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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 (3323 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, 1 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

0 O

Central Processing Unit

Magnetic Core Storage _

(Contains Stored Program)

FIGURE 2
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TYPE A INSTRUCTION Sign Magnitude
Y, A
Prefix Decrement Tag Address l I I I I J
s A — Ay / A —_—
I Y A e Rl ) 35
- FiGURrE 6
S123~-=========-1718192021 - === —==———=—=- 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 Not Used Tag Address

10 |

S123-—---- 1M12---—=~ 1718192021 = — — ~— = — = —— - 35
FIGURE §

lent to 1 X 211,

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%
— .001 = — .100 X 2—2
+ .100 = + .100 X 20

— 1.100 = —  .110 X 2+t
-+ 110.000 = + .110 X 2+3

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, (i..,
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

(93}

S Cholﬂerisﬁc Fraction -
12—————- 8910 ————— = —————— —— — — 35

FiGUure 7
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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’s).

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, TsxX, 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 0117 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 ~
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 09 9
OPERATION NOT USED TAG ADDRESS
r Al r — N T 7 Al
Binary 100 111 110 000 =xxx xxx 000 =xxx xxx X 00 000 011
Octal —0 7 6 0 0 0 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 MQ 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




























































































































































































































































