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Prefase

In Jung 1968 an ARPLA pregrem plan entitied "Resaurce Shar(ng
Computer Netwonrks" wos formally prepered and aPpreved, The
reseesrgh cCorried out pyrsuant to thig PI1aPM has sinees beseme kmown
and {mtermationally Famous o8 the ARPANET, This ARPA pregrem has
created ne lesa tham a revolutien (n aemputer teghnoloegy and has
been ome of the mast sucaessful projeatn evers undertaken by ARPA,
The progrem has {mitiated a ferereaghing offeet on the Defenne
Departmentis use of commutesrs as wel) a8 on the yse 6f computaers
by the entime publi¢ amd private seators, bath in the Un{ted
States and around the wor'dq, JUBt a0 the telapheome; the
tslegraph, emd the printing press had farspsechinra effeats on
human (nteseommuniqation, the widespreed utilfzatian af aompyutsr
networks which has been cotalyzed by the ARPANET  =rpjest
represents 8 aimilarly farereachin@ ahange (” the use of
gomputafs by markind, The fu)) (mpagt 0f the teghnigm) ohangen
set in moyiem by this project may met be understoed for many

years,

11w
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t, PROGRAM QRJECTIVE AND TECHNICAL NEED
1,8 Deformne Program Addressed

The June 1968 ARPA program plan stetes the objeati{ve of the

program Im ghe to)1owing wayl

"The obleetive af this proarem in twefeldr (1) To
deve!lep teghnidues  and  ebtain  experiense oA
{ntargenneeting semputers (n sueh @ way that & very
brosd giess of (nterpctiony are pessiblte, and {2) To
Imprave and {ingreane qemputer redeargh produgtivity
through retourae oharing, By eatabtiahing a network
tvimg IPTig nesearah contery together, both gosls are
schieved, Imn fact, the maat e¢ficient way to develop
the techniaques needed for am etfeative network {3 by
invelving the resesrdh talent ot these gqenters In

protatype sotivity,

Juat 88 timeashared computer fysteme Raye
pePmityed arouss e huyndredas of (mdiyi{dua! uners to
ahare heandware and software redourees with one anather,

networks gomreeting deens of suah systems wil) pepmie

11e}
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resouPrge sharimg Dbetwedn theusands of users, Fagh
svstem, by viptye of belng timeegharsd, gan offer any
0! (ts aervices to amether gemputer ayptem on demand,
The most imponrtant eriterien for the type of netwerk
{ntergonneqtiaon desired (8 that anmy User or program on
sny 0f the metworked computers ean utilige any progranm
or Subayvatem aval{leble on anmy other computer witheyut

haying te mod{fy the remote pregram,”

This objective wes am entirely mew and different epproesh to
an oxtremely seprtous probiem whigh exieted throughout beth the
Defeanse Department and the sceiety at large, The many Jhgysands
of camputer genterg {m the Cefenas Depertment and the mamy other
thousands of aemauter gantesrs {n the srivate end public asetars
operate almost completely aytamomoualy, Eaeh computer centes {8
foreed to retreate a'! the meftware ond date files that {t wishes
to uttliae, In many eases thiy {nvolvea the compiete
repragramming of software or refermetting of datg ¢!les, This
duplieation amd redundant effert {9 extremely gogtly and time
eonsuming, The June 19¢8 ARPA pprogram plan eatimated that "eugh
duplicative efforts more them double the natienal gosta of

ereating and maintelming the f0ftware”, There had Dbeen other

Iled
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eempletely different atyampts to addresy this problem, such as
sttempts at languege atandards for gompytera;, -attamptsy ot
standardizing the tymes of henrdwers, and attempts at aytomatie
teanslation Dbetween dqomputer lamguages, Although eagh sygh
spproaeh had aeme value end ytility, the problems o¢ tryimg to

share gomputer ad0ftware rescurces or f{les was truly emormoun,

In additien te the gerera! problem ghared with the pest of
the sclenti{fic community, the Defense Department glso fages
carteln avecial probtems havimg to do with teainings auoting the

cregram ﬁ?oni

"M{l{tary peraonng! trafined Yo uee  one
manufasgturer?s eauipment muat often be treined again to
uee o di{fferent gtation te amother, Maghines presyred
fram gitterent manutanturepn reauire ag mamy different
veer tratning programs as there 8re machines hye
{nhibleing penitive transfer oaf treining that eould
ascymylate throygh the rotatien of milivgry eersonnel,
Those date files ond progremp whigh have eommen ukiliey
to mamy milltary argenizasiens and tmgtaltations must

be stered, created and meintained separetely at eash

1leS
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different mach{rne, MHilitasy systemp (ntereonnesgted (n
a diseributed Inmterastive nmetwork obviete aueh

comatrainge,”

Another objeative nmeted {m the progrsam plam was to pepmi®
the linking of specialigzed somputers ta the menmy general pyrpase

somMpUter genters, The pmrogram alan noted (his objeative as

foltowss

"With reeent improvementy im tha hardware Bred, it
wil) become mest eost affegtive to desigm and censtrust
computers particulariy efitelent at speelstizad taaka
(e,0,» eempilimg, 140t oproeessinrg and oﬁ!ormpq1on
retrioval), Making sugh maghimes avai{lable te al) <the
somMputer research enteblishments weuld signifigangly

incrasae the gesabitity ot theeo ather genters,"

Thin program wes addressed et no 1088 than ghanging the yse
of computesrs by the entire Defemne Department, It wos clesr)y
intended that the use ¢f such s compyter network would peermit
resounree sharing withimn amd aeross the m{litary services and

throughout the Dafense renserch communmity,

Ilme
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1,2 State of the Art at Progrem [ngaptton

By the date 94 the Drogram plan (m the Yate (962 most of
the apeg{fis teehnelagles reauired ¢or a somPyter network had
individually baem aehieved {n soma ferm, For example, there had
beem meny conmeqtions of phone 1i{men to EOMPUEErs (@,3,) the SAGE
system, Alpr Lime reservatians systeme, end Time sharing systems),
Howevery thera had beer only a very amall mumber of sttempts to
conmect gomputert tosethes for tha pyurpone of euperimenting with

the sherimg of resources,

e In the serly 1968¢ an attempt waQ made to |(nk eompyters
tegether ot the Weatern Data Progensing Conmter pt UCLA
for the purpose of enabling aimilar cemputars to perfarn
laad aharing, A simitar experiment was slgo performed
st Bel! Laborateries and aghieved regtenable aupcess far

severs! vears,

e A numbar of metwerks were gonstrusted Jer the primary
purpose ef message hendling) Ineluding s Weetinghouse
taventery gqentre!  system aend several air  line
reservatliong netwerks, The &ITA notwork far air Yine

regervations wes surppriaimgly advamged (n coreapt {n the

{le?
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mid 19683, but details gbeut 3ITA were gensrally ro¥
kmown (m the U,8, computi{ng semmuntty, In anry case, the
teghniques wused for sush meEnade Bystemt were apesial
PURPOES (P natufe anc were ot rendily transferable (nte

the genera! ares of {mterscomputer gommumications,

© A dirggt progenitar of the ARPANET wae en #¢fory made n
the mid 1962a to aghieve » goup!ing bhetwean aegademis
computing expertise ond the operation of the 80C Q32
qemeuter, This effore ted to & phene lima cenmsetion
between the Q32 at 80 and he TX2 at L{meoln
Laboratory, and demonstrated the relative oease a
medifving time gharing asystems te permit network

{ntoractiona,

Astde épom the technica) preblems of {ntergcennecting
computers with gommunigations girquits, the notiom et compyter
network® had been gqonsidersd {(m a number af plases fram @
theoretiaa! point of view, Of part{gular note wam wark done by
Paul! Barrom snd othera st the Rand Cerporetion {m e study “On
Distributed Commun{eationa®™ (n the early 196B8%s, Almo af note
wat work dome by Dgrmald Davies and others st the National

Physical Labaratory (m Emgland {m the mid 198879,

[lud
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1n aum, @t the time of the ARPA progrem plen in $968 many of
tha rpauisite {dees hed baen gqonsidargd and meny of the raquisite
technical Bits end pileces hed been sttemptec (m aoms form, but ne
significant astempt had ever baen made ¢ Pyt them together into

& Fesourcs sharing computar metwork,
1,3 B8pegifiq Teshneloatiee! Probiem Addraseed

The technoloniee) preblama of building the ARPANET gan
be caonsi{desed et meny differemt tevels of detel{), At the top

level, thesq were reglly twe piob!ims|

1, Te comstruet a "submeywork® aemgigting of talephone
sireyits and awitghing nodes whase reltiabilfty, delay
characteriaticas, copecity, and gegt would factliqate

reasurae gharing batwaen the SOMPULtEPrd on the metwoPrk,

2¢ Yo understand, denign, end implemeng the pretoeo'a and
procecdures wWithim the operating eystems of each
senneqied gompyuter; in erder %0 aVlew the yae 09 the naw

subReINErk By thope semputers (n gharing poicurnon.

Withim Yhope twe majer taghnotooias! Probleme, there were

of gourse, a lerse number of asubmproblemy) {neludimg the

I{ewg
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engirearing ot the phomg clreuit conmnegliionma, the topalogy of the
metwonrk, the selection of awitehing node equipment, the desfan of
1i{me dingiplimes to work through phome 'ine erroprs, the nrouting

preblem, end many o!hoﬁl.
1,4 Expeectnd Payof¢/Time Frane/Costs

The goaln for the ARPANEYT projeet wore very broad and
envineged o afanificant avertual (mpeet On the use of computers
{m beth the public and erivate ssetere, Howevesn {n add{tion to
these 'ong pangs goels, ARPA vigualized gome auite apegtific
inltial payet? (n the Jorm of (mpreved predudtivity of the ARPA
reeeareh proaran iteelf, end a Fesulting cOBt/Rerformance benet|?t
to the servicen from ARPA relsargh, Queeing from che 1968

pragram plant

"Seventsen gqompuyter regsareh eanteérs throughout the
country apqe RupPoPrted (A whole onf tn part by
Information Pragenaing Teahniauea, The (natallation of
an effegt{ve nmetwerk tyimg these legation tecether
shoyld sybstantially redugse auPriigati{on and (mprove the
trangter of sctent(fie renults, aa wel! as davelep the

network  teehniaues needed by the mil(tary, The

1lei®
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rafsereh autput of these projects is impartant to o)
three 3dervices and (t {a expected thet this output can
be aubntantially (ngrupped for the aame doller eost (¢

a portien of the fumds are utlliged for the metwork,"

Im addi{tion, Iinftinl pavaf? was anrtigipated (m the torm of

teahnalagy trensfer From the ARPANET pro)est (A thres waye!

a By dissemtnatien of new nglongifig kmowledge throygh

conferencean and the apprepriste l{terature,

o By tramnfer of memagement oF the ARPANKY to ¢ gommen
¢arrior, and the resulting availabitity of ARPANEY
sepvigen to oyher groupe (Nueh a8 Ofttice of Education
Reglema) Laborator{es: NOFepyupported univergitieon, and

various yeep graupd suPported by the NIH),

o By adomrtion of the nrmetwerk techmelogy by spac{fis
ailitery oroums {sush ag the Natienal M{l{tary Command
Syatem Bupport Center and other military oeenters

affitiated wien (%) o,0,¢0 CINCPAC, CINCEUR, and MACVY),

The expoated eventy and the seheduled fer thope eventn was

stated Im the Jume 1948 ARPA Ppagram Plgn|

1lett
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July 1968 «w Award [HP gamtrgel

Mareh 1949 e= Cemanmatrate (nitie]! met operatiom with

four modes

e Apr() 1969 a= Appreve desiga and extand sontraal %o
{metude (mavallatiom of 19 IMPs

d¢ Degember {969 se Complete metwark eperati{enal

®y 1972 o= Add commynigatiam 1ines 48 meeennary

fo 1971 = 1972 es Aprrgrae with a8 cammem carepiar the
tranafer ot the communicat{ons aystem

The gentn anticipated By the Pregrasm Pian were 2 foliowst

Ysae Gasla

Commynication Line IMP Congtraater Tota!

FY 68 e S63IX SelK

FrY 69 29K {2a9K {3Q%K

FY 7@ 680K 408K LY.

FY 74 9@ekK {geK 1209K

1lei2
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Thi{is goft s8timate d{d mot {imelude the casts reaquired dor
the veriouws resouree shari{ng exPearimenta At the haat aited (a the
ARPA commymity, The Pregrem Plan aveided this ipsus, perhaps by

necessity, an followsy

"The majority af thia secend slass 0f goats wi'!l be bourne
by eagh af the computer reueareR QONtrANCE Rew sxgent,; They wi)!
vary adreasg o wide rangs of extremes bounded by, for exemple, &
e{ngle retearcher’s small enperimental program and s aroyp of

researeherfy gongern with studiee of oneline documentatian,”
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2, PROGRAM DEBCRIPTION AND EVOLUTION
€o] Program 8trugture

With the igning of the pregram plam (m June 1968, ARPA
began womrk {m earnest on three pareliel Pathe of effarty (1) to
obtaim the metwork airouitsy (2) to neleat the system gentractor
for the switehing nedes aend tha everal! desigay end (3) to
imitiate odforte withinm the ARPA mgaqarch cammunity fer regourae

sharing experiments and npesia!iged metwerk suppert,

The ARPA IPT etéiee had nmet had great enpefience in
scquiring gommuniantions cirquits and weg rather pleasantly
aurpr{sed to dimeover that anether DeD orsenisation, DEECO, was
able to henrdie all the geentragtual details with the common
earriorn foe girouit lusses, Mest o4 the nrequired 5@ kilobit
et{rcuite used (n the ARPANET were Teased threygh DECCO from ATRT,
but a smal! numben of gireuits were lossed frem cther qarriars
aueh at Genera) Telephene, In pdditien; ARPA wag fertunate (n
being sble te arrange & rothar highmleve) gomtaagt {n ATLT (long
1inen)y whiaeh greatly fagiliteted the {ntosraetiona batween the
ngtwoprk Syatem gongpragtor; ARPA, and ATXT, The gelestion of

netwark node Jeoatioma and the (mtermrode connectioma {and,
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theretare, the lacation of a(rguit ctermimations) wee &
wpecialized topolagy problem aend repremented & diffigult
theoretigatl prablem {n {ts own right, Te help selve this
particular problem, ARPA contragted with (he Netwark Anmalysis
Corporatinm (NAC), NAC had develeped gertaim metworking amelysis
tooln amd via this ARPA syuppPoOfY, auEh toals were refingd) NAC'a
adviee an tgpolooy wag nmouaght threugh the var{eus estages of

ARPANET growth,

In o progedure rselatively unusue! Jer the IPT off{ece (n
ARPA, g competitive progurement wan planned for the nelaction of
the contrgetor to des(gn the awitahing nades and met as genmers!
systema centtragier, Anm AFP wop prepered end (dsued on { ), and
sfter an evaluation of spproximately 13 Biddern, Belt Beranek and
Newman [nrmq, (BBN) wae telegted g8 the avatemp ¢ontragies f0r the
denign of the eubnstwork and the switghing nedes, BEN
subcantragtad with Monaywe)! fer the ewitahimg nede hardware
{tae)?, Cver the 1tde of the ARRANET progeram frem Janmuery 1969
umtil  the tranpfer to DCA in July of 1973, BEN served et the
evatams gomergator for the design, implementation, operstier and
malntenamee of the gubmretwork, and in 1977, BBN (g sti)} serving
that role ynder the andip of the ODefense C(ammunieations Ageney

(ocAY,
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In a somewhet lemms atructyred ey, the research groups
receiving ARPA IPTO suppart were then aeneouraged to beginm
considering the desion and implementetion of ppretecals and
procedures and, in tyrm, gommuter mrogrem mod{fl{aations, (n ¢he
variays hopt computers Im arder te use the subnetwerk, Bevers)
seeci?ic ragpongibititios were anrangedt VUCLA wan spegifieally
ssked te take on the task of s "Netwerk Meagsurement Certer” with
the objeetive af atudvimg the merfarmance of the nmetwork aan (¢
was buflt, grown, end modified) ORI was spesifigally asked to
take on the task of & “Netwark Indormation Cenmter® with the
objeetive of golleeting information aboyt the metwork, about host
resources, and et the neme time ogenerating gempyter bemed tools
for storing and scesasima that colleeted {nfosmatioen, Beyond
these twe speeifie centrastsn, tome Pether ad hat meshaniame were
purpued te Preech agreement Detween the  vasious researah
santractory sbhovt the apprepriate “hest protosetla” far
in!oreommuniectinq ever the Rubmetwerk, The T"Network HWeriking
Group® of interested individuale dnom the various hest sites was
rathepr Iinformally angauraged by ARPA, Afier » time, this Netwasrhk
Werkimg Grpoup became tha forum f0r, and eventyslly o

sem{eodfieial apmroval authority far, the diseusslion of and
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{asuance of host protocoe's to be Implememged by ‘the various
renearch eontraators, §ince thip pert of the progrem qu myeh
lass structured, progress was rather slow for o time, byt with
seme ARPA IPTO pressure on the roleargh gomtractters, cthie
meghanism evemtually was surprisingly avecessful {m eatablishinmg

effective hent orotogols,
2,2 Ma)or Teghniga) Problems and Approsahes

In a oprogrem of this dyrstion and gemplenity, (¢t iz not
diffieult te (dengify many domeng of (mportant tsghniea) problema
and appProdshes te thate nrob1om|; We here Yiet a fow of the
problems whigh were mont techrigally ghallenging in the early few
vesra 0f the ARPANEY pregram, A fow addit{ional mejor teghmica)
problems will be t{istad in the mext sagtian en *Mgjor Changes and

Object{ves®,

o TOPOLOGY e For any netwerk of bty type with evem &
cdezen nodes, an ebvioun) eerly reqogniged, armd quite
fopmidable preblem {3 topolegioe! opsimization,
Apauming that the node logationy are kmown, the Rumber
of ways of arrenging M 1inkn among N modes (8 vary

!nriol the 1imkg are Udually avatlable (n dipareet sin00
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{bandwidth)y) and the camplerment godt atryctures, time
detay funatiane, anrd relfabilty fdunetiona are al)
typically nomrelinesr, The deaign mgy be sybjesy to many
constraints, {nglyuding maximym enr sverege time delay,
averase or peak threughput requinrementa,; and religbility
reaui{rements, The yaye! gea! of the eptimination (0 teo
provide o netwark desfgm thet meats ') gommtraints at
the owest coat, The appreseh to this prebler was 1t
deaian on oelaberate gemputer Pregrem teo ASSi{at {n the
optimination, It ta mey pesaible te use ar exhayetive
appreach, and {Astesd the aspreach ussd wae to Qenerate
o "sterting network® and then to  perform  loqal
transéarmations te the tesology in arder Yo reach @
Togatly optimum metwoerk, 19 this preeedure is repeated
wigh many nterting metwerka and (¢ the reavitimg loeally
optimum networka are eveluated, t {9 pomaible to find o

feanible selyution with gosts that sre alese to optimel,

o LINE ERRORS w A g¢Pritiea) nmeqeamsity fer a renource
sharimg qempyter netwerh was o previde reliable
gommynication and one compoment of such relifability was

en ability . to woPrk thrpough the expected phone )ine
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errorn on the 53 kilobit eireuits, The approaah taken
was to deaign apeagi{a) chesksumming hardware ot the
tranamitting omd precaiving end of eeeh %@ k{lobit
girauit in  the natwork, Ag pPart of the switering neds
tranemission preqedure, a powerfyul 24 bit ayelie
chadksum (g ampmended to every posket of tnformetion to
be trenamitted, Them, et the nregelving nrode, the
sheskaum is racamputed {n hardwere and sompared with the
tranamitted sheekaym, 1¢ theore (3 ne aprery AN
sckmowledgment (with Ite own chegkaum) (g sent bagk ¢o
the ctranamigting node, 19 there s an asrer, no
saknowiedament e seny and the peskey will be

reeronanm{tted,

o HOBY INTERFACE « An {(mpertant (3sue was the oproper
design of am interfeee between the switghing node and
heat ecemputers of many different typee, It (s {mpentaenmt
te ollow 2 teaisel matsh between the gwitehing nede
somauiler ward langth and the verying word lengths of the
heat eomputers, end alae te allew A0 (mput/eutpus
Payutines of the awitghing nede and the (mPyt/outout

routines of the hest gomputer to servine the interfase

1Iat@



ARPANEY Completiom Repeore DRAFY
Chapter ! Formal Completior Repert

"goeperetively" witheut plaeing aenm urndue Processing
Burden of tight timing senstraings om either maghine,
The ssPreseh token wes to desion o biteseriel ({nterdage
whigh eeuld legles!ly step sfter any bit, and to then
roauire that oeesh host eempuler bulld (obeainm) o
spetintiged wmall herdwere unit called s “apegiant host
inserfase® whigh would so inatelted ¢n the hast maghine
{ene)? se sorve the netuwerk ganneetisn, Thus, a lesissa!
and  etestrice) agandasg wes smesiiied by the awitehing
Retwerk {n p mgnner intended to minimige everall trouble
te o)l hepte, then sagh host upi required 10 mpet that

standerd hoth {n hardwera and neftware,

o WNITCHING NODE PERFORMANCE & A qgntral asal of the
Retwark was te mrevide reseunge ghering between remeote
Instatiations in aueh & way that o loae! user eoyld
emplay & ecemets resoyrse withayt dearadation, In
paptieutar, this reauired that the aubnetwork De
suitietently relianle, have suttigiently low delay, have
suffleionely great capacity and have auftfietently low

coat, that remote uUse would be "ag ettragtive®™ as Joga!
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uae, These objectives translated into a major technigs!
problam fer the awitehima node {twelt to previde ow
detey amd h{gh sapacity at modest gest, The approach
taken way to aeledt a mini eompuyer fer the switshing
nodes whose I1/0 system was very effi{gient and te write
very carefylly tallered proarens in maghine langyege to
optimige the gapeeity and the Yow delay of the dats path
{n the awitehing mede, Great attertion was peld teo
minimizing the oepersting time of the Inter loops of

thane pregramg,

o REMATE CONTROL = A spanin! and new problem was pesed by
the need to put dozens ef amal!l {dentige! mini gomputers
in  she  fi{ald, {n an envirenment where the hout
sonneationn to Vhose eemputens wos pomewhat experiments!)
ond where the Pre@rems (n the mim{ gempyters themselves
were under development snd were ehanging frem menth to
menth, It wes Importamy to be able te do debugginmg of
sottware, dedbugeirg ef new hest gennegtiens, pregren
modifleations, end the insteltetien of nmew Dprograms
witheut the waeepts armd difdieultien amaogiateg with

having memnec sitea, The appreeah gtaken was to develop

1R L T3



ARPANEY Completiom Repert DRAFT
Chaptor I Forma! Completiom Repont

an  entirely nmew techmelogsy af remete coamputer
management, A Netwerk Contere) Conter was establighed
Yor the submetwork and seftware wap develeped whish mede
it pesaidle te sxamine or ehange the operating sofiware
{n any node of the nat fram the seneral network gontro!
qenter, This approseh mede {V passidle to (ssus
tompiete mew versions 0F the software te eaeh node (n
the networi ¢pam a aentrs! plaes (n am heur or twe, In
sddition, each node reperts the state aé itn healeh (o
the centrat plagce periadigally and provides (ndormat|on

on whiah to bane debugaing end mseintemarmee activities,

© ROUTING = In a nmenstul)y gonneqted metwork, an {mpestant
problam {8 the degision precess by whieh eaeh nede
deeiden how te routs Infermation to reagh any pareiqutar
destimnation, This ls & adidtigult thQOP!l'CQ1' problem
and there sre many di?ferent approaghes, {mglyding #{xed
reuting, randem routing, sentrally contre)led routing,
snd varioys ftormg of digtr(byted adaptive routing, The
epproagh taksnm was t0 use ¢ diatributed adaptive tpaffis
royting alagor{thm whigh estimates on the besis of

information from adjscent nmodes the olobally proper
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imatantanecys path for eagh meesage {n the face of
vapy(ng {mput traffic loads and Joese! lime or node
tailures, CEach IMP keeps tebles contaimning an estimate
of the output elreuit gsorresponding te the m{nimum delay
Dath to each athepr IMP, amd g oerregponding setimste of
the delay, Pariodieslly, eash IMP pandas {ts current
Pouting satimaten to I(ta nmelghbora) whenever an IMP
receives aueh & messege (t updatse (ts interne!
ssrimates, Thus, {nformation sbout shangina eenditions
{a regularly propagated throughout the network, and
whenaver & pagket of trafiia must be Plaged on the aueue
tor em OuUtput alreult, the Ime uses {tn latest estimete

of the best path,

o MOSY PROTOCOL « In meny ways & COomputer nmetwark (» to
hoat computers as the telephome eystem {a to humen
Userst o traneparent tommunication mediym iR whieh evan
aften the aaller hog learnad how te irsert dimes and
dialy 1t {8 ati!! nmeqeseary that he speak the senme
Janguege ae the Dperson aatled {(n order fop ysetul

gommunicetion to ogaur, The gommen languaQge (8 referred
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to as hoBt protocol, and the preblem (o te dmsign » hont
proteco! which (s suffictently powentyl ser the kinds of
gcommumigetion that will oceur amd yet ean be Implemanted
fm a!1! of the various different hast semputar systems,
The {nittat approash token involved am emtity cgalled o
*Network Control Program” whigh would typieally reside
{m the exeautive of a hast, sugh thet precesses within &
hogt would aammunigate with the netwark through this
Network Conmtrotl Pnnoram.. The primery fungtiom of the
NCP fn te amutabliah gonneetiens, bresk ¢orneetions,
switeh eonmeations, and gentro! ¢low, A "layered"
Mppreeeh way taken sueh thet mere tompien pProgedyres
(ayeh a9 F{le Trangfar Prageduran) were built en top of

a{mplter pragedures (N the hest Netwerk Comtpol Pregram,

2,3 Ma)of Chances in Objectived ond Apprasches

The ARPANEY deve'lopment was an axtromely (nteamne sgtivity (n
which conetribytions were made by many of the best compyter
seiantises (n the United Svaten, Thus, almost a!! of the "major
techni{es) peroblems" eliready mentioned received dsontinuing

attent(on and the detailed approaeh te those Dpreblems changed
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several timea during the eafrly vears of the ARPANET effort,
However; (n asddition severs! more major GChanges {n Object{vea

were (ntpodyeaed omge the initial metwork became operational)

o THE TIP @« The init{ial nodal switehing umits, ealled
IMPa, were Intended te {nterconnmecet gemputeres anmd high
bamdwidth prone 1imes; Av the oeutger a') cteeminal
sseeps to the nAtwork wae viR tarmina) semmectiomy to
the hast themaeives, After o time {t became clear that
there was o opepuletion af ueers faor whigh terminal
aggest to the natwark way veay dasisable, byt who were
not conveniently able vo aseess the network vie & host
computer, Thus; & new nodal switeh{nmg unmit, a Terminal
Intertace Massege pregessor, or TIP, wans definred to
sarve the pyurposs ¢f on IMP plus an eddiy{onal fynetion
nf direet teermine! acaess, This shift resultad {mn the
deaign ¢f o TIP whiah Peslly was & tiny hoat embedded (n
a awitohing nede {tee'f amd permiteing the direet
somnection of yp to 63 esymehromous chargeterseriented
termi{nels to the switohimg@ node, The TYIP begame the
rode! ewitehinmg unis ef shoigey often even where thare

wag 8 1oce! hast ecompytar) this ellowed eonmegtion of
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poth hosts and termingls et thet l1ogetiom dipeetly to

the metwork,

° PLURIBUS o As the metwdrk grew (he projeeted netwerk
traffic and the projeatled fameout of hosta amd termirales
8t o Rode beganr to exgsed the gapacity 98¢ the IMPs and
TIPe (n the Heneywel! narles, 1ln opder te plapr fer o
future (n whiagh there might be odrguits of | moacbdi or
mores; {t was decided to embark on gthe gemstrvetion of @
mew awitehimo made whiah geuld hendis highar Dendwidtha
and higher fanweyt, Tha appreash takem was to desigm o
Pyit{progenser switahing nede whieh woyld parmit moaylar
grawth a8 the Ddoemrdwidth oend  fensoyut Pequirements
ingresied, Thig approash represenied an {nrtereating and
{mpertant departure (n gomputesr teghnology as well as o
hRegopnary aepprogeh 9 sghieving greatler performance in

network moden,

0 SIMP o The (m{tial ARPANET oirguits were all 99
kitebie 1and 'ines, A9 the program developed, |t becanre
deplreble o oeornider the use o¢ sate!lltas 1inks and

further denirable to attempt a Mmore sophistigeted use of
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3, 9CIENTIFIC AND TECHNICAL REBULTS AND ACCOMPLISHMENTS
3,1 Resultm of the Efdort {n Relation to the Program Object{ves

In some ¢eees a major pragram ean be teen to reach its
obfeatives im a aingle imstenty a mushroom elouyd at Alamogordo
or Amrmstreng atepping om the meen, In othes cases like the
ARPANET, an esaually important ebjective may be reached with saus!
sugqess, but the event muat be obassrved {m » more gompiigated way
and over 8 langer peried of time, The ¢ipst ARPANET objeative
waa fta deve!lop teghniaques end obtain eupsrtence on
{ntoreonnegeing sompyters {n sush o way that a very bpoad E!ass
of {ntersgrionn enre posaible®, Net Just teghniques, byt en
entire technoloay of pagket switehing hen been develeped, and an
enormous body o experiengs has been developed on (ntergennedting
computers t¢a allew o Dbroed 6lass ef (ntapactions, The segand
obJective was "to (mprove aend {(ngresse dempyter research
preductivity therough reneuree aharinmg”, Computer research
praductivity has been Imppovad and has beem (moressed through
resource ahar{mg over the ARPANET, Fyrther, eempytePr research
peroduativity haa Dbeem (mproved aend {meressed (P eyen ponme

unexpected wave by am ARPANETe(ndused gaglgl ehancge) within the
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ARPA resegrgh gemmunity, (t hag become mare fgaRigaghls te work

elasely with other remate groums of rpaserghans,

Anteher objective was te permit the linkimg of gpeecialized
cemputars ta the mermy general purpese gOMPUter Senters, Several
melor speci{sl{zed eomputers have been 1inked Over the ARPANLT te
tha m.in general purpese ceEmBULEr eenrtleng (n an extremely

succassfyl dashien,

At & teeghmologiae! level, the overg!) objegt{ves were to
oonEtAuCt a subnetwork whese Pel{ab{lilys Celay aharsctoristicay
capecity, and cost would fesi)i{cate reqounrce sharing Botwaen the
computers im the mpetwosk| and to umderatdnd, demigm and {mplement
tha Host pretoenla to permit sueh renourge aharing, Syeh @
subretwonk, eensisting of over %0 nodes and stretching ‘rem
Hawa{{ te Nerway, wes sugsesefully cematruetsd] and the necesnary
Host protoeocls to ellew reanures phoring DBetween the gonnrected

enmputori were BUCRORafully understood, deadignad asnd implamented,

From ¢ proGrammati{a point af view, the iInitial IMP conmtract
wes awarded & momthg lagter then had been nnt*cipntod by the
pragram slan, but the demonatratien ot Initia! net operstion with

4 modat and latar the sxtemnion teo 19 redey took pleece on & time
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The firnt;, cealled "network mail", was & cese where a
relatively simple {(dea whieh, {n rydimentary fJorm, had bpeen o
"eyrionfty” at some (nscallations far years, suddeniy and quite
unexpegtacly became very guccesséyl, The gyurrent Jorm oaf the
system ¢a ealled "network mail®", and provides compyter
"mai{lboxas® for marmy Individusla {n thelpr faverite Host gomputer,
Whemever A deaires to gommymisate o mensade to B, Cy D, and I, he
Jeoas inte a gonvenient Moat, uUt@s & PrOGPEm that serds mall,
Tists the addpresses with an Indigstion of vheir mailbowes, and
types the messaqe, No matter wheere B, Gy D, grd £ might bBe, they
osassionelly enter the net ot a local nedes, Y80 {(mte thelr
(mafibox) Hosts, amd an Part of the leain progess ars
sutematically told thet a messsQe eni{gte for them, Thay may then
abtain amy pecent mespeges by Uling anoiher progrem Y0 Pead thelrs
maily, The deaire teo provide mat! fas(iities of this typs became
an oend {m {tuel? gmd partislly {(nfluenced natwork growth and

Modi§100!§ong

The sefend; use ef the ARPANET for digitiged speegh
exper{menty, wod o gese where {mprovememtas {(n the voaoder
techneloay (and 1he gontimying defense need for ensrypted speesch)

led to a seplous inveatigation o ppeeeh trememisalon ovee pegket
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network®, S{nge Speech tratfis posesd diffgrent pcquip.m.ng on
network pepformanas (0,9.,r 10w delay) changes were Peauired tn
the matwork IMPa to accommodate this treféfg, This eativity {a
seit! gpowimg In  immortange and {8 now beimg pureued by ARPA

separately $rem the ARPANET progranm,
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the sateli{te cahanne! then simple paintstowpoint
tonneations, Im particuler, the epproech taken was to
consider multisegcess ues of o aingle up $requency and »
single down frequamey where all atations den haar al!}
other trangmiasiens (ng)uding theies swn, TH(s appresed
Poau(red the develepmant ef a4 new kind ef awitohing mode
collad o Sateliite Irtertnge Menegoe Prepessopr (3INP)
whieh qould hendle the gompias algar{thma reaylired for
rult{nggaess Use of the gate!lite ghannel, Irm the finel
vears of the ARPANEY projast priof to fthe tranesfer of
the ARPANET ¢to DCAy, the (nitial werk on suah Sete!lite
IMPa wet ceeonmpliahed; NHewever) the fyll utilizetien of
thia aguipment Is ati{l1 {m progress ynder ARPA gsupport
anc {8 being pursued sepaprately from the ARPANEY project

{rvaeld,

o PLY « The ARPANET wes inttia)ly (ntonded for yse (n en
entirely unctassified Japhiern bDetwaen ARPANITsgypported
ressareh aroups; However, a cleer intention of the
sseivity was te wundesntend teahaiquee whigh might be
toplied to defermne depariment needs, and ome Pyuch nreed

{mpliad o desire te ume the ARPANET far cleasitied
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tretdige dimge o)) of the gircuity amd moat of the
noces eniated on entirely unelossified terrain, an
sngetewand engryption peheme wos neaded, Howaver, this
pesed taehnian! problemes bheceuse all netwosk nodes
reguire eddretsen {n the clesr, #nd because nro availeble
encPyption ynits matehod the formags required by the
ARPANET IMPs gnd TIPa, The asproseh teken wes to dasign
en  antemblage ef twe minigemputers snd & KGel4
engrystion ynit te be 8 "Private Line Interfage”, or
PLE, ard to a'tow slasaified trattie betwean two secure
hosta to take plase o0 & MNostePLImARPANETePLleMoan
connsation, This oreojeet was Gondugted (m ¢ocperption
wlieh N3A, and had the additional (mjeresting attribute
that (¢ reauired (preohably fer the Jdimst time) the
"gertifiearion® by N3A et minigemputer software to De

ysed am part ef emeryption seheme,

In  the Tettar yeoors of tha ARPANEY projeet, two
"appligayions™ af the ARPANET begame suffiglently {mportant to

influente the everall objeetives of the program,
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agale that was sextremaly olose to the {mgrementa) time
snticipated {m the pregram plan, However, as the sugcees of the
ARPANEY begeme obvious afver about & years) des{n(eny were made
to grow the met to a siZe that had Reyer beern antieipated {n the
program plam) growth tp mere than 3P nedes oevesr a Oeogrsphio
area frem  Mawaii ta Norway was qertainly nmet origins!ly
antlcipated, Im aimitar Jgahiom, the sost (n the finst 2 flseal
vyears of the orodra® were very €lose te antfigipated costa, but as
decistons were made te expand the neate of the rmetwerk, the gost

no tonger follewnd the pregram plan,

In shert, the results oF the effort wers enminently
succesaful ond far mors than edsquitely met She objectives
in{tially stated, The susaess of the pregrem far exteeded evaen

the moat opeimiatis views at the time of incemtian,

3,2 Teehmioa! Aspecta of the Effart Whigh wae 3uceesnfy) and
Aupgetn af the Edfery Whigh Did Not Materiglise o8 Opiginally

Fnvi{ssged

Singe the ARPANET pragrem ug & whel®s weg & major auceess and

simge the whete really is the sum ef the parte, (¥ 18 clear that
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the many kegy techniga! anmpegts of the pregram ware (m tyen

sucecesafyl, A modest ligt of techmioal suceesseg ta a8 followss

o Pewerful qomputprebased teeghniques Yor  topolcalce)
optimization were developed ond the ehofce af ARPANET

topolagy wag made with the atd 0f these t8018)

@ the aarriers sucuessfully provided high preligbility

saK/see elreuitsy

6 & sybnetwork {ngluding noda! switshing IMPa anc TIPs wea
construgted whese perdarmange, Pellabitity, snd coat did

fagilivete pesouree Sharings

o The ARPANET provides & gomvinoing demaratrstion thet
adaptive routing algorithms gam be mada to pesferm
retiably (e,0,¢ in 0 glebally eserreet mannner (m the
fece of leea! Jaltyres), effigiontly {e,6,) adepting te
shanges (n the nmetwerk auiekly 4and aseeuretely), aend
Ploxibly (e,9,0 dedenmodating o variety of eairquit
bandwidthe and intermode dimtences) without excesaive

complexity amd everhead,
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e The ARPANET has demonstrated thet (t s possible to
bui{id a large omeratianas) network {m Sush @ way that the
sifacta of compament failures are fagelized rather thanm
"grashing® as otherwise making nomeeperaticna! large
portians or all of the metwork, A nade or a Hoat gan
tail (m the ARPANET and network vee will bhe prevanted
for only the few uners direetly conmegted to that node

or URiNG that Hoest,

° The ARPANET han gendirmad the thegretical resylt that
network® whigh ntoresendwiorward packets ganm aghieve
detays whieh are low when ecompared {0 the delays
{ngurred (m yhe asompyuters (Hosts) whieh are using the

Retwork,

° The ARPANET has demomstrated thet a network ¢an be
conetrusted sa that nedes, lines, traffie, and o on aen
be edded gr deleted without Major upheavala with each

adai{tien,

o The ARPANET hag demarmatreted that it (s pessi{ble fer a
neework o eamtrel and ocperate itge!f! without explieit

tontrel frem @8 gontro! genter,
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o The ARPANEY hap demonmgtreted rew teghniaues for
menitering, maimyenence, and debygging, The nodes (n
the ARPANET gypigalty opesrate at sites whare there ig no
kmowledeable psersen aveilable lpeally, The  nedes
sutomatically neport thetr atatyn (via the netwark
{eself) to a network mon(3aring oencer, gnd maintensnce
ond debugaing (ef beth the saftware and herdware) are
typieally carried oyt (again vin the network) from the

momitoring cemcer,

© Possibly the meat difi{eult teek yndertaken {n the
development of 4the ARPANET wes the attempt we whieh
praved sugcesaty! me to make A nAumber of (ndependent
Hoat  sompyter avstems of varying mamufagture, and
varying operating systems within a ainale Manufactyred
type, communigate with emch ather despite the(pr diverase

eharactorisctiae,

o the Pluribue myltiprosessor teshmology, Important (n its
own right, was develepad to provide an {mproved

penrformance modal switahinmg unmit)
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] 8 pet of Hest protocols was hammered out between the
Heat organigations and resulted im & layered stmucturs

ot Host protesois that did faail{tate rescurca ahering,

Inevivability there were teghmaigae! arean which proved less
tractabl'e than had been hoped amd 8ome kimds of ARtWOPK

weitization developed mera slowly tham had been antiaipeted,

Problams ef reuting, ¢lew qentro), and cenrgestion gomtral (n
the submretwerk turned eut to be more diff{aquit than Red beaen
eriginglly expegted, Theas algorithms reauired intensive
{Avesyigation gnd were med{f{ed severs! yimes (n gthe aarly
years of the meywork®y grewth, Luaki{ly, the {(mprovements (n
the algeri{thme mamnaged to stay alfghtly ahead of the growth
{n neework s{ge and tratfig amd, therefore, d{fiioultiea
with ehe algerithmg neaver neprelented an {mpediment ¢0

resaguUrge |hlninc on the network,

It praved more ditéieult 10 sgree an the apecitication of
sdeauate Most proveceln than hod been originally expacted
and this difftaulty deleved wide use o7 the network for @i
least 5 yaar i1onoer ther hed bean ent{oipetad, Haowever, the

sventya!) denign o¢ ¢the Hest protlogcols were amimently
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sucesseful and provided a strong base for regouree pharing,

The development o a wide!yeunedy! onuline Network
Information Center (NIC) proved ve be a difttiault projeat,
Altheugh very (ntaresting amnd (mportant computesmbaged tools
Jor {information handling were developeds the astual timely
eollegeion and onsline pubtigation of deta{lad deseriptions
of regources at the various Homt aftes psoved nearly
{ntrageable, PFyrther, the gomputer tools that were
developed whi{le rather @elegant were ROt 80 glGariy cost
effoctive for wide scale remate use, Eventuglly, the goals
of the NIC were sudstentielly reduced and at the time of the
ARPANEY tronafer to DCAs, v wes generally nesessary to
obtalim detdiled ¢(mfermatien about the repourees ot L]

particuler site direetiy frem the aite,

Meny di{ffarent kinds of nouourge Bharing uyse were
anticipated at the Ingeption of the ARPANET precram, oY
theese, the remaote use 07 ome preoram by anether was ene of
the mope dintant goalas, While seme of thin kind of resource
sharing has, {ndeed; takem plsae; BuUGh uUse hes grown more

plowly than Qther metworik upes,
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Or a Yese sgtentifie and more programmetic not®y the (nitial
nerogram plan anticipoted a teshnoloay transfer of the
retwork to & common gafrier gnd the avallabilicy of the
network to other semmunri{ties of (nterest sugh ag the NSF and
the NIH, Tha transfer thet did eventually teke place was to
tha Detenge Commynigetions Agency and &lthough aome
utilination has been made of the ARPANEY by other agencies
1ike the NIH, ft mreved rather {meenvenient to engourage

majer uti!isation ocutnide the Defense Department,
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}
4y APPLICATIONS AND CONSIDERATIONS FOR THE FUTLURE

4,1 Conmglystens of Teehnien) Feasibiltity

The ARPANET project provad the technigal Jeesdbility of
schioving peliable high performance, cone weféagtive digita?
cemnrunicetions by means of packet awitehing veehmology amd, {n
turn, the teahnica) fessibllity of operating & reseurce sharing
eemputer network baned on this teghnelogy, Tha ARPANET pproject
2180 proved the Yeasibility of aghieving glosely kmit commun(ties
of teehmiea! {(mterent over a wide epread gJeogrephia areer it {8
possible that this soete) Jeaaibility demometpration in as

{mpartant ag the meay teehniecal feasibility demenmstratians,

Ge2 Recommendations on Addit{ema! R&D Reauirements anrd

Coportunition

The ARPANET program has represented & gignifigant merriaqe
of eomPuters and semmunisations and sinee {t was the ¢{ret auch
marriage of this magnitude, 1t (s not surpréaing that the program
has meny dglfferent kinda of researeh progeny, Theste new

reauirementy and epportunitinn fal) Im seveara! ditfarent classent

flwdo
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(-] epportunities for resgareh In the napegifie pagket

awitehing technologies inherent Im the ARPANET)

) onpertunities fap reneargh caneerning other kinds of
Packet switening networks employing related

techmnalogienp

| o spporsuntition for renedngh (m gonnagti{ng and (ngteagrsting

ditégrenry k{mda of pagket sw{tahing metworks)

o apportunitien fer renearah in new ﬁloo 9 networks and
rew teghniaquee {n Host gqemputers fomr takimg advantage of

metwerke)
o opportunities for Peseargh (A Peiated teghnologien,
Eech of these eategories wi!] be sepamrately gtegusseds
(TITINTTTIRTE N 1Y
At the polimt {m ghe ARPANET pre)eet whare ARPA begen to
canslder trngnader of the network to the dagie of the Defersa

Commumicati{ianps Agengt; diregt ARPA auppamt of researah onm the

tpecifie pecket awitoning techmigues (m  the ARPANET  waa
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megessarily reduced, Howeves, the network (tself sortinued to
grow, both (m aise amd utilizagion and oseme teshnical oprob)enms
slearly foquired addiviens)! researeh and develemment, Perhaps
the moat ppassing aingle teahnica! problem of this type was the
"routing® preblemy emnd Athere 8 currently a aleer need for
{mpravement (n the speeific ARPANET royting teshniaues, Closely
related areas 'ike +¢law gcontrel and gongestion somtpel woyuld
necesearily require resexeamination in cennsation wWith  ghe

detafled review 0f the routing {ssue,

Qtheplfasket Sulxsrica,Tnsbiglnaing

In the aourse of pesearsh an the ARPANET, two other re)ated
winds of pechet switering teghnology were Injtially investigeted:
packet satellite techmnology and pecket radio teshnolegy, It (s
clear thet these relsted pesket awitching teghrology arens
Fonrcccnc majer rPeseargh and develapment aqppertunities with
strong banie reawipementa ?lewing frem the needs ef the Detense
Deparyment, In faget, ARPA {8 eurrerily pyrsying majar RED
{avastigations in Doth ot these arean and slgnifigant pregress (8

being made,
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Amocher RLD opportunity exists (M yse 01 pecket awitch{ng
techni{ques on "Duses™ sueh as gcaxinl! ¢ables, or power gri{gs}

tame reSespreh (n thias area Mas slresdy taken plase,

Istezietying

As ARPA reassanrgh jeads to Other networka Nuch al Pagkel
radio megwepks, Backet gatellite netwarks, and ag oOthepr packedl
switah{mg natworks within she DOefense Dapartment, (n the U,8,
publie Beqtor, and Im othar gountrias come {nto being, there (s &
etear and pressing need to undesstand how te (miereonnear sueh
network® {n 2 teshnicelly esdeauate and sest eféective faghien,
Again, qlear requirementy fYiew ¢pem defenge nmeedm and mejor
oppertunitias for pregress are svallable, ARPA {3 qurrently
aupperting & majar RED aativity on the Investigations of

internetting teshnalagy end en  experi{mensa) attemptes oY

internateing,
WITH _
Parhapg not aurprisingly the largest ares of RRD opportunity

Tiea in the diredtion ef attemptinmg to use ¢thia new packet

switanimg tceehnolagy (m meny didiarent ways o the sdvanyace of

Iludd
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the Defenne Depertment, Jome sugh researeh and development |4
alrpady unmder  wey end exgelleny oOppertumities oxist for
coeperative RLD programs Dbetweem ARPA aend the verioys octher

components of the Defense Department,

An attragtive RLD opportunity exists {n tha {nveetigatien of
tpesch tranemisaion oves pasket ew{tohing metworks, There (s 4n
extremely serinue Defenge reauirement #0r enarypted gpeceh and
the conflusrmee of opagket awitghing teghnology end (mproved
vesoder teghmolody is providing a ma)or RLD oapportumity for
schieving cost etipctive digieal apeegh tranamission and the

retated possibility Jor sush speegh tramsmisgien to be ererypted,

The surariaingly susesss?u! experimental use of metwork mail
has probably epened a new era in gommymigatiena (m the Defense
Decertment, It {5 expected that sush mai! systems buile on
packet Switehi{mg networks will have an enermous {mpadt {(n both
the Defemrns Demartmant and the remaindes af the public and
private seators, A majer regesroh and development ePportuntty
exists to (mprove the performanmge and the gast effestivemess af
sych mal) systenms and (e exporimentally deploy them ¢n the

Defenne Department,
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It ls olear that pegket gwitehing netwarks hpve o very
dipect epptigation to egommamd amd control and & weignificant
resenrch opportunity exiaty {n attempiimg te {mnvestigete aush
command ard somtro! apnligat{oms, ARPA ip o)resdy Progeeding o
develop teatbeds whereby paakat swi(tghing teghrolegies and ather
related teghmolagies a@n ee superi{mentally emplaved inm
cooperaticn with ome or mare of the mi)(aary loﬂvinoi, There 19
a elasr reayirement for improved gsemmend asnd gontrel end the
pagket aw{rening technologdy developed im the ARRANET pravides &

major oppertunity te meke Proaress towends th{m geal,

At @ daep tashnigal level, the proper desion of Hoast
apersting ayatems far afiigient and gost effegtive conneetion to
netwasks (8 stfl! In the aerea of aignidicant ressesrah and
developmant oppomrtunmity, In the ARPANEY prolegt) tha nmetworhk
connectians were "addeens® and (t i3 elesrly time to mount the
nore detalled {nvesticetiem of hox best te asscomp){sh aueh

eonnectiomn,

RalirdgIsehnaiogy

In the goures ¢f the ARPANKT program other opportunities for

ressarch amd develapment were obesarvedy) Yo%e closely releted to
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pagket awitghimg teghnoleay amd aome raeslly aquite diatinet

technetogies im thaip owa righe,

The cemerat tepia of eomputer operating systems secyrity and
eommunications sseurity han 16n9 been a Aubjest of Pesesrah and
developmeng {nterent 1{n ARPA, The sdveny of pesket gwitohing
teshmoloay has permiyted s mecified viawpoing to be taken in some
o¢ these arean of pegurity resedrch, There (9 now, for example,
a oreater gensurrence N the  security  cemmunity thet
minjeqgemputer seftuare 9an De qortified and them trulted deep
within the guta of encryption systems, Seaond, maghket gwitching
teahnatagy permits a ditierent viewpoint te be taken on the
tegchniques ¢or key dintribution and thers are redearah and
development eppertunities spesifieatly (n this area eurrentty
betra pursued by ARPA, Thus; pecket switehing networks have
crasted additianal requirements en sesurity teahmalogy and at the

same time provided additienal omporyunities,

In the souree af the ARPANET development, the Plyr(bus
mulel{progessor projeet was {nft{aced (n order te pPrevide a high
performence nodal switehime wunit, However, & "ult(prosessor

tachnetlegy s, (m pringinle; Brasdly usefu) agrosa the spegtpum
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of deta progessing, Thus, the davelopmants (n mu'ti{prosessor
technoloay that toek plage within the ARPANEY prosram provide gn
entieing eppertunity das further resnarsh and development (n the
design and censtrugtien of multipreesssers fer othar Detsnse

sompytationg! needs,

The teerniaues for remate aontrol of eomputers In the fie'ld
developed within the ARPANET projest are probably mere breadly
spol{cable to the management of gomputer resourcen (A other aresd
e the Defende Depertmeny, Thepe Premote management teghniayes
represant another opportunity whigh hes grown out af the ARPANET

experiorse,

. 1t wes eanrtier {ndigeted that it wam Rev treateble for the
Network Imdormation Centar (n the ARPANET to keep current oms)(ne
decoi'ed deveriptions ef pregram rpgources avallable within the
Host gemmumity, This diddlguity in turn rPepresents a resesrch
and develosment oppertunity Jder the fyuture, Opeeifigally,
ressanrch end develepment {8 required om hew yo properly deveribe
eomputer programa and  haw to ereate standsrdn  for sueh
descriptions sueh that (t will be easi{er to ereate compendia of

svailable reseunrges, Im ather wonrda, denpite the @reat suecesn
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of the ARPANET, the bente Pesouree ahasing prodlenm se(!]
represents a fartile ares Jor regeareh ond develesment, New that
the negwepking teehmology fiteseld (s "glven", oattempta ot
desori{ption and dogumentagion of Mast senourees night more eagily

yield to a sesesreh and development effort,
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9, PROGRAM IMPACY AND ASSESSMENT OF TECHNOLOGY DEVELOPED

5,1 deryige Use of Teghneloay

Seldem han ARPA hsd gredter guceess (m aenyinging {t#
eliant, the remsinder ef the Defemse Dgpertmant, te adopt »
part{cular teghnoteay, Not only was It pessible to transfar the
ARPANEY iteatf to the Defense Communicaticona Agensy (Code %33),
but the Deferse Commynications Agemey hsa a)peady ambarked am the
proguremant of {ta primery beckbone majJor commumioations systenm
of the future ew AUTODIN !1 e based vary spegifiaslly on the
packet switahi{mg teechnology develeped 1{iIn the ARPANET, Even
beyond thia very majer step al! three perviges are sctively
{nvelved In {mvestigatiens of pagket awitghing teghmelogy te

theair apaaifie needs,
$,2 Impacet om NaneDaD Programs

In Just the very aehert time gimee the (neeptign of the
ARPANEY thig techmology han elreedy resyited in the fosmation of
a new {ndynteyl & mrivate segter development of "valyue added”
paskst awitening nmetwerks, Two corperations, Telemet and

Tymeshare, are qurrently marketing packet awitehad gommunicatona
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to the Gerara! publig as eommom carciern Under the Communications
act of 1934, It {e di?fieult te reca)! any othar ARPA program
which hag had sush o diregt and (mmadiate ewuploftatien (m the
aommepraial nector, In addit{ion; a')! aver ¢the werld naw
communications systems are beling desiomed amd bullt to take
adventage of the necket awitghing techrolagy demonstrated by the
ARPANET projegt, At )eaat ¢three gountries eu Qreat Bejtalny
Freance ond Canada ws have majer nations)! PTTe gpenaered packet
switching metworks either slrepdy operating or under developmant

and mamy athep qeuntries are estively pufrsuing this teeghno!logy,
5,3 Appligatians ot the Ppogram Resyits

The most specifis reault ef the ARPANET Pregram has, of
ceurse, been the ARPANET (tselé; and the ARPANET iteelf¢ (8
eurrently dully gperatiomal under the manadement e the Daefente
Communieationa Agengy and (s aatively gservimg theusends of

individuale on o datly basis,
S,4 Advemce (m the Statemoietheuirt

The ARPANEY proarsm hat reampesented 8 fingqeapgnk advanes In

the atstesplethesart of gommyurigsatiens and the statesaiethasart
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of computsr teahnolagy, The Greatest advance hes been {(n the
proviaton of cost eftective, reliable, high pesrdormense cigital
cammyuni{catiores, but very algniitgance Aatitesefntheeart advances
hnave @alse taken plase in many ethar areas; sudh as topatecieal
aptimiamtion, routing, muitiprogensor teehnology, nAroteeols for
Pesoure® 3haring betwesn progsams; netwopk maell syagtems, and
remete eOmMputer  menagement, Computer and communicationn

teehnology will mMever Be the name,
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&, BIBLIOGRAPHY OF REPQORTS

There haa Dbeen an enormoym outsouring of Yitemratyre aboyt
the ARPANEY {m particular, and sbout retource shafing eomputer
networks im  gemeral, Literslly on {ndustry hes Deen Jormed A
the space o¢ 2/3 ef o degede and the smeunry of Titerature

reflectn this seally unrusyal metaboligm,

The in{tial aemimg! papers on the ARPANET were preaented {n
May af 1978 ag the APIPS Spring Joimt Compyter Conferemce f(n
Avlantic City oamd ere pudblished {m the Progesdings of that
gomferenge (AFIPS Conference Progsedinmgss Vel 36, AFIPS Press,
212 Jummit  Avenus, Mentvale, New Jersey 070648), Anothrer early
ARPANEY gesgion was held at the 1972 f8paing Jeint Cemputer
Conterenca {mn Atlamt{e City aond these pepers ere pyblighed n
APIPS Contfarenge Progeedings, Yel, 438, These twe sarly sets ot
pepern rePreteont & nensible {nyrecdygtion to the early notionms and

plans fos the ARPANETY,

A eizeable bibi{agranhy ard imdex to publ{eatioms sbout the
ARPANET wos publighed (A $976 with ARPA gupportt "Salegted
ik iegraphy and Imdex to Publi¢etions About the ARPANET", Becker

and Havea Inma,s Febrysry 1978, (8% pagess ADeAD2692Q, This
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dogument represents the mept campiete avallebl'es Tlaging about
ARPANET puttisations, But it |3 ¢ bibltogrephy enly and doas nal
previde help (mn teying te nelegt whigh of ¢che many references
wauld be syitable to Ynek et In what erder, Aprother Dibliagraphy
on the litersture of reseurse pharing gomputer nmetworks N
gemers! (Mot Just tha ARPANET) has been (esusd by the U,8,
Department of Commerge, Natiens! Sumreeu of Beandardni "Annmotatad

Bibl{egraphy of the Literatyre onm Reseurge Sharing Computee
Networka", NBS Bpascial Publigatien 384, prevised 197%, This
dequment ‘; alno not very utetul (n helping the resder decide

what {a (mportemt amd what (g mot,

Severa) velumas af repringe have been pyb)ishred which dee!
with eomputes nmetworks {(n genera! (rether tham the ARPANKY
specidiaaliy), but whigh attempt to se)leat together the
imporeany pepern  themasives and provide a mugh easier entry %o
the litepature than the large Bib){ogrephiesy (1) "Advanees (n
Computer Commynications?, Westey W, Chu, Argesh House, lng,, 610
Washimgton 8t,, Dedhem, Messachusetts Q2826, 19747 (2) "Camputer
Commumications®, edited By Pau! €, Greem;, Jr, and Robert W,
Lugky, IEEE Pross, 348 Cast 47th Street, New Yorky New York

12217, 19795 amd (3) "Computer Networkimg®, edited by Robert P,
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Blane and lra W, Cottenm, IEEZ Presa; 345 Faay 47th Streoat; Now

York,; New York 12017, 1976,

A very hadfgy, Byt ¢airly resdable @ompendiym with a very
farge 1int @f referensen s "Infotegh Btate of the Art Repart 24,
Network JSysteama and BJcdtware”, [Infotash Internstierp)l Ltdy
Nigho!son House, Maidenhead, Beskshire; Englanmd, (978, Thin
doeument deals with far mere than Juet the ARPANET, byt it tries

to put the ARPANEY (m comtext with other gurrent work a0 ot 1979,

Thers are three important peierence deguments. whieh nave
been presared for the Defense Communications Agengy by the
Netwark Information Center at Stanford Researeh Imstitute,; Menlo
Park, Cal{fornia

94025 whieh are SPegifieally addransed to various asmeqts of the
ARBANET (1) “ARPANEY Resouree Handboek®™, NIC 39335, Degember
19761 (2) "ARPANET Protoeoe! Hamdbeok", NIC 7i84, Revialon 1,
April 19765 (3)"ARPANEY Oirestory®, NIC 36437, Jyly 107,

A toutboek on gomputer networke (ond almoat the only ysefy!
one 8o far) (s Deviey and Borber, "Cammunigatien Networks fer

Computers®, JoAm “'1.V| 1973,
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There have bDesn nmevera! regent conferenge and cenference
proteedimge dee'lime with coemputer netwsrks and some 2selegted
recont pepers from these sonferencen concerning the ARPANET arp

as fotlownl
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7, DOISTRIBUTION L18T

The ARPANEY Compietion Report should be made pyublteslly
avaltlable through NITS, anmd eop!it diéoet!v fent to the

followingt

Former Directors @f ARPA {Avelved (n the ARPANEY edforti

Chapleg M, Harzfeld
fberhgpdt Reohtin
Stephen J, Lukanik

Former Diragtors ef ARPANET/IPYO (avolved im the ARPANEY effort

J.clRl Liekl {der
Iven Butherland
Robery Teviee

Lawrames Robertae

Farmapr ARPANET Ppogram Mamagerstl

Ste hin Crooker
Craig Fle)as

Same jndividueis with epesianl {ntereet}

Pau) Baran

Thomag Mape{l?
Donald Daviee
Leomapd Kigetmrogh
Howanrd PFpenk
bovglag Engeibere
Frank Heert

Current ARPANET Smensera Grevei
Na:a! shim Repegrer and Develepmeny Canter
De

onse Communigations Agengy se ARPANIT Mamagement Braneh
NASA Heoasdayarters
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UOA$C Suppart Brangh

Natione! Sequrity Agemey .

Defense Communigations Engineering Conmter

A{r Topoe Syatema Coammend Hegdauoerters

Znergy Repedrch and Development Adminm{grration
Nationa! Buresu of Stamderds

Advaread Renearah Progleate Agerey

Selested Dod ssergies and offices)
Other nelected govermnment eagsneleni
Seleated congrestiaons) committees]

Setected elvilian inavituyionsi
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1, HISTORY

Tha ARPA Computer Netwark, or ARPANEY ag {t has come to ©e
called, eonsfets of IMPg, Iines, and hosts ae ahown {n Figure I,
The IMPs (snert for Interfage Message Proeetsors) are small,
special=purpess Gomputera eonReated O Saeh Other by telesphone

1inee, The hosts are o heterodenaous collagtion of cemputers

Floure § we IMPg, Limeg, and Hoste
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used fos o verlety of appi{eationa, The IMPs oprovide &
qommunications subnetwark through whA{gh hosta gommunicate wigh
eeeh other, myeh an the semmercial telephone GEystem prevides &
commynidatians submetwark thpeugh whigh hymeng g¢ommymicate, In
other words, the IMPg and limes make yp & communigations ytility
el whieh the hests are ysere, Zash hoat is gonneqted to one IMP)

ome IMP may have saverq! hosth sonrmegted to it,

Khen deta (8 t0 be sent from ome hORY 0 anather) the date
{a broken {ate dinarete entitien called "meseages” at the gending
hoet, whigh is a'sa aeellad the TMgouree host", Pagh message
qonninz- af aame ditn and am address, The addrese spegitias to
which hoet ehe date is ta be asenmt, that (g, the “destination
most", Byecessive messeces are nassed frem the pourge hoast to
{ve IMP, whene they are broker (nto amaller antities qolled
"packets”, eeseh @f whieh carries the aame sddress o9 the message,
The packetn are routed from IMF 1o IMP sgresa the netwark unt()
ihoy arrive at the IMP te whigh the destimatian host {u
donmeated, where the orie(nal menssges 47 regonatpueted from the

Dagkets, snd pasted te the destingtion hoay,

The ARPANETY woas eongoived {n the middie te Y8%0 (9%:3g an &

praject to be spenmsored by the Infarmation Progessi(na Teshniaues
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0¢étae of the Advamnged HRenearch Projeqty Ageney (ARPA) of the
U,8, Departmeant of Defonese (DeD), Comstruetion of the network
begen Im {909, By 1973 (he networit had gome through several
atages of development and for al) intents and purpases had beceme
an operationat Department of Defonse eurpyter metwork, In 1973,
aontrel of the network was treneferred from ARPA te the U,39,
Defense Communicatiens Aganay, on ageney better osuited to she

adminiatretion of o warking faqi!ity,

The ARPANEY (s a majar develepment in the evotution of
gomputer communigatiens, Qur oursese here {8 te Pregsent the
histary of qhe ARPANET( why {4 wed buiit, whe helped build (¢,
the major deatgn deqinions (and aeme of the nmimor  oOnen!
sszceiated with 1t, (tn evalutionsry develepment, fte meturity,

and why {t is {meareant,
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1, Background

Befare relating the Alatory af the ARPANET (teel?, {t {9
apprepriate to osummarige the aevents and girgymatanges aut ef
whigh ethe ARPANET game {nte beimg, What to ARPA? What way the
state of somputer dommynieations teghnelogy prior ta the ARPANET?
Frem what ather proleets (a 4he ARPANET degetnded? These

auastionas wa enswer {n the followimg subsect|ena,
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1,403 Capsule Mistomy of ARPA amd Its [nformation Progessing

Teahmiaoues O¢fige

ARFA won formed ag an agemey ynder the Segretary of Defense
as pant of the U,3, ronctian te Ruseia’s teumeh of Bputnii {m the
mide{98ds, 8oan alter ARPA*s formatienm, the U,8, mpase pragrem
was moved oyt of tha mil{cary to become NASA, and ARPA fogueed on
the arees of bs!Vistia misnites, nelid missile prepellanve, and
meterials gciomge, From thene arean ARPA geradyuel!y expanded (Vs
{nterests to a verliety of senetimen esetoris figlds n Pursuit o¢f
tha kind of ferergaening researdnh nrojecta that gqould truly bDe
satled advaneed, The direators of ARPA nave been Roy Johngen
(19%8e15999), Geners) Auatinm Betts (19683, Dr, Jo?% Ryine
(1961a1963), Or, Rgbert L, 8proul! {.963ui1968), Dr, Chorlen M,
Hargfald (1965n1%7), Opn, Eberhardt Reghtim (19471970}, ODe,
Scephen J, Lukasik (1971=198%4), and Dr, George H, Hellmeier

(197Sepresent), <a gantence tharacteri{ting saeh direeyory,

1n 1961, Commend and Centro) Renearsh (CCR) wae evsligned 1o
ARRA, Amn  in{tis! tagk of CCR was te gepitelise on the
government?s investment {mn the Qul2 gomputers, gsoftware; ond
nespla at the Bystems Development Corporation (90C), DO, Ruina

chose Or, J,C,R, Lickl{der te hoad the CCR pidert anmd Ligk!{ger
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Joined ARPA {n Ogtober 1962, Im takimg tne Job, Ltgl{der paw
that improvements {imn ecommamd and eontre! woyuld Dde heavily
depandent an Jundamental sdvanses (n eamputes teghnelogy, and he
was sommiteed te seeking advenges Inm that fietd, parviquignsly tn
the subfield of Intersctive aeomputing, L{igk)ider changed the
foaus of CCR from a prior retiamee Om 3DC Yo the setting wn of
Fegeanreh contseEte with the beat oecademig computer centern,
fnoluding 30C, Praphetigally, Lieklider niekmamed Yhe greys of
asmpyter specialiate he gethered tegether the "Intergalactie
Netwark”, By the beginnimg of 1964 the CCR pregrem hed developed
{nto & fareposehing basie resoergh progrem {n gdyaneed computer
technoloay, and Ligkliderts aftige wes Ircnoncd Indormation
Pracessing Teghniaues (IPT), Follewing Liakiider (196388966} ae
Director a¢ IPT have been D»s, Iven luthcriqnd (1977=1972), Dr,
Rebert Tavlar (19771969), Dr, Lawrenee Rabestes (1969«197Y5), Or,
JoCyRy Lioktider agein (1977e{077), amd Coal, Oevid Russel)

(1977=0retant),

THe conterpiege 0f the nmew IPY program wae Projeet MAC at
MIT, amd ¢he foaue of Ppojeat MAC wee {88 workh (n timewshoring,
im partieular the development ot the f(rat timeesharing system
capabla o¢ aupporting many users, This system was knOum as the

Coampayible TimesSharing System or CTSS, By {964 CT3S had proven
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such a Buccesn that mlana were being 1aid for ¢ seeond ganeration
system whigh besame known o9 MULTICS, By the late 1962%s and
asarly 1970°%p, largely bessuse of ARPA auppert of ti{memgharing
resseroh and development of saveral eorly timeugharing systemy,
timesghaping had bDeceme an #2CePted gempoOnent of the ocemputer

{mduntry,

Timesshar{mg was only the moat prom{ment o!-aco.mpl}.hmcntu
beainnina to derive frem IPT opregrems during the {963ei00%
periods  Thers were (mpentant develepments |a gemouter graphies
Syeh an the RAND Tablet, Impertant gontributiena to pregramming
techniaues and leragusges (e.9,s LISP) were made, BSuppory wee
provided for  renmergh  in  dismlay  teshaiques)  eommuter
arghitasture, and "ertidieiel (ngtelligenge®, Oy L9605 ARPA had
sttained a reputetion ea the deminant sourge ef support fer tryly

advenead {néormation progesding regeareh,

In the 194301966 peried IPT begen to shift {ts emnphasis fram
resesroh to develepment, By 1967 MULTICS wae ﬁndoﬂ development,
ARPA had cammitted Jtne!? te the development af ILLIAC 1V, and
the  investigatien had begun inte mesns for |ntergennesting
geogeaphically separated gomputers, Nymeseus other researeh

efiorts were also supported, eamedially (n the goftware ares,
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The 19671670 per{od sew the ARPANET efigrt ¢irmly ynderway,
From that pariod ta the present ARPA hee Oenti{mued t8 wmuppart @

number of advanced efferts (m qemputer Penegreh ond development,

Over the vears ARPA in genera! and IPT (A partioular nave
achiaved a number of notable syccesses, They have had & knack
for seneing when the time was ripe for 8 partioular development
apd then agting auylekly to umndepyake that developmenty and thay
hava bean able ts suppart developmemes with suffigient monmey,
IPT has probebly cemeri{buted more than eny athar samputer seience
laboratory (A the country (ome |s tempted te say "then o) ather

laboratoriea®) 1Rm mosy sdvanend sreen of (nformation prgeeening,
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1,1,2 The State o0f the Art af Camputer Commynigatians

Cirea 1967

cehin segtionm will be wrigsten foP the nedend drated
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ty1,3 The RAND 8tudy of Distributed Communigatioms Networks,

One of the moat (mportant early giudien of gomputer networks
was opertormed by Payl Beran end Rie gallesguss et the RAND
Corporatiom in the sarly 19648, Mamy gonaepte oentral ta the
leter developmant of tha ARPANEY ana otRer cempuler networky were
firsy deseribed in the serion of raports published by RAND i
1964 (@ 1{nt of these reparte {a glven {n the Bibliography at the
end of this subsectien), These {dees {nclude the {mproved
ret{abtlity of a dietri{byted retwork StRUEtUPS Over & genlera) {zed
ar ptef netwerk and over zcoegatled decentralijed metworks mede UP
of a aotlegeion of smaller ptar networks, Cxtonsive studies were
undertaken, (ngluding aimutatian of nsame Qarid nmetwarks, to
determine mow "aurviveble" o distpributed netwerk gould b
expeated tp be aftar heavy node amd link dallupren, Thts .arudy
was partiaylarly c¢ongesned with the aquestion of keeping » high
percentage of the netwark avaiisble and parterming well (n the
face of smamy attagis on the network, #POPm the peint of view of

{ts suftability for Department of Ogfence opp!ications,

In speaifying eclonely the eangineering detaglls of what wasw
callad the "Diseributed Adaptive Message Blegk Network", Baran

sntietpated many of the developments (n practical metweria that
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came a ful) decsde later, Im the ODistributed Adaptive Message
Block Network, & "multipieximg stetion"™ gonmeqts up te (344
terming's af widely diftering gharacterietios, Autamagis
useretoesyter 1ryptography ts {ntegrated {(nto the netwark
switehing teahniaue to engure effie|enqy, Both sateliise !inks
and lowegest migrawave ralay systeme are sugoested as techniaues
for providing the metwerk with very high deta rate slrguits, The
comcent of a "message Dlogk” (s intradusedl o packet ©of up to
1824 biss et header and data, whigh {3 the unit of dats
transéerred in the network, OUre of the moet {nteresting agpegis
af this geudy (s that it congluded Yhat a largestcele digite!
trangam(nsion netwerk was net enly feagible Dbut also highly
easteeffestive, and propaged thet meny of the switehing funationsy
be Iimplemenged (n hardware, Baren wea tONRA{cering ways of making
extremely rpeliable netwerks, and 9o Preferred gsimple solutiony

and reltable hardwgre where ponsible,

The fellowing bibliegrarhy ingludes the entire set of eleven
repores {n the origime) RAND astudy as wel)l o8 two published
papers reaylting from ¢hat wset end igom twe Tater reports, An
amnotated verni{an af this bibllegraphy tp (metuded (m *Adaptive
Routing Algorithms tar D{eatri{buted Computer Networke" (Jahn M,

MeQuillam, BBN Repore Na, 2831, May 1974, pp, l4ei7),
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1,1,4 The Lineoln/30C Exporimont

In 1968 Themam Marill amd his eo!lesgues at Compyter
Comporatien of Amerieca ({m Cambridge, Masssahusettrs) were
cammisniones by My1,7, Limao!n Laboratory to atudy the aaneept of
aomputer networking, The primery teohni{ce! gamtget at (imgaeln
Laboratory was Lawremnce RobDerta, wha plaved an agti{ve role {n the
network stydy) amd the econtragt was, {n feay, 4 sybeontragt ynder
the Laberatory’s ARPA gontrgtt, The study was dome (nm Yate 1965
end @ Pepary on the atudy was {ssued In 1966 (%A Coemerastive
Network of Ti{mesBharing Cemputers", Themas HMer{ll, Computer
Corporation of Amer{ga, Teehmigal Report Ng, {i, Jyme 1, 194e; o
latar paper of the aeme nama oeuthered by Thoman Merll) and
Lawrenae Robarta alps appesred {n the Preceedings of the AFIPS
1966 3pering Ja(nt Campuler Conferenae, pPp, 42%wd3t), The repart
examined the beslc (cdes of eomputer natworking, considered the
aveilable gzammun{gat{ans teghn{aues and software prablems, end
rnecommended that g threoouwoomPyuter experimenta) nRetwark be
zanptructed, The report puggetted Jinki{mrg three exiuting
computers, the AN/FQel2 at Systems Development Corporgtion, the
18 7294 ¢ MITéy Proleet MAC, and Limgalnm Leboratory’s TXed,
Later {n 1954, CCA reoefved gnother comtragt (o garry oyt the

'{nk{ng at the 032 sad the TXe2, The Qa3d and TXw2 were {n fagt
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linked toaethery amd the 1imk was demonntpated, Later a amal!
Digttal Elegtronies Carporption machime At ARPA wan gddeg to this
natwark, by mow kmown et "The Exper{mental Negwerk", It i»
notewerthy thet The Experimental Notwork 1(nked hoat compyters

dinecty, and did not use IMPs,
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1,1.% Tha NP{ Opts Network

Amother egrly Mmajor metwork develOoment was uUndeftakan ey
the Nationa! Physiae! Laberatory (n Middlesex, Eagland, ynder the
leadershi{p of D, W, Daviea, Tha broad system design of tha NP
Data Network,; &8 1% was colled, was firat published im 1947, and
bears & renemblamge t0 the network propeaed by Peul Baran at
RAND, emgd to the ARPANET, The NP Dats Network was apecified to
be & Packeteawitehing nretwork and was ta have a hierarchical
ateugtyre, [t wan propesed that "loea! nMetuarka" be canstructed
with "{nterétase gomputere™ whieh had respemsibitiey for
multiptexing among @ number of uaer systems and for aemmynigating
with a "high leve! nmetwork", The Jatter would be oqomatsusted
with "ewitshing modes"” connedtesd taoqether with megabit rate

simauite,

While thene wae eennidersble teshnigal Iinterghange between
the NPL aroul and those who desianed and {(mplemented the ARPANET,
the NPL  Date Netwerk weifary oeppesrs 10 have had Jivtle
fundamentas! impact on the design of the ARPANET, Sugh ma)oe
aapect® o6 the NPL Detas Network desi{gm as the standard metwoerk
inteardace, the routing a'garithm, and the software atrueture of

the awitahing node were lanrge!y lonored By the ARPANET designrers,
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There (8 ne doubt, however, that {m menmy tass fumdamenmtal waye®
the NPL Dats Network hed effest an the design aend evolution of

the ARPANET,

Conaf{darable detai]! sbout the NP, Data Network may ba foumd

{m the textbook, writtemn oy twe of 1he nmetwork®s designers,

entitted Zezaupigagisng. figtagefa .teg.Cognuigan (04, Davies end

C,LyA, Bapber, John Wiley & Sons publishers, 1973), A
bib!ioorephy of pub!ished Pnpori resultimg fpem t(ha NP_ Data

Network effort follows,
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1,16 The Cvermts Logding Direetly e the ARPANET

The ARPA pregram plam ynder whigh ARPANET develepmeny wos
urdertaker wag prepsred by Lawrenge Robarig and seproved by Dn,
Rechtim, Oireatar of ARPA;, durimg Robery Tayler’s tenure A9
Diregtar o IRT, Thare is Senera! agreement Yhat Roberts (3 the
{ndtvidunl with the most valld glaim to betng the "father” of the
ARPANET, {In a nmote dated July 7, {977, Rebert Tayler recallnd
the events jeadimg to tha undertaking of the ARPANEY development
UD ta the time when Lawrense RebDests |oimed ARPA,

The ARPANET, 1ike most good (deqas, was thare ay 'eant
{n tenyous OQPm frem the begianing, walging for the right
tima  to Aveked, In 1963063 . Ligklider with
nh-n-ooopistln targuev inegheek ueed the PARARE
"{ntergalasetia noeueph' te aqutlime o plan fter seup!ine
e-dom?l sempyting upertine Yo the 80C @ul3 in order te eid
n glving Yhe 80C effonry (whiah Ligk innesived feom DORSE)
the benelit af qeme af the ouxpyrignge geined by qhe
yniversitien, Ligk wet smong the firgt to perdsive the
c?4n1t (] enmuni{ty eregted amEng the uters Of the f{nst
timeeshonring asystems, His osueeesser;, Ivan Supiherland,
petponded 1n  §1968 10 @ UCLA nqquo:‘ 1nvo1v4n| angllegealtle
netwenrking regeargh at ene site by offgeing ARRA guppert te
he qreation gf o threoeheet ¢OMDUP MegtwePl, DByt 1the
nternegime Dehgviar af the three eémmyyer eenlter dipeators
at UCLA made the aittuation hemelesa end the afier woe
withdrngwn, CQLar y in 1966, after 4 yoar (A ARPA, {§ peemed
te me qhat Ll end Jvan had peved the way fer the next
stop, In peint ? eyt the gommynmity phenomene @reated, |(n
pare, by the asharing of reseurees In one timesharing system,
Liek made (¢t aeaay o (thiak aboyt Intergonmnecting the
gommuniti{en, The lntorconnqction 0! {inmtereetive, onmwiine
communi{ties ot peeple , alne o dream of Deug Engeibart
whose work [ mhad IUDnOP!Od ram NASA (n the early 40%'s and
wag eontinuing to support fram ARPRA,
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_ From  lvan amd the UCLA expertonges ! had to leapm ense
agaim qhet the geugheat problems were not 1he teghniaca)
oneR 1 I aould met gat seme ARFA fyumded perticipants
invo‘vod in o cemmitment to @ purpote higher Iham "HWhe {4
going tao stea! Yhe Aent tem per gont af My memery ovales?",
there would be ne metwork, By Jumes of (F66; Iven Red maved
te Mogmaghusetts to work at Lineeinm Lab 15 the aymmer eond
then teech at MHerverd, Ivam aemd ! hed angeureged Lerry
Rebertg, then gt Lineoim Lod, to puPrsus ¢ tim{ted metwork{ng
exreriment (nvelvimg Linme 1n'r TXed gnd JDC%s Quild, W{gh
Ivan’s Yeeving, IFTC woa Jeft with myse!f, & segretary, and
a 328 nmitl{en/vesr budgat, The Dirgater ef ARPA then wee
Charleg Heriteld whe, althouah & phyRiging; wes euiremely
imaotimetive, epprogsheble, and (ke Pig predeqessor, Nobars
Sproull, elwavs inlgnootod tn diseuseing new ideses, (It wee
e Pleagure te wark for thxm{J ! went te Chartie ’or help
I teld nim I wanted ta {nitiate g netwcrhing Projeet snd !
out)ined 1ts obfestivesl

1. Yo enabla users et one IPTU sogneocred site te gein
{mtarsetive aesdes %o the pregrsms/datpe st egher IPTQ
spangared stlas,

2, To fsee daliveretely the problams of
{ntasgennagting ingsempatible eystems {(m ogrder toO
somaday enedle the DUD ta eliminmte this argumany for
sing)nagouprge pyatenms,

3, Te fyrther  ongeurace; threuyah  suceessfyl
ne¢warkirg, the growth of oepsqielized arege ot
semputin kngwledge st different spensered gites = o
trend which was already devaloping e thys enebling o
UBGR YO0 tam verious Neurces and hopefylly reduge futyre
duolieatian o softwars deve!opmeny,

_ In aedditien ! gave Charlie eome simple, hcped ter,
parformanae speqificeations, s 8ys N0 uger ghoyld have ¢t
walt mora them ene Second ’nn sroaEmgountry respense el B9
the t11ygton a? being & loca) year, regr 1(he eomayter, D@
destroyed (! umderestlimated whet [ naw belfeve {9 erme of
the mast ‘mnortnnt reuUits from the ARPANEY enper{mental
the powar, aend yt{lity of messace systems,) Char!¢e seld
nGremt| Do (" amd gave the projegt mare then ample
budaet to get off the ground, ! told him | rmaeded acome he'p
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and deseribed Larpry Reberts o8 an {des! menager far yhe
projeat, Charlie spproved that seauest ap well, 4,

Next [ had to convimee [Larry t0 hogd the projegt and
convimae esome gurremtly ftyunded comtrastors te perttgipate &9
vyeaers, It may seem surpriping BUt I think the former wes
the mogt diffioult, I had tried to (nterest Larry {(m ARPA
eariipgr in 1966, when Jvem head snmoOUnQed his plansg to lsave,
byt Lorr} Wwae nromegommitial, Aftter getting Maergfela’s
approval far the projest I vinited Larry fevera! times cver
the next few monthg TtPYing te Gonvey (he sxtent te whiah [
needed helpy, byt he argued (a1 meny have wham ARRA hayp asied
for help) that he did met uont te Make a Bbreak rn his
redasrgh qarasr at that time Furthenmore, Ne remindad me
thay he was helping support !P;O'l goa'ls #t Limeolm, whigh
wWos l.plr!niv tryey, I returned te Negah{ngten ofiar one of
those viaglts wigh Lerry end wap sbout te 9ive up, I begen
bu!idinc a 1{st of ether gqandidates, Then one day somathing
romindad me that ARPA pupperted 91X of Lingeln Laderatery’s
budges, I went to aeee C(Charlie, told him I was having
diftfieulety oqeteing help, snd asked him |7 he woyu'd ee!! the
Direegor of Linealn Lab and guggest to A{m that {t would be
tn Limgoln Lu?'a beet {mterent (f Shey gould ppare Dr,
Roberfas for an (mportant ARPA ppejeet, Charlie plaged the
co!l {n my presenge, &nrrv sgcented the Jobw goon after; end
moved to V(P!In e during the Chrietmag holidays ef (964,
Ihat aseomplighment wapa probably the hardest end the most

apgreent of my ARFANET (nveivement,

{nge 1963, @ recurring auestion about gsame prgpegec or
eniating ARPA/IPTO prejest syt te IPTU Oiregtorgs by ARPA
Management {4 "Why den’y we rely en the gomputer {mguatry 10
de thet?") or cgestiorelly more slrengly, "We shey!d mot
subporg thet of ont bxcou:c ASC (reed) "gemputer (mduystry®)
will g0 (1t a orth deingi” Om the otVher Rand,
ARPASg gypport 00 n"tornh on networking, v(mesharing, ond
{nteractive aomput in oemerel; oepparently denies the

.-.-.QII'..'.-

t Roberts f{rgt want to ARPA ap gpegial aseinteny te the ODeputy
Director ot ARPA, Hia negponsibil ity wan 10 provide teghnigal
advioe %o both IPT gnd other ARPA ntfiges on gemputer matvern,
He Tater oucaneded Taylor an diprector of cthe Indormation
Process(ng Teghniaues aftige,
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premipa, 8c we ask aurselven {f there {2 gome singylar
gentrel theme whigh helps ue digtinguioh Yhe ARPA gmphastie
vis & yila compurting nresesreh Jdrem cthgt 0of the ecampyter
‘ﬂdu.tﬂv.

] bel{eve the asrmswsr {5 a oleer, unemdbivalent "yes,"
beaytidylly yndonlioaod by the olnlscft tammunioetions
ab/egtivea o the ARPANET, The ARPA/IPTD q¢hame woatr set by
Ligk)idar {m hig ${rgt temume ('62e’44) end gontinues ta be
tuPporyed todsyt {4 (s ghet Yhe promise offered by the
computer (read, "agftware, hordware, et 0!,") e @
goMnUH st{an medium Dbegween peodie, dwarfs inte relative

neigni{fioange the historise! baginninge o7 the somputer 8o
ar  gmithmeti(s oenaimey, Thg somputer (nduslsy) 1n the matn,
st(]! ghinka of the computer pu en Srithmetiq engine, Their
horitage (u reflested even (n aurreny degione ef thelr
ﬂcommunicttion syatems," They have an esonremia and
payghelogisa! commitment to the arithmarin emngine mede!; and
it aam cdig only glowlyy furthermore, it (0 @ view thet (9@
ati{ll ~sqintorgad by mest a¢ the netion’a eempuler ssience
pragremn,

Even univeraitine, or st leant parts 0 them, ere held

n the granp of the srithmegia engine goncent, ,. 20 whi'te
t mey be later then we thimk s It (g soria HI? geing o
toke lenger tham we think) epr put mere gonetructively, the
challenge taken an by IPYD roughly §ifteen veers 90 hee
unveiled & problemedemsin (gpportun{tysdemain) whioh oaan
kgen IPTO produgtive Yor saui{ly anether fi{dyeen yeers, even
under the ARPA griterion thes (f {t domgn?t offer an erder
of maganityde Imeravemenmty {(t ghou'ld mot be supparted by ARPA,
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1,2 The Eyenmts 0f (967 and (968

With Roberts omn board at ARPA Dby the end of 1966, the
ARPANET developmant etfany got under way in qerrest, The vyears
1947 and 1968 were apent npromoting {nterest {m the ARPANET
projeat both with{n the government and wigh IPT gontrsctors,
daeiding the fundementa’) steuature af the network,; writing o
request for auatation, setesting a c¢ontractonr, and othes related

activitien,

Zaeh vyeer unt{]l regently ARPA held a meeting of the
*oningipa! (mventigatorg” from ooch-eﬂ {te universi{ty and other
contraaters, Colled the "P]l meetimgn®; these meetinge provided @
forum &t whieh oeontractors deseribed their pant veer’a resylia
forn the benefit of the other sentreqtaors, the IPT gtaf?! ocalled
the contractor’y attemtion o preblemg of Del gongernm; and
everyone togsther attempted tQ Unsarth areas ¢f teghnology whigh
needed eonly ARPA Justilization in ordenr to rimen 1o » peint o
usefulneas, One 0f the topiges 07 the Pl meeting held at the
University of Mien{gam {n early 1967 was networus, At the
meet{ng {t wag soreed that werk geyu'd begim an the sonventiens to
be used for exaheneimg messages between any peir of computers N

the propessd nmetwork, end alse on comsidergtion of the kinds of
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c;mmuniclt]onl Yimea amd data sets to ke used, 1In partieylams, 12
was deeided that the (ntepshont gemmunication ‘"protogal" weyld
inelude econventions for sharacter and bloek tramami{ssion, erros
chegking amd  retrangmission, ang sompyter end uaer
{dentifigation, Frank Westervelt, then of the University of
Miehigan, wes pleked te write a positi{an paper on these areas of
communicatisn, an gl . hge "Communiqation Group" wan selegted from
smang the (mpstitutions Pepresented, and ¢ maating ef the group

scheduled,

The plen gongidered throuohout mueh of the Mighigen meeting
wal to comnest all of the sompyters by phore !ines end dats seta
o sp to allow any somputer te seteblivh sommunigation with any
other somputer uUBing a Vimamawitehing teehnique (i,0,y walling (¢
ye on the telephorme), A ame!] progrem Im eath gompytar woyld
interface to the data st  and phane line and when thia emal)
Preagram wos Given & Mmesaage ta anather geompyter, the amall
intertace program would eceriorm a "messsgeeawitah{ng” and
“transmisaion fumetion, degiding how to astually resch the other
computer gand tremamitiing ihl mesnege tO it, Nes Clark, then of
Waghinatan Un{verasity, (s oredited with prapasing at aome point
{m the meeting that o smal! gomputer be (neerted between eegh

pesticipant?a computer and the phone line, Thia Ggoneept was
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further diggussed with she ARPA geatt ond ame or two othess (n ’
now fabled caul Pide te the airpory after the meetima, and che
concept cf the Interdage Mesnaoe Progensor or IMP was reported (n

a memo frem IPT to the Plp summerizing the Mighiger meeting,

The IMP would pertorm the fJunetioms of dialmup, errar
chacking, reotransmisaion, routing, and veritigations on behalf of
the partis{pentn’ eomputera (whigh we whal)! heregfter gall
hosts}, Thus the IMEa plus the telephome lineas and data sets
would eomptitute a "messagemenitohing nmetwork®, The protocola
which were to be eateblitshed would defime Yha semmunieat{ens
formeta between the [MPa, The interfsce betweer g host and an
IMP would be & dig{tal interdace of a myeh almplen sert requiring
me host eonslderation ef error chegking, metsanami{ssion, and
routing, It wae eleerly noted that the major dinadvantage of
{meerting the IMP was the dost of ingtallat{on of amother
compute” beside eeeh host, The major advantage 9f (maerting the
IMPy was  regogniged te Dbe the fagt that a unified,
strelohtforward netwerk design qoyld be mpde and  {mplemented
without umdue oonsiderstion 9f the varietions and gonatraints of
the host computers, Fyrther, 88 the NeIwork evotvad, ¢ woyld be
myah simples to medi{dy the network of IMP3 then to modify atll the

host somputers, Finally, the IMPg would relleve the hoste of the
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gommunications burdems thay were {nitially sohedyled to earry,
It was a'ao noticed that (§ megessary IMPy coyld be loaeted et
atrategis aonmedtion points within the nmetwerk to qomeentrats
mMeeseQes Oyer Qqrassugeunrtry pPhone limes, 4 metwerk of IMPy was
fikaly Yo be (mplemented ‘enter than a netwopk of direct!ly
conneated honisy Aand the nmetwork of [MPy provided & digtingt
network enrtity whiah would be uteful (A presenting the network

pyb! ‘B‘Vl

The (mitia) drade of data semmunicatieng sretasoln was drawn
and ¢lreulated by Frank Westervalt and pyublested te imtensive
review By a number of Interested partine ot a meeting at ARPA (n
mideMay, 1967, Following that meeting éurther work on the
conventione wae sarried sut by saveral (ndividuate from various
institutions and another drafy, by Hestervelt snd Milts, was
aircutated adter tha gummer of 196?. Gn the physical alde 2ehia
dratt speaiffed $ul) duplex binary serin) tremamission at a
minimum sate of 2433 blts per wmesans Im weagh direetiom, and
further speejfied that eaah site shauld be gepeble of automatis
enawering ot {neeming aells and sutomatie dialing to originate
outgoing aeells, On the l1oaiee! nide the draft speatfted ABCII,
yee af leebiy CRC wheekauma, # Senryain ecommuniestiona aymtax, uee

of sither & toxt or bDinary formay (the latter using DLEsdoybling
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far tranmEpererey)s, and gertalm ecomtro! comyentions, Thiy dralt

als0 motad ghat the cengept ef uning IMPs wae ealnime support,

A twomday mesting wos schedyled (n sarly Ogtober 1567, ot
ARPA, to dissusn the pratose! paper gne specifigationa for the
IMP (whieh mhad eppergntly bagcome the oeeeepted methed), The
meeting anmeyncameny alaae {naluded a survey to be f{lled out by
eeah of nineteen patentis! netwerk logetiens providing aroes
auenses of tota! ARPANET graffig te other natwork logatiany Dy
mide1969 amnd parcentase of Yhe ctetal trad¢ig to eeeh other
locetion, 8y this ftime Uthe prepeted NEYWOrK wae knewm ag the
ARPA Network, rather than the vague deseriptieny hat had been

vaed preyioysly,

A vaerlety of tepigs wes disguesed sy the Outober meeting
{neluding messege formating, meansge protoqeln, dynamie roeuting
and message prepagstion, aveulng,; errer gentral, meanurements,
and IMPutgmhnost commynicatien, In & memo Reberts nated that the
diseusniaon at the meeting halped him formulate meny plans snd
make severs)! decinioma, It wap desided that 53 Xb gemmunicetiens
tinen would be used beseuse af the vestly improved Pesmense time
which could be obtained with tnese 1ines as cApoBed to the

praviounty proposed 2,4 Kb limge, The %0 Xb V{mea were te Dbe
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Tesnes, eliminsting the alow dialeup presedure, The nature of
the telephone tarifés ava(lable to the Government ;odo uAe of 30
Kb lines gomperatively {mgumengive, With aeaeh IMP normally
permanently connegted to three athar MNP vig the leased %52 Kb
1{mes, the [MPs were ta UuBe oteresgnduiorward teehmiaues to
provide Jest mesnage handling, Each IMP wos to ageent messages
afd up to 6,202 bien Jrem ity Moat ecomputer and to bDreak this (mte
1,820eb{t packets, Caoh packet was to be treated indopqndont1v
and routed on ome 0f the three (nteralMP lingg, When & Daghket
arrived at an IMP, {¢ wap Yo be stered, errae theqked, and royuted
on te o fyrthar IMP, At ity destimation, pachers woyulc ke held
until an aeneine message could be sssendbled and then delivered %0
the destimation hasy, With threes linen per IMP, it wan erpected
that approximately three gtoresgndeforward gsteges would Dbe
negesssry to 08t a mesaade Yrem amy ore of twemnty logationn to
any other, 1t was e'so decided that a 1{esbit CRC would b
sompyted for eaeh messsge, Rasaibly by a speqaiel herdwers
attaghment g0 the IMP, Alge, am alghtedit bimary format was 0
be used, requiring the IMP program or specie! Rerdware to insert
OLEwecharactors before qontre!l chamacters and stPip them out,
Fimallyy, {t was QuOgented that the gonnection betwesn the IMP and

host UNe @ a{nale serta) 1ime bDetween & Shify ragtater in the NP
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and o shift reginter {in the NMowty; with the shift reginters
matghed ve the ward siges af the IMP gnd heet, Thie serial! !ine
wes to be oeepeble of operating at 8 Mb, The need feor sontre!

!{ines between the IMP and host was alse nated,

The finat hatd ot 1968 woe o time af ingense atudy by many
individusls of tha metheods to be used {(m the ARPANEY, For
exampie, tn Jamuery 1968, Dr, Rabest Kahn wrets a meme to the
"ARPA Netwerk Committea™ |m whi{gh he argued that the mean tinme
between yrdeteeted esrars (n the network shoyld Be ot leest an
order of megmityde larger than the debygouing time fdor the
metwark, amd he ocomolyded that an arror detegtion scheme yeimg o
B,C,H, @a®da senersted by a R4ebit ghift pegister be ysed, In
February, Lesonard Kle(nregk o¢ UCLA afireulatad three working
papers about the ARPANEY) a note by JOAn Stehyra On a aygoented
network qontre) tamguege whisgh Kleinmeak chargsterized ap o 7{rat
etfore st selving a ecritias) problam frem the usere’ point of
views 8 note by Kleinragk presenting hin thayehte on a simylation
of the ARPANET) and & pretimimary queuing anelyeis by Kletnrogk
for stosesgndeferwerd reppenge time of he ARPANET,  (Other
UCLAwgenargted dosuments om the ARPANET {ollewed, Im early Mgreh
Kahn distr{buted amother memo (A whioh he yrged that am qffery De

mede to obtain deta on the netyre of errors on the %3 Xb

I1le}t



ARPANETY Complegion Repore _ DRAFY
Chaptar II] Segti{on | Hisgtery

camnunieetions 1inea, suceested that an {mpartent objegtive ef
the networking euperiment be the eveluation ef the (ateraetion
between gommunicatien feqllitien end termima) date BProgeeeing
eqyioment, and asuggested that the (nitia] metwerk ime)yde ot

1sa8t one tranaeentinenial link,

In parallel with the {adividue! resenreh thay was going on,
ARPA  maved te puyll together an IMP gpeeiflieation whioh eould
terve 4% the bania far a wetk statemeny {Jar o qompetitive
prOgUPEmMEnt te Belmat & econtseqras ta build the IMP networi, Al
the end of (%67 ARPA {mitieted A gmel! gentrgat with the Sranmterd
Regeareh Ingtivyte for the develemmeny of speei?ientions for the
negessery gommunicatiens svatam, Elmer Shapire wqe te be the kay
peraon on thie atudy, Publighad {n o ¢inal veralen (n Degember
of 1968 a8 o Tiepaga 3N Repert entitted "A Seydy ot Compyter
Netwert Dagign Parameters®, on eorly vernlien of tThig report in
aarly 1968 aorved qn the dipst dredy af the INP apeglfiantion,
(Ineidangalty, thie otudy wen the 4iray Blt od euplieit)y pald
stfore goimg tawepds tha ARPANET) o1) efforl prier ta thet had
been previded Dby gentrgetors working oextra houre on thetr
puinting ARPA gentregte,)! In Febauery or Mppgh ¢ meme watitten by
Shepira and ravined by Xlelnregk entitind *Fyngtiene) Desaription

nd the IMP® wag a{reylated, Aftar the fisay dreft by BShapira, 1
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{e believed Yhet Glenn Cullar whole a seeond dreft, and Redesyy
and Weasler of ARPA uwrete he fimal wversion o the (IMP
specitication, 1In any qase, by the $irat of Margh, 1968, IPT wes
able to repert to the Dfregtor of ARPA that spegifications for
the IMP  were ossentially comelets, and ghat 1they weuld be
discussed st the upgaming Pl meeting with the goa! o¢ (zauing @
Reauest for Quasation ghartly theresfter, The netwerk wWos§
disoussed ay the PI meeting and by June 1968, the ARPANCY

procuremant effig¢ially started,

To bealn on ARPA program, an ARPA Ppggres Plan (g needed,
This plen myat be wigned by the direetor ef the ARPA offiqe
{involved, (m this aess !PT, ond the diregter ¢f ARPA, Na ane
eise in the DoD had 4o smprave the plam te presure the ARBANET,
In fae%s 4t sPPeere there was NG Aerieue esponitien to the
ARPANET wiynin DeD at large, ond within ARPA the most negative
word was en gdmenition Ynem the Desuty Dirsater) Dy Lugaaths Vo
g0 plow and keep (t gmal), In fgav), 40 Qhe (ngoming peregram
mamager for (he ARPANET, Roberte had only to win over Dipegter
Reght{m (#md hiw Deputy, Lusesih) amd !PT Diregter Tavier, It
Aan  aslresedy Dbeen nated thet Tiv?or was {mgtrymental (n getting
Roberts to ARPA {m the first place for the purpote of mamaging o

network affory, end wi{th Roberts then aerving a8 Specia)
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dsutstant far Indermation Sciences nmeporting diregtly to the
Deputy Diragtor {n the Diredtorts offige, it would have beean
surprising {4 the Direevar hed mot oongurred with Roberta’s
plens, The ARPA Pregram Plan fer the ARPANIET, enti{tled "Regsourte
Sharing Computer Networke", was asubmitted Jume 3, {968, and
spproved by the Dirsgtar Jure 21, 1968, The fiase! vear 1968
ARRA  budger inmsluded apereximately 8%20,880 garmarked for the

ARPANET ofigre,

The pragram plan far the ARPANEY (a2 an intereeting dogument,
The stated objegtivea of the prearen were 10 develep experiente
{n intergonnecting computers and te (mpreve and imaresse compyter
resesreh produativity through ressurde 8hRring; Teghniga! needs
in aglentidie oand militery enviremmenty ware ¢ited o9
Juatidication dor ¢the proeram abjeqtives, Relevent prior work
was dencribed, It was noved thet the compuier reseerch eenters
supparted er partialtly susported by !PT mrovided a unfave testbsd
for  aomputer networkimg euperiments, @& well ap providing
inmediate benedits 1o the genters pnd valuable reseereh resylts
te the mititary, The netwers Dplgnning that had gone on wes
described, the need Jor o network Information senter wes noted
and the nmetwork deaigm wes aketghed, A f{ve veor sahedyle for

Retwork preguPrament, sonatruetionm, operationm, and tramsfer oyt of
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ARPA wan prgugnted,; (Iv (s notewerthy that IPY {mittally had {n
mind eveatua! tranafer of (the amperationg) Retwerk O g common
sarrier,) Fimally, a severelemi)l{onedollar, severelwyeer Bycoet

The Detonne Supply Bervise « Washington (D8Sek) agreed to be
the procurement agent for ARPA, At the end af July the Request
fer Quotation for nratwerk IMPp  waa mei{led o 146 posential
biddess whe hed expressed (nterent ¢n  regelving iV,
Approximately (20 peomle from %1 eompanies sttemded & subseauent
biddera’ gomigpenge,* Twelve prapcsels were agtyally regqived By
D8S=W gampriaing 6,6 adgeateet of paper and presenting am awvesome
evaluation evask for IPT, whieh morq mosmally awerds gontracts an
a sole soyree basis, Attampting to evalyete 1he proposets
"sepigtly By the book", an ARPAwappointed evaluation gemmittes
retired to Monterey, Califarmia, te sarry out thelr tagk, ARPA
was plesasnt)y sursrieed thet pevere! of the respendentn believed
vhat they qould CoPRtrUel @ notvaerk whigh penforugd 40 Myueh an B
facter @F five bettar than the delay senasrelny given (n tha RAPQ,
:‘::.;:::TT:?-U1IH the commotition fon tha IMP gentreey, ARPA
hald & aommetitien among the gemmon derriers 10 Obtain the
somnunication 1ines Jom the init{al network, The gontragt wod

awarded te ATLT by the Defense Cammereinl Coemmunigationg QfYine
{m early September, (968,
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Four bidderas were rated within the sone ¢f gontention te negelve
the INP contﬂ;cta snd  syoplementary teghnigal prisdinge were
requagtad érem eeeh of these didders, Fi{nal negotistions ware
tarried out with twe 1{maliste, and ane wel ghessn 1A the week
bafore Chriatmes, (968, The gontregt wed awarded erd wotk began

the lccbnd goy of the New Yesr (r 1949,
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1,3 Key Aspeata 8¢ the RFQ

The REG speeified both admin{atrative and seqhnical aapeqty
ol the gontragtor selesvion and prejeet implomantotion effarts,
Biddern were feaQueated Yo wuele on @ "gost plus fixed feg” (CAFF)
baslay, Thin 19 @n arrangement the GOVERPNMENY COMMOR)Y LNes wWhan
pontragting far unique developments, whergin Yhe Bidders ¢{rst
make the{r best satimave af the beferesprefit sont 9 deempleting
the propased effesy, The b{dder and ghe gevernment then
magotiate an appPrepriate fixed fee taking inmto aceount the
hetorentees estimated cogt and the risk the Didder (8 teking {m
acespting the contraat, ¢ the gontergetor lates overruns hip
sstimated gost, the govermment has the eptiom of siepping the
eélore bedfare cempletion er paying the additiems! gest te
aenplete; hawever, nma gdditional Jae (8 paid en the additional
easta to ocamplete, A CPPF  grrgngement Makes senge when the
government wamtd & rlieky development done and woyu'd have trouble
getting @ eontraetar te undertake the development (¢ the
contragtor had to bear tee mueh of the Pisk himsel?, as would be
the cese with syonderd fixed Prige Bids, On the ather hand, the
fixed fee part ef the arrangement reduce® the riall that the
contragter might artifigtelly mrun yn nip eants, einge he will

gelin ma additiana! fee,
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It was apecified «hat reepomaes to the RFJ woyld oe
evelusted an faur oritarie In addivion te eostl

i Undonoinndlnl and depth of sralynts of veehnigal
prabiems (nvelved, '

2¢