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The Big Bang !
(or the birth of the Internet)

by Leonard Kleinrock 1989

- [t was back in '67 that the clan agreed to meet.

 The gangsters and the planners were a breed damned hard to beat.
 The goal we set was honest and the need was clear to all:

« Connect those big old mainframes and the minis, lest they fall.

« The spec was set quite rigid: it must work without a hitch

* It should stand a single failure with an unattended switch.

« We decided UCLA would be first node on the net

* As the best researchers out there, we would be the perfect bet.

H NIVERSARY
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The Big Bang !

| suspect you might be asking "What means FIRST node on the net?"
Well frankly, it meant trouble, 'specially since no specs were set.

For you see the interface between the nascent IMP and HOST

Was a confidential secret from us folks on the West coast.

BBN had promised that the IMP was running late.

We welcomed any slippage in the deadly scheduled date.

But just ahead of Labor Day, it was plopped down at our gate!
Those dirty rotten scoundrels sent the damned thing out air freight!

H ANNIVERSARY
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The Big Bang !

 As | recall that Tuesday, it makes me want to cry.
 Everybody's brother came to blame the other guy!
* Folks were there from ARPA, BBN and Honeywell.
« UCLA and ATT and all were scared as hell.

 We cautiously connected and the bits began to flow.
 The pieces really functioned - just why | still don't know.
« Messages were moving pretty well by Wednesday morn.
« All the rest is history - packet switching had been born!

© Leonard Kleinrock 2004 35 ANNIvERSARY



Let’s Go Back to the Beginning
1969 Was an Incredible Year!

*The first man landed on the moon
The Woodstock Festival took place

*The Mets won the World Series

Charles Manson went on a killing spree

The Internet was born and nobody noticed!!
T g LIE -h'llll'FI' :




Before the Beginning!
« 1957 Sputnik launched

1958 ARPA formed as a response

* 1961 1st paper on modern data networking §

[ 5 ]

¢ 1962 1st paper on packetization g

Py
* 1962 Paul Baran suggests transmission of
data using fixed size message blocks

* 1962 JCR Licklider 1st Director of IPTO;
gives his vision of a galactic network i

1963 Kleinrock joins UCLA faculty -

* 1964 Baran publishes reports “On
Distributed Communications”

* 1964 1st book on packet nets published §

© Leonar d Kleinrock 2004
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Information Flow in Large Communication MNets Leonard KleinrOCk

| “The purpose of this thesis is to investigate the
| problems associated with information flow in

mrnbl orma e

“...The nets under consideration consist of

, connected to each other by . The
nodes
messages that enter and leave via the links....”
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The procedure for servicing is as follows: A unit upon arrival joina the end of the queus,
and waits on Hne in a first come first served fashion until it finally arrives at tha service

facllity. The server picks the next unit in the gqueue andlpcrlarms a unit of service pipan
it. At the end of this tlme interval, the unit leaves the system I 15 service 18 finished;
if not, it joirs the end of the quecue with its service partinlly completed. Dbviously, a
unit whose service time is n intervals long will ba forced to join the queue a total of

r times before ils gservice is completed. Another mssumpticn mast now be made
regarding the order in which events take place at the end of a time intarval. We shall
assume that the onit leaving the service fanility is allowed to join the tail of the queus
before tha next unit arrives at the queue from outside the sysiem (referred to as a late-

arrival system;, The case with reversed order has alse been salved, but will not be
reported on here, since the results are nol essentially different.
Upon arrival, @ unit finds some number of units, m, in the system., The expeated

value, E(m), of the number m is known” to be

7 1 p
E'xm,m!_pu
whare
_——
I -0

We are now ready lo state the following theorem.
THEOREM 3: The expected velue, Tn‘ of the total time spent in the late-zrrival
aystern for a unit whose service time is nQ seconds, is
- 2 f {l-crﬁ]{l'—un-]]
AT o i caaille
' L (1-e)" (1)

where

a=a + Q.

Now, instemd of the round-robin type of stiruocture just described, we shall consider
a striet first come first served syatem in which each unit waits for servies in order of
arrival, and, once it is in service, each unit remains until it is completely serviced.
Then for T defined as belore, we state the {ollowing theorer.

TEEOREM 4: The expected value, 'T‘n, of the total {ime spent in the first come first

Served system for a unit whose service time is nQ seconds, is

T, = 7= QE(m) * nQ

Leonard Kleinrock
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Kleinrock’s 1961-2 Dissertation

* Created a mathematical theory of data networks

Channel capacity limited

Mean response time as key metric

Optimal assignment of channel capacity

Choice of priority queueing discipline

Concept of breaking messages into fixed size blocks
Choice of routing procedure

Design of topological structure

* Developed underlying principles of data

networks that are the basis of the Internet

h
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Before the Beginning!

1965

1965

1965
1966

* 1966

* 1967
* 1967

© Leonar d Kleinrock 2004

Doug Englebart develops mouse and
concepts of hypertextﬁ
Larry Roberts and Tom Marlll connect MIT

Lincoln Labs with SDC over a dial-up line
Donald Davies coins the word “packet” %

Larry Roberts/Tom Marill publlsh first
paper on network experiments §

Robert Taylor joins ARPA and brlngs
Roberts there to develop ARPANET

Davies creates 1-node NPL packet ne

Wes Clark suggests use of a mini-
computer for network packet switch




The First Packet Network
Experiment - 1966

TOWARD A COOPERATIVE NETWORK
OF TIME-SHARED COMPUTERS

Thomas Marill

Computer Corporation of America, Cambridge,
Massachusetts

and

Lawrence G. Roberts

MIT, Lincoln Laboratory,* Lexington, Massachusetts

APPENDIX

MESSAGE PROTOCOL FOR TX-2/Q-32 LINK

This Appendix describes the message protocol for
use with the link between the Q-32 at System Devel-
opment Corporation in Santa Monica, California,
and the TX-2 at Lincoln Laboratory in Lexington,
Massachusetts.

Each character consists of eight data-bits, sent
least significant bit first, preceded by a zero start bit
and followed by a one stop bit. When not transmit-

Larry Roberts — Aug 1999
© Leonard Kleinrock 2004

IMPUTER CONFERENCE, 1966

Table 1. Special Characters for Message Protocol

Octal ASCl Meaning

HEADER
201 SOH characters for monitor
202 STX characters for user
221 DC1 data for monitor
232 SS data for user
END OF MESSAGE
203 ETX end of message
ACKNOWLEDGMENT
225 message in error, repeat
234 message OK, but wait
206 message OK, send next
message
QUERY
230 resend last acknowl-
edgment
SYNCHRONIZATION
226 SYNC  ignore
SPECIAL FUNCTIONS
220 DLE help/break
233 ESC panic.

ting a character, the link transmits a one contin-
uously.

All information transmitted is sent in the form of
messages consisting of a header character, body,
end-of-message character, and a checksum. All mes-
sages arc acknowledged.

There are four types of messages. Each has a
unique header character that determines both the
destination of the message (user or monitor) and
the mode of the message (character string or binary
data). The specific characters used are listed in Ta-
ble 1.

The body of the message has a maximum length
of 119 characters if the message is a character string
and 118 characters if the message is binary data. If
the message consists of binary data, the first char-
acter of the body is a count character equal to the
total number of characters in the body including the
count character. Two through 118 are legal values.

Packetcom &
AV

35 ANNIvERSARY
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The Arpanet Beginning

¢ 1967

“So you want me to do research?
Buy me a Big computer...

)
Q“\b* ...with all the power everyone else has!”
i‘ .;\

ARPA’s reply: nd
An offer you can’t refuse!

a® |Join a NETWORKT! )

Researcher

© Leonar d Kleinrock 2004 f 35t annrve é)s ARY
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The Arpanet Beginning

1967 ARPA gathers the “gang™
1968 Roberts publishes ARPANET plan

1968 RFP for a network goes out

1968 BBN wins the contract under the
leadership of Frank Heart and the system

design of Robert Kahn ! F
1968 UCLA selected to be the first node

and serve as Network Msmnt Center

1969 (Jan-Aug) BBN & UCLA are Busy!
1969 UCLA puts out Press Release
1969 8/29 BBN sends first switch to UCLA

1969 9/2 First data moves from WP UCLA
UCLA Host to UCLA switch @

inraclk 2004 . TS ANNIVERSARY
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ARPANET Program Plan
June 3, 1968

In ARPA, the Program Plan is
the master document describing ADVANGED RESEARCH PROJECTS AGENCY
Washington, D.C, 20301
a major program. This plan,
which I wrote in 1968, had the A
. Date: 3 June 1968
following concepts:

RESOURCE SHARING COMPUTER NETWORKS

1.  Objectives — Develop Networking and + Objective of the Program.
Resource Sharing The objective of this program is twofold: (1) To develop techniques
. . . and obtain experience on interconnecting computers in such a way that a
2' TeChnlcal Need - Llnklng ComPUters very broad class of interactions are possible, and (2) To improve and

3. Military Need — Resource Sharing - incrcalse 'cornputer re aea?ch productivity through resource sharing. By
establishing a network tying IPT's research centers together, both goals

are achieved. In fact, the most efficient way to develop the techniques
needed for an effective network is by involving the research talent at these

4, Prior Work — MIT-SDC experiment contate in pritoiype aetivity,
5. Effect on ARPA — Link 17 Computer

Just as time-shared computer systems have permitted groups of

Research Centers, Network Research hundreds of individual users to share hardware and software resources

’ with one another, networks connecting dozens of such systems will permit
2 Plan DeVelOp IMP’s and start 12/69 resource sharing between thousands of users. Each system, by virtue
7. Cost — $3.4 M for 68-71 of being time-shared, can offer any of its services to another computer

system on demand. The most important criterion for the type of network
interconnection desired is that any user or program on any of the net-

" worked computers can utilize any program or subsystem available on any
other computer without having to modify the remote program.

Larry Roberts — Aug 1999 Packetcom %4 3

ol |

A/
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Project team: The BBN Team

« 1 part-time manager,

« 1 communications expert,

« 3 programmers,

« 2 electrical engineers
Who were the players

« Frank Heart,

« Bob Kahn,

« Will Crowther,

- Dave Walden;

 Bernie Cosell,

« Severo Ornstein,

« Ben Barker

The Machine:

« .5MHz,

« 32K bytes of memory,

* half memory for program’ Truett Thach, Bill Ba
and half memory for Ben Barker, b

store and forward storage

H516 computer was the size of a g
refrigerator %,

ol |

50kbs modem rack was the same size e 47
© Leonard Kleinrock 2004 ANNIVERSARY
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The UCLA Software Team

Steve Crocker, Team Head

‘Vint Cerf
-Jon Postel
Charley Kline
*Bill Naylor

‘Mike Wingfield (one-man hardware team) je

© Leonar d Kleinrock 2004 o tf’e‘rﬂ‘é;‘ﬂéfé?ﬁ"ch



T veia

& IINTVERSITY OF CALIFOBNIA, 108 ANGELES

e -
mipubic:.i;mm:m Press Thuraday, July 3, 1969
My 1969 vision . B JuIy 3. 1969

“As of now, computer networks are still in
their infancy. But as they grow up and
become more sophisticated_we will probably
see the spread of ccmputcr :,:t:!:t:ee which

will service /7«1 %ﬁomea aiid oiTices

across t

notes Dr. Kleinrock. The

Web-based
IP Services

=

the firat, followed by the

#sent time, the nation’s electronically

ATZQEE computer network.

specinlized and singla-purpose gystems, in con

Plug in From

Anywhere
A WS 0

fyslen which will link & wide gt of different com—

ange of vnclassified rasearch fumctions.

Gow, computer networks are atill ip their infancy," says Dr, Xlainre

88 they ftow up and become more sophisticated, we will probably see the epread
of 'conputer utilities', which, 1ike present slagteic  and telephome utilities,

will sarvice individual homes mnd offices across tha country,"
© Leonard Kleinrock 2004
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What It Looked Like in 1969

The
Interface
Message

Processor
IMP

THE ARPA NETwWORK

September 1969

© Leonar d Kleinrock 2004
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© Leonard Kleinrock 2004

The 1969 IMP

e |- i - . 2
QQO00QQO00QO00OOO0O0
000000 0Q000OO0O
Lare s st

INTERFACE
MESSAGE
PROCESSOR

olocoolooolooc|ooolooo
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What It Looked Like in 1969

The First
Link in ST
the |
Internet
Backbone

UCLA

THE ARPA NETwWORK

October 1969

© Leonar d Kleinrock 2004



We Decided to Keep a Log

T ...

SCIENTIFIC DATA S

PLACE INSERT UNDER CANARY SHEET BEFORE WRITING

© Leonard Kleinrock 2004

Who had
the forsigh
to do this?

Jon Postel

F ol |
1/
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An Important Entry

i/
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An Important Entry
.

First Message on
the Internet
- ever!




But What WAS the First Message

Ever Sent on the Internet?
 Was it “What hath God Wrought” (morse 1844)?
Or “Watson, come here. | want you.” (Bell 1876)?
* Or “One Giant Leap for Mankind” (Armstrong 1969)?

It was simply a LOGIN from the UCLAEomputer
to the SRI computer.

 We sent an “L” - did you get the “

* We sent an “O” - did you get the “O”? YEP!
* We sent a “G” - did you get the “G”? ¢

© Leonar d Kleinrock 2004 35 ANNIvERSARY



But What WAS the First Message




But What WAS the First Message




The Internet is Born !

At UCLA on October 29, 1969



What It Looked Like in 1969

THE ARPA NETwWORK

November 1969 %

© Leonar d Kleinrock 2004



What It Looked Like in 1969

© Leonar d Kleinroc

THE ARPA NETwWORK

December 1969

UCLA serves
the Network
Measurement
Center

The job is to
stress the net
to its breaking

) P
point! %



Growth of the Internet
1969 10/29 First Internet message

1969 Howie Frank assists topology desi an
1969 BBN releases Report 1822 spec |\,

1969 Steve Crocker RFC #1 Host-Host
Protocol and the NWG =,

1970 ARPANET spans US: UCLA <-> BBN
1970 Crocker and UCLA team release NCP
1971 BBN TIP - direct terminal access

1972 Ray Tomlinson introduce net emailg™

i
1972 First public demo of ARPANET

1972 Norm Abramson’ Alohanet connected
e to ARPANET: packet radio nets §.9..
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© Leonard Kleinrock 2004

Network Working Group
Request for Comments: 1

Title: Host Software
Author: Steve Crocker
Installation: UCLA
Date: 7 April 1969

Network Working Group Request for Comment:

CONTENTS

INTRODUCTION

ITI.

IIT.

Iv.

A Summary of the IMP Software
Messages

Links

IMP Transmission and Error Checking
Open Questions on the IMP Software
Some Requirements Upon the Host-to-Host Software
Simple Use

Deep Use

Error Checking

The Host Software

Establishment of a Connection

High Volume Transmission

A Summary of Primitives

Error Checking

Closer Interaction

Open Questions

Initial Experiments

Experiment One

Experiment Two

Steve Crocker
UCLA
7 April 1969

ol |
VA
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Aug 1971 ARPANET

ILLINOIS

)

BURROUGHS

MITRE

MAP 4 September 1971



Growth of the Internet

1972 Bob Kahn introduces 4 rules
for open-networking architecture. f

1. Each distinct network had to stand on its own, and no
internal changes could be required of any such
network before being connected to the Internet.

2. Communications would be on a best-effort basis. If a
packet didn’t make it to the final destination, it would
quickly be retransmitted from the source.

3. Black boxes (later called gateways and routers) would
be used to connect the networks. No information
would be retained by the gateways about individual
flows of packets passing through them, keeping them
simple and avoiding complicated adaptation and
recovery from various failure modes.

4. There would be no global control at the operations
level.
35th ANNIVERSARY
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Growth of the Internet
1973  Cerf and Kahn design TCP ¢ [

1973 ARPA deploys SATNET
— 1st international connection

1973 Bob Metcalfe develops Ethernet idea ?
1974 Cerf and Kahn publish TCP specification

1975 ARPANET mgt transfers to DCA

1978 TCP splits into TCP and IP driven by
Danny Cohen, David Reed and John _
Schoch to support real-time traffic.. "y @
This allows the creation of UDP.

1980 CSNET is funded by NSF in response to a
proposal by Larry Landweber,
Dave Farber, Tony Hearn and Peter

Denning £ ?i e

VA

[ ] l : [ ] [ ]
49844 IBM introduces their first PC 350 ey



. March 1977 ARPANET

ARPANET LOGICAL MAF, MARCH 1977
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Aug 1987 Internet Core




Growth of the Internet

* 1991 NSF opens Internet to commercial use
* 1992 Internet Society formed: Cerf at CNRI
* 1992 NSFNET upgraded to T-3 backbone

* 1993 Marc Andreeson Mosaic browser €
* 1994 Cantor & Siegel introduce spam
* 1994 BBN celebrates 25t anniversary

e 1995 dot.com boom starts with faith that a
“new economy” is beginning

* 1996 Telecom Act deregulates data networks
1996 More email than postal mail in USA
« 1997 Internet2 consortium is established
« 1997 IEEE releases 802.11 (WiFi) standard ; .

) h
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Spam !

It surfaced as a critical and widely publicized
event in April 1994 when two Arizona-based
attorneys arguably became the two most
hated individuals in the history of the
Internet. It was Lawrence Canter and Martha
Siegel, the famous "green card lawyers"™ who
"spammed” the Internet.

h
H Al IVERSARY
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From: Laurence Canter (nike@indirect.com)
Subject: Green Card Lottery- Final One? -
Newsgroups: alt.brother-jed, alt.pub.coffeehouse.amethyst e I rs

View: Complete Thread (4 articles) | Original Format
||
Spam email

Date: 1994-04-12 00:40:42 PST

Green Card Lottery 1994 May Be The Last One!
THE DEADLINE HAS BEEN ANNOUNCED.

The Green Card Lottery is a completely legal program giving away a
certain annual allotment of Green Cards to persons born in certain
countries. The lottery program was scheduled to continue on a
permanent basis. However, recently, Senator Alan J Simpson
introduced a bill into the U. S. Congress which could end any future
lotteries. THE 1994 LOTTERY IS SCHEDULED TO TAKE PLACE
SOON, BUT IT MAY BE THE VERY LAST ONE.

PERSONS BORN IN MOST COUNTRIES QUALIFY, MANY FOR
FIRST TIME.

The only countries NOT qualifying are: Mexico; India; P.R. China;
Taiwan, Philippines, North Korea, Canada, United Kingdom (except
Northern Ireland), Jamaica, Domican Republic, El Salvador and
Vietnam.

Lottery registration will take place soon. 55,000 Green Cards will be
given to those who register correctly. NO JOB IS REQUIRED.

TIgERE IS A STRICT JUNE DEADLINE. THE TIME TO START IS
NOW!!

For FREE information via Email, send request to
cslaw@indirect.com

Canter & Siegel, Inmigration Attorneys %’
3333 E Camelback Road, Ste 250, Phoenix AZ 85018 USA i/

o LegslaWw@indirect.com telephone (602)661-3911 Fax (602) 451-7617 D SRy



Enter the Dark Side

 There is a dark side to the Internet that
has developed over the past decade.

 The dark side includes
e Spam,
« invasion of privacy,
« pornography,
« pedophilia,
o denial of service,
e WOrms,
e Viruses,
« destruction of property,
« identity fraud
« and more

) h
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Enablers for the Dark Side

* The Internet allows anyone to reach
hundreds of millions of users
« easily,
« quickly,
« at essentially no cost (in money or effort),
« anonymously

* This is a perfect formula for enabling the
dark side of the Internet.

© Leonard Kleinrock 2004 35 ANNIvERSARY



Virus Installation

_% Do You Want He to Install

| a Uirus MNow?

....................................

....................................

Source: Bill Cheswick



URL’s Should Make Sense

* http://lwww.......
 The arcane language of the nerds

* http://lw15fd.law15.hotmail.msn.com/cai-
bin/sbox?curmbox=F000000001&a=f387bdbf8e23
1350e4a9e38740d2c99e&f=33792&t=2AAAAAAAD
JKhwAHUCjjxnE6rKyMbyz92NqU4By6¢cj3eAF21ru
aEq9DQ%24%24&p=AAAAAAAAAIVTgkE1JLSaz|
VtkLIVgDdWBr%2aHRIzsKzfkRARfe6F2wCyCTe7
poCDOIXOCcj8cj8cRzesJX%21WpeSRUFTImuMM
BtvboPWLSqnjwyCnYiCYpNISMb2h1LLzPF7VKg
Lgl6AnegCKaBIPljXeN3090DzgF5YdH&utf8=0
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Growth of the Internet

« 1997 Leiner, et al publish “The Past and Future
History of the Internet” |

« 1998 Blogs begin to appear

* 1998 VOIP equipment begins rolling out

* 1999 UCLA celebrates 3th anniversary ng—
* 1999 Napster rolls out I
- 2000 dot.com bubble beglns to burst

« 2001 Napster forced to suspend service

« 2003 Flash mobs gain popularity

« 2003 World Summit on the Information Society
(WSIS) convenes first meeting in Geneva

. What do the maps look like at this pomti-
- 2004 UCLA celebrates 35t anniversary

ARY
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The Internet Router Network

© Leonard Kleinroti oo

ANS
ATT
BEN/GTE
CERFnet
Digex
Ebone
MCI
Netcom
PRSI
Qwest
Sprint
Ulnet
Yerlo
Unknown

7
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International Web Cache

E%%Planktun: a network mapping tool [_ 5] x|

File Interaction Resolution Zoom Color By Help

HTTF Requests

5801
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171165

'vinve l—ligh Res l:olc-red by HTTP Requests
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Did you see
this coming? = o —~
emember
¥
23 my 1969 Vision

i N

&

ma/

y -y 8
% ’..//J,‘.

The Press Me
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So What Was
My Internet Vision?

* The Internet technology will be everywhere
* Always accessible

* Always on

 Anyone can plug in any device anywhere

* Invisible

© Leonar d Kleinrock 2004 35 ANNIvERSARY



The Internet Got it Right

Yep The Internet technology will be everywhere
Yep Always accessible
Yep Always on

Anyone can plug in any device anywhere

Invisible

© Leonar d Kleinrock 2004 of Eesx:;:::slf@stkch



Today’s Internet Realities:
N trols it
Noone cantumitorr The Good (@)

It serves everyone

In many ways, it is an “open” network
It provides a means to share works and ideas
It is diversifying

It is not centralizing

It is owned by no one

It is always turned on

It is empowering

It is a publishing machine

It offers a means of self expression

It is an innovation machine

It is a marketplace of ideas, services, applications,
and goods

It connects communities of interest

© Leonard Kleinrock 2004 35 ANNIvERSARY



Today’s Internet Realities:
It invades our privacy The Bad

It is capable of watching and tracking our behavior
It frustrates us with delays

It drowns us In junk

It does not obey the laws of all countries

It is a massive source of spam

It contains pornography

It spawns annoying and/or destructive viruses and
worms

It supports denial of service attacks

It has developed into fences of proprietary
products, services and information

Its user interfaces are frustrating

© Leonard Kleinrock 2004 35 ANNIvERSARY
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Thank
You

www.lk.cs.ucla.edu



