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Bob Bemer Softwarae, Inc.

1983 July 16

Prof. Donald Knuth
Stanford University
Stanford, CA 94305

Dear Don:

I was going to copy pages 104 and 105 of the enclosed journal for
the references on timesharing. Then I remembered you are inter-
ested in "firsts" in computers, so you get the whole issue, be-
cause it is the world's first journal/magazine published with its
microfiche version as an integral (also free) part.

It has other curiosities, such as my personal view of COBOL his~
tory. When I wrote it, I did not remember who had coined the
term "COBOL" (p. 132). At the COBOL Pioneer's Day of a recent NCC
we all had the chance to recount one anecdote. Grace Hopper's was
about the time I coined "COBOL", while saying it had a nice round
sound, accompanied by hand movements depicting a woman's body. So
long ago I did not even remember it, but the actions were typical
of me at the time.

Also enclosed =—— a copy of my article in AUTOMATIC CONTROL. I can
find no internal documents or IBM memos about it, although there
must have been at least discussion. There was Little clearance
control for publishing then, and De Carlo trusted me (although a
Franz <somebody> suggested to him that I should be fired for it,
as such a thing would be against IBM policy). The New Yorker re-
print (2 months earlier) mentions a "community computer”, so I
must have been promoting the concept for some time. Interesting
that the letter from Grace says nothing about that aspect.

I also enclose copies of correspondence with the Scientific Amer-
ican (which the Honeywell Computer Journal once bested in a
Printing Industries of America competition). I would have to say
that my claim, if it holds, might be primarily for the concept of
"commercial" timesharing. The utility, where services are sold to
a party that does not run the computer. Not the concept of mul-
tiprogramming. The Dodds response was the only one received from
my request for earlier papers, and doesn't seem to fit very well.

2 Moon Mountain Trail Phoenix, Arizona 85023 (602) 942-1360




I remember that you asked, by telephone, for any other material
suitable to your project. ALl my files on ASCII, FORTRAN, COBOL,
etc. are at the Smithsonian. But I have saved a few tidbits. The
CV is provided for time framework. It is fun to see how many of
my interests paralleled yours.
L]

Typography, for instance. My 1969 Apr memo to John McPherson got
nowhere. Mel Shader admits he made a mistake. But it kept my in-
terest high enough to persuade Charlie DeCarlo to fund Mike Bar-
nett's work on SHADOW at M.I.T., which eventually led to PAGE I
and the clipping overlaid on my copy. The voice recognition part
took only 20 years to come true!

And polynomials. At the 1965 ACM Conference I was sitting with
Dick Hamming when Householder walked in. Hamming asked "anything
earthshaking in there today?" Alston replied "No, but Bemer here
caused a few tremors"”. My first paper in the computer business.

The exchange with Baer is thrown in to show that you were not the
only victim of my autocratic habits as an editor.

The data compression method is of some interest. It is mentioned
in Kahn's book "The Code Breakers". He assured me that the method
was quite secure. The interesting thing was that I seemed to have
found an extra 2 bits on Shannon. Neither he nor Brillouin ever
explained it. IBM never used it, but a British firm did, and RCA
much Llater.

Now to what I consider a more important concept than timesharing,
escape sequences (paper 17). The Skelly letter of nomination sums
the value, I think. The ISO document shows early effort to make
a registry. I tell my grandson that without my work he might not
be able to play PAC-MAN. Skelly has a printable database of all
of the registered uses of escape sequences, even unto the Chinese
set, which is a huge one. Would you like a copy?

Finally, a document to show another concept at its early stages.
I believe the ISO symbol will provide the unifying factor for all

encoded knowledge.
Cordially, /43045

R. W. Bemer
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An IBM ad in a New York paper which recruited for "research programmers for digital
computers" drew an unusual response. Miss Andy Logan, a reporter from the magazine,
THE NEW YORKER, came to World Headquarters to interview R. W. Bemer, Assistant
Manager of the Programming Research Department. Based on the interview, the write-up,
which is reprinted below, appeared in THE NEW YORKER of January 5th.

Chess to Come

By permission, copr. 1957 The New Yorker Magazine, Inc.

HE International Business Ma-

chines people ran an ad in the
Times a few weeks ago asking any
“research programmers for digital com-
puters” who . might be interested in
taking part in an “expanding research
effort in the development and auto-
matic translation of a multi-computer
language” to apply to Mr. R. W,

Bemer, assistant manager of the .B.M.

programming-research department.
The ad suggested that programmers in
related fields—language theory, logic,
topology, and the like—might also be
interested, and noted teasingly, “Those
who enjoy playing chess or solving
puzzles will find this work absorbing.”
Though we know practically nothing
about digital computers except what
we’ve seen of their fancy work on TV
on Election Nights, and though we had
never even heard of topology, we made
bold to apply to Mr. Bemer. Not that
we wanted a programming job, we
told him; we just wondered if anyone
else did. A fast-talking, sandy-haired
man of about thirty-five, Mr. Bemer
said that the ad, which was also run in
the Los Angeles Times and the Scien-
tific American, had brought a total of
seven responses, and that although this
might sound disappointing to us, I.B.M.
“considered it excellent. There
are some fifteen hundred digit-
al computersscattered through-
out the country (ninety per
cent of them built by I.B.M.),
and each of the larger models
requires from thirty to fifty
programmers—programimers
being the clever fellows who
figure out the proper form for
stating whatever problem a
machine is expected to solve.
“All told, there are probably
fifteen thousand trained pro-
grammers in the United
States,” Mr. Bemer said.
“They’re very well paid and
always in short supply, so we

didn’t expect many of them to
be mooning over ‘Help Want-
ed’ ads. Of the seven who an-
“swered us, we hope to take on
five in this department. The
sixth man really was interested
only in playing chess, and we
let him go back to his board.
The seventh man knew almost
nothing about computing, but
he had the kind of mind we
like, and will no doubt be hired
by some other department of the com-
pany. He has an 1.Q. of 2 hundred and
seventy-two, and taught himself to play
the piano when he was ten, working on
the assumption that the note F was E.
Claims he playced that way for years.
God knows what the neighbors went
through but you can see that it shows
a nice independent talent for the sys-
tematic translation of values.”

We expressed modest astomishment
that a profession we’d never heard of
should have as many as fifteen thousand
members. “Whole thing happened
overnight,”
soling voice. “I’ve been programming
for eight years now and I’m considered
an old man with a long beard.” Small
digital computers were used during the
war, and the first giant, Mark I, was
built by I.B.M. for Harvard in 1944.
The latest I.B.M. giant, completed in
1955, is twice as big as Mark I and
approximately fifty times as subtle. Since
giant computers cost a couple of mil-
hion dollars apiece to build and are qulck-
ly outmoded, I.B.M.’s usual practice is
not to sell them but to rent their elec-
tronic services by the month. (Rental
fees run from thirty thousand to fifty
thousand dollars a month.) Computers
are used by scientists, for working out
abstruse calculations that it would take
a man a lifetime, or many lifetimes, to
work out by himself, and also by com-
mercial enterprises. At the moment, the
best computer customers are airplane
manufacturers, who, in effect, can feed

Mr. Bemer said, in a con-"

the carrying capacity, fuel load, speed,
and maximum range of a pchctcd
plane into a computer and in a few
minutes’ time will be given back what
amounts to a complete design; more-
over, each item of the design, down to
the smallest rivet, can then be tested by
the computer for all imaginable stresses
and strains. Shipbuilders and bridge de-
signers use computers in the same
fashion. .

We asked Mr. Bemer about the mul-
ti-computer language referred to'in the
Times. He said that 1.B.M. has already
developed two synthetic languages for
its computers: Fortran, which is strictly
for scientific use, and Print I, which can
handle both scientific and commercial
information. By I.B.M.’s strict stand-
ards, both languages leave much to be
desired (what strikes us as miraculous is
mere irritating clumsiness to I.B.M.);
for example, though the point has been
reached where computers can translate
scientific data from Russian into English
at the rate of four or five sentences a
minute, the data requires pre-editing
and post-editing. “We’rz out to develop
a language that will let computers think
pretty much as we do—make ready use
of their stored memories and be capable
of free association,” Bemer said. “A
computer has been designed that plays
checkers and has beaten all comers
so far. Chess is still beyond it, but
won’t be for long. There’s no tell-
ing how many ticklish problems com-
puters will someday be able to solve. I
foresee the time when every major city
in the country will have its community
computer. Grocers, doctors, lawyers—
they will all throw problems to the com-

_puter and will all have their problems

solved. Some people fear that these ma-
chines will put them out of work. On
the contrary, they permit the human
mind to devote itself to what it can do
best. We will always be able to outthink
machines.” - Triumphantly, Bemer
turned a sign on his desk in our direc-

tion. It read, “REFLEXIONE.”
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&your ‘November issue and to read his
Iucid - account of the elements of the

Thad published in 1961.
The purpose of this letter is mainly to

call attention to a draftsman’s error that

originated in the second of three dia-
grams in Figure 5 of my paper (Astro-
hysical Journal, Vol. 133, pages 572—

o ~ 587, 1961) and that seems to have been

carried over to Figure 8 (g, b, ¢) of Liv-
ingston’s article (page 58). According to

“the theory, the twist of the submerged

magnetic-flax ropes should have at all
times predominantly one sign (that of
a right-hand screw) south of the sun’s

- equator, and vice versa; the twist should
not reverse where the flux rope breaks .

the surface and a bipolar magnetic re-
gion is formed, as in the diagram.
According to the model, the flux ropes
become twisted through the shearing or
overriding effect of the (supposedly)
shallow material of the equatorial belt
of the sun (the well-known “equatorial
acceleration”). This part of the theory
finds confirmation, as I pointed out in
my paper, in the finding of G. E. Hale

Scientific American, January, 1967; Vol. 216,
No. 1. Published monthly by Scientiic American,
Inc., 415 Madison Avenue, New York, N.Y. 10017;
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president; Donald H. Miller, Jr., vice-president
and treasurer.

Editorial corr d should be add d to
The Editors, bcu.Nnnc AMERICAN, 415 Madison
Avenue, New York, N.Y..10017. Manuscripts are
submitted at the author’s risk and will not be
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Subscripti d should be ad-
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ager, SciENTIFIC AMERICAN, 415 Madison Avenue,
New York, N.Y. 10017.

Ofiprint correspondence and orders should be
addressed to W, H. Freeman and Company,
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For each offprint ordered please enclore 20 cents.

Microfilm ecorrespondence and orders should
be addressed to Department SA, University Micro-
films, Ann Arbor, Mich. 48107,

Subscription rates: one year, $7; two years, $13;
three years, $18. These rates apply throughout
the world. Subscribers in the United Kingdom may
remit to Midland Bank Limited, 69 Pall Mall. Lon-
don SW 1, England, for the sccount of Scien-
tific American, Inc.: one year, two pounds 11
shillings: two years, four pounds 14 shillings;
three years, six pounds 10 shillings.

Cblnge of nddre-u plme notify us four weeks

tlable, kindly furnish
un address lmprlm from & recent lum Be sure to
give both old and new addresses, including ZIP-
code numbers, if any.

7 of the sun’s magpetic. cycle: that

paﬁty lof the 11-year sunspot cycle, and

. that the upposxte sense of spiraling pre-
vails in the Southern Hemisphere. Hale
{1927) showed that the prevailing sense

. of rotation of the chromospheric whirls

is as if the equatorial edge of the central
spot moves ahead in the direction of the
sun’s rotation. '

Perhaps I may also point out that sev-
eral features of the theory were devel-
oped as a result of extended observations
with the magnetograph by Harold D.
Babcock between 1952 and 1960. One
crucial finding was that bipolar mag-
netic regions on the sun’s surface are
compact and intense when first formed,
but that they disappear by expanding;
this, as was emphasized in 1961, neces-
sarily implies that the sun is continually
expelling magnetic-flux loops that ex-
pand outward into interplanetary space.

Horace W. BaBcock

Mount Wilson and Palomar
Observatories
Pasadena, Calif.

Sirs:

In the article “Time-sharing on Com-
puters,” by R. M. Fano and F. J. Cor-
bat6 [ SCIENTIFIC AMERICAX; September,
1966] it is stated that Christopher
Strachey first proposed a time-sharing
system in 1959. This implies a faster
development than actually occurred.

I have been unable to find a reference
earlier than my article in the March
1957 issue of Automatic Control, which
stated:

“One or several computers, much
larger than anything presently contem-
plated, could service a multitude of
users. They would no longer rent a com-
puter as such; instead they would rent
input-output equipment, although as far
as the operation will be concerned they
would not be able to tell the difference.
Using commutative methods, just as
motion pictures produce an image every
so often for apparent continuity, entire
plant operations might be controlled by
such super-speed computers. Few com-
puter manufacturers will deny the fea-
sibility, even today, of super-speed and
interleaved programs.”

There is another reference prior to

:‘j,,‘«have one or more. 'of these super com-

puters. The computers would handle a V

- number of problems concurrently. Or-
‘gamzatzons would have input-output
“equipment installed on their own prem-

ises and would buy time on the com-~
puter much the same way that the av-
erage household buys power and water
from utility companies.”

If any of your readers do know ear-
lier references, I would appreciate bemg
made aware of them.

R. W. BEMER

Computer Department
General Electric Campany
Phoenix, Ariz.

Sirs:

It has been brought to our attention
that our article entitled “Time-sharing
on Computers” in the September 1966
issue of Scientific American gave the in-
correct impression that the work at the
M.LT. Computation Center had its sole
root in the paper presented by Christo-
pher Strachey at the 1959 UNESCO
Congress. In fact, the idea of time-shar-
ing a large computer grew simultaneous-
ly and independently at the M.I.T. Com-
putation Center. The implementation of
a time-sharing system was proposed in
an internal memorandum by Professor
John McCarthy, dated January 1, 1959,
entitled “A Time-sharing Operator Pro-
gram for Our Projected IBM 709.” Stra-
chey’s paper is, to our knowledge, the
first formal publication that proposed
and discussed in substantial detail the
design of a general-purpose time-shar-
ing system. Of course, computers al-
ready had been time-shared for special
purposes, as in the SAGE air defense
system in the early 1950’s. General-pur-
pose systems, however, did present a
host of new, difficult problems. Thus
there is no question that Strachey’s pa-
per had a very significant effect on the
development of general-purpose time-
sharing systems at M.L.T. as well as else-
where.

R. M. Faro
F. ]. CorBATO

Massachusetts Institute
of Technology
Cambridge, Mass.







6800 INDIAN HEAD ROAD

IT.ORENZI, DODDS &z GUNNILL WASHINGTON,D.C. 20022

( 248-8520 AREA CODE 30!

March 28, 1967

Mr. R, W. Bemer
Computer Department
General Electric Co.
Phoenix, Arizona

Dear Mr. Bemer:

In response to your letter in the January, 1967, issue of
Scientific American, asking for early references to time-sharing
on computers, I would like to quote from a letter I wrote on
August 7, 1949, to 1BM, listing several of my inventions and
asking if they were interested:

"5, A system consisting of the following: one or more
input-output devices such as described in paragraph #2,
each conveying its information to a common location
distant from one or all of the input-output devices;
one or more devices which generate the electrical
impulses that convey information and that control the
various operations of the several devices; one or more
scanning or gating devices to segregate the information
originating from the several imput-output devices . . M

No effective reply was received, and the matter was dropped at

my end. 1 have no way of knowing if the matter was pursued further

at IBM as a result of my letter.

Sincerely,

1ZZzé;ﬁLX?77k4 E;;;ﬁf/sz7

Robert M. Dodds
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LA T|mes DeS|gns
Typese’r’rer Using

RCA 30] System

LOS ANGEL.F‘)S « An automalic
ty pesetting system utilizing an RCA
301 computer has been designed by
the Los Angeles Times in conjunc-
)™ Radio Corp. of America’s

J tion.
. ¢. .ic Data Processing d|\|

, Camden, N. JI.

A spokesman [or the Times said
a standard 301 computer is used,
ihut a special programming system
had to be designed to set the type.

The editorial staff will use IBM
electric typewriters with Soroband
tape punch attachments, he said.
1 The punched tape is fed into the
9 ') computer and the paper tape out-
| put from the computer is fed into
the Linotype machines, which have
a leletypesetter attachment.

| automatie insertion of a hyphen at

L ! has to be split.

_H

"" Mr. J. C McPherm

WHQ

; 'Lnruly I huvo bun pmda-lng mo‘ !hl mpocl'su\d poslb!lltlud

;;
y Through the specially developed |
4 | program, the computer puls out a
: “justified” lape (words are adjust-
“ ed to [it Lhe newspaper column), |
b

Also included in the program is a|
; hyphenation logie, which enables |

1lh{' end of a line when a wou‘l

Research and Enalnnﬂng

exponded character sefs. | am olcngm!lwqhts whldm aro
perhaps not pew bwmsglnb. nmmhwng. ;

-_- J“\ 'h!""_ .?r

"‘!

lfa cufﬂclent sat of ehamchm Is dvallablo (\u are mplu;mlm for

- 512in the 1AL), the use of computers for typesetting and lypwrtﬂng

becomes more feasible. For: {nstance,’ lmoainq the New York offices
of o large mmpq:«withdi typewriters connected buucmnqbly
powerful computer. A reporter or editor might concelvably type his eopy

.l' %

on one of these and have It completely edited for P.,bucgum md lypr' s
me by ﬁ'-mpuhr Thlawoutdcnbrm: FIg 4 i)

M s

“ Search of @ dlctionary for corroct lpclllng, cunplm l\o cll
principal parts of wur&;

Verification of corroct grma, poulbly slyle.

'+ Meke-up compadfion for ok line, verifying whether the over- .
flowing word can ln hyplwnhdg If , glvlnq lho camrct -

pamum:ng. T
After & ll‘m l’s comploto, rﬂgﬁlm h Offec! l’lght- o3 'l'tﬂ- ll 78
lﬁﬂ"lmﬁﬂcaﬂm. ks A i o hy

et

Typodmlwdpanlbltmmd-:llbd_lqm Py R
lnshcrt ollih-lunctlwefﬁ.pm&oudwmdﬁulwnmqﬂhﬁfj e
pu'fwm;d automatically and without error, Since the speed of the computer '
would probably be ml greater than that of the many typewriters connected, -
rather elabarate Intelligence could be built into the M?

program,.
olhor uvuilablu Hma eouldbo med for mﬂmlcnd bllllna ﬁncﬂnﬂl Ry
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om0 A MeSS Cu MePherson. [ 2 0 Aprdl 6, 1959
fﬂ 2N AT ‘lhl’lm princlple could be extended somewhat to local area where
’ iy alarge central computer could be used a3 a ublquitfous seeretary. :
%, " Given the capobility of understanding vocal phonetics ( a la Bell
21", telephone), the businessman could we a velce pickup the same way he
./ uses dictating equipment today. - The mojor difference Is that the fype-
_ writer ot his side Is being driven {with soma time lag) by the computor.
"7 Virtuolly colncldent with the completion of dictation, the finished,
' emer-free, pleasing, right= cnd left-|ustified letter is recdy to be malled.
y each passessor of such equipment would have @ code number so
. the computer could bill him periodically for proportionate usage. 3

LM 4
L L3 E
oo

4 lw thol ‘o modest lnveuﬂgcﬂan could be nderfoicin o b experi= fey "
T LT ment with programs of this class. | do not suggest that IBM do it but s b
1 rather that Dr. Shader might possibly let a research contract to o

‘university fu luoh a shdy. * &%
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. April 8, 1959 .

Memozandum to Mr. M. R. Keith

'tum“'w,w»n. w.‘
s Processing whith I hope you will pass on
A i:m-éotumrnnyﬁmrﬂm

a growp of applications, of which this one is a ;ood nuaph
 where computers may do elaberate manipulation of informa-
tion oa a routine basis in the future. *

Many of the ideas which will make this possidble
are being worked on today in a number of the universitics
{nterested in the programming aspects of electronic computers.

A review of these activities with a view toward

trying 10 formaulate a list of the information-analysing-type
potential applications might be useful at this time.

7

'
JCMcPiim John C, McPherson
Attachment

b cc:

Mr. R, W. Bemer

Lo gt




DPDHQ, White Plains
May 9, 1959

Memorandum to Mr. R. W. Bemer

Subject: «  Market for Autotypography ( tr ol W)

y ~
3

Reference: Your letter of April 6, 1959

While I believe that some of the ideas expressed in your memoran-
dum will be of value in the future;. 1 do not believe they will have

any immediate impact on the IBM preduct line. 1 do agree that some
of the packground work that would have fe-be done in order to carry
out this investigation would be profitable. If ‘you have 2 university
in mind which would be qualiﬂed to periorm such an-imvestigation,
and more importantly if you have an idea of who in 1BM would be

sble to fund it, 1 would be ilad to assist in such an investigation.
A\ <

M. A. Shader, Manager
Engineering and Sciences
Industry Marketing

MAS/bp
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_‘Mr. Robert-W. Bemer

‘White Plains, New York

ke

N : 9 March 62

IBM
112 East Post Road

R i

Dear Mr. Bemer:

s i

Do papers appear in the Communications of the ACM in the order in
which they are received? If not, what governs the order? What is
the backlog of papers?

-

Very truly yours,

Dr. Robert M. Baer
Member, ACM

62 March 12
Dear Dr. Baer:

Your letter hints that you have sent me a paper. 1Is this true?

R. W. Bemer
‘ 62 March 19
Dear Mr. Bemer:
As an Editor of the Communications of the ACM, you presumably are able
to consult your records to determine whether I have submitted a paper.,

as well as supply the information which I requested.

Your letter hints this might not be the case. Is this true?

Dr. Robert M. Baer
62 April 4
Dear Dr. Baer:
Unless you are convinced that you handed a paper to me personally, you
will have to consult the records of the U.S. Post Office Department,
not mine.
In answer to your questions:
1. Approximately

2. My whim and/or judgment
3. Today - 8.

R. W. Bemer

(And here the matter dropped)
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@© 1960 by International Business Machines Corporation

Here’s how the sample of digital shorthand corresponds
to words in the original message:

SAMPLE OF THE NEW

August-September 1960

Volume V Number 4

IBM

Data Processor

for managers of 18M installations

Digital Code Compresses Information

to Speed Data Communication

A coding scheme that may triple the
data-handling capacity of communica-
tion links was recently described by Bm,

It's a kind of “digital shorthand,”
using digital representation or symbols
for entire words or common phrases,
rather than character-by-character rep-
resentation. The code can compress lan-
guage and, to a lesser degree, numbers.
Fewer signals are needed to convey a
message.

[llustrated on the left and below is an
actual-size example of how digital short-
hand effects message compression on
five-channel teletype tape. Nearly twelve
inches of tape, represented in grey, were
required for the original message. Coded
in digital shorthand, the message occu-
pies about four inches of tape, repre-
sented in white in the illustration.

An 1M feasibility study indicates the

R L FJ QBEM...

DIGITAL . . .

application might be used in radio, wire
and cable systems, and satellite commu-
nications. Estimated savings in message
lengths: about 60 percent. This would
significantly reduce message transmis-
sion time and cost for some users of
long-distance communication systems.

The digital shorthand can be used
over existing transmission equipment, At
the sending point a computer-encoder
would compress the message by trans-
lating words into numbers. At the re-
ceiving end a companion unit would
convert the numbers back into words.
The new code is already programmed
for use on the 1M 7090, and work is go-
ing forward to program it for applica-
tion to other 1BmM equipment.

The coding scheme is an application
of the branch of mathematical science
called information theory.

Deviser oF THE NEw digital shorthand —
Robert W. Bemer, manager of IBM’s Logical
Systems Standards — points out that a Binary
number is substituted for each word. And the
system goes beyond conventional cryptography
because numbers are assigned on the basis of
usage frequency: most-used words get the smal-
lest numbers.

Binary Numbers are the most efficient repre-
sentation, not only in digital computing but also
in wire and radio Transmission.



Data Processor

under development:
Computer—directed Map

for Airborne Navigation

Pilots of supersonic craft may soon be
able to determine their location over the
earth by glancing at a screen on their
instrument panel,

An experimental system now under
refinement by 1BM engineers can project
a highly accurate circular map on a
screen. The screen is 714 inches in size;
the earth area projected on it is 400
miles in diameter—125,000 square miles.

Calculations to position the map on
the screen, and to pinpoint the pilot’s
location, are performed by an airborne
computer.

A detailed map of half of the earth

IBM ENGINEER with hemispherical glass map,
part of new air-navigation system

is reproduced photographically on the
inside surface of a glass hemisphere
about six inches in diameter. A section
of the map, illuminated by a beam of
light, is projected onto a flat, translucent
screen in front of the pilot. As the plane
moves, the computer automatically ad-
justs the map presentation.

voter registration:
Machine Assigns

Precinct Numbers

In Los Angeles County, which has a
voter population of more than three
million, an M raMac® 305 has helped
solve the problem of processing last-
minute registrations or re-registrations
of voters.

The machine assigns precinct num-
bers in an average of two seconds per
registration. Previously, registration per-
sonnel had to search for the informa-
tion on a master map containing 30,000
street names and 10,964 precinct num-
bers.

Ramac began operating in March at
the office of the registrar of voters—just
in time for the April deadline for regis-
tering in California’s June primary elec-
tion.

Cards punched with registrants’
names and addresses are fed into RAMAC;
the machine either assigns the correct
precinct number or rejects the card if it
is incorrectly made out. The cards then
go to an M 407 that prints sample
ballot address inserts, voters lists, etc.

jury panels:
Selection Procedures

Mechanized on Cards

In an effort to enlarge the New York
County jury panel, the Jurors’ Division
of the County Clerk’s Office has inno-
vated punched-card records and mech-
anization with BM unit-record equip-
ment. Objectives are a more equitable
spread of jury service among residents
of the county, and longer intervals be-
tween calls upon individuals for jury
service.

Punched cards replace paper jury
ballots. In place of the traditional jury
wheel are automated machines to scram-
ble the punched cards, select jurors’
cards at random for service, list the
names of those drawn, prepare panels
for the courts, and address, enclose, seal
and stamp the jury summonses.

The inaugural drawing of thirteen
hundred jurors for four courts recently
was performed in 21 minutes. This time
included scrambling of the punched-
card ballots, machine selection of the
jurors, and writing minutes of the
drawing.

new product:

Low-cost System Handles
Card Data by Telephone

The M 1001 Data Transmission Sys-
tem sends data, in machine language,
on regular telephone lines—local, long-
distance, or private. Another in the
growing line of 1BM TELE-PROCESSING™®
systems, it is for any size organization
with one or more locations, whether
many points across the country or a few
within a community or building.

Fixed and variable data from one or
multiple points of origin are received
at a central point in the form of punched
cards. These can be entered directly
into an 1BM data processing system to
automate requisitioning, billing, inven-
tory control, and so on.

To send information is like dialing
someone on the phone. To receive,
however, no one need answer; if the
machine is not busy, the output station
is automatically connected to the tele-
phone line, and processing begins.

At each data-originating or sending
station is a terminal, smaller than a
typewriter, that contains a simple card
reader and keyboard, and a modulating
subset available through the local tele-
phone company. The card reader per-
mits automatic transmission of fixed
data from prepunched cards, plus man-
ual entry of variable numeric data. On
the keyboard, in addition to ten keys for
variable information, are five operating
keys for remote control of the card
punch at the central location.

From any one card, the card reader
transmits a maximum of 22 numeric
characters. (Additional variable infor-
mation, entered through the keyboard,
then can follow.) Remaining card col-
umns may contain prepunched and in-
terpreted alphabetic description data;
although this alphabetic data is not
transmitted, it facilitates visual use of
the cards at the originating point,

At the central receiving location
(equipped with a telephone company

* Trademark
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IBM Develops
- |Numeric Data
Transmission

Bpecial 1o Flectronle News

WHITE PLAINS, N. Y. — A
binary-coded information trans-
mission scheme that * could triple
the capacity of present Atlantic
cables, and also promises vastly In-
creased language and cipher trans-
| lation, has been developed here by
the International Business Ma-
chines Corp. Dala Systems divi-
sion, Electronic News learned last
week.

According to Robert W. Bemer,
manager, logical systems stand-
ards, this development is one of the
first large-scale practical users of
Information theory, Such theory
states, “in part, that numeric 'rép-
rvesentation of " entire wordé of
common phrases would be far more
efficient than present chargcter-
by-characier methods of {rans-
mission, $

Mr. Bemer said that the savings
in transmission time would be on
the order of 60 per cent, no matter
what the transmission - medium
happened to be: Cable, radio, Tele-
type, and so forth. For instance,
if a Teletype-punched tape now
requires five or more bits to trans-
mit a character, the IBM scheme
might require only two bits to
transfer the same information.

The key to the plan is a pair of
computers. The sending statibn
would feed the original message in
any imput form into the computer,
which would then reduce the in-
formation to a binary numeric
representation. This would then be
transmitied (o a similar computer
on the other end of the line, which
would convert the coded message
back into iis original form.

The company said it had pm\-enil

s . . i alled “digital short-
G MESSAGE—Development of a new co_dmg system, ¢ iz he
l::an 'Tfs announced today by International Business Machines Corp. Using digital

. ire w common phrases, rather than character- out its encoding plan with an IBM
representation, or sym‘-‘m?" for ennreuo:l‘h;fis said {n‘: the potential for tripling 7090 computer and ‘ found it/
by-character representation, the new sy 2 Srunainis- thoroughly feasible, though a much |

e data-handling capacity of communications systems and cutting e b more simplified computer could be
l.i-:g precs g‘hl thirds. In the photo above, 1. B. M. raephﬂm_st Judir idesigned for the purpose. Mr.
sion costs by possibly two- : ; . ut into “digital short ‘Bemer stated that almost any o!’|
Shepard demonstrates that the same amount of information p he hold: IIBM's current computers could |
| ied on a tape 60 per cent shorter than the mass of tape she 'handle the encoding if properly |
hand™ can be carried on e | programmed, and probably could !
in her right hand. handle it in'addition' to primary

- . functions of data processing,
~ ! He sald he is currently working |
. ‘on a vocabulary capable of han-l
I dling 4 million words and phrases,
1 a vocabulary that would be auto- |
 matically updated by the computer.
‘English_ language unabridged dic-
itionaries contain Jess than 600
‘thousand words, - |
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1982 March 1

Charles W. Bachman
Chairman, Turing Award Committee
Cullinane Data Base Systems Inc.
400 Blue Hill Drive
Westwood, MA 02090

This Lletter 1is a re-nomination of Bob Bemer for the ACM
Turing Award. A copy of an earlier nomination by Richard M.
Petersen is enclosed for your review. I concur fully with
Dick's remarks, and offer this nomination to focus on par-
ticular aspects of Bob's contributions and service.

Bob Bemer has made many significant contributions in diverse
areas of the computing field. I view his work related to
ASCII as having the most pervasive and enduring merit; most
particularly the concept of the 'escape sequence'. Bob in-
vented the 'escape character' in 1960, and proposed the reg-
istration of escape sequences in 1962. The registration
concept was adopted by the International Organization for
Standardization in 1974 as ISO Standard 2375. It s also
the subject of a recently adopted American National Stan-

dard, ANSI X3.E3.

Attachment 1 provides for your consideration three of Bob's
articles about ASCII. The last of these is primarily on es-
cape sequences and their use for code extension and control.

Much of what is possible today is derived from this escape
sequence concept. Two examples suffice, I believe, to show
the need, importance, and merit of the approach first pos-
tulated by Bob Bemer.

1. Video terminals depend on control sequences initi-
ated by the escape character in accord with the
national ANSI X3.64 and internaztional ISO 6429
standards for soft copy controls. Cursor keys gen-—
erate them. Function keys generate them. They are
used to shift back and forth between Llinear text
string and graphics modes.

Attachment 2 s a listing of the internationally
standardized control sequences to do these things,

and more.
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2. Escape sequences are assigned for the denotation
of alternative character sets from among the sym-
bols of the world -- for data communication, for
database storage, for printing.

Attachment 3 Llists the currently registered or
proposed character sets which are declared by an
internationally recognized escape seguence. Note
that ASCII, the American Standard Code for Infor-
mation Interchange, is registered as but one of
many equals: Videotex, Cyrillic, Kata Kana, Scan-
dinavian, ...

Attachment 4, by way of an example, is the Arabic
character set.

Attachment 5 is the present ECMA (European Com-
puter Manufacturers Association) work on a regis-
ter of individual symbols of the world. Special
coded character sets can be assembled from these,
and then registered as invokable by a specific es-
cape sequence, to identify them in either communi-
cation or in a data base. The work is open-ended;
note that symbols are yet to be provided for an
astronomical set.

The escape sequence is critical to worldwide interchange of
computerized data. Just try to think of another way to do
it! 16-bit characters? Very wasteful, and insufficient.
Tiie Japanese and Chinese graphic sets, invoked by escape se-
quences, are already each a distinctive 16-bit character
set. And they acknowledge an escape sequence to return to

the 8-bit environment.

I therefore have the pleasure, for this important contribu-
tion to our singular and joint ability to manage and commu-
nicate data, to nominate as a candidate for the ACM Turing

Award:

Robert W. Bemer

2 Moon Mountain Trail
Phoenix, AZ 85023
602-942-1360

The full story of how this knowledge and capability has, and
will, come together for our mutual benefit and interaction
is not generally well known. With Bob's comprehensive re-
cords, that story would make an excellent and interesting
Turing Lecture.
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Among those that I know, I offer the following people as
references for this nomination:

John Auwaerter

Vice President, Engg.
Teletype Corporation
5555 West Touhy
Skokie, IL 60076
312-982~2300

Charles D. Card

Univac Div. of Sperry Rand
P.0. Box 500, MS B105M™
Blue Bell, PA 19422
215-542-3675 or 3867

John A. Gosden, Vice Pres.
Equitable Life Assurance Soc.
1285 Ave. of the Americas

New York, NY 10019
212-554-2323

M. Dara Hekimi, Secy General
ECMA

114 rue du Rhone

CH-1204 Geneva

SWITZERLAND

+41 22 35-36-34

Robert S. Jones, Publisher
Interface Age Magazine
16704 Marguardt Avenue
Cerritos, CA 90701
213-926-9544

Hugh McGregor Ross

Data Systems Consultants

5 Kingsley Place, Highgate
London N6 5EA

ENGLAND

01-340-2376

Herbert S. Bright
Computation Planning, Inc.
7840 Aberdeen Road
Washington, DC 20014
301-654-1800

Eric H. Clamons

Honeywell Information Systems
PO Box 6000

Phoenix, AZ 85005
602-866-4117

Thomas N. Hastings
Digital Equipment Corp.
Continental Blvd.
Merrimack, NH 03054
603-884-6767

Vico Henriques, President
CBEMA

1828 L Street NW
Washington, DC 20036
202-466-2288

Richard M. Petersen

Honeywel l Information Systems
PO Box 6000

Phoenix, AZ 85005
602-866-6000

Olle Sturen, Secy General
International Standards Org.
1 rue de Varembe

1211 Geneva 20

SWITZERLAND

+41 22 34 12 40

S FY

Patrick G. Skelly
3202 W. Dailey Street
Phoenix, AZ 85023
602-866-4798
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Reference: 180/TC 97/WG E (USA-3) 22,
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’g Subject: Programning languape inplications on.coded cheracter sets
- ~ ‘
a Gentlenen: ' .
)

A, The following points of consideratinn are proposed as a basis for study of
- character scts, as proposed by WG B and others, with regard to their sultability
fron a progranning language viewpoint:

Lo

NI s g3 85

1. Are the sets capaﬁle of graduated size by means of regular and cleaxrly.
defined rules of expansion?. , '

2, What sizes are of particularly concern to progyamming language needs?

s e te] R
EERT IR CORGL O S PR PSPV

4 - BIT 156
i | 5- BIT 32
: ‘-. 6 - BIT 64
i 7 - BIT 128 )
B 8 = BIT 253
ﬁ others?

B 3. VWhat is the prefe;ential orqering of grapﬁics for inclusion in sets of
varying size?

4. Are there natural orderings -of Sub Groups of graphics which should be-
reflected in the coded representations? Are there artificial orderings. which

have caused unnocessary constraints?

5. Are control characters the concern of programming lanauages as well as
information characters?

5., Are there defined correspondences between multiple character symbols used
with smaller sets and the single characters available in larger sets? Is there
a 0 lacement with increasing set _size? For exafiple, —
single characters for ALGOL word symbols, or multiple symbols such as - for

t=, /N foty/; \\(

A}

7. Arg/c{iteria speccified for controlled future expansion and addition?

8. Is an "escape character” providad to allow for usage of alternz te,
eg) specialized character scts? Vhat graphic subsots should remain in coriion
Q positions in alternate sets so that they may be uniquely recognizable?

9. ¥ valucs following the escape character (see section B of this document)
should be reserved for specialized character sets for programning languages?
10, V/hat control coﬁsiderationa are necoessary to utilize alternate or
graduated equipnents? .

L0 e mame 4 -
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C:) Are sufficicnt data delimiters 1ncludod in sets (of suff1c1cnt siz )
to adequntcly indicate set ncmborship in data groups?

12. Arc sufficient delimitors included in sets (of sufficient size) to
adequately indicate syntactic grouping? ,

i 13. 1Mhat characters are requircd to pap two-dimensional flowcharts into
one-dinensional string languages? For example, a character signifying
"is inside of" and characters for the shaped elements and flow lines.,

14. Are the character sets equally applicable to conventional von Neumann
nachines and streaning (or other typcs of non-von Neumann) machines?

B. From the attached (proposed) IFIP definition of "escape character

it may be seen that it is possible to have many compatible alphabets
within the framework of an international character set and code. The
inninence of such a standard interchange code and the existing problen

of interchange of algorithns suggest that the time is proper for some
advanced planning in the area of characters used in programning languages.

St i 3

It is proposed that a tentative group of characters (to Iollow the ]
éscape characters)_be rgserved to jndicate specialealphahots for prosran-
ning languagos. Further, work should begin at once on a specific _alphabet

for iﬁterchangg_of ALGOL and COBOL prograns,

m——

It is advisable that a generally agreed upbn nucleus of graphic
assignments (e.g., common to the ECMA BSI and ASA draft codes))be retained
" in the programning set. Also those ALGOL and COBOL graphicsg defined in
any of these sets should be preserved, Consideration should then be given
to adding the rest of the ALGOL characters, in particular reserving positions
for the "complete word" characters of ALGOL. Among the further graphics
which may be considered are those likely to have special usage stemning
from mathematics and logics, delimiters which imply set membership hierarchy,
‘delimiters for syntactic entities such as phrases, flow chart symbols, otc.

L
(R o

R. V. Bemer

‘:;fi
Howard Bromberg

b U.S. Representative

B 150/TC 97/vG B

®
O
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1981 December 03

Olle Sturen, Secretary General
International Standards Organization
1 rue de Varembe

1211 Geneva 20

SWITZERLAND

Dear Olle:

You have received from me some informal communication on the
subject of an ISO character (grapheme or mark) for the 8-bit
character set. This is a more formal exposition that may be
used to explore the need within your organization.

Graphic Representation

First let us dispose of the graphic shape itself, assuming
that such an encoded character is desired in the 8-bit set.
1 think that it is inarguable that the design I propose here
is the most appropriate.

° Let us take the '"Oh" of "Organization”", with a
circular shape.

) We superimpose the "S" of '"Standards'" to get a
yin-yang symbol (Shepherd No. 64, 'Tomoye', the
Japanese symbol of honor and triumph).

(] We superimpose further the "I" of "International”,
and have our graphic shape for the ISO character.

®

It is legible. It obviously stands for ISO. 1t can be made
on present typewriters by using backspace, although in the
future it would be a unique character by itself.

Meaning

This symbol is in one way akin to the copyright or recording
symbols. It is in another way similar to the present ESCape
character and symbol. When encountered in a stream of char-
acters (as in a database) it says:

"The number which follows is the number of a List regis-
tered by the ISO -- when that number is terminated (by
length or explicitly), the symbol or token that follows
is an explicit member of that registered list, and has
the meaning assigned in that list."

HONEYWELL INFORMATION SYSTEMS INC., P.O. BOX 6000, PHOENIX, ARIZONA 85005, TELEPHONE 602/866-6000
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When encountered free-standing it says:

“"The number which follows is the number of some standard
registered by the ISO, and the product upon which it is
written is made in conformity to that standard."”

In other words, the symbol means.'the ISO list of Lists". It
is the means to unify all of the codifications in the world!

Examples

In the following examples, the registry number has been ter-
minated by the explicit "-", not by constant length.
method is acceptable, but I must show examples

registry numbers are fictitious).

8123-HON

6321-DOM
6321-HON

6241-DOM

@242-DOM

066666-5V63

033333

033334

= Honeywell, because

I1SO registry number 123 is assigned to
symbols of the United States Stock Ex-
changes, who furnish and police their
assignments. ISO only assigns the num-—
ber, and identifies it in its List of
lists.

the Dominica, West Indies airport,
the Huron, SD, US airport, because

ISO registry number 321 is assigned to
the airport codes of IATA, which fur-
nishes and polices their assignments.

= Dominican Republic, because

IS0 registry number 241 is assigned to
the country codes of IS0 3166 (and to
ANSI 239.27)

= Dominican Pesos, because

I1SO registry number 242 is assigned to
IS0 4217, Currency.

= Rescue vessel No. 63, because

1SO registry number 66666 is assigned
to an UNESCO Universal Ship Code.

The printer with this marking produces
digits acccording to Standard ECMA-51,
Implementation of the Numeric OCR-A
Font with 9x9 Matrix Printers.

The printer with this marking conforms
to "Safety Requirements for Data Pro-
cessing Equipment', Standard ECMA-57.

Either
(wherein the
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94337 Magnetic disk drives and magnetic disk
packs with this marking conform to ISO
Standard 4337 (here the number is the
same as the number of the standard; it
may be desirable, but not mandatory).

©1000 Products so marked are of metric manu-
facture.
92955,11 The document carrying this mark, along

with copyright notice, ISBN, etc., was
printed with Form II representations
of SI Units, according to ISO 2955.

Registry Number Assignment

If the ISO should decide to create such a registry with this
symbol, it would probably fall within the scope of TC97/SC14
to determine the precise usage. I certainly have no sugges-
tions in such an expert area. TC97/SC2 should be informed as
soon as possible, so it can assign the ISO character a code
in the 8-bit set. Two positions in column 10, and eight po-
sitions in column 13, are now still open for future standar-
dization.

I can offer (at random) some preliminary considerations and
suggestions for usage of the IS0 character/mark/symbol:

° In fixed data fields in records, it may be more econom-
jcal to have the encoding known by descriptors for such
fields. However, the ISO symbol is designed to be free-
standing in defining an entity. It is non-contextual.

° The free-standing property is not possible by spelling
out "ISO" in letters (e.g.," PROVISO 355" conflicts).

° In the case of revisions of registered lists (which is
frequent with airport codes, for example), the registry
directory would have to indicate the Llatest revision in
force. This directory would be published by 1S0, and
sold to support operational costs.

° It is likely that availability of the I1SO symbol in the
world's common character set, and its usage (in product
marking and identification, in databases, in Videotex
and Prestel), would enhance the visibility, prestige,
and influence of the ISO.

o As shown for the country codes, a single 1ISO registry
number can be a pointer to multiple standards that may
be identical. As usage matures, the IS0 registry number
can eliminate the need for this duplication.
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° In the case of product markings, there may well be many
such on a single product, 1indicating various conformi-
ties. They may be augmented verbally, at option, e.g.

81000 (metric thread)

° Theoretically there is not a standard, nor any list of
token-to-entity correspondence in the world that cannot
be accommodated with this method of identification.

° Structure of the registry number (if indeed there is to
be any, other than a randomly assigned list) 1dis in the
province of the data element experts themselves. It is
to be hoped that none of the universality will be com-
promised by its design. Possibly letters could be com-
ponents as well as just digits.

Finally,

I trust that the 1SO will be convinced that this IS0 symbol
will standardize the identification of standards worldwide.
This concept has been churning 1in my mind for a year and a
half (published tentatively in the Danish magazine ''Data').
I think it is time to GO!

Cordially,

2

R. W. Bemer

cc: Secretariat, ISO TC97
Secretariat, ISO TC154
Secretariat, IS0 TC97/SC2
Secretariat, ISO TC97/SC14
Secretariat, ECMA
Secretariat, ANSI X3L2
Secretariat, ANSI X3L8
Secretariat, AFNOR/TC97/SC14
Secretariat, ANSI/SPARC
Secretariat, BSI/015/14
Secretariat, UNIPREA/TC97/SC14

Erik Bruhn, Data Magazine, Copenhagen
Dr. Thomas N. Pyke, US National Bureau of Standards

FIPS/TG17
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1974 January 23

Professor Donald E. Knuth
Computer Science Department
Stanford University
Stanford, CA 94305

Dear Don:

Glad you asked. I have always been a little irked about having this
paper left out of the timesharing bibliography in Computing Reviews.

The timesharing aspects are given on the last two pages. EvAn Herbert
was the editor at the time, and persuaded me to write the article.

Cordially,
Bob ﬂc\ cre
n
Encl.

HONEYWELL INFORMATION SYSTEMS INC.. ADVANCED SYSTEMS & TECHNOLOGY
DEER VALLEY PARK, P O. BOX 6000. PHOENIX. ARIZONA 85005. TELEPHONE 602/993-2900
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What the Engineer Should Know About Programming -

How to Consider A Computer

Engineering is taking on a ““new look.” Computers are the logi-
cal and more powerful successors to the desk calculator and the
slide rule, the previous working tools of the engineer. There is
really only one major difference: because of their necessary size
and cost to be so powerful, computers must be shared by a great
many users. This means a new concept of shared system operation

must be accepted by the engineer.

To help you get oriented, here are some vital considerations
affecting present and future computer use in your work and some
helpful sources of further highly specialized information.

BY ROBERT W. BEMER
Programming Research Deparimeni
International Business Machines

@ A computer should not be rented
or purchased unless an automatic pro-
gramming or coding system is fur-
nished for its operation. The com-
puter and the operational system con-
stitute a matched pair, and one with-
out the other is highly unsatisfactory
from the point of view of getting
work done at minimum cost.

For engineering work, any auto-
matic system should contain provi-
sion for indexing and floating point
operation, if these are not built in as
hardware, for they are the two most
vital features for easy usage. Index-
ing allows for algebraic array nota-

tion, which in turn makes for easy
understanding of how a problem
should be programmed. Floating
point, although it may sometimes in-
troduce either spurious accuracy or
loss of it to the uninitiated, prevents
a Gordian tangle of scaling difficul-
ties from ecluttering up the problem.

HOW CODING SYSTEMS HELP

Automatic coding systems have by
no means reached their ultimate effi-
ciency or sophistication, yet remark-
able savings in programming costs
have already been achieved, some-
times by an order of 50! For the best
of the present systems it is a reason-
able estimate to say that they can, in
general, reduce the programming

costs and time to a tenth of that re-
quired to code in stubborn machine
language.

There have been many attempis to
relieve the burden of programming
through special coding systems of all
types. The data sheet on computer
coding systems is not only an inter-
esting history of growth, but is also
presented for the edification of those
now entering the field with incom-
plete knowledge of what code to use
for their machine. The time may come
soon when you will be using a com-
mon language exclusive of the char-
acteristics of any particular computer.
Thus, with an automatic translator
for each different computer, a run-
ning program may be produced for
any desired machine from the single
original problem and procedure state-
ment in the common language. Credit
is due to Dr. Saul Gom of the Moore
School of Electric Engineering for
first championing these prineiples.

GOOD COMPUTER OPERATION
IS STATE OF USER’S MIND

It is axiomatic that a computer
should never stop, run useless prob-
lems or be subjected to manual oper-




ation and dial-twiddling. To do so
deprives your fellow engineers of its
benefit. Here are some detailed con-
siderations pertinent to good com-
puter operation :

} It can do only what it is explic-
itly ordered to do, and this ordering
must be done eventually in its own
machine langnage, which is all it ean
understand.

} The reliability of most. ?.present-day
computers is so high that,answers are
not right or reasonable, the chances
are at least 99 to 1 that it is some-
how the user’s fault. Wrong answers
usually stem from wrong equations
or misuse.

} Allow for growth when doing the
original planning. Build in flexibility
for changes, or else costs will soar if
the entire problem must be re-pro-
grammed. A stored-program may al-
ways be corrected or augmented to
give exactly what the engineer de-
sires, including special report format
for jobs where repetition justifies the
effort.

» For design studies, plan parameter
variation carefully and allow flexi-
bility in changing individual param-
eters. The computer may surprise you
by showing that some parameter val-
ues for optimum conditions may be
outside of the range expected or al-
lowed for. To make certain that the

program gives answers consistent
with hand-computations, first test the
program on the machine for a specifie
combination. Time this run. Then
multiply this time by the total num-
ber of parameter combinations to see
if the study is feasible in time and
cost. If M parameters are combined
for N values each, the total number
of combinations is NM,

For example, with 6 Parameters:
6 values for each will produce 46,656
combinations; 5 will produce 15,625;
4 will -produce 4,096.

The moral: Don’t triple the cost of
your problem if you are engineer to
draw a curve through one less point.

FUTURE COMPUTER
LANGUAGES

New synthetic languages are in the
process which will affect your use of
computers. As problem-solving lan-
guages they will be much superior to
present systems in these ways:

1. Even though the binary type of
computer will probably be universal
for both engineering and commercial
work, the need for the user to know
binary representation will effectively
disappear. Logical decision will be
the only remaining function which
will not appear in decimal form, and
cven here facilities will be provided
so that the programmer need not con-
cern himself with the precise method
of operation within the machine. Con-
version from fixed point decimal to
floating point binary for operation,
and the converse for output, will all
be ¢vne automatically by the synthetie
larguage translator.

2. The elements of the synthetic
language will be essentially algebraie,
both arithmetic and logical, and lin-
guistic so that procedures may con-
sist of real sentences in a living lan-
guage. Idiom will be such that the
program will be operative in any
spoken language, with minor changes

AUTOMATIC CONTROL
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‘ SYSTEM TYPE -
SYSTEM NAME : | o0 | OPER. o
COMPUTER |ORACRONYM| DEVELOPED BY g - DATE § FL PT § g COMMENTS
: s 2
R-S Los Alamos X Nov. 55 M2 M 1
Cage General Electric X X | Nov. 55 M2 M 2
1.B.M. Foriran L.B.M. 1 X | Jan. 57 | M2 M 2| X
704 NYAP 1.B.M. X Jan. 56 M2 M 2
Pact TA (See Pact Group) X | Jan. 57 | M2 M 1 Modified Pact | for 704
SAP United Aircraft 1 X Apr. 56 M2 M 2 Official Share Assembly
Compiler | Boeing, Seatile X X | Mar. 57 S 11X
Sperry-Rand | FAP Lockheed M.S.D. 11X X Oct. 56 st S [+ ]
Mishap Lockheed M.S.D. X Oct, 56 S 1 Magn. Tape A bly -+ Corr
1103A Trans-Use Holloman A.F.B. X Nov. 56 S 2
Use Ramo-Wooldridge 1 X X | Feb, 57 | Mm/s1 | M/S | 2 Official for Use Organization
Chip Wright Field X X S1 H 4] Similar to Flip
1103 Flip /Spur Convair San Diego X X Jun, 55 S1 H 0 Spur Unpacked, Twice as Fast
Rawoop Ramo-Wooldridge 1 X Mar. 55 (4] —_ 1 One-Pass Assembly
Snap Ramo-Wooldridge 1 X | X Avg. 55 (1] - 1 Used with Rawoop
Autocoder L.B.M. 1 X | X X | Dec. 36 —_ H 2
1.B.M. Fair Eastman Kodak X Jun. 56 — S 0
705 Print | 1.B.M. 1 X | X| X Oct. 56 $2 S 2 .,
Symb. Assem. | 1.B.M. X Jan. 56 - 1 May be Assembled on Accing. Equip.
SOHIO td. Oil of Ohio Xi{Xi{X May 356 s1 ‘S 1
A0 Remington Rand X | X X | May 52 $1 H 1
Al Remington Rand X | X X | Jan. 53 St S 1
A2 Remington Rand X | X X | Avg.53 s1 S 1
A3 Remington Rand 2] X]X X | Apr. 56 $1 S 1
AT3 Remington Rand 2 X ‘X | Jun. 56 (1] 2 | X | Fortran-Like, Output To A3, 1 + Hl
Sperry-Rand BO Remington Rand 1.2 X | X X | Dec. 36 s2 H 2 Runs on Univac ! 4
BIOR Remington Rand X | X X | Apr. 55 — — 1 Primarily Busi Data-Pr ing
Univac GP Remington Rand 1|1 XX X | Jan, 58 s2 S 1 For Expert Programmers
(M} NYU New York University X | Feb. 54 - H 1
Relcode Remington Rand X | X Apr. 56 — — 1
Short Code Remington Rand X X Feb. 31 —_— H 1
X-1 Remington Rand ‘2 | X|X dan. 86 { — | — |1 Runs on Univac | + 1l
Avtocoder 1.B.M. XX X | Apr. 55 —_ H 1
1.B.M. Assembly LB.M. X Jun. 54 — — 1 May be Assembled on Acctg. Equip.
702 Omnicode G.E. Hanford 2 X | X | X | Propos s2 S 2 Super-Script
Script G.E. Hanford V(X | X|X | X|Jul 55 $1 S 1
Acom Allison G.M. X
Bacaic Boeing, Seattle 1,2 X X | Jul. 55 —_ S 11X
Douglas Douglas Sm X May 53 —_ S 1
Dual Los Alamos X X Mar, 53 —_ H 1
607 Los Alamos X Sep. 33 — — 1
Flop Lockheed Calif. X|X| X Mar. 53 —_ - 1
1.B.M. Jes 13 Rand Corp. X Dec. 53 — H 1 Modification of 607
701 Kompiier 2 Uerl Livermore X
Naa Assembly| N. Amer. Aviation X Also Assembles 704 Programs
Pact } (See Pact Group) ) X | Jun. 55 s2 — 1 Most Programs run on Pact A
Queasy Nots Inyokern X dJan. 55 | — s | —
Quick Douglas Es X Jun, 53 S 0 Double Quick for Dbl Prec
Seesaw .
Shaco Los Alamos X | X Apr. 53 H ]
So 2 .B.M. X 54
Speedcoding | 1.B.M. 1 X| X | Apr. 53 $1 H 1
Cte Purdue Unlv, 2 X | Incomp $2 H 1| X
Datatron Dot | Electro Data X
Ugliac United Gas Corp. X
Ades I Naval Ordnance Lab X | Feb. 56 $2 S 1] X .
Bacaic Boeing, Seattle 2 X| X ]| X | Avg.56 — H 1 | X | Must Process on 701
Balitac M.LT. X| X X | Jan, 56 1] 2 For all 650 models
Bell Bell Tel, Labs X X Avg. 55 S| s ]
Cte Carnegie Tech 1,2 X | Dec. 56 $2 [ 1 | X | Output Processed by soap
LB.M. Druce | 1L.B.M. X Sep. 54 S (]
650 Flair Lockheed Msd, Ga. X X Feb. 53 $1 S -]
Mitilac M.LT. X X Jul. 33 s H 2 For all 650 models
Omnicode G.E. Hanford 2 X | X | Deec. $1 S 2 Must Process on drum 702
Sir LB.M. X May 56 _— s 2 Operates with soap |, Il
Soap | 1.B.M. X Nov. 53 — 2
Soap Il 1.B.M. 1 X Nov. 56 | (M) (M) | 2 For dll 650 models -+ variations
Speed coding | Redstone Arsenal - X |l X . 58 1) S (] R bles 701 speedcodi
Spur Boelng, Wichite X|x|X Avug.56 | (M) s 1 For all 650 models
Algebraic M..T. X : s2 H 1 (X
Whirdwind Comprehensive| M.L.T. X|X|X Nov.52 | $1 $ 1
. Summer ses. | M.LT. X Jun. 83 st s 1
Easiac Univ. of Michigan X | X Aug.54 | $1 s 1
Midac Magic Univ. of Michigan X| X $1 H 1
Burroughs Burroughs Lab X 1
Ferranti Transcode Univ. of Toronto 1 XiIX]|X|Aug.54| M) S 1
Hliac Dec order input| Univ. of lilinols 1 X Sep. 52 $1 S 1
Johnniac Easy fox Rand Corp. i X | X Oct. 53 S 1
Nore Naval Ordnance Lab X X | Fab, 56 | M2 M 1
- Seac Base 00 Natl. Byr. Stds. X X

Pact Group Contains Douglas Sm, Es, Lb, Lockheed Cal, Nots, N. Am&., Rand




in the dietionary, much as the ror-
TRAN coding system has already been
translated for use by the French.

Much more intelligence will be
built into the translators. The pro-
gram may make a reasonable guess
about the intent of the programmer
when some omission or violation of
language rules oceurs. Learning pro-
cedures will be incorporated so that
the translator may take advantage of
statisties of previous operation to im-
prove the program which it creates.
This may extend as far as a form of
creativity where the date processor
may originate programs merely from
the statement of the problem to be
solved, rather than from a given pro-
cedure for this solution.

4. Flow-chart construection for pro-
cedures will be automatic, having
been determined in their linkages by
the before-and-after conditions for
the components of procedure. Today,
Monte Carlo techniques are already
being used to determine frequencies
of occurrence for various logical
branchings in the procedure, with re-
sultant optimization of the program
h king these factors into consid-
e n. The efficient usage of the
various and graded components of the
computer system will be automatic;
the programmer considers an infinite
machine, which the processor ar-
ranges as it knows its own limitations
and capabilities.

5. Not only will programs be ere-
ited which write programs to do
actual computation, but other levels

EXPLANATION OF SYMBOLS

CODE 1) Recommended for this particu-
lar computer, sometimes for vol?:me of
usage or interchange, or for lack of better.
2) Common language to more than one
computer.
SYSTEM TYPE (See “Terms Used In Au-
tomatle Codhﬁf")
INDEXING ) Actual index registera or
B-boxes exist in machine hardware,
8) Simulated in the synthetic language,
1) Limited form, either stepp uni-
directionally or by 1 word only, having
certain registers applicable to only certain
address positions, or not compound (by
combination).
2) General form, where any address may
be indexed by any 1 or a combination of
registers, which may be freely incremented
or decremented by any amount. Have as-
soclated loop termination instructions,
G PT. M) Inherent in machine
hardware,
imulated in the synthetic language.
g LISM 0) None.
imited—either regional, relative or
exactly computable,
ully descriptive, where a word or
symbol combination may be descriptive of
the contents of the assigned storage.
ALGEBRAIC A single continuous alge-
braic formula statement may be made. The
processor contains mechanisms for apply-
ing the associative and commutative laws
of algebra to form the operative program.

AUTOMATIC CONTROL

will be superimposed on these. Boot-
strap methods are being considered
which will allow even the person who
develops the processor to have a good
portion of his work done automatic-
ally by reference to and through pre-
vious work.

6. The actual operation of the com-
puter will be under control of an in-
tegrated portion of the processor
known as a supervisory routine. In
some instances the program will not
have been created by the processor
prior to execution time, but will be
created during a break in execution
time under orders of this supervisory
routine, which detects that no method
is in existence in the program for a
particular contingency. Although these
supervisors will be on magnetic tape
for a while, it is envisioned that they
will be buried in the machine hard-
ware eventually, to be improved by
replacement like any other compo-
nent,

FUTURE COMPUTER SYSTEMS

Future computer operation, which
strongly influences the design of the
programming languages, has some
vitally interesting possibilities. In this
glimpse, the picture presented here is
dependent upon three axioms:

) Faster computers always lower the
dollar cost per problem solved, but
not all companies will be able to af-
ford the high prices of the next gen-
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eration of super-computers. They
simply may not have enough prob-
lems to load one.

» Producing a spectrum of machines
is a tremendous waste of effort and
money on the part of both the manu-
faeturers and the users.

) Availability of a huge central com-
puter can eliminate the discrete ac-
quisition of multiple smaller com-
puters, homogenize the entire struc-
ture of usage, and allow a smaller
and more numerous class of user into
the act, thus tapping a market many
times the size of presently projected
with current practice in computer
acecess.

Assuming the availability of prac-
tical miero-wave communication sys-
tems, it is conceivable that onme or
several computers, much larger than
anything presently contemplated,
could service a multitude of users.
They would no longer rent a com-
puter as such; instead they would
rent input-output equipment, al-
though as far as the operation will be
concerned they would not be able to
tell the difference. This peripheral
equipment would perhaps be rented
at a base price plus a variable usage
charge on a non-linear basis. The top-
most level of supervisory routine
would compute these charges on an
actual usage basis and bill the cus-
tomer in an integrated operation.
These program features are, of eourse,
recognizable to operations research



people as the Scheduling and Queuing
Problems.

Using commutative methods, just
as motion pictures produce an image
every so often for apparent continu-
ity, entire plant operations might be
controlled by such super-speed com-
puters.

These future hardware eapabilities
(and few competent computer manu-
facturers will deny the feasibility,
even today, of super-speed and inter-

leaved programs)demonstrate a press-
ing need for an advanced common
language system so all users con-
cerned can integrate their particular
operations into the complex of con-
trol demanded by an automated fu-
ture. ’

Just one last prediction—the engi-
neer who is going to be at the top of
his profession in the years to come
had better become a computer expert,
too.

AUTOMATIC CODING — Systems
which allow programs to be written
in a synthetic language especially de-
signed for problem statement, which
the processor translates to presum-
ably the most efficient final machine
language code for any given com-
puter. Usually such a system will ex-
amine one entry at a time and pro-
duce some amount of coding which is
determined by that entry alone,

tems further up the scale of complex-
ity, where the computer program
helps to plan the solution of the prob-
lem as well as supply detailed coding.
Such systems usually examine many
entries in parallel and produce optim-
ized coding where the result of any
single entry depends upon its inter-
actions with other entries,

ASSEMBLER—ANn original generic
name for a processor which converts,
on a one-for-one basis, the synthetic
language entries to machine instruc-
tions. This process occurs prior to the
actual execution of the working pro-
gram. It is a one-level processor
which can combine several sections or
different programs into an integrated
whole, meanwhile assigning actual
operation codes and addresses to the
instructions.

COMPILER — Generally a more
powerful processor than the assem-
bler, although there is a great deal
of confusion and overlapping of
usage between the two terms. The
compiler is capable of replacing sin-
Ble entries with pre-fabricated series
of instructions or sub-routines, in-
corporating them in the program
either in-line or in predetermined
memory positions with standard mech-
anisms for entry from and exit to the
main routine. Such compound entries
are sometimes called “macro-instruc-
tions.” The basic principle of a com-
piler is to translate and apply as
much intelligence as possible ONCE
before the running of the program,
to avoid time-consuming repetition
during execution. It produces an ex-
panded and translated version of the
original, or source program. Accord-
ing to the ACM, a compiler may also
produce a secondary synthetic pro-
giram for interpretation while run-
ning,

FLOATING POINT—Number nota-
tion whereby a number X 1is repre-
sented by a pair of numbers Y and Z
in the form: X = Y °B* where B is
the number base used. For floating
decimal notation the base B is 10; for
floating binary the base is 2. The
quantity Y is called the fraction or
mantissa, and in the best notation
O =Y — 1, Z is an integer called the
exponent or power,

A WORKING GLOSSARY OF SOME AUTOMATIC CODING TERMS

AUTOMATIC PROGRAMMING—Sys-*

necessary parts of machine language

-

GENERATOR—A generator is a
program which writes other programs,
usually on a selective basis from
given parameters and skeletal coding.
It may be either a character-con-
trolled generator, so that it selects
among several options according to a
preset character matrix, or a pure
generator, which writes a program on
the basis of calculations which it
makes from the input data. Almost
all assemblers and compilers have
generating elements in some form,

INDEX REGISTER — A register
whose contents are used to auto-
matically modify addresses incorpo-
rated in instructions just prior to
their execution, the original instruc-
tion remaining intact and unmodified
in memory. It may either be built in
the hardware and circuitry of the
computer or be simulated by the pro-
gram., The original unmodified ad-
dresses are termed presumptive, the
modified addresses are termed effec-

tive.

INTERPRETER—In contrast to an
assembler, compiler or generator, a
source program designed for interpre-
tation is converted to an object pro-
gram which is not in machine lan-
guage when run. The interpreter it-
self is an executive program which
must always be used in conjunction
with the .object program, and always
resides in high-speed memory during
execution of the problem. The object
program is always subservient to the
interpreter, which fabricates from the
incompletely converted instruction the

instructions just before they are ex-
ecuted. Each entry in the interpretive
janguage usually calls for the use of
a complete subroutine, which is used
again and again by filling in the miss-
ing parts of certain of its instruc-
tions from the object instruction.

MACHINE LANGUAGE—The wired-
in eircuftry language at a low logical
level which is intelligible to the com-
puter. It should seldom be used to
code problems because of the difficul-
ties of usage at this level and t_he
tendency to error.

OBJECT PROGRAM—The output of
the processor when it has translated
the source program to either machine
language or a second level synthetic
language.

PROCESSOR—Also called a trans-
lator, this is a computer program
which produces other programs, in
contrast to programs which are
working and produce answers.

SOURCE PROGRAM—The original
program written to solve problems
and produce answers, phrased in the
synthetic language.
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Remington Fand ¥nivoac
BAldwin 3-0600

DIVISION OF SPERRY RAND CORPORATION

19th STREET & WEST ALLEGHENY . AVENUE
PHHLADELPHIA 29, PA.

1 April 1957

Mr. Robert W. Bemer

Programming Research Department
International Business Machines Corpe
590 Madison Avenue

New York 22, New York

Dear BOb.

I am utterly delighted by your article in "Automatic Control®.
I'a trying to buy reprints (lots) so I can spread it all over. Of
course, I liked the first paragraph, but best of all is your definition
of "machine language". This does my heart goode So many many thanks
from all of us for such a grand job.

I still don®t have any B-Zero (now called Flow-matic by the Sales
Department) manuals. But I’m sending

1. Flow chart and pseudo-code for an inventory run.

2. A complete report on a three-vay mergs run including
file designs, flow charts, and final programe

3. The "hand-out" material used in the first course last
Veﬁko

It will at least give you an overall view. We are busily engaged in
adding eleven more generators and improving the overall operating time.
In the meantime, we are using it steadily. Public release, with manuals,
is now scheduled for June and/or July. This will be a first version-——
we are improving B-l. .

Again many thanks for the terrific article.
Sincerely,

Ve Ca
Dre. Grace Murray Hopper

P.S. Could you send me Roy Goldfinger's address?




OXFORD UNIVERSITY COMPUTING LABORATORY 45 BANBURY ROAD
OXFORD
OX2 6PE

PROGRAMMING RESEARCH GROUP

Telephone OXFORD 58086

1st May, 1974,

Professor D. E. Knuth,
Stanford University,
Computer Science Department,
Stanford,

California 94305,

U.S.A.

Dear Don,

The paper I wrote called 'Time Sharing in Large Fast
Computers' was read at the first (pre IFIP) conference at
Paris in 1960, It was mainly about multi-programming (to
avoid waiting for peripherals) although it did envisage this
going on at the same time as a programmer was debugging his program
at a console., I did not envisage the sort of console system which
is now so confusingly called time sharing. I still think my use
of the term is the more natural.

I am afraid I am so rushed at the moment, being virtually
alone in the PRG and having just moved house, that I have no
time to look up any old notes I may have. I hope to be able to
do so while settling in and if I find anything of interest I
will let you know.

Don't place too much reliance on Halsbury's accuracy. He
tends to rely on memory and get the details wrong. But he was
certainly right to say that in 1960 'time sharing' as a phrase
was much in the air. It was, however, generally used in my sense
rather than in John McCarthy's sense of a CTSS-like object.

Best wishes,

Yours sincerely,

A, g?ﬁgA -

)

C. Strachey
Professor of Computation
University of Oxford
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January 1, 1959
oo Professor P. M. Morse
RIS John McCarthy
L UBgee s A Time Sharing Operator Program for our Projected IEX 70S

i. INTRODUCTION

This wmemorandum 1is based on the assumptlon that MIT wlii be
gfvbn a transistorized IBM 709 about July 1960. I want to propuse
a: operating system for’ it that will substantially reduce the time
recuired to get a problem solved on the machine. Any. guess as to
aow much of a reduction would be achieved is Just a guess but a
Jacttr of five seems conservative. A smaller factor of improvementv

.o tne amount of machine time used would also be achieved.
The proposal requires a complete revision in the way the mac...ae

used, will require a long period of preparation, the developument
some new equipment, and a great’deal of co-operation and even
collaboration from IBM. Therefore, if the proposal 1s to be ccn=-
sidered seriously, it should be considered immediately. I think
tae nroposal points to the way all computers will be operatec 1
Th .ture and we have a chance to pioneer a big step forwarc .o
tne way computers are used. The ideas expressed in the foliowing
. sctions are not especially new, but they have formerly been cou-
sidered iwmpractical with the computers previously availlable. Tos,
»e not easy for computer designers to develop independently s..ce
they involve programming system design much more than machine deslg..
2. A QUICK SERVICE COMPUTER
Computers were originally developed with the idea that
»ams would be written to solve general classes of problems «u.d
£ .-: after an initial period most of the computer time would o<
zpent in running these standand/programs wlth new sets of date.
This view completely underestimated the variety of uses to whixca
coqouters'would'be put. . The actual situation is much closer <o the
opposite extreme, whereln each user of the machine has to write |
nis own program and that once this program is debugged, one
solves the problem. This means that the time required to soive
the problem consists mainly of time required to dedbug the progran.
maic time is substantially reduced by the use of better prograr.sing
languages such as Fortran, LISP (the language the Artificla.
Intelligence Group is developing’ for symbolic manipulations) e

¢
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CONIT (Yngve's language). However, a further large reauction can
be achieved by reducing the response time of the computation center.

The response time of the MIT Computation Center to a performance
request presently varies from 3 hours to 36 hours depending on the
state of the machine, the efficiency of the operator, and the
backlog of work. We propose, by time sharing, to reduce this
response time to the order of 1 second for certain purposes. Let
15 Tirst consilder how the proposed system looks to the user before
we consider how it 1s to be achileved.

Suppose the average program to be debugged consists of 500
1nstructions plus standard subroutines and that the time réquired
under the present system for an average debugging run is 3 wlnuies.
This is time enough to execute 7,000,000 TO4 instructions or to
execute each instruction in the program 14,000 times ‘

Most of the errors in programs could be found by single-
stepping'or multiple stepping the program as used to be done.

If the program is debugged in this way the program will usually .
execute each instruction not more than 10 times, 1/1&00 as many
executions as at present. Of course, because of slow human re-
actions the old system was even more wasteful of computer time
than the present one. Where, however, does all the computer time
& now?

At present most of the computer time is spent in conversion,
(SAP-binary, decimal-binary, binary-decimal, binary-octal) and in
writing tape and reading tape and cards.

‘Why is so much time spent in conversion and input output.

1. EVery trial run requires a fresh set of conversions.

2. Because of the slow response time of the system 1t is
necessary to take large dumps for fear of not being able to find
the erpor. The large dumps are mainly unread, but nevertheless,
they are necessary. To see why this 1is so)consider the behavior
of a programmer reading his dump. He looks at where the prograr.
stopped. Then he looks at the reglsters containing the partial
results so far compute&;s This suggests looking at a certain polnt
in the program. The programmer may find his mistake after looking
at not more than 20 registers out of say 1000 dumped, but to have
predicted which 20 would have been impossible in advance and to have
reduced the 1000 substantially would have required-cleverness as
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subject to error as hiéWprogram. The programmer could have taken

a run to get the first register looked at, then another run for

the second, etc., but this would have required 60 hours at least

of elapsed time to find the bug according to our assumptions and

a large amount of computer time for repeated loading and re-runnings.
The response time of the sheet paper containing the dump for any
register is only a few seconds which is ok except that one dump

does not usually contain information enough to get the entire
program correct. .

Suppose that the programmer has a keyboard at the computer
and 1s equipped with a substantial improvement on the TXO interro-
gation and intervention program (UT3) (The improvements are in
the direction of expressing input and output in a good programming
language). Then he can try his program, interrogate individual pieces
of data or program to find an error, make a change in the source
language and try again.

If he can write program in source language directly into the.
computer and have it checked as he writes 1t he can save additional
time. The ability to check outjaprogram immediately after writing
it saves still more time by using the fresh memory of the prograhmer.
I think a factor of 5 can be géined in the speed of getting pro-
grams written and working over present practice if the above-
mentioned facilities are provided. There is another way of using
these facilities which was discussed by S. UlLam a couple of years
ago. This is to use the computer for trial and error procedures
where the‘error,cbrrection is performed by a human adjusting para-
meter. -

The only way quick response can be provided at a bearable
_cost 1is by time-sharing. That is the computer must attend to
other customers while one customer is reacting to some output.

3. THE PROBLEM OF A TIME-SHARING OPERATOR SYSTEM

I have not seen  any comprehensive written treatment of the
time-sharing problem and have not discussed the problem with
anyone who had a complete jdea of the problem. This treatment
is certainly incomplete and 1s somewhat off the cuff. fwne
equipment required for time-sharing is the following '
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1. 1Interrogation and display devices (flexowriters are
possible but there may be better and cheaper)

2. An interrupt feature on the computer -- We'll have 1it.

3. An exchange to meditate between the computer and the

external devices. This 1s the most substantlial engineering problem,

but IBM may have solved 1t.

In general the equipment required for time-sharing is well

-nderstood, is being developed for various advanced computers

e.g.

Stretch TX2, Metrovich 1010, Edsac 3. I would not be surprised if
almost all of it 1s.ava11ab1e with the transistorized 7092, However,
the time-sharing has been worked out mainly in connectlion with
real-time devices. The programs sharing the computer during any

run are assumed to occupy prescribed areas of storage, to be

debugged already, and to have been wriltten together as a system.

We shall have to deal with a continuously changing population
programs, most of which are erroneous. '

of

The ‘major problems connected with time-sharing during pro-

‘gram development seem to be as follows:
1. Allocating memory automatically between the programs.

~ This requires that programs be assembled in a relocatable form and
have a préface that enables the operator program to organize the

program, its data, and its use of common subroutines.

2. Recovery from stops and loops. The bestisolutions to these

problems requires

1. Changing the stop instructions to trap instructioms.
This is a minor modification to the machine. (At least it

would be minor for. the TOk.)

2. Providing a real time alarm clock as an external

device.

- 3. Preventing a bad program from destroying other prograums.
This could be solved fairly readily with a memory range trap which
might not be a feasible modification. Without it, there are pro-
gramming solutions which are less satisfactory but should: be good

enough. These include:

1. Translations can be written so that the programs

they produce cannot get outside thelr assigned storage, areas.
very minor modification would do this to Fortran. .

A

2. Checksums can be used for machine language programs.
3. Programming techniques can be encouraged which
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make destruction of other programs unlikely.

., There is an excessive tendency to worry about this
point. The risk can be brought down to the present risk of having
a program ruined by operator or machine error.

4, SUMMARY

1. We may be able to make a major advance in the art of
using a computer by adopting a time-shar;ng operator program for
our hoped-for T709. \

2. Suth a system will require a lot of advances preparation
starting right away.

3. Experiments with using the flexo connection to the
real-time package on the 704 will help but we cannot wait for the .
results if we want a time sharing operator program in July 1960.

4. The co-operation of IBM is very important but it should

be to their advantage to develop this new way of using a computer.

5. I think other people at MIT than the Computation Center
staff can be interested in the systems and other engineering
problens involved. ‘ '
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