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Multics (Muliplexed Information and Compuiing Senvioe) sa
comprehensive, generalpurpose programiming systemwhichisbeing
devepedasaressachpaed TheniEMLcssysemwile

implemented onthe GE 645 aompuer Orediheoverd desongoessio
aeseacompuingsysemwhichscgpabiedmedingamostd ofte
presertandneaUire requiemenisafalarge compuier utily Such
sysemsmustiunconinuously andrelelly 7 daysaweek 24 hoursaday
nawaysmiaroieephonearponersysiems, andmustbe capelie of
thesequenidlprocessig dfabseniee usardos fomtheusedihe sysem

wih dedicated bnguages and sUbsystems inthe programming ofthe system
isdardiomeeniazdo kadigeapinetdeso
communicationsysemsaebeievedibbeessanidforefuregonh
daompuerusenbusness nindL&ly, ingovernmentandinsdenic
Bhoaioiesaswdlassimuaing appicaiorswhichwoud be ahenwise

undone.

Becausethesysemmustulimaiely be comprenersve and abe toackytio
unknownfutre reguirements, isframework mustbe general, and capebie
devovingwihiime. Asbroughtoutinte compenonpeparg-5 this
needforanevouionary frameworkinfuences and contioutes tomuch of
thesysemdesgnandisamaarreasonwhy mostafthe programming of
tegsemwitedoreinte P enguegef|Becausethe PLAlngLege
shgeymedinentepentenieg celadesopiorsierologea

iems natphyacanads) hesysemshoudasobe Soedicalyis

hopedthat futre hardware improvermentswil natmake systemand user
progamsdosoee andthatimpementaionoftheentre sysemaonaher
suisbecompuierswlrequire onyamoderaie amountof addiionel
programming.

thvv@multicians.org
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Thepesartpgparaiempasiogveadsakeddsoussndihedeson
agedhvesasteyrebebhemgarasssditesgem Samedite

hgighisdhesubse entpgpasaea virtual memory sysemforeach
userinvoving two-dimensional addressingwih segmentation  and paging_;
tedyamicinking  ofpogamsegmentaussHeierences atexecution
imeomnimizesysemovathesd herouineusedfisherde recusie,

pure procedure programming withinthe systemas the nomal mode of

gperation; the podked use ofimuliple processars, memaly mooues, and
inpuEoLIpUEcoNtolers, and muliorogramming ofal resources and of

muliple users. Automatic management ofthe complex of secondary
forhesoredinomeionwibe povidedbya fesysem Ruteb
epededtetmostafhesainaredihesysemwibeaostidenicain
formtouserprograms. The sysemwilincoporaie autometic
pegeuningforbahuserandsysemprogamsaile.

Introduction

Ascompuiershave maiured duing the bstino decedesromouniosiies i
caouingmedhnesioniomationprooessars accessiothemby usershes
matimpovedandinthe casedfmostige madhneshes retrogressed.
Pringpalyforeconamicreesons, betch processig ofconpuerjobshes
beendeveloped andis curenty pracioed by mostiarge compuier
insiakaions andiheconcomiantisckiondihe userfomeementary
caseandeiedrebiorshpshesbeenehereldantyenduedar
reioneized Forsaverelyearsasdlionhesbeenproposadioheaoess
prcklem {79 Thissolon, usLelycaled imeshaing  Hesate
rapdime dvisonmuliperding dfaceniral processoruntamong he
sdsaadusas eechdwhthisarvineatatypeniedkecnsie
Thergpdsaiching dfe processoruntamong userprogansis, of
course, nathing buta parfcuiariom ofmuliporogramming,

tsrowauncbnlydeartettspossieoaeseageneadpupose

time-shared multiaccess system on marny contemporary computers
(espedaly afierminoributbescmodications are mede). Areedy thno
mgorandedersvesysemshavebeenaedgied oneonte IBM

7094 [1011]andoneonthe QR compuer[1Znaddion heehave
beennumerous smaler scale sysies, the mostnotabe being onthe DEC
PDP-1[1314] the IBM 7094,[15] the GE 235[16]| the DEC PDP-6[17]
andthe SDS 930[18jlaswelassomewhatmare imied versons of
time-sharing onthe RW-400[19,20] and the CDC G2121] the
Johmiac2Zlandthe BM 704023 Astime goes on, sunveys of
mpemeniedsysemsarebeingmede 42 24)and" score cards "'arebeng
keptS)
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Theimpetsorime sharing frstarose from professional programmers
becausediherconsartiusiaionindelougging progams atbeich
processginselios Thus heaigrelgoavesbimesrare
compuiesibalowsmuianecus acoessby severd personswhiegving o
eachdiremirelsondhtavigtewhdemedneathsdsposal
However,at  Project MAC  ihestunedauttetsmuaneausacessote
medhne whieaviously necessatyiothe dbedive, hesnatbeenthemegr
fediiestoreding, comping, deougging, andiuminginane aoninuous
neradvesessontetheshedihegresiesteiedonprogamming
Professonal programmers are encouraged tobe more imegnative nther
workand o investigate new programming techniques and new problem
gopachesbecausedihemuchsmekerperalyforiaure. Bu hemost
soniicantefiectthatthe MAC system hes had onthe MIT communiy s
senntheadievemensaipersosforwhomaoompuiersaretodsor
dheraedives Theavalahity ofthe MAC sysemhesnatonlydrenged
theway probdermsare atiad<ed butaloimpatantreseaich hesbeendone
thetwould nothave beenunderiaken ahemise. Asaconsequencethe
exendway beyond the improverment of compuiaiional faciies wih
respectivtedioralcompuiergadcaions Rebhesisteanieusedt
computarsiornew puposes andinnewfigdswhich shouid provide the
drelengeandthemavaioniothesysemdesgne: hdhenwads the
meorgoelisbpovoesLisiieposiorwhetisaurenlybeg caled

Morespedicaly, heimpotance dfamulipe acoesssysemaoperaiedasa
aonpuarulysthatabonsavesterigemartdihesooed
compuierbesedadMies whichshoudintumsimusie acomresponding
enidhmentafimany areas ofoursodety. Overtinoyearsdfexperience
indcasstetooninuous guaraioninauiykemarmenwintede
remoiean0ess encouragesLsasovievhesydemasatnidigiodin
therdalyniglduaivwok Mechersicaly, e qualsivedangefom
thepestresuisftomtredesicimpovementnacessimead
aonveree SUedey hedrargeksnteusasaidybaoid
adaiedineradvelyhecousedaprooesswhehatindves

numesical compuiiation or manipuiation of symbcols, Thus, parameter
sudesaremare inieigently guided; new prodem-arienied bngueges and
UbsysEmsaredeveopedivexpathe neradive capetily, meny
complex analytical probles, as in magnetohydrodynamics, which have
beentoocumbersomeibhbetaddedinthe pestare nowbeing suoessily
pusLed evenmoare, new, imegnative approaches bhescresearchhave
beendavelopedashtedecodng dipoiengiudures Theseaeeanpes
tekenfromanacademicerMonment heefleddfanmulijeaccess
sysemanbusnessandindustid agarnizaions canbeexpedediohe
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Yo entiaeisdaviriedisnh
suchnewgppicaionshmindihetthe Mulics sysem hesbeendeveloped.
Natrethetediondusesaiaompuarsaebang dsegadsd Rahey,
theseneedsare viewed asasubsatofthe broadermoredemanding
recuEmensdtefomer.

Tomegtheabovedgedves ssuessuthastesporseime, convenenoedt
manpuiaing deiaandprogramiies, ease dfioonirding processes duig
eainadaoed poedondpieetesandsceiond

inolependent processes become dfaicalimportance. Theseissues demand
Oeparturesiiomtradiional compuier sysiems. Whiethese depariuresare
Ceemedivhedesiabiewihrespedtivtedional compuer gopicaions,
theyareessenigiorapd merimedhneinieracion

System Requirements

htheealydaysdfcompuierdeson heewestheconoeptdfasnge
programonwhichasingle processorcomputed orong periods afime
wihamostnonieredionwihthe cuisteword Todey suchaviews
consdered inoompee; forthe efiedive boundaries ofaninomnetion

processg sysemexiend beyondthe processar; beyord he cardreaderand
pierandevenbeyordiretypngdfinputandtersedngdfauput n
fdttheyenoonpesseswalwhatsaverdhundedpersorsaetyingo
acoompih Tobeterundersandheefied dftisbroedened desonsoope,
ishepilibeamresaedpheomeraderedasicoage

Fstheeaenoriestranyagarizainbhaetelogetposste
aompuersysemiratcanaliod tisusLelyanlyontheliogest
compuiersthetthere are the esboraie programming sysiems, complers
andfeatureswhich meke acomputer' powerful This comes aoout partly
becausetsmoedicutibpreparesysemprogamsiorareler
computerswhenimiied by speed ormemary sze and partly because the
bBrgersysemsiniove more personsas maruiaduers, manegers, andusers
andhencepamimoreatieniontobeghventothe sysemprogans.
Mareover, by combiningresources nasinge compuier system, rathertien
hsaverd bukeconomiesandthergiorelowercomputing aosiscanbe
managementefidency and operaing personnd provide astrong incertive

Seoond thecapeaty dfaconienporary conpulerinsialtion regardess of
tessaordfgudcaionsisaves musthecpeliedfigoningomeeta
coninuously nareasing demand. Adoubing ofdemand every two yearsis
notuncommonf27] Muliple-anoess computers promise ib acoekerate this
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gowhiuthersncethey alovamenimadine neradionraiewhichis
fserbyatestinoadasdmeg itk Pesartindcaiorsaetet
mulige-acoesssysemsioranyalewhunded Smulaneous users can
oereraeademandiorcompuiaionexceedng e capady dithefosiest
edgagepoessorssem Seethespeeddigt hephyscd
szesafaompuiercomponens andthe speedsdfmemaresareininsc
maiorsontegpeaddanysgepooessoisdeartets,sams

wihmulide processorsand mulije memary Lnis are needed o provide:
gesercapedy; Thssatiosay tetbepocessounsaeudesas
buthetextreme sysemoompledy benhance tissinge parameter

Thid,compuiersare nolongeraluxury usedwhenandfavalae, ut
pimayworkingioosinbusness, govemment, andresearchisboraiones.
Themorereiebecompuiaisbecome hemoretheravabbllyis
Oependedupon Asysemstiudureinduding poos offuncionaly
cenicalunis (aooessas, memaymooUies, npuioupuiconidlers )
canproviceconinuoussavicewihouksgniicantinienypionior
equpmentmantenance, aswelas provide growth capellly through the
addindigopapieeuns

Fouth,userprogams, especelynatimeshaing sysem nieract
communication trafic produces aneed for muliprogramming toavod
wesingmanprocessorimewhieaninpuiouput requestisbeing

incapable ofdong anadequate job of muliprogamming shce hisprogram
bdspoperbaance, andhe probely bds he necessay dyranic
niomeion ingenuy arpetence.

Frdly,asnoedeatesteval edaimeshaingssemiesnaaiyn

providing inefled, apriveie compuierbanumberdipeade

smuanensy huaoedntesaviosstettessempacesatte
user-davelpedidiesaresharedbydherusass Thisieassd
efledvenesshecasedishaingisdLenatonybthereduceddemendsior
areadsecodaymemaybutasoibtheaussirtizaiondfusaridees
Thusamegargoalditepesarteiatsbpoidemuideacessba
goningand poenislyvest Siudure dfishared dhiaand shered progam
procedues nfg headnievementaimulipe acoessiothe compuier
processasshoudbe viened ashutanecessaly subgodl ditnistroeder
obedive. Thusthe primary and secondary memarieswhere programs
lestepayacenidicentehadhareagarzaionandhepesenced
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Fomiheaboveicanbeseenthetthe sysemrreguemensofacompuier
ndebiaenatiorasgepogamanasgeconpuie; burader
forakarge sysemafmany componenis seving acommunity of users.
Moreover, eachuserdithesysemasyndhonously nistesjps of
ahirayandindetiermineie duraionwhich subdvide o sequences of
eniomateioeanesatauiylevien Fainseeddidecs
aecanaeaeoehedisetusaenessbadieehchuizain
dfalresouces, Thelaskdfmulipogamming requied o dothisneed
anybeaganzedoncehacenia supavisorpogam Eachusertus
enpysthebengidfelictengywihouthavingoaeragethedemandsof
hisownparicuier progam.

Wihtheaboveviewdfaompuieruse wheretasks satandsopevetyiew
miliseconds andwhere the memary requrements dftasks growand
(e, monio; " eeaie'er)stedocaimnardsthed ingd
aopuiamesouss, Thegenaastaegys dear Eachusaisiobis
uoMvosdinoiesks LeLelyssthejpbpooeacs eechawhchispaosd
hangoaeequeLe(e, rapuoessraaninpuitupuiconice)
Pocessasaiputcuputconidesaenumassyyednewviedsastey
dhercompeecraeremovediomaddisss Alpooessosaetesied
equvaenlynananonymouspodandaeassgnedibiadsasnesdedin
proocessascanbeadtedardesedwinoutsgnicartdrarngenaherte
wserarsysemprograns. Simiaty, npuiouputconidlersare dieced
fromaueuesindependenty ofany parfiouiar processor. Again aswihthe
processars, ore canacdordeeeinpuiouput capedty acoodingiosysem

The Multics System

Theowrd desongoaldie Mulicssysemisibaesieacompuing
sysemwhichiscgpeble ofcomprehensively meaingamosgtal ofthe
presentand nearUirerecUiemenis cfalarge compuier sevioe
reckin isroeqededtetherelssemahoghusalini
reechtredpde ahertessemwledewinimenagened
framework which permits continual growth to meet unknown fuiure
requiemens. Theusedihe PLAbnguegewdalovmeorsysem
soiwaredrengesiobedeveloped onaschedue separae fomtretof
hardnarednanges. Snoe mostaganizations cannolongerafiordio
ovelbpadandnewequipmentduing changes, and snce sofnare
devdpmentisatiestdintipsthed Etsebie
machineindependence shouldbeamejorasset
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IsexpecedtetheMulicssysemwibepudeedwhentisoperaing
Subsaniely andwithersiorebeavalabe forimpementaiononary
equpmentwihsuiskedraradiersics. Suchpubicaionisdesiabe for
tnoreesons A hesysemshoudwinsiandpubicsauinyand
aicemvdLniesredbyneresedieedars seoond nanagedinaeesig
aampedy isandigainibpesentadiuuesgemdesyaso
meketeimergaraingssemasiudasposstiesoasibreedte
bescssEmissLes

Theacoompanying papers desabein some detal howthe Mulics system
wimestisagedives Honevertisusellinestinganoveniewy,
pouchonthehghighisandespecaly onthedesgnmoivaion

Design Features Of The Hardware

The MulicssyseEmagedivesequied equipmentieaturestretwere nat
presentnany exsingcompuier. Consequentytwes necessarytodevelop
forthe Multics systemn the GE 645 computer. The GE 635 computerwes
Seeoediormodicaioniohe GE645nesmuchasitateedy saiisied
menydieaudieguiemens hpatoue iwescesnediohave
aridas Thus herequiemenisoimodLiaraonsiudonforeletlly
andforease dfigromhwere amply met The commurnication petiemn is
parfoadysteghtiovwerdscetherearenophyscapal sheineente
processasandtheinpuicuputeguipmen; rainerd communicationis
done by means of ‘mailboxes 'inthe memory modules and by
comrespondnginienupis. Furthermore, maiormodules ofthe system
communicate onanasynadhronous besss; thus, any snge moduie canbe
Upgadedwihoutany drengesiothedhermoduies. Thsktierpopettyis
uselintetanediheweysnwhchsysemcapedy (endaos) mey e
reguisted isby dnanging etherthe speed ornumber ofmemary modules.
Cfoourseiutheradugmentafsysemcapedyisposdaebyvayingine
numberofprocessorunisarthe conguraionofidumand ask

epret haycese oreddarstempotantspicaionireta
Shgesupanvisor programcanaperaiewihoutsubsantiel cdhangeanary
coniiguration ofequipment.

FoueligEestheequpmentaonipuaiondiatypcaMulics

sysem Alcentrd processors (CPU)ad Generalized InputfOuiput
Contrdlers (GIOC) have communication paths with each of the memory
modues. Whennecessaryformainienance ortestpuposss, the sysemcan

e partioned o tvoinodependentsysems (@ihougheachdfhedum,
dekandigpesmustbeongioonedihetnosysens). Theremoe
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emissendaaherdihetnoGOCHoughiepivaebrarch

edhange wichsnashonnntefgure.
CPU CPU
MEMORY WAZMOEY WIEMCHY MEMDIRY
e e
GO ROLLER GG
SYSTEM
GOk COMEOLE
LLEA HEADER
" PIUNCH
TTTITrTT TTTITTIITHTT
TO REMOTE TO REMDTE
TEFRMIMALS TERMINALS

T MAGHETIC TAPES

Foure 1. BExample dfMulics system configuration.

Tremostnowdieaiurenthe GE645snteirstudionaddessg A
two-dmensional addressing system has been incorporated which alons
eachusrowie pogamsasthoughtheresavitid memary sysemo
brgesze Thssysemisaganzedibprogamseg ens(e, iegons)
eachawhichconiainsanodered sequence owordswihaconventional
Inearaciiess. Thesesegmens whichcanvatyinlerghduring execuiion,
aepegedatthedsogiondihesupavsarpogamwingheréd-ar
1.024-wordpeges. This duda page sze alons the supenvisor programio
uemoedededaegesnterardrgdmuideusas Pagg st
introduced onthe Alas computer 28] dlons fexdde dynamicmemoary
docaioniednguesaswdasteserddeinpemenaiondacre e d
soesydem Toheusarntie MuUicssysem pegeaddessgis
nAEEhe;ishesagmarswhithaeeqdyknonnibhmand
owhchhesabeiorelersymodcalynhispogams Thesendions
wereistsuggested by Hat 9 iurther developed by Denns[3031]
Desand Gesar2Foge33landdhas34.35 Thevale d
segmeniaionand peging hes snoe beenwidely dsoussed duing e pest
yearand hes ganed broeder acoepiance [36-39] The expidt hardnwere
impementaiion detals of segmeniation and peging forthe Mulics sysem
aedsoussadnthe companion peperby Giaser, Coueurand Oher[1]

Becausetwodmersordladdessigisiahernew tisuseliiodaiy
tereasorsiot Thremgorreesonsiorssgmenisae:
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1 Theuserisabletoprogaminatno-dmensionalvitue memary
sysem Thus anysngesegmentcangow(orshirkduing
eeion(eg, nthe GE645,eachusermeyhavepioaquarer
mionsegmens eechindudngupbaguarermionwords).

2 Theusarcanbymeslyspedyrgasiaingportnasegmer
operaieaprogamimpldlywihoutprorplarring e segmens
neecedardihesoagerequiemens Foreanpe fanemor
degnosicsegmerntisuneqedtedycalsdor shoug th
Simiatly, elbbaraie computaionswhich branchino many difierent
segmensnadaa-dependentway use segmenisonly asneeded.

3 Thelargestamountafcode whichmustbe boundiogeterasasoid
bodkisasgesegment Scebinding pecesdfaoceiogether
(omeimescaled'lbeding ) saprocessamiarioassamdngar
comping headvaragedbangabebprepaeanatiadybage
progamasasetiesdfimiedovethead segmentbindngsis
syicat Thesaignovetheedscomparatebtretin
FORTRAN when one uses muliple subprograms instead of asingle
brgecombonedblockafsisiemenss e combined blodkis used,
notonlydoesthe complaion processbecome paricuiay
aumbersome butthe eradication dfprogramming emarsindthe

4 Progamsegmenis gppear iobe the only reasonableway o permit
pueprocecuresand deiabesesibbesaredamongseverdusas
Smuianeously. Pure procedure prograns, by defintion, donat
modify themselves, Therelore a sUpenisor program can minimize
thecore memary requiremenis dfacoledion of user programs by
syhinganyoneaopycfajonyusedppureoceciie. Neatyel
dtheMuicssysemaswdasmostdiheuserprogamswibe
wienintisiom Orecorsecpencestetheewlieno
dear-cutdermarcation between user programs and sysemprograms,
rseadihedemacaionwl deperdiargely ontheresponshllytor
maintenance.

Pagesarasspaaeiedureiomsegrensandraeiutheranddsind
achvariages.

1 Theusedfpaged memary alons fexide techniques for dynamic
storage managementwithout the overhead of moving programs back
andiothinthe pimarymemary. Thisreduced overheedis
impotantinresponsve ime shared sysemswheretheresheawy
trafic between primary and secondary memaries.

2 The mechanism of paging, when propery implemenied, alows the
operaionafincompieilyloeded programs; the supervisorneedonly
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3 reianinmain memory the more acive peges, thus meking more
eflediveusedfhighspead stoage Wheneverargierenceioa
missg pegecoous, hesupenvisormustinemupthe program, eich
themissgpege andrenisiethe pogamwihoutiossof
S

Aqicatesurentessgmertandpegnghadnaestedesaipiorbt
mechansmwhichconrolsthe acoess df processars iothe memary. These
hisessenidlydowvhardnere"fewaks ‘theesbisnedwiinte
progamming sysemwhich assisttheisaiation of hardware or sofnere
diouies Bestesaridngheus dpopatiessuchasieed any,

celaany e, onedesaportidonsasegmentiolbededaed
"eeiealy Thepesencedtshiaonspooeduesiole
tansieredibandexeauedbuineverreadby userpogans, Thskedue
wibedneestibcommacelsenvoehuresaus, andingppcaionaress
wherepivecy diprogamprooeduieisessenia g, adasstoom
gadngpogam). Andherpropety oftedesapiossthetihey alow
mostaftesypenvisarmoduiesibbewtienwihte samedesaiiorsas
Userprograms, mostsysteem programsthereby donathaeve aooess o
piiegedingiudions henedvarertusedwhichcancausedestic
mediremisbehavor Thiskealiesespecelypainentwheniis
recogizedthetimeshaing sysensaereaime sysemswihbehavior
whithisdioutiod yacaieanepeat CarsaqLenly;dpossie

Forefledve gperaiondihe MuUlicssysem adumwinahghiransier

rate sneeded. Thedum providedwihthe GE 645 meeisthe requirement
andaonsconvenentandeficentmeanegementdfahichraie of
nouiuipuieoess nparioLian o essareagarnizedbyhe

Supenisor programinioqueliesincore memary andare etched fomthese
queveshythedumaoonidlerasyndonously ofthe processars. Because of
the queuesand because dum recod szes are commensuraie wihcore
mematy pegesizes, tisstaighfoverd o programioraoninuous

DekinpuituipLire essare asoaganizedinoquevesandaeiethed
aonidarsosasednmoedsdintepgperyOssaraddd]

Agen becausethes pavisarsconedrgwihasaisicalmixaiuser
ardsupenBareuessirniameionioadiomdsk tsexpeded
thetisiencydeaysheineenrequesswibenegiohie Becausete
tanassoncgpedlyothedsksiage, sysemparfomancesexpeded
obeunhampered by nputouputbatieneds. Sncethe Mulicssysem
wibeusedasaninameionpocessornavicerangedigoacators t
simpotanthetareecebiedraradersetheussd Thesandaddreracer
swlbetherecenlypoposed ASCIl  codewhichhas 128codesand
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induokesupperandbnercaseeiesAg Thssetwhichaoniens b
pininggraphics, canbereasonably represenied onconiemporaty
npuicUputconsaes Linepinierscapelie dipning e b gaphics
wibesandadequpmernt

Design Features Of The Software

Anmpatentaspedditesonaresthesubouineardinkece
convenionswhichareassodaiedwihthe usedithe segmentandpeging
hardwere. ThefdlowingfeaiLres areincorporaied,

1 Any segmenthas to knowanather segment only by symboic name.
Intersegment binding ocours dyrnamically as needed during program
eeqin hessgmenttindngisalioeic (e, notexdly
programmed by the user) and the mechanism operates athigh
eiieydeteidbrdgonus

2 Smialy,assgmentisabietoreierenoesymidcalyalocaion
auomeicaly,aerbindngooousthefigtime, pogamexeauion
et lqed

3 Iisdaghiowadiorproseduesiobe pue pocsdues, capatedf
bengsharedbysevedusas

4 Sy tsstieghiomadibwieieausepocecues(e,
shauinescpabiedicaingontemsalesathnerdiedyar
ek yeci brctencicd

5 Thegeredomweniorsaesuchtettecd save andien
meaos usedioinkane independenty compled procedure toanother
donatdependonwhetherarnathetvoproceduresareinthesame
segment

6 BEachusarsprovdedwihapiveiesolnere'Sadk ____ "orempoay
soregewihneachsUorouine. Ofcourse, anyusercandhocseid
goehssoegemedenem butisaveiEbeanddoesnathave
pbeaddedasanakeihoughtbyasusysemdesyer.

Ihacdionheesbescayaryarekinddcaigseg e s

avoiding much confusion. System programming is donewith the same
fdiesoos e, aebebheadnayuss;andsysempogams
nothavebbewienwihgpecaioetog t isanidoeditette
sysemwibegpenendedandwilbebrgely aedied by heusars

themselves; many dfthe ussful bnguages and subsystiemswil undoubtedly
becontiouedwinouEsoidaion Forhsieesonsupenisoranduser
programsare constucedwihsimiariom, and processes suchas peging
donatdsinguishbetneenuserand supenvisarprograns. (Ofcourse, alew
keypecesditesupenisraelodedincorememay) Thustheresno
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nirscimionteszedtespeverpogamnorantecompedy
arhefaueswhchimeayhave Theavadancedfaszeimiaionwl
bedmaonaleastesysemsavioesgow.

shpantioreogzetetheasageusardhessemwlseero

patafthe segmentaionand peging complexy desarbed inthe peperby
Geseretd Inseadhewl seeavitelmedinewinmeny sysem
drareceicswhthaeconverentohmiorwiingethersge

programs orwhale subsysiems. Asasubosysiemwier he mustbe abeto
makethe compuier appearto have any paricuiarfom ranging ffoman
aireresavaiorssysem paninenayconidsysem foma

management gaming machine, to even a"FORTRAN machine"if so
desied Therearenopatouarestidiorsonthenosdinewsysamsa

languages which canbeimbedded.

Futherfeaireswhchshoudulimeiely gopearinthesysemae:

1 theadilyiohaveoneprocess spannaherprocesseswhichiun
asyndhronously onsevera processars usimproving hereakime
fesporseditheoardapooess)

2 theadllyfordaiabesesiobesraredamongamuaneausy
gperaingprogans. haddionthesysemwlinducedthemeor
fearesdithe presentProet MAC sysemsuchasinieroorsoe
messages and macro-commands. The latter alow users o
ooncatenate sequences of consolessued commandsas short
programs therely forming more elaborate commandswhich canbe
wsedwihasingerameand parametercal

fdiesasas st hpatoueusaswisatpocesssswhchmey
haventeminalsatiached wih = Lforindvdual manmeadne
neredonandr=0fonuminganaksenieeusarpogam teltiercase
corespondngiobeichprocessing Auserwlbedbeotransom
converienyaprocessbedkandiothbetnveenthe zeroand onetermingl
shes. Ihaddion forthe puposes dfieadingmedhinesandgaming
eqaimans inlbepossiebatachibaposessanatiaynumoer
dactioretiemneks

Thesupavisowl dfioouse dosdhedlinganddralggioreused
resources. Schedling padeswllbesmierbutmoe generdhenthose
aurenlyinthe MAC sysiem; for betch processing jabs should e
stheduied sothatauserwibe abletodaeinaquoaiondfimaxinum
compkeiontime. Thetime acoouning done by the sysemwllbe acourate
paklewmiooseoonds ihparoubr hesysemwl ightbedk by
daggiorexadywhatequpmentisusad (arohersare preveniediiom
) httisway,adalysysemeqparsonwlbepossesneete
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paricubrequpmentdageswhichare adlecedwlalnays alowiurther
acusiondfequipment inaddiionthe sysemwlinoonparsie
Apoeamenegerwlbeabebgvecompuingbuckessiogoupleadkrs
whonunwibeadeodeagpeiedlyandsiaghionedy
sUbhutpesbieamieadears e Animporantagpedditisiesouce
aocaionandbudgeingstheddlly dfanymemberdfteheradhy o
redocaetedlythoseresoucesoverwhichhehes conird Whoonird
dheresoucedocaionandadminsiaive acoouning decerialzed e
operaionafsysemswhich serve hundreds ofpersons becomes:
manageable.

Inasmiarmay, sysemprogammingisdecentraized. Foreanpe the
manenancedihesysemmghtnatbeentieyundertheconidcfa
independentsubgroups ofsystem programmers, Thisisolationand
derbuionafrespondaltyisconstiered manceiy orhegonhof
sysemprogamming smedeposshie by ahighly ogenzediiesysem
whichoonrasthe aocessighisiothe secondary memary ofthesysemand
tusboteteayesdteviaposiuesarddiadtessem

Design Considerations In The File System

Trefessemisaleypatdaimesrainganuideedsysemliis
amemaysysemwhichgvestheusaisandthe supenvisraiethe
Leondimananngapiveesetadsegmensariesainomeionior
anindeiniepaioddime Thsreenionshandedbyauoeic
medhansms aperated by the supervisorand isindependent ofthe complex
dfsconchary siorage devices dfdiierent capedty andacoess Asherme,
suchasisdesabadinte peperby DaeyandNeumamBwheredies
dinomeatonarereiaredip by symboicrameand natby address dows
dhengeshihesecondaty sorage comdexioressonsainerdireletly
acgedy hpaieheusssreaepordeirtaigo

aganzethe movementafiniormationwihinthe secondary siorage:
compex nseadhetesysemhesasiaegyforarangrgforhghspeed
amessoreaelyusdmeeEl

COfconsderabeconcemistheissedipivecy. Expeiencehesshoanthet
privecyandsecuiy areserdivesseshamuiusersysemwhere
EemnesaeanonymoLelyremoe. Farthisteason eachusarsiescanbe
aranpediobecomplely pivaieiohim ihaddion ausermayaranged
mechenempammisconioverhedegeedacessanedons(eg,a
usermeywshaiebbereedutnatwiten) Thefesygemalbns
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fesblesmuanensyreediutaviomeicalyinetodstiewing
Theflesysemsdesgnedwintepresumpiontetherewle

mishgps, sothetanauomeiciie bedupmednansmispovded The
bedwp procedures mustbe prepared forconingendes ranging froma
doppadhionamegreiciapeibafienthecompueroom

Spedicaly, hefdoningaoniingendesareprovdedor:

1 Auvsameydenwertethehesacddentlydaeearecertiead
maywehiorecovert

2 TheremaybeaspedicsysemmehepwhchcausesapaticLiriie
pbenolbngerreedatieforsome" nexpicate reason

3 There may be atotal mishap. Forexarmple, the diskimermary reed
heacsmayirevasdyscoetemegeicaubossotatd
dsksioedinomaionisdesroyed

Thegenerabedupmechansmis provided by the sysemratherthenthe
indvidleluse; fortremorereiebe e sysembecomes tenorete
wsasLreeDElheoaheed(@bdre)diyigbaraneote
unikeyconingency dfamishep. Thusanindviduial userneedsinsuiance,
ariBctisAhesooEd

Design Considerations In The Communication
And Input/Output Equipment

AdesniediedihesysemisthatuserscanviewmostinpuioupLt
devicssuniomly. Thusaprogamcanreedfometheratemrdlara
e aaipucankesataratakataputhatpeniea
apinerhpatoecheuserdtessemdoesmthavebieniels
progamipdiangetheseassgnmenisiomdaytodayoriomusetouse.
Thesymmeticusedfequipmentis, ofcourse, highly desiabdeand makes
ftrgestershdyarcieddy.

Atypaca coniguraiondihe Mulicssysemwl aoniainbeich
processginpuioupuidevices suchas cadieedars pundresardpiniers
andthesenamalywl be cenraly locaied athemancompuing

rsghion Faremoeusastheewlbeemressuchaste Model 37
Teetype  whichusestherevised ASCllcodewih upperandlonercase
ketiers. The Model 37 Teletype also can operaie onthe TWX network of

the Bl Sysem it therefore be posshbieformany afthe 60000 TWIX
susabasobefauhoized usasdaMucsissEm An
acdiioralsancadiemindliorhe Mulicssysemwilbeamodiied

vasandie IBM 1052  aorsde Thsurni@ddoheremieldevees
whchdonathavethe ASClldrerader sefwilhave solwereescape
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conventions, definedioalovunambiguousinputorouput ofthe compleie
ASClldharaderset Theestape conveniorsaregenerdlandaloveven
pimivedevioss (naggphcsenss) baommunicaewihthesysem The
IBM 1062 eminaks which besicaly use the Seledtictypewier
mechanism, are aperaiedwihaspedaltypeldl, prepared for Proed MAC
asacompromise sUbsetafthe ASCligaphics.

Forthoseusaswhowshiohaveremaiely ocaied saike subsaions
gatedpundhngandreedngcadsandinepining hereaeavaiiety
diopionsavalable. Becausethe desgndftte Generd inputOulpLt
CondarsiebiayideisposdeouseteGELS e
Unvac 1004, onvtuelyany aheramiarsuboompuerasaieming,
provided one s preparedibimplementthe necessary interface program
moduesswihnaMulicssysem Atpresarntnone ditheseteminaks are
compeely saisiadory soethe il 128 coderevissd ASCllderader st
snatsandadandexcessieusedithe soinareescape medarsmis
-

Ihgererd hearadiemoeemirdequpmentsconstierediblbeinan
eatlysSaedfidevelopment Equipmentimovalionsareexpeded ast
becomesevoenthatsysemsaecapabiediappaingheruse.
Temnebwihgaphicainputouiputare highly desiable alhough et
presentaosly. ThenilgpoechditeMUicssysemwibesuchiet
therewlberosandadgaphcainpulauputiemindalhoughseverd
specepgedsaebengatemped Thesysemvienportrielywibe
et gephcalinpuiouipuwlbewihsdl, dedcaied compuiers
capebie ofhandingthemmediaie nenupts. These smal compuiers may
muidexalewieminasandniumappeariobe naticodemanding o
themainsysem Thusthemansyseminemuptioedwinotbecome
eressie hagriaveyteneadioregimerstumeniaionsuchas
nmonioigeaimendapaaiusiseqpedadivhehandedinidyon
anonsandadbesis Thephiosophy isthesameaswihgaphicl
inputtoutput, remely; pemploy smel, dedicated compuiers forhanding
theredimenemypissoasibdawupontiemensysemiormer
processg amiometionnamore kesueyway.

General Considerations

IsepededteteuimeeimaionanteeqdaindteMuics
sysemwibetheknonledgewhchthe userhes ot Asaconsequence,
dooumeniaiondwhetthe sysemaoniainsisconsteredibbecoreditte
modtimpariantagpedsdihesysem Forthis puposeatednioeheshbeen
developedwherenthe mainsysteemreierence manualisiobe manained
arrenaBdinamirowhetisaurenlybangdoneatPigedt

MAC. Thisalonsanyuserdihesysemiodoanacuentisbe o

hitpiswwvmulicans orgfiocLhiml 1915462312001



Introducionand Ovenview ofthe Mulics System Pagel6

aorenswindangeseedneversechondogcalader: Thereyhecan
kegpabreastdfdsysemdanges. Becausetremaneiedsonine ane
saebdoiennmmedbeaccessbhebietdagesaanyhoraa
ayemid Theanhesoagedtheextaoshessem
documeniaiiongroup, by usihng ppropriste ediing programs, make gobel
reveonswhenevernecessaty. Ofcourse thedistbuionafmencel
revsorswidibeherdedinteadralyweyntetrevsedmencel
sedionswibeavalbieatdooumentrooms Futhermore kshoudbe
deartetheesrosusiLeragoodedomarangdsgde
oerredoumerainandiorinelpertseeddyntherdence

meieriel AdocumeniaioniedhngLesuchastreoregvenheresbeieved
pheandsalenscessdywhenusasathesysemnologenda
compuisionaenernthecouseditherdelyadiies Theusawhos
200miesanay fromthe compuierinsiakaionshould have nearlythe same:
knonkedge abouthe sysemastheanewhos 0iectaney.

Anoherareadfioonsderaionisthetofcompeliiywihbeich

processig hireMulicssysemiorte GE645 iwlbe posshietouse
smulaneously, butindependenty the G E C O Swechprocessingsysen;
userjolos operating under GECOS shoud behave exadly asthey doonthe
GE 625 or GE 635 computers. Efiortwil be made to alowthe GECOS
useriodhange converienlyiothe Mulicsfiame dfgparaionboutthere

wilbe noparicuiaratermptmecie forcompeatiolly betnweenthe tvo
sysemsaofbasicaly diierentdesign Auserdithe GECOS sysemmay
aoninueousethe GECOS sysemunihespreparedbmakeadnange o
theMulicssysemathisonnpiece ime, anddooang Ths dfcouse,
EeesamareeisaigaMucssysemdiretansentefedtdf

saverd hundred personschanging ther compuiing hebisinone day and
husabnsdstbuiondirenomeldssaisdontretaisesundersuch
aoumsances.

Oreditrenavidbequesiors asked ofamulipe acoesssysemswhet
caedyiwlhaeforamuanecusonineusas Theasner,dfioourse,
shghlydependentuponwhettheusarsaredong Ceatly fneyare
requesingvitualynohing cnecanhaveanealynnernumberdf
teminaks Convarsaly; fane parsonwishes forasigepradem, sysem
resoucsswhichequatiheeniecompuingsysem isconcavebi e
sthedLingpooyaonst retherecanbealyoretemrdatededio
tessem foneassumesthathesavicereqLiemenisaesriaro
thosewhich have beenexperienced a Propd MAC, thenonthe besis of
Spescany diprocessorand memary Speediisexpecedtethe
sisemwibeaebsavesmuaneosyalewhundedusars Buits
hezadousbpreddanyimnumbas raherhepatnertparameasina
sysemditistypewlanayshethecostpaiomeancefgures.
Peformeance dioourse ssomenhetsUigedhve buiheissuesarenatihose
ofmemary speed processorgpeed arinpuiioulpuipeed. Inseadhe user
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shaudiudgeasysembyihequaly andvarily dfsavices heresponse
imestrerdbdly heomdessedutasadgtesseemandte
paiomancewihrespediohenierface dihesysemwhchheuses For
eae paientquesiorsiraPLUAuserbaskaehowasslyoante
asaetetandbospastemat howessytsoddagte

bBrgLege, andhowedicentythe dieataode prodLced by hetrenssior
s Hae hedgedtaodersarsdiostetiraneniepddemandnat
jetfrceed kearnes heeiieoyieasbhetidiesoucedan
requedbeecethepademandiheeyindudestheinoutouput
demandsaswel.

Conclusions

Thepresentparsiorhe Mulicssysemarenaturatiainele Honvevert
spesumpLosonktethenilssemcansuoesslymedtd
therequiemenstethavebeenset Thesysemwlevdveuncerthe
nbenedteusssadteadiestralbrgimeardndedors
whthaehadiopeddatsime Bpaienendcaestette
aellydonineemresdesicalydergesusaesadtese
drargeshiunaugpestdrangesardaddionsiotesysemiss ts
epecedtamogtathesysemaddiorswlcomefomireusars
themsahesandthe sysemwleveniuialy become the reposiony oftne
procedure and data knowledge of the community.

TheMulicssysemwilundoubiedy alsoopenuplarge dassesofnew
ussndaynsieeadegnesigbuasondheraeesauchas
bushessandeduicaion Justas inrodudionofhighereve programiming
languages, suchas FORTRAN, in creased by an oder of magniude the
numberdfpersons Lsig compuiers, mulide access sysems operaiedasa
sysamsioteportadhaing sonicantsodalconsaquences. Suchsoce
suesaeeqordinacompanionpaperby DavidandFano5)
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