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704 ELECTRONIC DATA-PROCESSING MACHINE

THE IBM 704 Electronic Data-Processing Machine
is a large-scale, high-speed electronic calculator con-
trolled by an internally stored program with instruc-
tions of the single address type. This machine is de-
signed for higher speeds and larger capacities required
by problems of increasing complexity and size which
confront business, industry, government and science.
These problems include engineering development,
scientific research, production scheduling and control,
econometrics, logistics, procurement and supply, and
many others.

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 40,000
per second on most problems. Also, the functions of
getting data in and out of the calculator are con-
trolled by the stored program, and hence, under the
complete control of the operator. The great advan-
tage of this system lies in the fact that a customer may
build up a library of programs which will perform his
special applications at peak machine efficiency.

To achieve greater computing efficiency, the 704
works internally in the binary number system. The
input and output, however, may be accomplished di-
rectly on standard IBM cards in the familiar decimal
number system by programming which does not in-
terfere with maximum reading, punching, and print-
ing speeds. Or the information on cards may be put
on a tape on peripheral equipment and the tape will
then be the primary input. Similarly, the results of
3 computation may be put on a tape and, at some
later time, punched on cards or printed by peripheral
equipment.

The internal high-speed storage on the 704 is mag-
netic core storage. When the amount of storage
available in magnetic core storage is not large enough,
magnetic drums are used to store and supply large
blocks of information for ready access at frequent
intervals. When the amount of storage needed is in
excess of the capacities of both core storage and mag-
netic drums, then magnetic tapes are used. Also,

information may be stored on tapes and the tapes
may then be removed from the calculator. In this
way, large amounts of information can be filed for
future reference in a very compact and convenient
form. Magnetic tape is a storage and input-output
medium that allows rapid reading and writing and
can be reused many times.

The stored programs may be written and intro-
duced into the calculator in many ways. Usually the
instructions 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 be punched on
cards in the binary number system for compactness
or recorded on tape and filed away. 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 pressing
one key the calculator may be made to store the pro-
gram and data of the problem and start computing.
From then on operation of the calculator is fully
automatic, with all 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.

All of the real work is done in the central processing
unit; that is, all additions, subtractions, multiplica-
tions, etc. are done in the special registers of the
central processing unit. In addition to standard arith-
metic, the 704 has instructions which will perform
logical arithmetic for increased flexibility in doing
complex problems. Also in the central processing
unit are three index registers for automatic counting
and effective address modification.

An important feature on the 704 is a complete set
of instructions which will perform floating-point
arithmetic. This manual includes a complete descrip-
tion of floating-point numbers and the special float-
ing-point instructions (such as floating add, subtract,
multiply, divide or halt, and divide or proceed)
needed to manipulate data in this form.
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STORAGE AND INPUT-OUTPUT UNITS

Access Time

The fundamental machine cycle of the 704 is 12
microseconds. One cycle is the core storage access
time, that is, the time required by the central process-
ing unit to transmit or receive a word of information
to or from core storage. The time required to transmit
information between core storage and any of the
input-output units is given in the description of the
unit.

Address System

Individual locations (or registers) in magnetic core
storage, together with magnetic drums, magnetic
tapes, and all input-output units are identified by a
system of numerical addresses. By means of a num-
ber contained in the address part of an instruction,
it is possible to refer to the information contained in
any register in magnetic core storage or any com-
ponent of the machine.

Magnetic Core Storage

Information is stored in the primary storage unit
by the use of magnetic cores. Each core is a ring of
ferromagnetic material. The cores can retain informa-
tion indefinitely, and recall it in a few millionths of
a second. When a wire is inserted through the hol-
low center of a core, a current passed along the wire
sets up a magnetic field around the wire. This mag-
netizes the core. When the current is removed, the
core remains magnetized. If the current is sent along
the wire in the opposite direction, the magnetic field
set up around the wire is reversed. If the current is
again removed, the core will again remain magnetized
but its magnetic state will be opposite to that which
remained after the first current was removed
(Figure 1).

If the first magnetic state can be called positive, the
second can be called negative. The positive state can
be used to represent a 1; the negative, zero. A group
of 36 cores constitutes one register in storage. Mag-
netic core storage units are available with capacities
of either 4,096 or 32,768 core storage registers; or
two magnetic core storage units, each with a capacity
of 4,096 core storage registers, may be used. Thus,
magnetic core storage units are available to give the
calculator a capacity of 4,096, 8,192 or 32,768 core
storage registers.

Positive state Negotive state
represents 1 represents 0

Ficure 1

The principal advantage of magnetic core storage
over other types is the very small time necessary to
extract information from any given location and send
it to the central processing unit. Also the program
has random access to any core storage location. In-
formation is not retained when the power is off.

Magnetic Drum Storage

Additional storage capacity is provided by eight
magnetic drums in two drum units. 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 mag-
netized areas at cerain locations on the surface of the
drum. Each drum has a storage capacity of 2048
words. The location of a word on a drum is identified
by a system of addresses analogous to the system used
for core storage.

Any part of the information on a drum can be
selectively altered at any time. Because access to indi-
vidual words on a drum is slow in relation to core
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 transmitted at the rate of 10,000
words per second. Magnetic drums will retain in-
formation when the power is turned off.

Magnetic Tapes

For greater internal working storage as well as their
input-output function. ten magnetic tape units are
available on the 704. Each unit contains one reel of
tape which may be 2400 feet long. The tape itself
is a plastic, oxide-coated band one-half inch wide.
Binary information is recorded on a tape by means
of magnetized spots. A block of words recorded con-
secutively on a tape is called a record. The amount
of information contained on each tape depends on the
lengths of the individual records since there is a cer-
tain amount of space between each record to allow
for starting and stopping the tape. It is possible to
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store as many as 900,000 words on each tape. After
the tape is in motion, information can be transmitted
at the rate of 2500 words per second.

Flow of Information

The magnetic core storage is always connected to
the central processing unit; also, it is the site of the
stored program which controls the entire calculator.
The auxiliary storage media and the input-output
devices, on the other hand, are normally disconnected;
they become connected only by the execution of
certain stored program instructions. The contents
of these units may control the calculator only after
being copied into core storage. Thus, information
flows between input-output components and mag-
netic core storage through the central processing unit
(Figure 2).

WORDS

IN THE 704 the word, or basic unit of information,
consists of 36 binary digits (36 bits). Words may be
stored in 4,096 distinct word locations in each of the
smaller magnetic core storage units, in 32,768 distinct
word locations in the larger magnetic core storage
unit, on magnetic drums (8,192 words per drum
unit), on magnetic tapes (33%5 words per inch of
tape), or on punched cards (24 words per card).

A word may be an instruction, a fixed-point num-

INPUT-OUTPUT COMPONENTS

— AUXILIARY STORAGE .

UNITS
Magnetic Magnetic Card
Drum Tapes Punch
— ~
-

FIGURE 3

ber, a floating-point number, or any pattern of 36
bits desired by the programmer for any reason. The
36 positions of a word are shown schematically in
Figure 3. S refers to the sign position, I refers to bit
position 1, 2 refers to bit position 2, and so on.

When a word is interpreted as numerical data, the
zero position acts as the sign (position S in the dia-
gram) of the word. If the sign position contains a 0,
the word is positive; if it contains a 1, the word is
negative. When a logical operation is performed on
a word, the word is interpreted as a 36-bit signless
number. As an algebraic (signed) binary number, a
word can represent all ten-digit algebraic decimal
numbers, and eleven-digit decimal numbers which
are less than 34,359,738,368. Three binary digits are
exactly equal to one octal digit, and, therefore, a
signless word consists of twelve octal digits.

When alphabetic or alphamerical information is
being processed with the binary-coded decimal repre-
sentation shown in Table III, page 35, a word may
contain six characters.

Instructions
The two principal classes of instructions are re-
ferred to as Types A and B. Figure 4 shows the form

Card Printer Cathode
Reader Ray
Tube

d o

Central Processing Unit

Magnetic Core Storage

(Contains Stored Program)

FIGURE 2



8 704 ELECTRONIC DATA-PROCESSING MACHINE

TYPE A INSTRUCTION Sian Magnitude
Prefix Decrement Tag Address I I I l l J
— N e ~ —A—— s A ~
Sl 2 e — - 35
. FIGURE 6
S123~-========—=-171819202| ~ === === — ===~ 35
FiGURE 4 number. For example, 0 00 000 ... 000 010 is equiva-

of a Type A instructisn. Type A instructions use
two 15-bit fields (decrement and address) containing
numbers in the octal range 00000 to 77777. The
prefix contains the operation part while the contents
of the tag field select the index register used by the
instruction. Positions I and 2 of Type A instructions
are not both zero.

Bits 21-35 are called the address part of an instruc-
tion because their principal function is to indicate
the storage adcress of the operand used by the in-
struction. Bits 3-17 are called the decrement part of
an instruction because they may represent a number
subtracted from the contents of an index register.

Figure 5 shows the form of a Type B instruction.
Positions S, 1, 2, . ...11, contain the operation part of
Type B instructions, with the exception of the sense-
type instructions. These are defined by the code
#0760, and the address part, since they do not refer
to a location in storage. Positions 1 and 2 of all Type
B instructions are both zero.

Numbers

Numbers are often referred to as data.

Fixed Point. Fixed-point numbers have a sign bit
and a magnitude of 35 bits, as illustrated in Fig-
ure 6. (Example: The octal fixed-point number
-+ 001367457632 appears in storage as 0 00 000 001
011 110 111 100 101 111 110 011 010.) Theo-
retically, assume the binary point to be to the right
of position 35. However, by proper scale-factoring,
the binary point may be placed anywhere in the

TYPE B INSTRUCTION (not sense-type)

Operation
A

loe]
S123-——--- ni12----=~ 1718192021 - = — ~——— = —— —= 35
FIGURE §

Not Used Tag Address
- 7 A —N— A N

lent to 1 X 2+1,

Floating Point. A floating-point decimal number
X may be expressed as a signed proper fraction N
times some integral power of 10, or N X 10". In the
normalized case, the power of ten is chosen so that
the decimal point is positioned to the left of the most
significant digit of N. Examples:

+ X = + N X 10%"
— .010 = — .10 X 101
+ .140 + .14 X 10°

+ 4.600 = -+ 46 X 10+1
— 88.000 = — .88 X 10+2

Similarly, a floating-point binary number X may
be expressed as a signed proper fraction B times 2°
where b is an integer. In the normalized case the
binary point is positioned to the left of the most
significant digit of B. Examples:

+ X = + B X 2%0
— .001 = — .100 X 2—2
-+ .100 = + .100 X 20

— 1.100 = — .110 X 2+1
-+ 110.000 = + .110 X 243

In the 704, a floating-point binary number is stored
in a register as shown in Figure 7.

1. The magnitude of B is in bit positions 9-35. A
floating-point binary number having a 1 in
position 9 is said to be normalized, (ie.,
1/2=|B| < 1).

2. The sign of B is in the S position of the word.
Since the sign bit indicates the algebraic sign
of the fraction and since signed exponents are
desirable, the characteristic, C, of the number,
instead of the exponent, is stored in positions
1-8. The characteristic of the fraction is formed

Characteristic Fraction
A
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by adding +128 to the exponent. Thus, the
range of the exponent is — 128 = b =127,
while the range of the characteristic is
0=C=255. (Examples: An exponent of
— 32 would be represented by a characteristic
of —32-+128=+496. An exponent of
-+ 100 would be represented by a characteristic
of + 100 + 128 = -+ 228).

CENTRAL PROCESSING UNIT

THE CENTRAL processing unit accomplishes all
arithmetic and control functions. For any given in-
struction, the time used by the central processing unit
to interpret the operation part of the instruction is
called the interpretation time. The time required to
execute an instruction is called the execution time.
There is some time-sharing between consecutive in-
tructions; that is, while one instruction is being
executed, the next instruction is being interpreted,
but this rarely concerns the programmer.

Storage Register (SR)

One special register, which will be referred to as
the s, is used for both arithmetic and control func-
tions. Its operation is entirely automatic and will
rarely concern the programmer. The sr has a capacity
of 36 bits (one word) and serves as a buffer between
core storage and the central processing unit. Some
of the interpretation of an instruction is performed
in the sr. It is also used in the execution of floating-
point instructions.

Arithmetic Element

Accumulator (AC). The accumulator is a register
with a capacity of 37 bits and a sign. See Figure 8.

Nearly every arithmetic operation involves the
accumulator. In some operations (for instance, addi-
tion, shifting left) it is possible that the contents of
the accumulator will overflow positions 1-35. When
an overflow occurs, with the exception of overflow
caused by the AcL instruction, the Ac OVERFLOW

I—S_ AC

l—-s— AC

FiGUurE 8

indicator is turned on. Certain instructions permit
the program to sense the condition of the overflow
indicator while the program is being performed. The
programmer may preserve some of the overflow in-
formation if he wishes. For this purpose, two extra
bit positions, or overflow positions, are provided.
These are designated the P and Q positions.

When two numbers having different signs but the
same magnitude are added algebraically in the ac,
it is important to know if the result is + 0 or — 0,
since + 0 is considered larger than — 0. In this case,
the sign of the result is identical to the sign of the
number in the ac before the addition took place.

Examples: 46— (+ 6) =+ 0.
— 64 (+6) =—0.

Multiplier-Quotient Register (MQ). The MQ is a
register with a capacity of 35 bits plus sign. It has
five major uses:

1. During the execution of every cpy instruction,
the MQ is used as a buffer between core storage
and any of the other storage media or input-
ouput devices.

2. The multiplier must be placed in the MQ be-
fore the execution of a multiplication instruc-
tion.

3. After a division instruction is executed, the
quotient appears in the MQ (the remainder
appears in the ac). In fixed point division,
the MQ contains the least significant half of the
dividend.

4. After a multiplication instruction is executed,
the MQ contains the less significant half of the
product. In this connection, the MQ may be
regarded as the right-hand extension of the
Ac; see Figure 9.

5. The least significant 35 bits of the results of
FAD, UFA, FSB, and UFS instructions are in
the MQ.

MQ

FIGURE 9
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Control Element

Instruction Location Counter. This register, with
a capacity of 12, 13, or 15 bits (for 4,096, 8,192, or
32,768 words of core storage), determines the loca-
tion in core storage from which the central process-
ing unit takes its next instruction. After each in-
struction has been executed, the contents of the
instruction location counter are changed. After most
instructions, the contents are increased by 1, so that
the calculator will go to the next sequential location
in storage for its next instruction. However, during
the execution of a skip type of instruction, the con-
tents may be increased by 1, 2, or 3, and during the
execution of a framsfer type, the contents may be
changed to any number in the address range. When
the instruction location counter contains the largest
possible location in storage (all 1’), then the next
sequential instruction is the lowest possible (all 0%).

When operating the 704 and a stop occurs, it is
necessary to know the instruction to which the in-
struction location counter is referring. In all cases
except halt and transfer, the instruction location
counter contains an address one higher than the ad-
dress of the last instruction executed. (The last in-
struction is also the instruction appearing in the in-
struction register.) In the case of an HTR instruction,
the calculator stops with the address of the HTR in
the instruction location counter.

Instruction Register. When the central processing
unit is ready to accept another instruction, the word
in the core storage location specified by the instruction
location counter is brought into the sr. In the sr,
positions 1 and 2 are tested to determine whether the
instruction is Type A or Type B. Depending upon
the outcome, the 18 bit positions of the instruction
register are filled with the required portions of the
instruction word for further interpretation and exe-
cution. The instruction register then contains the
operation part of the instruction being executed, while
the rest of the instruction, i.e., address, tag, and decre-
ment parts, are interpreted in the sr.

With Type A instructions, positions S, 8, 9 of the
instruction register contain the contents of positions
S, 1, 2 of the instruction. The prefix is the entire
operation part of Type A instructions. The remain-
ing positions of the instruction register contain zeros.

With Type B instructions, positions S, 1-9 of the
instruction register contain the contents of positions

S, 3-11 of the instruction. The remaining positions
of the instruction register contain ones with the
exception of input-output, shifting and sense instruc-
tions. The contents of positions 28-35 of these in-
structions are placed in positions 10-17 of the instruc-
tion register where they are interpreted as part of
the operation part of the instruction.

Index Registers. There are three registers, each with
a capacity of 12, 13, or 15 bits (for 4,096, 8,192, or
32,768 words of core storage), called index registers
A, B, and C. These registers make possible the auto-
matic counting and address modification features of
the 704.

With respect to the index registers, the 704 instruc-
tions fall into two classes, non-indexable and indexable.

The non-indexable instructions are the five Type A
instructions TIX, TNX, TXH, TXL, TXI and seven of
the Type B instructions, namely, TsX, LXA, LXD, SXD,
PXD, PAX, and PDX. (Notice that these are the only
instructions with an X in the operation code.)
Instructions of this class are used to test and manipu-
late the contents of the index register specified in
their tag field.

All other instructions are indexable instructions in
their normal form. They are recognizable by the fact
that position 8 or 9, or both, contain a zero. If an
indexable instruction specifies an index register (that
is, one of the three bits in its tag field is a 1), it is
executed as if its address field had contained its stated
address minus the contents of the specified index
register. Suppose, for example, that index register B
contains 01174 and that the instruction cLa B 2117,
contained in location 1000, is executed. After the
execution, the accumulator will contain the contents
of core storage location 2000;. However, the con-
tents of location 1000 are still cLa B 2117, ‘This
is called effective address modification; that is, the
address of the instruction is modified in the control
unit for execution purposes but is unaltered in storage.

If an instruction specifies no index register (all
three bits in its tag field are zeros), it is executed as
if the index registers did not exist. Thus cLa 2117,
will place the contents of core storage location 2117,
in the accumulator, regardless of the contents of the
index registers.

~ Note that in the case of the fourteen sense-

type instructions, effective address modification may
actually cause operation modification, because the last
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eight bits of these instructions are part of their opera-
tions. For example, if index register A contains
0001, then ssp is executed as ssp, but ssp A is exe-
cuted as cHs. (See instructions for octal code of ssp
and cHs.)

An instruction may refer to more than one index
register by placing multiple 1’s in the tag field, such
as 011 (when programming, this number must be
written in octal form). An instruction (except a
fixed instruction) with this tag is executed as if
there were a single index register, equivalent to index
registers A and B connected in logical or fashion.
For example, if index registers A and B contain
32045 and 3631, respectively, the instruction cLa 3
65215 is executed with an effective address
65213 — 36353 — 26645. Similarly, the instruction
LXD 3 16414 causes the contents of both index regis-
ters A and B to be replaced by the contents of the
decrement part of core storage location 1641,

The tag field specifies one or more of the three index
registers or no index register as follows:

Tac FieLp INDEX REGISTER (5)

BiNnary OcTAaL SPECIFIED

000 0 None

001 1 A

010 2 B

100 4 C

011 3 A or B

101 ) A or C

110 6 Bor C

111 7 A or B or C

A non-indexable instruction with a zero tag is exe-
cuted as if there were an imaginary index register
always containing zeros. For example, pxp with a tag
of zero clears the entire Ac; sxp with a tag of zero
clears the decrement field of the storage location to
which it refers.

Special Indicators and Sense Devices

All special indicators are either on or off. The
condition of a particular indicator is tested by means
of a test instruction peculiar to that indicator. If
an indicator is on when tested, it is turned off by the
test. All indicators have a corresponding light on the
console for visual checking. The sense lights appear-
ing on the console function in a similar manner. All

of these indicators are turned off by manually press-
ing either the reset or the clear key on the console.

Accumulator Overflow Indicator. This indicator is
turned on whenever a 1 passes into or through posi-
tion P from position 1 of the ac as a result of the
execution of an instruction (for example, a carry
resulting from algebraic addition). There is no indi-
cator between positions P and Q, however. Either of
the instructions Tov or TNO tests the condition of the
ac overflow indicator. The subsequent program is
selected according to the outcome of the test.

NoTE: A carry resulting from the instruction AcL
does not turn on this indicator.

Multiplier-Quotient Overflow Indicator. This in-
dicator is turned on when a floating-point operation
attempts to produce a result with a characteristic C
outside the range 000 — 255, inclusive. At any later
time, it may be tested and turned off by the Tqo
instruction.

Divide-Check Indicator. In fixed-point division,
this indicator is turned on if the magnitude of the
number in the ac (the dividend) is greater than or
equal to the magnitude of the number in storage
(the divisor). In floating-point division, a divide-
check can occur only when the divisor is unnor-
malized or zero. The divide-check indicator may be
tested and turned off by the pcr instruction. It is
also turned off by pressing the reset or clear key on the
console if the calculator has stopped on a divide check.

Tape Check Indicator. When the calculator or
peripheral equipment writes on magnetic tapes, both
lateral and longitudinal check (redundancy) bits are
automatically written with each unit record. When
the tapes are read, the redundancy information is
automatically recalculated and compared with the
redundancy information stored on the tape. A dis-
crepancy turns on the tape-check indicator. The tape
check indicator may be tested and turned off by the
RTT instruction.

Trapping Mode Indicator. The 704 can be oper-
ated in either of two modes, normal or trapping.
Entrance into the trapping mode is made by executing
the instruction ETM. Exit from the trapping mode
is made by executing the instruction LT™M or by
manually pressing either the clear or reset key on the
console. When the machine is in the trapping mode,
the location of each transfer instruction met replaces
the address part of location 0000. Unconditional
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transfers, and conditional transfers for which the
condition is met, are not executed; instead, control
is transferred to location 0001z, One transfer in-
struction only, TTR, is immune to the trapping mode.
The major use of the trapping mode is in pro-
gram testing, where it permits observation of the
flow of control.

Sense Switches. On the console are six switches,
which the operator can set either oN or orr. The
condition of any switch may be tested by the psE
instruction with the appropriate address, and the
subsequent program selected according to the out-
come of the test.

Sense Lights. Also on the console are four sense
lights which are turned on by the PpsE instruction
with the appropriate address. (All four lights are
turned off by PSE 1405). Any sense light can be
tested and turned off by the MsE instruction with the
appropriate address. The subsequent program can be
selected according to the outcome of the test.

INSTRUCTION TYPES

INsTRUCTIONS are divided into two types, A and B,
such that only Type A instructions use the decrement
field for storing constants within the instruction.

Type A Instructions

There are five Type A instructions in all, namely,
TIX, TNX, TXH, TXL, TXI. In the Type A instructions,
the 36 bits of the word are divided into four fields—
prefix, decrement, tag, and address—as shown in
Figure 10.

The prefix is the operation part of the Type A
instruction. Type A instructions are distinguished
from all others by the fact that bits 1 and 2 are not
both zero. The tag denotes the index register (s) to
be used in connection with the instruction. See
“Central Processing Unit—Index Registers.” The
decrement field contains 2 number to be used in
connection with the index register specified by the

tag. See explanations of individual Type A instruc-
tions in “Instructions.” The address field refers to
a location in core storage. Example:

PREFIX DECREMENT TAG ADDRESS
| Y S —
Actual bi-
nary word
in calcu-
lator 110 000 100 011 111 101 010 000 110 101 111 001
Equivalent

inoctal -2 0 4 3 7 s 2 o0 6 s 7 1
Form used

in coding

(deci-

mal) TNX 02301 B 03449

Type B Instructions

In Type B instructions, the 36 bits of the word
are divided as shown in Figure 11. All Type B in-
structions have zeros in bits 1 and 2. The sign posi-
tion and the decrement field contain the operation
code. The tag and address fields have the same mean-

ing as in Type A instructions. Example:
OPERATION NOT USED TAG ADDRESS

S N Al

xxx xxx 100 000 101 001 010 100

Binary 000 110 000 010

Octal +0 6 o0 2 4 0 5 1 2 4
Coding
(decimal) SLwW C 2 6 4 4

With certain instructions (the shift instructions
LLS, LRS, ALS, ARS, LGL, RQL, and the instructions
RDS, WRS, BST, WEF, and REw, which are concerned
with the input-output units), positions 21-27 of the
address field are not interpreted, thus reducing the
address field to the last eight bits. For this reason,
the address of any of these instructions is interpreted
modulo 4003 = modulo 2565,. Example:

OPERATION NOT USED TAG ADDRESS
r N N T\ C Al
Binary 000 111 110 111 xxx xxx 000 xxx xxx x 01 101 100
Octal +o 7 6 7 0 15 4
Coding
(decimal) ALS 1.0 8

The instructions PSE, MSE, CLM, LBT, PBT, CHS, SSP,
SSM, COM, ETM, LTM, RND, DCT, and RTT form a
special class of Type B instructions, referred to as

Prefix i Decrement . Tag _ Address . , Operation . Not Used  Tag , Addg .

L] L U Lol b JIF JTTTT]

$1238---———————-~ 1718192021 = ————=—==— == 35 S 123-————n 1112 ==—=1718192021 = —— = —— — — - == 35
FIGURE 10 FiGURE 11
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sense-type instructions. The contents of position S,
1-11 of these instructions are always 0760, which
together with the contents of positions 28-35 form
the operation part. The contents of positions 21-27
are not interpreted when executing these instruc-
tions. Examples:

OPERATION NOT USED TAG ADDRESS
r N N N N
Binary 100 111 110 000 =xxx xxx 000 xxx xxx x 01 100 011
Octal —0 7 6 0 0 1 4 3
Coding
(decimal) MSE 0o 9 9
OPERATION NOT USED TAG ADDRESS
—— N
Binary 100 111 110 000 =xxx xxx 000 xxx xxx x 00 000 011
Octal —0 7 6 0 0 o 0 3
Coding
(decimal) SSM o 0 3

MANUAL OPERATION

FIGURE 12 shows the operator’s console which includes
indicating lights and operating keys.

Panel Lights

Internal Register Display. The contents of the in-
ternal registers (instruction location counter, instruc-
tion register, SR, AC, MQ) are displayed directly on the
704 operator’s console by neon glow tubes, one for
each bit position (a light on represents a 1; a light off
represents a 0).

Index Register Display. A row of 15 lights can
display the contents of any one of three index regis-
ters, depending on which one of a set of three panel
keys is pressed. See “‘Panel Keys.”

Trap Indicator Light. The trap indicator light
goes on when the calculator is operating in the trap-
ping mode.

Sense Lights. There are four sense lights which
may be turned on and off by the program. They are
explained under plus sense and minus sense instruc-
tions.

Program Stop Light. The program stop light is
turned on when the calculator executes a halt instruc-
tion and stops.

Accumulator Overflow Light. The accumulator
overflow light is on or off when the accumulator
overflow indicator is on or off.

MQ Overflow Light. The MmqQ overflow light is on or
off when the M@ overflow indicator is on or off.

Divide-Check Light. The divide-check light turns
on or off when the divide-check indicator is turned
on or off.

Read-Write Select Light. The read-write select
light goes on when one of the input-output units
has been selected for reading or writing. The light
goes off when the input-output unit is disconnected
and no other input-output unit is selected.

Read-Write Check Light. The read-write check
light goes on and the calculator halts when a copy
and skip instruction is given at an inadmissible time.
See “Instructions.”

Tape-Check Light. The tape-check light is on or
off when the tape check indicator is on or off.

Ready and Power Lights. The ready and power
lights are on when the calculator is ready to begin
operating.

Automatic Light. The automatic light is on when
the calculator is executing instructions in the auto-
matic mode of operation (as distinct from the manual

mode).

Panel Keys and Switches

Automatic-Manual Switch. Pressing the automatic-
manual switch stops the calculator after it has com-
pleted the execution of the instruction then being
processed, unless an input-output unit is connected
to the logical unit. In this case, the calculator stops
after the input-ouput unit in use has been discon-
nected. The automatic light goes out and all of the
switches and the following keys become effective:
enter MQ, enter instruction, display storage, display
effective address, display A, display B, display C,
multiple step, and single step. The clear key becomes
ineffective.

Single Step and Multiple Step Keys. These keys
enable the operator, when the calculator is on
MANUAL, to proceed with his program either one step
at a time or at a very low rate of speed. If an instruc-
tion is executed to cause an input-output unit to be
connected to the calculator, the calculator operates
in the automatic mode until the input-output unit
is disconnected. When this occurs, the calculator re-
turns to the manual mode.

Sense Switches. Six sense switches give the operator
manual control over the program while it is being
executed by the calculator at high speed. At various
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points in the program, giving sense instructions
(explained under “Instructions”) with the addresses
of the sense switches causes the calculator to follow
one of two courses, depending on which sense switches
are depressed. The sense switches are also effective
while the calculator is on MANUAL.

Panel Input Switches. There are 36 panel input
switches, enabling the operator to insert a word of
information into various registers of the calculator
while it is on MANUAL. When a panel input switch
is down, it represents a 1; when up, it represents a 0.

Index Display Keys. The three index display keys
let the operator display the contents of any of the
index registers, while the calculator is on MANUAL,

by pressing the key marked with the letter corre-
sponding to the index register in question. For ex-
ample, to display the contents of index register A,
the operator presses the key marked pispLay a; the
contents of index register A then appears in the index
lights. The index registers are automatically dis-
played until the calculator is returned to automatic
operation.

More than one index register can be manually dis-
played in sequence by pressing the Display A, Display
B, and Display C keys, in that order. No return to
the automatic mode is necessary.

Load Keys. The load keys let the operator initiate
the loading of a self-loading program stored on
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binary cards, a drum, or on a tape. If a self-loading
program is stored on the tape whose logical identifica-
tion is 145, pressing the load-tape key causes the
calculator to perform the following sequence of four
instructions after resetting the read-write check light.

Read Select 145 (decimal)

Copy and skip 0
Copy and skip 1
Transfer 0

See “Instructions” for an explanation of these opera-
tions. This sequence of instructions starts the loading
of a self-loading program stored on tape 145.

Pressing the load-card key causes the same sequence
of instructions to be executed, except that the address
in the first instruction is 209, selecting the card reader.
A similar situation holds for the drum, with an
address of 193.

When the loading is initiated, it is essential that the
particular input unit from which information is to
be loaded into storage be in a ready status (indicated
by a light on the input unit).

Reset Key. Pressing the reset key resets all registers
and indicators in the logical section of the machine.
That is, the sr, ac, MQ, instruction location counter,
instruction register, and index registers are set to zero
and all indicators are turned off. The panel lights
are all turned off with the exception of those marked
PowER and READY. Core storage is #of affected by
the reset key.

Clear Key. If the calculator is on AuUTOMATIC,
pressing the clear key resets all the registers in core
storage. The entire logical section is reset, just as if
the reset key had been depressed also. The clear key
is ineffective when the calculator is on MANUAL.

Start Key. Pressing the start key continues cal-
culation at high speed if the calculator has halted at
a program stop, a read-write check, or if it has been
returned to automatic operation after having been
on MANUAL. This turns off the read-write check
light and starts calculation, starting with the opera-
tion then in the instruction register.

Enter MQ Key. If the operator manually keys a
given word of information into the panel input
switches and if the enter MQ key is pressed while the
calculator is on MANUAL, then the keyed-in word
replaces the contents of the MQ. The contents of
the sr are destroyed by this operation.

Enter Instruction Key. If the operator presses the
enter instruction key under the same conditions as
above, then the operation part of the keyed-in word
goes into the instruction register, the full word is
placed in the sr, and the instruction is executed.

Display Storage Key. If, while the calculator is
on MANUAL, the operator keys the location into the
address part of the panel input switches, and presses
the display storage key, the contents of the keyed-in
location go into the sk where they may be read from
the sr lights.

Display Effective Address Key. Assume the cal-
culator is on MANUAL and the display effective address
key is pressed. The difference between the contents
of the address field of the instruction in the sk and
those of the index register tagged in that instruction
(if one is tagged) will appear in the address field
of the srR where it may be read from the sr lights. If
any index registers have been displayed prior to dis-
playing effective address, put the automatic-manual
switch on AuTtoMATIC and then back on MaNuUAL
before pressing the display effective address key.

The circuitry for displaying the effective address
does not distinguish between instruction types; hence
even the address of type A instructions will appear as
an “effective address.”

Power-on, Normal-off, DC-on and DC-off Kevys.
These keys assist the maintenance engineers servicing
the calculator and have no programming significance.

CENTRAL PROCESSING DIAGRAM

THE BLOcK diagram (Figure 13) describes the flow
of information within the central processing unit.
Many registers in this diagram are not mentioned in
the preceding or succeeding sections because they do
not concern the programmer directly. They are in-
cluded here to help those who wish to better under-
stand the operation of the 704.

The connecting lines betwen registers indicate the
flow of information between these registers. The num-
bers associated with the lines indicate the bit positions
of the registers from which the information is ob-
tained. The bar over the numbers indicates that the
complement of the number in the initial register is
transmitted to the receiving register.
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The contents of positions S, 1-5 of the instruction
register are called the primary operation part while
the contents of positions 6-9 of the instruction regis-
ter are called the secondary operation part. The class
and unit selector matrices are used with input-output
instructions. The class refers to drum, tape, printer,
and so on. The unit selector matrix selects which
drum or tape is to be used.

INSTRUCTIONS

THIS SECTION states in the heading for each instruc-
tion the title, the number of fundamental cycles re-
quired for the execution of the instruction, the three-
letter alphabetic code for the instruction, and the
numerical code for the instruction. The number of
fundamental cycles required may be modified if fol-
lowed by a Roman numeral, I, II, III, or IV; see
“Timing.” If the instruction has an address part
associated with it in normal operation, this section
uses the letter Y to denote that address part. Y may
be an address in storage, the length of a shift, or the
address of an input-output unit. The numerical code
is given in the octal number system because this can
be visually converted to binary for reference to the
various bit patterns which the calculator interprets.
The sign and four octal digits correspond to positions
S, 1-11 of all instructions. For the sense instructions
with a fixed address part (e.g. the operation round),
the three octal digits corresponding to positions 28-35
of the address part are separated from the operation
part by three dots (e.g., +-0760. . .010).
Note the following definitions:

1. C(y) denotes the contents of location Y,
when Y refers to some location in storage.
C(sr) denotes the contents of the storage reg-
ister. Similarly, c(ac) denotes the contents
of the accumulator. In addition, subscripts
refer to the individual bit positions of a
register; i.e., C(MQ)g .17 is read “the contents
of positions S, 1, 2, . . ., 17 of the MQ.” When
subscripts are not used with this notation, the
entire register is implied; ie., c(ac) implies
positions S, Q, P, 1-35 inclusive.

2. Instructions which have a decrement part are
indicated in the explanations. All instructions
are indexable unless the explanation specifically
states that the instruction is non-indexable.

All non-indexable instructions have an X in
their alphabetic code.

3. When a register or part of a register is cleared,
the cleared part is reset to 0’s just as storage
is reset to 0’s when the clear key on the console
is depressed.

4. The negative of a number is the number with
its sign reversed.

5. The magnitude of a number is the number
with its sign made positive (a 0 in position S
corresponds to a positive sign).

6. The complement of a binary number is de-
fined as the number derived by replacing all
I’s with 0’s and all 0’s with 1°s. Therefore, all
binary bits are inverted to produce the com-
plement of a number.

7. The 2’s complement of a binary number is
1 plus the complement of the number.

8. When the words “store” or “load” are used in
the title of an instruction, magnetic core
storage is always one of the agents; for ex-
ample, “store address.”

9. When the word “place” is used in the title of
an instruction, the Ac is always one of the
agents; for example, “place address in index.”

10. In the three-letter operation code:
a. The letter Q designates the MqQ register.
The letter X designates an index register.
c. The first letter of all transfer instruc-
tions is a 'T.
d. The last letter of all test instructions is

a T.

Fixed-Point Arithmetic Operations

The following instructions refer to arithmetic oper-
ations using fixed-point data.

Clear and Add
2 CLAY -0500

The c(v) replace the c(ac)g;.35. Positions Q and
P of the ac are cleared. The c(y) are unchanged.

Add
2 ADD Y --0400

This instruction algebraically adds the c(¥) to the
c(ac) and replaces the c(ac) with this sum. The
c(Y) are unchanged. Ac overflow is possible.
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Add Magnitude
2 ADM Y --0401

This instruction algebraically adds the magnitude
of the c(¥) to the c(ac) and replaces the c(ac)
with this sum. The c(Y) are unchanged. Ac overflow
is possible.

Clear and Subtract
2 CISY 0502

The negative of the c(Y) replaces the c(ac)g ;.35
Positions Q and P of the ac are cleared. The c(¥)
are unchanged.

Subtract
2 SUB Y --0402

This instruction algebraically subtracts the c(¥)
from the c{ac) and replaces the c(ac) with this
difference. The c(Y) are unchanged. Ac overflow
is possible.

Subtract Magnitude
2 SBMY —0400

This instruction algebraically subtracts the mag-
nitude of the c(¥) from the c(ac) and replaces the
c(ac) with this difference. The c(Y) are unchanged.
Ac overflow is possible.

Multiply
20 MPY Y 0200

This instruction multiplies the ¢ (Y) by the c(MQ).
The 35 most significant bits of the 70-bit product
replace the c(ac) .35 and the 35 least significant bits
replace the ¢ (MQ)1.35. The Q and P bits are cleared.
The sign of the ac is the algebraic sign of the product.
The sign of the MQ agrees with the sign of the ac.

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.

Rure: Add the number of binary bits to the right
of the binary point in the first factor to the number
of binary bits to the right of the binary point in the
second factor. This sum is the number of bits appear-
ing to the right of the binary point in the product.

Multiply and Round
20 MPRY —0200

This instruction executes a multiply followed by
a round. (The latter operation is defined below.) AC
overflow is not possible.

Round
2 RND -0760...010

If position 1 of the MQ contains a 1, the magnitude
of the c(ac) is increased by a 1 in position 35. If
position 1 of the MQ contains a zero, the c(ac) re-
main unchanged. In either case, the c(MQ) are un-
changed. Ac overflow is possible.

Divide or Halt
20 DVH'Y 0220

This instruction treats the c(ac)sqp1.35 and the
c(MQ) 135 as a 72-bit dividend plus sign, and the
c(y) as the divisor. If |c(¥)|>|c(ac)|, division
takes place, a 35-bit quotient plus sign replaces the
c(MQ) and the remainder replaces the c(Ac)g .35
The sign of the remainder always agrees with the sign
of the dividend.

If | c(¥)| = | c(ac)|, division does not take place
and the calculator stops with the divide-check indi-
cator and light on. Consequently, if position Q or P
of the Ac contains a 1, division does not take place
since | c(¥)| <|c(ac)|. The dividend remains un-
changed in the ac.

The binary point is placed as follows:

“Standard” Case: Assume that the binary point of
the dividend is located between position 35 of the ac
and the first position of the MQ. Also assume that
the divisor has its binary point to the right of position
35. Then the quotient will have the binary point
located to the left of position 1 of the mMqQ. The
remainder has its binary point located between posi-
tions P and 1 of the ac.

Variations of the standard case are:

Rule 1: A change in the binary point in the divi-
dend results in a change equal in magnitude and in
the same direction in the binary points of both the
quotient and the remainder.

Rule 2: A change in the binary point of the divisor
results in a corresponding change in the opposite direc-
tion of the binary point in the quotient. The binary
point of the remainder is unchanged.

Divide or Proceed
20 DVP Y 0221

This instruction executes a division (as defined
above) if [c(¥) | > |c(ac)|. If |c(¥)| =|c(ac)|,
division does not take place, the divide-check indi-
cator and light are turned on, and the calculator pro-
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ceeds to the next instruction. The dividend remains
unchanged in the ac.

Load MQ
2 LDQ Y --0560

The c(Y) replace the c(MQ). The c(y) are un-
changed.

Store MQ
2 STQY —0600

The c(MQ) replace the c(Y). The c(MQ) are un-
changed.

Store Left-Half MQ
2 SIQY —0620

The c(MQ)g117 replace the c(Y)giar. The
c(Y)1s.35 and the c(MQ) are unchanged.

Store
2 STO Y 0601

The c(ac)g .35 replace the c(Y)g1.35. The c(ac)
are unchanged.

Store Prefix
2 STP Y -+0630

The C(AC)RLQ replace the C(Y) 8,1,2¢ The C(Y)3_35
and the c(ac) are unchanged.

Store Decrement
2 SIDY 40622

The c(ac)si; replace the c¢(¥)sy. The
c(Y)s121s35 and the c(ac) are unchanged.

Store Address
2 STAY 0621

The C (AC) 21-35 replace the C (Y) 21-35¢ The
c(Y)s1.20 and the c(ac) are unchanged.

Clear Magnitude
2 CIM 40760...000

The c(ac)qp,135 are cleared. The ac sign is un-
changed.

Change Sign
2 CHS +0760...002

If the Ac sign bit is negative, it is made positive, and
vice versa.

Set Sign Plus
2 SSP -}0760...003

A positive sign replaces the c(ac)s.

Set Sign Minus
2 SSM —0760...003

A negative sign replaces the c(ac)s.

Logical Operations

Clear and Add Logical Word
2 CALY —0500

This instruction replaces the c(Ac)p,135 with the
c(Y). Thus the sign of the c(Y) appears in position
P of the Ac, and the S and Q bits are cleared. The

c(Y) are unchanged.

Add and Carry Logical Word
2 ACLY 0361

This instruction adds the c(¥)gi3s to the
c(AC)p 135, respectively, and replaces the c(AC)p 135
with this sum (position S of register Y is treated as
a numerical bit, and the sign of the ac is ignored).
A carry out of the P bit adds into position 35 of the
AC, but does not add into Q. Q is not changed. The
c(y) are unchanged. No overflow is possible. See
Figure 14.

Store Logical Word
2 SIW Y 0602

The C(AC) P,1-35 replace the C(Y)S’1_35. The C(AC)
are unchanged.

AND to Accumulator
3 ANAY —0320

Each bit of the c(Ac)p .35 is matched with the
corresponding bit of the c(Y)g .35 the c(ac)p being

— ACCUMULATOR

Py nY ata
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3132333435

FiGURE 14
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matched with the c(¥)s. When the corresponding
bit of both the ac and location Y is a one, a one
replaces the contents of that position in the ac.
When the corresponding bit of either the ac or
location Y is a zero, a zero replaces the contents of
that position in the ac. The c(ac)gq are cleared.
The c(Y) are unchanged.

AND to Storage
4 ANSY -10320

Each bit of the c(ac)p 35 is matched with the
corresponding bit of the c(Y)g 3. The c(ac)p be-
ing matched with the c(¥)s. When the correspond-
ing bit of both the ac and location Y is a one,
a one replaces the contents of that position in loca-
tion Y. When the corresponding bit of either the ac
or location Y is a zero, a zero replaces the contents of
that position in location Y. The c(ac) are unchanged.

OR to Accumulator
2 ORA'Y —0501

Each bit of the c(ac)p 55 is matched with the
corresponding bit of the c(¥)g 135 the c(ac)p be-
ing matched with the c(Y)s. When the correspond-
ing bit of either the ac or location Y is a one, a one
replaces the contents of that position in the ac.
When the corresponding bit of both the ac and loca-
tion Y is a zero, a zero replaces the contents of that
position in the ac. The c(Y) and the c(ac)g o are
unchanged.

OR to Storage
2 ORS Y —0602

Each bit of the c(ac)p .35 is matched with the
corresponding bit of the c(Y)s1.35 the c(ac)p be-
ing matched with the c(Y)s. When the correspond-
ing bit of either the ac or location Y is a one, a
one replaces the contents of that position in loca-
tion Y. When the corresponding bit of both the ac
and location Y is a zero, a zero replaces the contents of
that position in location Y. The c(ac) are un-
changed.

Complement Magnitude
2 COM +4-0760...006

All ones are replaced by zeros and all zeros are
replaced by ones in the c(ac)qp 135 The ac sign
is unchanged.

Shifting Operations

Shift instructions are used to move the bits in a
word to the right or left of their original positions in
the Ac or MQ register or both. With the exception of
the RQL instruction, zeros are automatically intro-
duced in the vacated positions of a register. Thus, a
shift larger than the bit capacities of the registers
involved in the shifting will have no significance
after the capacities of the registers are exceeded. When
an instruction is interpreted as a shift instruction,
the extent of the shift is determined by the least
significant eight bits of the address of the instruction.
Since the maximum possible shift is 255, a number
larger than 255 in the address part of a shift instruc-
tion is interpreted modulo 256.

Example 1: 583 modulo 256 = 71
[because 583 = 2(256) + 71]
Example 2: 256 modulo 256 = 0
Example 3: 15 modulo 256 = 15

Shifting a number in a register is equivalent to multi-
plying that number by a power of 2 (as long as none
of the significant bits are lost).

Example 1: Shifting a binary number three places
to the left is equivalent to multiplying it by 23,

Example 2: Shifting a binary number five places to
the right is equivalent to multiplying it by 2.

Accumulator Left Shift
211 ALS Y 0767

The c(ac)qp 135 are shifted left Y modulo 256
places. If a non-zero bit is shifted into or through
position P, the ac overflow indicator and light are
turned on. Bits shifted past position Q are lost.
Positions made vacant are filled in with zeros.

Accumulator Right Shift
21 ARS Y 40771

The c(Ac)qp 135 are shifted right Y modulo 256
places. Bits shifted past position 35 of the ac are lost.
Positions made vacant are filled in with zeros.

Long Left Shift
2] LLSY 0763

The C(AC)Q‘Pyl-SE') and the C(MQ) 1-35 are Shifted left
Y modulo 256 places. Bits enter position 35 of the
ac from position 1 of the MQ. If a non-zero bit is
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shifted into or through position P, the ac overflow
indicator and light are turned on. Bits shifted past
position Q are lost. Positions made vacant are filled
in with zeros. The sign of the ac is replaced by the
same sign as that of the MQ. See Figure 15.

— ACCUMULATOR S MQ
s| <€
ITTTT% < I113% HI
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QP 1234 323334351 2 3 4 32333435
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Long Right Shift
21 LRSY 0765

The c(ac)qp13s and the c(MQ);y; are shifted
right Y modulo 256 places. Bits enter position 1 of
the MQ from position 35 of the ac. Bits shifted past
position 35 of the MQ are lost. Positions made vacant
are filled in with zeros. The sign of the MqQ is re-
placed by the same sign as that of the ac.

Logical Left
21 LGLY —0763

The c(ac)qp 135 and the c(MQ) s1-35 are shifted
left Y modulo 256 places. Bits enter position S of
the MQ from position 1 of the MQ, and enter position
35 of the ac from position S of the MQ. If a non-
zero bit is shifted into or through position P of the
Ac, the ac overflow indicator and light are turned
on. Bits shifted past position Q are lost. Positions
made vacant are filled in with zeros. The sign of the
Ac is unchanged. See Figure 16.

ACCUMULATOR MQ

i -

QP123456789 3334355123456 7
FiGUre 16

5]

333435

Rotate MQ Left
21 RQLY —0773

The c¢(MQ)g135 are rotated left Y modulo 256
places. The bits rotate from position 1 to position S
of the MQ, and from position $ to position 35 of the
MQ. See Figure 17.

Ficure 17

Floating-Point Arithmetic Operations

Floating Add
7-l FAD Y --0300

The c(v) are algebraically added to the c(ac),
and this sum replaces the c(ac) and the c(MQ).
The c(y) are unchanged. Floating-point addition
takes place in the following way:

1. The Mq is cleared.
2. The c(¥) are placed in the sr.

3. If the characteristic in the sr is less than the
characteristic in the ac, the c(sr) and the c(ac)
interchange automatically because the number with
the smaller characteristic must appear in the ac be-
fore addition can take place. (Positions Q and P of
the Ac are considered as part of the characteristic.
Consequently, a 1 in either of these positions makes
the characteristic in the ac larger than that in the
SR, but the 1’s would be lost during the interchange
and an incorrect answer will result.)

4. The MQ is given the same sign as the ac.

5. The fraction in the ac is shifted right the num-
ber of positions equal to the magnitude of the differ-
ence in the characteristics. Bits shifted out of the
AC enter position 9 of the MQ. Bits shifted out of
position 35 of the mMq are lost.

6. The characteristic in the sr replaces the ¢ (Ac) .

7. The fraction in the sr is algebraically added to
the fraction in the ac and this sum replaces the
C(AC) 5,935

8. If the magnitude of the sum is greater than or
equal to 1, there is a carry from position 9 to position
8 of the ac (thus increasing the characteristic by 1).*
In this event, the c(ac)yss and the c(MQ)g.g5 are
shifted right one position and 1 is inserted in posi-
tion 9 of the ac.

9a. If the resulting fraction in the Ac is zero, the
Ac is cleared, yielding a normal zero. The sign of the
Ac is the sign of the number that has the smaller
characteristic. If both characteristics are equal, then
the sign of the ac is the sign of the number in the ac.

9b. If the magnitude of the resulting fraction in
the ac is not in normal form (i.e. less than 14 but
not zero), and the signs of the MQ and ac are the
same, the c(ac)gg; and the c(MQ)gs; are shifted
left until a 1 is in position 9 of the ac. Bits enter
position 35 of the ac from position 9 of the Mq. The
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characteristic in the Ac is reduced by 1 for each posi-
tion shifted.* If the signs of the MQ and Ac are differ-
ent, the magnitude of the fraction in the acis reduced
by 1 before the shifting is begun. Each bit entering
position 35 of the Ac from position 9 of the MqQ is
inverted.

10. The Mq is given a characteristic which is 27
less than the characteristic in the ac, unless the ac
contains a normal zero, in which case zeros are placed
in positions 1-8 of the mqQ.*

11. If the signs of the MQ and Ac are different,
the magnitude of the fraction in the Ac is increased
by 1. If a carry occurs between positions 8 and 9,
the c(Ac) .35 are shifted right one place and a one is
inserted in c(Ac)y. If the carry from 9 to 8 occurs,
the characteristic of the ac is increased by 1.

*During execution of a floating-point addition,
the ac or MQ overflow indicator and the corre-
sponding light on the operator’s console are
turned on by too large a characteristic (over-
flow-characteristic greater than 255) or too small
a characteristic (underflow-characteristic nega-
tive) in the ac or the MQ, respectively.

Unnormalized Floating Add
61 UFA Y —0300

Same as floating add except steps 9a, 9b and 11 are
omitted. No test is made for a normal zero in step 10.

Floating Subtract
71 FSB'Y 40302

Same as floating add except that step 2 is replaced
by the following: the negative of the c(Y) is placed
in the storage register.

Unnormalized Floating Subtract
71 UFS Y —0302

Same as floating subtract except that steps 9a, 9b
and 11 are omitted. No test is made for a normal zero
in step 10.

Floating Multiply
17 FMP Y 40260

The c(Y) are multiplied by the c(MQ). The most
significant part of the product appears in the ac and
the least significant part appears in the MQ.

The product of two floating-point numbers is in
normalized form if the multiplier and multiplicand
are in this form. If either the multiplier or multi-

plicand is not in normalized form, the product is in
normalized form only if the shift of one place in step
4b is sufficient to normalize it.

Floating-point multiplication takes place as follows:

1. The c(Y) are placed in the storage register and
the ac is cleared.

2. The sum of the characteristics in the sk and in
the MQ minus 128 is placed in positions 1-8 of the
AC.*

3. The c(sR)gg35 are algebraically multiplied by
the ¢ (MQ) s 9.35. The most significant 27 bits plus sign
of the product replace the c(ac)gg.35 and the least
significant 27 bits replace the c(MQ)g.35.

4a. If the fraction in the ac is zero, the
c(AC)qp 135 are cleared, yielding a normal zero. The
sign of the ac is the algebraic sign of the product.

4b. If position 9 of the Ac contains a zero but the
fraction in the Ac is not zero, the c(AC)q.35 and the
C(MQ)g.35 are shifted left one position and the char-
acteristic in the Ac is reduced by 1.* The bit in posi-
tion 9 of the MQ enters position 35 of the ac.

sa. If the ac contains a normal zero, positions 1-8
of the MqQ are cleared.

5b. If the ac does not contain a normal zero, the
c(MQ) 1.5 are replaced by a characteristic which is 27
less than the characteristic in the ac.*

6. The sign of the MQ is replaced by the same sign
as that of the ac.

*During execution of floating-point multiplica-
tion, too large or too small a characteristic in the
ac or the MQ, respectively, turns on the Ac or
the MQ overflow indicator and the corresponding
light on the operator’s console.

Unnormalized Floating Multiply
17 UFM'Y —0260

This operation is the same as floating multiply
except that steps 4a, 4b and 5a are omitted.

Floating Divide or Halt
18-V FDH Y -0240

The c(ac) are divided by the c(Y), the quotient
appears in the MQ and the remainder appears in the
Ac. The Mq is cleared before actual division takes
place.

If positions Q or P of the AC are not zero, divi-
sion may take place and either or both of the ac
and/or MQ overflow indicators may be turned on.
When division by zero is attempted, the divide-check
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indicator and light are turned on and the calculator
stops, leaving the dividend in the Ac unchanged. The
quotient is in normalized form if both divisor and
dividend are in that form. If divisor or dividend or
both are not in normalized form, the quotient is in
normalized form if

2 IC(Y)9-35 l > IC(AC)9-35 l =1 [ C(Y)9-35[

Floating-point division takes place as follows:

1. The c(Y) are placed in the storage register.

2. If the magnitude of the fraction in the ac is
greater than (or equal to) twice the magnitude of
the fraction in the sr, the divide-check indicator and
light are turned on, the calculator stops, and the divi-
dend is left unchanged in the ac.

3. If the fraction in the Ac is zero, the c(MQ) .35
and c (AC)qp 135 are cleared and the remaining steps
are skipped. The sign of the Mq is the algebraic sign
of the quotient. The sign of the Ac is the sign of the
dividend.

4. If the magnitude of the fraction in the ac is
greater than or equal to the magnitude of the frac-
tion in the sk (but less than twice the magnitude of
this fraction), the fraction in the ac is shifted right
one position and the characteristic in the aAc is in-
creased by 1.* The bit in position 35 of the Ac enters
position 9 of the MQ.

5. The characteristic of the ac minus the charac-
teristic of the sr plus 128 is placed in positions 1-8
of the mQ.*

6. The fractional part of the dividend, which con-
sists of the c(AC)gq.35 (and the c(MQ), if the con-
dition of step 4 is met), algebraically divided by the
fraction in the sk replaces the c(MQ)g g.35-

7. The 27-bit remainder resulting from the divi-
sion in step 6 replaces the c(Ac)g.35. The sign of the
Ac is unchanged (i.e., the sign of the remainder agrees
with the sign of the dividend.)

8. The characteristic in the Ac is reduced by 27.*
*During execution of a floating-point division,
the aAc or MQ overflow indicator and the corre-
sponding light on the operator’s console are
turned on for too large or too small a charac-
teristic in the Ac or MQ, respectively.

Floating Divide or Proceed

18IV FDP Y 0241

This operation is the same as floating divide or
halt except for division by zero and step 2.

When division by zero is attempted, the divide-
check indicator and light are turned on, division does
not take place and the calculator proceeds to the next
instruction. If the magnitude of the fraction in the
Ac is greater than (or equal to) twice the magnitude
of the fraction in the sr, the divide-check indicator
and light are turned on, division does not take place
and the calculator proceeds to the next instruction.
The dividend in the ac is unchanged.

Determination of Overflow and Underflow

For the instructions FAD, FSB, UFA, UFS, FMP¥,
UFM the conditions are as follows:

Ov(ac) Ov(MmMQ) C(ac), Ac Mo
On off Overflow OK
off On OK Underflow
On** On 0 Overflow Overflow
On*** On 1 Underflow Underflow

*The ac and MQ overflow indicators are not turned on if the result
is a normal zero.
**Impossible with FAD, UFA, FsB, UFs.
***Impossible with UFa, UFs.

For the floating point divide instructions FDP¥,
FDH, the conditions are:

Ov(ac) Ov(MQ) C(MQ)qg Ac Mq
On off Underflow OK
On On Underflow Underflow
off On 129-255 OK Underflow
off On 0-128 OK Overflow

*The ac and MQ overflow indicators are not turned on if the result
is a normal zero.

Control Operations

No Operation
2 NOP 40761

The calculator takes the next instruction in
sequence.

Halt and Proceed
2 HPR 0420

This instruction causes the calculator to stop. If
the start key on the operator’s console is depressed,
the calculator proceeds to the next instruction in
sequence.

Enter Trapping Mode
2 ETM -0760...007

This instruction turns on the trapping indicator
and also the trap light on the operator’s console. The
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calculator operates in the trapping mode until a leave
trapping mode operation is executed or until either
the clear or reset key is pressed on the console.

Leave Trapping Mode
2 LTM —0760...007

This instruction turns off the trapping indicator
and the trap light on the operator’s console. The
calculator will not operate in the trapping mode until
another enter trapping mode operation is executed.

Note: When the calculator is operating in the
trapping mode, the location of every transfer instruc-
tion (except trap transfer instructions) replaces the
address part of location 0000, whether or not the
conditions for transfer of control are met. If the
condition is met, the calculator takes the next in-
struction from location 0001 and proceeds from that
point. The location of each transfer instruction re-
places the address part of location 0000.

Halt and Transfer
2 HTRY --0000

This instruction stops the calculator. When the
start key on the operator’s console is depressed, the
calculator starts again, taking the next instruction
from location Y and proceeding from there.

When the calculator stops, the effective address of
the HTR instruction is placed in the instruction loca-
tion counter before executing any instruction. If
TsX is manually executed, the 2’s complement of this
effective address is placed in the specified index reg-
ister, and the transfer is executed.

Transfer
2 TRA'Y --0020

This instruction causes the calculator to take its
next instruction from location Y, and to proceed
from there.

Transfer on Zero
2 TZEY 0100

If the c(ac)qp 135 are zero, the calculator takes
its next instruction from location Y and proceeds
from there. If they are not zero, the calculator pro-
ceeds to the next instruction in sequence.

Transfer on No Zero
2 TNZY —0100

If the c(ac)qp 135 are not zero, the calculator

takes its next instruction from location Y and pro-
ceeds from there. If they are zero, the calculator pro-
ceeds to the next instruction in sequence.

Transfer on Plus
2 TPLY 40120

If the sign bit of the Ac is positive, the calculator
takes the next instruction from location Y and pro-
ceeds from there. If the sign bit of the ac is negative,
the calculator proceeds to the next instruction in
sequence.

Transfer on Minus
2 TMI Y —0120

In the sign bit of the ac is negative, the calculator
takes the next instruction from location Y and pro-
ceeds from there. If the sign bit of the ac is positive,
the calculator proceeds to the next instruction in
sequence.

Transfer on Overflow
2 TOV Y --0140

If the ac overflow indicator and light are on as the
result of a previous operation, the indicator and light
are turned off and the calculator takes the next in-
struction from location Y and proceeds from there.
If the indicator and light are off, the calculator pro-
ceeds to the next instruction in sequence.

Transfer on No Overflow
2 TNOY —0140

If the ac overflow indicator and light are off, the
calculator takes the next instruction from location Y
and proceeds from there. If the indicator and light
are on, the calculator proceeds to the next instruction
in sequence after turning off the indicator and light.

Transfer on MQ Plus
2 TQP Y 40162

If the sign bit of the MQ is positive, the calculator
takes the next instruction from location Y and pro-
ceeds from there. If the sign bit of the MqQ is nega-
tive, the calculator proceeds to the next instruction in
sequence.

Transfer on MQ Overflow
2 TQO Y -0161

If the MQ overflow indicator and light have been
turned on by an overflow or underflow in the Mq
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characteristic during a previous floating-point oper-
ation, the indicator and light are turned off, the cal-
culator takes the next instruction from location Y
and proceeds from there. If the indicator and light
are not on, the calculator proceeds to the next instruc-
tion in sequence.

Transfer on Low MQ
2 TLQ Y 0040

If the c (MQ) are algebraically less than the c(ac),
the calculator takes the next instruction from location
Y and proceeds from there. If the c(mQ) are alge-
braically greater than or equal to the c(ac), the cal-
culator proceeds to the next instruction in sequence.

Transfer and Set Index
2 TSXY --0074
Not indexable. This instruction places the 2’s com-
plement of the location of this instruction in the
specified index register. The calculator takes the next
instruction from location Y and proceeds from there.
The 2’s complement is used in this instruction be-
cause indexing is a subtractive process on the 704
and subtracting the 2’s complement of a number is
equivalent to adding the number.

Transfer with Index Incremented
2 TXIY -+-1000

Not indexable. Contains a decrement part. This
instruction adds the decrement to the number in the
specified index register and replaces the number in
the index register with this sum. The calculator takes
the next instruction from location Y and proceeds
from there.

Transfer on Index High
2 TXH Y --3000

Not indexable. Contains a decrement part. If the
number in the specified index register is greater than
the decrement, the calculator takes the next instruc-
tion from location Y and proceeds from there.

If the number in the specified index register is less
than or equal to the decrement, the calculator proceeds
to the next instruction in sequence.

Transfer on Index Low or Equal
2 TXLY —3000

Not indexable. Contains a decrement part. If the

number in the specified index register is less than or
equal to the decrement, the calculator takes the next
instruction from location Y and proceeds from there.

If the number in the specified index register is
greater than the decrement, the calculator proceeds
to the next instruction in sequence.

Transfer on Index
2 TIXY 2000

Not indexable. Contains a decrement part. If the
number in the specified index register is greater than
the decrement, the number in the index register is
reduced by the amount of the decrement and the
calculator takes the next instruction from location Y
and proceeds from there.

If the number in the specified index register is
equal to or less than the decrement, the number in
the index register is unchanged and the calculator pro-
ceeds to the next instruction in sequence.

Transfer on No Index
2 TNX'Y —2000

Not indexable. Contains a decrement part. If the
number in the specified index register is equal to or
less than the decrement, the number in the index
register is unchanged, the calculator takes the next
instruction from location Y and proceeds from there.

If the number in the specified index register is
greater than the decrement, the number in the index
register is reduced by the amount of the decrement
and the calculator proceeds to the next instruction in
sequence.

Trap Transfer
2 TIRY 40021

This instruction causes the calculator to take its
next instruction from location Y and to proceed from
there whether in the trapping mode or not. This
makes it possible to have an ordinary transfer even
when in the trapping mode.

P Bit Test
2 PBT —0760...001

If the c(Ac)p is a one, the calculator skips the next
instruction and proceeds from there. If position P
contains a zero, the calculator takes the next instruc-
tion in sequence.
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Low Order Bit Test
2 BT -+0760...001

If the c(ac)ss is a one, the calculator skips the
next instruction and proceeds from there. If position
35 contains a zero, the calculator takes the next in-
struction in sequence.

Divide Check Test
2 DCT -0760...012

If the divide-check indicator and light are on, the
indicator and light are turned off, and the calculator
takes the next instruction in sequence. If the indi-
cator and light are off, the calculator skips the next
instruction and proceeds from there.

Redundancy Tape Test
2 RIT —0760...012

If the tape-check indicator and light are on, the
indicator and light are turned off and the calculator
takes the next instruction in sequence. If the indi-
cator and light are off, the calculator skips the next
instruction and proceeds from there.

Compare Accumulator with Storage
3 CASY -0340

If the c(Y) are algebraically less than the c(ac),
the calculator takes the next instruction in sequence.
If the c(y) are algebraically equal to the c(ac), the
calculator skips the next instruction and proceeds
from there. If the c(Y) are algebraically greater than
the c(ac), the calculator skips the next two instruc-
tions and proceeds from there. Two numbers are
algebraically equal when the magnitude of the num-
bers and the sign are both equal. A plus zero is
algebraically larger than a minus zero.

Indexing Operations

Load Index from Address
2 LXA Y -10534

Not indexable. The address part of the c(y) re-
places the number in the specified index register. The
c(Y) are unchanged.

Load Index from Decrement
2 LXDY —0534

Not indexable. The decrement part of the c(Y)
replaces the number in the specified index register.
The c(v) are unchanged.

Store Index in Decrement
2 SXDY —0634

Not indexable. The c(¥)s.; are cleared and the
number in the specified index register replaces the
decrement part of the c(v). The c(y) $121835 are
unchanged. The contents of the index register are
unchanged if one index register is specified. If a
multiple tag is specified, the “logical or” of the
contents of these index registers will replace the
c(Y)317 and will also replace the contents of the
specified index registers.

Place Address in Index
2 PAX 0734

Not indexable. The address part of the c(ac) re-
places the number in the specified index register. The
c(ac) are unchanged.

Place Decrement in Index
2 PDX —0734

Not indexable. The decrement part of the c(ac)
replaces the number in the specified index register.
The c(ac) are unchanged.

Place Index in Decrement
2 PXD —0754

Not indexable. The ac is cleared and the number
in the specified index register is placed in the decre-
ment part of the ac. The contents of the index
register are unchanged if one index register is speci-
fied. If a multiple tag is specified, the “logical or” of
the contents of these index registers will replace the
c(ac)zq7 and will also replace the contents of the
specified index registers.

Input-Output Operations

The identifying numbers for the various input-
output components appear in the address part of an
instruction whenever the programmer wants to oper-
ate one of these units. Whether the address part of
an instruction refers to a storage location or to one
of the components depends on the operation part of
the instruction. Some operations make no sense if the
address is interpreted as a location in storage; other
operations make no sense if the address is interpreted
as a component identification. Thus, an address is
automatically interpreted by the calculator in the
light of what it is asked to do by the operation part
of the instruction.
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The addresses of the input-output units are given
below.

COMPONENT OCTAL DECIMAL
CRT 030 024
Tapes

Binary Coded Decimal 201-212 129-138

Binary 221-232 145-154
Drum 301-310 193-200
Card Reader 321 209
Card Punch 341 225
Printer 361 241

Read Select

21l RDS Y 0762

This instruction causes the calculator to prepare to
read one record of information from the component
specified by Y. If Y specifies a tape unit, the MQ is
cleared by this instruction.

Write Select
21l WRS Y 0766

This instruction causes the calculator to prepare
to write one record of information on the component
specified by Y. WRs 3334 is used to delay the execu-
tion of any instruction until the MQ is available for
computing after reading information from a tape.

Backspace Tape
2l BSTY 40764

This instruction causes the tape designated by Y
to space one record in a backward direction. If the
tapes designated by Y is positioned at the load point,
the BST Y instruction is interpreted as no operation.

Write End of File
2-l WEF'Y 0770

This instruction causes the tape unit designated by
Y to leave an end-of-file space, an end-of-file mark
and a redundancy character on its tape.

Rewind
40ms-lll REW Y -}-0772

This instruction causes the tape unit designated by
Y to rewind its tape to the load point.

End of Tape Test
2 ETT —0760...011

This instruction must be given while the tape unit
is selected (i.e., after a WRs, RDS, or WEF instruction
and before the tape disconnects; no more than 744

usec after the last cpy if WRs instruction; no more
than 420 wpsec after reading the last word, if Rps;
and anytime up to 40 ms, if WEF). Failure to pro-
gram this instruction may cause the tape to be
pulled from its reel. If the tape indicator and the
tape indicator light are off, the calculator skips the
instruction immediately following the ETT and pro-
ceeds from that point. If the tape indicator and the
tape indicator light are on, they will be turned off
and the calculator will take the next instruction in
sequence (no skip).

If tape instructions are given to a tape while the
tape indicator is on, they will operate normally.

Locate Drum Address
2 LDA'Y -0460

This instruction follows a read select or write select
instruction referring to a drum unit and the address
part of the c(Y) specifies the first location of the
record to be read from or written on the drum. Not
giving this instruction is equivalent to giving the
instruction with the address part of the c(Y) equal
to zero.

Copy and Skip
—lIl CPY Y 40700

This instruction is used following an RDs, WRs, or
another cPY instruction to transfer a word of infor-
mation between location Y in storage and an input-
output component specified by the address part of the
preceding RDs or WRs instruction. When this instruc-
tion is executed, the 36-bit word is formed in the
MQ and then transmitted to storage or to the com-
ponent. If the cPY instructions are not given within
specific time ranges (found in the descriptions of these
components), the calculator stops and a read-write
check light on the operator’s console is turned on.

If an additional cpY instruction is given after the
last word of a unit record has been copied from a
card or a record of tape, the cry is not executed and
the calculator skips the two instructions immediately
following the cpy and proceeds from there. If an
additional rps instruction is given for which there is
no corresponding record, the calculator sets up an
end-of-file condition. The first cpy instruction given
after this rRDs is not executed; instead, the calculator
skips the instruction immediately following the cpy
and proceeds from there.
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Plus Sense
2 PSEY 0760

This instruction provides a means of testing the
status of sense switches (and of turning on or off
the sense lights on the operator’s console), thus pro-
viding the programmer with flexible means of alter-
ing the sequence of instructions being executed. This
instruction also permits the transmission of an im-
pulse to or from the exit or entry hubs on the printer
or card punch.

The address part of this instruction determines
whether a light, switch, printer, or card punch is
being sensed, and it further determines which light,
switch, or hub is being sensed. The octal addresses
for the different sense instructions are:

140 Turn off all sense lights on the oper-
ator’s console.

141-144  Turn on sense light 1, 2, 3, or 4, respec-

tively, on the operator’s console.

161-166  If the corresponding sense switch on

the operator’s console is down (on),

the calculator skips the next instruc-
tion and proceeds from there. If the
sense switch is up (off), the calculator
takes the next instruction in sequence.

341-342  The calculator causes an impulse to ap-

pear at the specified exit hub of the

punch control panel.

360 If an impulse is present on the entry
hub of the printer control panel, the
calculator skips the next instruction
and proceeds from there. If there is no
impulse, the calculator takes the next
instruction in sequence.

361-372  The calculator causes an impulse to

appear at the specified exit hub of the

printer control panel.

Minus Sense
2 MSEY —0760

This instruction provides a means of testing the
status of sense lights on the operator’s console. The
addresses of the four sense lights are:

141-144  If the corresponding sense light is on,

the light is turned off, the calculator
skips the next instruction and proceeds
from there. If the light is off, the cal-
culator takes the next instruction in
sequence.

INSTRUCTION TIMING
Timing

The time required for the execution of any in-
struction is an integral multiple of the fundamental
Most operations require a fixed number of cycles.
The four types of exceptions are denoted by this fixed
number supplemented by a Roman numeral I, II, III
or IV, in the section “Instructions” and in Table I.

The four types of exceptions are as follows:

Type I: The instruction will be executed in two
cycles if the extent of shift is nine places or less.
Each additional 12 places of shift, or portion thereof,
requires another cycle.

Type II: The instruction will be executed in seven
cycles if the extent of shift is ten places or less in step
5 of FAD, UFA, FsB, and UFs and, also, if the extent
of shift is four places or less in step 9b of FAD and FsB.

In step 5, each additional twelve places of shift, or
portion thereof, requires another cycle.

In step 9b, each additional four places of shift, or
portion thereof, requires another cycle.

Type III: The execution of this instruction may
be delayed an indefinite length of time after its inter-
pretation, depending on the status of the input-output
components. For example, if two RDs instructions
are given in succession for the same tape, the execu-
tion of the second Rps instruction will be delayed
until the first record has been passed over. When a
CPY instruction is given, the electronic and mechan-
ical equipment must be synchronized and short delays
may result while this synchronization takes place. In
general, any execution delays of this type are of vary-
ing lengths depending on the programming.

Type IV: The execution of a floating divide in-
struction requires only three cycles if the fraction
of the dividend is zero.



OPERATION

ALPHA
CYCLES CODE OCTAL CODE

OPERATION

ALPHA
CYCLES CODE OCTAL CODE

Halt and Transfer
Transfer
Trap Transfer ...
Transfer on Low MQ
Transfer and Set Index
Transfer on Zero
Transfer on No Zero .
Transfer on Plus ...
Transfer on Minus ...
Transfer on Overflow ..
Transfer on No Overflow
Transfer on MQ Overflow ..
Transfer on MQ Plus
Multiply
Multiply and Round .
Divide or Halt ..........
Divide or Proceed .
Floating Divide or Halt ..
Floating Divide or Proceed
Floating Multiply ..
Unnormalized Floatmg Multlply
Floating Add
Unnormalized Floating Add
Floating Subtract ...
Unnormalized Floating Subtract
AND to Storage
AND to Accumulator
Compare Accumulator with Storage
Add and Carry Logical Word
Add
Subtract Magnitude
Add Magnitude
Subtract
Halt and Proceed
Locate Drum Address
Clear and Add ...
Clear and Add Logical Word .
OR to Accumulator ..
Clear and Subtract .......
Load Index from Addres
Load Index from Decrement
Load MQ
Store MQ

* Not indexable.

HTR
TRA
TTR
TLQ
TSX

TZE

TNZ
TPL

TMI

TOV
TNO
TQO
TQP
MPY
MPR
DVH
DVP
FDH
FDP

FMP
UFM
FAD
UFA
FSB

UFS

4 ANS
3 ANA
3 CAS

ACL
ADD
SBM

ADM
SUB

HPR
LDA
CLA
CAL
ORA
CLS

LXA
LXD
LDQ
STQ

—+ 0000
-+ 0020
-+ 0021
—+- 0040
—+ 0074
+ 0100
— 0100
+ 0120
— 0120
=+ 0140
— 0140
40161
+ o162
-+ 0200
— 0200
=+ 0220
-+ 0221
=+ 0240
=+ 0241
-+ 0260
— 0260
=+ 0300
— 0300
=+ 0302
— 0302
+ 0320
— 0320
-+ 0340
=+ 0361
<+ 0400
— 0400
-+ 0401
=+ 0402
—+ 0420
—+ 0460
—+ 0500
— 0500

NN RONNNNNNDNNDNDNON

LI SI SIS T (S IE ST SR SRS SR SR NI N3 SRENY

** Not indexable but contains a decrement part.

Store
Store Logical Word
OR to Storage
Store Left Half MQ
Store Address
Store Decrement
Store Prefix
Store Index in Decrement*
Copy and SKip ...........
Place Address in Index”
Place Decrement in Index
Place Index in Decrement*
Plus Sense
Minus Sense
Clear Magnitude
Low Order Bit Test
P Bit Test
Change Sign
Set Sign Plus
Set Sign Minus
Complement Magnitude
Enter Trapping Mode ..
Leave Trapping Mode ..
Round
End of Tape Test
Divide Check Test
Redundancy Tape Test .
No Operation
Read Select
Backspace Tape
Write Select
Write End of File
Rewind
Long Left Shift
Logical Left
Long Right Shift
Accumulator Left Shift .
Accumulator Right Shift
Rotate MQ Left
Transfer with Index Incremented
Transfer on Index**
Transfer on No Index**
Transfer on Index High
Transfer on Index Low or Equal*

—+ 0601
-+ 0602
— 0602
— 0620
+ 0621
+ 0622
-+ 0630
— 0634
=+ 0700
-+ 0734
— 0734
— 0754
+ 0760
— 0760
-+ 0760. .
—+ 0760...001
—0760...001
—+ 0760...
-+ 0760...003
— 0760...003
4 0760...006
-+ 0760...007
—0760...007
—+ 0760...010
—0760...011
=+ 0760...012
—0760...012
+ 0761

-+ 0762

-+ 0764

—+ 0766

“+ 0770

+ 0772

—+ 0763

— 0763

—+ 0765

+ 0767

“+ 0771

— 0773

-+ 1000

—+ 2000

— 2000

-+ 3000

— 3000

STO
SLW
ORS
SLQ
STA
STD
STP
SXD
CPY
PAX
PDX
PXD
PSE
MSE
CLM
LBT
PBT
CHS
SSP
SSM
COM
ETM
LTM
RND
ETT
DCT
RTT
NOP
RDS
BST
WRS
II WEF
III REW
I LLS
LGL
LRS
ALS
ARS
RQL
TXI
TIX
TNX
TXH
TXL

III

.000

III
III
111

et o bt ot e

SIS (SIS I ST SEE S IR ST SN S Y

TABLE I
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COMPONENTS

A DpETAILED description of each of the Type 704
components will be found in this section.

MAGNETIC TAPE UNITS

IN ADDITION to magnetic core and magnetic drum
storage, ten Type 727 tape units with an associated
control unit are available on the 704. These tape units
are compatible with the tape units used on the Types
702 and 705 EDPM.

Each tape unit may contain a half-inch-wide oxide-
coated plastic tape up to 2400 feet long on which in-
formation is stored as bits in the form of magnetized
spots. The mechanism (read-write head) that reads
or writes information on the tape is preceded by an
‘erase head which erases the tape prior to writing, but
not while reading. Hence, the same tape may be re-
used many times by writing new information on it.

The reading, writing, and backspacing speed of the
tapes is 75 inches per second. The longitudinal density
of the tapes is 200 bits per inch. Reading or writing
is done at the rate of 2500 words per second after the
tapes are placed in motion. Tapes are read or written
in a forward direction only; but the same tape may
be written, backspaced, read, backspaced and written
again in that order. Thus a record may be written
and then read for checking purposes before writing
the succeeding record.

The normal rewinding speed of the tapes is 7§
inches per second if the length of tape to be rewound
does not exceed 450 feet. The tape unit automatically
measures the length of tape to be rewound. The time
for a high-speed rewind of a reel of tape of any length
from 450 to 2400 feet is nearly constant (about 1.2
minutes, allowing for acceleration and deceleration
time).

Reflective spots on the tape, made of adhesive
aluminum stripping, are photo-electrically sensed to
indicate the load point and the physical end of the
tape, as indicated in Figure 18.

Operating Modes

Peripheral equipment (card-to-tape, tape-to-card,
and tape-to-printer) requires information to be stored
as binary-coded decimal (Bcp) characters. Therefore,
the 704 operates in two distinct modes, depending
on the address used to select the tape unit:

MODE OCTAL ADDRESS DECIMAL ADDRESS
BCD 201-212 129-138
Binary 221-232 145-154

When operating in the binary mode, the calculator
reads or writes words without altering the bit pattern
during transmission. When reading or writing in the
BcD mode, the calculator alters the form of some of
the Bcp characters during transmission from or to

Load Point

Physical End

Ficure 18
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the tape. See “Character Alteration in Bcp Mode.”

Six bits make up one BcD character. Hence six BCD
characters, comprising 36 bits, are transmitted with
one copy and skip (cpy) instruction.

Physical Arrangement of Information on Tape

A ¥,-inch blank space on the tape defines the end
of a record of information. A 3.75-inch blank space,
a tape mark followed by its redundancy character,
and an end-of-record gap define the end-of-file of
information (Figure 19). A tape may contain more
than one file, and a file may contain any number of
records. Each record contains an arbitrary number
of words.

During a write operation, six bits and a redundancy
check bit are recorded laterally across the tape. The
lateral redundancy check bits are automatically placed
on the tape to cause an even or odd number of
binary 1’s in each lateral row of tape for the Bcp or
binary mode, respectively. Also, at the end of each
record written, a longitudinal redundancy check bit
is placed automatically in each of the seven channels
to cause an even number of binary 1’s in each channel
of that particular record. The longitudinal check is
always an even check.

If information stored on a tape in the BcD mode
is read in the binary mode, the tape-check indicator
and corresponding light on the operator’s console go
on (because the lateral check bits are different), and
the information is transmitted to storage in unaltered
form. If a binary tape is read in the Bcp mode, the
tape-check indicator and light turn on, and the in-
formation is transmitted to storage in alfered form.

In Figure 19, the tape is moving in the direction
indicated by the arrows. Each y corresponds to the
redundant bit for each six bits (x’s) stored laterally,
and each z corresponds to the redundant bit for each

XX z 1 z XX XX Z xx
Six XX z 1 z xx XX z XX
Recording XX z 1 Directionof z xx XX Z XX
Channels XX z 1 tape motion z xx XX z xx
XX z 0 —> z xx XX —3 Z XX
XX z 0 z XX z
Redundancy yy z 0 z yy z
e —————— Y
Distence {(inches) 5 .75 .qz 3.75 .02&
S B e
Eodnfofila con

Ficure 19

channel of the preceding record. The tape mark in
the end-of-file gap has its own longitudinal check
bits .020 inch beyond the tape mark. These check
bits are identical to the tape mark—the special char-
acter 0001111,.

Writing

The programming needed to write a record is write
select (wrs) Y (Y denotes the tape unit and mode of
checking), followed by a cpy instruction, to be
repeated as many times as there are words in the
record. This iterative procedure is known as a copy
loop. After interpreting the first cpY, the calculator
automatically delays its execution if the tape is not
yet positioned to transmit the first word.

The wRs Y instruction starts in motion the tape
designated by Y and selects the checking mode. If
the copy loop is terminated, i.e., the calculator fails
to receive a cPY within 336 microseconds (ps) of the
preceding cpy, the calculator writes the longitudinal
check bits and end-of-record gap and disconnects the
tape unit. If another cpY is given after the tape is
disconnected, the calculator will stop with the read-
write check light turned on.

When a tape is written, the MQ cannot be used for
computing between successive CPY instructions, or
for 500 ps after the final cpy execution. The delay
instruction, WRs 333, delays any instruction execu-
tion until the Mq is free.

Write End of File

The write end of file (WEF) causes the tape to erase
an end-of-file gap and write a tape mark plus the
corresponding longitudinal check bits. The calculator
disconnects the tape immediately upon interpretation
of the WEF instruction; hence, the Mq is free for
computing while this instruction is executed. No
tape instruction may be executed for 50 milliseconds
following a WEF instruction.

To write more than one file of information, it is
only necessary to write an end of file after writing
the first file of information. At any later time, the
first record of the second file of information can be
written.

When a file, other than the last file, on a multi-file
tape is rewritten, all succeeding files on the tape must
be rewritten if they are to be read.
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Reading

The execution of an RDs instruction starts the tape
in motion, selects the checking mode, and clears the
MQ. If the MqQ is used for computing between the
RDs and the first cpy, it must be cleared by the pro-
gram before the first cpy instruction is given. After
a CPY Y, during the reading loop, the word read into
location Y in core storage is immediately available to
the program. If a cpy is not given within 288 pus of
the preceding cpy, the calculator disconnects the tape,
which continues in motion until it reaches the end-
of-record gap. Any input-output component other
than a tape may be selected as soon as the calculator
disconnects the tape. A select instruction, referring
to tape, is not executed until the previously selected
tape unit has been disconnected from the calculator.
A cpy given after the calculator has disconnected the
tape (with no other input-output unit selected)
causes the calculator to stop with the read-write check
light turned on.

If there are #» words in a record being read, where
n is unknown, the programmer may give cPY instruc-
ticns until the calculator senses the end-of-record gap
on the tape. Cpy instruction 7 -+ 1 will not be exe-
cuted; instead the calculator will skip fwo instruc-
tions following the cPY instruction and proceed from
there. If an end-of-file gap is met, an RDs instruction
must be executed to move the tape over the end-of-
file gap and set up an end-of-file condition. The first
CPY instruction given after the RDs is not executed;
instead the calculator skips one instruction following
the cpy and proceeds from there.

It is possible to bypass records (forward spacing)
by executing RDs Y instructions without giving any
cpY instructions. Because the lateral redundancy
check is always effective on the first word of the
record, whether it is transmitted to storage or not,
the logical address of the tape unit must indicate the
correct mode during tape spacing to avoid a tape-
check indication. Each time a tape is selected by the
RDS instruction and read or spaced over, the longi-
tudinal redundancy information is automatically re-
calculated and compared with the redundancy infor-
mation stored at the end of the record. If there is a
discrepancy, the tape-check indicator and light go on
and the on or off condition of seven neon lights on
the tape control unit indicate the tape channels
in error. If Y indicates a tape unit, another RDs Y in-

struction turns off the seven lights on the tape control
unit, but the RDs does not turn off the tape check
indicator.

It is possible to read the first 2 words in an N-word
record where # = N. When # < N, the nth word
will be stored by the nth cpy, and the 704 will be
disconnected after the » + 1 word appears in the
MQ. The MQ may not be used between successive
CPY instructions nor may it be used for 500 ps fol-
lowing the nth cpy.

Physical End of Tape

When the reflective spot, indicating the physical
end of the tape, is reached during a write operation,
the tape indicator and tape indicator light are turned
on. There is no interruption to either the writing
operation or subsequent calculator operations unless
the program ignores the indication of the physical
end of the tape and writing is continued, detaching
the tape from the reel. The ETT instruction provides
a means for the program to test the status of the
tape indicator and to transfer to those instructions
needed to terminate the file and rewind the tape reel.
Because the ETT instruction turns off the tape indi-
cator, the program should not attempt further writing
on this tape because there will be no second indica-
tion that the end of the tape has been reached.

Backspacing

A backspace tape (BsT) Y instruction spaces the
tape one record backward. (Y can indicate either
mode because no checking occurs when tape is back-
spaced.) When a BsT Y is given where Y designates
a tape in a rewound position, the calculator immedi-
ately disconnects the tape. The BsT acts as a no oper-
ation instruction in this case. If the BST Y is given,
where Y designates a tape that is positioned to read
the first record of a second file, the tape is moved
so that the read-write head is positioned 34" in front
of the tape mark. When the next operation on tape
unit Y is a read instruction, the execution of a read
in BcD mode differs from the execution of a read in
the binary mode. In the Bcp mode, the tape mark
and its check character are recognized as an end-of-
file and on the first cpy instruction the calculator
skips one instruction and proceeds from there. In
the binary mode, the tape mark, without the gap, is
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read as a record of one character and no end-of-file
indication is given. Executing another BsT backspaces
the tape over the last record in the first file. The
MQ may be used for computing while the BsT in-
struction is being executed.

The maximum number of times that BsT followed
by a write instruction is given is ten. Any number
greater than ten may cause an end-of-file gap to be
recorded.

Rewinding

The rewind (REW) Y instruction causes the tape
designated by Y to return to its load point. If a
REW is given while the tape is being read, the tape
moves to the end of the record before the REW be-
comes effective. After the REW becomes effective, any
input-output unit may be selected.

Testing Redundancy Information

The redundancy tape test (RTT) instruction tests
the status of the tape-check indicator during tape
reading or after information is read from a tape.

After the last character of a record has been copied
into storage, 275 ps are required for the longitudinal
redundancy check character to be interrogated in the
tape control unit. Allowing for a 2§ ps margin
of safety, the RTT instruction tests both lateral and

longitudinal information for the entire record if it is
given 300 us after the last word of the recerd is
copied into storage. If the delay instruction, WRs
333, is given after the cpy is executed for the last
complete word in the record and before the RTT is
given, the calculator is allowed to complete the longi-
tudinal tape checking before executing the RTT.

When not all of the words in a record are copied
into storage and the remainder of the record is spaced
over, the delay instruction will not effect the neces-
sary delay for the longitudinal redundancy check to
be completed, because the calculator disconnects the
tape immediately when it fails to receive a cPY within
the specified time requirement. The delay instruction
requires ony 24 ps execution time after the tape is
disconnected. To obtain a longitudinal check, there-
fore, the record spacing time must be used in com-
puting before the RTT is given.

Timing

When an RDs or WRs is given, several milliseconds
are required to start the tape in motion and position
it to read or write the first word of the record. After
its interpretation, the first cPY execution is auto-
matically delayed an amount of time that is the
difference between the time the cpy is given and the
time the cpPY is executed. See Table II.

Fmst CPY Is

CURRENT SUBSEQUENT FirsTt CPY MusT EXECUTED WITHIN

INSTRUCTION TO BE GIVEN WITHIN AVER. MAX.

WRS REW 40 ms S0 ms 60 ms

WRS WRS 7 ms 10 ms 12 ms*
WRS RDS 7 ms 10 ms 12 ms
WRS BST 7 ms 10 ms 12 ms
RDS REW 20 ms S0 ms 60 ms
RDS WRS 3 ms 10 ms 12 ms

RDS RDS 3 ms 10 ms 12 ms*
RDS BST 3 ms 10 ms 12 ms

*Some delay time may be used for computing if the tape is selected for
reading or writing the next record before the tape stops moving. Thus,
if ¢ is the time between the last cPY of the preceding record and the wrs
and if # = 3 ms, then 10 — # ms can safely be used for computing before
giving the first cpY of the next record. If f is the time between the last
cry of the preceding record and the rRps and if # = 2.5 ms, then 8.5 — £ ms
can safely be used for computing before giving the first cPY of the next

record.

TABLE II. Tape Timing
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The calculator will execute all instructions other
than input-output instructions 24 s after the BsT
is executed. Thirty-six us after the BsT is executed,
the calculator will execute all instructions other than
tape input-output instructions.

The total time required to backspace the tape one
record is computed by adding (1) the time required
to start the tape moving in a backward direction, (2)
the time required to space over the #» words in the
record, and (3) the time needed to stop and reposi-
tion the tape. The timing is given below.

CURRENT  SUBSEQUENT TOTAL TIME IN MS

INSTRUCTION TO START MOVE STOP
BST WRS 43 = 8.6 A4n 25
BST RDS 30.5 = 6.1 4n 25
BST BST 34.5 = 6.9 4n 25

If the tape is moving when the BsT is given, the
execution of the BsT is delayed until the tape has
stopped. This delay is 3 ms if the BsT is given
immediately after copying the last word of a record.

The WEF execution time is S0 ms. Any input-
output unit other than tape may be used while the
WEF is being executed.

Simultaneous Tape Writing

The following procedure can be used to write simul-
taneously on two or three tapes with logically distinct
addresses if all tapes involved are rewound or if all
tapes are not rewound.

Writing simultaneously on two tapes X; and X,
(octal addresses) :

Let X, equal 1, 2, ... 124, specifying any one of

the ten tapes.

Let X, equal 1, 2, ... 124, specifying any one of

the ten tapes.

BCD MODE
wRs 320 4 X,
wRrs 200 4 X,

BINARY MODE
wRs 320 + X,
wRs 220 + X,

7 ms or less 7 ms or less

computation computation

Writing simultaneously on three tapes X, X,, X,
(octal addresses) :
Let X, equal 1, 2, ... 124, specifying any one of
the ten tapes.

Let X, equal 1, 2, ..
the ten tapes.

Let X3 equal 1, 2, ..
the ten tapes.

BCD MODE
wRs 320 4+ X,
wrs 320 + X,
wRs 200 + X,

. 125, specifying any one of

. 124, specifying any one of

BINARY MODE
WwRs 320 4 X,
wRs 320 4 X,
wRs 220 + X,

7 ms or less 7 ms or less

computation computation

As many as three tapes can be written simultane-
ously by manually setting the rotary selector switches
on the tape units to the same number and addressing
the WRs to that number. Thus, if the number is 1,
then wrs 201 writes information simultaneously in
the Bcp mode on the tapes whose selector switches
are set to 1.

Incomplete Word on Tape

When a tape prepared by the 702 or 705 EDPM’s
or on the card-to-tape peripheral equipment is read,
it is possible that some records do not have an integral
multiple of six Bcp characters. Note that a 36-bit
word is transmitted from the MQ to core storage only
when six groups of six bits each (six bits correspond
to one character) are transmitted from the tape to
the Mmo.

When reading occurs in the Bcp mode, the follow-
ing procedure occurs automatically during the exe-
cution of a cpy:

1. If there are no more characters on the tape,

the end-of-record skip takes place.

2. The altered character from the tape replaces the
c(MQ)s,1.5-

3. The c(MQ) are rotated left six places.

4. Step 1 (and possibly steps 2 and 3) is repeated
until there are six characters in the MQ.

5. The c(MQ) are stored and the MQ is cleared.
The calculator then proceeds to the next sequen-
tial instruction following the cpy instruction.

If less than six characters comprise the last word
on tape, a CPY instruction cannot transmit them to
storage. A cPY instruction given for the incomplete
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word causes an end-of-record skip, leaving the in-
complete word in the MQ. The tape check indicator
will not be turned on because an incomplete word
has entered the MmQ. (Note: This will not decrease
tape-checking when binary tapes are being read, be-
cause detectable incomplete binary words will be
detected by the redundancy check.) If a cpy instruc-
tion is not given for the incomplete word, the extra
characters are automatically brought into the MQ (be-
cause word # + 1 of a record is always transmitted
to the MQ after # cpY’s). A tape check occurs only
if the computed lateral or longitudinal bits do not
compare with those on the tape. Use the delay in-
struction, WRS 3335 to delay the execution of any
instruction until the MQ is available. After the delay
instruction has been given, the store MQ (sTQ) in-
struction may be used to store the contents of the
MQ in core storage.

When an incomplete word is brought into the MQ
from tape, the unused portion of the MQ contains
Zeros.

Character Alteration in BCD Mode

Altering characters when reading or writing in the
BcD mode on the 704 changes the zones of some of
the characters and the numerical code of the char-
acter representing zero. The zones differ from the
702 code because the 704 requires this zone change
to help fast sorting procedures. Because redundancy
checking is an even parity check on peripheral equip-
ment (and in the Bcp mode on the 704), the pure
zero would not have a non-zero bit. Several pure
zeros would correspond to an end-of-record gap.
Thus, the zero character is changed to 00 1010 in
the Bcp mode. The zone alterations follow:

CLASS IN 704 ON TAPE
Numerical 00 00
A twl 01 11
JtwoR 10 10
StoZ 11 01

Table III shows the automatic alteration of all
characters during transmission in the Bcp mode.

CHARACTER  IN STORAGE ON TAPE CHARACTER  IN STORAGE ON TAPE
0 00 0000 00 1010 A 01 0001 11 0001
1 00 0001 00 0001 B 01 0010 11 0010
2 00 0010 00 0010 C 01 0011 11 0011
3 00 0011 00 0011 D 01 0100 11 0100
4 00 0100 00 0100 E 01 0101 11 0101
5 00 0101 00 0101 F 01 0110 11 0110
6 00 0110 00 0110 G 01 0111 11 0111
7 00 0111 00 0111 H 01 1000 11 1000
8 00 1000 00 1000 I 01 1001 11 1001
9 00 1001 00 1001 _(.)_ 01 1010 11 1010
# 00 1011 00 1011 . 01 1011 11 1011
@ 00 1100 00 1100 ( 01 1100 11 1100
— 10 0000 10 0000 Blank 11 0000 01 0000
J 10 0001 10 0001 / 11 0001 01 0001
K 10 0010 10 0010 S 11 0010 01 0010
L 10 0011 10 0011 T 11 0011 01 0011
M 10 0100 10 0100 U 11 0100 01 0100
N 10 0101 10 0101 v 11 0101 01 0101
@) 10 0110 10 0110 A4 11 0110 01 0110
P 10 0111 10 0111 X 11 0111 01 0111
Q 10 100C 10 1000 Y 11 1000 01 1000
R 10 1001 10 1001 z 11 1001 01 1001
0 10 1010 10 1010 % 11 1010 01 1010
$ 10 1011 10 1011 s 11 1011 01 1011
* 10 1100 10 1100 % 11 1100 01 1190
& 01 0000 11 0000

TABLE III
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Manual Operation of the Tape Units

On each tape unit, manual operations are performed
by using the keys and lights appearing in Figure 20.

The rotary selector switch on a tape unit determines
which one of the ten tape addresses may select this
unit. If the switch is set to 1, the unit may be
addressed by 2014 in the Bcp mode or 2214 in the
binary mode. Zero corresponds to the tenth tape unit.

The select light is turned on only when the cal-
culator selects the tape unit. The tape unit is in
ready status (the ready light is on), provided the tape
is loaded into the columns, the reel door interlock is
closed, and the tape unit is not in the process of
finding the load point (rewind or load operation).
Manual control is indicated when the ready light is
off, provided the tape unit is not rewinding or load-
ing and the reel door is closed.

Pressing the start key places the tape unit under
control of the tape control unit (and, indirectly, the
calculator) and causes the ready light to be turned on,
provided the tape unit is in ready status. Pressing
the reset key removes the tape unit from the calcu-
lator’s control. It turns off the ready light, and resets
all controls to their normal positions. It also stops
any tape operation which has been initiated (except
high-speed rewind, which will revert to low-speed
rewind). After the tape is loaded into the vacuum
columns and low-speed rewind is in progress, the
reset key may be pressed again to stop the low-speed
rewind.

When the door is open, the reel door interlock pre-
vents operation of the reel drive motors. If the reel
door is closed and the ready light is off, pressing the
load-rewind key causes a fast rewind at the end of
which the tape is loaded into the vacuum columns
and searched in a backward direction for the load
point. Pressing the unload key causes the tape unit

to remove the tape from the vacuum columns and
raise the head cover, regardless of the distribution of
the tape on the two reels. If the tape is not at the
load point when the operator wishes to change it, he
starts a load point search by pressing the load-rewind
key.

The tape indicator and the tape indicator light in
a tape unit are turned on when the tape breaks or
when the physical end of tape is reached during a
write operation. The ETT may be used in a program
to interrogate the status of the tape indicator in a
selected tape unit. If the program selects the tape
unit for reading or writing after the tape indicator
is turned on, there will be no interruption to normal
calculator operation.

The tape indicator and the tape indicator light may
be turned off by pressing the reset key on the tape
unit and then pressing the unload key on the tape
unit. Execution of the ETT will turn off the tape
indicator and the tape indicator light in a selected
tape unit.

The plastic tape reels are 1014 inches in diameter.
They are designed so that the front and back sides
of the reel are different (Figure 21). In normal oper-
ation, a special ring is inserted in a groove in the

N LJ,
‘@~ 4~ fronT Jﬁﬁ/\ BACK

Ficure 21

back side of the reel to depress a pin which is then
under spring tension. If the special ring is removed
from the reel, the pin rides freely in this groove and

FIGURE 20
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a writing interlock is automatically set. Also, the
file protection light is turned on to inform the pro-
gram that it is impossible for the program to write
on the tape. However, this tape may be read, back-
spaced, or rewound freely when the file protection
light is on.

MAGNETIC DRUMS

IN ADDITION to magnetic core and magnetic tape
storage, two Type 733 magnetic drum units are avail-
able for the 704. Each magnetic drum unit has a
storage capacity of 8192 words, each word consisting
of 36 bits. A drum unit contains two distinct physical
drums, each with a storage capacity of 4096 words.

Each physical drum consists of two logical drums
whose octal addresses are indicated in Figure 22. Each
logical drum has a storage capacity of 2048 words.

A logical drum is selected by giving the appropriate
address 193-200 or 301-310 octal.

Physical Arrangement of Words on Drum

The 2048 locations on each logical drum can be
individually addressed by integers in the range
0000-2047 decimal (0000-3777 octal). A record
(block) of words is normally stored on a drum in
sequentially numbered locations. The programmer
must indicate the drum address where the first word
of the core storage record is to be written on or read
from the drum. The number of cPY instructions
executed in the copy loop determines the number of
words in the record.

Figure 23 illustrates the physical arrangement of
words on a logical drum. The addresses are numbered
octally. Observe that, when reading or writing a
continuous record, the calculator refers to every eighth
word of the drum for consecutive addresses.

Each logical drum has 256 sectors. Therefore, it

2400
3000
3400

0001

SECTOR 000

DRUM UNIT (8192 words)

LOGICAL DRUM

301 (2048 words)

LOGICAL DRUM
302 (2048 words)

PHYSICAL DRUM 1
(4096 words)

LOGICAL DRUM
303 (2048 words)

LOGICAL DRUM
304 (2048 words)

PHYSICAL DRUM 2
(4096 words)

Ficure 22

must make eight complete revolutions for all 2048
words to be read or written as a continuous record.

NotTe: Drum sectors are numbered from 000 to
255 (000 to 377 octal). The eight least significant
binary positions of the drum address of a word deter-
mine the number of a drum sector where a word is
stored.

Reading and Writing

Because 96 us are needed to read or write one word,
successive words are written on or read from the drum
at the rate of 10,000 words per second. A drum read
select (RDS) Y or write select (WRs) Y selects one of
the eight logical drums indicated by the address Y and
connects it to the calculator. The drum then remains
indefinitely selected waiting for a locate drum address
(Lpa) instruction. (If an LDA is not given, then
the drum remains selected waiting for the first cpy.

The 11 least significant bits of the address part of
the c(Y) in the LpA Y instruction specify the initial
drum location of the record. If an LpA Y is not given,
the first cpy refers to the drum address 0000. The
automatic address counter for the drum has only 11
binary positions. Hence, if a 38-word record begins
at 2040, the last word of the record is found at
location 0029.
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Following an 1pa, the first cpy must be given
within 36 us (three cycles); otherwise, the drum
may disconnect. The Lpa is an indexable instruction.

When information is written on a drum, the execu-
tion of a cPy Y instruction causes the word at loca-
tion Y in core storage to be loaded into the MqQ from
which it is transmitted to the drum. During a reading
operation, the execution of a cpy Y instruction causes
the word from the drum to be loaded into the M@
from which it is transmitted to location Y in core
storage. The MQ cannot be used for computing dur-
ing the copy loop.

Between successive cPY’s, three cycles (36 ps) are
available for programming (excluding the cpy itself).
When a cpy is not given within three cycles of the
preceding cpy, the drum disconnects. If a cpy is
given after the drum has disconnected, the calculator
stops with the read-write check light on.

Table IV shows the minimum time T between the
execution of the RDs or WRs and the Lpa (or first
cpy if no Lpa is given). During this entire time T,
the calculator is available for computing. However,
if any portion of time T is not used for calculating,
the calculator delays the amount of time which is the
difference between T and the time used for calculating
during this period.

Drum Motion Time

The minimum time between the execution of the
last copy of record x and the execution of the first
cpy of record x -+ 1is A, D, or A (Table IV). The
average access time A is 12.29 ms, although it may
be as high as 24 ms.

To compute D, subtract the final drum address in
the preceding record from the initial drum address

in the current record. If the result is negative, add
2048 to the result. Divide the result by 256; the
quotient Q and the remainder R appear in the for-
mula: D = .012Q + .096R. (This formula is used
in computing the rotation time when the physical
drum selected is the same as the last one used.)

To compute A, divide the initial drum address by
256; the quotient Q' and remainder R appear in the

formula D' = .012Q" 4 .096R’. (This formula is used

in computing the rotation time when the physical
drum selected is different from the last one used.)

The computed rotation time is valid only when

A, D,or A>T+ .12 ms.

Multiple Record

Because one drum revolution requires 24 ms, it is
possible to read multiple records during a single revo-
lution if the words to be read are stored on one phy-
sical drum in an optimal way. If the last cpy of the
first record is followed immediately (within three
cycles) by an Rps selecting the same physical drum,
the LDA may be given for a drum address that is at
least eight sectors beyond the drum address of the
last word in the preceding record. Six sectors are
passed over during execution of RDs and one sector is
passed over during execution of LDA. An additional
sector must be added for each 84 ps, or portion
thereof, beyond the allowable 500 us of programming
between the RDs and the LpA instructions.

For an example, assume that a record is written on
a drum where the last word of the record is stored in
location 0200,,. We wish to know the earliest sector
in which to place the first word of the next record
so that both records can be read during the same drum

PREVIOUS INSTR. CURRENT INSTR. T (in ms) ROTATION TIME (in ms)
RDS 301 or 302 RDS 301 or 302 0.5 D (or A if insufficient infor-
RDS 301 or 302 wrs 301 or 302 15.0 mation is available to use the
WRs 301 or 302 RDS 301 or 302 15.0 formula for D)

WRs 301 or 302 wRS 301 or 302 15.0 _

RDS 301 or 302 RDS 303-310 0.5 A=A+ D

RDS 301 or 302 wRrs 303-310 15.0 A=A+D

wWRSs 301 or 302 RDS 303-310 15.0 é =A+4+ D

wRs 301 or 302 WwWRS 303-310 15.0 A=A-+D

TABLE IV
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revolution when there are (a) 700 ps of programming
between records, (b) 840 ps, (c) 500 ps or less.
(a) 700 -84 = 8+
= 9 sectors for computing
1 sector to execute LDA
10 sectors to be skipped
Next record can begin at 0211,
(b) 840 =~ 84 = 10 sectors for computing
1 sector to execute LDA
11 sectors to be skipped
Next record can begin at 02124,
(¢) The minimum sector allowance is seven sectors
(this includes the sector necessary for the 1pa).

Next record can begin at 0208;,.

PUNCHED CARDS

IN MosT applications magnetic tape is used as the
principal input medium. It may be desirable to use
IBM cards as an input medium in some situations,
where the volume of input is sufficiently small to
permit an economical operation. In either case, IBM
cards are used as the medium for initially recording
data because of their great flexibility and because of
the availability of apparatus for key punching, veri-
fying, and duplicating. Errors are easily detected and
corrected, input data may be readily prepared on
several key-punches simultaneously, and the cards
may be collected before entry into the computer.
Cards are particularly desirable when one wants to
have manual access to a file. They can be easily
separated. Their contents may be printed on them.
It should be emphasized that the punched card input
and output may represent any alphabetic character
or special symbol, provided only that a program
exists to recognize the IBM code for this information.
A program may also provide for quantities to be
represented in any number system and read or
punched accordingly.

Entering a program on cards may be done in such
a way that instructions are punched, one to a card,
in the form most desirable to the programmer (e.g.,
in decimal notation). The computer can then be sup-
plied with a standard program to assemble the in-
structions in the desired order. Then, if errors are
detected or if changes must be made, the wrong cards
are removed, the correct ones (not necessarily the
same number of cards) are added, and the computer

prepares the new program. Note that there is no
need to repunch any but the cards in question.

The card-feeding mechanism in the card reader is
similar to that in the Type 402 Accounting Machine
and includes two sets of 80 reading brushes. Corre-
spondingly, there are 80 punching magnets and 80
punching brushes in the card punch. Only 72 col-
umans of the standard IBM card, however, can be read
into core storage, and only 72 columns can be punched
from core storage (unless split-column wiring is
used). Any 72 columns of the card can be selected
through control panel wiring. For simplicity in the
following discussion, assume that columns 1 to 72
of the card are used for both reading and punching.

Binary information is represented on a card as fol-
lows: each of the 12 rows of the card is split into
two parts, the left half consisting of columns 1 to 36
and the right half of columns 37 to 72; each half
row can be treated as a 36-bit word and read into a
location in core storage.

Figure 24 shows how the card is divided. In this
particular example, the first 72 columns of the card
are used. Each of the rows is split into half-rows of
36 columns each. Thus, the half-row identified by
the circled 9 is named the S-row left. Similarly, the
row identified by the circled 10 is named the §-row
right. Thus, there are 24 half-rows in the card. One
full word of binary information can be punched in
any half-row (including sign). The machine regards
any punched hole as a binary 1. “No punch” indi-
cates a binary 0. Thus, an 8-punch in column 36
of the card is regarded by the machine as a binary 1
in the least significant position of the binary word
punched in the 8-row left. The leftmost position of
each half-row is reserved for the sign bit of the word.
A binary 1 represents a negative sign, while a binary 0
represents a positive sign.

NotEe: The exact position of a word that each col-
umn represents is completely arbitrary according to
how the particular control panel is wired.

Observe that this card representation of 24 binary
words does not mean that the cards must always be
punched with true binary information. The holes in
the card can just as well be numerical punching in
the standard decimal card code, alphabetic punching,
or control punching. It is necessary only to provide
a suitable program for the computer to translate be-
tween the binary code in which it operates and the
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particular code used on the card. The translation to
and from the decimal numerical code, for instance,
can proceed simultaneously with reading and punch-
ing so that the over-all card-handling speed is not
reduced below the standard rates of 150 or 250 cards
per minute for reading and 100 cards per minute for
punching.

Feed cards face down, 9’s edge first, in both the
card reader and card punch. The internal card cir-
cuits are arranged so that the 24 half-rows of the card
are read or punched in the sequence indicated by the
circled numbers in Figure 24. The sequence of read-
ing or punching full words is then as follows: 9-row
left, 9-row right, 8-row left, 8-row right, and so on
to 12-row left, 12-row right.

For reading and punching cards, a unit record is
defined as the information contained in oze card. A
file consists of any number of unit records. It takes
the form of a deck of cards. Note that definitions
of unit records and files are usually different, depend-
ing on the particular input or output component be-
ing discussed.

CARD READER

ErTHER one of the two Type 711 card readers,
model 1 or model 2, can be used on the 704. The
model 1 reads cards at the rate of 150 cards per min-

ute, the model 2 reads cards at the rate of 250 cards
a minute. The principal difference is found in the
timing section.

For a program to cause the calculator to read all of
the information punched on a card into core storage,
it is necessary to give an RDS instruction with an
address of 209 (card-reader identification) followed
by 24 cpY instructions.

The RrDs instruction causes the card-feeding mech-
anism to start in motion. The program then is free
to continue any operations until the 9-row of the card
appears under the reading brushes. At this time, the
program must provide a cPY Y which causes the word
punched in the 9-row left to be read and stored in core
storage location y. The program can then resume until
the calculator is prepared to read information punched
in the 9-row right. The program now must supply
another cPY instruction to read this word into core
storage. This procedure continues until all 24 half-
rows have been read. Because of their functions,
these cPY instructions are called 9 left cry, 9 right
cry, and so on. Another RDS must be given to read
another unit record (card).

The RDs instruction can be given, followed immedi-
ately by the 24 cpy instructions in succession, with-
out any other operations being done between instruc-
tions. In such a case the calculator waits automatic-
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ally until a half-row is in position to be read before
executing the cPY instruction.

The intervals of time between these instructions
which may be used for useful calculating are defi-
nitely limited and are completely specified below. If
a CPY is given affer the card reader is in position to
read a given half-row, the machine stops, and the
read-write check light turns on at the operator’s
console. The amount of calculating time available
between the last cPY instruction for a given card and
the RDs instruction that initiates the reading of a
succeeding card is unlimited. But if an RDS instruc-
tion does not occur within a definite time limit, the
card reader stops. It will start up only after the new
RDS instruction has been received. To keep the card
reader in continuous motion and operating at its full
speed of 150 or 250 cards per minute, the time limits
discussed below must be observed.

Calculator operation is such that during execution
of a cpy, the word read from a half-row of the card
first enters the MQ before being sent to core storage.
This, of course, destroys any information previously
stored in the Mmaq.

If a 25th cpPY instruction is given after an RDs in-
struction, the card reader will already have set up
an end-of-record condition (denoting that all 24 half-
rows of the card have been read). Under this condi-
tion, the 25th cPy is not executed, and the program
skips to the third instruction after the cpy. In this
way the program may transfer control to a section
that will cause the succeeding card to be read.

When the hopper of the card reader becomes empty,
the calculator stops. Depress the start key on the card
reader to allow the cards remaining ahead of the read-
ing station to be read under control of the program.
After the last card has been read in this way, and if
another RrDs instruction followed by a cpy is given,
the card reader sets up an end-of-file condition. Under
this condition the cry instruction is not executed,
and the program skips to the second instruction fol-
lowing the cpy. In this way, for example, control
may be transferred to a particular section of the
program that continues a calculation interrupted by
the card-reading procedure.

The contents of the 24 locations of core storage,
into which the 24 half-rows have been read, is known
as the card image. By a program that suitably manip-

ulates this card image, decimal information punched
in standard IBM code may be converted to binary
information.

In reading cards it is not always necessary to follow
an RDS by 24 cPY instructions. The card reader nor-
mally reads half-rows for every following cpy up to
24. If, however, after a few cPy instructions, another
RDS is given, the card reader automatically ignores
any succeeding half-rows that have not been read and
starts reading a new card. Thus, for instance, it is
possible to read the first five words of a card and
ignore the rest. It is not possible, however, to read
the first five words, skip the sixth and seventh words,
and continue on reading the card. A cpy instruction
designed to accomplish any reading of this type
always results in a machine stop and a read-write
check light. If successive RDs instructions are given
with no intervening cpy instructions, the net result
is the feeding of cards through the machine with no
words being read into storage.

Timing for Model 1

Cards are read at the rate of 150 per minute. In
continuous card reading, 292 ms of the card cycle
of 400 ms are available for useful calculating. The
difference, 108 ms, is required for the execution of
the cpy and RDs instructions and appropriate time-
margins for safe synchronization of mechanical and
electronic components.

The maximum safe times available for computing
between executions of cPY instructions are indicated
in Figure 25. For example, after execution of the
9-left cpy, 540 ps are available before the 9-right
cPY must be given; and after execution of the 9-right
cpY, 15 ms are available before the 8-left cry exe-
cution. The RDs must be given in the hatched portion
for continuous operation of the card reader. After
the 12-right cpy execution of a card, however, it
takes 20 ms before the machine can execute an rps
for the next card. If the rRps then, is given # ms
after the 12-right cpy, and if # is less than 20, the
machine will compute (i.e., it will proceed with any
intervening programs) for these # ms. Upon receiv-
ing the rps, however, the program will be delayed
until 20 ms (from the 12-right cry) have elapsed.
If the rRDs is given after the interval of 20 ms, the
program will not be delayed. So to be able to
compute for all of the available time between cards,
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and to keep the card reader in continuous motion,
it is necessary to give the RDs between 20 and 50 ms
after the 12-right cpy.

If the card reader is not in motion and an RDS is
given, the average elapsed time between the RDs exe-
cution and the first 9-left cpy execution will be 270
ms. However, only 50 ms are available for calculation
after the RDs is given.

Timing for Model 2

Cards are read at the rate of 250 per minute. In
continuous card reading, 180 ms of the card cycle
of 240 ms are available for computing. The differ-
ence, 60 ms, is required for the execution of the cry
and RDs instructions and appropriate time-margins
for safe synchronization of mechanical and electronic
components.
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