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This manual describes the operation of an installation of IBM Elec-
tronic Data Processing Machines consisting of the following units:
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Type 701 Electronic Analytical Control Unit
Type 706 Electrostatic Storage Units

Type 711 Punched Card Reader

Type 716 Alphabetical Printer

Type 721 Punched Card Recorder

Type 726 Magnetic Tape Readers and Recorders

Type 731 Magnetic Drum Reader and Recorder

Other units, which are not listed, have to do with power supply and
distribution.



foreword

Of IBM's many important contributions to the field
of electronic business and scientific equipment, none
has shown greater promise than the new class of
equipment known as Electronic Data Processing Ma-
chines. This equipment, expanding electronics into
previously untouched areas, has been made possible
by drawing on IBM’s tremendous reservoir of expe-
rience in electronics.

These new machines are being designed for the
higher speeds and larger capacities demanded by
problems of increasing complexity which confront
business, industry, government and science. These
problems include procurement and supply, logistics,
econometrics, production control, engineering devel-
opment, and scientific research.

IBM Electronic Data Processing Machines will
incorporate the newest devices for input, output, and
storage, including magnetic tapes, magnetic drums,
and cathode-ray tubes. Individual machines will be of
portable size and specialized function. Some units will
serve for control, arithmetic, and logical operations;

others will provide for the input, output, or storing
of data.

This manual describes a representative instailation
of present equipment—one that is intended primarily
for engineering and scientific calculations. For sim-
plicity, the complete name of this installation, IBM
Electronic Data Processing Machines Type 701 and
Associated Equipment, will be abbreviated to 701.

Among the outstanding features of the 701 are its
large capacity high-speed electrostatic storage, inter-
mediate magnetic drum storage, magnetic tape units,
a versatile and fast input-output system, and comput-
ing speed characterized by a multiplication time of
456 microseconds.

In order to achieve maximum versatility, every
function of the machine is under control of the stored
program. This versatility allows the machine to
execute instructions at the rate of about 14,000 per
second on typical problems. Also, functions such as
input-output operation, which are determined by fixed
circuitry on some computers, are under coruplete con-
trol of the program and, hence, under complete control
of the operator. The great advantage of this system
lies in the fact that a customer may build up a library
of programs which will accomplish his special appli-
cations at peak machine efficiency. No compromise in
efficiency is necessary in the design of the machine to
accommodate an average application. Furthermore, a
customer may efficiently calculate on any 701 installa-
tion simply by using his own library of programs.
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GENERAL

THE 701 is a large-scale electronic digital computer
controlled by a stored program of the one-address
type, and utilizing various types of internal storage.

The internal high-speed memory is on cathode-
ray tubes and will be referred to as the “electrostatic
memory.” When the amount of storage available in
the electrostatic memory is not large enough, mag-
netic drums are used to store and supply large blocks
of information for ready access at frequent intervals.
The “drum memory” is also capable of retaining its
contents while the power is turned off, so that inter-
mediate results remain available overnight when the
machine is shut down. Any part of the information
on the drums may be selectively altered by the ma-
chine at any time.

If a larger secondary memory is needed, or if in-
formation is to be filed away for future reference,
magnetic tapes may be used instead of magnetic

drums. Magnetic tape is a storage and input-output
medium that provides compactness, allows rapid read-
ing and writing and can be re-used many times.

To achieve a greater computing efficiency, the ma-
chine works internally in the binary-number system.
The input and output, however, may be accomplished
on standard IBM cards in the familiar decimal-
number system by programming that does not inter-
fere with maximum reading, punching, and printing
speeds.

Results of a computation are printed on a modified
Type 407 accounting machine operating at a speed of
over 10,000 characters per minute. Control of the
automatic tape-controlled carriage may be accom-
plished either manually, by control panel wiring, or
by the stored program itself. Output can also take the
form of cards punched in either binary or decimal;
this again depends on the programming.
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The programs may be written and introduced into
the computer in various ways. Usually the instruc-
tions are key-punched on cards in their original form
and read into the machine. If the program is to be
preserved for future use, it can then be recorded on
tape and filed away in a compact form. To prepare
the machine for calculation the appropriate magnetic
tapes are inserted in the tape units, cards are placed
in the punch hopper, if necessary, and the cards con-
taining the instructions and data of the problem are
placed in the hopper of the card reader. By pushing
one button the machine may be made to store the
program and data of the problem and start calculat-
ing. From then on, operation of the computer is fully
automatic, with all of the components being under
the complete control of the program, although it is
possible for the operator to interrupt the calculation
manually at any time.

The primary unit of information is defined as a
full word which consists of 35 bits (binary digits)
and a sign, or 36 bits in all. However, any of these
full words can be split into two “half words,” each
having 17 bits and a sign, or 18 bits in all. Since 373
bits are about equivalent in information content to
one decimal digit, the full word has a precision of
about ten decimal digits, and the half-word corre-
sponds to about five decimal digits.

Full Word
- 1962
SV 2 1718 e e 35
Left Half-Word Right Half-Word
1 1962 1963
ST 2 178 1 17
Ficure 1

Figure 1 shows schematically a full word and the
two half-words contained in the full word. The posi-
tion of each of the 35 binary bits within the full word
is numbered 1 through 35 from left to right. The sign
bit of the number is represented on the extreme left
and is labeled S. If this full word is divided between
the 17th and 18th positions, the positions in the left
half-word are designated exactly as in the full word.
However, the 18th position of the full word now be-
comes the sign position of the right half-word, while
the remaining positions are numbered 1 through 17.
A word is considered negative if the binary digit 1
occupies the sign position; it is considered positive if
the sign position contains the digit O.



STORAGE

INFORMATION may be stored in electrostatic storage,
on magnetic drums, on magnetic tape, and on
punched cards.

The purpose of this section is simply to point out,
in general terms, the types and extent of storage
available on the 701. Punched cards are a well-known
form of permanent storage and will receive extensive
discussion in the input-output section of this manual.
Details of the instructions necessary for manipulation
of information contained on drums and tapes will
also be found in the same section.

ELECTROSTATIC

THE HEART of the machine is the electrostatic storage
unit, through which all information to and from all
other components of the machine must pass. Electro-
static storage consists of a bank of cathode-ray tubes.
Information is stored on the screen of each tube
through the presence or absence of charged spots at
certain locations on the screen. In this way, a certain
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number of binary digits (or “bits’) may be stored on
each tube. One electrostatic storage unit can accom-
modate 1634 full words or 2648-half words. How-
ever, two such units may be used to provide a maxi-
mum storage of 2848 full words or 4096 -half words.
It is assumed in what follows that maximum electro-
static storage has been provided for this installation.

Principal advantages of electrostatic storage over
other types is the very small time necessary to extract
information from any given location and send it to
the computing unit and the fact that the programmer
has random access to any electrostatic storage loca-
tion. Information is lost when the power is turned off.

MAGNETIC DRUMS

ADDITIONAL storage capacity is provided by four
magnetic drums. These drums are rotating cylinders
surfaced with a material that can be magnetized
locally. Binary digits are stored on a drum through
the presence or absence of small magnetized areas at
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certain locations on the surface of the drum. Each
drum has a storage capacity of 2048 full words.
Information is transmitted to and from drum storage
only through electrostatic storage. When such a
transfer of information occurs, the machine is said to
write on or read from the drum. Any part of the
information on a drum can be selectively altered by
the machine at any time. Because access to individual
words on a drum is slow in relation to electrostatic
storage access, it is more efficient to use the drums
for storing large blocks of information. After the
first word of such a block has been located, the re-
maining words are read at the rate of 800 per second.
Magnetic drums will retain stored information after
the power 1s off.

MAGNETIC TAPES

THERE is also a tape-storage section which includes
four magnetic tape units. Each tape, which may be
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up to 1400 feet long, is wound on a reel. The tape
itself is a non-metallic, oxide coated band one-half
inch wide. Binary information is recorded on tape by
means of magnetized spots. A block of words re-
corded consecutively on a tape is called a record or
unit record. The amount of information contained on
each tape depends on the lengths of the individual
records, since there is a certain amount of space be-
tween each record to allow for starting and stopping
the tape. It is possible to store upwards of 200,000
words on each tape. The machine can read or write
information on a tape only through the medium of
electrostatic storage. It takes, on the average, about
10 milliseconds for the tape to accelerate to its read-
ing or writing speed after which the reading or writ-
ing of a unit record takes places at the rate of 1250
words per second. Since the tapes are removable, a
library of standard programming and mathematical
tables may be kept on tapes.



ADDRESS SYSTEM

MEMORY LOCATIONS

FuLL AND HALF-WORD locations in electrostatic stor-
age, together with the tapes, drums, printer, card
reader, and punch, are identified by a system of
numerical addresses. By means of a number, then, we
may tell the machine to refer to any information con-
tained in electrostatic storage or to any component of
the machine, provided only that we use the system
to be described.

Electrostatic

The 2048 different locations for full words in elec-
trostatic storage are identified by the negative even
integers from —0000 to —4094. The 4096 possible
locations for half-words in electrostatic storage are
distinguished by the positive integers from +0000 to
+4095. The relation between full and half-word
addresses is as follows: if —2# refers to a full-word
location, then +2# identifies the left half-word, and
+(2n+1) the right half-word, into which the full-
word location may be split.
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For example, if the full-word address is —1962,
then the left half-word address is 1962 and refers
to the sign position and positions 1 to 17 of the full
word. The right half-word address is +1963 and
refers to positions 18 to 35 of the full-word location,
position 18 being the sign position of the right half
word (Figure 1). If a full word is to be obtained
from or supplied to electrostatic storage and, through
error, a negative odd address is given (e.g., —1963),
the result will be the same as if the next lower
(in absolute value) negative even address (—1962)
were given.

Magnetic Drums

As mentioned before, there are four magnetic
drums on which information can be stored. Each
drum is capable of storing 2048 full words of infor-
mation. Each full word on a drum is identified by a
system of addresses analogous to the system used for
electrostatic memory, except that there is no provision
for recognizing half-words. Thus, information must
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be used or stored on a drum in units of full words. An
address of —1962 may then refer to the full word
stored in location 1962 in electrostatic storage or
any one of the four drums. This address usually
refers to a location in electrostatic storage. An ad-
dress will refer to a drum location only under specific
conditions. These conditions are described under
Input-Output Components.

Magnetic Tapes

Information is recorded on magnetic tapes in
blocks of full words. The size of this block of words
is optional with the programmer and is limited only
by the length of the tape itself. A series of these blocks
is said to compose a file of information. By pro-
gramming we can locate any particular full word in
any unit record on any one of the four tapes. Usually,
however, we are interested in obtaining a complete
record, or even an entire file, at one time.

There is no way by which an address can be made
to refer automatically to a particular location on tape,
as was possible both in electrostatic storage and on
the drums. This is because we normally use magnetic
tapes to store a complete block of information at one
time. If we want to refer to a particular word among
a block of words, it is usually best to use the drum
storage where this can easily be done. The exact
method by which words are transferred to and from
tape is discussed later under Input-Output Compo-
nEnts.

AND ASSOCIATED
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COMPONENT IDENTIFICATION

THERE ARE four tape units, four drums, one card
reader, one printer, and one card punch—all of which
must be given identifying numbers. These identifying
numbers are placed in the address part of an instruc-
tion whenever the programmer wants the machine
to operate one of these units. Table I gives the system
of addresses. Note in Table I that identifications co-
incide with those of certain electrostatic storage loca-
tions. Whether the address part of an instruction
refers to electrostatic storage or to one of the compo-
nents depends on the operation part. Some operations
will make no sense if the address is interpreted as an
electrostatic location ; other operations make no sense
if the address is interpreted as a component identifi-
cation. Thus, an address is automatically interpreted
by the machine in the light of what it is asked to do by
the operation part of the instruction (see O perations).

TABLE I

1 2 3 4
Tape Units 0256 | 0257 | 0258 | 0259
Drums 0128 | 0129 | 0130 | 0131
Printer 0512
Card Reader 2048
Card Punch 1024




COMPUTING

CaLcuLaTioN is done by directing information to
the computing section, causing operations to be per-
formed on this information, and by storing the results
of these operations in the memory. To understand
these processes, we must first realize that the com-
puting section is composed of three internal registers
called (1) memory register, (2) accumulator regis-
ter, and (3) multiplier-quotient register. Each of
these registers is capable of holding a full word. Their

exact capacities:

Memory register : 35 bits and sign

Accumulator register : 37 bits and sign

MQ register: 35 bits and sign
(The two extra positions of the accumulator register,
called the overflow positions of this register, will be
explained later; these positions are designated as
P and Q.) Figute 2 shows a schematic representation
of these registers.

S Memory Register
1 2 35
S Accumulator Register S Multiplier-Quotient Register
Q P 1 _ _ e 35 1 2 83— ——— - 35
Ficure 2

17
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Electrostatic Storage

[ Memory Register I

/\

Accumulator Register I MQ Register

FIGure 3

The flow of information from the electrostatic
memory to these registers is shown in Figure 3. Note
that all information must pass through the memory
register before entering either of the other two regis-
ters. In this flow of information, three cases are to be
explained (Figure 4) :

1. If an instruction calls for a full word from elec-
trostatic storage, the word first appears unchanged in
the memory register before it goes to either of the
other registers.

2. If an instruction calls for the left half-word of
a full word, positions 1 through 17 of the full word
and the associated sign are transmitted as shown.
Note particularly that the least significant 18 bits of
the memory register are set to zeros.
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3. If an instruction calls for the right half-word of
a full word, positions 19 through 35 of the full word
are transmitted to the left half of the memory register.
If there is a binary digit of 1 or O in the 18th position
of the electrostatic location, the right half-word is.
recognized in the memory register as negative or
positive, respectively. The 18 rightmost positions of
the memory register are set to zero.

Once the word is in the memory register, it is a
simple step for the word to be transmitted, bit for bit,
to either the accumulator register or multiplier-quo-
tient register. The programmer does not have to
concern himself with the fact that the memory regis-
ter is an intermediate step in the flow of words from
electrostatic memory to the accumulator register or
MQ (multiplier-quotient) register. It is of interest
here, because at any time during machine calculation
the operator can display the contents of all three
registers on the operator’s panel (see Control). For
example, one instruction tells the machine to transmit
a word from a given electrostatic location to the mQ
register. Note that this is done with no explicit refer-
ence to the memory register.

There are also instructions that cause information
to be transmitted from the accumulator register or

} 35 Bits :

ull word location in
lectrostatic storage

Memory Register |

17 Bits

Electrostatic Storage Location

Zeros

Aemoary Register

Ficure 4

| 17 Bits {

Electrostatic Storage Location

Zeros

Mecary Register
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MQ register to an electrostatic location. In these cases,
the memory register plays no part whatsoever.

When storing a result in a half-word location, only
the sign and the first 17 bits of the accumulator regis-
ter are stored. The remaining 18 bits on the right of
the accumulator and the two overflow bits on the left
are ignored. The same is true when storing the con-
tents of the Mm@ register in a half-word location of
electrostatic memory.

Before beginning a discussion of the arithmetic
operations, it should be stated that all numbers in the
701 are expressed in the form of a magnitude and a
sign. The results of any operation performed in the
computing unit are always returned to this form.
Results are never expressed as complements.

In the following paragraphs a description of pos-
sible operations will be stated in general terms. The
actual methods and instructions necessary for per-
forming these operations are explained later.

ACCUMULATION

A SCHEMATIC representation of the accumulator reg-
ister was given in Figure 2. Note that there are the
usual 35 positions to accommodate a full word, plus
two overflow positions, P and Q. Note also that the
sign is not located to the left of the bits as is done for
both full and half-words in the electrostatic memory.
The sign of a register is indicated separately and is
schematically represented in Figure 2 by the block
labeled S.

The accumulator register, together with the basic
circuits for adding and subtracting, form what will
be called the ‘“accumulator.”” The accumulator is
capable of adding a number (coming from memory
via the memory register) to its contents, of subtract-
ing an incoming number from its contents, of shifting
its contents right or left, and of resetting itself to
zero before entering a new word. The contents of the
accumulator can also be stored in memory.

Accumulation is performed as follows:

Suppose, for example, we wish to calculate

A+B=C
where 4 and B may have either sign. A is first placed
in the accumulator. Then B is called in from memory
and is added to the contents of the accumulator. The
sum, (, remains in the accumulator replacing A.
Finally, C can be stored in memory or used for an-
other operation in the accumulator.

A similar situation arises in subtraction, where the
number to be subtracted is the one that comes from
memory.

It is also possible to add to or subtract from the
contents of the accumulator the absolute value of a
number stored in memory, the sign of this number
being ignored.

ROUNDING

WHEN the machine is instructed to round, the process
is as follows:

If a 1 is in the first position of the MQ register, the
contents of the accumulator are increased by a 1
in the 35th position. If a zero is in the first posi-
tion of the MQ register, the contents of the ac-
cumulator are unchanged. In either case the con-
tents of the MQ register are unchanged.

Thus it will be seen how the rounding process, in
conjunction with a shifting process to be described
later, enables the programmer to round and truncate
a number to any desired number of bits.

MULTIPLICATION

MULTIPLICATION in the 701 provides for the multipli-
cation of two 35 bit factors to produce a maximum
size product of 70 bits in one operation.

To multiply A X B, we first must place the multi-
plier, A, in the MQ register. Then we simply call-out B
from memory and, at the same time, tell the machine
to multiply. After the multiplication is complete, the
most significant bits of the product are found in the
accumulator, while the least significant bits are placed
in the Mg. It should be noted that before any multi-
plication begins, the accumulator is automatically
reset to zero. Also, the number in the M@ register is
destroyed during the multiplication process. Both of
these features are necessitated by the way in which
the machine multiplies internally. Thus, it is seen
that cumulative multiplication cannot take place in
the accumulator, but the summation is very easily
programmed.

Placing of the binary point in the factors is com-
pletely arbitrary. A simple familiar rule to remember
with regard to placing the binary point in the result-
ing product follows:
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Rure: Add the number of binary bits to the
right of the binary point in each factor. This
sum is the number of bits appearing to the
right of the binary point in the product as
defined above.

We can also tell the machine to multiply and round
in one operation. In this case, an ordinary multipli-
cation is followed by the rounding process. The result
is a rounded product of 35 bits at most in the ac-
cumulator.

DIVISION

Just as multiplication may result in a 70 bit prod-
uct, so division may start with a 70 bit dividend. The
more significant half of the dividend is placed in the
accumulator, and the less significant half is put into
the Mq register. The divisor is called in from mem-
ory, and the machine is instructed to divide.

The quotient is developed in the M register, dis-
placing the part of the dividend which was in that
register. After the division, the accumulator contains
the remainder. This remainder has the same sign as
the dividend. Preservation of this remainder makes
double precision division particularly convenient.

If only a full-sized 35-bit dividend is available, we
may want to reset the MQ register to zero before
division, because the contents of this register are con-
sidered to be part of the dividend. The magnitude of
the number in the Mq register, in relation to the
accumulator, however, is less than one in the 35th
position of the accumulator. If this error is not toler-
able, we must remember to reset the MQ register to
zero before division.

These properties of the MQ register may be used
conveniently to obtain a rounded quotient. With a
35-bit dividend the procedure is:

1. Place the divisor in the accumulator.
Shift it 36 places to the right into the M@ regis-
ter, so that one-half the value of the divisor
appears in the MQ register.

3. Place the dividend in the accumulator.

4. Divide.

The resultant quotient in the M@ register is then
* properly rounded to 35 bits. If a 70-bit dividend is to
be used, the absolute value of the less-significant half
must first be increased by one-half the absolute value
of the divisor before shifting into the MQ register.
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The effect of this procedure is the same as if a
36-bit quotient had first been developed, a 1 had been
added to the 36th bit, and this bit had bheen dropped
after any carries had been propagated.

As in multiplication, something must be said with
regard to where the binary point is assumed to be in
division. What will be called the “standard” case will
be stated first followed by two rules necessary to de-
termine the location of the binary point in any other
case. The machine will perform division only if the
divisor is larger than the dividend as defined below.

“StanpARD” Case. Assume that the binary point
of the dividend is located between the 35th posi-
tion of the accumulator and the first position of
the MQ register. Also assume that the divisor
being called in from memory has its binary
point located to the right of the 35th position.
[ Cavrion: If, with the binary points assumed
to be in these positions, the dividend is larger
than or equal to the divisor (in absolute value),
the machine will stop, and a division check light
will turn on to warn the operator.] With these
assumptions, the 35-bit quotient developed in the
MQ register will have its point located to the
left of the first position. The remainder, if any,
which is developed in the accumulator, has its
binary point located between positions P and 1.

The following rules are based on changes of the
binary points from the standard case.

Rure 1: A change in the binary point of the
dividend results in a change equal in magni-
tude and in the same direction in the points
of both the quotient and remainder.

RuLE 2: A change in the point of the divisor
results in a corresponding change in the oppo-
site direction of the point of the quotient. The
point of the remainder is unchanged.

SHIFTING

SHIFTING is a process by which the binary bits of a
word may be moved to the right or left with respect
to the positions of a register in the computing section.
There have been references to these paragraphs in
previous sections as a means of programming caleu-
lations so that the binary point may be arbitrarily
located at the discretion of the programmer,
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S Accumulator Register

S MQ Register

Ficure 5

Two kinds of shifts are possible :

AccumuraTtor SHIFT. The 37 bits that may be
standing in the accumulator register can be
shifted one or more places, either to the right or
left. Digits shifted beyond the capacity of the
register are lost. Vacated positions are filled with
Zeros.

Lowc Sa1rr. Both the multiplier-quotient register
and the accumulator take part in the long shift.
They behave as if the MQ register were con-
nected to the right of the accumulator as shown
schematically in Figure 5. For instance, a long
right shift by 69 places causes the bit in position
1 of the accumulator to be shifted all the way
over to position 35 in the M@ register, the inter-
vening bits having dropped off the end. The
process is similar for a long left shift. On a long
right shift the sign of the Mq register is changed
to the sign of the accumulator register. On a
long left shift, the sign of the accumulator regis-
ter is changed to the sign of the Mq register.
A useful device is to specify a long shift of zero
places which produces no actual shift but merely
changes the sign of the Mg register or the ac-
cumulator as described above.

Tf the shift is far enough, with either the accumula-
tor shift or the long shift, nothing will be left but
zeros. Thus, shifting may be used to reset the ac-
cumulator or MQ register to zero. For convenience
in certain programs, such as floating-point calcula-
tions, we can specify a shift of as many as 255 places
in a single operation, although only zeros are pro-
duced by long shifts in excess of 71 places. However,
no provisions have been made for permitting shifts
by more than 255 places. An attempted shift of more
than 255 places gives the results described under
Operations.

It should be noted that the overflow positions of
the accumulator participate in both kinds of shift. The
signs of the registers, however, do not participate in
the shift except as specifically noted above.

SIGN OF ZERO

It 1s possiBLE for a zero in this calculator to have
either a plus or a minus sign. For instance, a negative
number in the accumulator may be shifted so far to
the right or left that all numerical bits are zeros. This
still leaves the minus sign, so that technically the
result is “—0". Arithmetic operations may also result
in zeros of either sign. The arithmetic circuits are
designed so that if the result of an addition or sub-
traction is zero, the sign of the result will be that of
the number which was in the accumulator immedi-
ately before the addition or subtraction took place.
In numerical work no distinction need be made be-
tween a -+0 and a —0 result, because either zero can -
be used in further arithmetic operations.

This characteristic of the machine is sometimes
very convenient; there are ways the machine can be
made to recognize either type of zero. It is also pos-
sible for the machine to ignore the sign entirely and
test to see only if the result is zero. Such controls are
discussed in a following section.

OVERFLOW INDICATION

THIs SECTION covers the accumulator overflow posi-
tions, P and Q.

During such operations as adding, subtracting, and
shifting left, it is possible for non-zero binary bits to
enter into or be shifted completely through the over-
flow positions of the accumulator. This can happen
by means of a left shift or as the result of a carry in
addition or subtraction. Whenever a non-zero binary
bit enters position P from position 1, an overflow
indicator within the machine is turned on. Associated
with the activation of this indicator is an overflow
light on the operator’s panel. This overflow indication
occurs even in a shift that sends a binary bit com-
pletely through the overflow positions. Overflow may
indicate an error in setting up the program for
a given set of data. Frequently, however, operations
are planned deliberately to produce overflow. Hence,
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the machine will continue to operate after an over-
flow, but an instruction is available to test the con-
dition of the overflow indicator and to program the
desired action after an overflow. This may include
stopping the machine on overflow, performing a spe-
cial set of operations, or simply ignoring overflow.
Testing the overflow indicator turns it off.

Examples of the operation of the overflow indi-
cator follow. In these examples we assume the binary
point to be to the left of position 1. For convenience
and abbreviation only the first three bits to the right
of the binary point are shown.

In the addition

OVERFLOW POSITIONS

+.100  400.110 = +01.010
\_V_/ ;_V.__.—/ \—V___/
WORD FROM MEMORY ACCUMULATOR ACCUMULATOR

there is a carry that produces an overflow and causes
the overflow light to go on. If now the indicator is
turned off (by use of the test instruction) and a sec-
ond addition

+.100 + 01.010 = +01.110

is performed, the overflow indicator does not come
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on again, because there was no carry past the binary
point this time. A further addition

+.100 4- 01.110 = 410.010

again gives an overflow indication, because a carry
was propagated through the binary point.

If shifts or carries go beyond Q, the excess bits are
dropped. Thus 4-00.010 shifted left by two places in
the accumulator gives +01.000 with an overflow.
But if +00.010 is shifted left by four places, the result
is +00.000, again with an overflow indication. In the
first case, the process may be reversed by shifting
right, but in the second case, bit 1 has been lost, and
any shifting to the right still gives a zero result.

The extra two bits in the accumulator enable the
programmer to make full use of the 35 numerical bits
in memory for such operations as double-precision
arithmetic. When a possible overflow must be allowed
for in a program, the extra bits make it considerably
easier to shift and return the result to a standard
form.

The overflow bits do not enter into multiplication,
because the product of two 35-bit numbers cannot
exceed 70 bits. Neither can they be part of a dividend,
because the dividend cannot be greater than the
divisor as defined earlier in the “standard” case.



CONTROL

STORED PROGRAM

CoMPLETELY AuTOMATIC and flexible control of the
calculator requires use of a stored program. The pro-
cedure generally used by 701 programmers with the
stored program system 1s as follows:

1. The mathematician analyzes his problem and
breaks its solution down into basic steps of which the
701 is capable.

2. By means of a number code, determined by the
design of the computer, he translates these steps into
a numerical form which can be interpreted by the
machine. Fach of these steps is then stored in the
electrostatic memory. Each step, which later will be
seen to consist of an operation part and an address
part, will hereafter be referred to as an instruction to
the machine.

3. Data necessary for solution of the problem are
stored in the memory of the machine.

4. By means of a control, the programmer tells
the machine in which memory location he has stored
the first instruction to be executed. After receiving
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this information, the 701 is able to find all succeeding
instructions and execute them automatically.

A complete analysis of the instruction system of
the 701 follows.

Instruction Sequencer

The numerical representation of an instruction to
the machine occupies the space of a half-word in the
clectrostatic memory. Instructions may temporarily
be stored on drum, tape, or cards, but at the time they
are to be used, they must be in electrostatic storage.

A program contains a set of instructions, usually
1o be executed in sequence, to produce a particular
result. The instructions are ordinarily introduced into
consecutively-numbered half-word locations of mem-
ory in the order in which they were written. The
reasons for this follow,

Each time an operation is to be performed, the
machine looks up the instruction in the electrostatic
memory, executes it, and then goes back to the mem-
ory for the next instruction. The order in which in-
structions are executed is controlled by a unit known ~
as the instruction sequencer. This unit contains a
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counter known as the instruction counter, which con-
tains the address of the instruction currently being
executed. After each execution, the number in this
counter is automatically increased by 1. Consequently,
the machine will automatically take its next instruc-
tion from a location whose half-word address is one
higher than the address from which the current in-
struction was obtained. In this way the machine con-
tinues to execute instructions in the sequence in which
they were stored in memory.

This normal sequence of instructions can be altered
by means of certain “transfer’” operations to be ex-
plained below. By means of these operations, any
half-word location in electrostatic storage can be
designated as'the source of the next instruction. The
address of this location is placed in the instruction
counter by the transfer instruction; thereafter, execu-
tion of the program again proceeds sequentially.

An important observation with regard to this
stored-program technique should be noted. Instruc-
tions are stored in the machine just like numerical
data; the only distinction between the two is the way
in which they are interpreted by the machine. If for
any reason the address of a half-word of data is
entered into the program counter, the data will be
interpreted as an instruction. Conversely, an instruc-
tion may be caused to enter the computing unit just
as data are caused to enter the computing unit. Thus,
one instruction may call for the modification of an-
other instruction by directing the machine to compute
a new address part or to substitute another operation
part. One program may operate on itself and com-
pute one of its own instructions. A program may
choose between several alternatives, depending on
results obtained in the course of the problem. The
ability of the machine to modify and to relocate in-
structions at high speed lends great flexibility to its
operation and enlarges the scope of its application.

Instruction Layout

Each operation the machine can execute——includ-
ing arithmetic operations, shifting, rounding, read-
ing, writing, and others—is assigned a numerical
code. An operation in conjunction with the address
of an appropriate operand constitutes an instruction
and is written and stored as a single binary number.
The two components of an instruction are referred
to as the operation part and the address part. A sche-
matic diagram of an instruction is shown in Figure 6.

EQUIPMENT

S Op;;arﬁon Address Part
+ 1 2 3 45 60 o . 17

Freure 6

Note that the 17 bits of information and associated
sign require exactly a half-word of storage space.

The operation part of an instruction determines
the nature of the operation the machine is to execute.
The numerical code for the operation is located in
positions 1 through 5 of the instruction itself. The
701 is capable of performing exactly 32 distinct oper-
ations divided into four categories: (1) arithmetic
operations, (2) logical operations, (3) input-output
operations, (4) sense operations. These operations
will be explained in detail later.

The address part of an instruction specifies a num-
ber that usually refers to a location in electrostatic
storage. In such cases, the address will be a positive
or negative integer as defined previously under
Address System. The sign of the integer in positions
6 through 17 of the instruction is determined by the
sign of the instruction itself. Thus, the sign of an
instruction applies only to the address part. For some
instructions, however, the address part designates a
certain input-output unit; with shift instructions it
indicates the number of places to be shifted. But the
name ‘‘address part” for the 12 rightmost bits of an
instruction is retained, although these bits do not
always represent an address in the true sense of the
word. Tt will be seen later that the sign of some in-
structions is immaterial.

The machine interprets the numbers in the opera-
tion part and the address part as integers. In other
words, the binary point of the binary digits occupy-
ing positions 1 through 5 is considered to be imme-
diately to the right of position 5. Similarly, the binary
point of the digits occupying the address part is con-
sidered to be immediately to the right of position 17.

For example, an instruction which designates 05
as the operation and —0013 as the address, will ac-
tually look in binary form as follows:

OPERATION PART ADDRESS PART

—00101000000001101
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OPERATOR’'S PANEL

THE various buttons, keys, switches, and signal
lights by means of which the operator can control and
communicate with the machine are assembled to form
the operator’s panel. The only control panels on the
machine which require wiring are those for the card
reader, printer, and card punch. These panels are dis-
cussed later in a separate section.

Description of the Panel

Components of the operator’s panel are listed below
with a brief explanation of their functions. Some of
these functions will not be completely understood
without reading later sections.

Power-On Button. Turns on the power for the
entire calculator and automatlcally performs the re-
setting functions of the reset ‘and clear- -memory
button.

Power-Off Button. Turns off the power for the
entire calculator iminediately, but leaves the blowers
on for 10 minutes.

DC-Off Button. Turns off the direct-current power
for servicing the machine.

DC-On Button. Turns the direct-current power on
after it has been turned off with the DC-off button.

Power-On Light. Indicates that the main AC
power is on.

Ready Light. Indicates that the AC and DC power
is on and that the calculator is stopped but is ready
to run. When the power is turned on, there is a delay
before the ready light comes on.

Operating Light. Indicates that the calculator is
running. When the calculator is started, the operat-
ing light goes on and the ready light goes off. When
the calculator stops, the operating light goes off and
the ready light goes on, if the power is still on.

Automatic-Manual Switch. When this switch is
set to automatic, the calculator may be operated at
full speed. When it is set to manual, the calculator
may be operated manually by means of the half-step
and multiple-step keys and the enter mQ, enter in-
struction, and memory display buttons; the load
button is inoperative, and the start button cannot
start the calculator. The calculator cannot be ad-

vanced manually while the stored program is using
any input—output device.

£
Ml.lghf Goes on when the automatic-man-
ual switch is set to manual.

Start Button. If the automatic-manual switch is
set to automatic, the start button resets the various
machine interlocks and then starts the calculator. The
program begins with the instruction whose address
is contained in the instruction counter.

Reset Button. Resets the accumulator, M@ and

memory registers, the instruction counter as well as

certain internal input-output and check interlocks
which are not discussed in this manual. It does nat
affect electrostatic storage.

Reset and Clear-Memory Button. Changes every
bit in electrostatic storage to a 1 and, in addition,
performs certain resetting functions not discussed in
this manual.

Register Lights. Groups of small neon lights that
indicate the contents of the following registers:
Memory register
Accumulator register
MOQ register
Instruction counter
Instruction register
(a) Sign register
(b) Operation-part register
(c¢) Address-part register
A light being on indicates a binary digit of 1 located
in that position of the register. A light being off indi-
cates a zero.

MQ-Entry Keys. These 18 keys are used to set up
a half-word for manual entry into the MQ register.
Depressing a key represents a binary 1.

Enter-MQ Button. If the automatic-manual switch
is set to MANUAL, the enter-MQ button enters the half-
word set up on the 18 Mg-entry keys in the left 18
positions of the MqQ register. The rightmost 18 posi-
tions of the MQ register are reset to zero.

Instruction-Entry Keys. There are 18 instruction
entry keys, consisting of a sign-entry key, five opera-
tion-part entry keys, and twelve address-part entry
keys. They are used to set up instructions for manual
entry of an instruction into the control section of the
calculator.
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Enter-Instruction Button. If the automatic-manual
switch is set to manual, the enter instruction button
enters the instruction set up on the instruction entry
keys into the instruction register and causes this in-
struction to be executed. The calculator then stops.
Instructions, pertaining to input-output devices which
must follow each other at high speed, cannot be
executed manually with the enter instruction button.
If the stored program calls on an input-output device
which must receive its instructions in rapid succes-
sion, the calculator will automatically go into high-
speed operation until this section of the program is
completed.

Memory-Display Button. If the automatic-manual
switch is set to manual, the memory-display button
causes the full word stored at the address set up on
the address part of the instruction-entry keys to be
displayed on the memory-register lights. Only full
words are displayed in this way.

Half-Step Key. If the automatic-manual switch is
set to manual, the half-step key advances the program
one half-step at a time, provided the machine inter-
locks do not prevent the advance of the program.
Half-steps are of two kinds: interpretation half-step,
during which an instruction is interpreted, and execu-
tion half-step, during which the instruction is exe-
cuted. Repeatedly pressing the half-step key causes
the calculator to alternate between interpreting and
executing an instruction. If a READ or WRITE instruc-
tion is executed, the calculator will go into automatic
operation until the stored program is through using
the particular input-output unit selected by the READ
or WRITE instruction.

Multiple-Step Key. Holding down the multiple-
step key is equivalent to pressing the half-step key
repeatedly about ten times a second. Releasing the
multiple-step key stops this action.

Machine Cycle Button. Advances the program one
machine cycle at a time. It is intended only for servic-
ing the machine and is not used by the operator. The
half-step or multiple-step keys should be used to ad-
vance a program manually.

Load Selector Switch. Selects either the card
reader, or the first tape unit (address 0256), or the
first drum unit (address 0128), from which a unit
record is to be read by means of the load button.
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Load Button. If the automatic-manual switch is set
to automatic, the load button initiates the reading of
a unit record from the input unit selected by the load
selector switch. It causes the first full word of the unit
record to be read and to be stored at the address set
up on the address-part entry keys. The calculator then
starts automatically, using as the first instruction the
left half-word at the same address. Pressing the load
button is in effect the same as giving the following
instructions :

READ (Address of input-output unit

specified by load selector)
SET DR 0000 (Relevant for drum only)
COPY (Address set up on address-part
entry keys)
TR (Address set up on address-part
entry keys)

Thus it is seen that the calculator will go into auto-
matic operation starting with the instruction located
at the address set up on the instruction entry keys.

Sense-Input Switches. There are 6 two-position
sense-input switches, identified by addresses 0069 to
0074. They can be sensed by means of a SENSE in-
struction with the corresponding address part and
used to cause the calculator to skip an instruction.

A Dok ST 00 N

Sense-Output Lights. These four lights may be
turned on individually by means of SENSE instruc-
tions, as explained above. Another SENSE instruction
turns all four off together. The lights are used by the
programmer to indicate the progress of a problem
and to signal various conditions.

Instruction-Time Light. For half-step operation
this light indicates that the calculator is ready to per-
form the next interpretation half-step.

Execution-Time Light. For half-step operation this
light indicates that the calculator is ready to perform
the next execution half-step.

Overflow Light. Turns on when the overflow indi-
cator turns on. It is turned off by execution of a
TR OV instruction or by the reset and clear-memory
button.

Input-Output Light. Indicates that one of the
input-output units is selected by the calculator.
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Program-Stop Light. Indicates that the calculator
has stopped as a result of executing a sToP instruc-
tion. It is reset by the start button, or the reset button,
or the reset and clear-memory button.

Copy-Check Light. Indicates that the calculator
has stopped because a copy instruction was given at
the wrong time. It is reset by the start button, or the
reset button, or the reset and clear-memory button.

Tape-Check Light. Indicates that the calculator
has stopped because of a discrepancy in the tape group
count or the redundancy check while a tape was being
read. It is reset by the start button, or the reset
button, or the reset and clear-memory button.

Divide-Check Light. Indicates that the calculator
has stopped because the dividend is not less than the
divisor. It is reset by the start button or the reset
button, or the reset and clear-memory button.

Calculator-Fuse Light. Indicates that a fuse for the
main calculator unit, or electrostatic storage, or a
tape or drum unit has burned out. After replacement
of the fuse, the light is reset by the start button or the
reset button, or the reset and clear-memory button.

Input-Output Fuse Light. Indicates that a fuse has
burned out in the card reader, punch, or printer. After
replacement of the fuse, the light is reset by the start
button or the reset button, or the reset and clear-
memory button.

Basic Manipulations
ENTERING INFORMATION INTO STORAGE
Information may be entered manually into electro-
static storage from the operator’s panel one half-word
at a time. The procedure:

1. Set up the automatic-manual switch to manual.

o

Set up the half-word on the m@-entry keys.

3. Set up the instruction 4 STORE MQ XXXX on
the instruction entry keys, where XXXX repre-
sents the address (in binary form) at which the
half-word is to be stored.

4. Press the enter-mq button to enter the hali-
word into the MQ register.

5. Press the enter-instruction button to execute
the instruction (set up under 3), thus storing
the half-word in memory.

6. Press the memory-display button to check that
the half-word has been stored correctly.

A full word can be entered into electrostatic stor-
age from the operator’s panel only by splitting it into
two half-words and entering each separately.

STARTING MACHINE WITH A GIVEN INSTRUCTION

Assume the operator wants the machine to begin
calculating with an instruction located in address
XXXX of electrostatic memory.

1. Set automatic-manual switch to manual.

2. Set up the instruction TRANSFER XXXX on the
instruction entry keys.

3. Press the enter-instruction button.
4. Set automatic-manual switch to automatic.
5. Press the start button.

If there is a program stored in memory, the ma-
chine will start calculating with the instruction located
at XxXX and continue automatically.
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AvrL opErATIONS of which the machine is capable will
be explained in this section. For the sake of reference
purposes and completeness, some operations will be
discussed that will not attain their full significance
until later sections are studied.

Operations are grouped under the general classifi-
cations of arithmetic operations, logical operations,
input-output operations, and sense operations. Asso-
ciated with each individual operation is a heading for
its explanatory paragraphs. An example of such a
heading:

Reset and Add

R ADD

10-1,2,3, 4
This heading has the following meaning: first is the
name of the operation; the term in the second line is
the abbreviation commonly used for the operation;
the numerical code for the operation then appears on
the third line followed by a dash and numbers of the
examples in Part II that illustrate the operation by
means of a simple program. If the word “none” ap-
pears after the numerical code, it means that the
operation is either explained fully in other sections or
needs no further explanation.
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Moreover, each operation is assumed to refer to
the address part x of some instruction, where x in-
cludes the sign of the instruction. The contents of
electrostatic location & are never changed except as
specifically stated. A half-word comes from memory
into the memory register, and finally into the other
registers, as described under Computing.

A complete list of all 32 operations, together with
their numerical code, is given in Summary of Ma-
chine Characteristics.

ARITHMETIC OPERATIONS

OpPERATIONS are grouped in this classification if they
take place in the computing section. They include the
ordinary arithmetic functions, shift instructions and
store instructions.

Reset and Add Contents of the accumulator register

R ADD are replaced by contents of electrostatic
10-1, 2,3, 4 location x.

Add The number in electrostatic location x is
ADD added to the number in the accumulator

09-1,2, 4,10 register.
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Add Absolute Value The absolute value of the number
ADD AB in electrostatic location & is added
1-3 to the contents of the accumulator.

Reset and Subtract Contents of the accumulator regis-

R SUB ter are replaced by the negative of

06-2, 12 the contents of electrostatic loca-
tion .

Subtract The number in electrostatic location x is

sus subtracted from the number in the accu-

05-2,11, 12 mulator register.

Subtract Absolute Value The absolute value of the
SUB AB number in electrostatic loca-
07-3 tion & is subtracted from the

‘number in the accumulator.

Store The contents of electrostatic location x are
STORE replaced by the contents of the accumulator
12-1. 2,3 register, exclusive of the two overflow posi-
tions. When a full-word location is specified by the
address r, the sign and the 35 bits to the right of the
overflow positions of the accumulator are stored in
the memory location. When a half-word address is
specified, the sign and the bits in positions 1 through
17 of the accumulator are stored in the half-word
memory location. The contents of the accumulator
are not changed.

Store Number in MQ Register The contents of electro-
STORE MQ static location x are re-
14-7 placed by the contents of
the Mq register. When a full-word address is speci-
fied, the entire contents of the MQ register, including
sign, are stored in the memory location. When a half-
word address is given, the leftmost 17 bits in the Mo
register and the sign are stored in the half-word
memory location. Contents of the MQ register are
unchanged.

Load MQ Register
LOAD MQ
15-5, 6, 8, 11

Contents of the MQ register are
replaced by contents of electro-
static location .

Round  The magnitude of the number in the accu-
ROUND  mulator register is increased by a one in
19-3. 6.8 position 35 if the bit in position 1 of the Mm@
register is a one. Otherwise the contents of the accu-
mulator register are unchénged. In any case, the M@
register remains unchanged.

Multiply The accumulator register is first reset to
MPY zero. Then the number in electrostatie loca-
16-6 tion & is multiplied by the number in the MQ
register. The most significant 35 bits of the product
are produced in the accumulator ; the least significant
35 bits are produced in the M@ register. Both registers
have the sign of the product as determined by the two
factors. The multiplicand, from the specified memory
location, may be either a full-word or a half-word.
If a half-word is specified, the instruction operates as
though it were a full-word with 18 zeros on the right.
The Mm@ register is always considered to contain a
full-word, even though a half-word had been previ-
ously placed in it. Thus, if a half-word had been put
into the M@ register and MULTIPLY were given with
a half-word address, the product would have 34 sig-
nificant bits and would appear in bit positions 1-34 of
the accumulator. The remaining bit position 35 of the
accumulator and the entire MQ register would be filled
with zeros. When the product of a negative number
by a positive number is such that either the accumula-
tor part or MQ part result in all zeros, this zero will
have a negative sign associated with it. Otherwise, a
positive zero results.

Multiply and Round  This instruction produces the
MPY ROUND same result as a MPY instruction
17-5 followed by a ROUND instruction.

Divide The possibie 70-bit dividend placed in the ac-
DIV cumulator and MQ registers is divided by the
18-7,8 pumber contained in electrostatic location .
The quotient with proper sign appears in the MgQ
register. The remainder, if any, is developed in the
accumulator and has the same sign as the dividend.
The machine treats that part of the dividend placed
in the MQ register as if it had the same sign as the
accumulator. Half-word divisors behave as full-words
with the rightmost 18 bits zero. If the divisor is not

‘greater than the dividend, as previously defined, the

machine stops, and the piv cHECK light is turned on
at the operator’s panel.

NotEe: In all of the shift instructions that follow,
the address x specifies the number of places to be
shifted. The machine will recognize any number from
0 to 255 inclusive for this shift. If x is greater than
255, the actual number of places shifted is the differ-
ence between the given number, and the nearest inte-
gral multiple of 256 which is less than or 