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PREFACE

This report has been prepared for the National Bureau of Standerds, U.S. De-
partment of Commerce, as one phase of the work performsd under Contract CST-10133,
Its purpose is to summarize the oharacteristics of a digital ocomputer employing
magnetioc drum date storage. This somewhat condensed summary is intended to serve
as the engineering basis for negotiations leading to a possible contract ro; the
oanstruction of a computing machine, in accordance with agreements reached at a
conference in St. Paul on 5 November 19.,8. The properties of the machine are de-
fined in sufficient detail to be useful to anyone wishing to program sample prob-
lems for the purpose of evaluating the speed and general utility'of the machine.

In compliance with the terms of the contract, the descoribed characteristics
are based on techniques which are either in active development or havoAboen sube
Jeoted to detailed critical analysis.

Preliminary reports outlining three variations on the design of a magnetic
drum computer were submitted on 13 August, 30 Septemper, and 19 October 1948.
These are listed as References (a), (b), and (c) in Appendix A. The present ma-

chine is different from those previously described.

ENGI NEERING RESEARCH ASSOCIATES , I NC.
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CHAPTER 1

FUNCTIONAL DESCRIPTION OF THE COMPUTER

ls1 Introduction.

le1s1 The computer. The device whose properties are the subjeot of this re-

port is a general purpose electranic binary computer with magnetic drum internal
date storage. It is a selective sequence machine which employs a "two-address"
system of logic for following a program of instructions.

1.1,2 Parallel trensmission and static retemtion of data. Figure 1 is a

Blook diagram showing the paths over which digital data are transmitted between
the principal units of the computer. (This is not a complete block diagram of the
computer.) In the transmission of digital signals, the presence of a pulse in a
channel represents a 1 and the absence of a pulse a O. The digits' of a multidigit
number are transmitted simultaneously over a multichannel bus. All digital infore
mtiop "in process" within the computer (excluding that which is in magnetio
otor_age) is held on registers made up of toggle-cirouits, or static flip-flops.

A toggle=circuit is a veouum tube cirocuit whioh has two stable states. It is
therefore capable of retaining, or remembering, & single binary digite In Figure
1, each toggle-circuit register 1s indicated schematically as a rectangle with two
input terminals, labelled O and 1, and two output terminals, similarly labelled.
The symbol which represents a 30-digit register may be thought of as a composite
of 30 individual toggle=oircuits, each one of which may be represented by a similar
kind of symbol. If the O input terminal of a toggle i1s pulsed, the O output ter-
minel becomes positives If the 1 input terminal is pulsed, the 1 output terminal

becomes positive.
ENGI NEERTILING RESEARCH ASSOCIATES , I NC.



X 29008

NBS COMPUTER CHARACTERISTICS 2

The transmlssion of data between registers is aocomplished by means of gate
ing circuits; A gate is a vacuum tube circuit having two input terminals and a
single output terminal. A pulse impressed on the first input terminal produces
an output pulse only if the second input terminel is positive. The signal voltage
on this second input generally originates at the output terminal of a toggle=-
cirouit.

In order to transmit the number contained in one toggle-cirouit register to e
seocond register, the doaﬁination register must first be cleared to O's. A bank of
gates whose secondary inputs are tied to the 1 outputs of the first register are
then actuated by pulsing their primary inputse. Tho‘outputs of these gates go to
the 1 inputs of the second register. Pulses are transmitted only over those chan-
nels in whieh the corresponding originating toggle-circuit contains a le¢ The re-
sult is to duplicate the contents of the first register in the second.

It will be apparent that the same result may be obtained by first clearing
the second register to 1's, then gating the O output of the first register to the
O input of the seconds The complemsnt of the number in the first register may be
inserted in & seocond register either by first clearing to O's and then transmit=-
ting the\o output to the 1 input, or else by cleering to 1's and transmitting the
1 output to the O inpute (The complement of & number is described in Section l.3.)

In Figure 1, a multichannel bus is indicated by a bold line. A bank of 30
gates is represented by a rectangle labelled "30 G", etce The control pulse lines

which aotuate these gates are not shown. Whether a given register is cleared to

- 0's or to 1's is indicated by the position of the control line marked "CL".

It should be emphasized that the aot of transmitting a number from one regis-

ter to another does not remove the number from the source, but merely duplicates

ENG6I1I NEERINSGSG RESEARCH ASSOCIATES , I NC.
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it at the destination.

lele? Five seotions of the computer. For descriptive purposes, the computer

may be divided into five section}s Starage, Arithmetie, Program Control, Input,
Outpute The funoctions of the five seoctions of the oomputer will be described in

the following sections.

1.2 Storage Sectiom,

1s2.1 Organiszation of the drum. The computer has a storage capacity of L096

(or 212) 30-digit binary numbers. Binary digits are stored as megnetic marks on
the surface of a continuously rotating cylindrical drums The marks are arranged
in parallel peripheral tracks, with a single magnetic head for reading and writing
assigned to each tracke The digits of a 30~digit number are entered similteneous-
ly into their respecstive "cells" on 30 tracks.v Each track contains 2048 (or 211)
cells, so that 30 tracks store 20,8 30-digit numbers. There are two such groups
of trecks on the drume

Each 30-digit number ocoupies a "box". The locetion of each box on the drum
is speocified by a 12-digit binary number called the "address". The leftmost bi-
nary digit specifies one of the two groups of trackse The other 1l digits specify
one of 2048 angular positions of the drume One group of tracks oontains the 2048
boxes whose addresses (expressed in octal, or radix 8, notation) lie between 0000
and 3777, inclusive; the second group, those lying between 4000 and 7777, inoclu~
sive. The two boxes at a given angular position have addresses which differ by
the ootal number L,000.

In addition to the 60 storage tracks, there are 1l tracks for locating pure
poses and two tracks for timing and control of the storage operations. The 1ll-
track group contains 2048 permenently recorded 1ll-digit binary numbers, corres-

ENGINEERTINSGEG RESEARCH ASSOCILATES , 1L NC.
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ponding to the 2048 anguldr positions of the drums These numbers appear in cone

secutive order,

1¢22 Physical characteristics. The physical characteristics of the magnete~

ioc storage drum are listed.in Table I. Background material relative to the mag-
netic storage techniques employed is contained in References (d) and (e)e Non-
return-to-zero signals, described in these references, are used in the loostor
trackss Return-to-zero signals are employed in the storage tracks.

l.2.3 Functional description. The functions of the electrical pasrts of the

storage section ares (1) locating, (2) writing, and (3) readinge

The problem of locating 1s to find the box on the magnetic drum corresponding
to the address which has been set up in the Storage Address Register (SAR, Figure
1)s The leftmost stage of SAR selects the proper track groupe An ll-fold coin-
cidence cirocuit compares the settings of the other 11 stages with the outputs of
the amplifier ocircuits which read the 1l locator tracks. When the drum reaches
the angular position corresponding to the address contained in SAR, the coincidence
olrcuit generates a pulse. This puls§ causes the 30 digits of a number simultane-
ously to be written into, or read from, the selected one of the two groups of
traoks, at the correct angular position.

The writing system recards on the drum digital information whioh hes been set
up in the Storage Insertion Register and the Storage Blocking Register (SIR and
SBR, Figure 1)« The number to be written into storage is received and held by SIR.
In some operations of the computer, the writing of certain specified dizits of the
number in SIR must be suppressed. This digiteblocking information 1s‘oontainod in
SBRe

Sixty writing cirouits drive the 60 magnetic heads associated with the storage

EN 6 I NEERI NG RESEARCH ASSOCILATES , I NC.
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tracks. Each writing cirouit contains two miniature thyratrons, each of which can
discharge a simple network through a winding on the magnetic head. One thyratron
is fired vto write a 1, the other to write a O. The thyratrons are triggered by the
locator coinoidence pulse gated through the proper group-selecting gate. One of
the tubes (for suppressed digits, both fubes) is prevented from firing by applica-
tion of a negative bias to its shield gride This type of writing circuit is des-
oribed in References (d) and (e).

The Storage Reading Amplifiers (Figure 1) amplify the signals read from the
selected group of storage tracks and cause the number read from a selected box to
be transmitted to a specified destination in the computer. There are 30 reading
amplifiers, each having dual inpu??c stagese Ome set of inputs is associated with
each of the two track groupse Which set 1s blocked and whish is operable is de-
termined by the leftmost digit in SAR.

These Storage Reading Amplifiers have three sets of output gatese The nume
ber being read may be directed to the X-Register, to the Program Control Registers
(cTS, PAR, EAR, in Figure 1), or to the Print/Punch Register. The destination is
selected by impressing the pulse from the locator coincidence cirocuit on the ape
propriate set of output gates. In the case of reading data into the Print/Punch
Register, a lockout is provided against filling the register until such time as
the information previously put into it has been consumed by the typewriter unite

The address search preceding each writing or reading operation is initiated
by a signal from the Program Control Section of the computer. Upon completion of
the writing or reading operation, an end-signal notifies Progream Control and

clears SAR, SIR, and SBRe

EXN6INEERINSG RESEARCH ASSOCIATES , I NHC.
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le3 Arithmetio Seotion.

le3.1 Components. The prinoipal units of the Arithmetic Seotion of the ocom-

puter are the X-Register (X), the Q-Register (Q), and the Acoumulator (A)e All
arithmetic operations are performed on numbers contained in these unitse The sim=
pler arithmetic operations are directed by the Program Control. Sequential rou-
tines (shift, mlti’tply. divide) which are part of the more complex arithmetic
proocesses are directed by the Arithmetic Sequence Control, of which the Arithmetie
Shift Counter (ASK) is a c?mponent unit. The avenues of commmication between
these and other units of the computer are shown schematically in Figure l.

le3+.2 Number representation. Binary numbers are used throughout the comput-

er. Negative numbers are expressed as compiemnts on (250-1) in the boxes of
storage, in X, and in Q. These units are all of 30-~digit widthe 1In A, which is
60 digits wide, negatiw numbers are expressed as complements on (260-1). This
is the familiar "one's-complement” representation. It is a property of this rep-
resentation that the extrems left digit of & positive number is O3 that of a neg-

ative number, 1.

The binary point 4is located at the right in all registers. That is, all num=
bers are treated as integers by the machine. Non-integer numbers may be handled
by programing scale f actorse.

To summarize, registers other than A may contain any positive or negative ine
teger whose absolute value does not exceed (229-1). The Acocumulator (A) may con-
tain any integer whose absolute value does not exceed (259-1).

le3.3 Accumilator. The Acoumulator is the central theater of numerical op-

erations in the computer. In this unit, the sum, difference, product, or remain-

der are formed, and numbers are manipulated in various wayse

ENGINEERING RESEARCH ASSOCIATES , I NC.
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The Accumulator is basically subtractive, with ende-around borrows That is,
every number transmitted to A is automatioally subtracted into (i.e., subtracted
from) the number there, the new number in A being the resulting difference. The
subtraoction is performed modulo (260-1). A number may be added into A by trens-
mitting its ocomplement to A,

There are two ways of representing zero in the one's-complement number sys-
tems (000ees0) and (1lles.1)e An additive accumulator can generate only the kind
of zero (11l...1) which has the machine properties of a negative number.s A sub-
tractive accumlator can generate only the kind of zero (000...0) which has the
machine properties of a positive number. Apart from this exclusion of the nega=-
tive zero, the question of whether the accumumletor is subtraoctive or additive
is an internal property of the machine, and need be of no concern to the program-
mer.

The number in A may be shifted to the left by any number of places from 1 to
59, in response to a single commande This shift is "oircular"; i.e., a digit
shifting out of the left end of A is not lost, but shifts into the right end.
Each single shift is mathematically equivalent to multiplication by 2, modulo
(2°0-1).

The Acoumulator Input Gates shown in Figure 1 perform the conversion of 30«
digit numbers from X or Q to the apprbpriato kind of 60=dizit number to-be sube
tracted into the Acoumulator. The kinds of numbers which are subtracted into A
in the various arithmetic operations are tabulated in Table II, and will be dis=-
ocussed in Section 2.3,

1.3.l4 Q-Register. The Q-Register participates in several arithmetic and

logical operations. These will be described in Chapter 2. In particular, the

ENGI NEERING RESEARCH ASSOCIATES , INC.
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quotient is formed in Q in division, and the multiplier held there during multi-
pliocations This register may also be used for rapidly acocessible storage of a
single number, since i1t communicates bilaterally with A.

By means of a single command, the number in Q may be shifted sircularly to
the left from 1 to 29 places.

le3¢5 X-Registere The prinecipal functiom of X is to receive numbers trans-

mitted from storage to the Arithmetic Seotion. This register has no adding or
shifting property. It is possible to subtract into A the number in X or its conm=
plement. Addend, subtrahend, multiplioand, or divisor are held in X during the
corresponding arithmetic operations. |

le3.6 Shift Counter. The Arithmetic Shift Counter (ASK in Figure 1) counts

the number of places shifted in the several operations involving shifts of Q or A.
It is a subtractive counter which may be preset to the number of places it is de-
8ired to shift. Each single~shift control pulse subtracts 1 from the counter.
The arrival of ASK at zero ocuts off the train of control pulses and stops the
shifting sequence.

The Arithmetic Shiff. Counter oounts modulo 60, in that it resets to 59 after
Oe This property is used in the scale factor shift, to be described in Chapter

2. The output gates to SIR are included solely for the scale faetor shift.

-

1.4 Program Control Sectiom.

l.4el Computer instructions. The fumetion of the Program Control Seotion of

the computer is to direct the exesution of a program of instructions, contained in
storage, for the working of a mathematical problem.
Each instruction is expressed as an aggregate of 30 binary digits and may be

stored and trensmitted in precisely the same manner as a numerical quantity. The

ENG6 I XNEERING RESEARCH ASSOCIATES , I NC.
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rightehand 12 digits of an instruetion represent y, the execution address. This
is the address of the box in storage to which reference must be made in order to
carry out the instruction. The mext 12 digits to the left represent p, the pro-
gram address. This is the address of the box containing the next instruoction in
the programe The left-hand 6 digits express the command code. This code specie
fies which commend, of the 39 understood by the machine, is to be executed.

Some of the commands do not require a reference to storage for execution; for
these there is no associated execution address, and the right-hand 12 digits are
therefore irrelevant. In a few cases, these 12 digits contain specialized infore
mationy e.ge., the number of places that Q or A is to be shifteds The commands
will be discussed in Chapter 2.

l.l442 Components. Program Control obtains each instruction in the program

from storage and translates it into control pulses directed to various parts of
the computer in correct sequence for its exeocution. An instruction transmitted
from Storage to Program Control .15 split into three parts. The execution address
is received in the Execution Address Register (BAR in Figure 1), the program ad-
dress in the Program Address Register (PAR), and the commend code in the Command
Translator Switoh (CTS). |

The Command Translator Switch is a toggle-cirouit ocontrolled diode matrix,
of the type described in Reference (f). A given 6-digit code set up in CTS ener-
gizes one of a number of output leads (39 used, 64 possible). This d-o-level
signal seleocts the set of basic operations appropriate to the specified command.
These operations are sequenced by pulses from the pulse generation and distribu-
tion units and associated connecting matrices. (These units are shown in block

form in Figure 3.)

ENG6I NEERTINSG RESEARCH ASSOCIATES , I NC.
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l.4.3 End Point Counter. The End Point Counter (EPK in Figure 1) is a 12-

digit subtractive counter whose primary purpose is to count the number of times a
repetitive routine has been traversed in a programe The counter is operated by
two specisl commands whioch will be discussed in Chapter 2. This unit also pare

ticipates in the machine input operations.

1.5 Input Section.

-

le5¢1 Input mediume The Input Section of the machine transmits numerical

data and the program of instructions from the input msdium to the storage system.
The input medium is 7«hole punched paper tepe, with data confined to six levels,
or trackse The seventh level is reserved for codes to control the input oper=-
ations.

Each 30-digit box in storage is loaded from five consecutive lines on the
input tape. These five lines will be referred to as a "frame". The first line
of a frame corresponds to the leftmost fifth of a box, the seocond line to the
second fifth, etoc.

le542 Tape readere The tape is scanned by a photoelectric reading device

at & nominal speed of 75 feet per minutee This corresponds to 150 lines per sec=
ond, or 30 frames per seconde If it should be desired to load the entire drum,
it would take about 2.3 minutes to £ill all L0O96 boxes.

The magnetie drum rotates continuously at its normal speed during the input
operation. The tape feed need not be synchronised with the drum rotation. It is
necessary only that the number of drum revolutions per second exceed the number
of tape frames scanned per seconde

The tape is driven by friction rollers, moving continuously rather than inter-

mittently.(' The feed holes, normally used in sprocketedriven tape systems, are

ENGINEERING RESEARCH ASSOCIATES , I NC.
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scanned photoelectrically to provide pulses for timing the input ocontrol circuits.

1¢5+3 Input control, characteristics of¢ The information on the tape is of

two kinds: (1) date (numerical and program) to be written into storage; and (2)
codes for ocontrolling the operation of the input section, but not to be written

into storage.

The fifth or last line of each frame on the tape is accompanied by a seventh-

level holes This synchronizing hole is one form of input control code. In addie

tion, there are two basic commends for controlling the tape=-to-drum loading oper-
atione Each sequence of date frames is preceded by & frame containing an initial
address, plus a tape control code in the seventh levele Following the sequence
of data frames there 18 & frame containing a check address, plus a different tape
control code in the seventh levele The two tape control commands are logiocally
equivalent to the following statements:
INSERT ADDRESS: Write the contents of the next frame
of tepe into the box specified by this address, and con-
tinue to write the contents of succeeding frames of tape
into boxes of oconsecutively ascending addresse.
CHECK ADDRESSs Stop the loading sequence and compare
the address given in this frame with the address (contained
in a counter) of the box which was about to be loaded. If
they are alike, continue scanning tape for next sequence.
If not, stop tape motion and flash alarme (This command
stops the tape motion only if an error is detected.)

Each sequence of data is preceded by an INSERT ADDRESS code, and is followed
by a CHECK ADIRESS code. Several sequencéa may be spliced together, or punoched
on one tape, or punched on different tapes. They may be loaded into the machine
in any order.

l.5.4 Input control, mechanism of. The appearance of the tape control cod-

ihg is shown in Figure 2., A bank of 11 phototubes scans the tape as it travels

-EXN 61 NEERING RESEARCH ASSOCIATES , I NC.
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past the reading positione These are identified by the shaded blocks in the dia-
grame Six of the phototubes read a single 6-digit line of data. One phototube
views the feed holes. Four phototubes read the seventh-level control ocode.

As each line of tape arrives at the horizontal bank of data phototubes, the
four seventh-level tubes observe a binary code (@ege, 1101 at the instant shown)
which identifies the procedure to be followed on that line. The five lines come
posing a frame are labelled a,b,0,d, and es The positioning of the control photo-
tubes is such that when the data phototubes are viewing the e line, the control
phototubes aere viewing the e', a,b, and e poqitions in the seventh level. The
label e' refers to the e position in the preceding frame. The e' and e control
phototubes are enmergized simultaneously only when an e line is opposite the data
phototubeses That is, an e line is identified by a control code of the form 1XX1l,
In particular, 1101 identifies the e line of an INSERT ADDRESS frame, 1001 the e
line of an ENTER DATA freme, and 1011 the e line of a CHECK ADIRESS frame. Con-
trol codes not of the form 1XX1 identify a,b,c, and d lines of any kind of frame;
these are ail given identicel treatment. Instructions for the final disposal of
a framn‘of data are not revealed until the e line is read.

Figure 3 is a block diagram showing those parts of the computer which par-
ticipate in input operations. The digital transmission paths used in input oper-
ations are shown also in Figure 1.

The Tape Translator Switoh (TTS) is a considerably simplified version of the
Command Translator Switoh (CTS)e Ome of its five output leads is energized on
receipt of the L=-digit tape control code. The outputs opergte into the computer's
operation selecting matrix, in the same manner as the outputs of CTS. All input

operations internal to the computer take place at the same pulse rates as in
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regular oomputinge.

The Q-Register is used for assembling the five 6-digit lines of a frame of
tape, and for providing part of the "cushion" storage of data en route from tape
to drume The rapid shifting property of Q is utilized in the assembly operatiom.

After the e line of a frame has been received by Q, the number in Q is trens-
mitted to one of two destinations, depending on the 5252 of frame beinyg read, as
identified by TTSe If the frame is of the ENTER DATA kind, the number im Q is
transmitted to SIR for writing into storage. If it is either an INSERT ADDIRESS
or a CHECK ADDRESS frame, the complement of the number 1s transmitted to EPK
(right-hand 12 digits only, others being 1r}olovant).

The End Point Counter (EPK) is utilized to keep track of the address of the
box to be loaded. For machine loading operations, this unit is provided with an
"AWC" set of input terminals. A 12-digit number transmitted to EPK via these ter-
minals is "added without ocarry" to the number in EPK.

In Seection l.l4.3, EPK was described as a 1l2-digit subtractive counter. For
input operations, it 1s required to add 1 to the address in the counter for each
successive frame of datas The desired properties are realized by inserting the
complement of the initial address in EPK, subtracting 1 from this each time, and
transmitting the complement of the number in EPK to SAR. (This is equivalent to
relabelling EPK's input and output terminals).

The modus operandi of the input process will now be described (with the les-
ser details omitted). As each line of tape passes before the phototubes, a sharp
pulse is delivered by the Feed Pulase Amplifier. This pulse causes TTS and the
right-hand six stages of Q to be filled from the appropriate tape amplifiler out-

puts, and initiates a short, rapid sequence of internal machine operations, as

EN 61 NEERING RESEARCH ASSOCIATES , 1 NC.
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follows;s

If the TTS setting is not of the form 1XX1, the line is
a,b,0, or d, and the principal operation is a 6=place shift
of Qo A

If the TTS setting is 1101, the line is the e line of an
INSERT ADDRESS frame, and Q is now fulle First EPK is cleared
to O's, then the complement output of Q is transmitted to the
AWC input of EPKe The number in EPK is now the complement of .
the initial address.

If the TTS setting is 1001, the line is the e line of an
ERTER DATA freme, and Q is fulle The complement output of EPK
is transmitted to SAR. This sets up the initial address in
its normal forme The normal output of Q 1s transmitted to SIR.
The Initiate Write control line to storage is pulseds The
Advance EEZ 11Ine, which subtraots 1, is pulsed. This sets up
the destination address for the next frame.

If the TTS setting is 1011, the line is the e line of a
CHECK ADDRESS frame, and Q is full. If the check is good, the
numbers in Q and EPK ere complements., The complement output
of Q is transmitted to the AWC input of EPK, as before. This
leaves O's in EPKs The Advance EPK line is pulsed. If this
operation produces an end-borrow, the check is good.
So that orders of magnitude of the time intervels involved may be fully ap-
preciated, it should be noted that the feed pulse repetition period is extremely

long (6700 microseconds) relative to the internal clock pulse period (2.5 micro-

seconds).

1l.5.5 Tape prepardation unite The input tepe is prepared by means of a spec-

ial keyboard unit whieh actuates a standard 7-~hole tape punche. The keyboard ar-
rangement has not been standardized at tﬁis writings One suggested design has
two arrays of Ol keys eache The kejs in one group are marked with the octal num-
bers 00 through 77. Thirty-nine of the keys in the other group are labelled with
the 39 command code symbols (QA, OP, TE, etc.)s Each key in one group is tied

electriocally to one key in the other groupe Depressing a given key sets up the

corresponding 6-digit binery number to be punched as a line of dataes After the
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number is set up, a Punch and Advance bar is strucke There are two such barse.

One of these causes the seventh-level hole to be included; the other causes it to
be omitteds If a special switch is set, a seventh-level hole will automatically
be included opposite every fifth, or e, line. Five lamps indicate which of the

five lines of a frame 1s about to be punched.

1.6 Output Section.

The Output Seotion of the computer contains means for transmitting informa-
tion from storage to a punched paper tape and/br a printed page. Two commands,
PRINT ONLY and FRINT AND PUNCH, are provided for governing the output operationse.
These will be described in Chapter 2.

Both of these commands cause the rizght-hand six binary digits in .a specified
box in storage to be transmitted to the Print/Punch Register (PPR in Figure 1),
as explained in Section le2+.3. An electric typewriter then prints the character
to which this code corresponds, and (if so instructed) a perforator punches the
six digits as a line of data on 6= or 7-hole tape. As soon as the mechanical op-
eration is under way, PPR clears and 1is receptive to further data.

Onoce a print operation has been initlated, the computer is free to sontinue
with its programe It is not necessary for Program Control to stop and await com-
pletion of the printing operation. However, a second printing operation is auto-

matically delayed until completion of the previous one.'
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CEHAPTER 2

COMPUT ING CHARACTERISTICS

2.1 Introduction.

The computer hes a repertoire of 39 operation oommeands. Thege commands are
defined in Section 2.2, without elaboration. Comments on the commands are con-
tained in Section 2.3. Factors influencing the speed of computing are treated in

Seetion 2.l

2.2 Definitions of the Commands.

2¢2.1 Nomenclature. In the 39 definitions to follow, perentheses around an

address symbol or a register symbol mean "the number contained in" the box or reg-
ister so designated; ee.g., (y) is the number in the box whose address is y, and
(A) is the number in the Accumlatore.

The numbers contained in A, Q, and X are expressed as aggregates of digits si,
9y and Xy respectively, where the subseript "i" is the power of 2 associated with
that digite That is, L is the coefficient of 20, and 1s therefore the right-hand
digit of (A); a; is the (i + 1)th digit from the right.

A coding designation is included for each commend. (These codes are repeated
in Table III, together with their mnemonic significance.) Each double capital let-'
ter should be regarded as a single symbole On the tape=-preparing keyboard there
will be a key for each of the 39 symbols.

This set of commands will be called List E-L, to distinguish it from previous-
ly reported lists.

2422 Principal additive commends. The following twelve statements define
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the "ordinary"”, "absolute®, and "split" types of additive commands
le OApy - HOLD ADDs Add (y) to (A).

2. OPpy = CLEAR ADDs Clear A and insert (y).

3. 0Spy = HOLD SUBTRACTs Subtract (y) from (A).

L. ONpy - CLEAR SUBTRACT: Clear A and insert the negative of (y).

5¢ AApy - ABSOLUTE HOLD ADD: Add to (A) the absolute value of (y).

6. APpy - ABSOLUTE CLEAR ADDs Clear A and insert the absolute value of (y).
Te ASpy - ABSOLUTE HOLD SUBTRACTs Subtract from (A) the absolute value of

(y)e
B8e ANpy = ABSOLUTE CLEAR SUBTRACT: Clear A and insert the negzative of the

absolute value of (y).

9 SApy - SPLIT HOLD ADD: Add (y) to (A), except that O's are to be added
into the left«~hand 30 places of Ae.

10. SPpy = SPLIT CLEAR ADD: Clear -A, insert (y) into the rightehand 30
placese.

1l SSpy - SPLIT HOLD SUBTRACTs Subtract (y) from (A), except that O's are
to be subtracted into the left~hand 30 places of A.

12, SNpy « SPLIT CLEAR SUBTRACTs Clear A, insert the negative of (y) into
the right-hand 30 places, and insert 1l's into the left-hand 30 places.

2¢2.3 Miscellaneous Acoumilator commendse. The following seven statements

define additional commands relating to transmission of data between A and storage:

13. NPpy = CLEAR ADD PLUS ONEs Clear A and imsert (y) + 1.
14 NMpy - CLEAR ADD MINUS ONEs Clear A and insert (y) = 1.

15, lApy - HOLD LOGICAL MULTIPLY: "Split add" (y) to (&), as in SApy, but

suppress the transmission to A of those digits of (y) which are in
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pleces corresponding to O's in (Q).

LPpy = CLEAR LOGICAL MULTIPLYs Clear A and insert (y) into the right=
hand 30 places, but suppress the transmission to A of those digits of
(y) which are in places corresponding to 0's in (Q)e

SDpy = SUBSTITUTE DIGITSs Replace each digit of (y) with the corres-
ponding digit of (A), provided the corresponding digit of (Q) is a 1;
the remaining.;igits of (y) are not to be disturbed.

SEpy =~ SUBSTITUTE EXECUT ION ADDRESS:s Replace the right-hand 12 digits
of (y) with the corresponding digits of (A); the remaining 18 digits of
(y) are not to be disturbed.

AYpy - STORE A: Replace (y) with the right-hand 30 digits of (A).

22444 Q-ng}stor commandss The following five commands are related to

transmission of data into and out of Q:

20.

2l.

22,
23,
2L,

YQpy - FILL Q¢ Clear Q and insert (y).

AQp~ - TRANSMIT A to Qs Clear Q and insert the right<hand 30 digits of

(A)e
QAp- - HOLD ADD FROM Qs ‘Add (Q) to (A)e
QPp~ = CLEAR ADD FROM Q: Clear A and insert (Q).

QYpy = STORE Qs Replace (y) with (Q)e

2e2¢5 Arithmetic sequence commandses The following six commands are related

to erithmetic processes whioh involve the Arithmetic Sequence Controli

25

ALpk - SHIPT A LEFT: Shift (A) to the left k times, replacing extreme

‘right digit with the one which was at extreme left each time (circular

Bhift)o

26. QLpk - SHIFT Q LEFT: Shift (Q) to the left k times, replacing extrems
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right digit with the one which was at extreme left each time (eiroular
Bhift)o

27+ MApy - HOLD MULTIPLYs Add to (A) the product of (Q) and (y), without
roumdoff, leaving multiplier intact in Q.

28, MPpy - CLEAR MULTIPLY: Clear A and insert the product of (Q) and (y),
without roundoff, leaving multiplier intact in Q.

29« DPpy = DIVIDEs Divide (A) by (y), putting the quotient in Q and leaving

& non-negative remainder, R, in As The quotient and remainder are de-

fined bys
N = QD+R (0<R<ID[)s
where N = dividend (numerator)
. and D = divisor (denominator).

30. SFpy - SCALE FACTOR SHIFT: Shift (A) oirecularly to the left until a

>
and 558 become different; replace the right-hand 12 digits of (y) by a

characteristic, k, defined bys

k = (30 - 8) mod 60 (0< k <59),
where S is the number of places shifted. If (A) consists of all O's

or all 1's, record k as 31l.

2¢2.6 Test commands. The following five statements define four test, or

discriminetion, commands (PEpt is simply a preparatory operation for TEpy)s

5le PEpt - PRESET END POINT COUNTER: Clear EPK, insert the number t (the

§ total number of times a routine is to be traversed), and subtract 1
i; from (EPK)e

32, TEpy - TEST END POINTs Subtract 1 from (EPK); if an end=borrow (change
‘ of sign) results, take (y) as the next instruotion; if not, take (p)
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as the next instruotion.

33+ TFpy - TEST FULL ACCUMILATOR: If agg and ayg (coeffiolents of 27 and
258 3in (L)) are alike, take (p) as the next instruotion; if different,
take (y) as the next instruotion.

34 THpy - TEST HALF OVERFLOW: If a,. and a,., are alike, take (p) as the

30 29
next instruction; if different, take (y) as the next instructione
35+ TSpy - TEST SIGN: If (A) is negative, take (y) as the next instruction;
if (A) is positive or zero, take (p) as the next instructione

2¢2+7 Print and stop commands, The following four commands are related to

output and stop operations:

2.3

36e POpy = PRINT ONLY: Transmit to 6=-digit Print/Punch Register the right=
hand 6 digits of (y), and cause electric typewriter to print the char-
acter to which this code corresponds.

37« PPpy = PRINT AﬁD PUNCHs  Seme as POpy, but in addition cause perforator
to punch the 6 digits as a line of data on 6= or 7-hole paper tape.

38 ISp~ = INTERMEDIATE STOP: Stop clock pulse generator and flash INTERe
MEDIATE STOP signal,

39e¢ FS== « FINAL STOP: Stop clock pulse generator and flash FINAL STOP

signal,

Comments on the Commands.

2¢3¢1 HNumbers transmitted to Acoumulatore. The numbers subtracted into A in

the several basic internal arithmetic operations are recapitulated in Table II.

The symbols are those defined in Section 2.2.1¢ The complement of a digit is rep=-

resented by a primed symbol; i.e., x} means (1 - xi).
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2¢3.2 Principal additive commandse The four ordinary additive commands and

the four absolute additive commands have obvious purposes The four split additive
oommands are provided for manipulating "multiple precision™ numbers, where 30-digit
portions of multiple length numbers are stored in separate boxes.

2e%¢3 Miscellaneous Accumlator commandss The commands CLEAR ADD PLUS ONE

and CLEAR ADD MINUS ONE reduce the number of storage references required to change
a number (e.g., 8 computational index or a stored instruction) by one unit.

The LOGICAL MULTIPLY and SUBSTITUTE DIGITS commands provide considerable flex-
ibilitye To illustrate one type of application, five L=digit numbers and one 10-
digit number could be stored together in each box, and yet be manipulated as
though they were stored in separate boxes. The seleoctive operator in Q may be
left set up for a long series of steps.

2.3 Q-Register commands. The commnds TRANSMIT A TO Q, HOLD ADD FROM Q,

and CLEAR ADD FROM Q enable Q to be used for rapidly accessible storage of a 30=-

digit number.

2¢3¢5 Arithmetic sequence commands. A natural question relative to the two

SHIFT 1EFT commends iss What happens if k, the number of places to be shifted,
is made greater than 59 or 2 in ALpk or QLpk, respectively? The answer can be
deduced from the properties of ASK, as described in Section le3.6. The actual
number of places shifted is equal to the number represented by the right-hand six
digits of k.

A flow diagram of the algorithm followed by the Arithmetic Sequence Control
in executing the two MULTIPLY commands is given in Figure L. (The switoh-like
symbols in this diagram indicate logical dichotomies, not astual switohes.) The

steps immediately preceding and following the "basic multiply algorithm" are
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ocorrections for a negative multiplier. The step labelled "Part I" is required
only for cumulative multipliocation.

A flow diagram of the DIVIDE algorithm is given in Figure 5. The "basic di-
vide algorithm", if performed alone, would result in a quotient and a remainder
satisfying the following conditionss (1) quotient odd (i.e., Qg # qo)x and (2)
absolute value of remainder less than or equal to that of divisor. The initial
and final oorrective steps produce the positive remainder spocified in the def-
initiones In particular, a zero remainder is then represented as zero.

Prior to division, the dividend in A may be shifted to the left to provide
the desired number of significant figures in the quotients A limitation on this
preliminary shift is that the quotient must l1ie within the range of Q3 i.e., its
absolute value must not exceed (227 - 1)e In particular, if the most significant
digit of the divisor is x g8* then the most significant digit of the dividend should

2

lie no further to the left than a

55 (this is a sufficient, but not always neces-

sary, condition)e

The commsnd SCALE FACTOR SHIFT is a "substitution" command, which makes it
possible to insert the characteristic, k, into a stored ALpk or QLpk instruction.
The definition of k is such that if the corresponding "mentissa” is read out of
storage and then shifted by ALpk, it will have been restored to its ariginal po-

sition with respect to the binary point.

2.3.6 Test commands. The commends PRESET END POINT COUNTER and TEST END

POINT are provided for counting the number of times a repetitive sequence of in=-

" structions in the program has been traversede It is initially filled with & num=

ber, t, equal to the desired number of traversals, by means of the instruction

PEpts The instruotion TEpy, following each traversal, diminishes the ocount by
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one and performs the teste The two commands are defined so that the test goes in
the p direction (t - 1) times, and goes in the y direction the t = th time.
The command TEST FULL ACCUMULATOR tests whether the most significant dig:lt‘of
(A) is at ‘58' The command TEST HALF OVERFLOW may be used for determining whether
a single additive operation has produced an overflow into the left half of A.
2e3+.7 Print and stop commands., The commands PRINT ONLY and PRINT AND PUNCH

are both provided in order that intermediate cheock results and other ocontrol ine-
formation may be printed by the typewriter without molesting "smooth copy" being

acoumilated on the punched tape.
Two STOP commands are provided 8o that the operator may determine whether the

machine has stopped to permit inspection of a printed intermediate result, or
whether the problem is completely finisheds In addition to these programmed stops,

there are several alarm stops which are astuated by faultedeteotor oirouitse.

2.1y Operating Time Considerationse.

2.4+1 Pro for maximum effective computer speeds In order to make
ogr mpu

the most effective use of the two-address system of commands, the programmer mmst
have knowledge of the minimum allowable time intorvgla between various kinds of
reference to storage. This information is given in Table III for the 39 computer
ocommands.

Let p' be defined as the address of the box ocontaining the present instruo-
tion; y, the execution address which is part of the present instruction; and p,
the program adéress in the present instruction (iee., the address of the box con-
taining the next instruoction). Then the meaning of the tabulated quantities, C,
is that y should lie at least cp'y cells beyond p's p should lie at least cyp oﬁlln
beyond y; and (for commends with no execution address) p should lie at léast CP'P
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eells beyond p's These numbers are given in decimel notation and are rounded to
multiples of 8. Expressed in octal notation, these mltiples are 10, 20, 30, etc.

The minimum intervals defined by the C's apply only to the angular portion of
each address (ses Section 1¢2.1)s Suppose that p' 1s 6123 (in ootal) and that the -
instruction is MApy. Then y, the address of the box containing the multiplieand,
should be no smaller than 6123 plus 10 (octal), or 6133, But box number 2133,
which is situated at the same angular position in the other track group, passes
the magnetic heads simultaneously with 6133, and therefore has equal status for
timing purposes.

Should a shorter interval be programmed than that specified in the table, the
only effect is a loss of operating time. The intervel is automatieally lengthened
by the duration of a complete drum revolution, or 16 milliseeonds.

As a further refinement, the programmer may assume that the dead time from
3777 to 0000, and from 7777 to L4000, is equivalent to LO cell-periods.

244442 Storage lockout delays. Omne of the factors taken into ascount in mek-

ing up Table III is the cirocuit recovery time which mist elapse between the sev-
eral kinds of magnetic drum storage reference. Automatio lockout delays are built
into the storage system controls for this purpose. These delays prevent a writing
operation from following a previous writing operation by less than about 2000 mi-
croseoonds, & reading from following a previous writing by less than about 250 mi-
croseconds, and either operation from following a reading by less than about 60
microsecondsés -

21143 Clock pulse rate. The Clock Pulse Generator, which times the main Pro-

gram Control and the Arithmetic Sequence Control, operates at a rate of 400,000

pulses per second. This rate determines (and is equal to) the shifting rate of Q
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and A, in places per sscond.

The basic addition cycle in the Acoumulator is 3 oclock pulse periods, or 7.5
miocroseconds. That is, 7.5 microseconds after transmission of a number to A, &
second operation in A, such as.shifting, may be orderede This interval allows
sufficient tims for propegation of a 60=place borrow (extreme case) in A.

The timing of the MULTIPLY and DIVIDE processes, as directed by the Arithe-
metic Sequence Control, is based on these shifting and adding rates.

2.4.4 Parallel internal operations. The internal operatioms ordered by the

Program Control ocour both in sequence and in parallele. Execution of the instruo-
tion MApy will serve to illustrate. First, Part I of the mltiply algorithm (Pig=

ure ;) is initiated, simultaneously with initiation of the search in storage for

the miltiplicand. Upon completion of these operations, Part II of the algorithm
is initiated, simultaneously with initiation of the search in storage for the

next instruction in the program.
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CHAPTER 3

MISCELLANEOUS GENERAL CONSIDERATIONS

341 Manual Controls.

A number of manuel controls are regquired for starting and for servicing the
computer. An initial starting control sets the Program Control registers to read
the first instruction from a certaln box, say 0000, which is always used to hold
the first instruction in the programes The starting control also performs such
routine tasks as clearing toggle=circuit registers to their proper initial state.

Controls are also provided for running the Clock Pulse Generator at a re-
duoed rate, and for single-stepping. The distributiom of clock pulses may be in=-

terrupted and resumed manuallye

3e2 Checking and Servicing.

Elaborate means for checking the operation of the computer are not provided.
The design of the machine permits the frequent running of brief chesk prodlems
during the course of a long oomputatiom. The non-wolatile nature of the data in
storage enables the retention of check problems in storage for extended periodse.
There are, however, certain speoialized ohecks, such as the address check in the
machine loading operation (Section le5.4)e

To facilitate servicing, neon lamps are pmrovided for indicating the state of
all toggle-circuits in the computer. It is therefore possible to single~pulse the
maohine and observe the aoction, for example, of the arithmetic units.

All electromic units sre divided into replaceable plug=in chassis of oconven~

ient size,
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}_.} Number of Tubes,

The number of tube envelopes in the entire computer is estimated at 2500.
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o _Q|e— " - 1001 (e'e)
o <— " * 0000
o — ETC.
+ ENTER O DATA
o)
___.°_ _ O]
(9]
o
z ENTER 5 DATA
Q o)
5 o ol ANY NUMBER OF BLANK LINES PERMITTED
= o) BETWEEN FRAMES AT THIS POINT &
@ o O
a| |coHEGK O ADDRESS
o)
o

O _|4—r717s seTTiNG 1011 (e‘be).

PHOTOTUBE SYMBOLS

TO TAPE CONTROL AMPLIFIER
BB To FEED PULSE AMPLIFIER

M TO TAPE DATA AMPLIFIER
A, TH LEVEL

% THE LAST SUCH BLANK LINE MUST GONTAIN A 7 TH~LEVEL HOLE

&UU
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'\—/\__/—-—'\/\/\__ |
/‘\'/—\/,

OPERATION
TIMING
MATRIX

OFERATION SELECTING
MATRIX

I?'*‘H (i}**'ﬂ
CONTROL PULSES TO ALL
PARTS GF COMPUTER

F3 f

FF555
" .
63 LINES —~iF|~
ool
. wl o x
w o3& g, i CLOCK PULSE | o  INTERRUPT PULSE
o EI5 GENERATOR DISTRIBUTION
: 5|=| |20
SEEEE AND
= RESUME PULSE
DISTRIBUTOR DISTRIBUTION
COMMAND TRANSLATOR TAPE
TRANSLATOR CLOSCK
SWITGCH PULSES
SWITCH
o RESYNCHRONIZING DELAY
=) s 1 |
= 2 g
: 8 ) (_.)’ o FEED
(_)J o FROM o PULSES
S STORAGE
REMAINS IN CLEAFED STATE .
DURING INPUT OPERATIONS x x *.
. w
[75] - n
. 5‘ 5 w % @
st M w 4
EEE | Scw |afe
FZ7 [ *ye |Fa4
o = a o = !
< w C a <
w o s
u &«




[ —

OPERATION
TIMING
MATRIX

CLOCK PULSE
GENERATOR
AND
DISTRIBUTOR

CLOCK
PULSES

(RO |
*

FEED
PULSES

l?‘*‘ﬂ ?ﬂ *—H
CONTROL PULSES TO ALL
PARTS OF COMPUTER

< INTERRUPT PULSE

DISTRIBUTION

RESUME PULSE
DISTRIBUTION

RESYNCHRONIZING DELAY

sTOP
TAPE X
DRIVE
CHECGK
COUNTER X
(MEGH.)
"WRONG
ADDRESS" |
*mmcmoa
:0
~Z
-
CHECK
TOGGLEXK
f A
MAKE
CHECK SET

CHEGK TOGGLE

-

TAPE
CONTROL
AMPLIFIERS

e
*

FEED PULSE
(SPROCKET HOLE)
AMPLIFIER

TAPE

*

DATA
AMPLIFIERS

O,

CLEAR Q

UNITS MARKED ( ¥ ) ARE USED
E XCLUSIVELY FOR INPUT




STORAGE ADDRESS STORAGE INSERTION
REGISTER REGISTER

¥

CLEAR,
ON END-SIGNAL
\ FROM STORAGE
- \
g XMIT EPK TO SAR
END-BORROW SIG. COMPLEMENT
/ END POINT ld— CLEAR (0'S)
COUNTER :
(SUBTRACTIVE) 4— ADVANCE EPK
(SUBTR. ONE)
_—-ﬂ ' AWC - INPUT
(ADDS WITHOUT

CARRY)

XMIT Q TO EPK XMIT Q TO SIR
COMPLEMENT

R Q 2l:1t? > | -

Q-REGISTER I

SINGLE-SHIFT Q
(FROM ARITHMETIC
SEQUENCE CONTROL)
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INITIATE PART I

—»

k END PART T
INITIATE PART IT >
>
Qp9° 0 Q297!
9| o \
, SUBTR. X TO A
-
~
AL |
g9 =0 '% 929 °!
9| o
- BASIC
ADD X TO A MULTIPLY
ALGORITHM
SHIFT GOUNT
wer oot g s
$:30 f $<30 <J
- —e | @ > :
LPY Y ,{“29‘l
o | @ =~
(: ADD X TO A
—>— < 7
( END PART IL
T >

MApy USES PARTS T AND IT.
MPpy USES PART IL ONLY.

INITIAL CONTENTS:

X: MULTIPLICAND

Q. MULTIPLIER

A: INITIAL NUMBER (ZERO FOR MPpy)

FINAL __ CONTENTS:

X. MULTIPLICAND

Q: MULTIPLIER

A’ INITIAL NUMBER PLUS PRODUCT

Figure L. MULTIPLY ALGORITHM (partion of MApy and MPpy)

EN 6 I NEERI

NG R ES

EARCH

ASSOC

Il A TES
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MBS COMPUTER CHARACTERISTICS

INITIALLY
.
INITIATE DIVIDE CASEI:qggg= CASEII: Ggq= !
—o] o
2\
ABS SUBTR X TO A 1
AL 30
<4
-
AL I
a30°%29 4 030#%29 z
/s el B N -
SUBTR X TO A S
o
awe 1 Toag ADD X TO A 2
- w
a
SHIFT COUNT 2.
. o EE——
-s 9
[/;]
g
]
<
GASE I {n
ABS ADD X TO A
AWG | TO Qg AWG 1 TO Qg ABS ADD X TO A
> > . > L >
AWG = ADD WITHOUT CARRY END DIVIDE
INITIAL CONTENTS: FINAL GONTENTS:
X: DIVISOR DIVISOR
Q@ ZERO QUOTIENT
. At DIVIDEND REMAINDER
Figure 5. DIVIDE ALGORITHM (portion of DPpy)
ENGINEERING RESEARCH ASSOCIATES , INC.
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NBS COMPUTER CHARACTERISTICS

TABLE I

-TERTATIVE PHYSICAL CHARACTERISTICS OF STORAGE DRUM

Bumber of storage tracks

Number of locating or addreass tracks

Fumber of control or timing tracks

Digits per inch of track

Tracks: per axial inch of drum

Diameter of drum, inches

Length of drum, inches

Period of revolution, nominal, milliseconds
~Surface speed, inches per sesond

Seanning rate, digits per second

Number of magnetic heads

60
1

8¢5
10

128,000
73

£ X 61 HEER LT NG RESEARCH ASSOCIATES |,

33
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NBS COMPUTER CHARACTERISTICS

NUMBERS SUBTRACTED INTO ACCUMULATOR

TABLE IX

IN THE BASIC ARITHMETIC OPERATIONS

Operation Aooumlator Digits Where Used
‘59‘ 00-0.30&832800.‘ & |
Add X to A eeeXx! X! X! 4eeX x' QApy MApy
NPpy  DPpy
Nipy
Subtract X to A eoe Y OSpy Mpy
%29%29° * * 29 %29™28°* * *1%p ONpy  MPpy
DPpy
Abgsolute Add X to A AApy
APpy
1t 329: 0 ‘ 1 1 ..e1 1 Xéeoooxixo' DPpy
It x29 =1 1 1 +4e0l1 1 1280001110
Absolute Subtract X to A ASpy
ANpy
28 =0 O O eee0 O xaa...xlxo DPpy
= ] (XX ] [ X X x!
Itxag__l 0.0 0 O 28 xx
Split Add X to A l1 1 +.e1 x! seexix! SApy
29%38°* * X1 %5 SPry
Split Subtract X to A O O eee0 X, X _eeoX.X SSpy
29°28°* " "1% SHpy
Add Q to A Q'@%oooq%q&gq%BQQQQiqa QAp~-
QPp=-

ENGI NEERING

RESEARCH

ASSOCIATES

’

c .
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TABLE III.

COMIAKDS AND OPERATING TIMES (LI

TITLE MNEMONIC
(DEFINITIONS IN SEC. 2.2) CODE SIGNIFICANCE

1. HOLD ADD QApy Ordinary aAdd
2e CLEAR ADD OPpy Ordinary Positive
30 HOLD SUBTRACT OSpy Ordinary Subtract
Le CLEAK SUBTRACT ONpy Ordinary Negative
Se A3SOLUTE HOULD ADD AApy Absolute Add
6o A3SOLUT: CLiEar ADL APpy - Absolute Positive
Te A3SOLUTE HOLD SUBTRACT ASpy Absolute Subtract
Be 3SOLUTE CLEAR SUBTRACT ANpy Absqlute Negative
9 SPLIT HOLD ADD 'SApy Split Add
10. SPLIT CLEaR ADD SPpy Split Positive
11. SPLIT EOLD SUBTHACT SSpy Split Subtract
12, SPLIT _LExK SUBTRACT SNpy Split Negative
13, CLpast DD PLUSL OLE NPpy Noteh Plus
Use CLEAK DD dIBWUs UNE Nilpy Noteh Minus
15. HOLD LOGICAL .ULTIPLY LApy Logicel Add
16. CLEsR LOGICAL iLULTIPLY LPpy Logical Positive
17. SUBSTITUTm DIGITS SDpy
18, SUBSTITUTE BXECUTION nDDRESS SEpy
19, STORE A AYpy A to memorY
204 FILL Q Qpy memorY to Q
21, TRANSMIT A TO Q AQp~- A to Q
224 HOLD ADD FROM Q QAp=- Q to 4, Add
2%, CLEsR ADD FROM Q QPp- Q to A, Positive
2, STOHE Q QYpy Q to memorY
25 SHIFT A LEFT ALpk
264 SHIFT Q LEFT QLpk
7. HOLD WULTIPLY MApy Multiply Add
28, CLisik ULTIPLY MPpy tultiply Positive
29 DIVIDE DPpy Divide, Positive rem.
30, SCaLE FACTOR SHIFT SFpy :
31e PRESET END POINT COUNTER PEpt
32, T2ST END PCINT TEpy
%%, TE3ST FULL ACCUMULATOR TFpy
3o TEST HALF OVERFLOW THpy
350 TLST SICN TSpy
364 PxINT ONLY POpy
27 PRINT AND PUNCH PPpy _
38 INTEREDIATE STOP ISp= ¢
29 FINaL 5TOP FSm=




COMIANDS AND OPERATING TIMES (LIST Eely)

E IIle
MINIMUM ALLCWABLE TINME
MNEMONIC INTERVALS, IN CELL= APPLICABLE
CODE SIGNIFICANCE PERIODS (SEE NOTE 1) ~ NOTES
°pty  %p  Cpp
QApy Ordinary add 8 8 -
OPpy Ordinary Positive 8 8 -
OSpy Ordinary Subtract 8 8 -
ONpy Ordinary Negative 8 8 -
AApy Absolute Add 8 8 -
APpy - Absolute Positive - 8 8 -
ASpy Absolute Subtract 8 8 -
ANpy Absglute Negative 8 8 -
SApy Split Add 5 8 -
SPpy Split Positive 8 8 4
SSpy Split Subtreact 8 8 -
SNpy Split Negative 8 8 -
NPpy Notoh Plus 3 8 -
Nilpy Notoh Minus 8 8 -
LApy Logicel Add 8 8 -
LPpy Logieal Positive 8 8 -
SDpy 8 32 - 2
SEpy : 8 32 - 2
AYpy A to memorY 8 32 - 2
YQpy memorY to Q 8 8 -
AQp~- A toQ - - 8
QAp- Q to A, Add - - 8
QPp=~ Q to A, Positive - - 8
QYpy Q to memorY 8 22 - 2
ALpk - - 8,16,2. 3
QLpk - - 8,16 3
MApy Multiply Add 8 L8 -
MPpy Iltiply Positive 8 Lo -
DPpy Divide, Positive rems. 8 56 -
SFpy , 2, 32 - 2
PEpt - - 8
TEpy - - 8
TFpy - - 8
THpy - - 8
TSpy - 8 .
POpy 8 8 - L
PPpy 8 8 - L
ISp=- ¢ - - -

Note 1

Note &

Note 2

hote |



E-l)

MINIMUM ALLOWABLE TIME

INTERVALS, IN CELL= APPLICABLE
PERIODS (SEE NOTE 1) " NOTES
Cpry  Cp Cpp
8 8- -
8 8 -
8 8 -
8 8 -
8 8 -
. B 8 -
8 '8 -
8 8 -
8 8 -
8 8 4
8 8 -
8 8 -
3 8 -
8 8 -
8 8 -
8 8 -
8 32 - 2
8 32 - 2
8 32 - 2
8 8 -
- - 8
- - 8
- - 8
8 32 - 2
- - 801602)4 3
- - 8,16 3
8 L8 -
8 Lo -
8 56 -
2l 32 - 2
- - 8
- - 8
- - 8
- - 8
- - 8
8 8 - L
8 8 - L

Hote 13

Note 23

One cell=period is approximately 8

microseconds.

The minimum allowable time interval
between two store; e writing operations

"is 256 cell-periodse JShould & shorter

interval be programmed, the interval
will automatically be lengthered by
the duration of a complete drum revo-
lution, or 16 milliseconds. For a
8ingle storage writing operation, only
the time intervals tebulated herse need
be provided.

Note 3

Note L

For shifts of 1 to 20 places, C_,, is
8; for 21 to L0 places, 16; for Ll to

60 places, 2L

The minimum allowable tims interval
between two print/punch operations is
of the order of 125 millisecondse

Should a shorter interval be progruammed,
it will automaticel 1y be lengthened to
this values For a single print/bunch
operation, only the time intervals tab=-
ulated here need ve providede
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APPENDIX A

LIST OF REFERENCES.

Letter, A. A. Cohen of ERA to S. N. Alexander of NBS (13 August 1948).

Letter, Ae As Cohen of ERA to H. D. Huskey of NBS (30 September 19L8).

_Letter, Ae A+ Cohen of ERA to H. D. Huskey of NBS (19 October 19L48).

Repoart, "Selective Alteration of Digital Data in a Megnetic Drum Com-
puter Memory", Office of Naval Research contract Néonr-2,,0, Engineer-
ing Research Associates, Inoc. (1 December 1947).

I.R.E. National Convention peper, A. A. Cohen and We R. Keye, same title
as Reference (d), (25 March 1948). Abstracted in Proc. I.R.E. 36,

379 (1948)e Printed transoripts of this paper are available from ERA
on requeste

I.R.Es National Convention paper, Ne Rochester and De Re Brown, "Reoti-

fier Networks for Multiposition Switching " (25 Maroh 1948)e. Abstract-

ed in Proce I.R.E. 36, 379 (1948).
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