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Preface

This manual is a reference text for the 1M 1401 Data
Processing System. It provides a detailed explanation
of operation codes and the function of the system’s
components. The reader should have a knowledge of
the 1401 system and programming techniques. The
reader should be familiar with the General Informa-
tion Manual, 18mM 1401 Data Processing System, form
D24-1401, and the various publications on applied pro-
gramming material, such as Symbolic Programming
System (SPS) and Autocoder.
The manual is divided into these sections:

® gperation codes

® operating features
® systems timing

® appendix

The sections are independent and need not be used |
in the order in which they appear.

This manual is intended for the use of programmers
and systems personnel who have a general knowledge
of the 1BM 1401 Data Processing System and who
require a reference text for detailed information. The
manual can also be used as a training aid in the in-
struction of programmers and operators.

It should be noted that other publications referenced
in the manual are, in most cases, prerequisites for a
complete understanding of the material presented in
this reference manual.
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As the recordkeeping requirements of business and in-
dustry continue to mount, the need for a data processing
system that can be expanded to meet these requirements
becomes apparent. A system is desired that can fill
present needs, and that can expand as the burden of
recordkeeping increases. Large-scale systems and small-
scale systems are available, but a gap existed where no

- system seemed to do processing on an economical job-
cost basis.

To fill this gap, 1M developed the 1BM 1401 Data
Processing System (Figure 1). The 18M 1401 is a solid-
state, high-speed processing system with the program
flexibility of larger systems.

The 1401 provides system configurations to meet the
requirements for processing unit records, magnetic tape
and magnetic disk records, and character-sensed docu-
ments.

The 1401 system provides high-speed input-output
and arithmetic and logical ability, with the advantages
of stored-program techniques. Various methods of pro-
gramming are available. Some of the methods are: the
easy-to-use actual language, the symbolic program-
ming system (SPS) of mnemonic instructions, and
18M 1401 Autocoder.

The 1M 1401 Processing Unit handles variable-
length alphamerical data and instructions. This means
no space is wasted by filling in fixed-length words.

Variable word length, high internal processing speed,
fast input and output, powerful editing ability, and di-
rect accumulation in storage make the 1M 1401 Data
Processing System an efficient and valuable tool to meet
today’s data processing requirements.

18M 1401 Data Processing Systems can be considered
in three basic concepts: card systems, tape systems, and
RAMAC® systems.

1BM 1401 card systems are planned for procedures
involving large volumes of card documents as source
data and output, with particular advantage to applica-
. tions requiring re-entry data.

1BM 1401 tape systems are for handling magnetic
tape, with all the advantages of compact record han-
dling and storage for high-speed data processing.

IBM RAMAC 1401 systems permit rapid access to large
volumes of repetitive data without the necessity of
processing large card volumes or sorting tape records.

IBM 1401 Data Processing System

The Stored Program

The 1BM 1401 performs its functions by executing a
series of instructions at high speed. A particular set of
instructions, designed to solve a specific problem, is
known as a program. Because the 1401 stores its instruc-
tions internally, it is called a stored program system.

The 1401 normally executes instructions sequentially.
But sometimes it is necessary to skip over a particular
group of instructions, or otherwise change the sequence
of the program. Branch instructions are provided in the
system to make it possible to alter the program and
take the next instruction from another area of the
stored program. This feature also makes it possible to
repeat an instruction, or group of instructions, as often
as desired.

A series of programmed tests determines the logical
path of the program. These tests are made at various
points in the program to control the course of program
step execution for specific conditions that can arise
during processing.

Other Input-Output Units for
the IBM 1401 System

To meet the ever increasing needs of business for fast,
economical processing of data, the 18m 1401 Data Proc-
essing System can accept data made available to it in
a variety of forms, Besides the normal input in the form
of punched cards and magnetic tape, other devices
that greatly increase the efficiency and flexibility of the
1401 have been provided. These units make it possible
to read punched paper tape, magnetic ink characters,
and printed characters, and to transmit data between
140Y’s or a 1401 and a tape transmission terminal.

The 1BM 1011 Paper Tape Reader enables the direct
input of data punched in paper tape into the 1401
system. Present day accounting and data processing
practices are such that in many cases the source data
for a central data processing system originates at loca-
tions remote from the central system. The ease and
economy in transmitting punched paper tape make it
an ideal medium for this type of reporting. A concise
description of the 1011 including operating features,
control panel summary, and 18M 1401 operation codes
is found in the General Information Manual, 18m 1011
Paper Tape Reader, form D24-1044,

Introduction 7



The 18M 1419 Magnetic Character Reader serves as
a means of input to the 1401 system. This merging of
machines increases flexibility and control in banking
operations. Thus, magnetically-inscribed characters are
read by the magnetic character reader and sent to 1401
core storage for processing. A full description of the
1419, including operating features and 1BM 1401 oper-
ation codes, is included in the General Information
Manual, 18M 1219 Reader Sorter and 1m 1419 Mag-
netic Character Reader, form D24-9000.

Re-entry documents can be read directly into the
core storage unit of the 1401 by using the 18M 1418
Optical Character Reader as an input device. This
means the elimination, in many cases, of preparing
data for systems use when it is returned with a re-
mittance. In many applications, this allows all functions
necessary for processing data, from source document
through the final report, to be accomplished in one
operation. The use and functions of the 1418 are
described in the Reference Manual, 18Mm 1418 Optical
Character Reader, form A24-1418.

Many businesses with decentralized accounting op-
erations have data processing installations at branch
offices as well as at the headquarters location. The
source data received from the branch offices enables
the central office to prepare consolidated reports to
meet their accounting needs. The 1M 1009 Data
Transmission Unit allows high-speed, two-way com-
munication between two 1BM 1401 Data Processing
Systems or between a 1401 and an 1BM 7701 Magnetic
Tape Transmission Terminal. The operation and func-
tioning of the 1009 is described in the Reference
Manual, 1M 1009 Data Transmission Unit, form
A24-1039.

The 1BM 7701 Magnetic Tape Transmission Termi-
nal provides communication between outlying tape
installations and a central data processing system,
without intermediate conversion steps. Straight-line
data flow from a 1401 tape system to a large-scale
system such as an 1M 700 or 7000 series data process-
ing system is now a fact. This development results in a
fast, economical collection, processing, and return of
data not previously possible. The functions and oper-
ating features of the 7701 are described in the Refer-
ence Manual, 18BM 7701 Magnetic Tape Transmission
Terminal, form A22-6527.

The 18BM 1404 Printer is another output medium for
the 1401 system. It is a combination printer capable
of processing either separate card documents or con-
tinuous forms. Under control of the 1401 stored pro-
gram, and the tape-controlled carriage, this unique

printer can process continuous forms at a rated speed
of 600 lines per minute; or it can print on card docu-
ments at a maximum rate of 800 cards per minute.
The 1404 can process cards ranging in size from 51
columns to 160 columns. It can also process two cards
(either 51- or 80-columns) at a time. As many as 25
lines of data, either from 1401 core storage or from the
card itself, can be printed on each card. Instructions,
as well as the functional and operational character-
istics, are covered in the 1401 Data Processing System
bulletin, 18M 1404 Printer, form G24-1446.

Today’s modern business requires fast, efficient and
inexpensive intercommunication of data between
branch, or field, locations and the central, or home,
office. The 1M 1012 Tape Punch provides this means
of communication and meets all these requirements.

The 1M 1012 Tape Punch, connected to an 1M 1401
Data Processing System, is an ideal medium for re-
cording data processed at remote locations. Data
punched in paper or Mylar* tape can be transmitted
quickly and inexpensively to a central location by
common carrier lines.

At the central location, the data recorded in the
tape can be converted to punched cards or used as di-
rect input to a central data processing 'system. A de-
tailed description of the 18M 1012, including operating
features and 1M 1401 operation codes, are found in
the General Information Manual, 1BM 1012 Tape
Punch, form D24-1077,

The IBM 1401 Used with Other IBM Systems

IBM 7070 Data Processing System

The 1BM 1401 Data Processing System has additional
flexibility when it is used with the tape-oriented con-
figuration of the 18BM 7070 Data Processing System. The
1401 can produce, edit, sort, print, punch, and further
manipulate tape data used by the 7070, thus providing
more time for the operations that are more efficient and
practical for each system.

IBM Scientific Data Processing Systems

The column binary feature enables the 1401 to process
card and tape data recorded in binary form. This abil-
ity makes the 1401 especially useful as an auxiliary
system for the 1M 704, 18M 709, and 1BM 7090 Data
Processing Systems.

*Trademark of E. I. duPont de Nemours Company, Inc.



Solid-State Circuitry

Transistorization of 1BM 1401 components is a sig-
nificant design characteristic. Transistors are relatively
inexpensive, are easy to maintain, and increase reli-
ability in the system (Figure 2). Space requirements,
heat dissipation, and power requirements are carefully
controlled.

The components that require operator attention are
conveniently located.

Figure 2. Transistor Cards

Physical Features

Advanced System Design

Advanced system design makes the 1BM 1401 a com-
plete, independent, accounting system. But it can also
perform low-cost direct input and output, and auxiliary
tape operations for large-scale data processing systems.

The entire system is controlled by the stored pro-
gram. Timesaving features, such as the powerful edit-
ing function, and the elimination of control panels,
provide increased flexibility for application develop-
ment. The ability to use magnetic tape means economy
in recording, transporting, and storing large volumes
of information in compact form.

IBM 1401 Processing Unit

The 1BM 1401 Processing Unit (Figure 3) contains the
core storage and circuitry that perform the machine
logic.

Storage capacity is 1400, 2000, 4000, 8000, 12,000 or
16,000 alphamerical characters of 8-bit core storage.
These eight bits consist of six bits for binary-coded
decimals, a check bit, and an eighth bit for field defi-

nition.

Figure 3. 1BM 1401 Processing Unit

Physical Features 9



Figure 4. 1M 1402 Card Read-Punch

IBM 1402 Card Read-Punch

The 1BM 1402 Card Read-Punch (Figure 4) provides
the system with simultaneous punched-card input and
output. This unit has two card feeds. The read section
has a rated reading speed of 800 cards per minute.
Actual card speed realized is governed by the stored
program instructions. The read feed is equipped with a
device for large-capacity loading, called a file feed.
With the file feed device, the read feed can be loaded
with as many as 3,000 cards.

The cards pass through the read side of the machine
9-edge first, face down. The feed path is from right
to left, past two sets of brushes (Figure 5). The read
check station reads 80 columns of the card to establish
a hole count for checking purposes. The read station
also reads 80 columns, proves the hole count, and di-
rects the data into storage.

The punch section has a rated speed of 250 cards
per minute. The card hopper capacity is 1,200 cards.
Cards feed 12-edge first, face down. The feed path is
left to right. Cards pass a blank station, a punch station,
and a read station (Figure 5). The punch station con-
sists of 80 punch magnets for recording information.
The punch read station has 80 brushes that read the
data punched in the card for a hole-count check.

The M 1402 Card Read-Punch is equipped with
five radial type stackers (Figure 6), with a capacity of
1,000 cards each. Cards from each feed can be pro-
gram-directed to three of the five pockets.

The cards from the read side go to the Nr (normal
read) pocket unless program-directed to pockets 1 or 2.
The cards from the punch side go to the Np (normal
punch) pocket unless program-directed to pockets 4
or8.

The center pocket (8/2) can receive cards from
either feed. However, card merging can be accom-
plished only under certain, very limited conditions.

Figure 6. Radial Stackers

Punches
Punch Read Read
Punch ea
Hprer Check Read Check | Hopper
Blank Select Select
Station Stacker Stacker
Normal Normal
Punch Read

NP 4
Figure 5. 18BM 1402 Card Feed Schematic
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Figure 7. 1BM 1403 Printer

IBM 1403 Printer

The 1BM 1403 Printer (Figure 7) is another output me-
dium for the 1BM 1401 Data Processing System. This
wunit has a rated printing speed of 600 lines per minute.
The standard printing capacity is 100 positions, with an
additional 32 positions available as a special feature.

Each position can print 48 different characters: 26
alphabetic; 10 numerical; and 12 special characters
(&,.O0-$*/ % # @ =+).

Vertical spacing and skipping are initiated by the
stored program. Horizontal spacing is 10 characters to
the inch. Vertical spacing of either six or eight lines to
the inch can be manually selected by the operator. The
paper transport mechanism for line spacing is a single-
speed, tape-controlled carriage in the 1BM 1401 card
system, Model A. Other models (B, C, and D) use a
dual-speed, tape-controlled carriage that permits skip-
ping at the rate of 75 inches per second for skips of
more than 8 lines, as compared to the single-speed car-
riage that has a constant speed of 33 inches per second
for all skips.

METHOD OF PRINTING

The alphabetic, numerical, and special characters are
assembled in a chain (Figure 8). As the chain travels
in a horizontal plane, each character is printed as it is
positioned opposite a magnet-driven hammer that
presses the form against the chain.

As each hammer magnet is energized, it is checked
against the corresponding position in the print area

One Section of
48 Characters
Paper

132 Printing

Positions

Composed of Five
48-Character Sections

Figure 8. Printing Mechanism Schematic

of core storage to insure that printed output is accu-
rate. Also the machine checks to insure that the char-
acter is printed in the correct print position, that only
valid characters are printed, and that over-printing
does not occur.

Magnetic-Core Storage

The BM 1401 Data Processing System uses magnetic-
core storage for storing instructions and data ( Figures
9 and 10). All data in core storage is instantly avail-

Figure 9. Magnetic Core Storage Unit

Physical Features 11



Location of Letter “A”

—<
Figure 10. The Letter A Represented in Magnetic Core Storage

able, and the special design of the core-storage unit
- makes each position individually addressable. This
means an instruction can designate the exact storage
locations that contain the data needed for that step.

The physical make-up of each core-storage location
makes it possible for the 1Bm 1401 to perform arithme-
tic operations directly in the storage area. (This is
called add to storage logic.)

Magnetic-Tape Storage

Magnetic tape is made of plastic material, coated with
a metallic oxide. It can be easily magnetized in tiny
spots, so that patterns of these magnetized spots are
codes for digits, alphabetic characters, and special
characters.

Data can be read from a variety of sources, and
written on the tape. Magnetic spots, representing in-
formation written on the tape, remain until changed
by positive action.

This means that besides being used as data storage,
this data itself can be part of input and output.

12

This makes magnetic tape an ideal storage medium
for a large volume of data, because there is no limit to
the amount of information that can be kept perma-
nently. The reels of tape can be removed from the
system and filed. They can also be transported from
place to place and used in other systems.

Data stored on magnetic tape is read sequentially.
The data processing system can search the tape to find
the data to be used. Program steps can be stored on
magnetic tapes, which are commonly used to set up a
library or file of procedures.

Another advantage of magnetic-tape storage is that
a reel of tape, produced as an output of a procedure,
can be removed from the data processing system. Re-
ports can be written using an independent unit, while
the data processing system proceeds with the next
program to be performed,

Magnetic-Disk Storage

Magnetic disks are thin metal disks, two feet in diam-
eter, that are coated on both sides with a ferrous oxide
recording material. These disks are mounted on a ver-
tical shaft, and are separated from one another. As the
shaft revolves, it spins the disks at 1200 rpm.

Information is recorded on disks in the form of mag-
netized spots located in concentric tracks on each disk
surface.

At the side of the stack of disks (Figure 11), one or
more access arms can move to any desired track on any
disk under stored-program control. Magnetic recording
heads mounted on the access arms write or read infor-
mation as directed by the program. Each access arm is
forked so that when it enters the stack of spinning
disks, a recording head is carried to both sides of a
disk. Thus, it is possible to read or write on either
surface of a disk.

The magnetic disk can be used repetitively. Each
time new information is stored in a track, it erases the
data formerly stored there. Records can be read from
disks as often as desired until they are written over
or erased.

In addition to providing increased storage capacity,
magnetic-disk storage units permit the processing of
data on a random basis. Because any record on any
track is addressable, the 1BM 1401 Processing Unit has
access to any record in the disk-storage unit. This ran-
dom accessibility is the key to the in-line approach to
data processing. It eliminates the necessity of accumu-
lating transactions of a like kind (batching) before
entering them. Transactions can be entered as they
occur — regardless of sequence. In less than a second,
the 1401 program can seek a record, update it, and



return the updated record to the storage unit. Also, the
1401 can process other data within core storage while
the access mechanism searches for a record.

Language

In the punched-card area of data processing, the lan-
guage of the machine consists of holes punched in a
card. As data processing needs increase, the basic card
language remains the same. But in the transition from
unit-record systems to the 1BM 1401 Data Processing
System, and from there to computer systems, another
faster, more flexible machine language emerges.

Just as each digit, letter in the alphabet, or special
character is coded into a card as a punched hole or a
combination of punched holes, it is coded into mag-
netic storage as a pattern of magnetized spots.

Many different code patterns can be set up. The
internal code used in the 1BM 1401 Data Processing
System is called binary-coded decimal. All data and in-
structions are translated into this code as they are
stored. No matter how information is introduced into
the system (most commonly by means of punched
cards or magnetic tape), the binary-coded-decimal
code is used in all data flow and processing from that
point on, until it is translated into printed output as
reports and documents are written, or converted to
punched-card code, for punched-card output. Convert-
ing input data to the 1401 internal code, and subse-
quently reconverting, is completely automatic.

Figure 11. Access Arm
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Processing

The manipulation that data undergoes in order to
achieve desired results is called processing, and the
part of the 1401 system that houses these operations
is called the processing unit.

Logic

The logic function of any kind of data processing sys-
tem is the ability to execute program steps; but even
more, the ability to evaluate conditions and select
alternative program steps on the basis of those condi-
tions. ‘

In unit-record equipment, an example of this logic
is selector-controlled operations based on an X-punch
or No X-punch, or based on a positive or negative
value, or perhaps based on a comparison of control
numbers in a given card field.

Similarly, the logic functions of the 1401 system
control comparisons, branching (alternative decisions
similar in concept to selector-controlled procedures),
move and load operations (transfer of data or instruc-
tions), and the general ability to perform a compli-
cated set of program steps with necessary variations.

Arithmetic

The 18BM 1401 Processing Unit can add, subtract, mul-
tiply, and divide. Multiplication and division can be
accomplished in any 1401 system, by programmed sub-
routines. When the extent of the calculations might
otherwise limit the operation, a special multiply-divide
feature is available.

Editing

As the term implies, editing adds significance to output
data by punctuating and inserting special characters
and symbols. The 1BM 1401 has a unique ability to per-
form this function, automatically, with simple program
instructions.

Internal Checking

Advanced circuit design is built into the 1401 to assure
accurate results. Self-checking within the machine
consists of parity, validity, and hole count.

14

PARITY CHECKING

The 1M 1401 checks characters at various locations in
the system for odd-bit configurations. The six-bit,
binary-coded-decimal internal language used by the
1401 also has a check bit for odd-bit checking pur-
poses, and a word mark. The check bit is added to
all characters that would otherwise have an even num-
ber of bits.

Example: A character P has a binary-coded decimal
equivalent of B 4 2 1. The check bit is added to give
this character an odd number of bits (C B 4 2 1).

If the character has a word mark associated with
it, the word mark is included in the test for odd-bit
parity.

Example: If the character P has a word mark, the
the check bit is not added because the bit configura-
tion is odd (WM B 4 2 1).

Whenever a parity error occurs, a console light turns
on, indicating the place where the error occurred (see
Console).

VALIDITY CHECKING

A bit configuration that does not comprise a valid 1401
character causes a validity error in the 1401. For ex-
ample, an invalid character passes a parity check
because it contains an odd number of bits but does
not pass a validity check.

A validity check is performed on each character as
it is read into the 1401 by the card reader. An invalid
character can get into core storage, but the validity-
check circuits detect it and cause the 1401 to stop. The
validity light on the card reader turns on to indicate
the error.

Four types of address validity checking are per-
formed by the 1401 processing system. The operations,
and when they are performed, follow:

1. Checking for a core-storage address greater than
the installed core-storage capacity. The units posi-
tion of an address on from 4 to 12 thousand posi-
tions of core storage are checked for the proper
A-, B-bit configuration. This check is performed
when the output of the B-register goes to the
storage-address register.

2. Effective address checking is divided into three tests
that occur whenever core storage is addressed. The
three tests are:

a. Incorrect parity

b. Illegal address character

c. A check of the hundreds and units positions of



an address for various core-storage sizes. A 1400-
position system is checked for addresses between
1400 and 4000. A 2000-position system is checked
for addresses between 2000 and 4000. A 12000-
position system is checked for addresses between
12000 and 16000. If any of these conditions are
found, a validity check occurs and the system
stops.

3. Index checking is performed during an indexing
operation to check for modification to an address in
excess of installed core-storage capacity.

4. End-around check is made at all times except for
three special operations. The modification of the
low-order position of core storage by —1, except
during a CLEAR operation, or the modification of
the high-order position of core storage by -1, ex-
cept during STORAGE SCAN and STORAGE PRINT OUT
operations, causes invalid operation and a system
stop.

HOLE-COUNT CHECK

Reliability is further assured in the 1401 system by
the hole-count feature of the 1BM 1402 Card Read-
Punch. With this feature, the total number of holes
read in each column of a card at the read-check sta-
tion is compared with the total number of holes read
from the same column of the same card as it passes
the read station. Hole-count checking is also per-
formed in the punch-feed side. A count of the total
number of holes to be punched in each column of
the card at the punch station is retained internally for
one punch-feed cycle. Another column-by-column
hole count is taken as this same card passes the punch-
check- station, and the two counts are compared.

If a hole-count error (unequal comparison) occurs
in either the read or punch side, the system stops and
indicates the unit involved. The operator can deter-
mine where the error occurred by setting the mode
switch to STORAGE scaN and pressing the start key.
The scan stops at the storage address of the column
in error.

Variable Word Length

Stored programming involves the concept of words. A
1401 word can be a single character, or a group of
characters that represent a complete unit of informa-
tion. Because 18M 1401 words are not limited to a spe-
cific number of storage positions, and because each
position of core storage is addressable, each word
occupies only that number of core-storage locations
actually needed for an instruction or data field.

WORD MARKS

The use of the variable-length instruction and data
format requires a method of determining the instruc-
tion and data-word length. This identification is pro-
vided by a word mark. Word marks are illustrated
by underlining the characters with which they are
associated.

The word mark serves several functions:

1. Indicates the beginning of an instruction.

2. Defines the size of a data word.

3. Signals the end of execution of an instruction.
The rules governing the use of word marks are:

1. Predetermined locations for word marks are as-
signed in planning the program. These predeter-
mined word marks are normally expected to re-
main in these locations throughout the complete
program. The word marks are set into storage
locations by a loading routine.

2. Word marks are not moved with data during proc-

essing, except when a load instruction (see Move
and Load) is used.

3. For an arithmetic operation, the B-field must have
a defining word mark, and the A-field must have a
word mark only when it is shorter than the B-field.

4. A load instruction moves the word mark and data
from the A-field to the B-field, and clears any other
word marks in the designated B-field, up to the
length of the A-field.

5. When moving data from one location to another,
only one of the fields need have a defining word
mark, because the move instruction implies that
both fields are the same length.

6. A word mark must be associated with the high-
order character (operation code) of every instruc-
tion.

7. A ( Tuction
(BXXX) is the on that can be followed
by a blank wi rk; all other instruc-

§ must be followed by a wor

8. A word mark must be set in the storage position @
the immediate right of the last character of the last
instruction in the program.

Two operation codes are provided for setting and
clearing word marks during program execution.

Stored Program Instructions

All machine functions are initiated by instructions
from the 1401 stored program. Because the 1401 uses

Processing 15



Page 15 — Word Marks — Item 7, replace with:

7. The 4-character unconditional branch instruction, the 7-character set word

mark, and clear storage and branch instructions are the only instructions that

can be followed by a blank without a word mark. All other instructions must
be followed by a word mark.



the variable-word-length concept, the length of an
instruction can vary from one to eight characters, de-
pending on the operation to be performed.

Instruction Format

Op Code  A- or I-address
X XXX

B-address d-character
XXX X

Op Code. This is always a single character that defines
the basic operation to be performed. A word mark
is always associated with the operation code posi-
tion of an instruction.

A-Address. This always consists of three characters. It
can identify the units position of the A-field, or it
can be used to select a special unit or feature (tape
unit, disk storage unit, 18M 1419 Magnetic Char-
acter Reader, etc.).

I-Address. Instructions that can cause program
branches use the I-address to specify the location
of the next instruction to be executed if a branch
occurs.

B-Address. This is a three-character storage address
that identifies the B-field. It usually addresses the
units position of the B-field, but in some operations
(such as tape read and write) it specifies the high-
order position of a record-storage area.

d-Character. The d-character is used to modify an
operation code. It is a single alphabetic, numerical,
or special character, positioned as the last charac-
ter of an instruction.

Examples of the six combinations possible in
variable-length instructions are shown in Figure 12.
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Instruction Descriptions

Specific instructions have been described in a standard
format:

Title: This is the description of the instruction.

Instruction Format: This is the format of the par-
ticular instruction described. The mnemonic operation
code used in the 1M 1401 Symbolic Programming Sys-
tem (SPS) is shown and the mnemonic for M 1401
Autocoder (A) is given, if it is different from the SPS
mnemonic.

Function: This is the function of the instruction.

Word Marks: This is the effect of word marks with
regard to data fields.

Timing: This is the formula to be used in calcu-
lating the timing of the instruction. Key to abbrevia-
tions used in formulas is shown in Figure 240.

Notes: These are special notations or additional in-
formation that pertain to the operation.

Address Registers After Operation: The contents of
the address registers are represented by the codes de-
scribed in the Chaining Instructions section.

Example: A practical application of the instruction is
described and shown as labels for Autocoder and SPS
(Symbolic Programming System) languages. With the
label is the actual machine address in parentheses. It is
not necessary for the programmer to know the actual
address of a label when writing the program. The
processor program assigns the actual address during
the program assembly.

Assembled Instruction: This is the actual machine
language instruction that is assembled by the Symbolic
Programming System or Autocoder processor programs
from the symbolic entries shown in the example.



NUMBER OF
POSITIONS OPERATION INSTRUCTION FORMAT
1 READ A CARD OP code
1
2 SELECT STACKER Op code d-character
K 2
4 BRANCH Op code l-address
B 400
5 BRANCH (F Op code l-address d-character
INDICATOR ON B 625 /
7 ADD Op code A-address B-address
A 072 423
8 BRANCH IF Op code l-address B-address d-character
CHARACTER EQUAL B 650 080 4

Figure 12. 1BM 1401 Instruction Formats

Processing
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Addressing

Instructions and data to be used for processing in the
1401 are kept in core storage. Each position in storage
is addressable (Figure 13). A field is defined by an
eighth bit (called a word mark) and can contain either
an instruction or data.

A data field is defined by a word mark in the high-
order position. The units or low-order position of a
data field is specified in the A- or B-address of the in-
struction. The data field is read from right to left until
a word mark in the high-order position is sensed.

An instruction is addressed by giving the high-order
(operation code) position of the instruction. All opera-
tion codes must have a word mark. (This word mark is
normally set by the loading routine when the instruc-
tions are loaded.) The machine reads an instruction

CODED ADDRESSES IN STORAGE
3-CHARACTER
ACTUAL ADDRESSES ADDRESSES
000 to 999 No zone bits 000 to 999
1000 to 1099 (4:00 to =99

1100 to 1199 /00 to /99
1200 to 1299 S00 to S99
1300 to 1399 T00 to T99
1400 to 1499 A-bit, < U00 to U99
1500 to 1599 using O-zone V00 to V99
1600 to 1699 W00 to W99
1700 to 1799 X00 to X99
1800 to 1899 Y00 to Y99
1900 to 1999 \_ Z00 to Z99
2000 to 2099 (100 to 199
2100 to 2199 J0O to J99
2200 to 2299 KOO to K99
2300 to 2399 100 to 199

2400 to 2499 B-bit, < MO0 to M99

2500 to 2599 using 11-zone NOO to N99
2600 to 2699 *000 to 099
2700 to 2799 POO to P99
2800 to 2899 Q00 to Q99
2900 to 2999 L ROO to R99
3000 to 3099 (700 to ?99
3100 to 3199 AOO to A99
3200 to 3299 BOO to B99
3300 to 3399 C00 to C99
3400 to 3499 A-B-bit, D00 to D99
3500 to 3599 using 12-zone EOO to E99
3600 to 3699 FOO to F99
3700 to 3799 GO0 to G99
3800 to 3899 HOO to H9?
3900 to 3999 \ 100 to 199

* Letter O followed by Zero Zero

Figure 13. Core Storage Address Codes
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from left to right until it senses the word mark asso-
ciated with the next sequential instruction. The final
instruction in the program must have a word mark
set at the right of its low-order position.

Example: Instruction address 400 (Figure 14) con-
tains the operation code for the following instruction:

Op Code A-address B-address
A 542 560

When this instruction is executed, the data in the
A-field is added to the data in the B-field:
0025347
04601231
04626578
The result is stored in the B-field.

Input-Output Storage Assignments

Three areas of storage are reserved for input and out-
put data. Storage positions 001 through 080, are
reserved for the information from the 80 columns of
the card. The second area of storage, positions 101
through 180, is reserved for assembling data to be
punched. Positions 000 and 100 should not be used.
Data stored in position 000 before a card read opera-
tion is replaced by CAB bits at the end of the read
operation. Data stored in position 100 before a punch

Instruction addressed by high-order position

STORAGE .

ADDRESS 400 | 401 ] 402 | 403 | 404 | 405 | 406 } 407 (NSI)
WM

INSTRUCTION | A 5 4 2 5 6 0 Op code

The word mark associated with the next sequential in-
struction (NSI) stops the reading of this instruction.

A-address

STORAGE ADDRESS 536 | 537 | 538 | 539 | 540 | 541 | 542 | 543

DATA oloj2|s5|3f4]|7|s8

AL )
N .
T Afield

Word mark identifies high-order position of A-field.

B-address

STORAGE ADDRESS  [553 1554 | 555 | 556 | 557 | 558 559 | 560/ 561

DATA 014160110 23] 1] 4
N J
Y
T B-field

Word mark identifies high-order position of B-field.

Figure 14. Data and Instruction Addressing



operation is replaced by C82 bits at the end of the
punch operation. The third area of storage, positions
201 through 300 or 332, is reserved for assembling
characters to be printed. Positions 81 through 99, and
181 through 200, are available for normal storage use.
When the reserved areas are not being used as speci-
fied, they can be used for other storage operations
(Figure 15).

Operation of IBM 1401 Registers

The 1BM 1401 Data Processing System can operate on
and process data to produce a desired result by execut-
ing a series of instructions at high speed. A series of
instructions designed to solve a problem is known as a
program. Because these instructions are retained in
core storage, it is more properly called a stored pro-
gram.

The processing unit must interpret an instruction
and perform the function prescribed by the instruction.
In order to do this, various types of devices that are
capable of receiving information, storing it, and trans-
ferring it as directed by control circuits are used. These

APPLICATION

devices are known as registers. The 1401 has seven
registers, four are address registers and three are
character registers (Figure 16).

Address Registers

There are three address registers in the 1M 1401 Proc-
essing Unit. One controls program sequence, and the
other two control the transfer of data from one storage
location to another.

I-Address Register. The I- (Instruction) address reg-
ister always contains the storage location of the next
instruction character to be used by the stored pro-
gram. The number in this register is increased
by one as the instruction is read from left to right.

A-Address Register. The A-address register normally
contains the storage address of the data in the
A-address portion of an instruction. Normally, as
the instruction is executed, the number in this
register is decreased by 1 after each storage cycle
that involves the A-address.

DATE

Cr T+ o I T a— g g & g L 0 @ m O 0 n 0
%101 1% 180 B
72201 1 299
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0 = =
B = o
- = -
d ™ 9]
O = o
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o o o o o o o o — o o T o o T o 03 = L3 T
i I T
i o T
= = W
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o ™ 7o
o o I
1708 758 g
= 1038 199}
= o e T v o o o i I o o v 3 e A e T e rams

Figure 15. Core Storage Layout Chart
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Core B A
> ‘Storage *| Register Register
Storage Op
Address Register
Register
A A
1-Address A-Address B-Address
Register Register Register’
| i [}
Figure 16. 1BM 1401 Processing Unit Registers

Note: If the A-address portion of the instruction
does not contain a 1401 storage address (for exam-
ple %Ux) the contents of the Aaddress register
are not disturbed as the instruction is executed.

B-Address Register. This register normally contains
the storage location of the data in the B-address por-
tion of an instruction. Normally, as a storage cycle
involving the B-address is executed, the storage
address in the B-address register is decreased by 1.

Character Registers

The A- and B-character registers and the Op-register
are single-character registers used to store data during
the execution of an instruction.

Op-Register. The Op- (Operation) register stores the
operation code of the instruction in process for the
duration of the operation. The operation code is
stored in BCD code including the check bit, but
excluding the word mark.

B-Register. Each character leaving 1401 core storage
enters the B-register. The character is stored in 8-bit
form (BCD code, check bit, and word mark). The
B-register is reset and filled with a character from
core storage on every storage cycle.

A-Register. The A-register is reset and filled with the
character from the B-register during each storage
cycle that involves the A-address, and during all
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instruction cycles except the first and last I- (In-
struction) cycle of each instruction. Data is stored
in 8-bit form.

Note: Information can be written back into core
storage directly from either the A- or B-register.

Figure 17 shows the I-phase of an operation and
gives a detailed schematic for loading a 7-character
instruction in the operation code register, in the
A- and B-registers and in the I-, A-, and B-address
registers. Eight storage cycles are required to load
the complete instruction in the register. Each stor-
age cycle requires .0115 millisecond.

Note: The A- and B-address registers contain
3-character addresses. Actual addresses are shown
in this schematic because the storage display lights
on the console show 4-digit addresses.

Chaining Instructions

In some programs, it becomes possible to perform a
series of operations on several fields that are in con-
secutive storage locations. Some of the basic opera-
tions, such as ADD, SUBTRACT, MOVE, and LoAD, have the
ability to be chained so that less time is required to
perform the operations, and space is saved in storing
instructions. Here is an example of the chaining tech-
nique: assume that four 5-position fields stored in
sequence are to be added to four other sequential
fields. This operation could be done using four 7-
character instructions:

A 700 850
A 695 845
A 690 840
A 685 835

At the completion of the first instruction, the A-
address register contains 695 and the B-address register
contains 845. These are the same numbers that are in
the A- and B-addresses in the second instruction.
Eighty storage cycles would be required to execute
these instructions, thus using up .920 millisecond. Also,
28 storage positions are required to store these in-
structions.

By taking advantage of the fact that the A- and B-
address registers contain the necessary information to
perform the next instruction, this same sequence of
operations can be executed as follows:

700 850

[ 15 1>

Connecting instructions together in this manner is
called chaining. The first add instruction contains both



CYCLE OPERATION Instruction AlsS|é6 |7 |T|[1]2]S
Location 197 1198 [199]200|201|202{203 |204
1-Op | The operation code enters the B-register and the Op-register. | Register B Register A Register
Because this is the first |-cycle, the A-.register is undisturbed. 0111917 Cycle 1
OP Register A Address Register B Address Register
?2(2]?1? ?|?[2]?
I-1 | The A-address register is reset to blanks during the first part of . . .
the cycle for all instructions. The B-address register is reset to I Register B Register A Register
blanks during the first part of the cycle for all operations 0111918 E [z] Cycle 2
except Move, Load, Store A- and Store B-address Register opera- m Y
tion. During the I-1 cycle, the second instruction character (first o . . .
character of the A-address) enters the thousands and hundreds P Register A Address Register B Address Register
positions of the A- and B-address registers and the A-register
by the way of the B-register.
12 | The third character of the instruction enters the tens posi- 1 Register B Register A Register
tion of the A- and B-address registers, and the A-register - E E
Cycle 3
through the B-register. m vee
) OP Register A Address Register B Address Register
1-3 The fourth instruction character enters the units position of I Register B Register A Register
the A- and B-address registers, and the A-register through - .
021010 7 7 Cycle 4
the B-register. m . yele
OP Register A Address Register B Address Register
015(6]7 0151617
I Register B Register A Register
1-4 The B-address register is reset at the beginning of this cycle. 9 S g
The fifth instruction character (first character of the B- Cycle 5
address) enters the hundreds position of the B-address . R .
register, and the A-register through the B-register. OP Register A Address Register B Address Register
I Register B Register A Register
1.5 | The sixth instruction character goes to the tens position of - [Z] m
nann Cycle 6
the B-address register, and the A-register through the B- Y
register. OP Register A Address Register B Address Register
. . I Regisier B Register A Register
I-6 The seventh character of the instruction (last character of
the B-address) enters the units position of the B-address E E Cycle 7
register and the A-register through the B-register. OP Register A Address Register B Address Register
-7 The first character of the next instruction enters the B-
register only. Because this is the last 1-cycle for this instruc- . . .
tion, the A-register and the Op-register, the A- and | Register B Register A Register
B-address registers are undisturbed. The detection of a 0,2,0,4 El E Cycle 8
word mark associated with this character signals the ma- m . Y
chine that this is the Op code for the next instruction. The . . .
loading operations stops, and the instruction that was just OP Register A Address Register B Address Register
loaded is executed. Note that the l-address register con- 0151617 m
tains the address of the high-order position of the next
sequential instruction.

Figure 17. Schematic of Instruction Loading

Addressing
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the A- and B-addresses. The following three instruc-
tions contain only the operation code for those
instructions. The A- and B-addresses are the results
left in the A- and B-address registers from the previous
instruction. This type of operation requires 62 storage
cycles, and takes .713 ms to execute. Storage of these
chained instructions requires only ten storage positions.

The ability to chain a series of instructions does not
depend on the use of the same operation code. Chained
instructions may have various Op codes. To be oper-
ated on, the A-fields must be in sequence, and the
B-fields must be in sequence. Example:

900 850

|Z1> |z >

For example, assume that the data fields are each ten
characters long:

The ten characters at location 900 were added to 850.
The ten characters at location 890 were moved to 840.
The ten characters at location 880 were added to 830.
The ten characters at location 870 were moved to 820.

The description of each instruction includes the con-
tents of the address registers after the operation has
been performed. Figure 18 shows the abbreviations
that indicate the contents of these registers.

By using this information, the programmer can de-
termine the status of the registers and decide whether
chaining is practical in specific cases.

Note: Instructions that contain other than 1M 1401
storage addresses cannot be chained. For example,

M %Ux xxx R is a tape read instruction. The tape unit
is signaled as the machine reads the instruction. Al-

though the A-address register contains %4x after the
operation, chaining is impossible because the machine
does not select the unit from the contents of the A-
address register.

Most single-address instructions (Op code and an
A-address) cause the A-address to be inserted in both
the A- and B-address registers (for example A xxx).
However, MOVE, LOAD, and STORE A- Or STORE B-ADDRESS
REGISTER (Op codes M, L, Q, and H) do not disturb the
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B-address register, and therefore permit the program-
mer to use the previous contents of that register as part
of the instruction.

All no-address instructions (Op code only) use the
previous contents of the A- and B-address registers.

The contents of the B-address register after a branch
instruction (Op code and I-address) depend on whether
or not the indexing feature is installed in the 1401:

1. With the indexing feature installed, the B-address
register contains the address of the next sequential
instruction if a branch occurs.

2. Without the indexing feature installed, the B-address
register is cleared to blanks whenever a branch
occurs.

ABBREVIATION MEANING
A A-address of the instruction
B B-address of the instruction
NSI Address of the next sequential instruction
BI Address of the next instruction if a branch oceurs
La The number of characters in the A-field
Le The number of characters in the B-field
Lp The number of characters in a disk record
Lw The number of characters in the A- or B-field,

whichever is smaller

Ap The previous setting of the A-address register
Bp The previous setting of the B-address register
dpp The d-character and the tens and units positions

of the previous register setting

dbi The d-character and the tens and units positions
of the branch instruction

dbb The d-character and blank in the units and tens
position

Figure 18. Contents of Address-Register Codes



IBM 1401 Programming Systems

The 1401 Symbolic Programming System and 1401
Autocoder are the basic symbolic programming aids
for 1M 1401 Data Processing Systems. Each consists
of a set of language specifications and a processor
program. The language is used to write the source
program, and the processor program translates the
symbolic language program (the source program) into
the actual machine language program (object pro-
gram).

Symbolic Languages

Both the Autocoder and SPS languages permit the pro-
grammer to define areas, write instructions, and exer-
cise some control over the execution of the processor
program by writing symbolic statements. These state-
ments are written using mnemonic operation codes
(Figures 19 and 20) and the symbolic names with which
the programmer names data, instructions, and work
areas. For example, a symbolic instruction to add the
data in a field called WHTAX to the data in a field
called TOTDED would be written A WHTAX
TOTDED in symbolic language.

Area Definition (Declarative Operations)

The area-definition entries are used to assign sections
of storage for fixed data (constants) that will be needed
during processing, to set aside work areas, and to as-
sign symbolic names to data and devices used in the
program. Area-definition statements are examined by
the processor program during assembly of the object
program. Some produce constants (cards that are
loaded with the object program), but none produce
instructions to be executed in the object program.

Instructions (Imperative Operations)

The instruction entries state symbolically the proce-
dure to be taken during execution of the object pro-
gram. They are actual commands to the object machine
such as ADD, SUBTRACT, READ, PUNCH, etc.

Processor Control Operations

These are special instructions given by the program-
mer to the processor program. They exercise such
control as: where to begin assigning storage for the
object program, where the program ends, how much
storage is available in the object-machine, etc. Proc-
essor control statements are never executed as instruc-
tions in the object program. They are used only during
object-program assembly.

IBM 1401 Symbolic Programming System (SPS)

The SPS system is essentially a one-for-one coding
system in which one symbolic statement is written for
each instruction that appears in the object program.
Two versions of the SPS are available. SPS-1 operates
on a 1401 with 1400 positions of core storage, an
BM 1402 Card Read-Punch, and an 1sm 1403 Printer,
but it can assemble programs for any object-machine
with as many as 4,000 positions of core-storage. SPS-2
can assemble programs for any 1401 system (1400 to
16,000 positions of core storage), but must assemble
the program in a 1401 system with at least 4,000 posi-
tions of core-storage, the 1M 1402 Card Read-Punch,
and an 1BM 1403 Printer.

An SPS source program must be coded on the 1401
Symbolic Programming System Coding Sheet (form
X24-1152). This coding sheet is designed for fixed-
form coding. (A special area is reserved for each item
to be contained in an SPS statement.)

A complete description of the 1401 SPS is contained
in the 1BM 1401 Data Processing System Bulletin, 1M
1401 Symbolic Programming System, Preliminary Spec-
ifications (form J24-0200).

A sample SPS program is shown in Figure 21.

IBM 1401 Avutocoder

The 1401 Autocoder is a more powerful symbolic pro-
gramming system for the 1M 1401 Data Processing
System. This system provides a macro facility that
permits the user to call out standard sets of instruc-
tions (routines) from a library stored on magnetic tape.
It also permits him to code literals (actual data to be
operated on during processing) directly in the instruc-
tions that use them, thus simplifying the area-definition
part of the source program.

The 1401 Autocoder system can be used to assemble
programs for all 1BMm 1401 Data Processing Systems.
However, the machine used to assemble an Autocoder
program must have at least:

4,000 positions of core storage

Four 1BM 729 II, 729 1V, 729 V, or 7330
Magnetic Tape Units

1BM 1403 Printer, Model 2

18M 1402 Card Read-Punch

Advanced-Programming Features

High-Low-Equal Compare Feature

Sense Switches

An Autocoder source program, like SPS, is written
on a special coding sheet (form X24-1350). Autocoder
statements, however, are written in free-form. (The
operand fields are not divided into special areas as

M 1401 Programming Systems 23



AREA DEFINITION

Mnemonic
Operation Code

Description

DCW Define Constant With Word Mark
DC Define Constant (No Word Mark)
DS Define Symbol
DSA Define Symbol Address
INSTRUCTIONS
Mnemonic - Machine Language
Type Operation Code Description Equivalent
A Add A
S Subtract S
*M Multiply @
. . *D Divide %
Arithmet
rifmetie ZA Zero and Add ? (Prints as &)
zs Zero and Subtract I (Prints as -)
MCcwW Move Characters to A or 8 Word Mark M
*MCM Move Characters to Record or Group Mark P
MCS Move Characters and Suppress Zeros Z
MN Move Numeric D
MZ Move Zone Y
MCE Move Characters and Edit E
LCA Load Characters to A Word Mark L
Data Control
aia ~ontre swW Set Word Mark ,
cw Clear Word Mark x|
cs Clear Storage /
*MIZ © Move and Insert Zeros (for reading 7070 Compressed Tape) X
*MA Modify Address #
*SAR Store A Address Register Q
*SBR Store B Address Register H
B Branch B
BWZ Branch if Word Mark and/or Zone \4
. C Compare Cc
L Control
egic Lontro NOP No Operation N
H Halt .
*BBE Branch if Bit Equal w
R Read a Card 1
w Write a Line 2
WR Write and Read 3
P Punch a Line 4
RP Read and Punch 5
WP Write and Punch [
WRP Write, Read and Punch 7
System Control ’
ysiem ~omire *SRF Start Read Feed 8
*SPF Start Punch Feed 9
SS Select Stacker K
cc Control Carriage F
cu Control Unit U
MU Move Unit M
w Load Unit L
PROCESSOR CONTROL OPERATIONS
Mnemonic e e
Operation Code Description
CTL Control
ORG Origin
END End
EX Execute

Figure 19.

24

*Pertains to an optional feature.

1M 1401 Symbolic Programming System Mnemonics




DECLARATIVE OPERATIONS Mnemonic Machine Language
Type Op Code Description Op Code d-char.
Mnemonic Op Code Description 1/0 BSP Backspace Tape U B
DA Dafine Areo O TSk v tharacer eder & 5
DC Define Constant (No Word Mark) tsengage Lharacler Keace
R ECR Engage Character Reader u E
DCW Define Constant With Word Mark .
fine Symbol LU Load Unit L d
DS Define Symbo : tMU  Move Unit M d
DSA Define Symbol Address P Punch 4
EQU Equate PCB Punch Column Binary 4 C
R Read 1
IMPERATIVE OPERATIONS RCB  Read Column Binary ! c
RD Read Disk Single Record M R
Mnemonic Machine Language RODT Read Disk Full Track M R
Type  Op Code Description Op Code d-char. RDWY Read Disk Single Record L R
- - With Word Marks
Arithmetic A Add A RDTW  Read Disk Full Track L R
D Divide % With Word Marks
M Multiply @ RF Read Punch Feed 4 R
S Subtract S RP Read and Punch 5
ZA Zero and Add ? RT Read Tape M R
18 Zero and Subtract ] RTB Read Tape Binary M R
RTW Read Tape With Word Marks L R
Data MBC Move and Binary Code M B RWD Rewind Tape u R
Control MBD Move and Binary Decode M A RWU Rewind and Unload Tape u u
MCE Move Characters and Edit E Sb Seek Disk M R
MCS Move Characters and z SKP Skip and Blank Tape u E
Suppress Zeros SPF Start Punch Feed 9
MIZ Move and Insert Zeros X SRF Start Read Feed 8
MLC Move Characters to Word M w Write 2
MCW Mark WD Write Disk Single Record M w
MI.CWA} Move Characters and Word L WwbDC Write Disk Check M w
LCA Marks to Word Mark in A-Field WDCW  Write Disk Check With L w
MlNS} Move Numerical Portion D Word Marks
MN of Single Character woT Write Disk Full Track M w
MLZS Move Single Zone Y WDTW  Write Disk Full Track With L w
Y4 Word Marks
MRCM| Move Characters to Record P WDW  Write Disk Single Record L w
MCM Mark or Group Mark-Word With Word Marks
Mark WM Write Word Marks 2 |
wpP Write and Punch 6
Logic B Branch Unconditional B WR Write and Read 3
BAV Branch on Arithmetic Overflow B z WRF Write and Read Punch Feed 5 R
1BBE Branch if Bit Equal w d WRP Write, Read and Punch 7
BC? BranchonCarriage Channel 9 B 9 wT Write Tape M w
BCV Branch on Carriage Over- B @ WwTB Write Tape Binary M w
flow (12) WTM Write Tape Mark u M
BE Branch on Equal Compare B S WIW  Write Tape With Word Marks L w
(B=A)
. Miscel- tccC Carriage Control F d
BEF :;:n:;! ::'Fnd of File or 8 K laneous Tg:B Szrriusge Control and Branch ; d
BER B h T T o e B ear Storage
E'r:::c on Tape Transmission t cw Clear Word Mark ]
BH Branch on High Compare B u H - Halt ¢
(B> A) MA Modify Address #
tBIN Branch on Indicator ] d Nop No Operation N
BL Branch on Low Compare B SAR Store A-Address Register Q
B<A) SBR Store B-Address Register H
BLC Branch on Last Card (Sense B A 18S Select Stacker K 1,2,4,8
Switch A) 1SSB Select Stacker and Branch K 1,2,4,8
BM Branch on Minus (11-zone) \4 K sw Set Word Mark . ’
BPCB anc: Plfnlar Carriage Busy B R CONTROL OPERATIONS
z:ﬂ :::::h ::':;:::::T Compare : '; Mnemonic Description - Mnemonic Description
(B 5= A) CTL Control XFR Transfer
BW Branch on Word Mark v 1 END  End SFX Suffix
+BWZ Branchon Word Mark or Zone v d ENT Enie‘r New Jos Job
BCE Branch if Ch Coding Mode INSER  Insert
t ranch if Character Equal B d EX Execute ALTER  Alter
tBSS Branch if Sense Switch On B A-G LTORG Literal Origin DELET  Delete
[ Compare C ORG Origin

td-Character must be placed in operand when coding in Autocoder.

Figure 20. 1M 1401 Autocoder Mnemonics

mM 1401

Programming Systems
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IBM_ 1401 Symbolic Programming System
Coding Sheet
Program Page No. L';ZJ of
Programmed by Date Identification .+ 1+ 1
76 80
(A) OPERAND (B) OPERAND
LINE  [COUNT LABEL OPERATION R . CAHD?' s AODRESS + c‘mn_ g d COMMENTS
3 5|6 7]8 13/14 1617 23 M 27]28 34 : 38| 39]40 33
0, 1,0] , ... . lorlelos0.0, . '} ., T R S S R S RS S
0o,2,0|  BEGIN |SW 0001, . 1, R R
0,30l  levaAarye RV | L T A T SR PR
o,ap0| |, , , BwiZlpRANT, 1t ., [ lo06,g, i}, | KIPROANT, LE X=COL, ]
o, s.0] . lpuNecH, McwooB8o, . 11, |lo180 ., MV, .C.ARD, .T.0, PUNCH
o,s0| 4, P L iSTART I, TR B pNcH-BR To START
0,70l , PRANT MCWwooso, , 1t ,, | lo280 , 1, V. CARD, ,T.0, PR,INT
o sol b, lwo i ISTART, L, R I A PRNT. - BR .T0, START
0,9,0 L PR T R ElN:DB:G|‘|NI : : - Lol 1 : : L PR ST TR ST ST TSUR WO SONUN YD WO N TR TN N 1
voof bbb T A R T R S R S SR
. Assembled
Assigned Machine-
Line Op d- Storage Language
Page No. Count Label | Code | (A) Operand | (B) Operand Char. Locations Instructions Comments
1 010 ORG 0500
1 020 4 Begin | SW 0001 0500 , 001
1 030 1 Start R 0504 1
1 040 8 BWZ Print 0001 K 0505 V 524 001 K Print if X-Col 1
1 050 7 Punch | MCW 0080 0180 0513 M 080 180 MV Card to Pch
1 060 4 P Start 0520 4 504 Pnch-Br to St.
1 070 7 Print MCW 0080 0280 0524 M 080 280 MYV Card to Prt
1 080 4 w Start 0531 2 504 Prnt-Br to St.
1 090 End Begin / 504 080

Figure 21.

IBM

18M 1401 Program in Symbolic Programming System Language

Program INTERNATIONAL BUSINESS MACHINES CORPORATION Identification
Progr d by IBM 1401 AND 1410 DATA PROCESSING SYSTEMS 76 8o
. Page No.LLl of

Date AUTOCODER CODING SHEET t2

I Line I Label _I?peratiz’z OPERAND

3 sle : 15)i6 ol21 25 30 35 40 45 50 55 60 65 _ 20
o, 1yt L JORG L IB00, Ly g e e L4
0.2, BEGUN |, o L ISMW o |0
o3 lSTART 1. . R L | e . ,
o |l BWE  PRANT K L PRINT I X COLL o o
05 [PUNGCH |, . . MLCc . |B0O,180 ., .., MOVE CARD, T.0 PUMCM, . o v oy v oty s
o6 |, .. .1..,.lp.. ISTART. .. .. ..., PUNCH AND BRANCH T0 START ... 4.0, ..
07, IPRAMNT. 1., IMLe . 80,280 ., . .. , MOVE CARD. T0 PRAMNT o v v v it vt
o8 | . i, w.  |START, ., ..., .. PRANT ,AND BRANCH J0 START . ., .\ .0\ 0\,
09 40l JJEND L BEGVMN e

[R-T I T B I
SEQ PG LIN | LABEL oP OPERANDS SFX CT | LOCN INSTRUCT. TYPE CARD
001 1 010 ORG 500

002 1 020 | BEGIN SwW 1 4 0500 , 00

003 1 030 | START R 1 0504 1 1
004 1 040 BWZ PRINT, 1, K Print if X-col 8 0505 V 524001K 1
005 1 050 | PUNCH MLC 80, 180  Move Card to Punch 7 0513 M 080 180 1
006 1 060 |4 START  Punch and Branch to Start 4 0521 4 504 1
007 1 070 | PRINT MLC 80, 280 Move Card to Print 7 0524 M 080 280 1
008 1 080 w START  Print and Br. to Start 4 0531 2 504 1
009 1 090 END BEGIN 1 504 080 2
Figure 22. 1BM 1401 Program in Autocoder
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they are in SPS.) A complete description of 1401 Auto-
coder is contained in the 1M 1401 Data Processing
System bulletin, Autocoder for the IBM 1401: Pre-
liminary Specifications (form ]J24-1434).

Figure 22 shows the same program shown in Figure
21 coded in Autocoder language.

Input-Output Control System (IOCS)

The 1BM 1401 input-output control system eliminates
the need for detailed programming of standard input
and output operations. It is included as part of the
1401 Autocoder system, and provides additional con-
trol, record-definition statements, and macro-instruc-
tions. With these entries the user can specify the input
and output devices and the contents of file records.
The library routines for reading and writing, blocking
and deblocking, file labeling, and error checking are
furnished as part of the Autocoder processor and can
be extracted by using the IOCS macro-instructions.

The Autocoder processor tailors the IOCS routines
to fit the particular requirements, specified by the pro-
grammer, for each job. The Autocoder processor pro-
duces the minimum number of instructions needed by
interpreting the detailed information the programmer
supplies in the control entries.

Although IOCS is used primarily for magnetic-tape
files, IOCS macro-instructions can also be used for unit-
record files (input and output files) from, and to, the
BM 1402 Card Read-Punch and the 18m 1403 Printer.

The I0CS is described in detail in the 18M 1401 Data
Processing System bulletin: Input-Output Control Sys-
tem (form J24-1462).

IBM 1401 Report Program Generator (RPG)

The report program generator is a special program
designed to produce report-writing object programs
from report specifications given by the user.

Instead of writing a specific program for a report,
the user states his problem in RPG language. The RPG
processor program interprets these specifications and
produces an object program that uses source data
from punched-card, magnetic-tape, or disk-storage files.
Output from the RPG-produced programs can be
printed reports, punched cards, or magnetic tape.

The reports produced by programs generated by the
RPG range from a simple listing of items from the
input file to complex reports that incorporate editing
and calculating the input data. Included are such func-
tions as printing various kinds of lines (heading lines,
detail lines, total lines initiated by control-field
changes, offset total lines, etc.); serial and page num-
bering; crossfooting; and summary punching. Excep-
tion records can be produced with the reports.

The RPG processor can assemble object programs on
a 1401 system with at least 4,000 positions of core-
storage, an 18M 1402 Card Read-Punch, and an 1M
1403 Printer, Model 1 or 2. The machine requirements
for executing the object program depend upon the
units the user has specified.

The RPG is described in detail in the 18m 1401 Data
Processing System bulletins: Report Program Genera-
tor for 18M 1401 Card and Tape Systems (form ]24-
0215) and Report Program Generator for ieM RAMAC
1401 Systems (form J24-1467).

M 1401 Programming Systems 27



Operation Codes

Arithmetic Operations

The 1BM 1401 Data Processing System adds, subtracts,
multiplies, and divides by applying the add to storage
method of operation. The two factors to be combined
are added within core storage without the use of spe-
cial accumulators or counters. Because any storage
area can be used as an accumulator field, the capacity
for performing arithmetic functions is not limited by
standard-size accumulators or by a predetermined num-
ber of accumulators within the system. Also, program-
ming steps can be saved because some arithmetic
operations require that only one field be transferred.
In arithmetic operations, the 1401 system considers
blanks and zeros the same. An unsigned field is con-
sidered positive by the system.

The design of the 1BM 1401 Data Processing System
provides for two types of add operations:
1. true add
2. complement add

The type of operation performed depends on the oper-
ation code and the algebraic signs of the factors. The
resultant sign depends on the algebraic values of the
factors (Figure 23).

A negative sign is indicated by a B-bit in the units posi-
tion of a field. Any other zone-bit combination in the
units position is considered a plus sign (A- and B-bits,
A- no B-bit, or no A- no B-bit). Either A- and B-bits
or no A- no B-bits should be used for signing a positive
field.

A-field sign + - + -

B-field sign + — — +

Type of add True True Comp Comp

Sign of result Sign Sign Sign of B-field
B B unless A > B

Figure 23. Algebraic Sign Control for Addition

(+A) + (+B) = +R
Field A Field B
015+ 0035+
L > 015
0050+ Result
Figure 24. True Add

True Add

In a true add operation the result always carries the
sign of the B-field (Figure 24).

28

Complement Add

If a complement add is initiated (see Figure 23) the
machine converts the A-field to its tens complement
figure and adds it to the B-field. The machine tests to
determine whether a carry occurred from the high-
order position of the B-field. The presence of a carry
indicates that the result in the B-field is the true ans-
wer and the operation is terminated. The sign of the
B-field is the sign of the result (Figure 25).

(+A) + (—B) = —R
Field A Field B
015+ 0035 —
L9985 9985
1 (@ 0020~ Result

Test carry

positive

(recomplementing

unnecessary)

Figure 25. Complement Add with No Recomplementing

If there is no carry from the high-order position of
the B-field, it indicates that the A-field was algebra-
ically larger and that the result is not a true figure but
is stored in its tens complement form. A recomplement
cycle is performed automatically to convert the answer
to true form.

To do this, the machine examines each digit in the
B-field from high order to low order, until it detects a
B-bit. The B-bit, located in the sign (low order) posi-
tion of the field initiates the actual recomplement of
the result. It changes the sign of the result and converts
(from low order to high order) each digit to true form
(Figure 26).

The sign of the B-field (result) is always in the
form of A- and B-bits if it is plus, and a B-bit if it is
minus.

Note: If the units position of a recomplemented
field is located in the high-order storage position, a
wrap-around addressing error occurs when this posi-
tion is addressed on the reverse scan.

(+A) + (—B) = +R

Field A Field B
038+ 0015—
L 9962 > 9962

‘ ©@ 9977—

No carry
9977+ Sign changed

(recomplementing
0023+ Conversion

necessary)

Figure 26. Complement Add with Recomplementing



Add

Instruction Format.

Mnemonic Op Code A-address B-address
A A XXX XXX

Function. The data in the A-field is added algebrai-
cally to the data in the B-field. The result is stored
in the B-field.

Word Marks. The B-field must have a defining word
mark, because it is this word mark that actually stops
the add operation.

The A-field must have a word mark, only if it is
shorter than the B-field. In this case, the transmission
of data from the A-field stops after the A-field word
mark is sensed. Zeros are then inserted in the A-
register until the B-field word mark is sensed.

If the A-field is longer than the B-field, the high-
order positions of the A-field that exceed the limits
imposed by the B-field word mark are not processed.
For overflow conditions and considerations, assume
that the A-field is the same length as the B-field.
(See Address Modification without Index Feature.)

Timing.

1. If the operation does not require a recomple-
ment cycle:

T = .0115 (LI + 3 + LA + L];) ms.
2. If a recomplement cycle is taken:
T=.0115(L;+3+ L,y + 4Lg) ms.

Note. Sign control: (see Figure 23).

If a recomplement cycle is automatically taken,
the sign of the B (result)-field is changed and the
result is always stored in true form.

If the fields to be added contain zone bits in
other than the high-order position of the B-field
and the sign positions of both fields, only the digits
are used in a true-add operation. B-field zone bits
are removed except for the units and high-order
positions in a true-add operation. If a complement
add takes place, zone bits are removed from all but
the units positions of the B-field.

If an overflow occurs during a true-add operation,
a special overflow indicator is set, and the overflow
indications are stored over the high-order digit of
the B-field:

Condition Result
First overflow A-bit
Second overflow B-bit
Third overflow A- and B-bits

Fourth overflow No A- or B-bits

>F or subsequent overflows repeat conditions 1-4.

The BRANCH IF INDICATOR ON (B xxx Z) instruc-
tion tests and turns off the overflow indicator and
branches to a special instruction or group of in-
structions if this condition occurs. There is only
one overflow indicator in the system. It is turned
off by a BRANCH IF INDICATOR ON instruction, or press-
ing the start reset key.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI A-Ly B-Ls

Example. Add CURERN (0506) to YTDGRO (0708),
Figure 27.

SPS
(&) OPERAND (B) OPERAND
ovol 1., ., WA TICURERN | | IYTDGARO | .
Autocoder
Lobel &m;# OPERAND
(3 ish ] 25 30 3% 40 43 g0
a1, A CURERN,YTDGRO e

Assembled Instruction: A 506 708

Figure 27. Add (Two-Address)

Add
Instruction Format.
Mnemonic Op Code A-address
A A . XXX

Function. This format of the app instruction causes
the data in the A-field to be added to itself.

Word Marks. The A-field must have a defining word
mark. It is this word mark that stops the add oper-
ation. This instruction must be followed by a word
mark in the position after the A-address.

Timing. T = .0115 (L; + 3 + 2L,) ms.

Address Registers After Operation.
I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI A-La A-La

Example. Add to itself the data at EXEMPT (0981),
Figure 28.

Operation Codes 29



Page 29 — Add instruction, add to last line of column one:

Overflow indication does not occur for a 1-position field.



(A) OPERAND (8) OPERAND
LINE | COUNT| LAREL _AboREss + c‘n:: g AooRESS + 0:1:: g d
ekl e el Jee T L. »
Autocoder
Lobel rati OPERAND
i 30 3% 40
I I\ ENLT NP
Assembled Instruction: A 981
Figure 28. Add (Single-Address)
Zero and Add
Instruction Format.
Mnemonic Op Code A-address B-address
ZA ? XXX XXX

Function. This instruction functionally adds the A-field
to a zeroed B-field. Technically, this is accomplished
by moving the A-field to the B-field. The high-order
positions of the B-field are set to zero if the B-field
is larger than the A-field. The data from the A-field
moves directly from the A-register to storage. Zone

. bits are stripped from all positions except the units
position. Blanks in the A-field are stored as blanks
in the B-field.

Word Marks. A word mark is required for definition
of the B-field. It is required in the A-field, only if it
is shorter than the B-field. If the A-field is shorter
than the B-field, all extra high-order B-field positions
will contain zeros. But the transmission of data
from A stops when the A-field word mark is detected.

Timing. T = 0115 (L; + 1 4+ L, + Ly)ms.

Note: The sign of the result always has both A- and
B-bits if it is positive. If the sign is negative, it has
only a B-bit.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg.
NSI A-Lyw

B-Add. Reg.
B-Lz

Example. Zero WHTAX area (0796-0802) and add
new TAX (0749-0754) to WHTAX (Figure 29).

Subtract

Instruction Format.

Mnemonic Op Code A-address B-address
S S XXX XXX

Function. The numerical data in the A-field is sub-
tracted algebraically from the numerical data in
the B-field (Figure 30). The result is stored in the
B-field. ’

A-field sign + - + —
B-field sign + - - +
Type of add Comp Comp True True
Sign of result Sign of B-field Sign Sign
unless A > B B B

Figure 30. Algebraic Sign Control for Subtraction

Word Marks. A word mark is required to define the
B-field. An A-field requires a word mark, only if it
is shorter than the B-field. In this case, the A-field

word mark stops transmission of data from the
A-field.

Timing.
1. Subtract — no recomplement:
T = .0115 (L; + 3 + Ly + Ly) ms.

2. Subtract — recomplement cycle necessary:

Note. If a recomplement cycle is automatically taken,
the sign of the B (result)-field is changed, and the
result is always stored in true form.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg.
NSI A-Lw

B-Add. Reg.
B-Ls

Example. Subtract CUFICA (0753) from CURGRO
(0896), Figure 31.

SPS SPS
{a) orERAND (8) OPERAND {A) OPERAND (9) OPERAND
3 - s :0“: L) - 1) () 304 rooness l: Tx‘ lg'l Aooess lltll “M:: :5. :. 3 N 1] :ou‘: L} - 13la 104 Aooness f’ c‘.:::‘ ?; m’ Aooness l,:l c":’.' E ld.
ovpel 1o IZA ITTAX, .} (HTAX. 1 | oigol 1, IS JICVEILA T | I0LREGRO!
Avutocoder Autocoder
Labe! rati OPERAND Lobel rati OPERAND
180 30 38 40 43 20 a3 [ET 30 38 40 ] 80
o AX } WHTA X, N PN, RO,
Assembled Instruction: 2 754 802 Assembled Instruction: § 753 896

Figure 29. Reset Add Figure 31. Subtract (Two-Address)
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Subtract

Instruction Format.

Mnemonic Op Code A-address
S S XXX

Function. The data at the A-address is subtracted
from itself. If the A-field sign is minus, the result
is a minus zero. If the A-field sign is plus, the result
is a plus zero.

Word Marks. The A-field must have a defining word
mark. This instruction must be followed by a word
mark in the position after the A-address.

Timing. T = 0115 (L; + 3 + 2L, ) ms.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI A-La A-La

Example. Subtract from itself the field labeled LIMIT
(units position is 0395), Figure 32.

SPS

Tlming T = .0115 (L[ + 1+ LA + LB) ms.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg.
NSI A-Ly

Example. Subtract TAXEXP (0699) from ACCUM1
(0755), Figure 33.

B-Add. Reg.
B-Ls

{A) OPERAND 1) orERAND

LIKE  [COUNT LASEL -
ADDRESS 3Rl H ADORESS 2] o s
Abs. L

3 sle k4 L} nlie 1817 E2] erize 34 39
o0l o ,....EAIL./M.I.T.:!.. ..... N

Autocoder
PERAND
Lobel k)poron o - 0 O” s
il /MeT e RPN et s
Assembled Instruction: § 395

Figure 32. Subtract (Single-Address)

Zero and Subtract

Instruction Format.

Mnemonic Op Code A-address B-address

VA | XXX XXX

Function. This instruction functionally subtracts the
A-field from a zeroed B-field. Technically, this is
accomplished by moving the A-field to the B-field.
The high-order positions of the B-field are set to
zero if the B-field is larger than the A-field. The data
from the A-field is moved directly from the A-register
to the B-field. Zone bits are stripped from all but the
sign (units) position.

Word Marks. A word mark is required to define the
B-field. If the A-field is shorter than the B-field,
the A-field must have a defining word mark to stop
transmission of data to B. The extra high-order B-
field positions contain zeros, if A is shorter than B.

SPS
(4) OPERAND (01 orERaND
ting | count LABEL oPEmAT cuan. | g cuan. [afd
) 2 P M I
ool , 4, IS | [TAXEXD | | AaccuMlL |
Autocoder
Lobel perati OPERAND

a {I 1 25 0 3 40 43 280
‘ L E |TAVHP, AcCuml it

Assembled Instruction: | 699 755

Figure 33. Reset Subtract (Two-Address)

Zero and Subtract

Instruction Format.

Mnemonic Op Code A-address
YA ! XXX

Function. This instruction causes the sign of the A-

field to be changed.

Word Marks. The data in the A-field requires a word
mark in its high-order position.

Timing. T = 0115 (L; + 1 + 2L,) ms.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg.
NSI A-La

B-Add. Reg.
A-Lx

Example. Subtract LIMIT (0495) from zero, and
change sign of LIMIT’s value (Figure 34).

SPS
(A} OPERAND (8) OPERAND
LINE  [COUNT, LABEL q 5| d
AoRess & cwan g oonEss I:| cuan. 13
3 sle Tls nhe ()04 23 AN, ;‘V 2 Aoon 34 A ‘_. 1 1]
01,0 S emiT !} R
Autocoder

Lobel rati OPERAND
e . { ! 25 30 ] 49 8 50
R ol LT . NP R

Assembled Instruction: § 495

Figure 34. Reset Subtract (Single-Address)
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Page 31 — Zero and Subtract instruction, add:

Note: If the A-field is positive, the B-field result is negative. If the A-field is
negative, the B-field result is positive.



Logic Operations
The logic operation codes provide the decision-making
ability of the 1BM 1401 Data Processing System. They
allow the program to test for conditions that can arise
during processing, and to branch to predetermined sets
of instructions, or subroutines as a result of a specific
condition.

For example, if an overflow occurs in an arithmetic
operation, a special routine to handle this condition can
be initiated by a BRANCH IF INDICATOR ON instruction.

Note: Any operation that terminates with a success-
ful branch to another portion of core storage for the
next instruction address operates as follows:

1. Without Indexing—The B-address register is reset to
blanks during the next instruction operation (I-Op)
cycle.

2. With Indexing — A dummy cycle occurs before the
next instruction operation (I-Op) cycle and the next
sequential instruction (NSI), is transferred into the
B-address register. One cycle must be added to the
instruction time to account for the dummy cycle.

Branch

Instruction Format.

Branch if Indicator On

Instruction Format.

Mnemonic Op Code I-address d-character
SPS B B XXX X
A see chart

Function. The d-character specifies the indicator
tested. If the indicator is on, the next instruction is
taken from the I-address. If the indicator is off, the
next sequential instruction is taken. Figure 36 shows
characters that are valid for the d-character and
for the indicators they test. This figure also shows
testing, for high, low, or equal, which is used when
the high-low-equal compare special feature is in-
stalled.

The indicators tested are not turned off by this
instruction except as noted by a t. When carriage
tape-channels 9 or 12 are sensed, corresponding in-
dicators are turned on. These carriage channel-
indicators are turned off when any other carriage
tape-channel is sensed. The next COMPARE instruc-
tion turns off the compare indicators.

Word Marks. Word marks are not affected.

Timing. T = 0115 (L; + 1) ms.

Mnemonic Op Code I-address
B B XXX
. PR . . AUTOCODER
Function. This instruction always causes the program MNEMONIC |d-CHARACTER BRANCH ON
to branch to the instruction specified by the I-
s : B bl Unconditional
address. It is used to interrupt normal program se- 8o 0 Carriage Channel #9
quence and to continue the program at any desired BCV @ Cartiage Channel #12
. . . . . ", 4 switch .
point, without testing for specific conditions. :;g ; : Se:’:fs::“c,l’:'f (sense switch A)
BSS % C Sense Switch C*
Word Marks. Word marks are not affected. BSS D Sense Switch D*
BSS § E Sense Switch E*
Timing. =, X BSS 1 F Sense Switch F*
ming. T = 0115 (Ls + 1) ms BSS + G Sense Switch G*
BEF K End of Reel*t
BER L Tape Transmission Error*
Address Registers After Operation. BIN 3 N Access Inoperable*
BIN % ? Reader Error if 1/O Check Stop Switch is offt
I-Add. Reg. A-Add. Reg. B-Add. Reg. BIN $ 1 Punch Error if 1/0 Check Stop Switch is offt
NSI ‘ BI BI BPB 4 Printer Busy (print storage feature)*
.. ’ BIN t = Printer Error if [/O Check Stop Switch is offt
Example. Unconditionally branch to AGAIN (3498), BU / Unequal Compare (B 5% A)
Figure 35. BIN * Inquiry Clear*
BIN % Q Inquiry Request*
BPCB R Printer Carriage Busy (print storage feature)*
SPS BE S Equal Compare (B = A)*
(81 oPLRAND (91 orERaND BL T Low Compare (B<A)*
Lme  jcoumt LaseL Adoexss 5| c“u:- H aDoRtss o] ome g d BH U High Compare (B> A)*
2 gl tepr . "F sal 20l BIN v Read-Write Parity Check or Read-Back Check Error*
el Lo Ad ot ettt — BIN w Wrong-Length Record*
BIN X Unequal-Address Compare*
BIN t Y Any Disk-Unit Error Condition*
Autocoder BAV z Overflowt
Lobel U OPERAND BIN } % Processing Check with Process Check Switch offt
20 38 40 43
..... 1 W- " PR UTT Y ad ‘er . 'feo'ure

Assembled Instruction: B D98
Figure 35. Branch
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tConditions tested are reset by a BRANCH IF INDICATOR ON instruction,
1The d-character must be used with this mnemonic.

Figure 36. d-Characters for Branch Instruction



Address Registers After Operation. 4 5PS
(A) OPERAND (8) OPERAND
I-Add. Reg. A-Add. Reg, B-Add. Reg, LINE  {COUNT LaseL quuuo- \oDRESS . a,;:. s ADORESS lz c‘,;,:,, ] d
NSI BI dbb ol AT ANK ] FOUNT,
Example. Test for last card. If it is the last card,  [oii—————-fAitm SRR
branch to END (0599), Figure 37.
sps Autocoder
14) OPERAND () OPERAND 0 Lﬂb‘l 18 Iipel’ﬂﬁ;; 21 25 30 35 49 O’PQERAND
s e . :w-: . b she e ASoress 3] c‘":: H aAcoatss * ‘“m? H 4 . . :r BCE . |BLANK }MOU NT}. N .
- : —— } — "u: — e :sa 38]30] BG.E ] ] 7 L
—EAD Beg | . .
BCE e e
Autocoder
Label rati OPERAND Assembled Instruction: B 601 350 bl
! T S 1 40 a3 50 B
il (C. . lEND . R . <
B
Assembled Instruction: B 599 A B
Figure 37. Test and Branch Tigure 38. Test Character and Branch

Branch if Character Equal

Instruction Format.

Mnemonic  Op Code I-address B-address d-character
SPS B B XXX XXX X
A BCE

Function. This code causes the single character at the
B-address to be compared to the d-character. If it
has the same bit configuration as the d-character,
the program branches to the I-address, otherwise
the program continues sequentially. The d-character
can be any combination of the six BCD code bits
(BA 8421).

Word Marks. Word marks in the location tested have
no effect on the operation.

Timing. T = .0115 (L; + 2) ms.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI BI B-1
Example. This example shows how the chaining

method can be used to test an entire field for blank
characters. Each position in the area labeled
AMOUNT (0350, 0349, 0348 and 0347) is individu-
ally tested for a blank character. If a blank is found,
the program branches to BLANK (0601) for the next
instruction. If the position tested contains a charac-
ter, the program continues in sequence (Figure 38).

Branch if Word Mark and/or Zone

Instruction Format.

Mnemonic Op Code  I-address B-address d-character
BWZ \' XXX XXX x

Function. The single character at the B-address is
examined for a particular bit configuration, as speci-
fied by the d-character. If the bit configuration is
present as specified, the program branches to the I-
address for the next instruction:

Condition
Word mark
No zone (No-A, No-B-bit)
12-zone ( AB-bits)
11-zone (B, No-A-bit)
Zero-zone ( A, No-B-bit)
Either a word mark, or no zone
Either a word mark, or 12-zone
Either a word mark, or 11-zone
Either a word mark, or zero-zone

d-character

HroOwnxrRmo~

Word Marks. These have been explained previously.
Timing. T = 0115 (L; + 2) ms.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI BI B-1

Example. Test the units position of GROAMT (2498)
for an 11-zone, and branch to NEGRTE (0598) for
the next instruction. If there is no 11-zone, continue
the program sequence (Figure 39).
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SPS

{8) OPERAND (D) OPERAND

LINE  |COUNT| LABEL * CHAR, g' + CHAR. g
3 103 e 3]s 104 rooess i¢] Ab. l-7 . Anoness I:-" AN )-.
ool 1o, . IBMZWEGRTE | | | Roamr 1 |1 IK
Autocoder
Label perati OPERAND
1l 39 33 40 43

Assembled Instruction: V. 598 M98 K

Figure 39. Branch on Zone or Word-Mark Test

No Operation

Instruction Format.

Mnemonic Op Code
NOP N

Function. This code performs no operation. It can be
substituted for the operation code of any instruction
to make that instruction ineffective. It is commonly
used in program modification to cause the machine
to skip over specific instructions.

Word Marks. The program operation resumes at the
next operation code identified by a word mark.

Note. If characters without word marks follow an N
operation code, these characters enter the A- and
B-field registers. For example:

N 1234 A xxxx

In this instance, the address registers after oper-
ation would be:

I-Add. Reg. A-Add. Reg. B-Add. Reg.
’ NSI 123 4bb
Timing. T =.0115 (L; + 1) ms.
Address Registers After Operation.
I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI Ap Bp

Example. Leave one storage position open for an op-
eration code such as ReaD A carp (1). Operation
code 1 can be inserted if needed (Figure 40).

SPS

{a) OPERAND

LINE | COUNT LABEL - r“"‘

Aponess +
3 sls 7] i3tia 304 23 A0u.

() OPERAND
D
AcDRESS T:I CHAR.
20 34 Aod.
]
A Ly

oy

% IND.
% 0.

T
0,0 405 4 1 . xay P SRS U ST N RS Y

Autocoder’

N N NOP

Assembled Instruction: N
Figure 40. No Operation
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Compare

Instruction Format.

Mnemonic Op Code A-address B-address
C C XXX XXX

Function. The data in the A-field is compared to an
equal number of characters in the B-field. The bit
configuration (BA 8421) of each character in the
two fields is compared. The comparison turns on an
indicator that can be tested by a subsequent BRANCH
IF INDICATOR ON instruction. The indicator is reset
by the next cOMPARE instruction.

The same indicators set by the comMPARE instruc-
tion are also affected by a disk-unit operation (seek,
read, write, and write check). The disk unit performs
an address-compare operation automatically on the
address in core storage, with the address on the
disk record, by using the compare circuits and by
setting the appropriate indicator (equal, high, or
low). Therefore, careful consideration must be made
in the use of a COMPARE instruction and SUBSEQUENT
BRANCH IF INDICATOR ON instructions for testing the
results of the compare instruction when disk-unit
operations are to be performed.

Word Marks. The first word mark encountered stops
the operation. If the A-field is longer than the B-field,
extra A-field positions at the left of the B-field word
mark are not compared. If the B-field is longer than
the A-field, an unequal-compare results.

Timing. T = 0115 (L; + 1 + 2Ly) ms.

Note. Both fields must have exactly the same bit con-
figurations, to be equal. For example, 007 (?=0) com-
pared to 00! (1=0) results in an unequal comparison.

All characters that can appear in storage can be
compared. The ascending sequence of characters is
as follows: blank. 0¥ & $ * -/, % # @ ? A through
1] through R #S through Z 0 through 9.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg.
NSI A-Lyw

B-Add. Reg.
B-Lw

Example. Compare the department numbers punched
in two cards. Department numbers are located in:

Card Label Actual Address
1 DEPTNO 1098
2 DEPTCD 0004

Then test the result of the compare operation. If
the department numbers are equal, continue the
program in sequence. If they are unequal, branch to
TOTAL (0495) for the next instruction (Figure 41).



Page 34 — No Operation instruction, add to Function:

Instructions that have A-addresses of %xx or @xx should have their A-address field,
as well as the operation code position, changed to N's to perform a no operation
function successfully.



(A) OPERAND {9) OPERAND

cHar. |8 +| cham.
. |2 ApoRess [" ADJ.

LINE  |COUNT LABEL N

AODRESS

3 sle _7]e [} ) se|ir

.. |DEPTLCD. | .,

el . B L TOTAL ..

Autocoder
Label perati
[

OPERAND

! o0TAL

........... P S S A

004 =98
495 /

Assembled Instruction:

Figure 41. Compare

Halt

Instruction Format.

Mnemonic

Op-Code
H .

Function. This instruction causes the machine to stop
and the stop-key light to turn on. Pressing the start
key causes the program to start at the next instruc-
tion in sequence.

Word Marks. Word marks are not affected.
Timing. T = .0115 (L; + 1) ms.
Address Registers After Operation.
I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI Ap Bp

Example. Figure 42 is a symbolic example of the HALT
instruction.

SPS
{4) oPERAND (8) orERAND
) LiNg ':oun: ) LABEL gﬁ{ sl oontss ;,;I c::: E“ aooRESS |:_J ?:: ::.:
T (] [
Avutocoder
Labe! perati OPERAND
1sh 25 30 38
o H s
Assembled Instruction: «
Figure 42. Halt
Halt and Branch
Instruction Format.
Mnemonic Op Code I-address
H o XXX

Function. This is the same as HALT, except that the
next instruction is at the I-address.

Word Marks. Word marks are not affected.
Timing. T = .0115 (L; + 1) ms.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg.

B-Add. Reg.
NSI BI BI

Example. Stop the system, and branch to START2
(0895) for the next instruction when the start key is
pressed (Figure 43).

SPS
(A) OPERAND (9) OPERAND

LINE  |COUNT LABEL chan, [ g o, g d
3 e k4 [ 13j14 . lir hooness fl Apd. l-' Aooress |)2‘| A !-I 3
ool Lo VA TISTART2N U - N
Avtocoder

Label perati OPERAND
I 39 1] 49 43 80

Assembled Instruction: « 895

Figure 43. Halt and Branch

Clear, Move, Load, and Word Mark Operations

To organize specific storage areas for efficient process-
ing, data must be processed, and word marks must be
set in storage in the proper locations.

Because the 18M 1401 operates with variable length
data and instructions, and because word marks control
the definition of each, special attention must be given
to the proper positioning of each word mark required.
Extraneous word marks are just as damaging to pro-
gram operation as the absence of a word mark when it
is needed.

Before any program is loaded, all positions of stor-
age should be cleared of data and word marks. Pressing
the load key on the console causes a word mark to be
set at location 001. The program itself should contain
the instructions to set all other word marks needed for
the operation.

Move and Load operations transfer data from one
location to another. The Move operation does not affect
word marks, but the Load operation causes word marks,
as well as data, to be transferred.
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Clear Storage

Instruction Format.

Mnemonic
CS

A-address

XXX

Op Code
A
Function. As many as 100 positions of core storage
can be cleared of data and word marks when this
instruction is executed. Clearing starts at the A-
address and continues leftward to the nearest hun-
dreds position. The cleared area is set to blanks.

Word Marks. Word marks are not required to stop the
operation.

Timing. T = .0115 (L; + 1 + Lyx) ms.

Note: During the execution of this instruction, only the
B-address register is used. Therefore, when chaining
is being considered, the contents of the A-address

-register can be ignored.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg.
NSI A

B-Add. Reg.
x 00-1

Example. Clear WAREAS (0500-0563), Figure 44.

SPS
{4) OPERAND (B) OPERAND
UNe Jcoun Laser ADDRESS * "'“‘b’:" g ADDRESS + ‘."n‘: H d
ovol 1, ., ICS! EAS, | | e
Autocoder
Lobel perati OPERAND
le islis ' 35 40 43 50
N gs REAS. L
Assembled Instruction: / 563
Figure 44. Clear
Clear Storage and Branch
Instruction Format.
Mnemonic Op Code I-address B-address
CS / XXX XXX

Function. This is the same as the CLEAR STORAGE in-
struction, except that the clearing starts at the B-
address. The I-address specifies the location of the
next instruction.

Word Marks. Word m : the

on.
Timing. T = .0115 (L; + 1 + Ly) ms.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg.
NSI BI

B-Add. Reg.
x 00-1
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Example. Clear WAREAS (0800-0898) and branch to
START4 (0498) for the next instruction (Figure 45).

SPS
(a1 OPERAND (8) OPERAND
une  [count LABEL +| cuan |g +| cumn |g]d
3 130 e najie 1] fooness l-! Ab. I-V 28 foontss ’;I Ao l-l k1]
ool 1, 0STISTART4 ' . | IWAREAR | |
Autocoder
Label perati OPERAND
30 25 30 38 40 43 80

Assembled Instruction: / 498 898

Figure 45. Clear and Branch

Set Word Mark

Instruction Format.

Op Code A-address B-address
SW s XXX XXX

Mnemonic

Function. A word mark is set at each address specified
in the instruction. The data at each address is un-
disturbed.

- ?OW. arks a rw_
sés specified. o

Timing. T = .0115 (L + 3) ms.

Addpress Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI A-1 B-1

Example. Set word marks at locations BEGINI (3950)
and BEGIN2 (3970), Figure 46.

'SPS
(A) OPERAND {8) OPERAND

R e A e Rl A I E e A
ol L W REGLNA L. | IBEGIRZG 1.
Avutocoder

Lobel perati OPERAND
s 5]t 33 89

G, (N2
Assembled Instruction: , 150 170

Figure 46. Set Word Mark (Two-Address)
Set Word Mark
Instruction Format.

Mnemonic Op Code A-address

SwW , XXX

Function. This format of the SET WORD MARK instruc-
tion causes a word mark to be set at the A-address.
Data at this address is undisturbed.



Page 36 — Clear Storage and Branch instruction, replace Word Marks with:

Word Marks. Word marks are not required to stop the operation. It is not
necessary to follow this instruction by a character with a word mark.

Page 36 — Set Word Mark instruction (two addresses), replace Word Marks with:

Word Marks. Word marks are set at both the A- and B-addresses specified.
It is not necessary to follow this instruction by a character with a word mark,



Word Marks. A word mark is set at the A-address.
Timing. T = .0115 (L; + 3) ms.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI A-1 A-1

Example. Set a word mark at AREA2 (2901), Fig-
ure 47.

SPS
{A) OPERAND {9) OPERAND

une  [count LaseL AooREsS o] cmn T8 aoREss o] cuan [s]d
s sle _1le ahe_ wlv P i Y1 1Y al A% lsalae
o0, 1i0 L ISWaAREAz2 i [ ., L
Autocoder

Label perati OPERAND
6 130 ! 35 40 43 ___3Q
T w REA2 .
Assembled Instruction: , ROl
Figure 47. Set Word Mark (Single-Address)
Clear Word Mark
Instruction Format.
Mnemonic Op Code A-address B-address
CwW || XXX XXX

Function. This instruction clears word marks at the
locations specified by the A- and B-addresses, with-
out disturbing the data there.

Word Marks. Word marks are cleared at the A- and
B-addresses. :

Timing. T = .0115 (L; + 3) ms.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI A-1 B-1

Example. Clear the word marks at NETPAY (1924)
and ACCUM4 (3309), Figure 48.

SPS

(&) OPERAND (B} OPERAND
A A v R I R P I E
ol L oW WETPAY . | IACCUME T,
Autocoder

OPERAND
30 38 40 43 80
//[TPA.Y,A‘CCUM? N

Assembled Instruction: [T Z24 CO09

Figure 48. Clear Word Mark (Two-Address)

Clear Word Mark
Instruction Format.
Mnemonic Op Code A-address
CwW O XXX

Function. This format of the CLEAR WORD MAERK in-
struction causes the word mark to be cleared at
the A-address. Data at the A-address is not dis-
turbed.

Word Marks. Word marks are cleared at the A-address
only.

Timing. T = .0115 (L; + 3) ms.

Address Registers After Operation.
I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI A-1 A-1
Example. Clear the word mark at RECNO1 (3608),
Figure 49.

SPS
(A) OPERAND () OPERAND

LINE  [COUNT, LABEL OPERATION| A0RESS o cwan g AooRESS + o g d
3 sle 1ls ol el el A% lo]s P el £ 1Y)
oiol 1, ., ICHT RECNDLY ¢+ V1. . N
Autocoder

Label perati OPERAND
6 T 18 ] 25 30 38 40 43 50
i ICW L IRECNQY. | R

Assembled Instruction: [T FO8

Figure 49. Clear Word Mark (Single-Address)

Move Characters to A or B Word Mark

Instruction Format.

Mnemonic Op Code A-address B-address
SPS MCW M XXX XXX
A MLC

Function. The data in the A-field is moved to the
B-field.

Word Marks. If both fields are the same length, only
one of the fields must have a defining word mark.
The first word mark encountered stops the opera-
tion. If the word mark is sensed in the A-field, the
machine takes one more B-cycle to move the high-
order character from A to B. At the end of the
operation, the A-address register and the B-address
register contain the addresses of the storage loca-
tions immediately to the left of the A- and B-fields
processed by the instruction. The data at the
A-address is unaffected by the move operation.
Word marks in both fields are undisturbed.

Timing. T = .0115 (Ll +1+2 Lw) ms.
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Note. If the fields are unequal in length, chaining can
produce unwanted results, because one of the fields
has not been completely processed. Thus, one of
the registers will not contain the address of the
units position of the left-adjacent field.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg.
NSI A-Lw

B-Add. Reg.
B'L\V

Example. Move the 5-character field NAMIN (0750)

sequentially at RECOUT (units position at 0204),
Figure 51.

Note: If the B-address register already contains
the correct address, the B-label of the first instruc-
tion in the example can be eliminated.

A-label  A-actual  B-label  B-actual
address address
Employee
number EMPYNO 0101-0104 0201-0204
Department DEPTNO 0108-0110 0205-0207

to the 5-character field NAMOUT (0850), Figure 50. Tax Class ~ TAXCLS 0114-0115 RECOUT 0208-0209
SPS SPS
{A) OPERAND (8) OPERAND (A} OPERAND (8} OPERAND
3 " s iau": . - 13)1e sl ‘bnle’s “glic:n‘: ?' il hootess i c:n‘,:‘ !g. :. 3 ™ k] to‘”‘: L3 - 1314 i3 Lid rooness f! C:n“" ::' 28 Aooness :4 c:u‘: §' !d'
o 10 cCWiNaMIN T ] [NAMOUT! |, o, 1.0 MCWTAXGLS: ¢, | RECOOT: + . .
ozo) v U, MCMWIDEPTINOG! ¢, || ... .. Ly
osol |y, HC%Q‘E.H‘P.\IN.O L PP o
Avutocoder 0,40 FPRIRPURPIN S S B L
Lobel OPERAND
Autocoder
6 Lobel 1 lsmra'i 0f21 25 30 35 40 04PERAND
Assembled Instruction: M 750 850 — MLC TA)(CJ.SA;R.ECDUT - ) -
L PLC | IDEPTNG R
Figure 50. Move (Two-Address) LC . [EMPYNO
Assembled Instruction: M 115 209
M 110
M 104
Figure 51. Move (Single-Address)

Move Characters to A or B Word Mark

Instruction Format.

Mnemonic Op Code A-address
SPS MCW M XXX
A MLC -

Function. This format of the move operation can be
used when it is desired to move fields from the A-
area and store them sequentially in the B-area. It
saves program storage space and time, because the
B-address is automatically taken from the B-address
register, and does not have to be written or inter-
preted as part of the instruction.

Word Marks. A word mark is required over the high-
order position of the A- or B-field. The first word
mark encountered stops the move operation.

Timing. T = .0115 (L[ + 14+ 2Lw) ms.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg.
NSI A-Lyw

B-Add. Reg.
Bp-Lw

Example. Move the following three fields (labeled
EMPNO, DEPTNO and TAXCLS) and store them
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Move Characters and Suppress Zeros

Instruction Format.

Mnemonic Op Code
MCS Z

A-address

XXX

B-address
XXX

Func*ion. The data in the A-field is moved to the B-
field. After the move, high-order zeros and commas
are replaced by blanks in the B-field. Any character
that is not a comma, hyphen, blank, significant digit,
or zero causes zero suppression to begin again. The
sign is removed from the units position of the data

h>ﬁeld
Word Marks. The A-field word mark stops transmis-

sion of data. B-field word marks, encountered during
the move operation, are erased.

Timing. T = 0115 (L; + 1 + 3L,) ms.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg.
NSI A-La

B-Add. Reg.
B+1

Example. Move and suppress the zeros in the 10-
character field labeled INVBAL (0958) to the area
labeled OUTPT4 (0448), Figure 52.
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Note: This description of the instruction assumes a 1401 system without the
expanded print edit feature. If expanded print edit is installed, a decimal
does not cause zero suppression to begin again.



SPS
(a) oPERAND (8) OPERAND
e [count L aoontss BICCRE A00NE3S [! chan. |a)d
3)ie e ol 2% ol 3al A% lselw
el | WMCSUNVBAL . .| OUTPTH ..
Avutocoder
Lobel
i /IVVBAL;OUTPT’/

Assembled Instruction: Z 958 448

Figure 52. Move and Zero Suppress

Move Numerical

Instruction Format.

Mnemonic Op Code A-address B-address
SPS MN D XXX XXX
A MLNS -

Function. The numerical portion (8-4-2-1 bits) of the
single character in the A-address is moved to the
B-address. The zone portions (AB-bits) are undis-
turbed at both addresses.

Word Marks. Word marks are not required at either
address, because the nature of the instruction always
specifies that only one digit is to be transmitted.

Timing. T = .0115 (L; + 3) ms.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI A-1 B-1

Example. Move the numerical portion of the units
position of ONHAND (0986) to OUT5 (0789), Fig-
ure 53.

SPS
(A} OPERAND (81 OPERAND
LINE  |COUNT LABEL . . | s * war, |a| 8
ool v [ IMN IONHAND! |, OUT.5., . 1!,
Autocoder
Label Pporoﬁq OPERAND
1S) ! 30 35 40 43 30
1 MLNS OMHAAm_.)Q.uT_S - e

Assembled Instruction: D 986 789

Figure 53. Move Digit

Move Zone

Instruction Format.

Mnemonic Op Code A-address B-address
SPS MZ Y XXX XXX
A MLZS

Function. Only the zone portion (AB-bits) is moved
from the A-address to the B-address. The digit por-
tions (8-4-2-1 bits) are undisturbed at both ad-
dresses.

Word Marks. Word marks are not required at either
the A- or B-addresses, because this instruction in-
volves a single character.

Timing. T = .0115 (L; + 3) ms.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI A-1 B-1

Example. Move the zone bits from the units position
of NEWBAL (3100) to the area labeled REC2
(3195), Figure 54.

SPS
{A) OPERAND (9) OPERAND
LINE COUNT LABEL ADORESS + CHAR. = ADDRESS * CHAR, g d
3 sle e 131 wfir P e 4 1) 3. A0)- 5alse
ool .. . . ImZ IN.EW.BAL: REC2 . ' . .
Autocoder
Lobel perati OPERAND
[0 | 25 30 3% 40 45 50
. 1 IMLZS kENBeLLA)RFcz , s
Assembled Instruction: Y A00 A95
Figure 54. Move Zone
Load Characters to A Word Mark
Instruction Format.
Mnemonic Op Code A-address B-address
SPS LCA L XXX XXX
A MLCWA

Function. This instruction is commonly used to load
data into the printer or punch areas of storage, and
also to transfer data or instructions from the read-
in area to another storage area. The data and word
mark from the A-field are transferred to the B-field,
and all other word marks in the B-field are cleared.
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Word Marks. The A-field must have a defining word
mark, because the A-field word mark stops the oper-
ation. Note: If the B-field is larger than the A-field,
the B-field word mark is not cleared.

Timing. T = 0115 (L; + 1 + 2 L,) ms.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg.
NSI A-Ly

B-Add. Reg.
B-La

Example. Transfer the data and word marks from
REC4 (0950) to OUTS8 (0650), Figure 55.

SPS
(A} OPERAND {8) OPENAND
LINE |count LABEL cuan. | cuan, || d
<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>