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ToLA TO BE FIREST STATION IN HATIMHAIDE COMPUTER MNEDMMEORK

LA will become che Ffixst station in a nationwide computer netwark which, for
the firet Etime, will liok toge<they computers of diffesarent meakes and using d4ifferenc
mathice laanguagess inctc one time-sharing syetem.

Craation of the ascwork rapresants a major forward etep in compurer rechoology
‘and may secve as thsa forsrunner of larges compurar neactworks of che futurs. -

The aabiticus projact is supported by rhe Dafense Departoent’'s sdvanced BRsesasrch
Project Agancy [ARFPAY, which has pilionsersd meny sdvances in cdmput-r reasarch, tech-—
nology and applicarcions during tha past decade. Tha oartwork projsct was proposed
and im beaded by ARFA's Dr. Lawrsnce . Robarecs .

The system will, in affect, pool rhe computer pOoWeEr, programs anst apecialized
kowow—how of mbout 1% cooputer reseascch centers, mryrecching from UCLA to M.T.T. COcher
Californisa network starions {or nodaa) will be locatesd at the Hand Corp. and Symtem
Davelopmeant Corp.. both of Sanca Monica; the Santa Barbara #nd Berkelsy campuasa af
the Univermity of Califarnfa; Stanford Univearsity and the Scanford Esasarch Inscticute.

T;;_fit-t atage of cha oetwark will gc ints opeyacioon this fall as a subnet
Joining UCLA, S5tanford Hessearch Ingtitura, UE Santa Barbara, and ths Toliverasicy of

Demkn . The entir= network is sexpected to be operaricnal in Iiate 1570.

Engineering profeancor Lfanard'tl:inro:k. who haads the UDCLA projscE, describaa
how the network might handle a asople problem:

Programmers ot Computar A have & blurred photo which rthay want to—hring imto
focus . Their program trasowaits the photo to Computer B, which specialirzes in Som—
putar graphice, st Instructs B'"m program to ramcve the Hlur and sphsnce the contTast -
If B requires specisiizad computacrional sassistance, it may caell om Computmr T for help.

~ o T B—
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2.2.2,..Computer Nstwark

Tha processsd work is shuktled back and forth until B ig macinfied wicth the
pboto, and theo sands ir back to Computer A. The messages, ranging scross the coun-—
try, cmn flash batween computars ip a martey of aeconds, Dr. Kisinrock save.

TUCLA's part of the project will involws about 20 pecpla, including some 15

graduste wetudentw. The group will play a key rols as the official petwork messurement

center, analyzicog computer interaccion and onetwork betinvior, comparing performance
against anticipated resulrs, and keeping & continwous check en rhe networi's affec—
tivensss. For this lob, DCLA will use a hipghly wpecialized computer . tha Sigpma 7,
developed by Sciantific Data Systems of Los Angelag.

Each computer Iz the petwork' will be aquipped with ira owmr intarface mERSEEE
procassar (IMP) which will doubls =3 a sort of translator ancong the Babel of com—
Putar languages and as 4 message handler and routar.

Computrear networks are nor an entirely Dew concept, notes Dr. Xleinrock. The
SALE radar defanse systam of the FPilftlam was one of che firat, followsd by the
airlinea"” SABRE reservation system. At tha present time, the nation's electronically
swlitched telaphome system dm the world®s largeet compdter network.

Howevar, mll three are highly specialized apd siogla-purpose gystems, it con—
tragt to the planned ARPA aystenr which will 1ink g wide ssgortment of different com—
putars !asﬁl wide range of unclassified rassarch functions.

"Aa of now, computer networks are atill ip thedr infancy,.'" mpays Dr. Eleinroclk.

"But as they grow up and becone more sophisticated, we will probably aes the apread

of "computer utilircies’, which, likae present elactric and telephone utilities,

w1ll sarvice individual homes and offices across tha councrs,'

—UCLA-
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TUCLA's part of the project will involws about 20 pecpla, including some 15

graduste wetudentw. The group will play a key rols as the official petwork messurement

center, analyrziopg computer interaccion and netwark betinvior, comparing performance

“As of now, computer networks are still in their infancy,
says Dr. Kleinrock, “But as they grow up and become
more sophisticated, we will probably see the spread

of ‘computer utilities’, which, like present electric and
telephone utilities, will service individual homes
clgle offlces across the country.”
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What It Looked Like i1n 1969

The
Interface
Message

Processor
IMP
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THE ARPA NETwWORK

September 1969
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What It Looked Like i1n 1969

E T )
A -I-'r-ﬂ

THE ARPA NETwWORK

October 1969
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SCIENTIFIC DATA SYSTEMS

TMP

PLACE INSERT UNDER CANARY SHEET BEFORE WRITING
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Who Had the Foresight to
Keep This Log?

Jon Postel
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First Message on
the Internet
- ever!




But What WAS the First
Message Ever Sent on the

Internet?
« Was it “What hath God Wrought” ?

« Was it “This Is a Giant Step for Mankind” ?
e It was simply a LOGIN from the UCLA

computer to the SRI computer.
* We sent an “L” - did you get the “L”? YEP!

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

a Leonard Kleinrock 1999
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But What WAS tjz T}
Message Ever S/ ==

Interne
e Was it “What hath Go

e Was it Wimanis. A Gig
e |t was SsiIn

e \We b\b r
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What It Looked Like i1n 1969

UCLA serves
the Network
Measurement
Center

THE ARPA NETWoRK The job is to
stress the net

December 1969 to its breaking
point!
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Response Time
Throughput

RESPONSE TIME

- i

THROUGHPUT

>y
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Flow Control

 CONSERVAW\VE

FREE-FLOW

DEADLOCK

Input A—=—
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FLOW CONTROL

A.‘ DP

all B

COMPUTER
NET
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FLOW CONTROL
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FLOW CONTROL
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Response Time vs Throughput

Throughput
POWER = ——mm—————— =
Response Time

Do you want
to operate

T(?') Or here?

Response
Time

0 4@,
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Response Time vs Throughput
Throughput

POWER = :
Response Time
P = Y

T(7)

T(7)

Response Z
Time ®

0 4@,
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Response Time vs Throughput

At Max Power
N" =1

T(7)

Response
Time

! YN
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Use Your Intuition

hl l‘\ ﬁ B

Morale:
Just keep the
pipe fulll
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A Brief History of Radio
Marconi 1890’s
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A Brief History of
+ 1970's: ARPA

250 cu In
25 watts
25 pounds




A Brief History of
» 1990's: ARPA

10 cu In
1 watt
1 pound
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Glant Stepping

IN Packet Radio

Multihop

Each hop covers distance R (Tx Radius)
Total distance to cover is D (D>>R)

Big R, more interference, fewer hops

Small R, less interference, more hops
Total Delay = T(R)[D/R]
Choose R=R"to minimize total delay

dT(R)/dR = T(R)/R optimality condition

a Leonard Kleinrock 1999
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Hit any key

¥ to continue

Not that
onelll

L______.__________l
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www.lk.cs.ucla.edu
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