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L Sma“,Computérs_-in a Large World

S C W.ADAMS

HREE years ago, 877 of us gathered.in
Philadelphia at the urst Joint Com-
puter Conference, a meeting orgarnized by

a committee representing three pro-

,fessional societies which were then, as
now, active in the design and application
of electromr: computing devices.
are, of course, the AIEE, the Institute of
Radio Engineers, and the Association for
Computing' Machinery. (ACM). The
theme of that first conference was a review

- of the state of the art up to that time. In

These -

/

the followmg two Decernbers, in New -

York, N.Y., and in Washington, D.C,,
N attention was directed first toward the
problem of input-output and then toward
the problem of reliability. Meanwhile,
; Western Joint Computer Conferences
’ were held in Los Angeles, Calif, in
February of 1953 and 1954, with a third
-, scheduled for the first 3 days of Margh

1955 at the Hotel Statler in Los Angeles,

Calif.

-

‘The Conference Committee

This year, threugh what was for me a

happy combination of circumstances for
which no one persdn need bear the entire
‘blame,; I foun@ myself serving as chair-
man of the Eastern half of the Joint
" Computer Commiitee. /Now, from that
‘ exalted sinecure, I have the great pleasyre
* of welcomingyou all here and hoping that
you will find to your liking the talks and
discussions, the printed proceedings‘ which

the mailfnan will one day put in your

hands, the exh:brts and. the tours, -the

social activities, and: above all the ex- -

~ change of ideas and mformatmn with
your fellow conferees.
From my “vantage pomt in Cambridge,

—

1 managed o keep my hands free of any

_"' - " actial work in the arrang“ﬂ; of,thls con-
' -ference. Dr. H. ‘R. J. Grosch, who
plartued the program, John Broomall, the

local arrangements chhirman, and Dr.

E. L. Hdrder with his publications com-

N mitlee were not as lucky, nor wefe the

'« many other members of the local arrange-

ments committee whose names are printed .

in the front of the proceedings.
men, who have edntributéd and are con-
tributing a great deal of time and effort,

and to their various emploYe_rs who'at no -

- %

C. W. An.n(s is at'the Masuchusetts Instltute of
Technology.’ Cnmbridxe Mass.

Adams—Small Computers ina Large World -

To'these

‘Computers.”
that might have heen picked, gives rise

“speak: for itself.

“small sacrifice have encouraged them to

do ¢o,.-we owe our thanks.
The Theme
The theme of this conference is.“The

Design and Apphcatmn of Small Digital
This* title, like any other

to two questions, namely, “What does it
mean?” and “Why was it selected?”
Defining the term “small’ digital com:
puter” ig'almost as difficult as defining an
abstraction like the words ‘thought” or
“life.” TFirst, I suppose; one éollects in
his mind as many examples as possible
of thigs which clearly are small digital
computers and -of other things which
tqually clearly are not. Then one tries

. to single out a number of features unique

to one class or the other. But. as soon
as any or all of these characteristics are
used actually to define what is'meant by

-small digital compute¥s, the trouble be-
" gins.

. There turns out to be a vast grey
area in which there once were, op_now aré,

" or someday might be, or at least really

ought to be, devices which some, people
would prefer to think of as small digital

-computers and: which others would not.

Since, unlike the rest of the program,
this keynote address is not formally

"open for discussion, I would rather not ~

rouse any strong semantic objections.
Rather than attempt to define the theme,
therefore, T will smply let the program-
"In order to leave miyself
sofngt'hing to talk about, however, I will
nonetheless present some of the examples
and mention sonfe. of the dividing lines
which thave occurred to me in trying

to formulate g definition.
* The Excluded Ones

The most obvious example of a device .

which is not a small digital computer

* would seem to be an analogue computer,
. be it large or small.

Even here I am
probably treading on unsure ground, for
while T am aware that digital computers

" count while analogue computers measure,

T am further aware that the distinction is

i imperfect because of the analogue-digital

conversion devices and other odd bits of
equipment that combine features of both.

Be that-as it may, let me plunge on to
another class of dewces which are by

definition ot small digital computers—

- .namely, large digital ‘computers. ~To .
name quite a few, these would mclude
~ Harvard’s Marks I to 1V, “the ENIAC,
EDVAC,’and EDSAC, the TAS computer

and its family of six (the Ordvax, Illiac, ’

“ Oracle, Avidac, ]ohnmac and Maniac),
the Whirlwind, Raydac, SWAC, SEAC,
MIDAGC, and Dyseac, and the com-

" mercially available computers: the
Ferranti’s, the ERA’s, International
Business Machine (IBM) 701’s, and the

. UNIVAC's.
~ than these are some business data. proc- .
essing systems now projected: IBM's

- 705, the Radio Corporatlon of America’s

" Bizmac, etc. >

But largest by far of all are the Goliaths **
of science fiction. Some of you have no

" doubt, probably to your sorrow, struggled
through a pocket-sized novel called ‘“‘Year
of Consent,” full of overdone parable .

. and underdone science. In it, the author
pictures for us an intellectual dinosaur,
all bulk and no brains. Here is his
description of a large computer of 1990.

4

*“The giant electronic brain filled 'up the
first ten floors of our bulldmg There were
additional memory banks in several.sub-
cellars and in another nearby building. .

It contained 500,000 electron,xc tubes and
abotit 860,000 refays. - Not “counting the
extra memory banks, it had 400 registens
. totalling 6,400 decimal digits of very rapid
memory in electronic tubes atid about 6,000
registers 'totalling 120,000 decimal digits of
less. repid* memory in relays. . . . Officially
the giant brain was the SOCIAC, but simply

- because we were all a little afraid of -its
ability we were seldom that formal. To,
everyone around the ofﬁce it was known as
Herbie.” :

Perhaps the antithesis of 1090’s Herbie
is 1950’s Curta, one of the very smallest
‘hand-operated calculators. It adds and
subtracts, can be made to multiply or
divide 6 to 11 decimal digits at a
time, costs only $150, uses practically no,
power, will fit in every elevator and go
through every door. But, if I may coin a
distinction, it is merely a_calculator, an
- arithmetic element. It has mo storage

to speak of, no fully automatic sequence |

control. Inshort, while the term ‘‘simall” -
presumably has no lower limit, the moge
rudimentary digital calculating devices,
such as desk calculators, cash registers,
. and standard purnched-card eqmpment
are niled out of our theme if the term
“computer’” is restricted to gevices which
. have an appreciable storage element,
The Smal Ones

Thus far, we have excluded a goodly
number. of computers, including, for ‘ex-
ample, the UNIVAC on grounds of being .

-

On a par with or even larger -

" ‘ . ‘l. 1 ’l

.
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not smalli, ._tl-\e REAC as bein® not digital,
and IBM's 407 as being not a computer?”

‘What is left’seems to divide into five -

different categories, two general-purpose.”

-and three special-purpose.

. First to appear were the so-valled elec-

. tronic caleculators, IBM's 603in 1946, 604~

in 1948, 605 or CPC in 1949, and 607 in
late 1952, accompanied at that time by
Remington Rand's 409-2, not to mrention
the 604-like calculators of Hollerith,
Powets Samas, and Compagnie Bulll ~
Today there are over 3,500 of these

- general-purpose’ machines in use, includ-
_,ing at least 250 CPC's. 1
* you contemplating the spectacle of 3,500-

calculating punches stretched end to end
from here almost to North Philadelphia,
I'd like to digress long enough to re-

" 'mind you of a kind of children’s card-

board-bound book made up of alternate

pages of text and illustration that some ~

years ago served in place of today's
comic . books. - For.some reason, these
10-cent books were small but thick, and

. their uninhjbited publishers therefore .

called them big little books. Following

+ Reservisor.

If I may leave -

Teleregister Corpoiati;)n have all pro- -

“duced useful inventory record mainte-

nance devices known respectively as the
Speed Tally, the Magneille, and the
For inventory or any other
record keeping which is subject to short-
notice ifiterrogations, the magnetic-drum

- system has distinct advantages. that are

‘being increasingl,” exploited. Witness,
for example, Remington Rand’s recent
renaming of the ERA -DS63 as the
UNIVAC File Compitter. .

At the Rutgers meeting, also, Professor

* Paul L. Morton discussed the de.ign of a

low-cost general-purpose. small digital
" computer, a topic which was then just
becoming of widespread interest. In the
keynote address at the first Joint Com-.

pointed out four phases through which
computer designers Seem to;pass. Para-
phrased, these are the ‘“‘we’re building it”’
(of talking) phase, the “we're-debugging
it” .(or silent) phase, the “it’s working”

(or bright-look) phase, and the
results”
phase/

) gettmg
(or talking-about-the-next-one)
The 1951 conference marked the

“this cue, it seems to me the CPC and --.coming of the fourth or final stage for the

its brethren, which, like the big little
books, are symbols of a transition, m:ght
aptly be deseribed as big little computers.

This would imply, rightly I believe; that '’

a CPC is eonceptually a small device

" somewhat “‘beefed up” to do a bigger job.

Dr. C. C. Hurd described and demon-

. strated the CPC at the Rutgers Univer-
-sity meeting of the ACM in March 1950.

Strangely enough, three other categories
of small digital colputers were also intro-
duced fo the ACM at that meeting, all of
them utilizing a magnetic drum for
storage. Very appropriately, the topic
of Prqfessor Aiken’s. banquet address at
that meeting was “‘Automatic Computing
Machinery of Moderate Cost.””

As I recall it, tHe hit of the show was the
Magnetic Drum Digital Differential Ana-

_lyzer, or MADDIDA, built by Northrup

Aircraft. This special-purpose digital
device utilized a magnetic drum to store a
number of integrands, with one step of
rectangular integration being performed .

“stage at Rutgers.

first batch of large dlgxtal computers, but
the end of 1951 was just the beginning of
the second, or silent, phase for the small
general-purpose drum-‘type computers
which had entered the first, or talking,
I say this in spite of
the fact that only a few days after the

Joint Computer Conference in December °

1951, the Computer Research Corpora-
tion made what I believe was the first

_ delivery of a general-purpose drum-type

computer, the CADAC, the somewhat
‘premature prototype of 'the‘rriore recent
CRC 1024. -

_The CADACand its many competxtors
are essentially scaled-down versions of

. the large computers, using slower storage

and less elaborate input-output equip-

_ment to* reduce the cost. In this sense,
then, these might be called little big -

ofjputers. In any event, following the
Q%zt phase of 1952 and 1953, deliveries
of these machines on a fairly, Iarge scale
,ﬁnally -commenced in 1954.. In recent

on each integrand once each revolution 7 months, I have heard of the delivery of

of the drum. A dozen or more such de-

* vices have been nput into service by North-

- rup, by Computer ‘Research Corporation,

“and recently by Bendix. . '

The magnetic drum showed ‘up at
Rufgers in anothet even more promising
special-plirpose  system, one. intended
purely for mformat:on.storage, which was
‘described by John L. H111 whose name
also appears in a snimlar .context on this
program. Engineering Research . Asso-

_ciates, W. S. MacDonald, Company, and

- the 16th CRC 1024, the fifth Elecom,

the fourth ElectroData, the third Mon-
robot, the second Miniac, and the proto-
types of the Circle, Alwac, and Hughes
Airborne computers.
650 was delivered to Jolin Hancock for

field testing a shbrt time ago, but since

more than 450 of them are on order, they |
should rapidly become commonplace.

While practically all of the 30 or more -

little-big computers now in the field are
being used for scientific and engineering

~

- computers,

The __first” IBM -

computations, it is mterestmg to note
that well over hatf of the 650’s and many
.of the other such machines on order will
be used purely for busmess data process-
ing.

Without pretendmg that it will make
. my list of llttle-bxg computers complete, I+ -
should also mention some of the small
British machines: the "Elliott Brothers’
NRDC 40! and Nicholas on which

- Ferranti is basing the design of their FPC,

and the various A’PE(X)C machines
built by Booth at Birkbeck College,
Longon, and being engineered by'
Hollenth to produce the HEC o

Today’s Machinés
puter Conference, W. H. MacWilliams - -

Recapitulating, thefe, seem to be two -
types of small general-purpdse digital
. the ones built up from -
punched-card systems which might he
called big-little computers, and the ones -

.built up around a magnetic drum which

might be thought of as little-big com-
pwters. As usual, there are exceptions -
which seem to straddle any such dichot-

_omy. Forexample, the Burroughs E/0],
_despite its drum, might be thought 3f as

a big-little computer. Such’an ‘example
makes it opvious that I should not require
‘my two- classlﬁcat:ons to be mutually
exclusive.

I have descrlbed dlSO two'types of small ;
special-purposé digital devices both in-
volving drums, namely, the digital differ-_
ential amalyzers and the tallying systems.
To these, no doubt, should be added the _

Jnput-output buffer and communications

auxiliaries: the. high-speed - printers,
punches, transceivers, etc, Clearly here

. We are getting further and further from

actual computets, . but stretching the
term a little here and there perhaps vull
do no hatm! .

Tomdrrow’s Machines -

. T do not have any aptifude whatever
toward being a prophet, so I cannot do
justicé to the interesting questign of what
the future has in store. It takes mo
prophet, however, to note the wvast

- potentialities in improved reliability, in
decreased power, space, heat, and weight,

and very, likely in increased capacity
and decreased costs promised by the vari-
-ous solid-state devices, the transistors,
the magnetic cores, and the ferro-dielec-
trics.:

Three years ago, Dr _J. H. Felker of
Bell Telephone Laboratories discussed
the “Transistor as a Digital ‘Computer
" Component;”’ this year Dr. Grosch pt"g-

Ad_ains——Small Computers in a Large World
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a fair dividing line.

»
vailed on’ ‘him to return to the Joint Con-
puter Conference podium and describe
the - “Performance of the
Transistor . Digital Computer.”
too, the transistorized 604 recently un-
veiled by IBM is presumably in operation
at this meeting. Parallel magnetic-core
and ferroelectric memories will probably

“show up first in large digital computers,
but these together with the use of mag- .
" netic cores as computing circuit elements

and the development of very-high-density

magnetic-drum recording, both of which-
" are being discussed here, are furthér good
omens in the small computer future which .

are or full view at this meeting. Cer-
tainly the best is yet to come, but more
important, what is already here is well
worth putting to use.

\

" A_Small Definition

When ’I‘ started off to define small
digital computers by examples ‘I said
that there should be certain character-

istics unique to small computers that

might be used as the basis of a rigorous
definition of smaliness., '

The most obvious, of these is price.
Certainly anything costing less than
$150,000 is by present standards small
while anything costing more than $750,-
000 is large. In between, you may either
call them medium, or pxck your own

. dividing line.

Secondly, there is the crxterxon “used
by ‘the program chairman in planning

-this meeting. He defined as small any-

thing that consumes Iess than 20 kw of
power. '

A thn‘d possxbthy is to take th.e stand °

that any device with more than 10, 000
binary digits of storage capacity and with
a_random access time of less than a
mJJhSecond is to be consrdered asa large .
computer. * J

Similar to this, but possibly better yet,
is to use the storage performance unit
defined’ some years ago by Jay
Forrester as being the total storage in

. binary dxgxts divided: by the random

access time in seconds. In these units,
IBM’s 650 and the other small computers

Would show up with somewhat less than .

30 megabits per second, while the
UNIVAC could claim 150 (and the
magnetic-core machines a whopping 3,000
to 6,000) meggbits per second. On this
basis, 100 megabits _per second might be

' Why Small Computers?

TRADIC
Then, -

In talking about the small digital com-
puters
extremely high level of interest that exists
concerning these devices.
answers the question of why the theme
of the meeting is what it is. - It raises,
however, another question which I hardly
can do more than formutate for you. -

‘Briefly, the question is; “Why are small
computers so popular?”’ Depending on
the situation, there seem to be a numbet
of possible answers.. Many small com-
panies and many -divisions of highly
decentralized large companies find that
their organizations do not have enough
computing to occupy a’large computer
even if they had one. Other companies,
large” encugh to support one or several
large computers, feel that perhaps several
small ones will be more efficient.
offer ‘at least three very good reasons:
easier  scheduling; less ‘confusion if "a
machine breaks down; andless expensive
debugging of - programs.
position of ‘the small company is just a

“scaled-down version ¢f that of the large”

company; the small company is merely

" choosing one small computer rather than

“using part of a large one being run as a
central facility by someone else.

Use of a large central facility by a large
company or several small ones certainly

can have its frustrations, but it can also .

have advantages for compam‘es both large
and small. - This can be seen from a fairly
“obvidus empiricai relationship (which we
might call Grosch’s’ Law) to the effect
that- the amourit of computation a ma-
chine can producé is roughly proportional
‘to the square of the cost. Thus a $30-
an-hour, 100- multxphcatlons per-minute

- small computer is 100 times faster thana
1-multiplication-per-minute .

$3-an-hour,
human computer, but only-a hundredth as
\fast as 2$300-an-hour, 10,000-multiplica-
tions-per-minute large computer.

pay for quite a lot of careful scheduling,
effective ertiergency procedures, sophisti-
cated debugging, and even wasted time.
More work needs to be, and is being, done
in this area, but éven now the number of
situations in which small computers are

economically justifiable may not be as-

large as many people seem to think.

In contrast to the ‘‘we’re too small”’ and
to the “‘we don’t put all our eggs in one
basket” attitudes just discussed, the

'
-

I have tried -to- indicate the

To me, this .

They _

Actually, the -

.tQ say the least, winsome.

‘special,

This’
- diffetence in price per multiplication can

- third and perhaps most prevalent is the -

“take it slow and easy’’ attitude. There
are cenvincing,arguments for starting off
in a small way, especially in the com-
mercial data-handling area, and working
up gradually to the big one.

It is certainly true that mechanizing for
a smdil computer is good. practice for

. mechanizing for a large computer. It

may also well be that a small one can be
obtained and applied so much soofier
than a lerge one could that the small
one will fnore than pay for itself in the
interim. However, it should be em-.
phasized that mechanizing for a small -
computer may differ in more than detail
from mechamzmg for a large compuder,
because the storage and input-output
capacdities may be so much different that
the jobs have to be broken down quite
differerrtly in the two cases.

It appears also that some groups are_
bemg rushed into ordering the first attrac-
tive computer package they can find, long
before they know what to do with it,
merely ‘to avoid being left behind. In
terms of cost, availability, space, and
staff required, the small computers are,
This causes
some tendency for the small compaifer
to become a kind of plaything. It .is .

not really an inexpensive plaything, how- 4

ever; and the idea may backfire (in a
small way of course) on those who leap
before they look, and indirectly. then on

. the whole computer field.

By mentioning these negaﬁve aspects,
I do not mean to be overly pessimistic.

"I am firmly convinced that small digital

computers, both general-purpose and-
have - very important roles to.
play. Happily or unhappily, however,
the situation at present is in great turmoil
and no one caii hope filly to analyze his .
situation and choose the wisest course .
without perhaps finding himself left be-

" hind, and therefore not on the wisest

course at all. The choice between large
computers, small computers, or none at
all is a personal decision for each. pro-.
spective user to make, but it is an ex-

- tremely difficult and important one for

all, .

1 hope that what we will see and»hear
about small digital computers during
this meeting will help us make the neces-

) sary decisions as wisely as possible, #nd

that we will come away with a much
clearer understanding of the place of the

" “small computer.in this very large world.



" Wl‘\y ,N.ot -Try.; Plug’goard?

REX RICE,-JR.

i .

N recent years, a very large proportion

‘of the mian-hours expended i design-
ing and constructing new digital com-
putefs_has been deyoted to machines that
are “internally programmed.” By “in
ternally programmed’: we meana machme
in which all of the instructions and oper-
ands are contained. interchangeably in
storage In contrast, we may consider

an “externally programmed” machine as

one in which operands and a bare mini-
mum of instructions for subroutine con-
_trol are contained in storage and the bulk
of the instructions are wired into plug-
_boards. The net result of the emphasis
on interpally . programmed. computers
has been that many of tire computing fra-
ternity seem to be accépting the belief
that this is the only kind of machine. to

use for computing. To illustrate the ex-

tent to which this belief has gone, in the
“FirstGlossary of Programming Terminol-
ogy )
puting Machinery, the word “‘plugboard’
is not évenlisted. Itismerely mentioned
under the heading of “storage”’ as a device
. that holds informatiof; but its use as a
simple and very powetful mueans of re-
placing coded instructions certamly has
" not been emphasized. This is perhaps true
because the only externally programmed
machmes available "are combinationg

" of accountmg machines and cannot:

really be considered as computers. To

date, with one exception, no large plug-

board machine properly designed from the

beginning as a computer has been availa--

'ble
* This paper wnll shaw, by the use of

.- examples, how programming and logical.

control are easily accomplished on. a
_ properly designed plugboard machine.
. 'The abstractions such as relative coding,
symbolic' ¢oding, and automatic coding,
r which are essential £6r programming ease
in' an internally programmed machine,
have no parallel in plugboard machines

since programming is direct and signple. -

‘In the follow}ng dlSCllS“lOIl, let us hy-

" pothesize a plugboard computer that
meets the fundamental objectives of &n

economical, well-balanced mgchine. As

e discuss this machine and’compare its
features with those of ari internally pro-

grammed machine, let us remember that

=
- Rex Rice, Jr.,

is with Northrog Alreraft, Inc »
Hnwthorne. Calif. .
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" issued for the Association for Com-:

our goal is hiot to developabstraction after

abstraction and nét to find newer and -

" more intriguing ways of how elaborate
we can become, but, rather, our goal is to

reduce each addition, subtraction, multi-
plicdtion, division, logical test, and sub-

routine control to a rmmmum of program- )

ming effort.
In a paper of this length it is not pos-
sible to discuss in detail all of the features

that make a plugboard machine easy to .

use, fast, and versatile.
the discussion is necessarily limited to
only a few esséntial features to show that

the technique will work. A description -

of the machine and then ar example will

demonstrate a few of.the possibilities as -
~ well as illustrate progxammmg a plug-

board ‘machine.

Description of the Machine

In the folléwing discussion, reference
should besmade to the machine block
diagram in Fig. 1.

- For input, the plugboard machine has
rtwo punched card feeds, each of which is
independently controlled by the plug-
board jnstructions. Information from
each feed goes directly into the main stor-

age hut is completely’ buffered- so that -

computing may be done on d4ta entered
from the previous card while the next
card is being fed. At this point, it should
be emphasnzed that only operands, argu-
ments, and .parameters need be entered
into the computer through the card
readers.
trol are ‘“‘externally’’ wired into the plug-
board by the operator. Additional input
is obtained from an array of 10-position
switches known as a “‘parameter board.”
This'device is attached dn'ectly to the
mair channel and throiigh it the opera-

. tor fmay change parameters at any de-

sired point during the ‘computation.

~ Each parameter vaiue may be called for

" Consequently,

All instructions and logical con--

- ‘“break point” locations.

major, consideration.
tain low pulse frequencies and yet obtain’
high computing rates, the machine must *
The main channel

addressed in the same manner as any

output setup is second te none in actual
usefulness. ~ As higher speed input and

ontput devices become generally avail--

able, they need only be attached to the
buffers. It should be noted that tapes are

,other storage location. This input- -

generally considered to be a form of out-

put, however, h¥mans-cannot read them

and every tape must funnel through a

printer somewhere.

A second ard very nnportant form of .
output is the “‘selectable diagnostic list”

function. By the mere flip of a switch
on the control panel, each number passing

‘through the storage register is automati-

cally listed on the output printer. The
storage registgr is a central buffer tying
the.main storage to the arithmetic unit.
A second switch may be used so that
output occurs only at predetermined
No -program-
ming effort is necessary to use this fea-
ture. This is perhaps the easiest-to-use
routine thecking device yet devised.
Computer design form is ‘the next
"To be able to re-

be highly parallel.

- has ten lines so that the nine decimal

digits and sign are transferred in parallel.

~

Additionally, the functions controlled

a maximum numbler of vperations may

be accomplished in one p]ugboard pro- '

- gram step. This h:ghly parallel opera-

-

tion, or expressed in the nearest equiva-

lent in internally programmed machine

language, “multiple-address system,’’ con-

tributes greatly to effective speed.. In"

internally programmed machines, even
though several instructions -may be

"packed i in one word, the execution of the

instructions is necessarily serial and may
require much storage access time.

In some ihstances it i desirable to
provide the computer with a “standard
board.” This means that a board will
be wired with all the necessary standard
functions such as add, subtract, sine,

" -cosine, square root; etc., apprqpriate to a

by the plugboard routine and if previously .

- get up by the operator, is mstantaneoush .

available.

For output, a buffer of ten words con- -

computing to eontinug and the next set

of output data to be stored, while the pre; ,

viovsly computed results are being
printed. , Each word of storage in-both
the input;and output buffers is a part

of the main storage and may be used and

. nected directly to the printer will allow -

‘class of problems.

. With such a standard”

from the plugboard are established so that -

board this machine becomes- an intef

nally programmed compiiter with -zero’

instruction time withinsubYoutines. For
thiis purpose an mterpretwe routine de-
coder” is attached to the main dng*t

transfer channel to allow us to decode a )

word in a single program step by placing
.individual digits directly into selected
’ " Thus, stored -,

cohpute. control elements..
words are mterpreted as_ instructions
which funct:on as connectives between
wired subroutines,

By the use of “this -

' Rice—Why Not Try a Plugboard? .



_ of three digits.

technique, one-time problems may be
run without requiring any special board
planning or wiring. It appears that a
combination of standard-board use, to-
gether with individual boards for repeti-
twve problems, will optimize programming.
Word length in a computer is a much
debated subject; however, for engineering
and most scientific computations, oper- "
‘ands of nine decimal digi*s' seem to be
sufficient. "Double precision may be used
in the rare case where greater accuracy is
required. Additfonally, nine digits lend
themselves nicely to shift gontrol ‘and

" function control in the distributors, thus

assisting in programming ease.
Storage size is also a debatable subject.
. However, experience mdxcates that the

- main high-speed storage may log1ca11y

take either of twoforms. A machine with

" 100 words plus the buffers in the main

storage, and with a drum or similar de--
vice providing ‘an optional largér storage
addressable in blocks of ten words, will

give a very powerful computer. In such

, a machme any locdtidn in the main stor-

age may be addressed by codes of two
decimal digits. A more expensive and
also miore useful configuration would be
a machine with a capacity of 1,000 words,
plus the buffers in the main storage. This
would require storage addressing registers
Both of. these systems
may seem small by comparison to the
large computers. "However, the experi-

.

‘ence. at Northrop has demonstrated an

‘important fact that should beemphasized:
In a properly destgned computer, the
plugboard is at least equivalet to-1,000
words. of zero-access instruction storage.

» A rack of plugboards represents all of the

subroutine storage normally found in
drums,
paralleling of many operations allows a.
small mumber of pfogram steps to do the -

tapes, etc. Additionally, the

equivalent work of a large number of
single-address instructions. These fea-

‘tures, coupled wih good input-output

facilities, make comparison with inter-
nally programmed - techniques' and ma-
chine size requirements meaningless.
The control of storage access for this
plugboard machine is unique in the field

of computing. The neatest approach in ’
. internally programmed machines is the B -
_ register concept.

Access to all buffer
storage may be controlled either direct'y

on a program step by plugboard wires or.

from the numbers set up in any one of the
“‘storage address registers.”’ Access to
the balance of the main higk-speed stor-
age on a given program step is controlled
by the numbers in any one of the storage
a.ddress control registers. As shown in

- the block diagram, the address regwters

are contained in a “separate little com-
puter, yet may be entered directly from
the main computer channel.  For exam-

ple (s¢e Fig. 1), on a previous program

step, a number may either have been

i

CALCULATOR ADD OR

AN
. »

emitted dfrectly into,reéister 1 orit could -

_ have been inserted-in I -by bringing it-
. over the main channel.

On the program
step now active a wire from a program .
step exit to the function “storage read-
out per 1" would transfer the word cor-
responding to the number standing in
location 1 to the storage register where it
becomes available for use. o
In addjtion to the storage gddress re--

. -gister. controls and .controlling functions,.
- there are available on the plugboard auto-.

matic comparisons of pairs-of the regis-
ters. These comparisons are set up be-
tween registers I .and 2, 2 and ‘3, and 3

- and 4. By the simple insertion-of ‘a.

single wire, one of the logical tests of the

- contents of register (1<2, I=2 or 1>2)

may be used to transfer control. Similar
tests are available for comparisens of ‘the’
other registers. These tests do not have
to be programmed; they are automati-
cally available. An example of one use.
of pairs of address registers is to have
the count keeping track of the number of -
elements in a matrix row or column in .
register 1 and to count the computing

.cyclesin aloopdn register 2. - When these

values are equal the 1 = 2 impulse may be
used to “pickup’ a selectér which will
transfer control to another routine. The

. usefulness of the storage address registers

and the comparison, devites may be better
appreciated if the basm machine cycte is |
mscussed first.
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r" AM
: i’ ADVANCE

~ ——
mPuT N N EA
] o STORAGE TO TesTs
. CARDS CARDS - STORAGE .REGISTER -
' ' RESET TIME STORAGE 'REGISTER
- 1 DIGIT TIME * TO STORAGF
80 DEC 8 pEc , | . INTERPRETATIVE PROGRAM ADVANCE -
.| owerrs DIGITS ROUTINE < . : < . >| 5 ——
: l s DECODER 9 DEC DIGITS . L) 4 2 DEC DIGITS \
' : Y }] m I
et | oineuT . L . g I
BUFFER | BUFFER 8 8 \
- 7
61 6
o N ! - - {5 }—. &
: STORAGE . a 9 -,
”;:‘;::GKED REGISTER i ACCUMUL ATOR SHIFT UNIT >3 3 - ,_54 G | ADD l
CRT OR CORE X $iu 4 : - )
- . TN § o DEC. |1 DEC oidiTs 15 5. Ty P
4 DIGITS 10 OPTIONS = Shdl BN
: ) g 2} 2 -
SELECTABLE —— ] —
' DIAGNOSTIC i 11! 1
OuTPUT STORAGE LisT Y 9 DEC DIGITS \ ——o _D
BUFFER BUFFER \ T
. ! )
$0 DEC ® DEC - . onr by ' y
DIGITS DIGIT HLOCKS ‘ \. . . 2 pEC DIGITS! STORAGE
) i Y. 9 DEC DIGITS N o 1N PARALLEL ADDRESS
y ’ v g - CONTROL
LARGE N A I PARALLEL - 2 DEC DIGITS ; ' i
PRINTER ORUM N
AND/OR OR ) - :
puneH T ’ 0ARD .
. svorasE | INPUT
T ‘ - . - T B %
) . 5!
e . Fig. 1. Machine block disgram -

" Rice—Why Not Try g Plugboard?

'

’




.

L
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activate step

Emits program advance
pulse at.completion
of step
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}———» plier on multiplication
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Any function or multi-
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"—’——) Any function

Typical Plugboard Holes of Program Steps

—

O '(———-—— Accepls any pulse

Pick up

. IO ‘ Accepts any puise’ except )
.. the pick up puise

Drop out od

O —— Acceﬁs any pulse

Common

Do N Emits impulse on common
O —————} when selector is dropped

Normal - out

. ~ « Emits impulse on common
when selector is picked

Transfer P

. Selector

H_—_—' Acceptg any pulse

l€———— " Accepts any pulse

in

b ) Emits only during the
: overlapping portion
of the input pulses

Out -

Coincidence *

Fig. 2. Plugboard elements

- O ‘—-——— Accepts any pulse _
W oo
t Duplicate puises
are emitted
+Out- .
Expander
~ *

"The best way to understand machine
operation is to study the timing diagram
at the top of Fig. 1 where a simplified pri-
mary timer diagram is shown. In ma-
chine operation this represents the time

of one add or transfer cyele.and in the’

solution of a problem sepresents the se-

quence of events during one program step. .

On the left is the program advance time™
At this time in the cycle a pulse is emitted-
from the plugboard connection known as
the OUT hub of the program step that
was previously active. This' pulse is

< available after that step has been com-

pleted. It may be used to activate the

prograjn step urder consideration by~

‘putting a wire from the OUT hub to the
IN of the step we wish-to activate.

T‘le next event'is the automatic and/or .

plugboa.rd -controlled reset of various ma-
chine registers. Fullowing reset,
number called for, eitHer by plugboard
wire control or from address register’con-
trol, depending on which is wired on this
step, will be transferred from the main
storage to the storige register.. For
example, if on a previoas step we had
emitted a 50 into address register 1 and
on this step we called for ‘‘storage read-

out per address register I,”. then the -

opérand standing in storage locatwn 50
would be transferred to the storage regis-
ter. -

Next in tha 'primary cycle comes digit
time. During this period numbers may

. called for.

any’

" be transferred around the machine on the ’

main channel. Examples are as follows:
The operand in the storage register may
be moved through the shift unit natrix
and into the accumulator. ; Note that
shifting is accomplished as numbers are

moved along the channel and does not re- °

quire an extra program cycle. If desired,

‘numbers can He moved from the storage

reg:ster through the shift unit and into
an address register or a digit distributor,

~ whose functions are explained later.

After digit time it is possible to place
the numbet in the main storage from the
storage register. For example, “storage
read-in per address register 3" may be
At the end of the primary
time. cycle all automatic tests are per-
formed and the appropriate boa.rd hubs
are activated. ' Some of these tests are
accumulator +, accumulator —, over-
flow +, overflow —, chanuel 0, improper

‘divide, and add.ress register comparison. .

The use of these hubs in logical opera-

" tions will be illustrated in the exampletto
follow. By comparison with mfost inter-

nally programmed machines where such
tests must be programrhed, and -where
much machine time is required, these
automatic tests represent advances in’

-both ease of programming and in reduced

computing time. "
An additional operation that may be
programmed to parallel cther operations

during digit time is the changing of a-

. number in a storage dddress.register.
a example of a parallel ppqrat_fion is perhaps .
the best way to show this.
-on one program step t0 move a number

An -

It is possible

- from the main memory into the storage

register per addressregister 1,; then during ~
digit time, to shift it and add or subtract
it.into the accumulator. . Also, during

. digit time it is possible to use the digit

. operations:

“emitter’” and increase the number stand-
ingin 1 byﬁanv desired amount Foltow-
ing this it is posstble to read the number
still'standing jn the storage registér into
some new main storage location by call-
ing for “storage read-in per 1.” In this
step we have paralleled the following
1. add a word in memory to
the contents of  the accumulator; 2.
shift for ‘proper decimal alignment; 3. '
change the number in an_address régis- -
ter; and 4. make 2 trausfer of the numbér
" originally calledrout from one main stor-
age location to.another.

The digit distributors prewously men-
tioned perform several useful functions.
_ The one on the left in the block diagram -
in Fig. 1 is called the shift control distrib-
utor. It may be used in many ways but
in addition to ifs automatie controlling
of ‘shifts during multiplication and divi- -
sion . it is available to the programmer
during add or transfer.cycles for both
shifting control and for logical control.
A digit brought into the distributor on a-
previous program stép. may be used ‘to
control shifting on the active step by put-
ting in a wire ywhich “calls for “shift per
shift control distributor.” Optionally;
from outlets on the plugboard, a digit
previously stored in the shift con;rbl dis-
tributor may be used to activate a corre-

. sponding hub for picking up or" drop-
ping out.selectors used in logical eontrol.

The distributor on the right in the block
daagram in Pig. 1 is the “‘multi-quotient
distributor.”” In addition to its auto-,
matic use in muttiplication and division’
it is also available for logical control dur-
ing add or transfer operations. o

In a paper of this nature it is not prac-
tical to discisss all of the various combina-
tions available to the programmer; conse-
quently, discussion has Leen limited to &
few. illustrative uses. The ease of use
and flexibility when all of the machine
cr)m;?onents are available to the pro-
"grammer cannot be fully apprecxafed
until one has run a problem on the ma-
chine. . k

" Plugboard Elements

During the prevmus discussion frequent
- reference has been made tothe plugboa.rd
" At this point an examination, ¢ some of

Rice—Why Not Try a Plugboard?



the elements on the plugboard is in order.
A list ‘of the many machine commands
available on the plugboard is too long to
be given here. However, complete con-’
trol of all necessary machine elements
and their furictioning is available on “the
plugboard. = See Fig. 2. |

The program step is the fundamental
element on the plughoard used to control
machine functions. A balanced cém-
puter should have approximately - 200
program steps available.
step will -have hubs ayailable with the
functions shown in Fig. 2. The IN hub
will accept any pu]se to activate th: stép
and start a primary timer cyele. During
the cycle the four program exits will be-
come active and wires plugged from
them to any machine function will ac-
tivate the function. As frequently hap-
pens in parallel operation, if four exits are
not enough, one of them may be plugged
to the IN of an expander which will then
duplicate the pulse on its OUT hubs.

The coincidences and the selectors are
available as board functions for logical

- control and in & limited v'sense for storage.
The seleetors have five hubs: a pickup, ay
drop-out, a common, a normai, and a
tradsfer. The pickup hub will accept an
impulse from a program exit, from the
OUT of a coincidence, or from one of the
digit-outlets of the shift or multi-quotient
distributors. Tt causes an internal comn-
nection to be made between the common

' hub  and’ the transfer hub. This con:
nection remains .until the drop-cut is’
tmpulsed, at which time the selector con-
nects the common to the normal. These
seleators are electronic and operate prac-
tically instantaneously. In conjunction
with the selectors, coincidences allow

_comiplzte and easy logical control.

* A coincidence has two IN hubs that
will accept any pulse. During the over-
lapping portion of these pulses the OUT -
hub emits a pulse. For example; If on
program step -2 we wish to test the ac-
cumulator for a negative number and
transfer control accordingly, we plug
one of the program step 2 exits ivnt‘n an IN
of the coincidence. The automatic ac-
cumulator negative tedt is plugged into
the other IN. If both of these conditions
coincide, then o, pilse will be emitted at
the OUT.  This hub may be connected to
the pickup of a selector. Through the
selector we may control a jump to any
other program step by wiring the program
OUT to the common of the selector.
normal and the transfer of the selector
tnay be wired to the appropriate IN hubs
of any desired steps that start other rou-.
tines. By proper wiriné;program toops,

' Rice—-Why :Not Try a Plﬁgboard?

conditional transfer, unconditional trans-

Each program .

The

fers, and mary forms of logical control.
* may easily be accomplished.

It is in-
terestinig to note that a series of fogical
conditions controlling transfer ayre excep-
tionally easy to establish by merely using
selectors in series.

| Use of the Plugboard Machine

. A good way to illustrat programming .

operations, machine functions, paraliel
operation, and simplicity of board wiring
is to use an illustrative éxample. See
Fig. 3. A square root routine sitmilar
to that used on desk calculators is a good
example of what a paraltel machine can

do. The following is a version of this
routiné as worked out by M. L. Lesser ~
‘aud T. S. Eason.

The basis of the process is the following

fact from number theory:
1

. n?~2n:<2j—1>=o~

J=1
-

That is, the sum of the n successive odd
“thtegers from 1 through 2n—1 is equal
to n* hie can easxly be verified by ex-
ammmg a table of », #?, and the ﬁrst
difference of n2.

Thus, given #?, # can ‘be determined by
sunp]y counting the terms in the summa-
tion of the successive odd integers when

this summation ‘is built up to equal »?% |

-This process can be shortened By perform-
ing the operagién as a 'subtraction on
radicand groups of two digits each to pro-
duce one digit of 'the root. These 2-digit
groups of the radicand are formed by
measuring in each direction from the
decimal point as in the long-hand method
of high school algebra. The operation of

this shortcut method is best described by .

example. See Fig. 3.

The square root routine described fél-
lowg the foregomg procedure wyth a single
exception dictated by machme con-

venience on]» By writing Z(U——l) as

i=1

o

2_‘ (_7 +j—— 1), the subtracted terms count

i=1

TRIAL
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-000 000 2
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Fig. 3. Squere root routine

by successive integers, rather than by

successive odd integers. .

Fig. 4 shows a planning sheet which
‘corresponds almost exactly with the “dia-
gram’ and ‘‘flow .chart” combination of
the planning for an iotérnally pro-
grammed machine. This is the first of
three operations needed to get a program
into a plugboard. It is the only opera-
tion which fequires any original thinking;

the other two merely are tramslations of

information planned on this diagram.
~In Fig. 4 the large- rectangles each
-represent a program step with the func-
tions that occur on that step shown in-
side. The IN of the step is at the top

and OUT is at the bottom. Selectors

are shown as branches thaf might be used
to alter either machine. functions br to
transfer control..
as smaller rectangles. The connections
-of their OUT hubs are noted. The fol-
lowing describes step by step the opetra-
‘tions necessary to obtain the square root.
The program step numhers are. shown

just above the upper- left:hand corner

of the large regtangles

Step 1

Setup Step

1. “Reset shift control distributor” which
will be used to tell whdt column of the root
we are developing. :

2. “Reset multi-quotient  distributor’’
which will be used to tell us when we have
made nine tries. This is used 'to prevent
automatically a tenth try that we know will
always cause an overdraw.

3.- “Read-ih addres':ed storage (main stor-
age location) per number in address register
1. Since rno numbers are on the channel
this clears the storage where the root is to
be developed. '

4. “Advance shift control distributor” to 1.’
TL)§ function adds one to whatever number .

is standing in® the distributor (ie., zero,
since the shiff control distributor was also
reset on this step). The shift control dis-

- “trihutor is used to locate the positien in the

accumulator from which the subtraction is
made.

5, “Block reset” selectors 2 — 10. This
insures that a block containing all .the
selectors used are in fhe “‘dropped-out’’ con-
dmon ,

. Step.? )

Reduction Step—first subtraction. , Reduc-
tion occurs if all selectors are normal
(dropped’ out) as shown in Fig. 4.

1. “Read-out addressed storage per 1.”
This number will be zero. on first cycle and
will be the trial root-on following cycles.
Note that the trial root remains in the stor.
age register.

2. “Out per shift control distributor.”
This sets up the shift unit in the proper
fashion for subtraction of the trial root from
the radicand in the accumulator.

Y i
Coinctdences are shown

.



3. “Accumulator subtract.” - The func-
tion is through selector I so that it becomes
*‘add” if the selector.is *‘picked up.”

4. “Test accumulator for negative.’ A
coincidence between a negative number at
test time dnd this program step is used.

5. ‘‘Accumulator negative' is also wired
directly to ‘‘selector I pickup.” This will

caiise an addition on steps 2 and 4 for re- .

storing after an overdraw.

Note: If an overdraw occur§ durmg thlS
first subtraation, selector 2 is ‘‘picked up.’
This, in turn,

tor 4 is the logical control and storage for the
indication of completion of one series of sub-

tractions which will develop one dlglt‘ of the

trial root! Since the accumulator is nega-
tive, selector I is also picked up.« This
causes an addition instead of a subtraction
* to occur during step 4, bringing the radicand
“back to the appropriate valtde for the shift
_.and next trial refuction. Since selector 2

is picked up, an increase in‘the trial root is
.prevented so no subsequent subtraction in
its tally position in the storage register is
necessary.

-~

Step 3
Modification d.-ﬂd Storage of Trial Root

1. *‘Address chanpel read-out”
the emitter to the main channel.

2. “Emit 1" The emitter is activated to
tally the subtraction on the previous step.
This function is active when selectors 2and 3
are ‘‘dropped out.”

3.~ Shjft “'dut per shift control distributor””
places the digit 1 on the channel in "the
correct ‘shéft position. 3

4. “Read-in addressed storage per 1"
This stores the modified trial root in main
- storage.

. v
Step4 ) ’ -
Reduction Step—second subtraction
1. “Read-out addressed 'storage per 1.”

This brings the trial foot back to the storage '

" register.

2. "Out per shxft control dls.tnbutor set\
up the shift unit go the trial root may be
placed in the proper position of the accum-
ulator, B

4. “Accumulatorsubtract” (add if selector
; 1 has been picked up). This subtracts the
trial root a second time or adds if an over-
draw was encountered on step 2,

4. “‘Multi-quotient’ d\stnﬁutor advance.”
This function adds a 1 to fhe multi- -quotient
distributor only after each double reduction.
This distributor is set up so that a 9 in it
indicates the third type. of posslble over-
draw, .

.

3. “Test multi-quotient distributor for 9.”
This function is set up through a coincidence
of a digit 9 in the multi-quotient distributor
and the accumulator being positive. When

" these occur simultaneously, selector 4 is
picked up. When this condition occurs we
know that another subtraction will always
cause au overdraw. Since we have not yet
subtracted, no reduction cycle is necessary;
consequently, we may proceed with the set-

" up for the next position of .the trial root.

8

‘‘picks up'’ selector 4 during -
program step 3, to change the loop. Selec- -

‘traction.

“connects .

~” following cycles.

. used to pick selector 5
pletion of the' routine and also is used
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The equatlon in’ Flg 3 mdxcates that..

for machine convenierice we,chose to in:

arease the trial root by unity on each sub-
If overdraw occurred after the
first subtraction, it.is only necessary t&
add the trial root back once; however, if
overdraw occurs ‘after the second sub-
traction, it is necessary to add the trial
root back twice.

tors I and 3 picked up.
Selector I is transferred automatically

any time the accurhulator is negative.
. Selector 3 is picked up by a coincidence

of a negative accumulator occurring whlle
program step 4 is active. Note that

. when selector’ 3 is transferred, it will

cause selector 4 to be picked up on the
next cycle through the loop. Also, the
transferred function of selector 3 is ‘to
“emit 9, instead of ‘‘emit 1.” Since
we are adding into the storage reglster
thhout carry between digits (using the

“non-reset” function) and since the regis-
ter provides for an etd around carry
within each digit position, the addition
of a 9 has the effect of decreasing the digit
contained in the register position by 1.
This operatlon restores the trial root

"~ digit under conmsideration to the proper

value if an overdraw occurred on the
second subtraction.

Step’ 5

-Second Setup and Shift

1. “Shift centrol distributor advance.”
THis adds a 1 into _thé shift control dis-
tributor to .control the shift so that a ne

position of trial root is developed on thk’
After we have developed
a full nine digits of the root, an advance of 1
in this step brings the shift control dis-
tributor around to zero.
which 51gnals com-

This is accpmplished -
* by repeating steps 2, 3, and 4 with selec-

through coincidence 4 to.reset the accu-
taulator after the last cycle.

" 2. “Block reset of selectors I through 10.”
This is accomplished by the coincidence of a°

test pulse that occurs late in the primary

_+ timer cycle and the fact that program step 5

is active. The selectors are reset so the

¥setup for the next trial root cycle starts
properly. It should be noted that if
‘“‘block reset” is impulsed while a pulse is on
the pickup hub, that particular selector will
remain picked up. This condition occurs
with selector 5 after the ﬁnal reduction
cycle,

3. “Milti-quotient distributor in I1.”
Since no numbers have been plated on the
channel during this program step, this
causes the multi-quotient distributor to read
in a zero and set it up for the next reductxon
cycle. -

4

The transferred point of selector.5 may
be connected to the IN hub of the next’

stgp in the program so that succeeding

computat:ons may be started

The previous discussion on the plan-
ning of a routine .completes the first op-
eration in thé setup of a job. It should
be emphasized that the planning of this
routtine is exactly comparable to plan-
ning any subroutine on an intetnally
programmed machine. Once the routine
is worked out, it may be used in any por-
tion of a program .and Waced anywhere
0?1 the board. by merely changmg the

.

’

nambers associated with the program

steps, coincidences, and selectors.

" The second opgration involves "the
transfer of this information onto a wiring
chart. Fig. 5 shows. the.chart filled in
for the square root routine. On the left

" we find the hubs for the program steps

This condition is -

\

enumerated. Reading from left to right
we find the IN hub, the program exist I,
2, 3, and 4 and, finally; the OUT hub.

The selectors and their hubs follow. " On '

, P ) A
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_the left we find the pickup hub fol-

~'mal, and,; finally,

lowed by the drop-out, the common, not-

Next, thé expanders aré sh~wn. From

‘left to right we find an IN hub and then

the two OUT hul%. Finally, the coinci-
dences are shown.
cede the OUT hub. Above and tq the

~r1ght the common hnbs and the outlet®

for the multi-quotient d1str1butor and the

* shift control distributor are shown.

In practice this wiring chart is used to
establish both ends of each wire reyuired.
For example, in. program step -1, outlet

hub 3 shows the designation E7. This is

the abbrev1ated code for expander 7.
By looking in the column for expanders
we find that the IN hub of 7 is.marked
P1-3. This tells u$ that the other end
of the wire ‘comes from progfam step 1,
hub 3. Similar conventions are used
elsewheres - . N

The third operatm‘ in establishing a
program is to wire a board from’ the
wiring chart, This is usually done by
placing a check mark in each box as the
wire is inserted. Qperations 2 and 3 may
be perfortied by coders or machine opera-
tors, Contrary to common belief, the

time necessary to wire and check g control .
“panel ‘is ‘insignificant compared to the

over-all time spernt in the analvsis and
progtamming of a problem. Control
panels for a machine of this type may be

wired in § man-hours—for problems of a

difficult> nature such as missile launching
trajectories, which include all the various
aerodvnathic and inertial complexities.

-This, no doubt, compares favorably with’
- checkout time on an internally

gramnied machine for such a complex
:prtfblem. Machine time for board check-
out may be as low as 1 "2 hour for any per-
son who has wired two or three boards
previously.

The discussion to this pomt has been
devoted to a hy pothetical * plugboard

computer; however, the techniques in- .
volved and the various machine func-*

tions discussed are not pure theoretical
speculatiod. Northrop Aircraft has been

i using a new tvpe of experimental Inter-
. national” Business. Machines plugboard

. computer for over a vear.

“

This machine
closely approximates the one discyssed in
‘this [Saper Our experience using this
comiputer has borne out our belief that a
properly designed plugboard maghme
can be casier to program, less expensive
to rent or purchase, and, most certainly,

be.'as versatilé as the largest, available
computer. It is.interesting to note that

_on this-experimental machine the square

root takes a maximum of 25 milliseconds,
which is equivalent to two *‘divide-times.”

- Rice—Why Not Try a Plugboard?

the transfer “hubs. .

The two IN hubs pre-, ‘

~

pro-

Advantages

tion of computers should be to obtain the
., maximum computing per dollar expended.
The costs of a computing installation, in
general, mayv be divided into two sections.
: The first ‘section covers the cost of the
machine or its rental, as the case may be,
plus installation costs. If we consider
that the rental of a large, internally pro-
grammed machine, or the equtvalent
amortized cost of a pur(;hasea machine,
might approximate $25,000 a month,
‘then its yearly cost will be $300,000,'- By
comparison, a production version of the
plugboard machine type described would
rent for less than $8,000 per month and
two of these machines would have more
net output than one large, ‘internally
programmed machine. -The yearly rental

for two of these plugboard machines

would be $192,000, as compared to the
rental of $300,000 for the large, internally
programuned computer. Judgment on

machine capabilities must. take into con-,

sideration the total time spent qn a com-
puter and not merely be concerned with
compute speed alone. The best informa-
tion available shows that the time on the
larger, internally programmed machines
is as fellows: 50 per cent of the time the
machines are input- or output-limited;
25 per cent of the time they are limited
by humans in making setups, check-outs,

and in trouble-shooting; 25 per cent of '

’

The first consideration in the evalua- -

4

the time they are compute-speed-limited,
These figures are based on engineering
computing - réquirements and, most cer-
tainly, will vary in other applications and

for specific problemsi ‘however, they seem |

to represent a rough average.

The second section in the cost of 'r'un-~
ning a computing insfallation covers the
salaries paid to the programming per-
sonnel. As shown by experience, be-
tween 30 to 33 people-are required to
operate a large, internally programmed
computer. If it is assumed that their
hourly rate, including overhead, approxi-
mates $6 per hour, then the total salary
paid per year will be $360,000. It should
be noted here that the ‘manpower costs
exceed'the equipment costs. Due to the
egse - of programmmg, 20 people could
produce the' same  results withs two

properly designed plugboard machines..

At 'the same assumed labor rate, the total

* expenditure for these people “would be

© $240,000 per year.

Summarizing these figures, the total,
* assumed cost of operating a large, inter-

nally programimed machine is $660,000
and for the eguivalent output in a
properly designed plugboard machine,
the cost would be $432,000.
A few remarks regarding the type of
. personnel required ‘to operaté a plug-
board machine are in order since it has
been said that extraordinary people are
needed to program a plugboard machine.
Experience has shown that this is not

.
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true.
_equipment at Northrop have, the same
background, experience, and abilities, on
the average, as the persons programming
internally programmed computers in
other installations.
one difference in our operation.: The pro-
grammer is shown that he has available
the fundamental building blocks from

which he can construct any desited com-

puter.- As g result, the programmer is

- unhampered by the limitations of a built-

in operational code. The flexibility and

Table I. - Record of Average Learning Hours
for Programmers
Time Required
-to Learn Time Required
Muchine and to Ledarn
Programmers’ Program Simple  Sophisticated’
Background  Problem, Hours .  Use, Hours
IBM 6D, ete.. .. ......4..... .~ .. .....20 .
Bogineers; no
‘compyting ,
experience, ... .. ..8.. T .24
Engiheers; . ’ R
previous °
© CPC com- E
puting ex- . . .
perience, . .. . 2 16
701 program- ' '
ming ex- )
perience. ;.. ... ... 2 8

potentialities of a plugboard computer
are limited gnly by the ingenuity of the
programmer.. In effect, he is told, “Here
are the components;

The people who. program the

design a special-*

‘However, there is -

Table ii.

s : .

Comparative Features of Large Internally 9rogr;mm¢d ;nd Plugboard M_ochinrcS

Large Internally Progtammed

Machine

Plugboard Machine

Operand storage. .. Lo

. Electrostatfc ' or core, drum, tape,.

. . Electrostatic or. core, putiched cards

cards . -
Instruction storage......... Anywhere in storage ......... P N Phlugboard - wir!es, m:méhine compo-
’ ‘., ~ nents, main storage :
Operand. access...... e Var:able, program for optimum......... Automatically optimum’
Instruction access.......... Variable, program forjoptimum, ab-. .. .I‘ﬁective zero-aceess
. . stractions increase net access i
Rapid access storage....... Crowded by stored instructions......... All avaxlablc for operands
Logical control. . .......... Always -programmed, every com-....1. Tests fully automatic
« : mand serial 2. Performed in parallel with com-
. putations
g ‘ . 3. Series of conditions easy to con-
struct ,
& 4. Simple restorat;on .
5. Many types of ‘¢ontrol . more
easily availabfe
Operation e Serial. . ... ... ... e Highly parallel
Computmg rate ..... PPN Should be high because of serial. ... May bé order of magnitude lower
operation ‘
Prongammer s “feel”.. ... , - Usually alstract, ... Seteemanacaian ... Direct, ;)hymcal
Itput.......coviin e Cards. tape, console keys.............. Two card feeds. parameter board,
, ! plugboard
Output................ ... Line printer, cards, tape............... Lire printer, cards, tape
Physical size of machine. . .

.Assiime 704 or 1103 as unity........... Estimated one third

?

purpose computer which most efficiently
does: your problem.”” This 'approaoﬁ
stimulates original thinking and results in
increased interest, initiative, and produc-
tivity on the part of the programmer.”

_ Table I shows an actual record of ‘the
average learning hours used for people

‘ prdgramming the machine nowat North-

rop. )
.In the comparison of computer types,
the second and final consideration is the

¢ : .
abxlltv of the computer to do the prob-
lems experienced in a given installation. .

- Table II lists most of the important fea-
tures for hoth tyvpes of maghines. ’

This paper has described a computer.

" which is small in size, large in ability,

and unsurpassed in versatility. After
considering the ,flexibility, the ease of

programming, and the reduced ‘operat-

mg cost, the obvious yuestion is. “V\'h)
not try a plugboaré?”

Discussion

H. R. J. Grosch (Chairman): I would
like to begin the discussion by asking Mr.
Rice if he has hatl any experxence in teaching
this. type of equipment to someohe who
started in the stored program area, or some-
thing similar.

My criticism is thaf it seems to me a very
difficult machine to learn in companson
with the stored program.

Rex Rice, Jr: One' of the questions that
Has been asked about this machine by people
who have viewed it has been, “Well, fsn’t

.1t difficult to program?”’

We have had people with varied back-
grounds actually put problems on the ma-
chine and we consider that they are ready to
try a problem when we have described. the
machine’s functions to them and put a few
wires on the board with their /help (but
essentially* with-their watching the opera-
tion). We then turn a simple problem

.over to them.

This stmple problem is shown in the mid-

-

are done in about 2 hours.

dle ¢olumn of Table I. People with IBM
604 experience of the type where they are
familiar with' a2 plugboard take about 4
hours to be able to start thinking about this
machine.  Engineers with no computing
experience take about 8 hours. Essentially
we have to show them what the program
steps, selectors, coincidences, e\pqndere, and
things of that nature mean and give them a .
physical feeling for what is happenmg in the
mdchme

Engineers with previous CPC experience
Thej merely
have to find where the holes are in the board.
The samé appli€s to people who know how to.
set up logical operations, who know what
routines mean, and things of that nature.
takes us about 2 hours to give, for example,
701 programmers the location on the board
of the hubs. This varies with individ-
uals, but I have given you an‘airerage fig-
ure.

On the right, people with 604 experlence
take about 20 hours to become sophistica-
ted, meaning that they can code a problem

It.

of their own, get it to run without undue dif- -

z

ficulty, and they begin to see the potent\als

" of parallel operation. B

For ‘engineers with no expenence, since '
they have to learn loops and programmmg,
it takes about 24 hours; for engineers with
previous computing experience, about 16
hours; and for internally prégrammed ex-

“perience, ahout 8 hours.

1 believe that this record should stand
against any internally pregrammed ma-
chines.

V. M. Wolontis (Bell Telephone Labora-
tories): Opposition to plugboard machines
is not universal in the data-processing arca.
There are many problems-—for instance, cal-
culation of means and variances of tabular
data—solved more econgqmically by a 604
than by a 650.

J. Belzer (Batte]le Memorial Instltute)
Are. you .discussing a specific computer”
If so, which one?

Rex Rice, Jr.: The specific computer
that I have had available for this experience
is the experimentdl machine in operation at
Northrop Aircraft. Phis maching was pro-
duced by IBM. '

.
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As far as the hypothetical machine is con-
cerned, it is not as yet announced by any
computer company. I hope that my re-
marks here will prod them in this direction.

H. Robbins (Hughes Aircraft): JHave you
any fed.turea comparable to the machine
aids fo coding possible with internal stor-
age? That is, a program library, automatic
assembly of routines, ete.?

Rex Rice, Jr.:
to answer in a shart tine.
suffice to'say.that the library of routines will
represent, as wé illustrated in the square-
root routine, a worked-out wiring chart
which some programmer has made and
has boiled down to the. most efficient
subroutine possible. This then gives us a
complete library, as they are developed, of
subroutmes .

The ‘“‘splatter functxou (effectively the
interpretive routine decoding device on the
channel; was purposely placed there so that
we coitld decode one word in the memory,
and -this allows us logical control of the
transfer between subroutines.

1 would like to emphasize' that fact_, be-

- board.

This is'a difficult question )
However, let it *

cause if you have not’ worked with a plug-
board machine it is not obvious. All of the
instructions within the subroutine are con-
tained in zero access storage on the plug-
The word necessary to transfer
control to any other reutine desired at the

,end of that subroutine may or may not, as

‘desired, be contained i the memory.

There is nothing in the internally pro-.
grammed machines that cannot be dupli--

cated easily on this machine. Abstractions
become useless becatse after all of the ab-
stractions are developed on an mternally
programmed machire you merely approach
what we are already doing. -

K. F. Powell (Babcock and Wilcox):
Despite that fact that this machine is quite

attractive, it is not apparent why it should |

reduce the size of the programming staff.
Rex Rice, Jr.: Iwillhave to base my re-

marks on experience. The programmers

after the first few problems do not have to

. spend time worrying about the resetting of

memoty reg\isters which' represent the stor-
age for logical control. - They begm togeta
feel of the fact that a selector is the logical

- control.

.

They merely insert a selector in.
the routine, then at ady convenient time
much later, days later, in their problem or
planning if they wish they stick a drop—out
wire in one of the hubs of the program step
to be suré the selector is dropped out. There
is no modification necessary. They do not
need subroutine control to make these
changes. i

This is one example. Itisa very difficult
thing to define if a person has'not actually
worked one of these machines. Effectively,
it is what we meant in the slide by showing
thé programmer’s feel for his routine. The
best answer 1 can give.is that this feel is
direct and physical as compared to a rela-
tively abstract feel in the case of an inter-
nally programmed machine, particularly
when abstractions are used for coding pur-
poses. ‘ -
* R. W. Bemer (Lockheed Missile Sys-
.tems): Is it true that a certainlarge user of
computers with five IBM 650’s on order
would dearly love to have one of these ma-
chines? -

Rex Rlce, Jroo 1 pass

C»ha'rac'teristics of Cu’rrentiy Available _

~

Smal| Digital Computers

v " ALPERRUS E

. HE purpose of this paper is to survey
Ta rather weli-defined group of com-
_.put.ing machines. No attempt will be
made. to place these machines in ordetr
with respect to certain dpplications.
However, a listing of their  pertinent
characteristics will be given.’

The last time the Joint Conference was
held in Philadelphia, the proceedings
were concerned with ‘“‘large” general-
purpose digital computers, e.g., Whirl-

" wind, Mark II1, ERA 1101, the Princeton
series, etc. As a class, they may be
roughly characterized by sdtisfying (a)
minimum cost in excess of $200,000 and
() a maximum access time to main
memory of less than 1 millisecond.

The present corference is concerned
with “small” digital computers.” This
paper will further limit the conference
subject by restricting its discussion to the’
class of ‘‘small,” general-purpose elec-

T

A Y PE;ths is with Purdue, Uhivergity, West
Lafayette, Ind. .

tronic digital computers, which may
roughly be “characterized by:

1. A maximum cost less than $150,000.

2. .Aun internal storage of at least. 1,000
words.

3. Stored programs.

Thus, such well-known (types of) com-
puters as the IBM CPC, the Remington
Rand 409, the whole class of digital
differential analyzers, and other special-
purpose computers arg not included.
Specifically, the following computers,
with their respective manufacturers,
are to be surveyed.

1. The 650, International Business Ma-

chines Corporation.

2. The- 102d, National
Corporation.

3. The 30-203, ElectroData Corporation.

4. " The. Miniac, Marchant Research Cor-
poration.

Cash Register

5. The Elecom 120, Underwood Corpora-
tion.
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6. The Akwac, Logistics Research, Inc.
7. The Circle, Hogan Laboratories.

8.. The Mornrobot,
Corporation.

9. The E 101, Burroughs, Inc.

Monroe Calculating

’

_-Ali of the computers listed are decimal

with the exception of numbers 6 and 7,
which are binary. Several of the firms,
numbers 2 and 5 in patticular, also manu-
facture binary machines. -These ma-
chines are not generally intended to be
used in on-line ccntrol applications but
rather as scientific and engineering
calculators*and as units of data-process-
ing systems in commerce. Hence, it is
no accident that almost all use the declmal
svstem

The extreme pertinence of the confer-
ence subject at this time indicates the -
value placed on these machines, In-
dustry and commerce, the real source of
sales “in this business, ate definitely
awakened to the value of these machines.
Perhaps this awakening has not always
been accompanied by understanding

‘but it ‘exists and is widespread. The

questions have changed from, “What
are they?” and, “How will it save money
and fit the organization?” to, “Should 2

_ digital computer be rented.or purchased

now?”’ and, “Should it be large or small?”
~ For many of thesecomputer firms, a day
of prosperity seems about to arrive. Con-
sidering some of their checkered histories
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and the severe financial, personnel, and
material  difficulties. they have en-
countered it as gratifying to see their
vision'about to be awarded. More about
the future possibilities of this type of
machine will be mentioned later.
The first 650 hds just been delivered
" to a Boston insurance firm, and there
are more than 400 orders for this machine.
National *Cash Register has delivered
16. of its 102, a (binary) computer, witia
orders received for over 30. Four or
five of the 30-203, two Miniacs, six or
seven Elecoms, at least one Alwac, one
-Circle, and one Monrobot computer
have been delivered to customers.. The
first E- 10! should be' available soon.
Many of the customers are government
projects and most have been purchased
ds scientific and engirieering calculators.
Nevertheless, the urge to adapt these

computers to business problems has’

proved irresistible, and for good reason.

While it is true that these computers
are extremely flexible, i.e., general-pur-
pose calculators, it is not true that they
are as efficient in solving problems that
“have large combinatorial components,
such as collating and sorting, as in solving

linear systems, nonlinear equations, and .
certain types of ordinary (partial) linear .

(nonlinear) differential equations. The
first attefnpt as an equalizer is, of course,
a large secondary storage like magnetic
tapes. At least ong of the manufacturers

- (Underwood Corporation) has a machine,

Elecom 125, under construction which

Teble I.
Power and Cooling Requirements
External
Purchase | Cooling
Rental Number of Require-
Com-  in Units Tubes and ment and
nuter of $1,000 Diodes Power
650..... {3.25 ............... ¢.16 kw. Noex-
3.75 ternal cool-
) ing required
99.5{ 300 tubes. . .6 kw. No ex-
1024 % 2 41 .4,000 diodes ternal’ cool-
4.1 _ing required
30.203 136 ..1,200 tubes:...13 kw. Air
- 4.3 3,000 diodes conditioning
recom-
N mended _
Miniac. .. 85 {700 tubes....\..3 kw. No ex-
1,500 diodes ternal cool-
- ing
Elecom... 85 { .. 350 tubes...5 kw. No ex-
120 4,000 ‘diodes ternal cool-
ing required
Alwae.... 53 ... .. ... .. ... \4 kw. No ex-
: ternal cool-
- ing required
Circle. ... (57 ..700 tubes in..3!/7 kw. No
N 78 18typesof . external
chassis cooling
0 diodes ‘required
Mon-..... 75 { ..650 tubes.. ... .No  external
robot 200 diodes cooling re-
quired
E1l01..... {32.5 ................ 3 kw. No ex-
» 0.850 ternal cool
ing required
12
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provides an electronic sorter, internal to
the machine, utilizing the drum.
There are, of course, many types of
data-processing systems needed in com-
merce.
~would prefer to enjoy, automatic access
to large data-storage files which, at this
date, implies the use of magnetic tapes.
.A difference appears in the extent of
printed output required by soine organ-
izations. Insurance firms, asan example,
may require almost continuous print-out.
Others may require periodic (e.g. daily)
outputs of relatively short duration upon

* which are supenmposed more extensive

printing but which occur. less often (e.g.
monthly). In addition, many firms mnay
wish to usé the equipment to coinpute
strafegies and suggest and evaluate
alternate policies. These may involve
.extensive calculavions equivalent to solv-
ing many linear systems or inverting a
matrix.

Such is the case if the tech-

They all require, or at least.

niques of linear programming are used.

Here a machine with built-in ﬂoatmg
point would be desirable.

Consequently, it is ilnportant to realize
that an evaluation of these computers is
dependent upon and determined by the
system in which the computer is to be
imbedded. The variety of such systems
1s large but a rough classification might be

" as follows:

1. The cgmputer is the central computer of
a scientific and engineering laboratory.
The computations are largely of a mathe-
matical nature involving extensive calcu-
lating time relative to input/output time.
The typés of problems treated

(a). Vary widely. from week to week
and many 4are solved only once, or
(b). Arelimited to a number of standard

problems which are solved repeat-
edly with only slight changes in
- problem structure. -

2. The computer is the central computer
of a unit devoted primarily to data process-
ing. The computations tend to involve a
great deal of input and output relative to
actual computing time required.

3. The computer is auxiliary ‘to a large
compiter in a group like item 1 or 2.

The foregoing considerations lead to an
evaluation which places emphasis on cost,
computation speed, input, output €quip-
ment, flexibility of the order code, ease in

_instruction of personnel, extent of internal

storage, number system, checkingfeatures,
and reliability, and to a lesser extent, size,
number of tubes, and cooling required.

3

One item which is overemphasized is .

compactness. These machines will not

be introduced in mass quantities in any -

installation and hence their physical
dimensions, at least up to an order of
magnitude, are not really 1mportant

Indeed, compactness is undesirable if it
makes access to any part of the machine
difficult.
computer with a neat gray crackle finish
so that it looks like a filing cabinet and
another to boast that it fits mto a desk-
size structure and can even bé used for
one. :

Comparison of the Computers

In Table I are listed the cost, both

It is one thing to design a -

purchase and rental, the approxlmate .

number of tubes and diodes,” space and
cooling requirements.

Several comments concermng thls table .
are in order: :
1.. Therental of the 650 is for 4.1,000- and’a
2,000-word storage, respectively. v
_The rentals quoted for the 102d are for a

5- and a 1-year lease, respectively, with the
latter ii.cluding a magnetic-tape unit.

o

-

3. The rental quoted for the 30-203 is an -

order of magnitude only, since no definite
rental policy-has been announced.

‘4. The prices quoted for the Circle are for a
1,024- and a _4,096- word memory, respec—
tively.

5. Thne purchase price of the E 101 includes
1 year of free maintenance by Burroughs
engineers.

6. All rentals quoted include free mainte-
nance with the kind of maintenance depend-
ing on local conditions. A

Tab]e 11 Contalns mfbrmation relevant
to the performance of the various com-
puters. .

Several comments concemmg this table-
are in order:

1. The standard speed is stated in terms
of the evaluation of A4+B=C, C+D+E=
F, GXH=I to compensate for the different
number of addresses in various inétruction

" codes.

2. The speeds where given using optimum
programming are for optimum spacing of

- instructions only, which properly speaking is
only available on those.machjnes which have
two or four address. instructior. codes. In
general, it-is more difficult to optimum code.
for operand location,

3. The relatively high speed of the 30-203 -

is attained by having both operands and in-
structions in the high-speed 80-word mem-
ory. In normal operation practically all
instructions, and nearly all operands, are so
situated. This is actually a normal mode
-of operation.

4. The Alwac word is divided into four
syllables and.the fast-mode is to space the
- orders in a syllable in each alternate word..
- This gives the 15 standard operations per
second mentioned. Orders are carried out
from the 64-word working storage.

5. The instructions in the E 101 and
_Monrobot are physically distinguishable
from the number storage and represent a
‘departure from’ t.he aceepted trend in com-
puter desngn
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