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ABSTRACT 
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tion between a human user and a computer in a real-time dialogue on 
the solution of a problem, in which the two parties contJ,"ibute their 
best capabilities. In order for this intimate collaboration to be pos­
sible, a computer system is needed that can serve. simultaneously a 
large number of people, and th.at is easily accessible to them, both 
physically and intellectually. The present MA.C System i8 a first 
step toward this goal. The purpose of this pa.per is to present a 
brief description of the current system, to report on the experience 
gained from its operation, and to indicate directions along which 
future developjnents are likely to proceed. 
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THE MAC SYSTEM: A PROGRESS REPORT 

INTRODUCTION 

The notion of machine-aided cognition implies an intimate col­

laboration between a human user and a computer in a real-time 

dialogue on the solution of a problem, in which the two parties con­

tribute their best capabilities. In order for this ihtima.te collabora­

tion to be possible, a computer system is needed that can serve 

simultaneously a large number of people and that is easily accessible 

to them, both physically and intellectually. The present MAC System: 

is a first step towards this goal. 

The case for machine-aided cognition with the aid of a multiple­

access computer system was very eloquently argued by Professor 

John McCarthy in his 1961 lecture "'rime -Sharing Computer Systems •i 1 

The v:iews he presented were largely the consensus of a committee 

that bad just completed a comprehensive study of the future computa­

tional needs of M. I. T. These concepts were also· embodied in the 

Compatible Time-Sharing System {CTSS}2 developed by the M. I. T. 

Computation Center under the leadership of Profesaor<F. j. Corbato; 

an early version of this system was first demonstrated in November, 

1961. 3 The MAC computer system is a direct descendant of CTSS. 

The last section of McCarthy1s lecture introduced the notion of a 

community utility capable of supplying computer power to each 

"customer" where, when, and in the amount needed. Such a utility 

would be in some way analogous to an electrical distribution system. 

That is, it could provide each individual with logical tools to aid him 

in his intellectual work, just as electric tools today aid him in his 

physical work. In this regard, it might be said that the present state 

of the computer as a source of logical power is similar to that of the 

early steam engine as a source of mechanical power. The steam. 

engine could generate ~uch more power than could any man or animal, 

and therefore could perform tasks that were previously impossible. 

However, the power generated could not be supplied on an individual 

1 
Superscripts refer to numbered items in the References. 
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basis to aid men in their daily work, until the advent of electrical 

power distribution. 

The analogy between electric power and computer power 

illustrates only one of the aspects of a computer ~tility--namely, 

its ability to provide the .equivalent of a p:i.-ivate comput~r whose. 

capacity is adJustable to individual needs. Of much greater impol'­

tance to the individual customer would be tlle l>enefit• that auch a 

utility could make available to him by placing at his f~ngertips a 

gteat variety of services in the form of public procedures, data, and 

programming aids, and by allowing him to store and re$rieve his own 

private files of data and programs. Furthermore, a cpmpu,ter utility 

could provide customers having common .µiteJ,"eflts -~th convenient 

means for collaboration. For instaJ).ce, ~signers wo~i together 

on a complex system could check con~n~ally the .status o! the ov•rall 

design as each of them develops and modifies his .. own contribution. 

The MAC System is an expeximental computer u.iiµtywhich, aince 

November, 1963, has been serving,~ amall ~ varied •8:,iXU•nt. of the 

M.I. T. commwuty. It is the most•4ltte~iv• .of sever~ time ... ~aring 
systems in operation. 4 - 6 In spite of its expe:rimental cba;a.cter and 

its limited capabilities, it has gained quick acceptance,as_a daily 

working tool. The purpose of this ar~cle is to preaent a.brief descrip­

tion of the curJ;'ent system, to report on the experience gained f:i.-<Hn 
its operation, and to indicate directions in wb.i.ch: future ~velopments 

are likeiy to proceed. The scope h limited to tb.e gen-,~aJ organiza­

tion of the syatem and to the basic servic,ea it can provide. In 

particular, _no mention will be made of the problem-orient,ed lansuaa~• 
and other special programming facilities that are being ad(Jed to the 

system by the system users themselves, thereby increa~ialil- its 

intellectual accessibility. Thus the work reported here ia only a small 

part of the overall research effort encompassed by Project ~AC. 
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EQUIPMENT CONFIGURATION 

The primary terminal• of the MAC System are. at present, 

SZ Model 35 Teletypes and 56 IBM 1050 Selectric .t•letypewriters 

(adaptations of the "golfball" office typewriter). These are located 

mostly, but not exclusively, within the M.l. T. campu•. Each of 

theae terminals can dial, through the M.I. T. private branch exchange, 

either the IBM 7094 installation of Project MAC, or the similar 

installation of the M.I. T. Computation Center. The superviaory 

programs of the two computer installations may, in.dependently, 

accept or reject a call, depending on the identity of the caller. 

Acceu to the MAC System can also be gained from any station 

of the Telex or TWX telegraph networks. Some teats and demonst.ra-. 

tions have been conducted from European locations, &Jld ell;periments 

are being planaed in collaboration with a number of \lfliveraities to 

,J11rovide further experience witli long-di■tance operation of the eyatem. 

Although T.tetype• and other typewrU.r-like ~rr.Qinab are , 

adequate for many pu:poaes. some appli4&.tiaiua 4-~. • much 

~ore flexible form of graphical con:m:waieatiQn'" The MAC S.yatem 

i4cludes for this purpose the initial model of a multiple-diaplay 

9Y'8tem developed by the M.l. T. Electronic Systems Laboratory for 
: 1 . . ' 

computer-aided. design. The syetem inc:tludes two oscilloscope 

displays with character generator and light pen, as well as some 

special-purpoH digital equipment that pel'forms the light-pen 

tracking, and simplifies the task 0£ the computer in maintaining the 

di•play, and in performing common operation• such a• translating 

and rotating the display. The two oscilloacopes can be operated 

independently of each other; cominunicatie>n with the computer can 

be operated independently of each other; communication with the 

computer can be achieved. by means of the light pen. and al•o thi-()Ugh 

a variety of other devices such as knobs, push buttons, toggle switches, 

and a typewriter. The meaning of a sipal from one of these input 

devices is entirely under program control. The whole display system 

communicates with the IBM 7094 of the MAC inetallation through the 

direct-data channel, and the display data are stored in the, central 

memory of the 7094. Thus, the diaplaymust be located,~Jl a room 
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adjacent to the computer installation. Remote operation would re-
- ' .. , ... :··· . . . 

quire the addition of a memory and some p:roc~selnrcapactty for 

local maH1tetiane'e of~th.e dtwph,y~-. !-, ·' • , , 

A separa.te, ~-;ffit,cO,l• dl•ptay -~mtftal·B -~ by a,' 

DEC PDP-1 compnter wbtch can comffllbdc.-1lt-e1m a11temete looa• 
tion with ·ttte·M.Ae•col'nJNter;ltat-.Uatlon tu-Nib·• taoo•Mt•per-. 

••c:ottd t•leplioM C!tmt'lection. The '-P~l · tin •!Ni W. u.-· a11 i!I. · 

buffer b~t-w-een tJie<MAC COfflP'tt'er ._., the'4hptay, -,.te11f}ust·;. 

described aboff, thereby permlttlftl "ftm11l~on anct, ••t of· r.etnot~ 

operation of 1h-e l'atter. 

All of these t'ri'tmnale ca.n, in prtadpte; ••• stnnlllaneously 
and indepencle1itty of· the MAG. computer iutalkttcil ;by time; •haring · 

ite central proc .. •ot·. However,· 111 cmtff<to<tav•,,...tdpt"Nepoue,;the 
number oftetmbtaltt 'aetl\re' af a 11vesr~~'·lttilfintfe1I~ .. 9upeffi--' 

sory program to H. This tml'llbe~ ha ~MlrCrowtt tocff.lftiom 14', ·anct 
i• · expecie·a 1io growr further a4 <poi•lblt:to· ...-. ,._i._ tiiintt- feW s,,..·,. 

although maxlmltia.tton·of tld• ~r•t• .. ••~W~-:affis ~~ 
The equipdleftt'·'COllfl,-..tton- of ·'1:M 'M'AG'i4!o~~ fnitalh.tfon~" · ,·, \ 

illustt-ated·ln Pig. 1. Th 1BM'7e,4:eentrati'pi>oe•nrtrd;tieen' 1 

IANK A 
cou MIMQl'I' 

32IC WOIDS 

~y 
32tC WOltOS 

1'09-4 .,_ ................ IMiJAOf...._ .-
CENTlAL 3 

PIOCESSOR ' 

MIAOWHL' 
6 

WIONfflCT»H,•MINfft,' 
CMD RJ~I, CMD_ l'UNCH 

,: _ _. •.. . : i.., } . ' ' ' _: . ~· 
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modified to operates with two 3Z, 000-word bank• of t:or4f memory 

and to provide facilltie• for memory protec:tiob and releka.tion.: The•e 

feature,, to1ether with an interrupt clock anct'ar .-,,itlil' 0pe~at1111 

mode (in which ift.put;..d'Q.tput operation•·~ cwhatn ~,.. tiattuction• 
relult in trapl), 'W'ete necell&ry to &lft~ IUctt:•••ft&f'1c,pll"atiOll' of. 

independent pto1ram• coexiltlll1·tn: core''M.emoty !·•:..tJie otth1dneniory 
bank• 1a available to the UH1"11 ' proaram•·: ;the 1Sdiili~'lti"' t•aer,vetl· foi' 

the. tfme- 1hari11·1. •y.tem eupervhory ~ojram. ffi NCoiti:I~ bailk 
wa.• added to avoid imposing ·s..-vere ·mem'Ory ditr\,et'toai on 1i9'er• 

becau,e of the larg• 1upervt•ory pt'Op&lh; .. to:·pwinitt '1•e' of 

exi■tin1 utility programs (coinptteri; ·'itc: ~•); · m;ay<of 11'hklftleqirtre 

all'or mo•t of a memory bank. · ·· ·· ·. 
The dtntral proce■•or t:a e'(l\lt'pp66with tili diffil'cti&mief1·,' 0 ril-b of 

which are u••d •• interface■ to co!W-.WS:CD'l&t jinpflle'1•i''~pm­
•uch a1 map•Uc tape■ ,· ·pttntera/ 'dN .,...ri, ;.amf·ctid1'im,~he•. 
A third ·-data ·clla1iftel provl.4-e 'dtn'etiiclata ~_..~,._ Mmiaa.l'• · · 

that require hlih•ritte trmf.itr 1of aia, Well._.; t:awi ....... "illitjilay 
•y■ten,,. J .,,,··. ·-·. _.,, .. , • ..,.,, .. , 

·~ Each of the nm two 'ctata·t'baaal•'P~·e~c~•l1Jl · 

a: 1dtac file ud a drum. The:-~-.. ~•er of·1itaelt1aw file t• 
9·:million computer word■, and the e•--'tyof ~Ji"'CINtn-'i.•itaS"theu-

-..nd word.a. The time required to tt-ansfer 32l
1
~g .~~i~ _ in_ ~r __ out _ 

.,. f, • . ., .. • • -. _.. -- 'Ir - , ., ' ~ • • , " 

of core memory is approximately two Nconde for the disc file and one 

second' for the dtum. ·'fte two ·d{·Jc: fll?e~;' .-.:a''fotatt•·~ity ·6fl 

18 tJ\illton word.a~ are u••cl•to nc&e>a•>-111e.,.1."j:,n+ate!JU~-'of-Wa" 
and program■, ·aa·wi•U a'a·~tc· pl"~e,:•ebmp-..~ etc.: -'rh.; · 
two drum• an ueed'for tem,.•rr-•ton.11·1il MtM, pl'•~:••t 
h&Y'e to be rttO'Ved' ~ of •• cor• 1:n~ ,o .. mae:'HOdt•'M ••r' 
program•. Thue, in-We r-.illped•~tu• .. • .. NW9l••arl tbe · 

core memory. Drum• wff&ffajl-e'Jii r~-- •••if~-ili , · 
fa1ter ·w1u be aubnltutttd M tbe -~fltif ~ ta tate·..-r fatllre. · · 

The tr••mt.•ion coittrc,J. udt '.'(18Wf790. c••* ot·• 'do1'.e4-
program computet' 'Wtwch •ervea .,., asl' hih'rfac•··~ ... •Ultll · 

data ch~ ai,,.d 1lp to 112 c:c,mmualcatlon fefthtaat•' ~•,of ' .: 

telep-aph-r-ate· oper&floa ,appnx1••i;,;1tct,1tft•il"lY'~fkOllidf-. .An.· 

appropriate n~r oftli• ...... .w.Aftl•an ~---ltnew -
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to the M.I. T. private branch exchan,ge and to the TWX and TELEX 

networks. Higher rate terminals can be readily substituted for groups 

of these low-rate terminals; for instance, on the present MAC System, 

three 1200-bit---per-second terminals are installed, one of which pro­

vides the comm"1llication chann~l to the PDP-1 computer. All of these '; 

terminals are compatible with Bell System Data-Phone.data sets. 

Part of the core m~mory of the transmission control unit is used as 

an output buffer, because the superviso:i;:y program and its necessary 

buffer space haye grown in size to the point of occupying the whole 

of the A bank of core memory. The design intent was and still is to 

provide sufficient input-output l;>uff0ir space in the main memory to 

eliminate unnecessary core-to-core tran•fers; the present mode of 

operation is a makeshift made neces•ary by equipment limiiatio.ns. 

The Dl gital Equipment Corporation1s PDJ)-,1 COQlputer is not an 

integral part of the MAC Tirne•Sharing Syste.m, -exc-ept when con­

nected to it as indicated above. It was acqu_ired to permit early 

experimentation with light .. pen interaction with a display, and for 

other very high speed interaction work. It includes a 16, 000-word. 

core m,mo.y, M.ici-.otapes. a high-ape-ed ~.,uiel, and a .scope dis­

play with character generatoi- and.light.pen.. It will be replaced by a 

PDP-6 computer in the near. future .. 

OPERATING PROGRAM 

The operating_ program of the M,AC Computer System is a direct 

descendant of the Compatible Time-~arina System (C'I'SS) developed 

by the M.I. T. C"mputation Center, and described in the mannual
2 

published in July 1963. Many parts of the operating program have 

since been rewritten to facilitate sy•tem m~ate~e. and various 

facilities have been added that had been described in the manual but 

had not then been implemented. F~therm.ore, Jt now includes 

various user-developed featu:i:ies such a11 the 1-0 aclapter for the 

display system descriped in th~ preceding aection, compilers for 

various new languages, and other programming aids. 

The heart of the MAC System is the supervisory program which 

resides at all times in the A bank of core memory. Thi• progra.J;n 

handles the co~m"1Bication with all the terminals, .. acbedules the 
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login tl93 fano 
W 1036.4 
PASSWORD 

PARTY LINE BUSY, STANDBY LINE HAS BEEN ASSIGNED 
T0193 2859 LOGGED IN 06/09 /64 1036.7 
CTSS BEING USED IS MACUSK 

SHIFT MINUTES 
ALLOTTED USED SINCE 06/09/64 1036.7 

1 100 o.o 
2 100 o.o 
3 100 o.o 
4 100 o.o 

LAST LOGOUT WAS 06/09/64 1036.7 
TRACK QUOTA• P, 500 Q. 0041 TRACKS USED. 
R s.sso+1.ooo 

Fig. 2a Print Out of Demonstration Session - Part a 
Input 
W 1038.3 
00010 
00020 
00030 
00040 
00050 
00060 
00070 
00080 
00090 
00100 
00110 
00120 
00130 
00140 1 oopb 
00150 
00160 
00170 
00180 
00190 
00200 
00210 
00220 
00230 

MAN. delete,100 
MAN. delete,160 

print format text,$$ 
print format text, $type range nl. to n2. on 2 lines$ 
reat"d format b,fnl 
read format b, fn2 
nl•fnl 
n2•fn2 
print format text,$prlmes are$ 
throuch loopb, for n•nl,1,n.g.n2 
whenebe n.l.3?whenev? whenever n,1.3, transfer to print 
throught loopa,for 1•2,l,l,g.(n/1) 
throu&h loopa,for 1•2,l,l,g,(n/1) 
"loopa whenever (n-(n/1)•1).e,O,transfer to loopb 
print format a,n 
continue 
print format text,$range finished$ 
execute exit 
execute dormant"""nt, 
vector values a•$Cl8)$ 
vector values b•$(f20,8)$ 
Integer n,1,? vector values text•$(12a6)$ 
Integer n,1,nl,n2 
end of program 

MAN. file prime mad 
-.., 1057.6 
R .800+3.616 

mad prime 
W 1058.4 

THE FOLLOWING NAMES HAVE OCCURRED ONLY ONCE IN THIS PROGRAM AND ARE ALL 
ASSIGNED TO THE SAME LOCATION. COMPILATION WILL CONTINUE, 

PRINT 

ERROR 02051 IN PART3, CARD NO. 00090 
INVALID MODE FOR SOME OPERAND IN PRECEDING STATEMENT 

NO TRANS LA Tl ON, 
R .&00+,833 

edit prime mad 
W 1059.2 
00230 

MAN. 130 print print format • ll"""a,n 
MAN. file prime mad 

W 1101.1 
R 1,066+1.200 

Fig. 2b Print Out of Demonstration Session - Part b 
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time sharing of the central processor on the part of active programs, 

moves these programs in and out of core memory, and performs a 

variety of bookkeeping functions neceasary to protect user•' file• and 

to maintain deta).led accounting of the system usage. The services 

that the system can provide are organized in the form of commands, 

that is, instructions that system user• can give to the ayatem. The 

programs corresponding to the command• are permanently stored in 

the disc files; when a command is issued, a copy of the corresponding 

program ia made, loaded, azul'execut•d just a• if it wel'e a user's 

program. The language facilitie1 available in the •y•tem include 

F'AP, MAD, MADTRAN.(a translator of FOllTR.AJq into MAD), 

COMIT, LISP, SNOBOL, a limited version of ALGOL, on-line, 

extended veraions of SLIP and GPSS, and two· problem-oriented 

languages for Civil Engineering named COGO and STB.ESS. 

'l;he syatem is rapidly evolving througb the amli.Uon of new 
' :1-

language facilities and other utility program• ae.cl programming aid•. i· 
.'. J,.I. 

The operating program itself i• now bein1 raocllfie4 by syatem -pro- ~; 

grammer• working on line, and modifieatioae are ocea•ionally intro­

duced without even interl'upting the operu#.4- ,ot. tJa.. •ystem. The 

entire system, exclusive of usere 1 files, ind.wiea '.•pproxlmately 

1/2 million words of code, of which a little mo•e than 50 thousand 

were specifically written for the system, and the rest are adaptation■ 

and modifications of compilers and other programming ai:4■ de1reloped 

at M.l. T. and elsewhere. 

Some of the basic services available from the system are illustrat­

ed in the six parts of Fig. 2 which represent a complete record of a 

demonstration seuion held on June 9, 1964 between 10:36 and 11 :39 

A.M. The total computer time ueedwaa 1.3 ~nutes. The author'• 

typing appears in lower case letters, and the computer's replies are 

in capital letters. All digits represent computer replies except those 

intermixed with lower case text, and the two lines following "typ$ 

range nl. nZ. etc ... " in Fig. Z(d). Each commanti is immediately 

acknowledged by the computer with a character W, followed by the 

time of the day in which the first two digits are hour•, the next 

two are minutes, and the one following the period indicate• tenth• of 

a minute. The end of an interaction is indicated by the letter R, 
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followed by the sum of the two numbers indica,ting the total.,number 

of seconds of computer time used during the whole interaction. The 

first of the two numbers indicates the processing time, and the 

second represents the time wasted in swapping programs back and 

forth between core memory and drum. 

The session was started by issuing the login command, followed 

by the author's problem number and name. The computer then asked 

for his password, which is not recorded because the printing mecha­

nism of the typewriter is automatically disconnected while the pass­

word is typed. All the lines assigned.to the author's user group were 

already in use. Therefore, a stand-by line was assigned because the 

total number of lines in use was less than 24. This condition intro­

duced the possibility of an automatic logout of the author's problem. 

The rest of Fig. Z(a) contains various information, including the 

allotment of computer time in minutes which had been made that very 

morning, and of which none had yet been uJed. 

Figures 2.(b) and 2.(c) illustrate s~ of the facilities for writing, 

editing, filing, and compiling programs and for retrieving and printing 

ilad prime 
,., 1105. If 
:LENGTH 00205,',T.v. SIZE 00005, ENTR,Y 00043 
·~ 2.400+1.000 

prlntf prime mad 
W 1106.0 
00010 
00020 
00030 
OOOIJO 
00050 
00060 
00070 
00080 
00090 
00110 
00120 LOOPA 
00130 PRINT 
OOlltO LOOPS 
00150 
00170 
00110 
00190 
00200 
00210 
00220 
R .ltl&+l.016 

PRINT FORMAT TEXT,$ $. · 
PRINT FORMAT TEXT, $TYPE RANGE Nl. TO N2. ON 2 LINES$ 
READ FORMAT B,FNl 
READ FORMAT B, FN2 
Nl•FNl 
N2•FN2 
PRINT FORMAT TEXT,$PRtME$ ARE$ 
THROUGH LOOPS, FOR N•ll1,l'1 tl.G.N2 
WHENEVER N.~.3, TRAN8Fl« TO PRINT 
THROUGH LOOPA,FOR 1.•lt,1,,t.G.(N/1) 
WHENEVER (N-(N/1)•1).i~O:,tRANSFER TO LOOPB-
PRI NT FORMAT A,N .. 
CONTINUE 
PRINT FORMAT TEXT,tRMtGI FfNISHED$ 
EXECUTE DORMNT. 
VECTOR VALUES A•$U&l$ 
VECTOR VALUES B•$(f'20.0'$ 
VECTOR VALUES TEXT..it( UAIU 
INTEGER. N,1,Nl,N2 
END OF PROGRAM 

Fig. 2c Print Out of Demonstration Session - Port c 
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private files. The input command cauaee the computer to type out 

successive line numbers as each statement of the program is written. 

The program in Fig. Z(b), a corrected vereion of which is printed out 

in Fig. Z(c), can be used to compute prime .numbere u illustrated in 

Fig. Z(d). The program is written in the MAI> langu&:ge. Some of the 

load prime 
W 1111.1 
R 3.100+1.200 

save prime 
W 1111.4 
R .866+.600 

llstf prime saved 
\-I 1111. 7 

6/09/&IJ PRIME 
R .650+1.416 

reswne prime 
W 1112.0 
I EXECUTION. 

$AVEO p 

TYPE RANGE Nl. TO N2. ON 2 LINES 
1000000. 
1001000. 
PRIMES. ARE 

1000003 
1000033 
1000037 
1000059 
1000081 
1000099 
1000117 
1000121 
lOOOlJJ 
1000151 
1001159 
1000171 
1000183 
1000187 
1000193 
10401,99 
1000211 
1000- QUIT, 

R 8.400+2~216 

Fig. 2d Print Out of Demonstration Senion - Part d 

17 
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typing errors in Fig. 2(b) were intentional, others accidental. The 

quotation mark erases the preceding character and itself; thus, two 

successive quotation marks erase the preceding two characters. The 

question mark erases the entire line up to that point. Each line is 

terminated by giving a carriage return. A carriage return (i.e., 

entering a null line) is also used to enter the manual mode of input, 

as illustrated in line 230. In the manual mode, preceding lines can 

be deleted or corrected by issuing appropriate commands. After 

the deletion of two superfluous lines, the program was filed under 

the name Prime Mad as part of the .author's private file. 

Next, the mad command was issued to cause the program to be 

compiled by the MAD translator. The first attempt at compilation 

failed because of an error for which a diagnostic was printed. The 

error consisted of the omission of the word print in line 130. The 

edit command was then used to reopen the program file, the error 

was corrected in the manual mode, and the program was refiled 

under the same name. The second attempt to compile the program 

was successful, as indicated in Fig. 2(c), and the corrected program 

was then printed out using the print£ command. 

The binary version of the PRIME program was then loaded 

(together with the necessary library subroutines) by use of the load 

command, and the resulting core image and machine state were 

recorded by use of the~ command. The latter command created 

a new file named PRIME SAVED, as indicated by the system reply 

to the command list£ prime saved. The program was then started by 

issuing the command resume prime. It could also have been started 

by issuing the command~ prime instead of~ prime, or by 

loading and starting the program in one operation by means of the 

command loadgo prime. 

The PRIME program asked for the numbers Nl and NZ defining 

the desired range of prime numbers; the numbers 1,000,000 and 

l, 001, 000 were given. The typing out of the prime numbers was 

interrupted by pressing twice the break button on the Teletype, 

which resulted in the system's replying with the word QUIT. 

The command~ without arguments causes the system to list 

the contents of the user 1s own private file directory as illustrated in 



-12-

Fig. Z(e). There are four items with PRIME as first name: PRIME 

MAD, the original program shown in Fig. Z(c), PRIME BSS, its 

translation in machine language, PRIME MADTAB, a table (storage 

map) useful for debugging purposes and PRIME SAVED, the complete 

machine state after loading the program. The item named PRIMES 

MAD is a slightly different version of PRIME MAD. 

Items are deleted from the file by issuing the delete command 

followed by the names of the items, as shown also in Fig. Z(e). The 

1 lstf 
w 1111.s 

10 FILES 
DATE ,,o,, &It 
6/0J/6' 
6/09/61t 
6/09/&lt 
6/08/&lt 
6/01/&lt 
6/05/llt 
5/12/61t 
5/12/llt 
5/01/61t 

R .&1&+.aoo 

ol TRACKS USED 
NAME MODE 

PRIME SAYED P 
PRtME .BIS P 
PRIME MADTAB P 
PRIME MAD P 
MONOlt SAVED P 

PRIMES MAD P 
FILTER SAVED P 

G$UBA. ass P 
SCANA BSS P 
SCANT ass p 

NO, TRACKS 
17 

1 
1 
1· 

12 
1 

19 
J 
J 
2 

delete prime saved prime bss prime madtab prl.-• med monOlt saved 
W 1122.9 
R 3,200+.IJOO 

delete •bss""" bss 
W 1123. 7 
R 1.666+.200 

llstf 
W 1123. 9 

2 FILES 
DATE 

6/09/&lt 
6/05/&lt 

R .616+.616 

-21 TRACKS USED 
NAME MODE 

PRIME MAD P 
FILTER SAVED P 

NO. TRACKS 
1 

19 

Fig. 2e Print Out Qf Demonstration Seuion - Part e 

command delete, with an arugment consisting of an asterisk followed 

by a space followed by a name, causes all items with the stated 

name as second name to be deleted. The result 'of issuing the two 

delete commands in Fig. Z(e) was the elimination from the file of all 
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items except PRIME MAD and FILTER SAVED, as indicated in the 

following printout of the file directory. 

A program for monitoring the system operation, by the name 

of MON04 SAVED, is available in the public file accessible to all 

system users. This program must first be copied into one's own 

private file by means of the ~.f command, a■ ■bown in Fig. 2(£). 

copy p mon04 saved 
W 1125.9 
fR 2.616+.400 

resume mon04 1 
W 1126.1 

CTSS UP AT 

NUSERS• 22 
29.7 29.7 
46.6 46.6 
17.6 17.& 

902.8 06/09/64. 

6.2 .... 2 · 
15.5 15.5 
6.6 6.6 
3.9 3.9 · 

NUSERS• 23 
11.a 29.1 
43.6 . 46.5 
27.3 17.7 
9.3 &.2 

25.5 15.6 
10.3 6.7 
5.5 3.9 

QUIT, 
R .000+2.616 

TIME• 1126.2 
BACKGRQUHD 1 
FOR~GROUND, 
SWAP TtME, 
·LOAD TU4~ 
USER .WAIT1 
SWAP WAIT 
t.OAD WAIT 

TIME• 112 .2 
BACK& 
FOUGllO -, 
SWA, TU4£ 
LOAD TIM 
US.U WM·t 
sw., ~.,,. 
Uf.AD WAIT 

delete mon04 saved 
W 1127.9 
R l.000+.400 

logout 
W 1138.9 
T019J 2859 LOGGED OUT 
TOTAL TIME USED• 

1139.1 

Fig. 2f Print Out of O,e,nc:>nf11rat·Jon Session • Part f 



r 

-14-

Since this program is stored as a record of a previous machine state, 

it is started by issuing the resume command. A second argument in 

the command (the digit 1) causes the program to be run at I-minute 

intervals. At time 1126.Z there were 22 active users; 1 minute later 

there were 23. The other !igures are percentaaes of the computer 

time devoted to various operations. FOREGROUND refers to the 

computer time devoted to running programs requested by on-line 

users. BACKGROUND refers to computer time available for running 

normal batch processing, which takes ·place autcimatically when no 

service is requested by on-line users. SWAP .TIME ht the processor 

time wasted in moving a program from core memory to drums and 

vice versa. LOAD TIME is the processor time devoteq to loading 

programs from the disc files into coi-e memory. The first four 

figures in each table add to 100 percent (or approximately 10). The 

last three figures refer to the times in which the procee•dr is totally 

idle while input-output operatioris are taking place. ~e USER W AlT 

is part of the foreground, and it is already included in~ FOREGROUND 

figure. Similarly, SWAP WAIT and LO.AD WAIT are already included 

· in SW AP TIME and LOAD TIME. T~ figures in the aecond column 

of each table are percentages evaluated fJ:om.the tirne .at which the 

system was last placed in operation; fo-r exa.n:a.ple, 902. 8 in Fig. Z(f). 

The figures in the first column. are percentage-, over t:lle last 1 minute 

interval; in the first table they are identical to those in the second 

column. 

After the monitor program was deleted from the file, the 

session was terminated by issuin~ the loiout command. ·The session 

lasted approximately I hour, and was interrupted by two telephone 

calls lasting for a total of approximately 15 mh1ute·s. · The total 

computer time used-swap and load time included- wu-1.3 minutes. 
' . ,- . " 

The record of the demonstration session illustratee a few of the 

most basic commands of the MAC System. The total number of 

commands available to all users is, at present, 68. Thi ■ number ..... 
is. continually increasing as new facilities. developed by users as 

well as by the system programmers, are added to the. eyetem. In 

addition, a variety of programs of lesser general interest are avail­

able in the public file, from which they can be copied into private 
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files. Thia 11ame public file i ■ also ueed to fa.cilitate the transfer 

of programs and. data. between ayatern u•era .. ,,AmQD.I ta•·•pe-eial 

facilitie• availa.ble for operation of tbe dbplay sy9'te1J¼:&J"• provisioas 

for ditplaying telct, for drawing on the• •c,:eea, an.cl for rotating three­

dimensional 0bjecta. The public part of the sy•te~ can.iats at pre­

sent of-appr-cxdmately 1/z million.wortla of c.e>de. TJ.e,l.J.sea·•' private 

files barely fit into the two disc storage units who•• .tOMl.i•capacity 

ie 18 million words. 

OPERATING EXPERIENCE 

T_he MAC System baa been operating in ro\\ply.i .. t• pre•eat form 

since the middle of November,. 1963. It i• Jt.QW -in ~r~ioa.24 h.oure 

a day, 7 day• a week. Maintenance. <lite cimnpl,ng a.4 leading, Gd 

occaaional non-time-sharing operation -r~11be app~m6Wy 4: h<Nr.s 

per day.. The -on-Une use of the. ayatem ha.•' at.adily iaCffl&.Hd. •il'C.e 

November ~-April;.· tbe total num'be-r Qf c.on,.pukr, hoJU"lc chu3ed to: 

on-lll)ie user., (~ B\UQ. of .the number• pJ'la&eA. QUt by,tlt•- •ynem OD 

completion ()f each. c~ wu 3H ia A~l qfi-.i97.ift W.y. In 

~er word1, ti,.e computer U,m.e devok-<l to Hrviagi;cm-lille, uett• 
y . 

-rounted to -.,pproximately 4Z. percem Qi.total clock;llouu. The 

'ti,ckg,:ound PJe ii n~t included in the•• fi~••• Tl:\e total n~l>er: of ...... . ' . . 

u?er-hours bet,veen login'• and logoW:'• _wr•• out to.~ -.pproadrnately 

l7 time•. the number of computer houri und., 

The ayetem is u•ually fully lo•o.d (24 o~-:-1~ u111er•~- during the 

day, and almost fully loaded in the evento-' qatU mi~~,and 1ome• 

time• later. The •y•tem is very s-1dom idle even in th• ••rly 

morning hour,. 

Facilitie• for detailed monitoring of syetem ~,r,a~ have 

become avai.lable only very recently. &l\d the~~9i;~t ~9: ~~ble 

data can be preaemed at this time._ It m~,•t ~,.,.tr, .. 11-.d.J~,thi• 
regard that it is far from obvious wha,t m._•~•~~t._ .y,QUJ.d pl'ovide . . ' .... , ,.,_. ,,( 

a useful. characterization of the ayapteQi JMtrfor~u~c;~4-~ view, of the 
many variable• involved~ and of the complexity(,){- th~~ ipt.erac::tions. 

Furthermore, the frequency and character of u.-r r~1,1~•t• va.ry 

with time, they are highly unpredic~le, an4 otcour~ ~~ot and 

should not be restricted or controlled.in any r,a.U.•.ti£-:,qiea,urement 

of sy11tem performance. 

\ 
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The performance figure of greatest interest to the user is the 

response time (the time interval between the issue of a requeat and 

the completion on the part of the computer of- the· requeated tuk) as 

a function of the bare running time of the correapoftdUig p:rog:.ram. 

The response time depends on the scheduli:ug algcwttmn employed by 

the system, as well as on the number- and charactu• •Of the request• 

issued by other users. 

The scheduling algorithm operates roughly as follows: Each 

user request is assigned an initial priority which depends only on the 

size of the program that must be run. The-hii}lest priority is 

assigned to the small•st'. programs. The )uplest priot-ity programs 

are allowed to nm for a maximum,'of. 4 seconde befoA being inter­

rupted, whereas lower priority progi',arrts are al101Nid to 'l'tln for 

longer intervabs 1mi.ch are multiples of 4. •econds. The' lower the 

priority, the loapr is th~ allowed intei'val. · If a program run is nor. 

completed within the allowed interval·, ,t,be program ta transferred 

from core memory to drlhn (the 08tate of the mac:himfbeing auto­

matically pre;served); and its pri6-rity'1ai~'hy l usut. 
The cu,rve• of ,ig. 3 illutJtrate-tMM!•ll~ittr-•of the wait- time and 

swap time as a- function•of-program. TWlfinHr·fo-r·~pterna SO";irords'_ 

long and Z5,"000 wards long. Thi ·•wa.p tf:mtr ia ~fr~d"to:r this purp~se 

as -the 'time spent in tranderring the pttSgraffl'i~t'YiEieh"'tlis'c' fil~ arid· 

drum on the one hand, and core rh~lfloty ~'th'e otlii:'r';·w~t· time' 

is the time during wblcll the COrrtJ)liter t~ '~rfb~fuing t .. alt~ that are 

not pertinent to that program. Obviously, t~· tdf:~:(r~•ppri'si'time . 

is the SUtli of' the bare run time (the abscis:aat ini'.J'"ig': 3), th~ swap' 

time, and the wait time. The points in Fig. 3 were obtained 'from 

measurements pet-formed by M~ Jo~·a, and th~ curves''a.:re rough 

interpolations betweeb. the p<>ints. ·Each pofo:t represents the 
average vahte,of' ,~ consecutive measurements, The' number of 

users during the'time that th~ meis\iretiienta'·wer~ being made 

varied frohl a law of 13 to :a high ·of 21; it was 'betwee:t1 17 and ZC> 

most of the time. -·• The scattering 6f the p6int~ in Fig: 3, fo·gether 

with the variability· of the number of user• wliile the measurements 

were being performed, should mak~,• e1ear th'~1•kind 'of a.ifficuities 

one faces in obtaining precise and a.ccurate measurements of system . 

performance. 



-17-

100 10 ,, , 
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0.1 0.2 0.5 2 5 10 20 50 100 

RUN TIME (SEC) 

Fig. 3 Behavior of Walt Time and Swap Time as functions of Run Time 

J It is clear from. Fig. 3 tb/a.t the swap time constitutes a large 

ov,erhead for short runs. The swap tim~ is defuled in this figure to 

include also the initial transfer of the program from disc file to 

core memory and the final transfer back into the dhc file; the two­

way transfer of 32,000 words between disc file and core memory 

takes approximately 4 seconds, and the same tranefer behlreen drum 

and core memory takes approximately Z seconds. The wait time 

increases less than linearly with run time, and, as expected, is 

not greatly affected by the size of the program. 

The .MAC computer installation has experienced a normal 

number of hardware failures. It should be realised however, that 

hardware failures are much harder to diapoH in a multiple-access. 

· system, because of the impOHibility of reproducing 1he machine 

conditions at the time of failure. Morecwer, the pr.obability 

distribution of machine states in a multiple~acces• operation is quite 

different from that in a batch-processing operation; therefore hard­

ware troubles that become apparent in the former mode of operation 
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often go unnoticed in the latter. Above all, it is often very difficult 

to determine whether a particular malfunctioning is the result of a 

hardware failure, a system-programming error, or even an error in 

the logical design of the machine. There is no doubt that multiple­

access systems present substantially more difficult maintenance 

problems than do conventional systems. 

The most delicate aspect of the operation of a multiple-access 

system of the MAC type is the responsibility assumed by the system 

managers with respect to the users' programs and data that are 

permanent! y stored in the disc files. Elaborate precautions must be 

ta:ken to protect the contents of the disc files against malfunctioning 

of the system, as well as against actions of individual users. The 

supervisory program restricts the access of each user to his own 

private file, and to public files which he can not modify. A full copy 

of the contents of the disc file is made twice a day to minimize the 

loss in case of malfunctioning. While losses of users' programs and 

data have occurred, their frequency and seriousness have not dis­

couraged users from entrusting their work to the system. 

The system users number a little more than 200, with 10 academic 

departments represented among them. Although most users have 

had previous experience in programming, there is a growing group 

of users who are working entirely with programs developed by others, 

or through high-level problem-oriented languages that enable them 

to communicate with the system in an English-like language appropriate 

to their professional field. B- l l 

Enthusiasm mixed with a great deal of frustration is the most 

common reaction to the system on the part of its users. The system 

was very quickly accepted as a daily working tool, particularly by 

computer specialists. This quick acceptance, however, was 

accompanied by the kind of impatience with failures and shortcomings 

that is characteristic of customers of a public utility. The capacity 

of the system is limited, and therefore users are often unable to log 

in because the system is already fully loaded. Furthermore the 

system may not be in operation because of equipment or programming 

failures, just when one is planning to use it. In other words, the 

system is iar from being as reliable and dependable as a utilitr 
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should be. Yet, the experience since last November has shown that 

it is perfectly feasible for a computer system to be the object of 

research and development for some people and, simultaneously, an 

effective working tool for others. System experimentation and use 

are not only compatible but mutually beneficial. 

It is becoming increasingly evident that the system• s ability to 

provide the equivalent accessibility of a private computer is only a 

secondary, although necessary, characteristic. What users find most 

helpful is the fact that the system places literally at their fingertips 

a great variety of services for writing, debugging and compiling pro­

grams, and facilities for working on problems in their own fields 

through appropriate problem-oriented languages. 

The system users themselves are beginning to contribute to the 

system in a substantial way by "publishing" their work in the form of 

new commands. As a matter of fact, an editorial board is being 

established to review such work and formally approve its inclusion 

in the- system. Thus, the system is beginning to become the repository 

0£ the procedural and data knowledge of the community that it serves. 

A corollary of this trend is, of course, the increasing difficulty that 

uaers find in ascertaining what .facilities of interest to.them are 

included in the system, In other words, the system is beginning 

to have the undesirable as well as the desirable characteristics of a 

library. 

SYSTEM TRENDS 

The organization of the MAC System appears to be at the thresh­

old between two basically different points of view on computer systems 

and their utilization. The traditional view is that of a processor serv­

ing one user at a time and executing programs in succession, with a 

negligible amount of interaction during execution with the user himself 

or any other part of the outside world. A corollary of this view is 

that the processor, the memory, and the peripheral equipment must 

be designed to fit the requirements of the "typical user" rather than the 

average requirements of users as a group. Thus, the system as a 

whole can be used efficiently only by specifically tailoring programs to 

its pecularities. 
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The present MAC System is still organized in a traditional 

manner in the sense that program•, whether public or private, are 

executed in succession as independent and indivisible entities. The 

fact that one program may be interrupted by a higher priority pro­

gram is irrelevant for the purpose• of the present d.hcuasion. For 

instance, the execution of a system command generates a copy of the 

corresponding program (stored in the disc file), which i• then run 

just as if it were a user program. Thu•, if aeveral uaer• are aimuf­

taneously compiling programs written in the same langu~ge, several 

copies of the same compiler are aimultaneoualy and independently 

shuttling baek and forth between core memory and drum. Another . 

consequence is that any interactive progr-am mu.•t be present in main 

memory in ita entirety when data or instruction• are needed from the 

user, even though the presence of one or two of it• aubroutine s may .be 

sufficient to accomplish the interaction. 

A further and very serious aspect of the preaent 1node of opera..: 

tion ia that only one complete, executable user prograni can reside ,, 

in core memory at any one time. The im-plication h that the central 

proceHor must remain totally idle while a new prograni is being 

transferr.ed into core memory or while necea•ary input-output opera .. 

tions are taking place. The idle time ia very substantial in the 

present MAC System, as indicated by the WAIT peTcentages in 

Fig. Z(f). 

These system inadequacies are clearly the result of an organiza­

tion keyed to the traditional point of view of a central processor 

executing hide pendent program• orie at a time. Furthermore, the 

characteristics of the present equipment would preclude in practice, 

if not in principle, any substantially different system orgalri.zation. 

In order to overcome these limitations, one must appro·ach the 

system design problem from a point of view conliiderably different 

from the traditional one. lZ, 13 We observe in this regard that even 

the term "time-sharing" is inappropriate and. somewhat mi.fleading, 

because it emphasizes the necessary but aecondary·goa.l of providing 

the equivalent of a private computer. The term "multiple access" 

is also mislea~ng when it is applied to the central processor. The 

emphasis should instead be on the system ability to provide convenient 
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and flexible multiple access to an ever-changing structure of proce­

dures and data capable of interacting as parts af 1ii.1Jtinct processes. 

In other words, it is the •oftware structure that is important, and the 

hardware assumes the seco:ridary role of providinx convenient means 

for access to it. 

If the sy•tem goal is to provide convenien-ce of access to auch a 

software structure, one is naturally led to view the systetn itself as 

memory centered rather than proces•or centered. Furthermore, the 

memory that forms the heart of the system would be not the main 

core memory, but the bulk memory, coaaisting of di1c files or 
similar devices in which the ~rocedures and data are normally stored. 

The main memory would play, instead, the role of·a. gi-ant buffer match­

ing the relatively low transfer rate of the bullt memory to ,the fast 

processing rate of procenors a.Ad input-output channell. When the 

system is looked at fr.om this poiltt of view, it aesurnes the appear­

ance more of a measage-store-and-forward communication system. 

than of a traditional computer system. Indeed, the smooth flow of 

m"sages ia of paramount importance to •fficaent operation; thus, 

the?major function of the superviaory prograM i• to ergani:se the 

tr~efer of message• (procedures, data,. a• well a■ ihput-output 

meaaagea) in such a way ae to a.void unneceaaarily lon-g queues, and 

to ineure efficient utilization of the available equipment. 

It ia also clear that .a computer ayaten'). intende4 to serve a large 

number of people simultaneously must be organized so that it will 

avoid any unnecessary duplication of information in either main or 

bulk memory, and unnecessary transfers between the two. This 

statement implies that procedures and data muat be executable as 

common parts of proceeaes that have been eimultaneO\lsly and 

independently initiated by different user.a. It also implie• the 

possibility of executing proces11ea involving several aubroutines in 

such a manner that only the neceaaary su.bs'outine• are in core 

memory at any given time. The program segmentation acheme 

advocated by J.B. Dennis is keyed to theae objectives .. 13 

A corollary to this view of a compuWr ay.stem ia the functional 

subdivision of the hardware into pool• o.f equipment serving the same 

function, with each piece ·of equipment being, duplicated to:meet the 

average system demand. The point here is that, if the objective of 
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the system is to provide convenient accesa to the procedures and 

data stored in the bulk memory, enoug)l. equipment must be provided to 

perform the necessary £unctions, so that a bottleneck in one part of 

the system will not prevent the full utilization of other parts. The 

equipment itself can then be designed to mat.ch t)le _average demand of 

users as a group, rather than the requirements of the "typical users". 

Furthermore, if each piece of equipment is duplicated within the 

system, one can envision the achiev•ment thi-ou.gh on-line maintenance 

of a level of reliability and continuity of operatioP. tha.t is unthinkable 

for the present MAC System. 

In conclusion, the experience with the present MAC System 

suggests a trend toward memory-centered.. as opposed to processor­

centered, systems, including pools of .b~ memories, core memortes, 

central processors, and input-output channels, all communicating 

with one another, with the core memorie• actia1 ae buffers. On th~. 

software side, the trend seems to be in the .dh:ection of executing 

processes that consists of many subJ'outine-a and 4ata etructures 

which are never aaaembled into a ei.llgle P~oSl'c«tn-. and some of which 

may be common to other independent processes: sin,ultaneoualy in 

execution. This view of computer sye~ma ia·.i.udeed very different 

from the traditional one. Ita implications are far from clear. Their 

exploration is a major objec~ive in the dev.J.opment of the-next MAC 

System. 

ACKNOWLEDGEMENTS 

This paper reports on the accompliahmellts and ideas of a great 

many people associated with Project MAC, far too -many to list 

them individually. However, special credit is ·due to Professor 

J. F. Corbato, Deputy Director of the M.I. T. Computation Center, 

and to his staff who developed the Compatible Time-Sharing System, 

and who are mainly responaible £or its evolution into the p.resent 

MAC System. It is a pleasure to be their spokesman, a: pleasuTe 

mixed with fear of having failed to do full ju:st,ice to their work. 

The successful operation of a computez:. ·utility during it• first 

year of existence is an accomplishment of which all those 'concerned 

with the system management and maintenance tan. be rightly proud. 



-23-

Their devotion to the goal of continuous operation has often extended 

far above and beyond the call of duty. 

The financial support of the Advanced Research Projects Agency 

of the Department of Defense, and the managerial support of the 

Office of Naval Research are gratefully acknowledged. Their con­

fidence and interest in Project MAC are a constant source of 

encouragement. In particular, I wish to express my personal grati­

tude to Dr. J.C. R. Licklider whose technical vision and contagious 

enthusiasm as Assistant Director of ARPA were responsible for the 

initiation of Project MAC. 

Finally, I wish to express my gratitude to the I. B.M. Corpora­

tion, and in particular to Mr. Loren Bullock, its long-time repre­

sentative at M. I. T., for their helpful cooperation in planning and 

implementing equipment modifications to meet the special needs of 

the MAC System. I am similarly grateful to the New England 

Telephone and Telegraph Company for its help and cooperation in 

engineering the Teletype network in the MAC System. 

REFERENCES 

1. J. McCarthy, "Time-Sharing Computer Systems, 11 Management 
and the Computer of the Future, (Edited by M. Greenberger). 
221-236, The M.I. T. Press, Cambridge, Mass. (1962). 

2. The Com atible Time-Shari 
amputation ridge, 

Mass. (1963). 

3. F.J. Corbato, M.M. Daggett andR.C. Daley, 11 An Experi­
mental Time -Sharing System, 11 AFIPS Conference Proceedings, 
Vol. 21, 335-344, (1962}. 

4. S. Boilen, E. Fredkin, J .C.R. Licklider, and J. McCarthy, 
1A Time-Sharing Debugging System for a Small Computer, 11 

AFIPS Conference Proceedings, Vol. 23, 51-57, (1963). 

5. J. Schwartz, 11 A Gen.eral-Purpose Time-Sharing System, 11 

AFIPS Conference Proceedings, Vol. 25, 397-411, (1964). 

6. J.B. Dennis, 11 A Multiuser Computation Facility for Education 
and Research, 11 Communications of the ACM, Vol. 7, 521-529, 
Sept. 1964. 

7. R. Stotz, "Man-Machine Console Facilities for Computer-Aided 
Design, 11 AFIPS Conference Proceedings, Vol. 23, 323-328, (1963). 



-24-

8. D. T. Ross and C. G Feldman, "Verbal and Graphical Language 
for the AED System: A Progress Report, 11 Technical Report 
MAC-TR-4, M.I.T., 1964. 

9 J.M. Bigg~ and R.D. Logcher, "Stress: A Problem-Oriented 
Language for Structural Engineering," Technical Report 
MAC-TR-6, M I.T., 1964. 

10. J. Weizenbaurn, ''OPL-1: An Open-Ended Programming System 
WithinCTSS," TechnicalReportMAC-TR-7, M.I.T., 1964. 

11. M. Greenberger, ''The OPS-1 Manual, 11 Technical Report 
MAC - TR- 8, M . I. T. , 1 964. 

12. F. J. Corbato, "Systern Requirernents for Time-Shared Computers," 
Technical Report MAC-TR-3, M.I. T., 1964. 

13. J.B. Dennis, ''Program Structure in a Multi-Access Computer, 11 

Technical Report MAC-TR-11, M.I.T., 1964. 


