The network is reliable

* Latency is zero

e Bandwidth is infinite

* The network is secure

* Topology doesn't change
 There is one administrator
* Transport cost is zero

* The network is homogeneous



Mechanisms

* This course
— Mechanisms to deal with these challenges
— Generic mechanisms

* Not bound to the Internet
e But: Examples mostly Internet bound

— Easier to understand for most students
— Compared to power grids, cars, ...



Course Content: Mechanisms

Architectures & Processes
Mutual exclusion & Election
Naming

Clocks and Time
Consistency & replication
Fault tolerance



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

Operating
Computer systems * Seminar
networks in CSN
Masterclass Masterclass

Systems Distributed real time
systems | systems systems

Autumn Spring

Thesis work
Distributed Parallel and
Fault-Tolerant systems || dist.
Computer

Autumn

Also available as
elective courses
from other
programs



Questions



