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Preface

This manual is a reference text for the M 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, 1eM 1401 Data Processing System, form
D24-1401, and the various publications on applied pre-
gramming material, such as Symbolic Programming
System (SPS) and Autocoder.
The manual is divided into these sections:

® operation 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 M 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 1M 1401 Data
Processing System (Figure 1). The 1ar 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
1BM 1401 Autocoder,

The 1BM 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 em 1401 Data
Processing System an efficient and valuable tool to meet
today’s data processing requirements.

1BM 1401 Data Processing Systems can be considered
in three basic concepts: card systems, tape systems, and
RaAMAC® systems.

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

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

1BM BaMAC 140} 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 1M 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 18y 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
1401’s or a 1401 and a tape transmission terminal.

The 1BM7 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 1071
Paper Tape Reader, form D24-1044,

Introduction 7



The 1M 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 1M 1401 oper-
ation codes, is included in the General Information
Manual, 16m 1219 Reader Sorter and 18m 1419 Mag-
netic Character Reader, form 1D24-9000.

Re-entry documents can be read directly into the
core storage unit of the 1401 by using the 1M 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, thisallows 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, mm 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 1Bm 1009 Data
Transmission Unit allows high-speed, two-way com.
murdcation between two 1M 1401 Data Processing
Systems or between a 1401 and an 18M 7701 Magnetic
Tape Transmission Terminal. The operation and fune-
tioning of the 1009 is described in the Reference
Manual, 1M 1009 Date Transmission Unitf, 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 T00 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, 1sm 7701 Magnetic Tape Transmission
Terminal, form A22-6527.

The M 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. Insiructions,
as well as the functional and operational character-
istics, are covered in the 1401 Data Processing System
bulletin, M 1404 Printer, form (G24-1446.

Taday’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 mM 1012 Tape Punch, connected to an mm 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 M 1401 operation codes, are found in
the General Information Manual, 1M 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 res 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 mm 704, 1sv 709, and ey 7080 Data
Processing Systems.

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












Location of letter “AY

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 1M 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 sequentizlly.
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 1M 1401 Processing Unit has
access to any record in the disk-storage umnit. 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






Processing

The manipulation that data undergoes in order to
achieve desired resulis 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-
ticns. '

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 By 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 18M 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.

I4

PARITY CHECKING

The By 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 (CB 42 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 QUT
operations, causes invalid operation and a system
stop.

HOLY-COUNT CHECK

Reliability is further assured in the 1401 system by
the hole-count feature of the sy 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. Anocther 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) oceurs
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 scanN 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 feld.

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. Delines 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-ficld, up to the
length of the A-field.

5. Wher 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.

§ must be followed by a wor

8. A word mark must be set in the storage positiofi @
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 4d-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 fcllowed 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, iem 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
oceurs.

B-Address. This is a three-character storage address
that identifies the B-field. It usnally 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.

18

instruction Descriptions

Specific instructions have been described in a standard
format:

Title: 'This is the deseription of the instruction.

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

Function: This is the function of the instruction,

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

Timing: This is the formula to be used in calcu-
lating the timing of the instruction. Key to abbrevia-
tions vsed 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, 1t 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 OPERATIOR IMSTRUCTION FORMAT
1 READ A CARD QP cade
1
2 SELECT STACKER Op code d-character
K 2
4 BRAMCH Op code l-addrees
B 400
5 BRANCH IF Op code l-address d-character
INDICATOR ON B, 625
7 ADD Op tode A-oddress B-addras
A 072 423
8 BRAMCH IF Op cade t-addreas B-address d-character
CHARACTER EQUAL B 650 080 4

Figure 12, 1aMm 140] Instruction Formats

Processing

17



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

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}
W

INSTRUCTION | A 5 4 2 5 & o Op code

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

A-address

STORAGE ADDRESS 536 | 537 | 538 | 537 | 340 547 | 542 | 543

CODED ADDRESSES IN STORAGE
3-CHARACTER
ACTUAL ADDRESSES ADDRESSES
000 to 999 No zane bits 000 to 999
1000 to 1099 (100 to 99
1100 t0 1199 /00 ta /99
1200 to 1299 500 to 399
1300 to 1399 TO0 to T99
1400 16 1459 A-bit, « U0Q to U99
1500 to 1599 using 0-zone YO0 to Y99
1400 to 1499 W00 to WY
1700 to 1799 X00 to %99
V800 to 1899 YOO to YP¥
1900 Yo 1999 \ Z0G to Z9%
2000 to 2059 (100 to 199
2100 to 2199 100 1o 199
2200 to 2299 KOO to K99
2300 to 2399 100 to 199
2400 to 2459 B-hit, # MOD 1o M99
2500 to 2599 using 11-zone NOD ta N99
2600 to 2699 *Q00 to OPP
2700 to 2799 POD to P99
2800 to 2899 Q00 to Q97
2900 to 2979 L ROD to R9?
3000 to 3059 700 to 797
3100 to 2199 AQQ $o A9®
3200 to 3299 BOD to BP9
3300 to 359 C00 to £99
3400 to J4%7 A-B-bit, < D00 te DP9
3500 to 3599 using 12-zone E0QD to E9%
3600 ta 3599 FQO to F9¥
700 to 3799 GO0 to G99
3800 to 3879 HOD to HPY
3900 to 3999 100 to 199
* Levter O fallowed by Zero Zero

Figure 13. Core Storage Address Codes
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DATA ool 253|478
b J
v
T A-field
Waord mark identifies high-order position of A-field.
B-address
STORAGE ADDRESS |553 1554 | 555 | 556 | 557 ] 558 559 ) 560] 561
DATA o) 4 [ 0 1 2 3 1 4
M v
Y
? B-fiald

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 18M 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. Becausc 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

AFPLICATION

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 18m 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

wal far T= W - W = Ta - 0 I w - = 7] 0 - [+ -
=g ™ i |
=201 [ e

3 - e T = L0 . n ]

v i Ty Ch T Ty T -y T TR

] = iTn i v Ty . g vy

1

Figure 15. Core Storage Layout Chart

Addressing 19



Core B A
- ‘Storage | Register Register
3
Storage Cp
Address Register
Register
3 3
J-Address A-Addre:ss B-Address
Register Register Register
| [ | b
Figure 18, 1nm 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 A-address 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 cyele
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 cxcept the first and last [- (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 App, 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 S-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 843. 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

1o [ [ B

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



CYCLE OPERATION Instruction ATsTs]|l7 (T 215
Lecation 197 198 [199|200] 201 {2027 203 |204
[-Cp | The speration code enters the B-register and the Qp-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
.? l? l? .'r‘ .? I? .'i' .?
11 |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 cll operations o1 918 E E] Cycle 2
except Move, Load, Store A- and Store B-address Reglister opera- . yele
tion. During the |-1 ¢ycle, the second instruction choracter (first o ist . .
character of the A-address) enters the thousands and hundreds Pls er A Address Register B Address Register
positions of the A- and B-oddress registers ond the A-register A _:m‘m’ -m’l!
by the way of the B-register.
-2 The third character of the instruclion enters the tens posi- i Register B Register A Register
ticn of the A- ond B.address registers, aond the A-register E E
through the B-ragister, Cycle 3
) OP Register A Address Register & Address Register
1 The fourth instruction character enters the units position of I Register 8 Register A Register
the A- ond B.address registers, and the A-register through )
7 7 Cycle 4
the B-registar. yee
OP Register A Address Register B Address Register
05|67 0(516|7
' The B.add ister | ' ot the beginni £ thi | | Register B Register A Register
- e B-address register is reset at the beginning of this cycle.
The fifth instruction character {first character of the B- Cyele 5
address} enters the hundreds position of the B-address B . .
register, and the A-register through the B-register. OF Register A Address Register B Address Register
| Register B Register A Register
I-5 | The sixth instruction character goes to the tens position of -

0,012 Cycle &
the B-oddress register, and the A-register through the B- m m [ﬂ yele
register. OP Register A Address Register 8 Address Register

| Register B Register A Register

-6 The seventh tharacter of the instruction {lost charccter of
the B-address) enters the units position of the B-uddress E] IE] Cyele 7
register end the A.register through the B-register,
s ¢ € 9 OP Register A Address Register B Address Register
[5iE]
-7 The first character of the next instruction enters the B.
register only, Bectuse this is the last I-cycle for this instruc- . . .
tion, the A-register and the Op-regisier, the A- ond I Register B Register A Registor
B-address registers are undisturbed. The detection of « - Cycle 8§
word mark associated with this character signols the ma- m _ @ @ yele
chine that this is the Op code for the next instruction. The . . .
loading operations steps, and the instruction that was just OP Register A Address Register B Address Register
loaded is executed. Note that the l-address register con- A 015617
tains the cddress of the high-order position of the next m
sequential instruction.
Figure 17. Schematic of Instrction Loading
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the A- and B-addresses. The following three instrue-
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:

900 830

z oz

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 883 were added to 830,
The ten characters at location 870 were moved to 820,

The description of ecach instructon 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 1w 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- 0r 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
oceurs.

ABBREVIATION MEANING
A A-address of the instruction
B B-address of the instruction
NSl Address of the next sequential instruction
BI Address of the next instruction if a branch oecurs
La The number of characters in the A.field
in The number of characters in the B-field
[ The number of characters in o 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 pravious register setling

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

dbk 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 a1 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 (Imperotive 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 wlich 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
msat 1402 Card Read-Punch, and an 1ex 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 sar 1402 Card Read-Punch,
and an 1ea 1403 Printer.

An SPS source program must be coded on the 1401
Symbolic Programming System Coding Sheet (form
X24-1152). This coding shect 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 18y 1401 Data Processing System Bulletin, 183
1401 Symbolic Programming System, Preliminary Spec-
ifications (form J24-0200).

A sample SPS program is shown in Figure 21.

{1BM 1401 Autocoder

The 1401 Autocoder is a more powerful symbolic pro-
gramming system for the sy 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.
1t 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 1Bar 1401 Data Processing Systems.
However, the machine used to assemble an Autocoder
program must have at least:

4,000 positions of core storage

Four 1Bx 729 11, 729 1V, 729 V, or 7330
Magnetic Tape Units

18M 1403 Printer, Model 2

s 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 X24-1330). Autocoder
statements, however, are written in free-form. (The
operand fields are not divided into special areas as

wy 1401 Programming Systems 23



AREA DEFINITION

Mnamonic
Operation Code

Pescription

oCw Define Constant With Weord Mark
o] Define Constant {(No Ward Mork)
31 Define Symbol
DSA Define Symbol Address
INSTRUCTIONS
T Mnemonic Descripti Machine Language
ype Cperation Code sscriphien Equivalent
A Add A
5 Subtract 5
M Multiply @
. . *D Divide %
Arithmat
Hhmene ZA Zero and Add % (Prints as &)
5 Zerc and Subtroct 1 {Prints as =)
MCW tove Characters to A or 8 Word Mark M
*MCM Maove Characters to Record or Group Maork P
MCS Maove Characters and Suppress Zeros z
MN Move Mumeric o)
MZ Move Zone Y
MCE Move Choractars and Edit E
Data Control 1ca Load Charecters to A Waord Mark L
5w Set Word Mark .
Cw Clear Word Mark [
cs Clear Storoge /
*MIZ - Move and Insart Zeras (for reading 7070 Compressed Tape) i
*MA Modify Address #
*5AR Store A Address Register Q@
*5BR Store B Address Register H
B Branch B
BWZ Branch if Word Mark and/or 2ane v
Lagic Contral < Compare N
NOP No CGperation N
H Halt .
*BBE Branch if Bit Equal w
R Read a Card 1
W Write o Line 2
WR Wit and Read 3
P Punch « Lline 4
RP Read and Punch 3
WP Write and Punch &
System Control WRP Write, Read and Punch 7
*SRF Start Read Feed 8
*SPE Start Punch Feed 9
55 Select Stacker X
cC Control Carriage F
cu Contrel Unit u
MUy Move Unir M
LU Load Unit 3
PROCESSOR CONTROL OPERATIOMS
Mnemonic P
Operation Code Pescription
CTL Contral
ORG Crigin
END End
EX Execute

Figure 19,
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*Pertains to en eptional feature.

1831 1401 Symbolic Programming System Mnemonies




DECLARATIVE OPERATIONS Mnomoniz Machine Language
Type Op Code Descriplion Op Code  d-<har,
Mnemonic Op Code Daseriplion 1/O BEP Backspuce Tapa u B
DA Define Area Commands ey Centrol Unit u d
DGR Disengage Choracter Raader u 2}
oo Define Constant (Mo Word Mark)
. ECR Engoge Character Reader u E
DCW Define Constan! With Word Mark .
tLU Load Unit L d
DS Dsfine Symbol MU Move Unit M d
DSA Dafine Symbaol Address P Punch d
EQu Equata FCB Punck Column Binary 4 C
R Read 1
IMPERATIVE OPERATIONS RCB  Reod Column Binary ! ¢
RD Reud Disk Single Recard M R
Mnsmonic Machine Languags RDT Read Disk Full Track M R
Type  Op Code Description Op Cade d-char. ROW Read Disk Single Record L R
With Word Marks
Acithmetic A Add A RDTW  Read Disk Full Track L R
D Divide % With Word Marks
M Multiply @ RF Read Punch Feed 4 R
s Subiract L] RP Read and Punch 5
IA Zete nnd Add ? RT #ead Tope M R
F43 Zorg and Subtroct ] RTB Read Tape Binary M R
RTW Road Tope With Word Marks L R
Data MBC Mova and Binary Code ) B RWD fawind Tope U R
Control MBD Move and Binary Decods M A WU Rewind and Unloed Tapes u u
MCE  Move Characters and Edit : sp Seek Disk M R
MCS Move Characters and z SKP Skip and Blank Yape u E
Suppress Zeros SPF Stork Punch Feed 9
MIZ Move and insert Zeros X SRF Start Read Feed 8
MLC } Mava Charactars to Word M w Write 2
MW Mark Wil Write Ditk Single Record M W
MlCWA} Move Charocters and Word L wbC Write Disk Check M W
1CA Marks ta'Word Morkin A-Field WDCW  Write Disk Check With L W
MLNS} Mave NMumarical Partion D Word Morks
MN of Gingle Character wor Write Disk Fulf Track M w
MLIS} Move Single Zone Y WDTW  Write Disk Full Track With L W
MI Word Marks
MRCM|  Move Charactars to Record P WDW  Write Disk Single Record L W
MCM | Mark or Group Mark-Ward With Word Marks
Mark WM Write Word Marks 2 [M]
WP Write and Punch -]
Lagic B Branch Unconditional B WR Write and Reod 3
BAV Bronch an Arithmatic Overfiow 8 z WRF Write and Read Punch Feed 3 R
+BBE Branch if Bit Equal W d WRP Write, Read and Punch 7
8Cy Branchon Carriage Channel 9 B 9 WwT Write Tape M w
BCY Branch on Carriogs Over- B @ WTE Write Tope Binary M w
flow (12) WTM Writa Tapes Mark u M
BE Branch on Equal Compare B s WTW  Write Tape With Ward Marks L w
BEF (;un:: on End of Fila or B K Miseol. — 1CC Carriage Cantral F o
End of Reel laneous +CCB Cuarriaga Contrel ond Branch F d
.. cs Clear Storage /
BER :::;:ch on Tape Transmision B L ow Clear Word Mark o
8H Branch en High Compore B u A Halt :
(82> A} Mk Modify Address #
1BIN 8ranch on Indizator d NOP No Qperalion N
aL Bronch on Low Compare B T SAR Stare A-Address Register Q
(B<C A} SBR Store B-Address Registar H
BLC Bronch on Last Card (Sense 8 A 135 Selwct Stocker K 1,2,4,8
Switch A) 1558 Select Stacker and Branch K 1,2,4,8
B, Branch on Minus {11-zone) v K sSw Set Word Mark I
BFCE Branch Printer Carrioge Busy B R CONTROL OPERATIONS
::IB :::::: ::r:;:r'::::r Compare : : Mnemonic Description - Mnemonic Description
(B == A) [oy9 Conirol XFR Transfer
BW Branch on Ward Mark v 1 END End SFX Suffix
1BWZ 8ranch on Ward Mazk or Zane v d ENT Enter New JO8B Job
. Coding Made INSER  LInsert
1BCE Branch if Charaster Equal B d EX Execute ALTER  Alter
1855 Branch if Senia Switch On B AG LTORG Literol Qrigin DELET Delete
C Compare c ORG Qrigin

Figure 20.

td-Choreder must be ploced in oparand whan cading In Avlocoder.

1BM 1401 Autocoder Mnemonics
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IBM

1401 Symbolic Programming Sysiem

Coding Sheet

Program Page Na. IT'_z“I of
Programmed by Date identification i
(2] GRERAKD 16} GPERAND
LINE | COUNT LABEL QPERATION ADORESS . c:g:n' g R : C:DTI . ] COMMENTS
3 kL rls 13 14 1817 % i 27138 14 38 G| 40 a8
L] " M T o:REEOlB;Olo( L : : L P R \ : L P R R T W T T N T SR R S R
o,2.0]  BEGI N, SW 0002,  F 1, e b
0,3,0 star~yT R PV AT A R R A SR S
s,ee|l |, IBMwWZIPRYNT. L 000,31, , + ', | lkprinT 1.6 X-cCow,
o,s0| , lpunNem Mewloose .+, | lozg0, 1L, MV, .CARD, To PunNeH
0,6,9 L PR R P, : STaAaRT. : : L I R T : : et PN H-.BR, T, 0 START
or.el , lpmamr Mewlooaoe, 11, [lozae 11, M.y, L CARD, T.O PRLNT
osol | Wl START. L L PRNT. -BR T.0 ST.ART
LI L Loy 11 EuN!ID BE G .HN : : Lo P R : : L1 P R S R | PR S R N T B
e o oy b e AP B ey
. Assermnbled
Assigned Mechine-
tine Op d- Storoge Language
Page He. Count lobel | Code | (A} Operand | (B) Operand Char. Locations Instructians Commants
1 0i0 ORG 0500
1 020 4 Begin | SW Qo0 0500 P ¢ 1 )
1 030 H Start R 0504 1
1 040 ) BWZ Print 0G0} K 0505 vV 524 001 K Print if X-Col 1
i 050 7 Punch | MOW ooao o180 0513 M 080 180 MY Card te Pch
1 060 4 P Start 0520 4 504 Pneh-Br to 5t
1 070 7 Print MOW 0080 uzB0 0524 M OBG 280 MY Card to Prt
1 0RO 4 W Start 03531 2 504 Prot-Br to St
1 o0%0 End Begin / 504 D8O
Tigure 21, 1Bz 1401 Program in Symbolic Programming System Language

IBM

Program

Programmed by

INTERHATIONAL BUSIMESS MACHINES CORPORATION

IBM 1401 AND 1410 DATA PROCESSING 5YSTEMS

Identification yoteg

Poge NO'LI'LzJ of

-1 ]

Date AUTOCODER CODING SHEET
Line Label iEpemﬁ:L OPERAND
h | 131 ol21 25 0 as a0 45 20 55 80 [ 70
lo. e, L lome 800 o e e . . .
o3 |STARTY | - . e e
oa | vt B PRINT LM L PRANT F -GOLE .
o5, |PUMEH 1. . MLg, . 180,180 .., ., MOVE CARD, TO POMCM .0y,
o6, | .. . s P iSTART, ., ., ., PUNCH AND BRANCH TO0 START 0 tuwn w s
9.7, IPRYMT, bt H'L'C;MMMMMMJ#A%
08, | v u oo, e, ISTART L PRIMNT, AMD BRANCH T0, START o 0000w o .
o8, b0, lEND  IBEE YN e e e e e a
1,0 N T T
sE@ | P& | LN | 1aBEL op OPERANDS SFX | cr | LOCN | INSTRUCT. TYPE | CARD
001 1 |00 ORG | 500
002 | 1 | 020 | BEGIN sw | 4 | o500 |, om
003 | 1 | 030 { START R 1 | o504 } 1 1
004 | 1 |oa0 BWEZ | PRINT, 1, K Print if X-col a8 | o505 | v s524000% 1
605 | 1 | 050 |PUNCH | MLC | 80,180 Move Card to Punch 7 | o513 | M 080 180 1
obs 1 Ll P START Punch and Branch to Start 4 0521 4 504 1
eor | 1 | ovo |PRINT MLC | 80, 280  Move Card to Print 7 | 0524 | M o080 280 1
oos | 1 !oso w START  Print and Br. fo Start 4 | o33 2 504 1
o0 | 1 |os0 END | BEGSN 1 504 080 2
Figure 22. M 1401 Program in Aufocoder
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they are in SPS.) A complete description of 1401 Auto-
coder is contained in the mat 1401 Data Processing
System bulletin, Autocoder for the IBM 1401: Pre-
liminary Specifications (form ]24-1434).

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

Input-Output Control System (IOCS)

The By 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 Aufocoder processor and can
be extracted by using the IOCS macro-instructions.

The Autocoder processor tailors the I0OCS routines
to fit the particular requirements, specified by the pro-
grammer, {or 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 I0OCS is used primarily for magnetic-tape
files, IOCS macro-instructions can aiso be used for unit-
record files (input and output files) from, and to, the
By 1402 Card Read-Punch and the By 1403 Printer,

The I0CS is described in detail in the 1Ba 1401 Data
Processing System bulletin: Input-Quiput 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.
QOutput 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, offsct 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 1By 1402 Card Read-Punch, and an 1Bm
1403 Printer, Model 1 or 2. The machine requirements
for exccuting the object program depend upon the
units the user has specified.

The RPG is described in detail in the sy 1401 Data
Processing System bulletins: Report Program Genera-
tor for 1BM 1401 Card and Tape Systems {form ]24-
0215} and Report Program Generator for 18xs RAMAC
1401 Systems {form J24-146T).

mxt 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 18nm 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
ot no A- no B-bits should be used for signing a positive
field.

A-field sign + - + -
B-field sign + — — +
Type of cdd Teue True Comp Comp
Sign of result |  Sign Sign Sign of B-field
: B vnless A > B
Figure 22.  Algebraic Sign Control for Addition

(+A) + (+8B) = +R
Field A Field B
015+ opas+
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).
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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 machineg 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 & Field B
015+ 0035 —
L— vogs 9985
1 (‘D 0020 — Result
Test carry
positive
(recamplamenting
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: 1f 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} + (-8B} = +R

Field A Field B
038+ 0015—
! 9962 » 9952

: @) 9977 —
Ma 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 (L + 3+ L + Ly) ms.
2. If a recomplement cycle is taken:
T = .0115 (L]’_ "I" 3 + L,\ + 4L];) ins.

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

Condition Result
First overflow A-bit
Second overflow B-hit
Third overflow A- and B-hits
Fourth overflow No A- or B-bits

>For subsequent overHows 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 2 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-Lyw B-Ly

Example. Add CURERN (0306} to YTDGRO (0708),
Figure 27.

§PS
fnl orERLmG 100 pFERLND
3 - N :w.: 4 - o 2 Lert1s i:|| T:: :‘:1' H1s Haswend i ‘::: E :
el A T RURERR T 1 VTDGAD |
Autocoder
Lobel rati QOFERAMD
39 3 L] 43 &g
14 lCURERA,YTDGRO .
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 ALy A-La

Example. Add to itself the data at EXEMPT (0881),
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.



LI i IL 10F prang
1 - L] :u“: ] - L Y 1l e : ‘:‘:‘:- Er " ot i ‘::: E :o
el o A TENEMP T .
Agtocoder
Labal ot OPERAND
0. 2 Ty
il Py ENET . NN
Assembled Instructiom: A 981
Figure 28. Add (Single-Address)
Zero and Add
Instruction Format.
Mnemonic Op Code A-address B-address
ZA I XXX XAX

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 + Ly + Lp)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. B-Add. Beg.
NSI A-Lw B-Lp

Example. Zero WHTAX area (0796-0802) and add
new TAX (0749-0754) to WHTAX (Figure 28).

Subtract

Instruction Format.
Op Code A-address B-gddress

S 8 XXX XXX

Mnemonic

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

Figuze 30. Algebraic Sign Control for Subtraction

Word Marks. A word mark is reguired 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 (LI + 3+ LA + Lp,) ms.

2. Subtract — recomplement cycle necessary:
T =.0115(L; +3 + Ly + 4 L) ms.

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

Address Registers After Operation.

I-Add. Reg. A-Add. Reg,
INSI A-Lw

B-Add. Reg.
B-La

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

5PS SPS
141 orEnsmE I B OPIANRD T4t OMERARD 18 prEAAuD |
i h ) :au: %) o H]ia mjr i E‘ ‘:9.:. lg;F o= :‘; C:;:I E : 3 - 1! cnw: o 1] :- : (L] taor 1:’ mf_ IEY m pmaEH 'il m“ E :
0ol e ZAT ITAN, A TAX, | o0 I8 Tlcwr oAl CORGRD: ¢ . I i
Auvtocader Autocoder
Lobal ti QPERAND [ rati OPERAND
[ 30 A0 L1 — B0 (3 ! -3 -] A9 L] -]
1 AY WHTAX, | ] H
Assembled Instruction: * 754 802 Assembled Instruction: § 753 896
Tigure 29. Reset Add Figure 31.  Subtract {Two-Address}
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Subtract
Instruction Format,
Mnemonic Op Code A-address
S 3 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.
NSI A-Ls
FExample. Subtract from itself the field labeled LIMIT
(units position is 0395), Figure 32.

B-Add. Reg.
A-Ly

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

Address Registers After Operation.

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

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

B-Add. Reg.
B-Lp

5PS
Lul DrERRND im) oFpnLND

t |¢oumT LABEI - L |- BEAL
o e e A P O R R Pl
ool L, il NN S — Lt
Autocader

oo | k)pu H OFERAND

L3 t 158 " % 28 15, - 40 L -]
il IS s A RN

Assembled Instruction: § 395

Figure 32. Subtract (Single-Address)

Zero and Subtraet

Instruction Format.

Mnemonic Op Code A-address B-address
A ! 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 Muarks. 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.

5PS

Ty OFERAY (NN OFERLND
3 N + :am: ] e )Y mhr fesat I;.'-'IV ::D:"- ‘E” 1] roann I:-l “';:'. i :l
el 5 [TAXEx e FEXNE I
Autacoder

Lobet tati QMRAND
£ i} % 1] 10 12 00
H umt
Assembled Instruction: | 499 755

Fipgure 33. Reset Subtract {Two-Address)

Zero and Subtract

Instruction Format,

Mnemonic Op Code A-address
A ! 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 (Ly + 1 4+ 2L,) ms.

Address Registers After Operation.

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

B-Add. Reg.
A-La

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

s$PS
AL BPERANG 1R DFERARD
et [rouT) LAREL Ghia. | & - L |2 4
1] [ b L 2114 1} tostis IEI' AR I. E, ) feanth ; ::' 5 L1
9,10 o & WUemiT TV N
Autocoder
Lobel ratl OPERAND

ol LT ——s L —

Assembled Instruction: 1 495

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

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



Logic Operations

The logic operation codes provide the decision-making
ability of the 1eM 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-uddress
B X¥X
. .. . AUTQCODER
Function. This instruction always causes the program MNEMONIC |d-CHARACTER BRANCH ON
to branch to the instruction specified by the I-
: . B bl Unconditionol
address. It is used Fo interrupt normal program se- Bco 9 Carriage Chaanel #9
quence and to continue the program at any desired BCY @ Carriage Channel #12
. . s . sar BLC A “Lan Card™ switch (zense switch A)
point, without testing for specific conditions. BSS 4 B Sense Swilch 8*
BSS 3 C Senso Switch C*
Or arks. ora marks are not agected. 855 ] Senin Switch D*
Word Marks. Word k t affected 3
855 § E Sensa Switch E*
fe 3 = 855 1 F Sense Switch F*
Timing. T = 0115 {L; + 1) ms. ass ¢ o Soee Suitch G5+
AEF K End of Reel*f
BER L Tape Tronsmission Errer®
Address Registers After Operation. BN N Access Inoperable®
BN ? Reader Errar iF /0 Check Stop Swikch is offt
I-Add. Reg. A-Add, Reg. B-Add. Reg. BN : i Punch Error if 1/O Chack Stop Switch Ty offf
NSI . B1 BI BPh F Frintar Busy (print storage faature)*
. BIN + Printer Ercor if 140 Chack Stop Switch is offt
Example. Unconditionally branch to AGAIN (3498}, BU / Unequal Compars (8 w2 A)
Figure 35, BIM § * Inguiry Cleor*
BIM £ =] Inguiry Requesn®
BPCh R Frintar Carriage Busy {print siorage feature)*
5PS BE S Equal Compars {B= A)*
| 14} oPTRANE 01 oTaky | BL T Low Compare {(B< A)*
|t v Frenen ey 2| e g J— lg’ ous. | 4 BH U High Compore {B>> AY*
dle e ala __alr AT nl W £ sl % sl 8IM L' Read-Write Parity Check or Read-Back Check Error*
L B N A N, s . H MN W ‘Wrong-Llength Record”
BIM § X Unequal-Address Compare*
BIN £ Y Any Disk-Unit Errar Condifion®
Autocoder BAV z Overflowt
Label T » u " O:'ElAND " BIM ¢ % Procassing Chack with Process Chack Switch off §
et al *Spaciaf faature

Assembled Instruction: B D98
Figure 35. DBranch
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1Conditions tested are raset by 0 BRANCH IF INDICATOR ON instruction.
1The d-character must be used with this mnemonic,

Figure 38, d-Characters for Branch Instruction



Address Registers After Operation, _ 5P3
Lah arEming G ordibaNg
I-Add. Reg A-Add. Reg‘ B-Add. Reg‘ LinL  fcount LAEL J— |:i :a'::. i aushEa + :.':::. B d
NSI BI dbb | T B LR ANE T AMQUNT, L. |
Example. Test for last card. If it is the last card, ot :*“*“*-‘&—.L DR B -:.ff-*-‘ 1]
branch to END (0599), Figure 37.
Autocoder
SPS .
I 1) DFEARRS ) DRIALND n I.Gbﬁl %p.fﬂ‘li 11 15 30 A% ag 01§ERAND 50
He jrowr L rees H vy £ ey lt! il N | QL (BLANK A AMAUN T} .
:A”:tl:l‘ — »;l iu-' i e :14: BT 1Y) .: CE ) - . - ) ] . L
— = * ol RCE, e
L lgee e
Autacoder
Laba! Lip-ruﬂq GPERAND Assembled Instruction: B 801 350 bl
4 y I 25 30 a5 g A3 5o B
Wl LS. lend N W I~
]
Assembled Instruction: B 599 A 8
Figure 37, Test and Branch Tigure 38. Test Character and Branch
Branch if Character Equal Branch if Word Mark and/or Zone
Instruction Format. Instruction Format.
Mnemonic Op Code 1-eddress B-address d-clharacter Mnemonic Op Code  l-address  B-address d-character
SPS B B xxx XXX x BWZ v XX 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 Bl 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 (0330, 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).

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}
Zera-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

HEQW®ORE -

Word Marks. These have been explained previously.
Timing. T = 0115 (L; 4+ 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 1l-zone, continue
the program sequence (Figure 39).

Operation Codes 33



1R] BAIALEE [h1 prERENG
LINf  |EoUaT LARIL - CHIA. g Crea. :
3 (A0 He 1 Jra AR|IT ronaes I;" And l_" a8 Aeead |}; Abd ;
el 3o, IBMEWESBRTE (| GROAMT: & . . | K
Autocoder
Lobae! otl QPERAND
I 49 43
7‘! K P

Assembled Instruction: ¥ 598 M98 X

Figure 39. Branch on Zone or Word-Mark Test

Na 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.
N5I Ap Bp

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

SPS
ChE OPERAR] 10 oFERLRD
L |ceamr (P11 oatnarion whan, | our, | s)d
L % ¥ [ ] b4 H
a 10] bl 1] L (L] L 10id e [+ ] son l"' 11} o —|:4 gl ; b1
P P AN 1T ] N
Autocader
Lobal rath QPERAND
I L] L H
ai vl ag i

Assembled Instruction: N
Figure 40. No Operation
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Compuare

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 comparisen turns on an
indicator that can be tested by a subsequent BrRANCH
IF INDICATOR ON instruction. The indicator is reset
by the next coMPARE instruction.

The same indicators set by the compAre 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 coaPARE instruction and sUBSEQUENT
BRANCII IF INDICATCR 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+ ZL\\’) ms.

Note. Both fields must have exactly the same bit con-
figurations, to be equal. For example, 00?{?=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. 1 ¥ & $ * -/, % # @ ? A through
1] through R #8§ through Z 0 through 9.

Address Registers After Operation.

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

B-Add. Reg.
B-Lw

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

Card Label Actual Address
1 DEFTNO 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 ((495) 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 te perform a no operation
function successfully.



(A1 OFERLRY kb GrEnanND
i o [ iu“.: L] o M 1] Looni : C:;:I Ig‘.l. Ao ]'il] ‘::‘: 5:‘
el 1 L T IDEATCO .| PEPTRO 1]
PP N B roTAl ' et A
QPERAND
a0 18 ag
Assembled Instruction: € 004 =98
B 495 /
Figure 41. Compare
Halt
Instruction Format.
Mnemonic Op-Code
H N

Function. This instruction causes the machine to stap
and the stop-key light to turn on. Pressing the start
key causes the program to start at the next instrue-
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

Lh ) OFENANG 10 oreeane

Lt (COmT LawEl,

[Ty Ml
i uls Tl )] b ABL

*

LDBNERR

*
34

!
T o T
LI " PR T T 1 Hl lllll L] 1 el i : |-

Autoroder

QPERAND

Assembled Instruction: «

Figure 42, Halt

Halt and Branch

Instruction Format.
Mnemonic Cp Code I-address
H . 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.
BI

B-Add. Regy.
NSI BI

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

SPS

Ch) OMERARD (LT

LINE  |&aukl LABEL

CHAN, THAN,
1 1PN sl wliy L Aba

STARTZ: | . . it

121150 I : |
n

AbOAE N1

-1
3

LIS Y NP SRt

Autocoder

OPERAND

Assembled Instructian: . 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 Ba 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.
Exiraneous 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 Lead operations transfer data from one
lacation 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 Op Code A-address
CSs / X

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 + L) 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 (0500-0363), Figure 44,

SPS
111 ORESND N1 BPAARD
. Ling .:ﬂw:. [Ts A il J— ¥ c:;;, E PR :] glu:. 51
ool ], . Sl WAREAS] | T
Autocoder
Lobal parati OPERAMD
I

L3

f 4]
! REAS

Assembled Instryction: /543

Figure 44. Clear

Clear Storage and Branch

Instruction Format,
Mnemonic Op Code T-address B-uddress
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 i the
L1011,

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
R] DFIRLED [LIN-LL T
ung feount [Ty - 3I ;lu: H P Iil c::. gd
evcol ... S STARTA . EARYT
Autocoder
TRATY JIJARERB .\ (.. ..

Assembled Instruction: / 498 898

Tigure 45. Clear and Branch

Set Word Mark

Instruction Format,
Mnemonic Op Code A-address B-address
5W s XXX XXX

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

368 specified. B

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

Address Registers After Operation.

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

Example. Set word marks at locations BEGIN1 (3950)
and BEGINZ (3970), Figure 46,

'SPS
LAY OFERAND LLIR- L4 [TH]

LINE  [egumr (Y13 J— :l ::;:_ .__. - N ;‘,:;: gd
IS IR B MT—B‘EQ.I.NIH.. [BEGINZ T,
Autocoder

Lobei peratl OPERAND
cl T [H] [L 4 k] 13 A0 43 J¢
tHE oLl
Assembled Instruction: , 150 170

Figure 46. Set Word Mark {Two-Address)

Set Word Mark

Instruction Format.

Mnemonic Op Code A-address
SW , XXX

Function. This format of the sEr woRp 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 Braneh 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. Beg. A-Add. Reg. B-Add. Reg.
NSI A-1 A-1

Example. Set a word mark at AREAZ2 (2901), Fig-
ure 47.

SPS
[£13-1(4.00 1 ) ) pFEALRD

R Lo ADORENY - ‘.'::' T ADLRERS l‘: T Ok
s ale e alis aler ¥ at|ia P Y
.. [SW IAREAZ R N P
Autocoder

Lhe! peroti OPERAND
) 1 F 3 L]
1 W AREAZ )
Assembled Insiruction: » RO}
Figure 47. Sect Word Mark (Single-Address)
Clear Word Mark
Instruction Format.
Mnemonic Op Code A-address B-address
CwW i1 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 = 01153 {(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 ACCUMA4 {3309}, Figure 48.

SPS
ta) prerann [0} PLARD
, e ; cave, i anongyE l:i — H for ) vl 1 :
il L, €W IKETPAYL | | | ALCCYME ¢,
Autocoder
Labsl parath QPERAND
L3 . 2 10 32 A0
R - 4 aﬁffp&yz ALLUM% ...,

Assembled Instruction: & Z24 €09

Figure 48, Clear Word Mark (Two-Address)

Clear Word Mark

Instruction Format.

Mnemonic COp Code A-address
CW ] XXX

Function. This format of the CLEAR WORD MARK 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-l A-1
Example. Clear the word mark at RECNO1 (3608),
Figure 49.

5P%
141 prERLND LLIR

vt |cowt [ ARG +| coan fafd
1 Pl L ] P ulir ey L—: bl FT) feoren _l L Ll
ool (1 IOV IRECNAZ I
Autocoder

Lobel [operatio QPERAND
3 3 Rzl F 4.1 a5 L1-3 13 30
RECNOY, .

Assembied Instruction: [ FOB

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 xEX XXX
A MLC -

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

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 (L, + 1 + 2Ly ) ms.
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Note. If the ficlds 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-Ly

B-Add. Reg.
B ‘L w

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.

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

to the 5-character field NAMOUT (0850), Figure 50. TaxClass  TAXCLS 0114-0115 RECOUT 0208-0209
SPS sPS
141 DPERLND [{ER-U1{ 01T | la) DrERLhg tH QPERAND
Lme [coumr LAREL R < T;:_ s PR . e:;:. gd Uk |counT amEL aperTIDN| ot l:I ;:;:_ : PR sil g‘.‘;:_ gd
PR A B WaM LN . NAMOMT! 5.1,0 L MOAITAXGLS & RECOMT: ! |
0. t,0 WDEPT NGO L
°.1.0 l"I.CiINIE.H,PX.NO.: : . i :
Autocoder LI il il Lo
Lobal parati OPERAND
13
R |1 N Autocoder
Lakel & rati , 2 " " D‘PER#ND
Assembled Instruction: M 750 850 T s, REOO0T -
oL Le L DEPTNG N
Figure 50. Move (Two-Address} | LG . JEMPYNO it s .
Assembled Instruction: M 115 209
M no
M o104
Figure 51. Move {Single-Address}
Move Characters and Suppress Zeros
Move Characters toe A or B Word Mark .
Instruction Format.
Instruction Format. Mnemonic Op Code A-address B-address
Mnemonic Op Code A-address MCS z AXX XXX
SPS MCW M XXX
A MLC

Function. This format of the move operation can be
used when it is desired to move flelds 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; + 1 + 2Ly ) ms.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg.
N5I A-Ly

B-Add. Reg,
B])-L\\'

Example. Move the following three fields (labeled
EMPNQ, DEPTNQ and TAXCLS) and store them

38

FuncHon. 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

yeld

Word Marks. The A-field word mark stops transmis-
sion of data. B-field word marks, encountered during
the move operation, arc crased.

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 (09538) to the area
labeled OUTPT4 (0448), Figure 52.



Page 38 — Move Characters and Suppress Zeros instruction, add:

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.



SFS
{ah orERATR [LIE- L ELY
L [couer LI R I I CHAl -== stokens 3] :::_ ] §
el T HMESUNVBAL T | BUTPTH
Autocoder
Lebsl aH CPERAND
cL INVBAL}OUTP?”f

Assembled Instruction: T 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. Beg. 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
181 GRERANS 18] QPFERIND

Line CauRT [L11% - . | = wal, d
3 200 bl 3 e i fonmers [_I c::: I=I a8 ABIRERY i ‘Iﬂ: E 3
el [, MN ONHANR ! . T OQT.A . |
Autocoder

Lobel jFp.mm;i OPERAND
L] LI1] 43 '3
— ML ONHAMD.. nur.s e e

Assembled Instryction: D 9846 78%

Figure 53. Move Digit

Move Zone

Instruction Format.

Mnemonic Op Code A-address B-address
SPS MZ X xRN 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. Beg, A-Add, Reg. B-Add. Rey.
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.

3PS
LLSR- L AN EPENAND
LinE  [cousl LakEL s| o g e onr g d
1 1L} L L] 1314 it e [ AL !_' 1] e s . ;0 an
si,e Mzl INEWAAL. RECZ
Autgcoder
Label perath CPERAND
r ] 23 L] -] L] L1 a0
MLz MHeWBal =RF{"Z . e
Assembled instryction: ¥ ADD  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 lToad
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 werd
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 + 2L,) ms.

Address Registers After Operation.

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

B-Add. Reg.
B-L.

Example. Transfer the data and word marks from
REC4 (0950) to OUT8 (0650}, Figure 55.

5PS

[hF OPERANG

L aunt LARIL
e T ol
1] L0 s 1] [ 1] i

1) DPLAAND

a{ EWAR
gal

M

el 1 EARECH OOTE

Autocoder

Lobal ratl
! ) 13 L1 A3
t MLCHARECE JUTR

OPERAND
20

Assembled Instruction: L 950 450

Fipure 55. Load (Two-Address)

load Characters to A Word Mark

Instruction Format,

Mmemonic Op Code A-address
5PS LCA L x3X
A MLCWA

Function. This format can be used when several A-
fields (not necessarily in sequence) are to be loaded
sequentizlly in the B-field. This instruction causes
the A-field data and word mark to be moved to
the B-field. B-field word marks are cleared, up to
the A-field word marks.

40

Word Marks. The A-field word mark stops the opera-
tion. Therefore, B-field word marks, beyond the left
limit of the A-field, are not cleared.

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

Address Registers After Operation.
I-Add. Reg. A-Add. Reg.
NSI A-Ly

B-Add. Reg.
Bp-La

Example. Load the following three fields: EMPYNO,
DEPTNO, and TAXCLS with their word marks to
sequential locations, beginning at area labeled
PRINT1 (0204). Assume that the B-address register
is standing at 0209 (Figure 56).

A-label  A-actual B-label  B-actunl
uddress address
Employce
number EMPYNO 0101-0104 0201-0204
Department DEPTNO 0108-0110 0203-0207
Tax Class TAXCLS 0114-0115 PRINTL 0208.0209
5PS
ARl CRERAND [L1R 2TT ]
LiE|eouet e abonCEs |1 T H 1opetys |:| P EN
B, 0) A L. [LEATANC LS | PRINTL | | |
arel |, [LCAPDELTNG | e ik
sy 6] | L L EEAEMPY N0 | A
Auvtocoder
Labal paratk GPERAND
0 3 a ag 50
L JLCHATAXCAS  PRINTT ., e
..... L LOWAREPTNO v iy
: ML WAEMPY N
Assembled Instruction: L 115
L 119
L 104

Figure 56, Load (Single-Address)




Editing

Editing, in the mar 1401 Data Processing System,
means punctuating printed output data, and includes
the automatic control of zero suppression, and the
insertion of identifying symbols. A single edit instrue-
tion causes al} desired commas, decimals, dollar signs,
asterisks, credit symbols, and minus signs to be auto-
matically inserted in a numerical field. At the same
time, unwanted zeros to the left of significant digits are
suppressed {Figure 57).

QP  Aaddress B.address
Edit instruction E 789 306
A-field (deta)  8-field (control word)

Storage 00257424 $ bbb, bbO.bb & CR &**
8-field
Result of edit 00257426 $ 2,574.26 b

Figure 57. Editing

In editing, two fields are needed: the data field, and
the control field. The control field governs how the
numerical information in the data ficld is to be edited.
It not only specifies the location of identifying symbols,
but alse controls the printing of zeros. The two fields
are compared, character-by-character, under control of
editing rules.

The control word has two parts: the body (which
punctuates the A-field), and the sfatus portion (which
contains the dollar sign, sign-symbols, and class of
total asterisks). The sign of the A-field determines
whether or not sign-symbols will print. The sign of the
A-field is removed.

To edit a field, a LOAD CHARACTERS TO A WORD MARK
instruction loads the control word into the printer out-
put area. This puts the control word where the edited
information will eventually go. Then, a Move CHag-
ACTERS AND EDIT instruction (with the same B-address
as the previous load instruction) performs the editing
function as it moves the data to the output area.

Note: A one-position ficld cannot be edited.

Maove Characters and Edit

Instruction Format.

Mnemonic Op Code A-address B-udldress
MCE E XXX XXX

Function. The MOVE CHARACTERS AND EDIT instruction
modifies the data in the A-field by the contents of
the edit-control word in the B-field, and stores the
result in the B-field. The following set of rules con-
trols the editing operation.

Rule 1. All numerical, alphabetic, and special
characters can be used in the control word., How-
ever, some of these have special meanings:

Control Function
Character
b {blank} This is replaced with the character from

the corresponding position of the A-field.
0 (zero) This is used for zero suppression, and is
replaced with a corresponding character
from the A-ficld. Also the right-most "0
in the control word indicates the right-
most limit of zero suppression.

This remains in the edited field in the
position where written, It is removed
during a zero-suppress operation i #
is to the left of the high-order significant
digit. When used with the expanded print
edit feature, it has an additional function
{see Expanded Print Edit).

. (clecimal)

This remains in the edited field in the
positicn where written. It is removed dor-
ing 2 zero-suppress operation if it is to the
left of the high-order significant digit.

, (commal

CR ({credit) This is undisturbed if the data sign is
negative, It is blanked out if the data sign
is positive, It car be vsed in body of con-
trol word without being subject to sign

vontrol.
~ {minus) This is the sume as CR.

This causes a space in the edited field. It
can be vsed in multiples.

& (ampersand )

* {asterisk) This can be used in singular or in mul-
tiples, usually to indicate class of total.
When it is used with the expanded print
edit feature, it takes on an additional

function {sec Expanded Print Edit).

This is undisturbed in the position where
it is written. When used with the ex-
panded print edit feature, it has an addi-
tional function (see Expanded Print Edit).

% ( dollar sign}

Rule 2. A word mark in the high-order posiuon
of the B-field controls the MOVE CHARACTERS AND EDIT
operation.

Rule 3. When the A-field word mark is sensed,
the remaining commas in the control field are set
to blanks.

Rule 4. The body of the control word is that
portion beginning with the right-most blank or zero,
and continuing to the left to the control character
that governs the transfer of the last position of the
data field. The remaining portion of the control field
is the status portion.

Rule 5. If the data field is positive, and if the
CR or — symbols are located in the status portion
of the control word, they are blanked out.
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PUT
ADDRESS BACK
Cycle| TYPE OF REGISTERS REG. INTQ “B* FIELD REMARKS
CYCLE I A B B | A |STORAGE AT EMD OF CYCLE

1 1op 002 ? ? £ E $bbb.bb0.bB&CRE*™ Read Instr, OP Code
2 Iy 003 | O7bb | D7BL | 7 | 7 7 same Load A Address Register
3 le 004 ) 078L | 078 | B | 8 8 same Load A Address Register
4 Iz 005 | O7B¥ {0789 | 9 | ¢ ¥ same Lload A Address Register
5 1 006 | 0789 | 03bk{ 3 | 2 3 sume Load B Address Register
[ I 007 | O78% | 030b | 0D | 0 0 same Load B Address Register
7 la Q0B | OFB% | 030D | O | O 4} wme Locd B Addrexrs Ragister
8 I Q08 | 0789 | 0300 | OP| O OP same OP cude of next instr.
9 A 008 | 0768 | Q30O [ & | & & same Execute EDIT instr.

10 B 008 ; O78B [ 0299 | * ] & * same Rule T

11 B 038 | 0788 | 029B | * | & * same Rule 1

12 B 008 | 0788 | 0297 | & | & Blank bbkb,bb0.bh&CRb** Rule 1

13 B 008 | 0788 | 0296 [ R | & Blank [$bbb,bb0O:bb&ChH** Rule 1 and §

14 B 008 | O788 10295 (C | & Blank bbb,bb0.bb&bbb™** Rule 1 and 5

15 B 008 | O7BB [ 0294 | & | & Blank bbbh,bb0.bbbbbb** Rule 1

14 B 008 | G788 | 0293 | b | & & bbh,hbb0.bébbbhb** Rula 1

17 A 00B | O787 | 0293 | 2 | 2 2 same Rule 1

18 B Q08B | 0787 | 0292 | b 1 2 2 $bbb,bb0.26bbbb** Rule 1

19 A 008 | 0785 | 0292 | 4 | 4 4 same Rule 1

20 B G0B | 0786 | 0291 (. | 4 same Rule 1

21 B 008 | 0788 0290 | O | 4 4 bhb,bb4.26bbbb** Zero Suppress—Rulel and & -

22 A g08 | 0785 | 0290 | 7 | 7 7 same Rule 1

23 B O0B | O7B5 | 0289 | b | 7 7 $bbb,b74.26bbbb** Rule 1

24 A Q08 | 0784 | 0289 { 5 | 5 3 same Rule 1

25 B 0DB { 0784 | 0288 | b | § 5 é_bbb,5?4_‘2bbbbb*' Rule 1

25 A 0o | o783 | o288 | 2 | 2 2 same Rule 1

a7 B 008 | 0783 | 0287 | , 2 . same Rule 1

28 B 008 | 07682 | 0286 | b | 2 2 $bh2,574.26bbbb** Rule 1

29 A 008 | 0782 | 0286 [ 0 1 0O o same Rule 1

0 B Q08 | 0782 [ 0285 | b | D 0 $b02,574.26bbbbh** Rule 1

3 A 008 | 0781 | 0285 |0 | O ] same Rule 1

32 B 0pB | 0781 | 0284 | b | O 0 $002,574.26bbbhb*" Rule 1

33 B Q08 1 D76 | 0284 15 [ O $ $002,574.26bbbb™* Sense Word Mark—Rev. Scan—Rule 1 and 6
34 B 008 ] 0781 | 0285 $ [ O $ same Rule &

35 B BO8 | O78T } 02B6 | 0 | O Blunk [$b02,574.26bbbb** Rule 6

36 B 008 | 0781 | 0287 | O | 0 Blank |$bb2,574.26bbbb™** Rule &

37 B 008 | 0781 | D288 2 | 0 2 same Rule 6

38 B 008 | O78Y | D289 [, | Q N same Rule &

39 B 008 | O7B1 | 0290 | 5 | O 5 some Rule &

40 B QU8 | O7BY | 02?1 | 7 | € 7 same Rule &

41 B 008 | O781 { 0292 | 4 | O 4 $bb2,574.26bbbb"™* Rule &

Figure 58. Step-by-Step Editing Operation
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Adfeld 0010900 2, When the automatically-set zero suppression
Control word (B-field) $ bb, bb0. bb word mark is sensed, it is erased and the operation
antr - = hy .

s
Forward scan $ 00,109.00 ends.
Reverse scan $ bbb109. 00 Rule 7. The data field can contain fewer, but
Results of edit $  109.00 must not contain more positions than the number

of blanks and zeros in the body of the control
word. Dollar signs and asterisks are included in the

Figure 59. Zero Suppression
g ep body of the contrel word with the expanded print

Rule 8. Zero suppression is used if unwanted edit special feature.
zeros to the left of significant digits in a data field Figure 58 shows the use of these rules as applied
are to be deleted {Figure 59). to the data in Figure 57.

A special zero is placed (in the body of the con-  1iming. T = .0115 (Ly + 1 + La + Ly + Ly) ms.

trol word) in the right-most limit of zero suppres-  Address Registers After Operation.
sion.

I-Add. Reg. A-Add. Reg. B-Add, Reg.
. . Without zero NSI A-address minus the B-Ln
To properly perform zero-suppression operations suppression length of the A-field.
there must be at least one character to the left of ) . .
. i With zero NSI  A-address minus the Location of
the zero-suppression character in the control word. . syppression length of the A-ficld.  the special

control  zero
Forward Scan: plus 1.
1. The positions in the ouptut field at the right of Exc;lmpl(el.. Edit tllle daga Ia]l;gngCRgI;tY (0985) EY
this special zero are replaced by the corresponding the e it-control wor E : T (0325). Store the
digits from the A-feld. result in PRINT6 (0250), Figure 60.

2. The special zero is replaced by the correspond-
ing digit from the A-field, when it is detected in

5PS

the control field. (41 oPERE NG (41 GREREND i
3.. A word mark is automatically set in this posi- PSP DN 125 Y 1 XX R Eaae il A -]IE'“:‘_‘—:I:
tion of the B- {output) field. T N MCEBROPAY! | . | IPRINTL 1) ]
4. The scan continues until the B-field { high order)
word mark is sensed and removed. Auvtoceder

H S . ’ A Lakal I‘pamﬁz ) " 3 1 w ?&ER}AND 2
euerse scan: A LOWAEQCONIGPRINTG oo o o0
L. In the output field, blanks replace all zeros and i IACE, YoPRUNTG
punctuation, except hyphens at the left of the first Assembled '“‘""“i““:% 3:: ;:g
significant character {up to and including the zero =
suppression code position ). Figure 60, Edit
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Input-Output Operations

This section describes the timing and operation codes
the 1401 uses to control card reading, card punching,
and printing. Several, different, combination operation
codes make it passible to perform multiple functions:
card reading and punching; printing and reading;
printing, reading and punching; etc. Instruction format
flexibility permits automatic program branching.

Card Read Instructions

The card reader operates at a rated speed of 800 cycles
per minute {one cycle every 75 milliseconds). The card
reading speed depends on the timing of the READ A cARD
instructions in the program. To effect continuous card-
reading at the rate of 800 cards per minute, a READ A
caRD instruction must be given within 10 milliseconds
after the preceding card has been actually read into
the 1BMm 1401 Processing Unit. If more than 10 milli-
seconds are required for processing, the card read
speed drops to 400 cards per minute. This happens
because of the mechanical structure of the card feed.
There is only one point in the cycle during which a card
can feed, and if no read impulse signals the feed at
that time, the reader will be delayed for 75 milliseconds

Timing. T = 0115 (L; + 1) ms + I/0,

A card read cycle requires a total of 75 milli-
seconds. The cycle is divided into three major opera-
tions ( Figure 81 ):

1. Read start time is 21 ms, The read instruction
must be given prior to card reading time in order
to activate the card feed for that particular cycle.
If the read instruction is given too late in the cycle,
processing is delayed until the next card reading
time occurs in the following read cycle. The proc-
essing unit is interlocked during read start time un-
less the read release special feature is installed.

2. Card read time is 44ms. The actual reading of
the card takes place during this part of the cycle
and the data is read into core storage., The process-
ing unit is interlocked during card reading time,

3. Processing time is 10 ms. This part of the cycle
is for processing. If processing time requires more
than 10 milliseconds, the reader speed drops from
800 to 400 cards per minute.

Note. The processing time allowed is increased if the
read release special feature is included in the system
{see Read Release).

Address Registers After Operation,

I-Add. Reg. A-Add, Beg. B-Add. Reg.
(or until the same point in the following cycle). NSI Ap 081
The read release special fcature permits job time  Example. Read a card ( Figure 62).
improvements by allowing more actual processing time
during the read cycle. s
LAY OFERA W AN oFIRARD
Reud a Curd . Lt .:ouul . LAAIL i aonaces |.:‘| :x: E,. aonersy .‘E :‘.:: :’::
. . AR NN NN
Instruction Format.
Mrlegom‘c Op (ll'ode Autocoder
- Libel rail CPERAND
. . k1] 19 45 8
Function. This code causes a card to feed, and causes N i
all 80 columns of information to be read into core- Acsombled Instroction: 1
. truction:
storage locations 001 through 080. stemblec Tnitroction: 2
Word Marks. Word marks are undisturbed. Figurec 62. Read Card
CARD READING
800 CARDS PER MINUTE {Assume that operation code “1* was given during previous cycle)
- 75ms »>|
21 ms 1. 44 ms b
" Read Start Time 1 Card Reading A 10 ms
Pracessing
Time
The Read Stort Time may be used a3 Process Time
if the “Read Release™ Option is employed.

Figure 61, Card Read Cycle
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Read and Branch

Instruction Format,

Mnemonic
B

I-address

Op Code
1 XXX

Function. This is the same as the READ A CARD instrue-
tion, except that the next instruction is taken from
the I-address instead of from the next sequential
instruction address. The program branch occurs
after the card has been read into storage.

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

Address Registers After Operation.

I-Add. Reg. A-Add, Reg. B-Add. Reg.
NSI BI 081

Example. Read a card, and branch to CALC1 (1300},
Figure 63.

5PS
[DR- {1 (LI T
LR oMt LAREL = w|d
ety s| s g anpaesy H vl
: T ale e A I 7] et 1YY
el 1 TR TEALET T
Autocoder
Lobal parat OPERAMD
-3 £} L+
— ] Lot s N PN

Assembled Instruction: 1 VOO

Figure 83. Read Card and Branch

Punch Instructions

The card punch operates at a rated speed of 250 cycles
per minute (240 ms per cycle). Actual card punching,
at an optimum rate of 250 cards per minute, is con-
trolled by punch instructions in the program.

There are four points in the cycle {occurring at 60
millisecond intervals) when the punch feeding mech-
anism can receive an impulse to stast the punch cycle,

The punch cycle is divided into three separate func-

tions { Figure 64).
1. Punch start time is 37 ms. After the feed mechanism
has been impulsed, the time required for the card
to feed and be positioned for punching is called
punch start time, The 183y 1401 Processing Unit is
interlocked during punch start time unless punch re-
lease special feature is employed.

Card punching time is 181 ms. The actual punch-

ing of the card takes place during this part of the

cycle, The 1B:m 1401 Processing Unit is always inter-
locked during card-punching time.

3. Processing time is 22 ms. This is the remainder of
the punch cycle that is allotted for processing in the
1401 unit.

If the punch release special feature is used in the
system, a total of 59 ms are available for processing
(see Start Punch Feed). In a system with the punch
feed read special feature, 57 ms are available for
processing.

During card-punching time, the card feeds past the
punch station 12-edge first. At the appropriate digit
times, the information from storage locations 101-180
is emitted in BCD code; is translated into mBnM card
code; and is punched in the corresponding card col-
urnns. The information in the storage punch area (101-
180} is undisturbed, and can be removed by a cLEar
STORAGE instruction.

ro

Punch a Card

Instruction Format,

Mnemonic Op Code
P 4

Function. The data in storage locations 101 through
180 is punched into an 1837 card.

CARD PUNCHING

250 CARDS PER MINUTE {Assume that operation code 4" was given during previeus cycle)

The Punch Start Time moy he vsed as Process Time
if the *Punch Release™ Option is employed.

- 240 ms —“—"I
Z >« 181 o 22 s
Punch Start Time | Funching ;
Processing
Time

Figure 64. Punch Cycle
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Word Marks. Word marks are not affected.
Timing. T = .0115 (L; + 1) ms + 1/O,

Address Registers After Operation,

I-Add. Reg. A-Add. Reg. B-Add. Beg.
NSI Ap 181

Example. Feed a card, and punch { Figure 65).

1) colmamg ANk O ALND

g (eomT LAML

+ CHAE,
™ Ay

CHAN,

Frrnt g
w2

i

ADORENS 1
14!

3 1 P ulm 1 A ()
Ll

T
LI 3 B R A PP S T S R KR

Assembled Instruction: 4

Figure 65. Punch

Punch and Branch

Instruction Format.
Mnemaonic Op Code I-address
P 4 XXX

Function. This is the same as the PUNCH A caRD in-
struction, except that the next instruction is taken
from the I-address instead of from the next sequen-
tial instruction address. The branch occurs after the
card has been punched.

Word Marks. Word marks are not affected.
Timing. T = .0115 (L; + 1) ms + 1/0.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI Bl 181

Exgmple. Punch a card, and branch t¢ STARTI
(1758), Figure 66,

5P5
T4 OPERAND NF ORERLND

e ecumt LA a| emsk |2 s oun s d
3 11 e I wl tonn l;\[ il L1 1 B PR LT
ool 1 L IETRTAeTL | ., . i
Autocoder

Lebel # OPERAND
M k1] AL A3 20
L TARTL . . - R

Assembled Insiruction: 4 X58

Figure 66, Punch and Branch

Print Instructions

The 18BMm 1403 prints at a maximum rate of 600 lines per
minute. When a WRITE A LINE instruction is interpreted
the data in the print area (addresses 201 through 300
in the basic mm 1403, and addresses 201-332 in a 1403
equipped with additional print positions} is trans-
ferred character-by-character to the printer. The
printer spaces once after each line is printed, unless
impulsed to do otherwise. The printer operates only
when impulsed to print. Thus, the print cycle is started
when needed and the printer immediately starts to
print at the beginning of the eycle. The 100-millisecond
print cycle is subdivided {Figure 67).

1. Print time is 84 ms. The line is printed during this
part of the cycle. The 1snm 1401 Processing Unit is
interlocked during print time unless the print stor-
age special feature is employed.

2. Process time is 16 ms. This is the normal processing
time available during the print cycle (see Print
Storage).

3. Form movement time is 20 ms. The normal form
movement time (one space) is always overlapped
by processing time. Skipping time is not overlapped
and must be included in the calculation of total
program time.

An internal check is performed to insure that the
character set up at the print mechanism is the same as
that sent from storage.

PRINTING
600 LINES PER MINUTE {Assume that operafion code #2" was given during previous cycle)

- 100 ms >

16 ms
5 84 ms :': Processing ——j-

Printing J Time

20 ms
Form Movement

Figure 67. Print Cycle
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Write o Line

Instruction Format.
Afnemonic
W
Function. This instruction causes the data in the print
area to be transferred to the printer. The program
continues after printing is complete. The printer
takes cne automatic space after printing a line.

Op Code
2

Word Marks, Word marks are not affected.
Timing. T = 0115 (L; + 1) ms -+ 1/0.

Note. The normal 84 ms-interlock during printing can
be greatly reduced, if the print storage special fea-
ture is installed (see Print Storage).

Address Registers After Operation.

I-Add, Reg. A-Add. Reg. B-Add. Reg.
NSI Ap 335
333 {print storage)

Example. Print the data in the print area { Figure 68).

SFS
[a1 oPERLND Ly QR ERARD

LINEeouT L abanes |+ oo H wonens - vl S b
: rlqlll’l I!;! Illl! : " zrlam Il4' E IR
Avlocoder

Lobel ulflyp‘,mnu%L OFERAND

s l 2 23 30 T S | MY " M-

R ol . s

Assembled Instruction: 2
Figure 68. Print
Write and Branch
Instruction Format,
Mnemonic Op Code I-address
W A XXX

Function. This is the same as the WRITE A LINE in-
struction, except that the next instruction after
printing is taken from the I-address.

Ward Marks. Word marks are not affected.
Timing. T = .0115 (L; + 1) ms + 1/0.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSIL BI 335
333 ( print storage}

Example. Print, and branch to STREC (0678) for the
next instruction (Figure 69).

PS5

4l OPERaNg 4] prEALMD
LINE  [couat (X118 o | tism, |s o e s 4
1 L10] e a3hia Y0 seaartt 121 AR C.l' L] e ]!Q s !-l E1]
PO A I LSTREL VL, P
Avtocoder
Label parati CPERAND
1] 1] 30 40 L |- B
i W . LeER | | .

Assembled Instruction: 2 678

Figure 69. Print and Branch

Write Word Marks

Instruction Format.

Mnemonic Op Code d-character
SPS W 2 P
A WM

Function. The word marks associated with storage ad-
dresses in the print area print as the digit 1 in the
corresponding print positions. After printing, the
machine takes an automatic space, unless otherwise
impuised. The O causes the word marks to be trans-
ferred to the printer.

Word Marks. Word marks remain in their original
positions in the print area.

Timing. T =.0115(L; + 1) ms + I/0.

Address Begisters After Operation

I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI dbb 335
333 ( print storage )

Example. Print all word marks in the print area (Fig-
ure 70).

&5PS
EnDSFIRARD ] gpErind
Lise Jcouar [ o] v |2 2] ean |g|Y
3 LI 1. 13114 L) ronnens o g l'l' 1] ki |l| s ; | 1]
o, 1 e A L R . M H - Ll
Autocoder
Labat rafi OPERAND
3t F 42 5
: AxN N PPN

Assembled Instruction: 2 I

Figure 70. Print Word Marks
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Write Word Marks and Branch

Instruction Format.

Mngmonic Op Code I-address d-character
SPS W 2 XXX i
A WM

Function, This is the same as wRITE WORD MARks (2 [1)
instruction, except that the next instruction is taken
from the I-address instead of from the next sequen-
tial instruction,

Word Marks, Word marks remain in their original
positions in the print area.

Timing. T = 0115 (L; + 1) ms + /0.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI BI 335
333 ( print storage)

Example. Print word marks, and branch to RESTAR
(0890), Figure 71.

SPS

(1) ornisy (1) oeraann
\ L 'f"':. Lasr. ol . roves i ?'“" ;3' atoreyn ’2‘ :': ;g:i
P W TIRESTAR ¢+ 1. ... i L}

Assembled Instruction: 2 890 [

Figure 71. Print Word Marks and Branch

Combination Instructions

It is often practical to combine two or three input/
output functions in one instruction. Several special
operation codes are provided to make it possible to
perform some operations simultaneously. Each com-
bination instruction has a corresponding instruction
that permits automatic branching to a predetermined
instruction address after the functions are complete.

Write and Read

Instruction Format.

Muemonic Op Code
WR 3

Function. This instruction combines the functions of
READ A cARD (1) and waite A LiNe (2). The printer
takes priority, and the print cycle is completed

48

before the actual card reading operation takes place.
However, the signal to start the reader can be ac-
cepted before the end of the print cycle. Thus,
read start time overlaps the print cycle.

Word Marks. Word marks are not affected.
Timing. T = 0115 (L; + 1} ms + 1/0.

Note. If the system is equipped with the print storage
special feature, the read operation can be per-
formed as soon as the data is received in print
storage.

Address Registers After Operation.
I-Add. Reg. A-Add. Reg. B-Add. Reg.
N8I Ap 081

Example. Print a line, and read a card Figure 72.

SPS
Eh) OFERRRD (M1 g™ERARS
i [coumt L ARCTEE AL
' ala sls ) el Loomen ;] Al Aoaries I;[ i 1T
PIUISS W T HFEER . i
Avtocader
Leiwl 1 CQPERAND
1 k] ] 1] L1 4

Assembled Pnstruction: 3

Figure 72, Print and Read

Write, Read, and Branch

Instruction Format,
Mnemonic Op Code I-address
WR 3 XXX

Function. This is the same as the WRITE AND BEAD in-
struction, except that the next instruction is taken
from the I-address.

Word Marks. Word marks are not affected.
Timing. T = 0115 (L + 1} ms + 1/0.
Address Registers After Operation.
I-Add. Reg. A-Add. Beg. B-Add. Req.
NSI BI 081

Example. Print a line, read a card, and branch to
CALC2 (0759), Figure 73.



5P5
10 ortiazg I cFLeunD
1] - L1 :ow: L] o o fie L1004 Lot .:l ?: l-:; Lewu : "1:. E :
wiye e WRTCALEE, T, N, A
Autpcoder
Lobel H. OPERAND
= -] L+ -
ol WA CALLZ | s .

Assembled [astruction: 3 759

Figure 73. Print, Read, and Branch

Read and Punch

Instruction Format,

Mnemaonic Op Code
BP 5

Function. The functions of Reab A carp (1) and runcu
4 caBp (4) are combined in this operation code.
The two operations overlap and, in effect, occur
simultanecusly.

Word Marks. Word marks are not affected.
Timing. T = 0115 (L; + 1) ms + 1/0,

Address Registers After Operation.

I-Add. Aeg. A-Add. Reg. B-Add. Reg,
NSI Ap 181
or
081

Note: The B-address register normally stands at
181 unless reading is completed after punching.
In this case the B-address register contains 081.

Example. Read a card into the input area, and punch
a card with informatien from the punch area (Fig-
ure 74).

Read, Punch, and Branch

Instruction Format.

Mnemonic Op Code I-address
. RP 5 XXX

Function. This is the same as the READ AND PUNCIH in-
struction except that the next instruction is located
at the I-address.

Word Marks. Word marks are not affected.

Timing. T = 0115 (L; - 1) ms + 1/0.

Address Registers After Operation.

L-Add. Reg. A-Add. Beg. B-Add. Reg.
NSI BI 181
or
081

(See note under Read and Punch.)

Example. Read, punch, and branch to WORKS (0596),
Figure 75,

5FS
1a prteang 8] oFERIRD [
Linf  [COukT LRI ¥ [LTT % 4.\ * L= LA ] d
a2 als  alw ula 1 B ey P i sem 3l A .ilg
B, r, 0 TN B 1 | P ‘
Autacoder
Ll ¥ QFERAND
el s 3 @ a2 so
e (4 AKS P

PS5
141 oPERAND | ) pALD
[T LARIL 5[ cman |2 A <
R AN v A A I RS B
e 1,0 . RF . P . PPN -
Autocoder
Label raH. OPERAND
L 18 30 38 ag a3 7]
Ll

Assembled Instruction: 5

Figure 74. Read and Punch

Assembled Instruction: 5§ 594

Figure 75. Read, Punch, and Branch

Write and Punch

Instruction Format.
Mnemanic Op Code
WP 6

Function. This code combines the waire Ao LiNe {2)
and PUNCH 4 CARD (4} instructions. The printer al-
ways operates first, but the signal to start the punch
is automatically given before the end of the print
operation, so that actual card punching starts soon
after the print cycle is complete.

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

Note. If the print storage special feature is installed,
the signal to start the punch is received shortly after
the transfer of data to the print storage area.
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Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg,
NSI Ap 181

Example. Write a line, and punch a card (Figure 76).

5PS
{4) prtaang [ N1 oPEREND
’ Ling . :ou: . LaiL Sz E.. ] R . ?:: ,il,. J— :. :::ll. E,d,
R N Wwe ], L, Pl |
Autocoder
Label ] CPERAND
! 1 A0 1] 40 11 2
1 W ;
Assembled Instruction: &
Figure 76, Print and Punch
Write, Punch, and Branch
Instruction Format,
Mnemonic QOp Code T-address
wp il XXX

Function. This is the same as WRITE AND PUNCH, €x-
cept that the program branches automatically to
the location in the I-address after punching is com-
pleted.

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

Note. If the print storage special feature is installed,
the signal to start the punch is received shortly
after the transfer of data to the print storage area.

Address Registers After Operation.

1-Add. Reg. A-Add. Reg.
BI

B-Add. Reg.
NSI

181

Example. Read, punch, and branch to AREAS (0895},
Figure 77.

5PS
141 petmLrg [ T80 oraLND
Limt |edumt LN tentss + ‘:: EI R ]: c:u.. ¢ ad
el (1 WP AREAR Tt T, L i
Auvtocoder
Label g OPERAND
1 1k 13 L] 43
AN YA 4 REAS.

Assembled Instruction: & 895
Figure 77. Print, Punch, and Branch
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Write, Read, and Punch

Instruction Format,
Mnemonic Op Code
WRP 7

Function. Printing, reading, and punching operations
are performed when this command is given. The-
printer takes priority, and the reading and punch-
ing cycles start before the end of the actual print
operation.

Word Marks. Word marks are not affected.
Timing. T = 0115 (L, + 1) ms + 1/0.

Address Registers After Operation.

I-Add. Reg. A-Add, Reg. B-Add. Reg.
NSI Ap 181
or
081

(See note under Read and Punch.)

Example. Write, read, and punch ( Figure 78).

(R OPERIEG (LR

apaar g e 2 RAEALIR |t LR
T3 1

LIL CoLuT L

tILLN

v n A, b

Assembled Instruction: 7

Figure 78. Print, Read, and Punch

Write, Read, Punch, and Branch

Instruction Format.

Mnemonic Op Code I-gddress
WRP 7 XXX

Function. This is the same as WRITE, READ, AND PUNCH
except that the next instruction, after punching is
completed, is taken from the I-address.

Word Marks. Word marks are not affected.
Timing. T = 0115 (L; + 1) ms + 1/0.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI Bl 181
or
081

(See note under Read and Punch.)



Example. Branch to ROUT4 (0980} after a line is
printed, a card is read, and a card is punched (Fig-
ure 79).

Example. Enter the last card read into pocket 1 { Fig-
ure 80).

5PS SPS
Lh) DRERARD AN Grfmanp (L] PIAARD (LN TT 1T
LRE  [comwaT LAREL 2| et |2 <] o 2] ¢ M |couat LAKIL 2| o |3 Yy . [z
a 10] L] 1314 L toentn :’ i :‘ L] s l-! el ; n L] e Ll L] ] L3 Loeet I b :f L] et ;l ::n‘- Fi
e v,el o s \\&_g-ﬁ ot Y [, PP B B LYY B B IS.S! s NP T < N F
Autocoder Avtocoder
Lobel ral OPERAND Lokl rat OPERAND
39 ) LT3 L -1 -4 [ . U H 3o R 1] 43 -
P R Q.U,T“!I al 5 1 . N PP M

Assembled Instruction: 7 98O
Figure 79. Print, Read, Punch, and Branch

Document Control Instructions

Select Stacker

Instruction Format.

Mnemonic Op Code d-character
sS X x
Function. This instruction causes the card that was

just read or punched to be selected into the stacker
pocket specified by the d-character:

d-character Feed Stacker Pocket
1 READ 1
2 READ B/2
4 PUNCH 4
8 PUNCH 8/2

Read Select. A sELECT STACKER instruction must
be given during the first 10 ms after actual card
reading is completed. Otherwise the command is
ineffective. After a card is read, it continues to the
stackers without stopping. Therefore, if no seLEcT
STACKER signal is received within the next 10 ms the
card stacks in the norRMAL stacker (nn). Read select
instructions cannot be used following re and wre
instructions because the select signal cannot be given
within the prescribed 10 milliseconds.

Punch Select, The SELECT STACKER instruction is
effective if given at any time between two PUNCH A
carp instructions. However, if 2 punch check occurs,
the error card is directed to the NommaL (nr)
stacker.

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

Address Registers After Operation.

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

B-Add. Reg.
dbb

Assembled Instruction: K 1

Figure 80. Sclect Stacker

Select Stacker and Branch

Instruction Format,

Mnemonic Op Code T-address d-character
SPS 88 X XXX X
A SSB

Function. This is the same as SELECT STACKER, except
that the next instruction is taken from the I-address.

Word Marks. Word marks are not affected.
Timing. T = .0115 {L; 4+ 1) ms.

Address Registers After Operation.

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

B-Add. Reg.
dbh

Example. Select the last card punched, enter it in
pocket 4, and branch to ROUTS (0950) for the next
instruction (Figure 81).

SPS
[ 140 OFLRARE | D) DeLNARD
L |coumr (L1 mmﬂ:l-ﬁ - o enmn gl_ J— o woar Jaid
b afs = i ulin al "™ laln P ] Y
T R ST HoV.Ty, | . e 1A
Avtocader
Labat parati COPERAND
29 At 1] LH 50
il %) Oﬂrj)ﬁ‘, RN O
Assembled tnstruction: K P50 4
Figure 81, Select Stacker and Branch
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Control Carriage

Instruction Format,

Mnemonic Op Code d-character
CC F x

Function. This instruction causes the carriage to move
as specified by the d-character. A digit causes an
immediate skip to a specified channel in the car-
riage tape. An alphabetic character with a 12-zone
causes a skip to a specified channel after the next
line is printed. An alphabetic character with an 11-
zone causes an immediate space. A zero-zone char-
acter causes a space after the next line is printed.
The table {Figure82}. shows the function of the
d-character. If the carriage is in motion when a
CONTROL CARRIAGE instruction is given, the pro-
gram stops until the carriage comes to rest. At this
point, the new carriage action is initiated, and then
the program advances to the next instruction in

storage.
}ord Marks. Word marks are not affected.

Timing. T = .0115 {L; 4 1) ms plus remaining form-
movement time, if carriage is moving when this
instruction is given. The form-movement time is de-
termined by the number of spaces the form moves.
Allow 20 ms for the first space, plus 5 ms for each
additional space.

d Immediate skip to d Skip after print to
1 Channel 1 A Channel 1

2 Chanrel 2 B Channel 2

3 Channel 3 C Chonnel 3

4 Channel 4 D Channel 4

H Channel 5 E Channel 5

& Channel & F Channel &

7 Channel 7 G Channel 7

B Channel 8 H Chonnel 8

4 Channel 9 | Chanrel ¢

0 Channel 10 ? Channel 10

¥ Channel 1) . Channel 11

w Chonnel 12 wl Channel 12

o Immediate space d After print-space
J 1 space / 1 space

K 2 spoces S 2 spaces

L 3 spoees T 3 spoces

Figure 82. d-Characters for Forms Control
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Address Registers After Operation,

I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI ] dbb dbb

Example. Skip to channel 1 after print {Figure 83).

SPS
10) priRans 191 GFERLND
LINE  {caunt] LA o o |2 s o |2 d
3 ae rle pla e out P I T T tromm sal "% |Gl
PYPEYS WP I [ N N :
Autocoder
Lobel peroti OPERAND
30 ] A A3 &0
N W e .

Assembled [nstruction: E A
Figure B3. Forms Contral

Control Carriage and Branch

Instruction Format.

Mnemonic Op Code I-address d-character
SPs CC F XXX x
A CCB

Function. This format of the CONTROL CARRIAGE in-
struction causes a program branch to the location
specified by the I-address for the next instruction
after interpretation of the d-character.

Word Marks, Word marks are not affected.

Timing, T = 0115 (L; + 1) ms plus remaining form-
movement time, if carriage is moving when this
instruction is given. The form-movement time is
determined by the number of spaces the form
moves. Allow 20 ms for the first space, plus 5 ms
for each additional space.

Address Registers After Operation.,

1-Add. Reg. A-Add. Beg. B-Add. Reg.
NSI BI dbb

Example. Skip to channel 1 immediately, and branch
to START3 (0498) for the next instruction (Fig- -
ure 84).

SPS
ARl DFERARG L) GPERARE

s [edumd (L1118 [P |:| ;:: g . |:| ::;: E d
3 als bl ] LY (L1004 £)] 1T 3s! kL]
el 1. O ETARTAI L T LR
Avtocader

Lobel ratt OPERAND
w 30 40 C | S
Ll ch TARY®. L . i
Assembled Instruction: F 498 1

Figure 84. Forms Control and Branch



Page 52 — Control Carriage instruction, add:

Note: Care should be tzken when punching channels ¢ and 12 of the carriage control
tape on a system with the print storage feature to insure that these punches will
net be ignored by line spacing (single, double, or triple). This is necessary
hecause the next tape channel sensed resets the channel 9 and the channel 12
indicators. The next hole punched in the carriage tape following a $- or 12-
punch should be at least 1 + S spaces from the 9- or 12-punch (5 equals number
of lines heing spaced).

When an immediate skip or immediate space instruction is used, an
additional space caused by the automatic carriage space taken after printing
results, When a skip after print or space after print instruction is used, the
automatic space is not taken.



An important feature in economical processing of busi-
ness data is compaét storage. A magnetic tape reel
(10¥z inches in diameter} contains 2,400 feet — enough
tape to record as many as 14,000,000 characters. The
tape itself is a ribbon, Y2-inch wide, coated with a
magnetic oxide material. Tape reels can be easily
stored or transported from one installation to another.
Also, magnetic tape records have gained wide accept-
ance as legal documents.

Tape Tape Tope Tops
Unlf U|1|| Unll Unll

Magnefic Tape

Tope
Umf

1401
Processing

L
Madel C ond E

1403
Printer

Printed
Qutput

Figure 85. Data Flow Schematic, a 1401

Magnetic Tape

Data Flow

The 18n 1401 system accepts data from punched
cards, magnetic tape, or both. Information is read into
the system, rearranged, calculated, and edited by the
stored program. Output can be in the form of punched
cards, magnetic tape, or printed reports. )

The 1401l Model D is not equipped with an 1Ba
1402 Card Read-Punch ( Figure 85}.

All data passes through 1401 core storage, where a
series of validity checks insure accuracy and reliability.

Magnetic-Tape Characteristics

The magnetic-tape recording code used with the 1B
1401, is the same binary-coded-decimal code used with
other 1831 data processing systems. This compatibility
permits interchanging tapes between installations that
employ different 18M systems.

Data is recorded in a seven-bit code, in seven
paralle] channels along the tape. Figure 86 shows tape
characters and their corresponding codes.

Records are separated from each other by approxi-
mately 34 inch of blank {unrecorded) tape, called an
inter-record gap.

Each tape character is composed of an even number
of magnetic bits. A check bit (labeled C in Figure 87}
is written if the number of bits in the other six positions
is odd. An even-parity check on each character insures
accuracy for tape-read and tape-write operations.

In addition to this vertical parity check, a horizontal
check ( HC in Figure 87) is made on each record. The
bits in each horizontal row are automatically counted

s LB
- =
t3%3 8:
gz"r’:u &
2o T
CODES a8a% 25
¥R6uz 2%
1
0123456789 ABCPDEFGHI JKLMNOPGRSTUVWXYZ& -TI—§ */ %#@é"’f'i"d?l#‘:
c| Iu|m| |m aln| |m(m| [m ] w| (== | [a] [w|m u || (8] = ajn| |» ajs] [mim }Check
B Il.l..ll...lllll.l‘ LA R L] [ ] E FLAL
T . - | [
A .l.‘l..llﬂ ‘I..'I..[-.l | B BE ] ] L AR | B | L}
gw |- uw 10 a|w u|m| [mfw ll{ urun wis|s/nnelnn
4 [ AL AL O] N(E N -Il-ll4 1 [ AL B B [ 1 ] [ | a ‘- '..,. n .
2]a] [u[w ua ulm . L ulm L um . " n nje/sju]nlaln Numerical
l [ [ ] n .4 »n [ ] [ ] n LA} n [ ] n » [ | [ ] [ ] | " ] [ BN i L AL AL L}
Figure 88, Magnetic Tape 7-Bit Coding
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Checking
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Figure 87, Vertical and Horizontal Check

when the record is written, and a bit (similar in func-
tion to the vertical-check bit) is written at the end of
each odd-count row. The vertical combination of these
horizontal-check bits makes up the horizontal-check
character. Thus, the coding of this character can
change from record to record. When the tape is read,
the same automatic count is made, but now each row
in the complete record should have an even number
of bits, or an error exists. The horizontal-check char-
acter is used for checking only, and is never read into
1401 core storage.

‘To process even-bit parity tapes a U is used in the
tens position of the A-address (% Ux). Odd-bit parity
tapes can be processed by the 1401 by using a B in
the tens position of the A-address (% Bx), The column
binary special feature is not required to perform this
operation,

‘When processing even-bit parity tapes, the A-bit
character may have its bit structure changed to that
of the blank character (C-bit) (Figure 88). That is,
the A-bit is written on ¢ven-parity tape as CA bits;
thus, when the tape is read, the character is translated
as a C-bit only. Therefore, in order to retain the A-bit
character, it should be written on odd-parity tape. The
A-bit is then written on tape as an A-bit, and when
read from tape, it returns to core-storage as an A-bit.

Processing Magnetic Tape for Use with the
IBM 7070 Data Processing System

Because the 1B 7070 Data Processing System is a nu-
merical machine (alphabetic characters are represented
by two numbers), a special delta (A) character is used
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to signal a mode change (from alphabetic to numerical
and vice versa in a tape record),

When 183 7070 tapes containing the delta character
are read into 1401 core storage, the delta character is
transferred just as any other tape character. Records
can also be written from 1401 core storage with the
delta character for subsequent use by a 7070. However,
there is no automatic insertion of a delta character in
1401 tape-write operations on a mode change. The
deltas must be inserted between numerical and alpha-
betic fields by the 1401 program if the records are not
in core storage as a result of reading a 7070 tape.

The 183 7070 has a tape file searching feature which
permits the user to space tape forward or backward
over a specified number of tape segments. Each tape
segment is defined by a special character called a tape-
segment mark (1401 character A8421). Although the
1401 does not have this automatic feature, the tape
segment can be detected in 1401 core storage by using
a compang instruction. The 1401 IOCS treats a tape
segment mark as a noise record, therefore, it cannot
be used with programs using JOCS,

The 1401 word mark, which is written as a word
separator character when 1401 WBRITE TAPE WITH WORD
MARKS instructions are executed, has no special sig-
nificance to the 7070. Thus, wRiTE TAPE instructions
should be used in programs that prepare tapes to be
used by the 7070. With this operation, word scparators
are not written on the tape.

WRITE RE&D WEl_TE RE‘ED
1483 Core—“— Even Parity 1401 Core Odd Parity 1401 Core
Storage Tape {%Ux) Starage Tape {%6Bx) Storage

C C c c C
A

A c C c C
A

A A A

Figure 88, C- and A-Bit Tape Characteristics







feature also allows a 1401 with mwm 7330 Magnetic
Tape Units to borrow sy 729 Magnetic Tape Units
(IV or V} from another system (such as an 1By 7090
Data Processing System) when a high-speed run is
required. The intermix feature greatly increases the
flexibility of the 1M 1401 Data Processing System to
meet the requirements of any application.

Tape Checking
The mMm 729 and 7330 tape units maintain a high
reliability in originating data storage on tape.

The two-gap head, makes it possible to verify auto-
matically the validity of recorded information at the
time it is written. The relative positions of the read
and write gaps {Figure 92) are such that a character
recorded by the write gap passes the corresponding
read gap almost instantaneously. Thus, as each char-
acter of a record is written, it is read, and a parity
check is applied.

If an error is detected, the stored program receives
a signal, and corrective action can be taken following
the completion of the write operation.

A part of the tape read circuits is used for read
checking purposes for both a read and a write opera-
tion. There are two, seven-position registers, each of
which is sensitized to accept a specified minimum
tape output signal.

Figure 93 shows the sensitivity levels, and the rela-
tive strength of pulses that are acceptable or not
acceptable in read and write operations. The high and
low registers accept tape signals equal to, or greater
than, the percentages shown in the figure.

In a write operation, the high register is checked
for correct parity, to insure adequate signal strength,

OPERATING

CHARACTERISTICS 72208 TRV 729Y 7330

Density, 200 200 200 200

Characters Fer Inch or or 356 or

554 5546 or 555
200

Tape Speed,

Inches Per Second 75 112.5 75 36

Inter Record Gap Size,

inches 34 % EA 34

Character Rate, 15,000 22,500 15,000 7,200

Characters Per Second or or 41,867 or
41,667 62,500 or 20,016

60,000

High Speed Rewind,

Minules 1.2 9 1.2 22

Regulor Rewind,

Inches Per Second 75 112.5 75 16

Figure 91, Tape-Unit Characteristics
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and then compared, bit by bit, to the low register. If
either of these checks detects an error, the tape error
indicator is turned on.

During a read or write operation, the output of
each of the high-register bit positions (low register, if
the high register is in error) is sent to the longitudinal-
redundancy check register { LRCR), This insures that
an even number of bits, including check bit, are read
in each of the seven tracks on tape. An LRCR error
turns on the tape error indicator.

During a tape read operation, the high register is
checked for correct parity. If it is correct, its contents
are transferred to the read-write register and to the
LRCR. If parity is not correct, the contents of the
low register are unconditionally transferred to the
read-write register and to the LRCR. In this case, the
error in the high register does not turn the tape error
indicator on. Thus, a bit which has a weak signal can
be read from tape.

The read-write register is also checked for correct
parity. If incorrect parity is found, the tape error indi-
cator is turned ox.

If correct, the contents of the read-write register is
sent to core storage. If a tape error is suspected, the
tape unit can be backspaced by programming, and
the record re-rcad. If the error persists, the operator
can intervene, or the program can branch to an error
routine.

Dust or damage to the magnetic tape is the most
frequent cause of errors detected during write opera-
tions, Such imperfections are usually isolated; so, in
otrder to skip the defective section, the 1401 has been
provided with an instruction that causes the tape to
space forward approximately 3.5 inches when the next
write operation is initiated. While the tape is passed,
this short length is erased so that extraneous data are
not sensed when the tape is read. The tape-write opera-
tion continues after the skip is completed.

Another feature for file protection is a plastic ring
(Figure 94} that fits into a groove in the tape reel.
The tape can be read with or without this file-
protection ring in place, but no writing can be done
without it.

The file-protection ring should be removed from a
tape reel when writing is completed, thus protecting
tape records from accidental writing.

Read and Write Gap

Figure 92.






CAM BE PERFORMED
STATUS OPERATION 729 REMARKS 7330 REMARKS
Ri By Wi W W Yes Updating tape label Yes Updating tape label
R Ro Skip Wy W-- Yes Results in unchecked topa Yas Resvlts in unchecked tope
Skip must be over known blonk orea
Ratxd Ry Ro Wy W Yes Unchecked tape in record Wi MNe Write head is aver first part of next
record {Ws}
R B W, Re Ha Changing from W to R couses hits Ho Changing from W fo R couses bits
in the inter-record gap in the inter-recard gop
Wi By Ry We W Yes Unchecked tape on record W: Yes Unchecked tape on record W.
Wy We Blank Area Ry R-— Nat Results in bits in the inter-record gap Nat Results in bits in the inter-regord gop
Recom. ond possible error on By Recom. and possible error on R
Write Wi Wa R Ry Ne Changing from W to R causes bits No Changing from W to R couses bits
in the inter-record gap in the inter-record gap
Wi B R R Neo Changing from W to R cayses bits No Changing from W ta R causes bits
in the inter-record gap in the inter-record gop
Rs Ry Ra R Yes Yes
Rewind | Wi W. W:Rw Yes Causes extraneous bits after Yes Causes extranecus hits after
W5 {lobel) Wr (lobei)
R —read
W —write
B —backipace
Rw —rewind
Figure 95. Summary of taat 1401 Magnetic-Tape Operations
or a group-mark with a word-mark in core storage  3BS
.' . . ) ] PRI | N1 AERARD ]
is sensed. The inter-record gap indicates the end of I Tl o T8l s el 5o T2]¢
& b1 1] M 1t b l‘" |1} | L] A ; | 1]
the tape record and a group-mark {code CBA 8421) — MBI IT,N.p_u‘T, ,.
is inserted in 1401 core storage at this point.
If the group-mark with a word-mark occurs before Avtocader
the inter-record gap is sensed, the transfer of data ebal ol OPERAND
. . : 1] 3k L1 43 g
from tape stops but tape movement continues until T KT 2. (NPT )

the inter-record gap is sensed.

Word Marks. Word marks are not affected.

Timing. T = 0115 (L; + 1) ms + Ty. Time varies
for type of tape unit and tape density used (see
Timing section).

Address Registers After Operation.
I-Add. Reg. A-Add. Reg.
NSI Todx

B-Add. Reg.
Group-mark +1

Example. Read the record from tape unit 2 (labeled
2) to 1401 core storage, The high-order tape-record
character is moved to INPUT (0419), the next char-
acter is moved to the next higher position (0420),
etc., until transfer of data is stopped by an inter-
record gap in the tape record, or a group-mark with
a word-mark in 1401 core storage (Figure 96).
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Agsembled lnstruction: M %U2 479 R

Figure 96. Tape Read (Mave)

Write Tape

Instruction Format.
Mnemonic Op Code A-address B-address d-character
SPS MU M % Ux XXX w
A WT

Function. The tape unit designated in the A-address is
started. The d-character specifies a tape write opera-
tion, The data from core storage is written on the
tape record. The B-address specifies the high-order
position of the record in storage, A group-mark with



a word-mark in 1401 core storage stops the opera-
tion. The group-mark with a word-mark causes an
inter-record gap to be created.

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

Note. If a group-mark with a word-mark is the first
character of B-address, the tape-adapter unit and
the tape unit will hang up. The condition can be
reset by pressing the start-reset key if the tape-
select switch {on the 1401) is in the N (normal)
position.

Address Registers After Operation.
[-Add. Reg. A-Add. Reg.
NSI Fodx

B-Add. Reg.
Croup-mark +1

Example. Transfer the contents of core storage to tape
unit 3 (labeled 3), starting at the location labeled
QUTPUT (0525) and ending at the location of the
first group-mark with a word-mark (Figure 67).

SF3
() prERARD (LN TY T
1] n [ :m‘: [ e I3[t L) CLd i !:I ?:‘.- !g' teten I:_4| ‘:n‘:l lg. :
T I R TV A cUTrPUT t .,
Avtocader
Lobe? rati CPERAMND
15 kL] C1-] L] B
. T B, OUTEOT i

Assemblad Instruction: M %U3 525 W

Figure 97. Tape Wiite (Mave}

Read Tape with Word Marks

Instruction Format.
Mnemonic Op Code  A-address B-address d-character
SPS LU L % Us x0x R
A RTW

Function. This is the same as the READ TAPE operation,
except that word separator characters on magnetic
tape (written during WRITE TAPE WITH WORD MARKS
instruction) are translated to word marks during
transmission to 1401 core storage.

Word Marks. A word-separator character read from
tape causes a word mark to be associated with the
next tape character transferred to 1401 core storage
{Figure 98).

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

Tape Positions A B C D
Tape Code g2 AB41 41 4
1401 Care Siorage
Locations A B C
1401 Meaning 0 5 4
1401 Care Storage
Code €8z 41W 4
Figure 98. Word-Separator Character (Tape Read}

Note. If a record has been written on tape by a wriTE
TAPE WITH WOBRD MARKS instruction, it should be
read back by a READ TAPE WITH WORD MARKS instruc-
tion so that word-separator characters will be trans-
lated to word marks,

Address Registers After Operation.
I-Add. Reg. A-Add, Reg.
NSI Yo dx

B-Add. Reg.
Croup-mark +1

Example. Read the record from tape unit 5 (labeled
5} to 1401 core storage, and insert word marks where
word-separator characters exist in the tape record.
The high-order character is moved to INRECI
(0518), the next character is moved to the next higher
position (0319), ete., until the transfer of data is
stopped by an inter-record gap in the tape record,
or until a group-mark with a word-mark is sensed
in 1401 core storage (Figure 99).

5P5
[41 OPLAAWD LUIN-Lig T ]
LRE  [epuk, LAREL - |2| ;:;: .=. PR |‘..I ;l,:: .E-d
sael U, LT GROS v T [TNARECT: T
Autocoder
Label rati CQPFERAND
i k1] E-1] AG 42 o]
b AR \
Assembled Instruction: L %U5 518 R

Figure 99, Tape Read (Load)

Write Tape with Word Marks

Instruction Format.

Mnemonic Op Code A-address B-address d-character
SPS LU L %6 Ux XXX W
A WTW

Function. This is the same as the WRITE TAPE opera-
tion except that the WRITE TAPE WITH WORD MARKS
instruction affects word marks in core storage.

Tape Units 5%



Word Marks. A word mark associated with any posi-
tion in 1401 storage causes a word-separator char-
acter (A841) to be written automatically on tape,
one character ahead of that which contained the
word mark. Thus, word marks are translated to
word-separator characters for tape storage (Figure
100},

1401 Care Storoge
Locations A -} C
1401 Core Storoge
Code Ce2 41w 4
1401 Meoning Q 5 -4
Tape Positions A B c ]
Tape Code 82 AB4Y 41 c4
Figure 100. Word-Separator Character (Tape Write)

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

Note. Load operations must be used when word marks
are needed for identification in tape storage. If tape
is written by a wriTE TAPE WITH WORD MARKS in-
struction, it must be read back by a rReaD TAPE WITH
WORD MARKS instruction to insure proper translation
between the tape and 1401 core storage.

Address Registers After Operation.

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

B-Add. Reg.
Group-mark +1

Example. Transfer the contents of core storage to
tape unit 6 (labeled 6). Insert a word-separator char-
acter where word marks exist in core storage, be-
gimning at OUTREC {0698) and ending at the first
group-mark with a word-mark in 1401 core storage
(Figure 101).

SFS
{a) prIFaND N OPERANE
e A v M A - A R E
el L LD WlE .  IpUTREC
Autocader
Ledal rath OPERAND
20 2 ap 43 g0
L Tw .
Assembled Instruction: L 26U6 696 W

Figure 101, Tape Write (Load)
Backspace Tape Record
Instruction Format,

Mnemonic Op Code A-address d-character

SPS CU U % Ux B

A BSP

Function. The tape unit specified in the A-address
backspaces over one tape record. The first inter-
record gap (IRG) encountered stops the backspace
operation specified by the d-character, B.
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Word Marks. Word marks are not affected.
Timing. T = 0115 (Ly + 1) ms + Ty.

Address Registers After Operation.

I.Add. Reg. A-Add. Reg. B-Add. Reg.
NSI Yodx dbk

Example. Backspace tape unit 4 (labeled 4} until an
IRG is sensed (Figure 102).

SPS
181 pPLRAmD 191 oeENND
e |cowmr [N AIEERE s s b d
S e M R Pt ~ B - il & BN -
YT VS RN 11 T, A R B A A
Avtocoder
Label ath QPERAND
I k] b1 L] CE] 2%
! Rsr (4 e s

Assembled Instruction: U 2%U4 B

Figure 102. Backspace Tape

Write Tape Mark
Instruction Format,

Mnemonic  Op Code A-address d-character
SPS CU U % Ux M
A WTM

Function. This instruction causes a tape mark char-
acter (8421} to be recorded immediately following
the last record on tape. When the tape mark is read
back from a tape, the end-of-reel indicator is turned
on. This signals the 1401 program that the end of a
major group of records has been reached (end-of-
file) or the end of utilized tape has been reached.

Word Marks. Word marks are not affected.
Timing. T = 0115 (L; + 1} ms 4+, Ty

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

Example. Insert a tape mark on the tape in tape unit
3 {labeled 3}, Figure 103.

3PS
L) 19 SPLALND
1 N L} :ﬂ“: id o ) L1103 HoktLs i‘ ?':TI E 113 teorn :_. c.:l“ E :.
FPPS IO IR T/ . A
Autocoder
Lobal roti QPERAND
I il Ik A9 L1} b
al . 13 . .
Assembled Instruction: U %6U3 M
Figure 103. Write Tape Mark



Skip and Blank Tape

Instruction Format.
Mnemonic Op Code A-address d-character
SPS CU U % Ux
A SKP

Function. The tape unit, designated by the A-address,
spaces forward and erases approximately 3.5 inches
of tape. The actual skip occurs when the next wrITE
TAPE instruction is given. This instruction makes it
possible to bypass defective tape areas.

Word Marks. Word marks are not affected.

Timing. T = 0115 (L; + 1) ms, Processing can con-
tinue immediately after this operation. However,
40.5 ms for 1M 729 IT, 27 ms for 1Bm 729 IV and 108
ms for an 1M 7330 must be added to the next
WRITE TAPE instruction time.

Note. The sK1P AND BLANK TaPE instruction should be
given immediately preceding a WRITE TAPE instruc-
tion for the tape unit specified by both instructions.

Address Registers After Operation.

I-Add, Reg. A-Add. Rez. B-Add. Reg.
NSI %o dx dbb

Example. Erase tape on tape unit 5 (labeled 5} when
the next write operation is ordered for that unit

(Figure 104},

SPS
81 grgwanD I3 prLasnD

[T T [T ARG o] un [s]9
) ala, r|s ol ol Lo L e Lc bl T PTY
b0 . R a3 PQU.E\ . - - i
Autocoder

OPERAND
Labal parat] . . g 50
.. BEP e

Assembled lastruction: §  %6U5 E

Figure 104, Erase Forward

Rewind Tape

Instruction Format.

Mnemonic Op Code A-aeddress d-character
SPS CU U % Ux R
A RWD

Function. This instruction is usually given after an
end-of-reel condition, and causes the selected tape
unit to rewind its tape. When the operation is ini-
tiated, the tape unit is, in effect, disconnected from
the system.

Word Marks. Word marks are not affected.

Timing. T = 0115 (L; + 1) ms. Rewind time is 1.2
minutes per 2,400-foot reel for the v 729 II, 9
minute for the 18a1 729 IV, and 13.3 minutes for the
M 7330, but it is not calculated with program time.,
Pracessing can continue approximately 10 ms after
this instruction is interpreted.

Address Registers After Operation

I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI Fodx dbb

Example. Rewind the tape in tape unit 1 (labeled 1},
Figure 105.

5PS

Lab SMENARD fwd prERAND
Lt |Cquat [ 11§ . tvak. |5 o cunn s d
A e O R A
PR I I (7 T I 1K AR
Autocader

H OPERAND

A Lobal Cperctia "
. .I.:Eﬂﬂ b . . e

Assembled Jnstruction: U S%6U1 R

Figure 105. Rewind Tape

Rewind Tape and Unload
Instruction Format.

Mnemonie Op Code A-address d-character
SPS CU U o Ux U
A RWU

Function. This instruction causes the tape unit speci-
fied in the A-address to rewind its tape. At the end
of the rewind, the tape is out of the vacuum columns,
and the reading mechanism is disengaged. The unit
is effectively disconnected from the system, and is
not available again until the operator restores it to a
ready status,

Word Marks. Word marks are not affected.

Timing. T = 0115 {L; + 1) ms. Rewind time is 1.2
minutes per 2,400-foot reel for the 1M 729 II, 9
minute for the 1sm 729 IV, and 2.2 minutes for the
1BM 7330, but it is not calculated with program time.

Processing can continue approximately 10 ms
after this instruction is interpreted by a system using
180 729 tape units, or 4.5 ms in a system using 1BM
7330 tape units.

Address Registers After Operation.

I-Add, Reg. A-Add. Beg. B-Add. Reg.

NSI Todx dbb
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Example. Rewind the tape in tape unit 5 (labeled 5),
and make it unavailable to the stored program, at
the completion of the rewind operation (Figure 106),

5PS
LH) DPERIAD AN OFERARD
LHE frowaT Lere anoresy b4 ‘:D:' H P * ‘;‘:' H d
PSP I PR L 7 - A B Cr T
Avtocader
Label rat} OPERAND
L : J:] b3} L1 L] =]
il [ R N
Assembled Instruction: U %6US U
Figure 106, Rewind and Unioad
Bronch if End of Reel
Instruction Format,
Mnemonic Op Code I-address d-character
SPS B pi] XXX K
A BEF

Function. The end-of-reel ndicator (EOR) turns on
in the 1BM 1401 Processing Unit if a tape mark is
read by the 1401, or if a reflective spot is sensed
during a write tape operation. This instruction tests
the indicator and causes an automatic branch to the
I-address if the indicator is ox. If it is oFF, the pro-
gram continues normally.

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

Note. This instruction must be executed immediately
following a tape read or tape write operation to in-
sure correct results. The EOR indicator cannot be
tested if another tape unit is selected.

Address Registers After Operation.

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

dblb
Example. Test the tape unit just used for an end-of-

reel condition. If there is an EOR condition, branch
to TAPER] (0683) for the next instruction. If no

Branch if Tape Error

Instruction Format,
Mnemonic Op Code T-address d-character
SPS B B X L
A BER

Function. If an error occurs in transmission between
a tape unit and the 1401 during a tape read or tape
write operation, an error indicator turns on in the
1401 and the tape light on the conscle glows red.
This instruction tests the error indicator, and
branches to the I-address for the next instruction
if the indicator is on. If it is oFF, the program con-
tinues with the next sequential instruction.

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

Notes. The BRANCH IF TAPE ERROR instruction must be
given after a tape read or write operation, because
any tape operation on any tape unit causcs the indi-
cator to turn off. The information read from tape
always enters core storage with odd-bit parity.
Thexefore, the tape read-in arez need not be cleared
after a tape read error has occurred. See Tape Select
Switch in Operating Features section. '

Address Registers After Operation.

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

B-Add. Beg.
dbb
Example. Read a tape record from the tape unit 3
(labeled 3) into core-storage area labeled TAPEIN
(0629) and test for a tape error, If there is an error,
branch to TAPER2 (0539) for the next instruction,
If there is no error, continue processing with the
next sequential instruction (Figure 108).

EOR exists, continue the program with the next  5PS
sequential instruction {Figure 107). P e T e FA T D
3 als  vs afs ale el 0 Lol L M :'n N
0] L L [EN k- N APELMN 1,
5pS P I - T %.hP.E.RZ R N [
Lat orgnant 111 oAt
LnE  |coumt LARIL — N :::: H ROV . c‘.:: gd
Io_‘LLol & - bl ] — L1 (L) \ !I‘ ;Tn P.E RI’:": Eudld} ;M Ml Autﬂ:odar
Labol peratl CPERAND
0 15 1] ] L1-] 43 -2}
Autocod el Ry ERTANLY ; N
flococer _ s i . BER_ ITAPERZ . ... ... ... i
Labal rati , " "
. JBEE TAPER . . Assembled Instruction: %U3 429 R

Assembled Instruction: B 485 K
Figure 107, Test for End of Reel
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Page 63 — Coding, replace first paragraph with:

The magnetic-disk recording code is the same binary-coded-decimal used in the
IBM 1401 Processing Unit. Data is recorded serially by bit in 7-bit code (CBA 8421)
when operating in the Move mode, and in 8-bit code (CBA 8421 M) when operating

in the Load mode. The eighth bit, which is used when operating in the Load mode

is for a possible word mark (M) with the character being written on, or read from,
the disk record.



Disk 49

Module 2 200 Tracks
Top OFf Disk
Disk 25
Disk 24
200 Tracks
Maodule 1 Bettom Of Disk

Disk 00

Saven
Position

Indelible
Address

P

Of Disk

0 9 19 29 39 49 59 469 79 B9 99 109 19 129 129 149 159 159 179 189 199

Figure 110. Disk Storage

IN 1401 CORE STORAGE

Disk GM

Access Arm | Unir Face { Track | Sector Constant W
X X XX XX X X o=
o-1 o) 00-99 | DO-79 0.9 0 -

ON 1405 DISK STORAGE

Figure 112. Record Address Format

x0009590. The “x” in the record address refers to the
access arm to be used and is not part of the 7-digit

indelible address.
Disk Face Instruction Foarmat
Track Mnemonic Op Code  A-address B-address d-character
Sector X X %FX XXX X
Top Surfoce Disk 00
Read/Write Head:s -~ OF CODE
[ This is always a single character that defines the basic
1 operation to be performed.
A-ADDRESS
l’ %Fx always appears in the (A) portion of a 1401 disk
" storage instruction. The %F signals that the disk unit
T e L is to be selected and the x represents the digit used to
Figure 111. Access Arm perform varicus operations:
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X-Position Operation
0 Seek a disk record.
1 Single record — Reading or writing of 200

characters is stopped when a group-mark
with a word-mark, or the end of a sector,
is sensed. If a proup-mark with a word-mark
is sensed before completing the reading of
the sector of the track, reading stops and
the wrong-length record-indicator turns ox.

b3 Full track — An entire track is read or writ-
ten (5 sectors of 200 characters each).
Reading or writing of the full track begins
at the sector addressed and continues for four
additional sectors. ¥ a group-mark with a
word-mark is sensed before completing the
reading of the last sector of the track, read-
ing stops and the wrong-length record indi-
cator turns oN.

3 Write Check — Data written on a disk in a
preceding write operation is read from the
disk and compared, character-by-character,
with the data in core storage. A write check
can be given following a single record or
full-track operation.

B-ADDRESS

The B-address specifies the high-order position in
core storage of the eight-digit record address. The
record address must be followed by a group-mark with
a word-mark and the area of core storage from which
data is to be read into or out of by the disk storage
unit. The data area must be followed by a group-mark
with a word-mark,

d-CHARACTER

The d-character is used to specify the operation to be
performed.

IBM 1405 Disk Storage instructions

Seek Disk

Instruction Format.
Mnemonic Op Code A-address B-address d-character
SPS MUorLU MorL % FO XXX R
A SD - =

Function. The A-address specifies that a seek opera-
tion is to be performed by the access arm. The
B-address specifies the high-order position in core
storage of the disk record address which is followed
by a group-mark with a word-mark.

The selected access arm seeks the disk and track
specified in the disk record address. Processing can
continue while the access arm is in motion.

Word Marks. Word marks are not affected.
Timing. T = .0115 (L; + 9) ms 4 access time.

Note. If the access arm is already at the disk track that
is to be used, a sEEx pisK instruction need not be
given.

Address Registers After Operation.

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

B-Add. Reg.
N5I B+1 B+ 8

«
Example. Seek record 050090 with access axm 1. Stor-

age locations 0590-0597 (labeled INPUTA) contain
10500900 (Figure 113).

5PS
LLIN- L PY ] [y prf kw3
mt | couner] e a . - 1=]4
SR K v PR Pl R A |
el oMU REEE T D REOTA.
Aytocoder

Assembled Instruction: M4 9%6F0 590 R

Figure 113. Seek Instruction

Read Disk Single-Record
Read Disk Full-Track

Instruction Format.

Mnemonic Op Code  A-address  B-eddress  d-character
5P§ MU M % Fx XXX R
A RD (single recard)

RDT {full track)

Function. This instruction causes data to be read
from disk storage into core storage. The digit 1 in
the A-address { %F 1) specifies that a single record
is to be read. The reading of the disk is stopped by
a group-mark with a word-mark in core storage and
the end of the sector. If the digit 2 is present in the
A-address (%F 2) a full-track read occurs. That is,
five 200-character records are read from disk storage
into core storage. Reading stops at the end of the
fifth sector.

The B-address specifies the high-order position in
core storage of the disk-record address which is fol-
lowed by a group-mark with a word-mark, and the
area in storage reserved for the data read from the
disk.

The R in the d-character position signifies that this
is a read operation.

Word Marks. A group-mark with a word-mark must
appear one position to the right of the record ad-
dress and one position to the right of the last posi-
tion reserved in core storage for the disk record. If
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a group-mark with a word-mark is detected before

reading of the record is completed, the wrong-length

record indicator turns oN and reading stops.
Timing.

T = 0115 (L; +9) + 10 ms + disk rotation.

60.196 ms is maximum time for single-record read.

10.196 ms is minimum time for a single-record read.

Note: Before reading starts, an automatic check of
the record address in storage with the record ad-
dress on the disk is made. If they are not the same,
the unequal address compare indicator furns ow,

and the data on the disk cannot be read into storage.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI B+1 B + 210
or
B + 1010

Example. Read a single record from disk storage to
core storage, beginning at location 0599 {area is la-
beled INPUTAD). The high-order position of the disk
address is in the first eight positions of the label
(0590-0597), Figure 114.

SP5
[EIR: 411 ] 01 oMEREG
A R e A O R R A
e M BRI UNFDTE T,
Auvtocoder
Lobal rath CPERAND
1] L1 3 CLH .+
INPY

Assembled Instruction: M %FT 590 R

Figrure 114, Read a Record

Write Disk Single-Record
Write Disk Full-Track

Instruction Format.
Mnemonic Op Code A-address B-address d-character
SPS MU M T ¥Fx XXX W
A WD {single record)
WDT (full track)

Function. This instruction causes a single record (or
full-track characters) in core storage to he written
on a disk record. The digit 1 in the A-address
( %F 1) specifies that a single record is to be written.
If a 2 is present in the A-address { %F 2), five 200-
character records are written on a disk track., Writing
stops at the end of the fifth sector.
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The B-address specifies the high-order position of
the disk-record address and is followed by the data
to be written on the disk.

The W in the d-character position signifies that
this is a write operation.

Word Marks., The writing of data stops when the end
of a record is reached on the disk and a group-mark
with a word-mark is sensed in core storage. If the
group-mark with a word-mark is sensed before the
end of a record, the remainder of the disk record
is filled with data from core storage and the wrong-
length record indicator turns on. A group-mark with
word-mark must be one position to the right of the
record address.

Timing.

T = 0115 (L; + 9) + 10 ms -+ rotation time.
60.196 ms is maximum time fora single-record write.
10.198 ms is minimum time for a single-record write.

Note: Before writing starts, an automatic check of the
record address in storage, with the record address on
the disk, is made. If they are not the same the
unegual-address compare indicator turns on, and the
data in storage cannot be written on the disk.

A WRITE DISK CHECK instruction must be per-
formed following a write disk operation. No other
disk-storage operation can be performed until the
check of data written on the disk is accomplished.

If the data in core storage contains characters
with word marks, only the CBA 8421 portion of the
character is written on the disk {the word mark is

ignored).

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI B+1 B + 210
or
B + 1010

Example. Write a disk record (single) from the data
in area labeled INPUTA (first position of data is at
0599). The high-order position of the disk address
is in the first eight positions of the label (0590-0597),
Figure 115.

5PS
[a) OPENSRS T W premaan ]

LE e LA LLARTAE E ":I'_' H ASLREAE 3| owun [s]d
¥ [ PR I aia 1o fur nl ¢ 1r|m P el P 1Y

g e o B Fd T INPUTA Y
Avtogoder

Lokl rati QFERAND
= -] LH

n A INPUTA i

Assembled [nstruction: M %F1

Figure 115. Write a2 Record
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Write Disk Check
Instruction Format.

Mnemonic OpCode A-address B-address d-characier

SPS MU MorL % F3 XXX W
LU {word marks)

A WDC

WDCW (word marks)

Function. The function of this instruction is to cause
a comparison, character-by-character, of the data in
core storage with the data just written on the disk.
The system automatically reads the disk record that
was the last record to be addressed by the 1401 pro-
gram. This instruction must follow a write opera-
tion,

The digit 3 in the A-address specifies that a wRITE
DISK CHECK i5 to be performed. Either a single record
or a full track is checked, depending on how the
data was recorded in disk storage.

The B-address specifies the area in core storage
where the record address and data recorded on the
disk are located.

Word Marks. A group-mark with a word-mark must
appear one position to the right of the disk record
address and of the disk data in core storage.

Timing. T = 0115 (L; + 9) ms + 50 ms.

Note. If the disk address in core storage is not the
same as the address on the record, the unequal-
address compare indicator turns oN. If any of the
characters on the disk record do not agree with the
characters in core storage, the read-back check-
error indicator turns on.

A WHRITE DISK CHECK instruction can also follow a
READ DISK SINGLE-RECORD instruction to verify data
read from the disk.

Address Registers After Operation.

I-Add. Reg. A-Add, Reg. B-Add. Reg.
NSI B+1 B + 210
or
B + 1010

Example. Compare the disk record with the record in

the area labeled QUTPUT (first position of data is
0699). The high-order position of the disk address
is in the first eight positions of the label (0690-0697),
Figure 116.

Read Disk Single-Record with Word Marks
Read Disk Full-Track with Ward Marks

Instruction Format.

Mnemonic Op Code

SPS LU L

A  BRDW {single record}
RDTW {full track}

A-address B-address d-character
% Fx XXx R

Function. These instructions are similar to the reap
DISK SINGLE-RECORD and READ DISK FULL-TRACK in-
structions except that word marks in the record
area of core storage are removed, and word marks
from the disk records are written in core storage.
The length of the record read into core storage from
disk storage is 176 positions for a single record, and
880 positions for a full track.

Word Marks. A group-mark with a word-mark in core
storage terminates the read operation. If the group-
mark with a word-mark is not in the position to the
right of the last character read from the disk into
core storage, the wrong-length record indicator turns
oN. A group-mark with a word-mark must be one
position to the right of the record address.

Timing. T = .0115 (L; 4+ 9) ms 4 10 ms + disk ro-
tation.

Note. If a disk is read in a mode different from the
one in which it was written (M or L opexation code)
a parity error occurs. The read-parity check indi-
cator turns ow.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI B+1 B + 186
or
B + 8BS0

Example. Read a record from disk storage, with its
associated word marks, into the area labeled INPUT
(frst position of data is at 0599). The high-order
position of the disk address is in the first eight posi-
tions of the label (0590-0597), Figure 117.

S5PS 5PS
18] OFERANG (IR TV I 1n) orEaamg [ (9] OFLEAKD
A ! e v RSN 0 P I3 ¥ I i o O v S "ln mown (2] WM
", e BEE . [ OUTAUE I el Lo U BeEL U [ NPOT
Autocoder Autocoder
Lobal ot OPERAND Label rath OPERAND
3%, k-] 40 LH -] e . ;-] k] ] A0 43 [
L Bow . Mo ur
Assembled Instruction: M %F3 490 W Assembled Instruction: L %F1 590 R

Figure 118. Write Check

Figure 117. Read a Record with Word Marks
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Write Disk Single-Record with Word Marks
Write Disk Full-Track with Word Marks

Instruction Format.

Mnemonic Op Code A-address B-address d-character
SFS LU L % Fx XXX W
A WDW (single record)

WDTW (full track)

Function. This instruction is similar to the write disk
operation, except that word marks present in the
data in core storage are recorded on the disk record.
The mode of operation permits the writing of pro-
grams on disk records for systems use. One hundred
and seventy-six positions of data with word marks
are recorded on the disk during a write single-
record operation, and 880 positions are recorded
during a write full-track cperation.

Word Marks. A group-mark with a word-mark one
position to the right of the last character of the
record In core storage terminates the write opera-
tion. If the group-mark with a word-mark is not in
the correct position, the wrong-length record indi-
cator turns oN. A group-mark with a word-mark
must be one position to the right of the record
address.

Timing. T = .0115 (L; + 9) ms + 10 ms + disk ro-
tation.

Note. The programmer should be certain that all
records on a specific track are written in the same
mode (either by a MovE or by a Loap instruction),
otherwise, full-track operations are not possible. A
write-disk check operation must be performed fol-
lowing this instruction.

Before writing starts, an automatic check of the
record address in storage, with the record address
on the disk, is made. If they are not the same, the
unequal-address compare indicator turns on, and
the data in storage cannot be written on the disk.

Address Registers After Operation.

Example. Write a disk record with word marks from
the area labeled QOUTPUT (the first position of data
is 0599). The high-order position of the disk address
is in the first eight positions of the label (0590-0597),
Figure 118.

Branch if Indicator On

Instruction Format.
Mnemonic Cp Code I-address d-character
sP8 B B XXX X
A BIN

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 orF, the
next sequential instruction is taken. Figure 119
shows symbols that are valid d-characters and the
indicators they test.

The next disk storage operation turns orF the access-
inoperable indicator. The other disk unit indicators are
turned o¥r by any disk operation except SEEK DIsK.

d-CHARACTER INRICATCR

N Access Inoperable
Read- or Write Parity Check or
Read-Back Check Error

Unequal-Address Compare

v
W Wrong-length Record
X
Y

Any Disk-Unit Error Condition

I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI B+1 B + 186
or
B + 890
5PS
I {11 orERaNp I (LIR-JEPT] )

L |chmt i1 {8 OPERATION) R + c.:. EI_ P l: ?;:_ ! L]
:I.l‘ -I - — EUE«EFI . " — l!alUl_rlPIUIT:u — -]
Autocoder

Lobel rati QPERAMD
- L 1] Af -}
N KB | BUTPUT . .
Assembled Instruction: L %F1 590 W

Figure 118. Write a Record with Werd Marks
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Figure 119, mm 1405 Branch Instruction d-Character

Indicators. Access Inoperable—An access arm be-
comes inoperable if the logic safety circuit detects
improper operation. A customer engineer can also
render an arm inoperable. In either instance, this
indicator turns oN when the program addresses the
inoperable arm. At the same time, the appropriate
access light (1405) and the ramac light (1401)
turn ow,

The indicator also turns on if an invalid (not in-
stalled) arm or disk storage unit is addressed. Be-
cause the program continues in sequence, even when
an inoperable arm is addressed, a BRANCH IF INDI-
CATOR ON instruction should follow a seek instruction.

Read- or Write-Parity Check or Read-Back Check
Error—This indicator turns o~ if even-bit parity
ocecurs when reading the record address and informa-
tion from, or writing information on 2 disk, Another
condition that turns the indicator oN is an unequal

.compare during a write check operation.



Wrong-Length Record—This indicator turns on Address Registers After Operation.
if the number of characters read to, or written on, the I-Add. Reg. A-Add. Reg. B-Add. Reg.
disk record is not equal to 200 or 1,000 characters NSI BI dbb
(for M operation code) or 176 or 880 characters

(for L operation code).
Example. At the completion of a disk-read operation,

Unequal-Address Compare—This indicator turns test the any-disk-unit error condition indicator. If it
oN if an unequal condition occurs during the auto- is on, branch to the routine labeled DISKER (0630)
matic checking of the record address in storage with to determine the type of error condition. If it is

OFF, continue in the main program, which tests the
other disk unit indicators and branches to error rou-
tines if the respective indicator is o~, The routines
are labeled: UNADCL (0790}, WRLENR (0890),
and RWPARC (0990}, Figure 120.

the record address on the disk. This is an automatic
check and does not have to be programmed.

This is the same internal circuitry that is used by
the compare instruction. Care should be taken in
programming that a normal-compare operation and

the address-compare operation do not interfere with /

the setting of the equal, low, and high compare in- 9@\ PR e w7

dicators sct by a previous instruction. A e i |‘:‘| T ], e ]:.J ::?l i :‘

B SRER AR/

Any Disk-Unit Error Condition—This indicator  [-ro :‘:\‘\: : EL' ‘U;'Ng‘fpg‘cn‘iz'{ : T N

turns on if any of the other disk storage indicators leeel b N, IB RWPARCI T, 1], A0

are ON. It can be tested by the program, and, if it \ /

is oFF, allows the program to proceed. If the indi-  Auteteder

Labal

cator is oN, then the other indicators should be
checked to determine where corrective measures

should be taken —— R

Word Marks. Word marks are not affected.

Instruction: 480
650
675
700

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

Note. After each disk unit, read, or write operation,
the program must test for error indications to pre-
vent processing of unusable data, Figupe”120. Indicator Testing Routine
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Page 69 — Branch if Indicator ON, replace Figure 120 with: punch busy operation).
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Assembled Instruction: 480
690
695

700

Figure 120. Indicator Testing Routine

B 690 Y
B 790 X
B 890 W
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permits manual alteration of the stored program with-
out writing the changes on magnetic tape. Exception
records can be typed on the console printer while the
regular reports are printed on the 1403.

The 18m 1407 Console Inquiry Station provides the
1401 system user with an efficient and economical
means of altering the stored program and examining
data stored in the system.

The format of an inquiry or reply is controlled by
the data nccessary to perform the function. This means
that the format is variable in all cases. The message is
only as long as is necessary to provide the information.
There are no format control keys or tapes, Format is
under program control and is completely flexible.
Pressing the clear or respond key ends a message to
the 1401, When typing, a reply transmission is stopped
by a group-mark with a word-mark {when the 1401
is in the ruN mode} or by pressing the clear key.

Thus, the programmer can provide different format
for the data to be typed solely on the basis of the 1401
stored program.

IBM 1407 Console Inquiry Station Instructions

Read frem Console Printer

Instruction Format.

Mnemonic Op Code A-address
MU M

B-address d-character
%T0 XXX R

Function. This instruction causes the enter key-light
to come on, the keyboard to unlock, and the data
(to be typed on the 1407) to enter 1401 core storage.
The A-address specifies an inquiry station opera-
tion. The B-address is the high-order position in
1401 core storage wherein the data is to be stored.
The d-character specifies a read-in operation. The
inquiry request indicator must be o~ to process this
instruction.

Word Marks. A group-mark with a word-mark must
be inserted in 1401 core storage to the right of the
last character sent to the 1401 from the 1407. An-
other method of terminating a read-in operation is
pressing the clear key (see Clear Key).

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

Note. The lower case b (special character) or space
bar causes a space to be taken and a blank to enter

core storage. If the b-key is pressed, a lower case b
is printed. The method of entering data is discussed
in the section on Console Operation.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg.
NSI %30

B-Add, Reg.
B+ Lsg

Example. Transfer the data typed on the msm 1407 to
the area in 1401 core storage labeled INQIN (0785),
Figure 123.

SPS
[L1] orERLMY [LE AT
A o A v P A I - MR R e
TV 3/ K
Auvtocoder
Lebel rol Ol"ERAND'9
MO | NGIN, R o

Assembled Instruction: M %70 785 R

Figure 123. Read into Storage

Write on Console Printer

Instruction Format.

Mnemonic Op Code
MU M

A-address  B-address d-character
%T0 xxx W

Function. This instruction causes data from 1401 stor-
age to be typed by the inquiry station. While the
data is being typed, the typeout light is on. The B-
address is the high-order position in 1401 core stor-
age of the data to be transferred to the console
printer. The d-character specifies a write operation.

Word Marks. A group-mark with a word-mark in 1401
core storage stops the transfer of data to the 1407
and causes a carriage return. Pressing the clear key
also stops the transfer of data from the 1401 (see
Clear Key).

Timing. T = .0115 {L; + 1) ms + typing time.

Note. Characters that have incorrect parity {even-bit)
are typed as a ¥ if the process check stop switch is
orF. If the switch is on, typing stops before typing
the incorrect character.

Address Registers After Opefation.

I-Add. Reg. A-Add. Reg.
NSI T30

B-Add. Reg.
B+ Ls
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Example. Type the data, beginning in the area labeled = S o I e
INQOUT (0785) and ending with a group-mark, e fomr] RSP N T P e Fya-a e B
with a word-mark (Figure 124). ISP P T | %1 A i —1*%

5PS

Ll OPERLER 9] prthany Avtocoder

3 ““.:’_:. o ul " Lookts |=l T: 5 Lo I! :: gd e Labal rolt - 40 OEMNDIQ

el L I BRTD i I NGOUT: i T R Y TR,

Autotader Assembled [nstruction: L. %T0 785 R

Lobel atl GPERAND Figure 125. Read into Storage with Word Marks
k-] ] 1] A0 -
I S LNGATT T -
Write on Conscle Printer with Word Marks
Assembled Instruction: M %TO 785 W
] Instruction Format.
Figure 124. Read out of Storage A-address B-oddress d-character

Read from Console Printer with Word Marks
Instruction Format,

Mnemonic Op Code
LU L

A-address B-address d-character
GT0 XXX R

Function. This instruction causes the enter key light
to come on, the keyboard to unlock, and the data
with word mark {to be typed on the 1407) to enter
1401 core storage. The A-address specifies an in-
quiry station operation. The B-address is the high-
order position, in 1401 core storage, in which the
data is to be stored. The d-character specifies a
read-in operation. Word marks are entered by first
pressing the word-mark key, and then pressing the
associated character key. Characters with a word
mark print in red. The inquiry request indicator
must be oN to process this instruction.

Word Mark. A group-mark with a word-mark must
be inserted in 1401 core storage to the right of the
last character sent to the 1401 from the 1407. An-
other method of terminating a storage read-in opera-
tion is to press the clear key (see Clear Key).

Timing. T = 0115 (L: + 1) ms + typing time.

Note. The lower case b (special character) or space
bar causes a space to be taken and a blank to enter
core storage. If the b-key is pressed, a lower case b
is printed. The method of entering data is discussed
in the section on 1407 Console Operation.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg.
NSI 30

B-Add. Reg.
B+ Lo

Example. Transfer the data with word marks (typed
on the 1407} to the area in 1401 core storage labeled
INQIN (0785), Figure 125.
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Mnemonic Op Code
LU L %0 xacx W
Function. This instruction causes data from 1401 stor-
age to be typed by the inquiry station. While the
data is being typed, the typeout light is on. The
A-address specifies an inquiry station operation. The
B-address is the high-order position in 1401 core
storage of the data to be transferred to the type-
writer. The d-character specifies a write operation.

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

Word Marks. A group-mark with a word-mark stops
the transfer of data to the 1407 and causes a car-
riage return. Pressing the clear key also stops the
transfer of data from the 1401 (see Clear Key).

Note. Characters that have a word mark in association
with them are typed in red. All other characters
are typed in black. A space is printed as a lower
case b. Characters with incorrect parity (even-bit)
are typed as a ¥ if the process check stop switch is
oFF. If the switch is on, typing stops before typing
the incorrect character.

Address Registers After Operation.

1-Add. Reg. A-Add. Reg.
NSI %630

B-Add. Reg.
B + Ls

Example. Type the data with word marks located in
the area labeled INQOUT {0785) and ending with
a group-mark with a word-mark (Figure 128).

SPS
I 18) oremazy 1 orTaany
el e I e R
o el 1, e U (N INQQUT |,
Autacader
Labe! rall " © O‘I;EIW*JDIm
..... - 154 S

Assembled Instruction: L %T0 785 W

Figure 128. Write out of Storage with Word Marks



Line Space
Instruction Format.

COp Code
LorM

A-address  B-address d-character
% TO xx W

Mnemonic
LU or MU

Function. This instruction causes the console printer
to space one line. The B-address is the storage loca-
tion of a group-mark with a word-mark.

Timing. T = .0115 (L; + 1) ms 4 space time.

Word Marks. A group-mark with a word-mark must be
at the B-address.

Note. Multiple line spacing is controlled by this in-
struction and by the setting of the line space lever.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg.
NSI %30

B-Add. Reg.
B+1

Example. Space a single line on the console printer.
The storage position labeled GMWM (0895) con-
tains a group-mark with a word-mark (Figure 127).

5PS
141 OFLALRG I GFERARE
[TeT I T Lty . |2 ::;:_ T e [. ml ;-4
e (W71 % Yo S -1\ WO
Autocoder
Labal parati CPERAND
I kH 40 43 -1+]
o L
Assembled lnstruction: L %T0 895
Figure 127. Line Space
Branch if Indicater On
Instruction Format,
Mnemonic Op Code I-address d-character
SPS B B XXX X
A BIN

Function. The d-character specifies the indicator tested.
If the indicator is ox, the next instruction is taken
from the I-address. If the indicator is oFF, the next

sequential instruction is taken. Figure 128 shows
symbols that are valid d-character and the indica-
tors they test.

d-CHARACTER INDICATOR
* Inquiry Clear
Q Inquiry Request

Figure 128. 1ear 1407 Branch Instruction d-Character

Indicators. Inquiry Clear — This indicator turns on
when the clear key-light is pressed, if the 1401 is in
the run mode. It turns orr when the 1401 program
processes a console inquiry instruction or the start
reset key on the 1401 console is pressed. It must be
tested before processing the next inquiry.

Inquiry Request — This indicator turns on when
the request enter key-light is pressed to signal the
1401 that an inquiry is to be processed, and the 1401
is in the RuN mode. It is turned orFr after the 1401
processes a console inquiry instruction. Pressing
the start reset key on the 1401 console or the clear
key on the 1407 also turns this indicator off.

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

Address Registers After Operation. .

I-Add. Reg. A-Add, Reg. B-Add. Reg.
NSI BI dbh

Example. Branch to the inquiry routine labeled INQ-
RUT (0950) if the inquiry request indicator is on
(Figure 129),

5PS
121 opTaAR [ |
timE - Jcaurt bl aroarsy |.°.| Char. H LDoNESE 1 2|¢
P N D - LH@RUT: | A
Autoeader
Labal perali QFERAND
30 i CJ:] L] 1]
INQRUT
Assembled Instruction: B 950 G
Figure 129. Test and Branch
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Special Features

The special features described in this section are avail-
able for use in the Ba 1401 Data Processing System.
They offer additional flexibility in applications where
special processing requirements exist.

M

ultiply-Divide Feature

This feature makes it possible to perform direct multi-
plication and division in the 1Bm 1401 Data Processing

System.
Multiply
Instruction Format.
Mnemenic Op Code A-gddress B-address
M @ XXX XXX

Function. The multiplicand (data located in the A-
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field) is repetitively added to itself in the B-field.
The B-field contains the multiplier in the high-order
positions, and enough additional positions (low
order) to allow for the development of the product.
At the end of the multiply operation, the units posi-
tion of the product is located at the B-address. The
multiplier is destroyed in the B-field as the product
is developed. Therefore, if the multiplier is needed
for subsequent operations, it must be retained in
another storage area.

Rules:

1. The product is developed in the B-field. The length
of the B-field is determined by adding “1” to the
sum of the number of digits in the multiplicand and
multiplier fields.

Example:
1246 4-digit multiplicand
X 543 3-digit multiplier

e
8 positions must be allowed in the B-feld.
2. A word mark must be associated with the high-

order positions of both the multiplier and multi-
plicand fields.

3. A- and B-bits need not be present in the units posi-
tions of the multiplier and multiplicand fields. The
absence of zone bits in these positions indicates a
positive sign. At the completion of the multiply
operation the B-ficld will have zone bits in the units
position of the product only. The multiply operation
uses algebraic sign control (Figure 130).

Multiplier Sign + + - -
Multiplicand Sign -+ - + —
Sign of Product + - - +

Figure 130. Algebraic Sign Control for Multiplication

4. Zone bits that appear in the multiplicand field are
undisturbed by the multiply operation. Zone bits
in the units position of the multiplicand are inter-
preted for sign control.

Timing. The average time required for a multiply op-
eration is:

T = .0115(L; + 3 + 2L¢ + 5LcLy + 7Ly ) ms.
L¢ = length of multiplicand field.
Lac = length of multiplier field.

A chart of approximate timings is included in the
section on Timing.

Notes. The first addition within the multiply operation
inserts zeros in the product field from the storage
location specified by the B-address up to the units
position of the multiplier.

The A-address register and the B-address regis-
ter indicate positions within the A- and B-fields on
which operations are currently being performed.

Word Marks. A word mark must be associated with the
high-order positions of the multiplier and multipli-
cand fields.

Address Registers After Operation.

I-Add. Beg. A-Add. Reg. B-Add. Reg.
NSI A minus the length B minus the length
of the multiplicand. of product field.

Example. Multiply:

Location of Contents of

Label Data Word Data Word Description
MULCAN 0502 1248 Multiplicand
MULIER 0685 543 Multiplier
PRODCT 0810 Product

The size of the product fieldis 4 4 3 -} 1 = 8.
The multiplier is placed in the three high-order




positions of the PRODCT area (0603, 0604, and
0605). At the completion of the multiply operation,
load the product in the area labeled QUT2 (0178).
The units positions of the multiplier and multipli-
cand fields may be signed (Figure 131).

5P5
) GPERAND (%1 CrEALRD
, Ling ’:w»:. 1amL ) n:umlo: i st L:,I c:;:_ E" seoatse :l c:ol:. Ei
aal . L ZA MUl ER' ! PRONCT= . &
o, 20| L . i, MOL GAN BEoLOT |
evel b kewlPrapaT T ome .
Avtocoder
Lobst poratiar] OPERAND
5 [H [ L+ L1} L H R
. A ZA . MULIER PRODAT K
. o M, HOLGAN, PRODLT,
P AWAIPRODE T A QUTE |
Assembled Instruction: 2 085 405
@ 502 &10
L 610 178
Figure 131. Multiply
Rivide
Instruction Format,
Mnemonic Op Code A-address B-address
D % K XXX

Function, This instruction divides the data { dividend)

in the low-order positions of the B-field by the divisor
located in the A-field, and develops the quotient in
the high-order positions of the B-field. The remain-
der is left in the low-order positions of the B-field.

Rules:

1. The quotient is developed in the B-field. The
length of the B-field is determined by adding “17 to
the sum of the number of digits in the divisor and

dividend fields.

Example:
543 | 1246 4 digit dividend
3 digit divisor
+ 1

8§ positions must be
allowed in the B-field.

2. A word mark must be associated with the high-
order position of the A-field.

3. In all cases A- and B-bits (plus sign) or B-bit
(minus sign) must appear in the units position of
the dividend field. The divisor may be either signed
or unsigned. If there are no bits in the units position
of the divisor, the machine assumes the divisor
factor is positive. The divide operation uses alge-
braic sign control (Figure 132).

Diviser Sign + -
Bividend Sign - +
Quotient Sign - -
Remainder Sign - +

Figure 132.

Algebraic Sign Control for Division

4. The dividend is loaded in the low-order positions
of the B-field (Figure 133) by a zero anND ADD in-
struction to insure that zeros are present in the high-
order positions of the B-field.

Dividend
e

DOCOXXXX

Figure 133,

Dividend in B-Field

3. The B-address in the pivipe instruction specifies
the high-order position of the dividend.

At the completion of division:

a. The quotient is in the high-order positions of the B-fleld.
The location of the units position of the quotient, is the ad-
dress of the units position of the dividend, minus the length
of the divisor, minus one.

b. The remainder is in low-order positions of the B-field.

¢. The sign of the quotient is over the units position of the
quotient field.

d. Because only one quotient digit can be developed at a
time, it is important to address the high-order position of the
dividend {B-address of the prvipe instruction). This insures
that the first divide operation will result in a single high-
order quotient digit, A dividend improperly addressed ean
cause an arithmetic overflow if the result of the first divide
operation is greater than 9.

Note: A divide operation refers to the process of
developing each quotient digit. If the quotient field
is not large enough, no overflow is indicated. This
is a programming error for which the machine does
not check. Division by zero results in an arithmetic
overflow condition. Figure 134 shows the result of
a divide operation.

+ +

XXXX XXX .
Quotient Remainder
8.FIELD

Figure 134.

Location of the Resuits of o Divide Operation

Extra zeros can be added to the dividend prior
to a divide operation when a larger quotient is re-
guired. For each additional quotient digit desired,
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Model 2 contains a block of 8,000 core-storage posi-
tions. It increases the capacity of the system to 12,000
positions.

Model 3 contains a block of 12,000 core-storage posi-
tions. It increases the capacity of the system to 16,000
positions.

Addressing

The additional core-storage locations arc addressed by
the presence of zone bits located over the units position
of each storage address over 3999. These zone bits are
added to the basic 4,000-character coding system.

Zong Bifs over Units

Storage Addresscs Pasition of Address

4,000- 7,999 A
8,000-11,959 B
12,000-15,999 AB

Storage addresses 0000-3999 have zone bits over the
hundreds pesition, and no zone bits over the units posi-
tion of the 3-character address.

Storage addresses 4000-7999 have zone bits over the
hundreds position, and A-bits {0 zone} over the units
position of the 3-character address.

Storage addresses 8000-11,999 have zone bits over
the hundreds position, and B-bits {11 zone) over the
units position of the 3-character address.

Storage addresses 12,000-15,999 have zone bits over
the hundreds position, and A- and B-bits {12 zone)
over the units position of the 3-character address. Fig-
ure 138 is a chart of the addressing system.

The 1BM 1401 addresses core-storage locations by
assigning a digit value to each bit that appears over the
hundreds and units positions of the 3-character ad-
dress.

Bit and Location Digit Value
A-bit over hundreds position 1
B-bit over hundreds position 2
A-bit over units position 4
B-bit over units position 8

The machine adds the assigned digit values of the
hundreds and units positions to determine the thou-
sand block of storage addressed. For example, to ad-
dress core-storage locations, the ea 1401 assigns digit
values to the bits.

A 1
% = B = 3 = 3099
059 059
A 1
IR = B B = 2 8 = 11959
9509 959

ADDRESS VALIDITY
The 1M 1401 checks each address to insure that it is
valid for the storage capacity installed. The system
stops on an address validity errar, if an invalid address
is encountered.

Core-Storage

Cepacity Valid Addresses Invalid Addresses
1,400 0000-13589 1400-15959
2,000 Q000-1999 2000-15999
4,000 0000-3999 4000-15999
8,000 0000-7999 8000-15999

12,000 0000-11599 12000-15999
15,000 (000-15999 NONE

ZONE BITS OVER IONE BITS OVER
ACTUAL ADDRESSES HUNDREDS POSITION UNITS POSITION 3-CHARACTER ADDRESSES
o000 te  O999 No Zone Bits No Zone Bits 000 1o 999
1000 ta 1999 A-Bit (Zero-Zone) Mo Zone Bits $00 ta 299
2000 to 2999 B-Bit (11-Zone) Ma Zone Bits 100 to R¥9
000 te Ipo9 AB-Bits (12-Zone) No Zone Bits 00 to 199
4000 ta 4999 No Zone Bits A-8it (Zero-Zone) 90F 10 99I
5000 to 5999 A-Bit (Zero-Fone) A-Bit (Zera-Zane) F% to 9z
&000  te 4999 B-Bit (11-Zone} A-Bit (Zero-Zone) 10F te RYZ
7000 1o 7999 AB-Bits {12-Zone) A-Bit (Zero-Zone) WFE o 192
8000 1o 8999 Nao Zone Bits B-Bit {11-Zane) [Mle]] to PR
9000 to 9999 A-Bit (Zero-Zone) 8-Bit {11.Zone} 01 1o ISR
10000 to 10999 B-Bit {11-Zone) B-Bit (11-Zone) 101 to R9R
Nage to 11999 AB-Bits (12-Zone)} B-Bit {11-Zone) 101 to I9R
12000 to 12999 Me Zone Bits AB-Bits {12-Zone) oo? 1o 721
13000 to 13999 A-Bit (Zero-Zone) AB-Bits (12-Zone} 0?7 to 9
14000  to 14999 B-Bit {11-Zana) AB-Bits (12-Zone} 107 to R?1
15000  to 15999 AEB-Bits (12-Zone) AB-Bits (12-Zone} ?0? to 121

Figure 138. Addressing System
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ADDBRESS ARITHMETIC

To facilitate address arithmetic, an additional opera-
tion code { MopIFY AppREss) is added to BM 1401 sys-
tems equipped with more than 4,000 characters of core
storage.

Madify Address

Instruction Format.
Mnemonic Op Code A-address B-address
MA # XX xXX

Function, This instruction causes the 3-character field,
specified by the A-address (A-field), to be added
to the B-address (B-field). The result is stored in
the B-field. The three numerical portions and the
zones of the units and hundreds positions of the
B-field make up the 3-character result. For ex-
ample:

3-Character Actual
Location Contents Address Address
A-address A-field 100 100
B-address B-field L2F 14326
B-field M2F 14426
result

Word Marks. Word marks are not affected, and are
not required to define the A- or B-fields. If word

marks are present, they are ignored and remain un-
changed in both fields.

Timing. T = .0115 (L; + 9) ms.

Note: See rules for the addition of zone bits in the
section on Address Modification Without Indexing
Feature,

Address Registers After Operation.

I-Add. Reg. A-Add. Reg.
NSI A3

B-Add. Reg.
B-! or B-3

Example. Add the 3-character address labeled ADDA
(0985) to the 3-character address labeled ADDB
(1313), Figure 139.

5PS
10 omaise | 1} preaum

LW | COuNT LB . 1 ‘;4.“ 5 J— . Tu" gn
sl [, ., MA DOA DDA | |
Autacoder

Label i OPERAND
M H L | NS | SN -]
204,878

Assembled Instruction: # 935 T13
Figure 139, Modify Address (Two-Address)
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Modify Address
Instruction Format,
Mnemonic Op Code A-gddress
MA # XXX

Function. This format of the mopiFy ADDRESS instruc-
tion causes the 3-character field, specified by the
A-address, to be added to itself. The result is stored
in the A-field.

Word Marks. Word marks are not required to define
the A-field. If they are present, they are ignored and
remain undisturbed in the A-field.

Timing. T = 0115 (L; + 9) ms.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg.
NSI A-3

B-Add. Reg.
A-1 or A3

Example. Double the address labeled ADDC (2956),
and store the result at ADDC (Figure 140).

SPS
(L) preaang 0] ORERARS
L [coomt LAITL o cnam |2 oun. | [}
. tls rla ale  uly o I S g I;:-I A% galee
e VIR Aopl .
Autocoder
Lobul
bod

Assembled Insfrudian:ﬁ R5%
Figure 140. Modify Address {Single-Address)

Read Release and Punch Release Feature

With this feature it is possible to release the read-start-
time and punch-start-time interlocks that normally
occur during card-read and card-punch cycles, thus
providing more processing time during input-output
operations.

Start Read Feed

Instruction Format.

Mnemonic Op Code
SRF 8

Function. This instruction works in conjunction with
the read release special feature. It releases the inter-
lock that occurs during read start time, and permits
a gain of 21 milliseconds of processing time between



card-read cycles. Alse, it activates the card-read feed
and moves the next card into reading position.

Word Marks. Word marks are not affected.

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

Notes. After the sTART READ FEED instruction is exe-
cuted, @ READ A CARD instruction must be given be-
fore the reader is ready to read the 9-row of the
card. If the READ A canD instruction comes too late,
then the card is not read, and feeds into the nN=r
pocket, and the machine stops. The reader light
comes on, and the I-address register is at the loca-
tion of the instruction following the one on which
read release time was over-extended. To insure op-
timum processing time, & START FEED READ instruc-
tion should follow the REap A cann instruction,
within 10 ms, if continuvous card reading is de-
sired. Then the machine is ready to accept the next
read instruction on the following cycle.

START READ FEED instructions can also be given
in cases other than those that cause continuous card
feeding, provided that a READ A camrp instruction
follows within the next 21 milliseconds. For this
reason subroutines that can be executed after the
START READ FEED instruction has been given should
be timed to determine if a READ A CARD instruction is
necessary in the subroutine as well as in the main
routine.

Address Registers After Operation.

I-Add. Beg, A-Add. Reg. B-Add. Reg.
NSI Ap Bp

Example. Release the interlock on the card reader and
feed a card (Figure 141).

Start Punch Feed

Instruction Format.

Mnemonic

Op Code
SPF 9

Function. This instruction works in conjunction with
the punch release special feature. It releases the
interlock that occurs during punch start time, and
allows a gain of 37 milliseconds of processing time
between card punch cycles. It also activates the card
feed, and moves the card into punching position.

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

Note. After a START PUNCH FEED instruction is executed,
a PUNCH A Carp instruction must follow before the
machine is ready to punch the 12-row of the card.
If no PUNCH A CaRD instruction is interpreted, the
card feeds past the punch station without being
punched and the machine stops. ( The card punched
on the previous cycle is not checked.) The l-address
register is at the location of the instruction following
the one on which punch release time was over-
extended. For this reason, if cards are to be punched
every cycle, 4 START PUNCH FEED instruction should
be given within 22 ms after the PUNCH A caBp in-
struction, so that the machine is ready to punch the
next card on the following punch eycle. If cards are
not to be punched every cycle, a PuNCE A camrD in-
struction should always follow a sTART PUNCH FEED
instruction within 37 ms to insure proper machine
operation.

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

Ezxample. Release the punch interlock, and feed a card
(Figure 142).

5P5 5PS
4] CPEALMG 01 GHTALRD | {41 prraama | [T

LIne  [cqunt wlifL waonEsy Izl :::_ E acunesy I: Emad, gd LiNE  |counr LAREL [ . sl EWAR. g Monen l: (=TT 8 ;i
3 +fe 1fe ale 18k &3l o Y I 11 I 3 ain s af wle nl ™ lele PP el 71 1Y
ool L BEFE L i oe P -3 R N N
Avtocoder Autocoder

Lobel perati CPERAMD Labal rati CPERAND
[ T I = M Ll L oo L r n 40
L PPN . M R 1 a

Assembled Instruction: 8

Figure 141. TRead Release

Assembled [nstruction: §
Figure 142. Punch Release
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Punch Feed Read Feature

In some applications it is desirable to read information
into the system, calculate, and punch the results in the
same card from which the input data was read. By
using the punch feed read feature, the card at the
punch-feed-read station can be read while the card
ahead of it is being punched. To permit this type of
operation, a special set of 80 reading brushes, called
punch feed read, is added to the 18m 1402 Card Read-
Punch feed, one station ahead of the punch station
(Figure 143). A special d-character specifies that the
card is to be read from the punch side of the 1402. The
normal read area (storage locations (01-080) receives
the information from the punch feed read in the same
manuner as information is read from the read feed. A
validity and a columnar hole-count check is made on
each card column read from the punch-feed-read
brushes. MLP card codes cannot be read by the
punch feed read brushes.

The punching operation for machines equipped with
punch feed read is the same as in the basic 1401. Stor-
age positions 101-180 are specified as the punch area,
and a hole-count check is made at the punch brushes.
The hole-count check of pre-punched data is begun at
the punch-read station and is completed at the punch-
check station after punching has occurred.

Note: Punching in prepunched columns is accept-
able, provided that the resultant character is valid and
that the punches read at the punch-feed read station
are not repeated. For example an X can be punched in
a card column that already contains a 2, but punching
a K (X and 2 punches)} at the punch station if either
an X or a 2 was already in the card, results in a hole-
count cheek.

The d-character R activates the punch-feed.-read

If the combination instruction REap puUNcH (5), or
WRITE READ FUNCH (7) is given, read and punch errors
occur,

‘When punch release is combined with a punch feed
read operation, processing time is reduced from 58 ms
to 36 ms between successive punch cycles.

Read-Punch Feed
Instruction Format.

Mnemonic Op Code d-character
SPS P 4 R
A RF

Function. When this instruction is used, the punch
feed operates and reads the card entering the read
station on the punch side. It also causes the card
at the punch station to be punched. The R char-
acter modifier makes this instruction effective.

Word Marks. Word marks are not affected.

Timing. T = 0115 (L; + 1) ms + punch start time
(37 ms) and punching time of 184 ms. Punch start
time can be used for processing if the punch release
special feature is installed.

Note. An additional 3 ms is required in excess of the
normal punch time of 181 ms when the punch feed
read feature is used. Processing time available is 19
ms without punch release and 56 ms if the punch
release special feature is employed.

Address Registers After Operation.

brushes. It can be used with the operation codes puNcs L-Add. Reg, A-Add, Reg. B-Add. Reg.
(4), wriTE AND PUNCH (8 ), and sTART PUNCH FEED (9). NSI dbb 181
Punches
Punch d
Punch Feed Punch Read Rea
' Hopper Rand Check Check | TIoPPeT |
— = Read =
= Select Select
Stacker Stacker
Normal Normal
Punch Read
NP 4 8/2 1 NR

Figure 143. Punch Feed Read Schematic
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Example. Read the card at the punch feed read sta-
tion and punch a card (Figurc 144),
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Assembled fnstruction: & R

Figure 144, Punch Feed Read

Read-Punch Feed and Branch
Instruction Format,

Mnemonie Op Code I-address d-character
SPS P 4 XXX R
A RF

Function. This instruction causes the same function
as READ-PUNCH FEEP, except that an automatic
branch to the I-address is effected.

Word Marks. Word marks are not affected.

Timing. T = .0115 (Ly + 1) ms + punch start time
37 ms) and punching time of 184 ms. Punch start
time can be used for processing if the punch re-
lease special feature is installed.

Address Registers After Operation.
I-Add. Reg, A-Add. Reg. B-Add. Reg.
NSI BI 181

Function. This instruction causes the printer to oper-
ate and print a line, and the punch unit to read a
ecard, and also causes the card at the punch station
to be punched. The d-character R specifies that
the card at the punch feed station is to be read.
The printer takes priority and operates first, but
the signal to start the punch feed read is auto-
matically given before the end of the print opera-
tion, so that actual card reading starts soon after
the print cycle is complete.

Word Marks. Word marks are not affected.

Timing. T = .0115 (L, + 1) ms + the timing condi-
tions for print and punch overlap (see Timing). The
print operation normally takes 84 ms. Punch start
time is 37 ms and the punch reading time is 184 ms.
An additional 3 ms are added to the normal punch-
ing time of 181 ms. Normal processing time avail-
able is 19 ms.

Note. If the print storage special feature is installed
in the system, the automatic signal to start the punch
feed read operation is given shortly after the trans-
fer to data to the print storage area. Thus, addi-
tional processing time can be gained by using print
storage,

Address Registers After Operation.
I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI dbb 181

Example. Print a line, read a card, and punch a card
from the punch side of the 1402 { Figure 146).

SPS
Example. Read the card at the punch-feed-read sta- W@ wortnin
N - (LT AT AREI . HAR. | o * Hidl, | &
tion, punch a card, and branch to START6 {0598) e e e S SR
for the next instruction (Figure 145). — -k b b b
$Ps Autocoder
d) FIRAND N1 QPERAND . Ld" OPEMND
L [count s trak, | = thas, 5|4 T
, Lol b ks FLELTEY L!,l o, '5‘ FLITTEEY ): e, i 2l
l6.4.0 . P! STARTE ¢ I T
Assembled Instryction: 6§ R
Figure 148, Print and Punch Feed Read
OPERAND
0 3 52

Assembled Instruction: 4 598 R

Figure 145. Punch Feed Read and Branch

Write-Read Punch Feed

Instruction Format.

Mnemonic Op Code d-character
SPS WP 8 R
A WRF -

Write-Read Punch Feed, and Branch

Instruction Format.,

Mnemonic Op Code I-address d-character
5P WP 8 XXX R
A WRF

Function. Same as WRITE-READ PUNCH FEED except

Special Features 8l



that the program branches to the I-address for the
next instruction. '

Word Marks. Word marks are not affected.

Timing. T = .0115 (L; + 1) ms + the timing condi-
tions for print and punch overlap (see Timing). The
print operation normally takes 84 ms. Punch start
time is 37 ms and the punch reading time is 184 ms.
An additional 3 ms are added to the normal punch-
ing time of 181 ms, Normal processing time available
is 18 ms.

Note. If the print storage special feature is installed in
the system, the automatic signal to start the punch
feed read operation is given shortly after the trans-
fer of data to the print storage area. Thus, addi-
tional processing time can be gained by using print
storage.

Address Registers After Operation.

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

B-Add. Reg.
181

Example. Print a line, read and punch a card from the
punch side of the 1M 1402, and branch to STARTS
(0893) for the next instruction (Figure 147).

5PS
181 OPERARO 191 erENIND
e [raar b rre 1| B H scoares lt| :‘: E‘
ool 1o Pl 5TAlTL |, . AR
Autocoder
Lobal et OPERAMD
-] 38 L1} CH -}
ol W RF BRY fn .

Assembled Instruction: 6 895 R

Tigure 147. Priat, Punch Feed Read, and Branch

Print Storage Feature

This special feature provides 100 or 132 non-address-
able extra positions of core storage. They are used as
temporary storage for printer cutput data.

When this feature is installed, the wriTE instruction
transfers the data in the printer area {storage location
201-332) to print storage. Two milliseconds after the
WRITE instruction is given, the normal printer interlock
is released and processing can continue. Thus, avail-
able processing time during a 100 ms cycle is 98 ms,
as opposed to the 16 ms processing time available
when the machine is not equipped with print storage.
The print storage area interlocks for 84 ms during
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printing. Therefore, another wriTE instruction given
duting this 84 ms will cause the program to stop until
the interlock is released.

With this feature, two indicators can be tested by
the BRANCH I1F INDICATOR ON ( Bxxxd) instruction.

The print storage busy indicator turns on during
the first 83% ms of the print cycle. The d-character
P tests the indicator. If it is on, the program branches;
if it is oF¥, the next sequential program step is taken.

The printer error indicator (d-character of =)
should not be tested until the program has determined
that the print-storage busy indicator is orr. If the
error indicator is tested before the busy indicator turns
OFF, the system interlocks until the print-storage opera-
tion in process is completed.

The carriage busy indicator turns on during forms
movement time. The d-character R tests this indicator.
I it is on, the program branches; if it is oFF, the next
sequential program step is taken.

Additional Print Control Feature

The number of available print positions in the basic
1M 1403 Printer increases from 100 to 132 with this
feature. The core-storage area reserved for printing
when additional print control is installed includes loca-
tions 201-332,

Expanded Print Edit Feature

The basic operations of the MOVE CHARACTERS AND EDIT
instruction can be increased by the expanded print
edit feature, With this feature, asterisk protection,
floating dollar sign, decimal control, and sign control
left, operations can be performed. The zero-suppression
code in the control word should be in the position
immediately to the left of the decimal, except as re-
quired in Decimal Control.

Note: Floating dollar sign and asterisk protection
or floating dollar sign and decimal control cannot be
used in the same edit operation. When asterisk protec-
tion and decimal control are combined, and a blank
data field is edited, the result is asterisks in all posi-
tions to the left of, but not including, the decimal-
control position.

Asterisk Protection

When asterisks are to appear to the left of significant
digits, the asterisk protection feature is used (Figure
148). The control word is written with the asterisk



Afield 00257428

Control ward (B.field} bkb, &*0. bb&CR
A ————————————
002.5?&;26 CR

—

44257426 CR

Forward scan
Raverse scan

Results of edit *#*2,574.26 CR

Figure 148,  Asterisk Protection

immediately to the left of the zero suppression code.
Zero-balances can be protected with asterisks by plac-
ing control zeros in the right-most position. In this
instance, asterisks print in all positions including the
decimal position.

Forward Scan:

1. The normal editing process proceeds until the aster-
isk is sensed.

2. The corresponding digit from the A-field replaces
the asterisk {in the output field).

3. The editing process continues normally until the
B-field word mark is sensed and removed.

Reverse Scan:

1. Asterisks replace zeros, blanks, and commas, to
the left of the first significant digit.

2. The word mark (set during the forward scan) sig-
nals the end of editing. It is erased, and the opera-
tion is stopped.

Floating Dollar Sign

This feature causes the insertion of a dollar sign in the
position at the left of the first significant digit in an
amount field { Figure 149). The control word is written
with the $ immediately to the left of the zero-suppres-
sion code. '

Note. The control word must belarger than the A-field.
Three scans are necessary to complete this editing
operation.

Afield 00257426

Contral word (B-field) bbbb, b$0. bb

——

First forward scan 002,574.28
—

Reverse scan bhb 2,574.25
l—

Second forward scan $2,574.26

Results of edit $2,574.26

Figmre 149. Floating Dollar Sign

First Forward Scan:

1. The editing proceeds until the §$ is sensed.

2. The corresponding digit from the A-field replaces
the 3§ {in the output field}.

3. Editing continues until the B-field word mark is
sensed and removed.

Reverse Scan:

L. Blanks replace both zeros and commas to the left
of the first significant digit.

2. The reverse scan continues until the word mark (set
during the first forward scan) signals the start of
the second forward scan.

Second Forward Scan:

1. The word mark is erased and the scan continues
until the first blank position is sensed. This blank
position is replaced by $, and the operation stops.

Sign Control Left

CR or minus symbols can be placed at the left of a
negative field, if the sign control left feature is used
{ Figure 130 ). The control word is written with the CR
or minus symbols in the high-order position.

Afield 00378940

Cantrol ward (B-field) CR&bbb, bbO. bb
——
CREOD3, ?8?_.40

——

CRbbb3, 78%9.40

Forword scon

Revarse scon

Results of edit CR 3,789.40

Figure 150. Sign Control Lelt

Forward Scan:

1. The scan proceeds until the zero suppression char-
acter in the control field is sensed.

2. The corresponding character from the A-field is
placed in this position of the output ficld.

3. A word mark is automatically inserted in this posi-
tion in the output field.

4, Editing continues and the CR or minus symbaols are
undisturbed in their corresponding positions in the
output field, only if the sign of the A-field is minus.
If the sign is plus, they are blacked.

Reverse Scan:

1. Blanks in the output field replace zeros and commas.
The scan continues until the automatically-set word
mark is sensed.

2. This word mark is erased and the operation ends.
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Decimal Control

This feature insures that decimal points print only
when there are significant digits in the A-field ( Figure
151).

Two scans are sufficient to complete this editing
operation, unless the field contains no significant digits.
Then three scans are required.

First Forward Scan:

1. When the zero suppression code (0) is sensed dur-
ing editing, the corresponding digit from the A-field
replaces this position.

2. A word mark is set automatically in this position in
the B- (output} feld.

3. Editing continues normally until the B-field word
mark is sensed and removed.

Reverse Scan:

1. Blanks in the output field replace zeros and commas
until the decimal point is sensed.

2. The decimal point and the digits at its right are un-
altered. The automatically-set word mark is erased.
If there are no significant digits in the field, the sec-
ond forward scan is initiated. Otherwise, the edit
operation stops.

Second Forward Scan:

1. Blanks replace the zeros at the right of the decimal
point and the decimal point itself.

2. The operation stops at the decimal column.

1. Afield 00000
Cantral word (Bfield) bbb. kO
——

First forward scan 000.00
———

Reverse scan bbb, 0O
—

Second forward scan bbb
Results of edit (8lank Field)

2. A-feld 29437
Contral word (B-fleld) bbb, b0
—

First forword scan 294.37
—

Revarwe scan 29437
Result of edit 204,37

3. Adfield o000
Control word {B-fiefd) bbb. b0
f—

First forward sean 000.01
Reverse scan bbb. 01
Results of edit 01

Figure 151, Decimal Control
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Indexing Feature

Many Bm 1401 programs require that the same opera-
tions be performed repetitively, with a change only in
the A- or B-address. Modifying these addresses, each
time a repetitive operation is performed, requires sev-
eral program steps, and additional storage locations
which must be set aside for this purpose.

When the indexing feature is installed, three index
locations are provided in the 1BM 1401 Processing Unit
to modify addresses automatically. This means that
tewer instructions are needed and storage space is con-
served, thus providing for faster program execution
and over-all simplification of programming effort.

INDEX LOCATION ADDRESSES
Addresses assigned to the index locations are:

Index Location Storage Address
i 0B7-089 089
2 052-084 094
3 097-099 099

TAGGING
It is necessary to tag each address by an indicator so
that the 1401 knows which index location is to be used
fo modify the instruction address.

A combination of A- and B-bits in the fgns position
of the A- or B-address of an instruction { AAA) (BﬁB),
selects the index location.

Index Location Tens Positions Zone Punch
1 A-bit, No B-bit Zero
2 B-bit, No A-bit Eleven
3 A-bit, B-bit Twelve

ADDRESS MODIFICATION

The primary use of index locations is to modify ad-
dresses automatically by adding (absolute) the con-
tents of an index location to an address. Both the
A-address and the B-address can be modified by the
contents of any index location. Only core storage ad-
dresses can be modified.

The modification of the A- and B-addresses occurs
in their respective address registers. For instance, if
the A-address is indexed, the indexing occurs in the
A-address register. This means the original instruction
in storage is in no way changed or modified.

The index locations can be used as normal storage
positions when not being used as index locations.

The index factor can be placed in the index location
by normal programming, such as an add or move aper-
ation. The index factor can be changed by normal
arithmetic app and suerract instructions, following
the word mark rules for those instructions. In such
cases a word mark should be set by an iitialization
routine in the high-order position of the index location,

Note. See Address Modification section for uses and
examples of the indexing feature.



Store Address Register Feature

This special feature makes it possible to store the con-
tents of the A- and B-address registers. Thus, the A-
and B-addresses of program instructions can be modi-
fied directly in cases where variable length records are
being processed. This facility also makes it easier to
re-enter the main program from a subroutine. Because
the address of the next instruction in seqguence can be
retained, program re-entry is simplified.

A subroutine is a set of program instructions that
are executed, if a particular condition arises during
the main routine. For example, if an unequal compare
occurs during processing, the program branches to a
subroutine in which a special set of instructions
handles the condition.

Each time a subroutine is used, some method must
be employed to link it with the main program. The
function of the STORE A-ADDRESS REGISTER, and STORE
B-ADDRESS REGISTER instructions is to establish sub-
routine linkage so that upon leaving the sequence of
the main program it is possible to execute the steps of
the subroutine, and return to the main program where
the sequence was interrupted.

Store A-Address Register

Instruction Format.

Mnemonic Op Code A-address
SAR Q XXX

Function. This instruction stores the contents of the
A-address register from the previous operation, in
the three-position field that has its units position
defined by the A-address of the STORE A-ADDRESS
RECISTER instruction.

Word Marks, Word marks are not affected.
Timing. T=.0115(L; + 5} ms.

Address Registers After Operation.

1-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI A3 Ap

Example. Store the contents of the A-address register

Store B-Address Register

Instruction Format,
Mnemonic Op Code A-address
SBR H XXX

Function. This instruction stores the contents of the
B-address register resulting from the previous op-
eration, in the three-position field that has its units
position defined by the A-address of the store
B-ADDRESS REGISTER instruction,

Word Marks. Word marks are not affected.
Timing. T = 0115 (L + 4) ms.

Note. If indexing is installed in the 183 1401, the func-
tioning of all branch commands is altered to simplify
subroutine linkage. With these alterations, each
time a branch occurs as a result of one of these com-
mands, the address of the next sequential instruction
in the main routine is inserted in the B-address
register. See Note under Logic Operations.

Although the subroutine may be entered from
many distinet points in the main program, this use
of the sBr operation makes the subroutine linkage
complete.

Address Registers After Operation.

I-Add. Beg. A-Add. Reg. B-Add. Reg.
NSI A-3 Bp

Example. The main routine branches to a multiply
subroutine labeled MULTRU (0495), This example
shows the last step in the main routine and the first
and last steps of the multiply routine, and illustrates
subroutine linkage (Figure 153). The last instruction
(labeled LAST) plus three will contain the address
of the next instruction in the main routine.

SPS
in area labeled AADRG (0625), Figure 152. o ormoe  atirine
LimE  [cpunT LLBEL BPLALTICN N |:| than. [ P |:| et = d
1 110 e Ll L) mfir 23 ik, I" " " AR ;l an
ool ol 8 T HLL TRUN T, . i ¥
FIEICD K o surdurimrs P Ay it S et I S M Wari sim sersdnl
SPS a,» 4 oede B R LAST‘| 1 :*: N |5 ||||| : i I
LIS Berrtey T s e S y mtv ==
41 prensd 111 prERaRD 030 , Y AST 1]5, - T<T«7: J Lt
[) l'_.:w.:. o )i aliz haeran lll t:;:l :f:n e ’!. T:: g:
el 1 SARAADRB T . :
Avtocoder
i QPERAND
Autocoder f tobel l;li} w":;l;g 25 ) LY g 43 w8
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] 19 43 &6 it s o o firmmarn ot STt i PP rarmAr S
1. AR MADRE N BR |LAST+Z . . e
Ly AR N + B PPN

Assembled Instruction: @ 425

Figure 152. Store Contents of A-Address Register

Figure 153. Store Contents of B-Address Register
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Move Record Feature

This feature provides a special move instruction that
makes it possible to move a complete record from one
storage area to another, without regard to word marks
within the record. This instruction is especially desir-
able in magnetic tape operations,

Move Characters to Record or Group Murk

Instruction Format.

Mnemonic Op Code A-address B-address
SPS MCM P XXX XXX
A MRCM

Function. This operation code makes it possible to
move an entire record from one core-storage area
to another, regardless of the presence of word marks
in either field. The A- and B-addresses specify the
high-order position of the respective areas. Trans-
mission starts from the high-order addresses, and
continues until a record mark (A82 bits) or a group-
mark with a word-mark { WMBAB421 bits} is sensed
in the A-field. The record mark or group mark
transfers to the B-field.

Word Marks, Word marks within the area do not
affect the MOVE CHABACTEES TO RECORD OR GROUP
MARK operation. Any word marks in the B-field re-
main unchanged. A-ficld word marks are not trans-
mitted to the B-field.

Timing. T = 01153 (L, + § + 2L,) ms.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg.
NSI A+ La
{ The length of the A-field
includes the group-mark
with word-mark or record
mark)

B-Add. Reg.
B+ La

Example. Move the tape record that has its high-order
character in the location labeled TARCIN (0679) to
another area of core storage beginning at the label
WTAREC (0985), Figure 154.

High-Low-Equal Compare Feature

This feature expands the compare aperation to include
indicators for high, low, or equal conditions. Addi-
tional d-characters are included so that the BrANCH 17
INDICATOR ON instruction can test for these conditions.
The basic machine permits testing for unequal condi-
tions only.

Test High, Low, or Equal Compare

Instruction Format.

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

Function. This instruction tests the compare indicator
for the result of the previous compare operation
and branches to the I-address, if the condition
specified by the d-character is present:

Autocoder  d-character Branch to I-address if:
BE b B = A (B equals A)
BL T B < A (B is less than A)
BH U B > A (B is greater than A}

If the condition is not present, the program con-
tinues with the next sequential instruction.

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.
NS5I BI dbb

Example. Compare the data at RECNO {0586) to the
control number at CONTNGO (0493). If the data at
RECNO is higher than the control number at
CONTRNO, branch to GRTAN (0797) for the next
instruction (Figure 155).

5PS
103 GrEARND [8) CERARD
SPS Lne |coeT L Abohes !l - ¢ aepurss |: car i'd
TE1 CHEAANT o orERaRD 3 ale W H|re lll 47 Il!l N FLJEL] .!ll 1R
- ool ol 0 OONTNG . | IRECKO, 1,
el Rl PR I Rl 7 | R e s o 58 1 .\ B it = o .
el | T MOMTARCIN. . | WIARED, I
Autocoder
Avtocader Lobal o“m,;% OPERAND
| ; OFERAND . e 2ol21 ey P ) 29 FHy 0
B \aihis - Y S VR b . IcoNTMo RECNG .. .. . .. .
(N WTAREC . : BH . IZRTAN
Assembled Instruction: P 679 985 Assembled Jnstruction: € 495 596
E 757 U
Figure 154, Move Record Figure 155. Compare
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presence of mode change characters (A) in the
tape record.

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

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add, Reg.
NSI % 3x Address of the inserted
group mark

Example. Read a tape record from tape unit 2 (la-
beled 2) in the area of core storage labeled TPAREA
(0498), Figure 158,

5PS
181 perramn 1 orELLAD

LiaE [eomt b i aebuess :I g H apeneny ]: kil | d
3 _ufs zle alu Iu; 2 "F s dalm
3,10 — Myl BECR . . 11, TPAREA | |
Autoroder

Lobal M perati GFERAND

! MU oS . .

Ed

Assembled Instryction: M 9%6C2 498 R

Figure 158. Read Compressed Tape

Move and Insert Zeros

Instruction Format.

Mnemonic Op Cede A-address B-address
MIZ X xXx XXX

Function. The MOVE AND INSERT ZEROS instruction
moves the compressed tape data that was read into
core storage by a READ COMPRESSED TAPE instruc-
tion to another storage area, and expands each field
to fill the storage locations allotted to it by the field-
defining word marks. The A-address specifies the
units position of the compressed tape record in core
storage. (To obtain the A-address, execute a sTORE
B-ADDRESS REGISTER instruction immediately follow-
ing the execution of the READ COMPRESSED TAPE in-
struction. This stores the address that contains the
group mark () that indicated the end of the com-
pressed tape record.} The B-address of the move
AND INSERT ZEROS instruction specifies the units posi-
tion of the expanded area. The data moves from
the compressed area to the expanded area, and
zeros are inserted into the high-order positions of
the expanded-area fields.

Word Marks. Word marks must be preset in the ex-
panded area to indicate the high-order position of
each field. A group-mark, with a word-mark that
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has also been preset by the program, must appear
at the position immediately to the left of the high-
order storage location of the A-field. It is this group
mark that signals the end of the MOVE AND INSERT
ZEROS operation.

Timing. T=.0115{L;+1+23L, + 2Ly) ms.

Note. When the 1M T070 writes a tape record, it
writes each word on tape in either the alphabetic
or numerical mode. Each time the mode changes
from alphabetic to numerical or vice versa, a mode
change character, delta (a), is automatically written
on tape. Each time a delta is read into M 1401 core
storage by the READ COMPRESSED TAFE instruction,
it changes the setting of an internal switch to either
the alphabetic or the numerical indication, corre-
sponding to the mode. Thus, at the completion of the
operation, the mode change switch indicates the
mode setting of the last tape character read.

In the expand operation, the setting of the in-
ternal mode switch determines the method of op-
eration. The machine works on the MOVE AND INSERT
ZERoOs operation from right to left, moving the data,
field by field, from the compressed area to the ex-
panded area. If the compressed area field is alpha-
betie, it is moved, intact, to the expanded area field,
as defined by the preset word marks. To insure
proper operation, the expanded alphabetic fields
should be equal in length to the alphabetic fields
read from tape. If the data are numerical, they are
moved digit-by-digit, low order to high order, until
a zone bit (indicating sign position) or A (delta) is
encountered. If any high-order positions in the ex-
panded ficld are unfilled, zeros are inserted until a
word mark is sensed. During this operation, the
detection of a A in the compressed area changes the
setting of the mode switch, and the mode of opera-
tion changes from alphabetic to numerical, or vice-
versa.

Address Registers After Operation,
I-Add. Reg. A-Add. Reg.
NSI Address of preset
group-mark with a
word-mark —1 at im.
mediate left of tape
read-in area.

B-Add. Reg.
At last word-mark
in B-field minus one.

Example. A 4-word compressed tape record is pre-
pared by the 18n 7070:

Field Mode IBM 7070 Storage Words
Part name alpha two words
Part number numerical one word, always plus
Unit cost numerical  one word, always plus

The part number can be from two to seven digits
in length. The unit cost can be from three to six



digits. The compressed tape record, written by the
7070 for a specific part, looks like this:
EXTbbSHANKAQ475C1154E
The letter C is a plus sign over units digit 3.
The E is a plus sign over umits digit 5. The mode
switch is set to alpha mode during the compressed
tape operation instruction time. Therefore, it was
changed to the numerical mode by the A. It is nec-
essary to perform the expand operation before the
next READ COMPRESSED TAPE instruction.

5PS

0 DeTRaD 1N OPERAND l
Lt Jeowar LAREL [ ]! can | @ . +| tur |g d
P A alie ul P I 1] 1Y P i 1 P
o sio] . ] I pale, ., 1t ., 700 '
oeel |, .. |IBRIEXPANDY ST, . . ;
sl EXPANDHIZ|0000, . 11 24 _ .
Autocoder

Assembled Instruction:
M 3%%C2 700R lacoted in storage positions 433-440
B 448 located in storoge positions 441.444
X 000 724 located in storage positions 445-451

Figure 159. Read and Expand Tape Record

Figure 159 shows the three program steps that
read and expand the compressed tape record for
this example. A group-mark with a word-mark has
been preset in position 0699,

The READ COMPRESSED TAPE instruction reads into
18M 1401 storage locations 0700-0721:

EXTbbSHANKAO475C1154EE
After the operation, the B-address register contains
the address of the group mark (0721). The sTore
B-ADDRESS REGISTER instruction modifies the Move
AND INSERT ZEROS instruction so that the A-address
contains 721:

X 000 724 before
X 721 724 after

The maximum size of the compressed tape rec-
ord is 24 positions (to accommodate a 10-character
part name, a 7-digit part number, a 6-digit unit
cost, and the mode-change character). Thus, the
expanded area is defined as locations 700-724 (the
25th position is for the group mark, % ). Word
marks are preset in positions 700, 711, and 718.

The MOVE AND INSERT ZEROS instruction first tests
the mode switch, and then moves the unit cost field
and the group mark (1154E #) from the compressed

field locations, 716-721, to the expanded field loca-
tions, 719-724, The detection of the zone bits in the
letter C of the part number indicates the units
position of the next field. Because no mode change
character is detected, the mode switch continues
to indicate numerical, A zero is inserted in position
718. The preset word mark in that position stops
the insertion of additional zeros in the unit cost ex-
panded field. In a similar way, the 0475C part num-
ber moves from positions 711-715 to positions
713-717, and zeros are inserted in positions 712 and
711, halted by the word mark in location 711. The
A in position 710 indicates the units position of the
next field (part name).

The A changes the seiting of the mode change
switch from numerical to alphabetic. In the alpha-
betic mode, characters are moved without insertion
of zeros.

The expanded area in core storage after the op-
eration looks like this:

EXTbbSHANKaA000475C01154E ¥

Note: To conserve storage, the compressed area

overlaps with the expanded area in this example.

Column Binary Feature

This feature makes it possible for the msa 1401 Data
Processing System to process column-binary-coded
cards and magnetic tapes used with 18Mm scientific data
processing systems such as the 1y T04, 1Ban 709, and
18M 7090.

The reading, writing, and logic operational facilities
of the 1401 can be used to process the binary-coded
data.

The operation codes and instructions described in
this section are used whenever:

1. The information to be read or written is in binary
cards or binary coded tapes.

2. There are invalid multiple punches in cards con-
taining the standard 1BMm card code. This means that
cards, coded with several punches in one column,
that were designed for other machines can be en-
tered by using this feature.

Read Column Binary

Instruction Format.

Mnemonic Op Code d-character
SPS R 1 C
A RCB -

Function. This instruction causes the card at the read
station to be read into the 1401 in the binary mode.
During the reading of a card, the read cycle is
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divided into two parts, and three different areas in
storage receive the data. Card cycle 9 through 4
time uses the normal read addresses 001-080, and
column binary read area addresses B501-580. The
other portion of the card cycle (3-12 time) uses
addresses 001 through 080, and 401 through 480.
Note that storage locations 001-080 are common
read-in locations for both halves of the read cycle.

At the completion of this read operation, a
BCD coded image of the card is stored in ad-
dresses 001 through 080, just as in normal card
reading. The portion of the card that contains
column-binary information appears as hash in the
corresponding addresses 001.080, and the portion
of the card that contained alphamerical characters
is stored in BCD code in addresses 001 through
080. Storage addresses 401-480 and 501-580 con-
tain the true card image. In these areas all alpha-
merical characters and all column-binary informa-
tion appear as illustrated in Figure 160 :

If, for example, the following information is re-
corded in a binary card and appears in 1401 stor-
age:

Card-column 1 contains an 1BM card code H
which is represented by a 12-punch and an 8-punch.

Storage Locations Contgins
001 BAS
401 B
501 2
8CD CODE PUNCHES IN CARD COLUMN
Storage C
B 12
Addressas A 11
8 0
401-480 4 1
2 2
—_— 1 — 3 -
Storoge C
B 4
Addresses A 5
8 6
501.580 4 7
2 :
1 2
Starage C 12
B 1
Addresses A 0
8
1
001-080 ; 2
1 ]
4
{BCD equivalent of the card 5
punches if glphemerical, &
hash if true binary.) 7
8
b4

Figure 160. BCD Code and Colurmn Binary Punches
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Card-column 2 is part of a binary field and con-
tains punches in rows 12, 0, 1, 3,4, 5,6, 7, and 9.

Storage Locations Contains
002 hash
402 CB841
502 BAS41

Word Marks. Word marks are not affected.
Timing. T = 0115 (L; + 1) ms + 1/0.

Notes. The READ COLUMN BINARY insfruction {1C) can-
not be combined with any other operation.
Read checking of input data is unchanged, ex-
cept for the validity check, which is not performed
because all characters read are considered valid.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg,
NSI dbb 481

Example. Read the card at the 1BM 1402 read station
in the column binary mode (Figure 161).

SPS
141 PLALD 8] CPENARD

e [eowit LaktL % | tur s e, |#]d
' sls 1|s e | okt w1 e tone —[lzn bt 1 1Y)
B,1,D x PR T T 1 h ! lllll : c
Autocoder

Laabel peratl OPERAND
39 i ] 49 43
H L8 e . e et
Assembled Instruction: 1. €

Figure 161. Read Column Binary

Read Column Binary and Branch

Instruction Format.

Mnemonic Op Code I-address d-character
SPS R 1 XXX C
A RCB -

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

Word Marks. Word marks are not affected.

Timing. T = 0115 (L; + 1) ms + I/0.

Address Registers After Operation.
I-Add. Reg. A-Add, Reg. B-Add. Reg.
NSI BI 481

Example. Read the card at the read station in column
binary mode, and branch to BININ (0922) for the
next instruction (Figure 162).



5P5 5PS
dd) DHRING [#) OPCRLED LLLE-LULL ] GPLALRD
LmE | CoumT LIBEL TR s s d Ll [eount LAmEL ot natspn| o] twe g zl tnan. (o d
1] e hd L) 13fre mhir fee l:| b l_‘ 1 Lot ll:l o :-l i1 3 1101 Ed [ aslia 1|07 Loonis !_l ABi !_‘ i i lll e !‘l il
YN A N N e PR I I - A . i
Autocoder Autatoder
Labal rati QPERAND Lobal parati OPERAND
f ] 23 1) 3% 40 11 1] IF1 [ HH] Af 43 At
L IRCR IMIM . o £a N

Assembled Instroction: 1 922 C

Figure 162. Read Column Binary and Branch

Punch Column Binary

Instruction Farmat.

Mnemonic Op Code d-character
SPS P 4 C
A PCB -

Function. This instruction, executed in two parts, re-
quires that the information be stored in two differ-
ent areas, Information that is to be punched in
rows 12-3 {card columns 1-80} is stored in loca-
tions 401-480. Rows 4-9 of the card (columas 1-80)
are punched from storage locations 501-380.

Using the same data shown in the READ coLumMN
BINaBRY cxample, the card is punched:

Storage Locations BCD Punches
401 B 12
501 2 o)

This combination causes the H to punch in card
column 1.

Card column 2 is punched in rows 12, 0, 1, 3,
4,5, 6,7, and 9 as transferred from:

Storage Locafions BCD Punches
402 CBg4! 12, 0,1, 3
502 BAg&41 4,56,7,9

Word Marks. Word marks are not affected.
Timing. T = .0115 {L; + 1) ms + I/O.

Note. The PUNCH COLUMN BINARY instruction cannot
be combined with any other operation. The punch
checking of output data is unchanged.

Address Registers After Operation.

I-Add. Reg, A-Add. Reg. B-Add. Reg:
NSI dbb 181

Example. Punch the card at the punch station in the
column binary mode (Figure 163),

Assembled Insiruction: 4 C

TFignre 163. Punch Column Binary

Punch Column Binary and Branch

Instruction Format.

Muemonic Op Code I-address d-character
5ps P 4 XXX C
A TCB

Function, This is the same as the runca coLUMN
BINARY instruction, except that the next instruction
is taken from the I-address.

Word Marks. Word marks are not affected,
Timing. T = 0113 (L, 4+ 1Y ms + 1/0.

Note: The PUNCH COLUMN BINARY AND BRANCH instruc-
tion cannot be combined with any other operation.
The punch checking of output data is unchanged.

Address Registers After Operation.

I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI BI 181

Example. Punch a card in the columm binary mede,
and branch to BINCD (0986) for the next instruc-
tion (Figure 164).

5PS
(3] oerasay (41 theRLKy
Ty L e, [ v, |5
deol B A I R R S
el oo, P TIBIMeD T R | )&
Autocoder
Label rati QOFERAND
15! AQ A2 -]
P I I T .

Assembled Instruction: 4 986 C

Figure 164, Punch Column Binary and Branch
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Branch if Bit Equal

Instruction Format,

Mnemonic Op Code  l-address B-address d-character
BEBE W XXX XXX x

Function. The d-character can contain any character
or any combination of bits (BA 8421) that can exist
in a single position of the 1401 core storage. If the
character at the B-address contains any bit that
matches any bit in the d-character, the program
branches to the I-address. Otherwise, the program
continues normally.

Word Marks, Word marks are not affected.
Timing, T = 0115 (L; + 2) ms.

Address Registers After Operation.

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

Example. Examine the storage location labeled UNPOS
(0759) for a match in the d-character bit configura-
tion. The d-character is a 9 (8- and 1-bits), There-
fore, if the character contains either an 8- or 1-bit,

the pregram branches to BITEST (0985), Figure 165.

SPS

L) DPERARG I 101 CRERAND ]
une feoun LAML . |8 3| our |afd
a L) I |11} 1%]IT Loemes E‘ 18 l_f|ﬁ i :‘ s ; 14|
ovel ..., BEEBYTEST | ., NPDS., | 1
Auvtoceder
Label roff OPERAND
kL) % L1 L} ]

Assembled Instruction: W 985 759 ¢

Figure 185. Branch on Bit Test

Binary Tape Instructions

Column-binary inforination should be recorded on
magnetic tape in its Iogical order. To do this it is nec-
essary to arrange the data from storage locations 401-
480 and 501-580 in the following sequence in a tape
write area:

Address 401 followed by 501, followed

by 402, 502, etc., until the entire area

is so arranged.

This puts the 12-3 data next to the 4-9 data from the
same card column, in the proper scquence for writing
on tape.

This arranging can be done automatically by a
MOVE AND BINARY DECODE instruction.

Conversely data read from a tape unit can be ar-
ranged as a card image with 12.3 punches in the 401-
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480 area and 9-4 punches in the 501-580 area. The
MOVE BINARY CObE operation performs this function.

Column-binary information must be written on mag-
netic tape in the odd-parity mode. This means that
an odd number of bits must be recorded in each posi-
tion of the tape record. The wRITE BINARY TAPE and
READ BINARY TAPE instructions cause the data to be
recorded in this manner.

Move and Binary Decode

- Instruction Format.

Mnemonic OpCode A-oddress B-address d-characier
SPS MCW M XXX XXX A
A MBD

Function. This instruction arranges data in the correct
order for tape writing. The A-address is usually
572 or 580, depending on whether the card has
72 or 80 columns of binary data. It specifies the
units or low-order position of the record. The B-
address specifies the Jow-order position of the area
in 1401 storage from which the record is to be
written on tape by a WRITE BINARY TAPE instruction.
The d-character specifies that this is a move and
binary decode operation.

At the completion of this aperation, the tape-
write area (B-address) contains the data from both
the 401-480 and 501-580 areas in this sequence:

401, 501, 402, 502, 403, etc.

Word Marks., A word mark must be preset in the
401-480 area o signify the high-order character
of the record (normally in location 401). Any word-
mark encountered stops the transfer to the tape-
write area.

Timing. T = .0115 (L; + 1 4+ 2Ly) ms.

Address Registers After Operation,
I-Add. Reg. A-Add. Reg.
NSI Address of the
400 area preset
word mark + 99.

Example. Write the data in 401-480 (labeled CLBI4A)
and 501.580 (labeled CLBISA) areas in the tape-
write area labeled BITPAR (2080}, Figure 166.

B-Add. Reg.
B-Le

5PS
{11 DrEIARG 197 BFERANE
‘ LNt .fw-: . LA, a:-mm:" R ,:, ::: ?”. [ i: e:: §:
Y I HEWCrBTIBR || BiTPAR: |
Autocoder
Lobal rati CQPERAND
I 30 1]
A .
Assembled Instruction: M 580 180 A

Figure 166, Move and Binary Decode



Move Binary Code

Instruction Format,

Mncemonic Op Code A-address B-address d-character
SPS MCW M XXX XXX B
A MBC -

Function. Information read from magnetic tape is ar-
ranged into a coded card image in binary form,
when this instruction is used. Data to be punched
in rows 12-3 is transferred to 1Bn 1401 storage
area locations 401-480, and data to be punched in
rows 4-9 is stored in the 501-380 area for punching.
The A-address specifies the units position of the
tape read-in area, and the B-address is usually 572
or 580, depending on the number of columns to be
punched. The d-character {B) specifies a move
binary code aperation.

Word Marks. A word mark must be preset in the
high-order position of the B-field (normally 401)
to stop the operation.

A word mark in the high-order position of the
A-field can be set to stop the operation after the
following B-cycle if desired.

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

Address Registers After Operation.
1-Add. Reg. A-Add. Reg.

B-Add. Reg.
N8I A-La

The address of the

preset word mark in
the 400 area + 99,

Example. Move the data from the tape read-in area,
labeled BITPAR (2080}, to the celumn-binary punch
area CLBI4A (0401-0480) and CLBISA (0501-0580),
and store it in the proper sequence for punching
(Figure 167).

5PS

1A prENARD 8 eAtkang
LIRE jeount s steRriy z] Gut H ety |! v Eg
sl [, MGNBITRAR |, CLBIRN |

Assembled Instruction: M

I8¢ 580 B

Figure 167. Move and Binary Code

Write Binary Tape

Instruction Format.

Mnemonic Op Code  A-address B-address d-character
SPS MU M % Bx XXX W
A WTB -

Function. This instruction writes a tape record in
the odd-parity mode. The A-address specifies the

tape unit to be selected, and signals that this is a
column binary tape operation. The B-address speci-
fies the high-order position of the tape record in
1401 storage, The d-character indicates a tape write
operation. The sensing of a group-mark, with a
word-mark in 1401 storage stops transmission from
the 1401 to the tape unit.

Word Marks. Word marks are not affected.

Timing. T = .0115 (L; + 1) ms + T
Address Registers After Operation.
I-Add. Reg. A-Add. Reg. B-Add, Reg.
NSE %2x Group-mark + 1

Example. Write a tape record in the binary mode on
the tape unit labeled 4, with the data stored in the
area labeled BTPOUT (2001) and ending at the
group-mark with a word-mark sensed in 1401 core
storage (Figure 168).

SPS
AT OREZRRND ANl QFERAND
1 o [l :N.: L] e 13| Hb nfrr Aooeeis :][ ‘::: !;; Fi Aoats |!:l ‘:;: E :‘
el L MO R . TP ..
Avtocoder
Labal roti QPFERAND
I 1] 1 A0 L] -]
] 18 14, A1PaUT |

Assembled Instruction: M %B4 101 W

Figure 168. Write Tape Binary

Read Binary Tape

Instruction Format.

Mnemonic Op Code A-address B-address d-characier
SPS MU M %Bx XXX ity
A RTB -

Function. A tape record written in binary form is read
into core storage, beginning at the location speci-
fied by the B-address and ending at an inter-record
gap between tape records or a group-mark with a
word-mark in core storage. The A-address indicates
the tape unit selected, and signals the column-
binary tape operation. The d-character (R) speci-
fies a read operation.

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

Address Registers After Operation.

I-Add, Reg. A-Add. Reg.
NSI % 2x

B-Add. Reg.
Croup-mark + 1
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Example. Rcad the binary tape record from the tape
unit labeled 5 into the area of 1401 core storage
labeled BTPIN (2080} and ending at the group-mark
with a word-mark sensed in core storage or at the
first inter-record gap encountered in the tape rec-
ord {Figure 169).

SPS
[41 CrEAARD [
Lmg |eavnr, LagEL AR E AR
\ J N L_J o |2 aopness 5w |2
mel 1L AT L
Autocoder
CPERAND

Lobe) JFPW;;#
e 130 2ol 28 kL] L) 49
o RIB IS, BTPIN

Assembled Instruction: M %B5 180 R

Figure 169, Read Tape Binary

Numerical Print Feature

The numerical print feature for the 1sae 1403 Printer
has been designed for those businesses having certain
1401 applications that require no alphabetic printing.
For example, banks, insurance companies, and utilities
prepare many reports with only numerical printing.
With this feature, the time required to produce these
reports can be reduced by as much as 50 per cent.
The manufacturing, wholesaling, and retailing levels
of other industries can also use this feature for the
many applications in which reports are (or can be)
numerically coded,

With. this feature, the systems user can switch from
the alphamerical to the numerical mode, simply by
changing the chain cartridge in the 1403. The numeri-
cal chain is composed of 15 character sets, with 16
characters (digits 0 through 9 8 ., * - @) in each set.
In the numerical mode, the 1403 can print 1285 lines
per minute — more than twice as fast as in the alpha-
merical mode.

To change from one mode to another, an operator,
with no special tools, removes one chain and replaces
it with the other. Before locking the new cartridge in
place, it is only necessary to move the chain enough to
permit the chain drive to engage. When a chain car-
tridge is placed in the 1403, the corresponding mode is
selected automatically. If the printer is in the numeri-
cal mode, characters other than the 16 specified for
numerical printing cause a print check error.
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Interchangeable Chain Cartridge Adapter
Many scientific and commercial applications require
distinctive type styles for particular printing jobs.
This special feature for the syt 1403 Printer allows
chain cartridges to be interchanged.

With this feature, an operator can insert an inter-
changeable chain cartridge with a different type font,
tvpe style, or special character arrangement.

Operating Instructions

1, Turn off the power in the system,

2. Raise the counterbalanced cover of the printer.

3. Unlock and swing back the print unit by using the
print unit release lever.

4, Open the top ribbon cover, remove the lower rib-
hon roll, slide ribbon from under the ribbon cor-
rection roll and store the lower ribbon roll on the
ribbon cover.

5. Grasp the chain cartridge handles and raise them
to a vertical position. This unlocks the cartridge
from the print unit.

8. Lift straight up on the cartridge handles until the
cartridge clears the locating pins. Place the car-
tridge on a surface that tolerates oil and ink. (A
container is provided for storing the chain car-
tridge when it is not in use.))

7. Install the second cartridge by grasping the han-
dles and lifting the cartridge into position over
the locating pins. Check the bottom of cartridge
for foreign material before placing it on the printer.

8. Position the cartridge gently over its guide pins
and release the handles. Do not force either handle
down. The end opposite print hammer 132 should
fully settle on the base, the end opposite hammer
unit 1 is not in position at this time,

9. Rotate the chain in the normal printing direction
{counterclockwise as seen from the top), and at
the same time press down on the button located
on the top cover between the chain cartridge posi-
tion and the print-timing dial. When you can no
longer rotate the chain, it is properly positioned at
the end opposite hammer number one.

10. Lower the chain cartridge handles to their horizon-
tal positions, Do not force the handles. If force is
required, the chain is not properly in position and
steps 7 through 9 should be repeated.

11. Replace the lower ribbon roll and make sure the
ribbon is positioned under the ribbon correction
roll. Close the ribbon shield, latch the print unit in
place, and close the counterbalanced cover. Turm
the power on and resume system operation.









Page 96 -- Add the following text before the last paragraph in the left column:

Left-scored, 5l-column cards must not contain punches in the columns that
are the equivalent to columns 28 and 29 of an 80-column card. If these columns
are punched, misfeeding of cards may occur. The first punch in 2 51-column card
may be in the column equivalent to column 30 of an 80-column card.

When changing from 51-column fo 80-column operation, a few blank 80-column
cards should be run through the read feed te ensure that the card transport is clear.



SETUP OPERATION
To set up the 1M 1402 Card Bead-Punch to feed 51-
column cards in the read feed:

1. Position the side plates in the hopper, and fasten
firmly by turning the knurled thumbserews. Be care-
ful not to interfere with the card lifters.

L&

. Place the 51-column-card tray over the file-feed
magazine,

3. Reach into stackers NR and 1 and, vsing the finger

hele, pull the guide forward until it latches.

4. Raise the cover over the auxiliary pivot-plate assem-
blies, lower one assembly partially, and then slide
the main pivot-plate to the rear until it latches.

5. Swing the auxiliary pivot-plate assembly down until
it latches to the stacker separators. (Repeat steps 4
and 5 for the other pivot-plate assembly.}

Reverse this procedure to return to standard card-
feeding. Note: Handle and store the adapter tray and
hopper side plates carefully to avoid damaging them.

51-Column. 80-Column.
Card Position,. Card Position

Pocket Maognst \
\‘ 5)-Column Card

Card-Deck
Support

Auxiliary
Fivot-Plota
Assembly

Stockar
Guide

51-Column Stacker Schematic

Figure 172,

Early Coard Read Feature

The early card read feature for the mm 1402 Card
Read-Punch minimizes the decrease in card-reading
speed caused by lengthy processing routines. In such

routines, the card-reading mechanism can engage
sooner, thus reducing the time between the reading
of cards.

Normally, if processing time cxceeds 10 ms in a
basic card-read cycle, the rated card-reading speed
decreases, This aceurs because of the mechanical struc-
ture of the card-read feed. There is only one time
during the read cycle when the feeding mechanism can
be engaged. If a READ A canp instruction is given too
late (processing time exceeds 10 ms), a card-read cycle
is skipped, thus reducing the input speed from 800 to
400 cards per minute. Similarly, if the time required
for processing exceeds 85 ms, two read cycles are
skipped, and the input speed is reduced to 268 cards
per minute.

The early card read feature provides two additional
points (clutch points) where the feeding mechanism
can engage. When processing time between cards ex-
ceeds 10 ms, the feed mechanism can engage 50 ms
sooner than before. The time between card feeding,
is reduced to 100 ms rather than 150 ms. Instead of a
50 per cent reduction in the rated speed (to 400 cpm),
there is only a reduction of 25 per cent (to 600 cpm).
See section on Timing.

Processing Overlap Feature

The processing overlap special feature for the
1401 Data Processing System provides, for many ap-
plications, great reductions in over-all job time. The
high-speed processing and input-cutput abilities of the
1401 now can be used with maximum efficiency.
Jobs requiring extensive input-output operations and
lengthy programming now can be performed at or
near maximum speeds. The actual increase in ef-
ficiency and consequent saving in job time varies with
the specific program, and depends on the input-output
requirements of the particular application.

The processing overlap feature allows processing to
be interrupted in order to take input-output cycles. A
character can be read, written, or punched between
processing cycles.

Serjal input-output devices used with the M 1401
Data Processing System, such as the sy 1011 Paper
Tape Reader and the mx 1419 Magnetic Character
Reader, can have their operations performed in over-
lap mode. In some cases, entire input-output opera-
tions can be overlapped; in others, partial overlapping
can occur,

Job time required for card input-cutput applications
is reduced because the processing operation is not
interlocked during card reading or punching. This is
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also true when reading or writing magnetic tape. Tape
operations and processing can occur on alternate
cycles. This ability can result in appreciable increase
in job time economy.

The processing overlap special feature makes the
M 1401 Data Processing System a more powerful
tool for use in the field of data processing,

Data Flow

The overlap special feature requires the addition of
an O-register and an ‘O (overlap)-address register to
the processing unit (Figure 173}, These registers func-
tion in much the same manner as the A- and B-registers
and the I-, A-, and B-address registers, That is, the
O-register is used for movement of data when operat-
ing with an I/O unit. The O-address register is used
to keep track of the location of data that is moved by
an I/0 operation. These registers, when used by the
program, operate on alternate cycles with the normal
registers. Thus the 1401 takes processing cycles and
then an input-output cycle, when required, instead of

From Tape or 1/0
[
[ | Core B _ A Ta
Storage "t Ragister Regjistar Tape
(s} or I/O
Register
To 1402 Punch _
1 Address Op
Register. Ragister
f
Y T 1
l-Address| [A-Address] |[B-Address| [(Q-Address
Registar Repgister Register Ragister
b 3
Figure 173. 1sm 1401 Processing Overlap Data Flow

)

A Process Character
Register Register
| Returns After 170 Cycle
Figure 174, 1ma 1402, Overlap Operation

interlocking processing while an input-output opera-
tion is being performed. This means a savings in over-
all job time.

IBM 1402 Card Read-Punch

When the system is in the overlap mode, processing
can occur during the card cycle in which data is read
from, or punched into, a card. Processing does not
occur during the time used for either read or punch
scanning, but alternates with scanning.

At the beginning of each read or punch scan, the
character in the A-register is sent to the O-register
(Figure 174) and the O-address register is set at the
column being scanned. When the read or punch scan
of the character is completed, the character in the
O-register is sent back to the A-register, At this point
processing resumes,

Tape Operations

During a read operation, data from magnetic tape en-
ters the A-register and then moves into core storage.
During an overlap read operation, data necessary for
processing is contained in the A.register. In order to
save the data, it is sent to the O-register until recalled
for the next processing cycle, before data is read in
from tape to the A-register (Figure 175). The O-address
register contains the storage address in which the data

Magretic
Tape
Core A Pracess Character . o
Starage 7| Register Registar

Returns After Tape Cycla

Figure 175. Overlapped Read Magnetic-Tape Operation
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Storage Register Register

Magnatic
Tape

Figure 176. OQwverlapped Write Magnetie-Tape Operation

being read from magnetic tape is to be stored, at the
same time that the I, A-, and B-address registers keep
track of the processing operation being performed,

During a torite operation, data from core storage
passes through the B-register and enters the O-register
(Figure 176). It is sent to magnetic tape from the O-
register. Processing cycles use the A- and B-register.
The O-address register contains the storage address of
the data being written on magnetic tape. At the same
time the I-, A-, and B-address registers keep track of
the processing operation being performed.

To store the contents of the O-address register at
the end of an overlapped tape operation the following
operations must be performed:

B {xxx) J BRANCH IF TAFPE BUSY INDICATOR ON,
This instruction allows the contents of the
O-address register to be transferred to the
B-address register {with the advanced pro-
gramming feature) if the indicator is not oN.

Then

H xxx Store B-address register

Other Input-Output Units

Input-output units such as the M 1419 Magnetic
Character Reader, when operating in the overlap
mode, function in the same manner as a magnetic tape
unit. Overlapping and processing occurs just as if the
operation were a tape read or write operation.

Processing Qverlap Instructions

To signal the 1401 that an operation tc be performed
should be done in the overlap mode, special instrue-
tions and A-address changes must be used in the
program.

A-ADDRESS

The hundreds position of the A-address of a tape or
input-output unit (not 1405 or 1407) instruction is
changed from % to @. The @ (at} symbol signals
the 1401 processing unit that the operation to be per-
formed should be done as an overlap operation. The

@ symbol can be used to signal an overlap operation
with the:

1M 1011 Paper Tape Reader

ey 1419 Magnetic Character Reader

e 729 I1, IV, V Magnetic Tape Unit

1M 7330 Magnetic Tape Unit

Overlap On
Instruciion Format,
Mnemeonic Cp Code d-character
55 K $

Function. This instruction sets the 1401l processing
unit in the overlap mode. All 1402 read, punch, and
combination card instructions that follow this in-
struction in the program are performed in the over-
lap mode.

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 dbb dbb

Example. Set the 1401 in the overlap mode (Fig-
ure 177).

3PS

141 oL RANE (N QPEREAD

Sor 8] w2 o
£rlas al A

uag  feount LML +

[Tt

1 (1O Al i

Fll 1)

LD S S . - F S S TR, RS

Autocoder

OFERAND
40

Assembled Instruckion: K $

Figure 177. Ovwverlap On

Overlup On and Branch

Instruction Format.

Mnemonic Op Code L-address d-character
SPS S8 K. RXX '3
A SSB =

Function. This is the same as ovERLap 0N, except that
the next instruction is taken from 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. Beg.
NSI BI

B-Add. Reg.
dbb
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Example. Set the 1401 in the overlap mode and branch
to CDROUT (0950} for the next instruction (Fig-

ure 178).
SP5
[N (1T ] [ OFERARE I
Lin ol LABEL CmaN, =i + £mAN. = L]
1, L)L) e o £l Ll A0S |:T‘| b !-'ll foove 4! dbs ;Il
...o.....E_.SEC.DR"a.u.T::.. e At
Auvtocoder
Labal rahl OPERAND
1 1 . i) 11 Li-] Al
Y e \

Astembled Instruction: X 950 $

Figure 178. Overlap On and Branch

Overlap OF

Instruction Format.

Mnemonic Op Code d-character
K

Function. This instruction returns the 1401 processing
unit to normal operation. All card input-output in-
structions following this instruction are performed
without the overlap feature.

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 dbb dbb

Example. Place 1401 in normal operation (Figure 179).
SPS

[ b1 peTNARD

LIRE  retamT WAEL ETRE 3| e Ts]d

1 Ha e il 1103 i l:T,l A :l' b Haereat 1“‘ aba ; |

SETY P P - AT I R I I S S B
Autocoder

Label rati. OPERAND
o k1] 38 A2 CH 0
L 85 . . .

Assembled Instruction: K ¢

Figure 179. Overlap Off

Overlap Off and Branch

Instruction Format.

Mnemonic Op Code I-address d-character
SPS 8§ K XXX .
A SSB -

Function. This instruction is the same as OVERLAP OFF,
except that the next instruction is taken from the
T-address.

Word Marks. Word marks are not affected.
Timing. T = 0115 (L, 1) ms.
100

Address Registers After Operation.
1-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI BI dbb
Example. Place the 1401 in normal operation, and
branch to the routine labeled NORCRD (1771) for
the next instruction (Figure 180),

SPS
18] BFTRL 1B} GPERLND
2,00 S IWNORERD: H
Avutocoder
Lobe! ratt CPERAND
e . 1 b 1 S -1y L1 43
ORCD o s
Assembled Instruction: K X771 »
Figure 180. Overlap Off and Branch

Reset Overlap

Instruction Format.

Mnemonic Op Code d-character
S8 K o

Function. This instruction is only operative when the
serial input-output adapter special feature is in-
stalled. If the system is performing an overlapped
serial I/0 operation when this instruction is given,
the 1/0 device is disconnected from the system and
the following indicators are turned ox: I/0 error
(d-character 1), and tape transmission error (d-char-
acter L),

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

Note. If an overlap tape operation is in process when
this instruction is given, the tape unit is disconnected
and the tape transmission error indicator is turned
ON.

Address Registers After Operation.

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

Example. Reset overlap mode and return 1401 to nor-
mal operation {Figure 181},

SPS
[AY BFEALNE 1b) orLRany ]
N L) :q“.: L] o s i roowent sl =“'.:I lsf " raskeas l:-‘ ::'.I 5 :
sgel Y., BS 1, L i
Aytocader
Lobel Ti OPERAND
- 0 45 80
TN -3 : S
Asiomblad Instruetion: K [T
Figure 181. Reset Overlap



Reset Overlap and Branch
Instruction Format.

Mnemonic Op Code I-eddress d-character
Sps 88 K XXX u|
A 8SB

Function, This instruction is the same as RESET OVER-
Lap, except that the next instruction is taken from
the I-address.

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

Address Registers After Operation.
1-Add. Reg. A-Add. Reg.
NSI BI
Example, Reset overlap mode and branch to routine
labeled NORMOP (1755) for the next operation
(Figure 182).

B-Add. Reg.
dbb

be overlapped (minimom overlapped times are 6.6
ms in 729 IT; 4.4 ms in 729 IV; or 6.6 ms in 729 V.,
Reading low-density tape from a 729 I1, IV, ox V, or
a 7330 in either high- or low-density permits over-
lapping of start time and processing time, That is,
processing cycles are taken between characters read
from magnetic tape.

Address Registers After Operation,
I-Add. Reg. 0-Add. Beg.
NSI Group mark + 1

Example, Read the record from the tape unit labeled 2
to the 1401 core-storage area labeled QUTPAR
(0419). The tape-record characters are moved into
core storage until the transfer is stopped by an inter-
record gap in the tape record, or a group-mark with
a word-mark is sensed in 1401 core storage (Fig-
ure 183).

SPS SP5
[ELR- T () DPERND 141 ortasnp (8] OPERRND

LM e LA s 2L LinE | coukT i . - |2 . NEAL
1 Mo rle 1Ll wfr tepnent C:l l‘“;: e . i t::". l:l L1] ] s 7w - [ wlir Arane :y ‘;‘;: n:r 1] Lowees L-c ‘;: : "
— WograP 11T, ! . NUTEUE DUTPAR © ..
Avtocader F d i b

! n - OPERAND or agteteder cading see the
Lok Opero - 0 38 40 43 50 I1BM 1401 Autoceder Bulletin (J24-1434),
i SA -1

Assembled Instruction: KXs5 0

Figure 182. Reset Overlap and Branch

Read Tape in Overlap Mode

Instruction Format.

Mnemonic  Op Code
SPS MU M

A-address  B-address d-character
@Ux XXX R

Function. The tape unit specified in the A-address is
started. The d-character specifies a tape-read opera-
tion, The @ in the hundreds position of the
A-address indicates that this operation is to be per-
formed in the overlap mode,

The B-address specifies the high-order position of
the tape read-in area of storage. The machine reads
magnetic tape until either an inter-record gap in the
tape record or a group-mark with a word-mark in

_core storage is sensed, The inter-record gap indicates
the end of the tape record, and a group-mark (code
CBA 8421} is inserted in 1401 core storage at this
point.

Word Marks. Wor(fhl marks are not affected.

Timing, T = 0115 {L; 4+ 1} ms -} Ty. {See section
on Tape Timing.)

Note. When reading high-density tape from an 18 729
II, IV, or V, part of start time of the tape unit can

Astembled Instruction: M @U2 419 R

Figure 183. Read Tape in Overlap Mode

Write Tape in Qverlap Mode

Instruction Format.

Mnemanic  Op Code
SPS MU M

A-address  B-address d-character
@ Ux XXX W

Function. The tape unit designated in the A-address
is started. The d-character specifies a tape-write op-
eration. The data from core storage is written on
the tape record. The @ in the hundreds position of
the A-address indicates that this operation is to be
performed in the overlap mode.

The B-address specifies the high-order position
of the record in storage. A group-mark with a word-
mark in 1401 core storage stops the operation. The
group-mark with a word-mark causes an inter-record

gap.

Word Marks. Word marks are not affected.

Timing. T = 0115 (L; 4+ 1) ms + T, (See section
on Tape Timing.)

Note. When writing high-density tape on an 1ea 729
II, IV, or V, only start time of the tape unit can
be overlapped (minimum overlapped times arc 7.3
ms in 729 II; 4.9 ms in 729 1V; or 7.3 ms in 729 V).
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Writing low-density tape on a 729 I, IV, or V, or a
7330 in either high- or low-density permits over-
lapping of start time and processing time. That is,
processing cycles are taken in the time between the
writing of characters on magnetic tape.

Address Registers After Operation,
I-Add. Reg. 0-Add. Reg.
NSI Group mark + 1

Example. Transfer the contents of the core-storage
area labeled TPOUT (0523} to the tape unit labeled
3. The transfer of data is stopped by a group-mark
with a word-mark in core storage (Figure 184).

5PS

L) prERaRD

wne |raumt v
10em03s g| o
ol e

N orErang

+] G,
30 L)

ATORESY

5 g,
FIE

[y e 1w e 1

Y D - T 2| L FreoT

For autocoder coding see the
184 1401 Autoceder Bulletin {324-1434).

Assembled Instruction: M @U3 525 W

Figure 184, Write Tape in Overlap Mode

Read a Card in Overlap Mode

Instruction Format,
Mnemonic Op Cade
R 1

Function. This code, if overlap is ox, causes a card
to feed, and causes all 80 columns of information
to be read into core-storage locations 001 through
080 while processing continues.

Word Marks. Word marks are undisturbed.
Timing. T =.0115(L, 4+ 1) ms 4 1I/O.

Note: Processing is interrupted each time a row in
the card is scanned (S-row, §-row, etc.). The bits
in a column are developed in the A-register, and
the O-address register kecps track of which column
is being scanned. While the scanning operation is
being performed, the data required for processing is
temporarily stored in the O-register. When the row
scan is completed, the data in the O-register is sent
back to the A-register and processing continues.

The read-in area of core storage must not be ad-
dressed while an overlap operation is beging per-
formed,

Address Registers After Operation,
1-Add. Reg. O-Add. Reg.
NSl 081

Example. Read a card in overlap mode (Figure 185).
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SPS

(A} SrEhaRD A1 aHRaLn

[T [ vt natvom mas

LOBNEY] L FEreT 1 B

0] L3[4 kel 1a ‘"lﬂ ELl
TR - .
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I 140

a, 0,80 P

Autocoder
Labal i OPFERAND

Assembled

Instruction: 1

TFigure 185. Read Card in Overlap Mode

Read in Overlap Mode and Branch

Instruction Format,

Mnemonic Op Code -address
R 1 XXX

Function. This is the same as the READ A CaRD instruc-
tion, except that the next instruction is taken from
the I-address instead of from the next, sequential in-
struction address. The program branch occurs when
the instruction is processed; that is, before card
reading is completed.

Word Marks. Word marks are not affected.
Timing. T =.0115(L; -+ 1) ms -}- 1/0,

Address Registers After Operation.
I-Add. Reg. O-Add. Reg.
NS1 081
Example. Read a card in the overlap mode, and
branch to the location labeled OVERCD {1500},
Figure 186.

5PS
141 begaamn [ 81 OHERARD
R e A v I F I _l o 2] W2
sogel o, oo W IVERED ! [
Auvtocoder
Lobe? roti OPERAND

" . I i 15 30 5 1] A3 2

1 8 OYERCD .

Assembled f[nstruction: 1 V0O

Figure 188. Read and Branch in Overlap Mode

Punch o Card in Overlap Mode

Instruction Format.
Mnemonic
P
Function. This code, if overlap mode is ox, causes the
data in storage locations 101 through 180 to be
punched into an 1M card while processing con-
tinues.

‘Word Marks. Word marks are not affected,

Op Code
4

e



Timing. T =.0115(L; 4 1) ms -+ 1/0.

Note. Processing is interrupted each time a row in
the card {12-row, 11-row, etc.} is scanned for punch-
ing. The data to be punched is developed in the
B-register, and the O-address register keeps track
of which column is being punched. While the punch-
scan operation is being performed, the data required
for processing (from the A-register) is temporarily
stored in the O-register, When the row punch-scan
is completed, the data in the O-register is sent back
to the A-register and processing continues.

The punch-out area of core storage must not be
addressed while an overlap operation is being per-
formed.

Address Registers After Operation.
I-Add. Reg. O-Add. Reg.
NSI 181
Example. Feed a card, and punch in overlap mode
(Figure 187).

SPS
Cu)ariRsND [B1 OFLRLND
o.o0,0] . B F 1 ‘: 1
Autocoder
Lobal j\E{hwii OFERAND
[ Tt 2 b1 3s 10 43 )
T
j P \ . .
Assembled Instruction: 4
Figure 187. Punch in Overlap Mode
Punch and Branch in Overlup Mode
Instruction Format.
Mnemonic Op Code T-address
4 XXX

Function. This is the same as the puNca A caBD in-
_struction, except that the next instruction is taken
from the I-address instead of from the next, sequen-
tial instruction address. The branch occurs when
the instruction is processed; that is, before punching
has been completed.

Word Marks. Word marks are not affected,
Timing. T=.0115(L; + 1) ms +1/0.

Address Registers After Operation.

I-Add. Reg. O-Add. Reg.
NSI 181

Example. Punch a card in overlap mode, and branch
to the Iocation labeled OVSTAT (1758), Figure 188.

[N [N pPERANG
Lne eoun Lu o R [:I s, | g JET— [: our [a]9
3 e s i ey T ) A ) P
el L P TbysTAT L. [l .
Autocoder
Lobel perati m o:;uNo "
ol e YSTAT, . .. .. .. .
Assembled lInstruction: 4 X58

Figure 188, Punch and Branch in Overlap Mode

Branch if Indicater On

Instruction Format,

Mnemonic Op Code I-address d-character
8PS B B XXx X
A BIN

Function. The d-character specifies the indicator tested.
If the indicator is ox, the next instruction is taken
from the I-address. If the indicator is orF, the next
sequential instruction is taken. Figure 189 shows the
symbols that are valid d-characters and the indi-
cators they test.

Indicators. Reader Busy. This indicator turns on
when the 1M 1401 is performing an overlapped
read operation. The indicator automatically turns
orr when the overlapped read operation is com-
pleted.

Punch Busy. This indicator turns on when the
1401 is perfarming an overlapped punch opcration.
The indicator automatically turns orr when the
overlapped punch operation is completed.

Tape or Input-Output Busy. This indicator turns
oN when the 1401 is performing an overlapped mag-
netic tape or input-cutput (1419, or 1011} operation,
The indicator automatically furns oFr when the
overlapped operation is completed. Note: Without
the advanced programming special feature, the B-
address register is reset when the next sequential
instrection is taken. If the system has the advanced
programming special feature, the B-address register

d-CHARACTER INDICATORS
H Reoder Busy
1 Punch Busy
1 Tape ar lnput-Outpyt Busy

Figure 189. Processing Overlap Indicators
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is reset and the contents of the O-address register
are transferred to the B-address register before the
next sequential instruction is taken.

Word Marks, Word marks are not affected.

Timing. T = 0115 (L; +} 1} ms,
T = 0115 (L, -+ 2) ms for tape or I/O busy
indicator if it is not ox.

Address Registers After Operation.
I-Add. Reg. A-Add. Reg. B-Add. Reg.
NSI BI dbb
Example. Test the reader-busy indicator, and branch
to a routine beginning at the location labeled
RDBUSY (0891), if the indicator is on (Figure 190).

SPS
[ B OPTMIND
o Jesoy, e tak |8 o our g4
] o] i e Laskens I.:,l L et Avsara I; m‘a. |&"
[ I (=T XEE O AN
Aytocoder
Loke! rati OFPERAND
‘ 1Y 38 a9 a3 s
- ROBUSY A | B

Assenbled Instruction: B 871 H

Figure 190, Branch if Reader-Busy Indicator On

Programming Considerations

A one-character B-field arithmetic operation, where

recomplementing can occur, must nof be executed

while an input-output unit is operating in the overlap
mede.

In general, no other input-output operation can be
initiated until the preceding overlapped 1/0 function
is completed. The exceptions to this rule are:

1. If the 1401 is equipped with the print storage spe-
cial feature, the following print instructions can be
executed simultaneously with an overlapped input-
outpat function:

PHINT

PRINT AND BNANCH

PRINT WORD MARKS

PHINT WORD MARKS AND BRANCH

2. When performing a normal carp READ instruction
in the overlap mode, the fellowing output instruc-
tions can be performed:

PUNCEH
PUNCH AND BRANCH
PRINT AND PUNCH
FRINT, PUNCH AND DPRANCIL
FRINT WGRD MARKS AND FUNCH
PRINT WOLD MARKS, PUNCH AND BRANCH
Note: The last four instructions involving the
printer would require the print storage feature to

104

be installed on the system in order for it to be
averlapped.

It is possible to maintain an approximate ratio of
three card read operations to one card punch opera-
tion with the proper placement of BRANCH ON BUSY
instructions. That is, after a punch operation, test
for punch busy, If it is not busy, branch back to
punch. If it s busy, test for reader busy. If the
reader is not busy, perform a read operation and
H bagk to t n i ader

3. When performing a normal carp puxcH instruction,
the following additional input-output instructions
can be performed:

READ
READ AND BRANCH
FRINT ANLD REATx
FRINT, AEAD AND BRANCH
PRINT WORD MARKS AND READ
PRINT WORD MARKS, REAP, AND BRANCH
Note: The last four instructions would require

print storage in order to be overlapped.

4. If performing a tape operation in the overlap mode,
a READ Or FUNCH instruction in the overlap mode can
be given successfully so long as the total tape op-
eration is completed before the first read or punch
scan (inability to store address of last position of
tape record can result).

5. The last card indicator is turned o~ during the time
the last card is being read. Therefore, to ensure
proper reading of the card, test for a reader busy
condition before the branch on last card test is
given.

The last card indicator is turned orr if the sys-
tem is in an overlap mode, and the program com-
pletes a successful branch if the last card indicator
is ON.

The following conditions cause the 1401 system to
interlock:

1. When the 1m 1401 is operating in an overlap mode,
the system interlocks under certain conditions,

B (xxx) 7 DRANCH ON READER ERROR, If the reader is

operating when this instruction is given, the
1401 interlocks until the overlapped opera-
tion is completed, before mzking the error
test. If punching is being overlapped at the
same time, the 1401 interlocks until the end
of the read and the punch operations.

B {xxx) ! BRANCH ON PUNCH ERRoR. If the punch is
operating when this instruction is given, the
1401 interlocks until the overlapped opera-
tion is completed before making the error
test. If the reader is being overlapped at the
same time, the 1401 interlocks until the end
of the read and the punch operations.
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branch back to the test punch busy operation. If the reader was busy, go to the
main program (which eventually goes to the test punch busy operation).



B {xxx) L BRANCH ON TAPE TRANSMISSION EGRROR. If
the tape adapter unit is busy when this in-
struction is given, the 1401 interlocks uvatil
the TAU is not busy, before mzking the test
for a tape transmission error.

B {xxx) H BRANCH ON READER nusy., If the reader is
busy when this instruction is given, and the
interlock-stop condition is o~ in the 1402,
the 1401 stops. The stop occurs for these
conditions:

a. a card jam in the 1402 read or punch feed
b. a full stacker
c. an empty hopper
d. the 1/0 check-stop switch on the 1401
console is on, and one of the following con-
ditions gceur:

Hole-count check

Validity check

Punch check

B (xxx) 1 BRANCH oN PunNcH pusy. If the punch is
- busy when this instruction is given, and the
interlock-stop condition is on in the 1402,
the 1401 stops. The stop occurs for these
conditions:
2. a card jam in the 1402 read or punch feed
b. a full stacker
c. an empty hopper
d. the 1/0 check stop switch on the 140}
console is oN, and one of the following con-
ditions cccurs:
Hole-count check
Validity check
Punch check

2. When operating in the overlap mode, the following

conditions cause a processing unit stop:

a. When a storage-address error occurs, processing
stops.

b. If a process error occurs during an overlapped
I/0 cycle, processing stops immediately; how-
ever, the input-output operation continues.

c. If a process error occurs between overlapped
1/0 cycles, processing stops immediately, and
the input-output eperation contintes.

3. Read and punch-release operation codes (8 and 9)

are not operative in the overlap mode. However,
the read or punch (1 and 4) operation codes, when
used in the overlap mode, perform the same func-
tion. If a tape operation overextends the time al-
lotted it (data to or from tape is still being processed
when data from a card is available), a tape trans-
mission error occurs and the data from tape does
not enter/leave core storage. Normal tape-error pro-
cedure can correct this type of error. If a tape op-
eration is given after a read or punch (1 or 4)
operation, the tape operation and processing are
interlocked until the read or punch operation is
completed.

Space Suppression Feoture

This feature enables the system to suppress the auto-
matic space taken by the printer after a line has been
printed. The d-character S is used with any printer
instruction (operation codes 2, 3, 6, or 7) to prevent
the my 1403 from spacing after a print operation.
Therefore, the next line printed appears on the same
line as a line printed by using a SPACE SUPPRESSION in-
struction {28).
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Address Modification

It becomes necessary in some 1401 programs to per-
form the same operations repetitively, with a change
only in the A- or B-address. The changing of an ad-
dress while retaining the rest of the instruction is
called address modification. Address modification can
result in savings in the number of program steps and
in the number of storage requirements. In some cases,
the program itsell determines if and how addresses are
to be changed in order to perform the correct program
steps for conditions that arise during the processing
of data.

There are twe basic methods of address medifica-
tion. The first method does not require the indexing
feature. The second method makes use of the index-
ing feature, which is a special feature for the 1401
system.

Address Modification Without Indexing
Feature

Address modification uses the A- and B-bit accumula-
tion that can occur in the hundreds and units positions
of a field. This accumulation has already been noted
in connection with overflow indication in the Arith-
metic Operations section of the manual.

Using Modulus 4 Arithmetic

For systems of 4,000 storage positions or less, A-
and B-bit accumulation should oceur only in the hun-
dreds position, and is based on modulus 4 arithmetic,
To understand how a modulus 4 arithmetic operation
is accomplished, let us assign digital values to the A-
and B-bit configurations:

No A, NoB =
A=
B =
AB =

L b o= D

In a modulus 4 system, the highest digit is 3. Values
in excess of three are equal to that value minus four.
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AT A = B or 1 +1=2
A+ B = AB er 1+2=3
B+ 6 = MHoAHNcB ar 2+2=0
A+ AB = NoANoB or 1+3=0¢0
A + NoANoB = A or 1+0=1
3 + AB = A or 24+3=1
B + NocANoBE = B or 2+0=2
AB -+ AB =B or 3+3=2
Figure 191. A-Bit and B-Bit Values

For example, 5 is a digit 1. In this system, only two
factors can be accumulated at a time (Figure 191).

Digit values in the high-order position of a field
accumulate in the normal manner. In systems of 4,000
core-storage positions or less, it is assumed that there
is a word mark in the high-order position of the ad-
dress being medified.

Modification to a higher address in 000-999 address
range is:
Increase address 472 by 345.
472 + 345 = 817

Modification to an address greater than 1000 is:
Increase address 912 by 314.

912 + 314 = 1226 or 526

S = A2 (overflow in high-order position sets an
A-bit using modulus 4 arithmetic and
turns on the arithmetic overflow indi-
cator}.

Increase address 1754 (X54) by 1204 (S04).
X54 + 504 = R58
X = {AT)
S = (A2}

Using the rules of modulus 4 arithmetic, A + A = B-bit, the
new address is:

958 with a B-bit over the high-order position
{BY9 = R) or R58 (2958}.

To decrease an address, a different means must be
used. Modulus 4 arithmetic operates for addition only.
Decreasing an address requires the addition of a
complement, rather than deoing a conventional sub-
tract operation.

In systems of 4,000 core storage positions or less, the



16,000°s complement of the decrement is added to the
address to be modified.
Decrease address 879 by 148,
18000 — 148 = 15,852 (FI5B} = complement
879 + H5B = 731 {with arithmetic overflow)
H = BAS
B = BA2
Using the modulus 16 rules, the arithmetic overflow
adds an A-bit in the hundreds position (the hundreds
position already contains A- and B-bits, and the units
position contains A- and B-bits the combination of
which indicates a 15,000 to 15,999 block address). The
addition of the A-bit increases the value of the zone
bits to 16, which, according to modulus 16 rules has
a new address value of 0 (000-999 block address).
Therefore, the new address is 731, and the overflow
indicator is oN.

Using the Modify Address Insiruction

For systems with more than 4,000 positions of core-
storage (with the 1BM 1406 Storage Unit), A- and
B-bit accumulation oceurs in both the hundreds and
units position. In these systems, the MODIFY ADDRESS in-
struction must be used. This instruction makes use of
modulus 16 arithmetic to perform its operations.

In a modulus 16 system, the highest digit is 15,
Values is excess of fifteen are equal to that value minus
sixteen. For example, 16 is a digit 0, 17 is a digit 1,
etc. In this system, only two factors can be accumu-
lated at a time (Figure 192).

Digit values in high- and low-order positions of a
field accumulate in the normal manner.

The MoDIFY ADDRESS instruction is standard in sys-
tems with more than 4,000 core-storage positions, and
does not require word marks in the high-order posi-
tions of the addresses.

Hundreds Units
A4 A =B or 2 8
A+ B = AB or 3 12
B+ 8 = No A No 8 er b} 0
A + AB = Mo A No B ar [} v}
A+ No ANoB = A or 1 4
B + A8 = A or 1 4
B+ No ANoB =38 or 2 8
AB -+ AB =B or 2 8

Figure 192, Modulus 18 Arithmetic

Increase address 7355 (C5V) by 1800 (Y00).
CsV 4+ YOO = /3N (with arithnietic overflow )

C = (AB3)
V = (A5)
/= (Al)
Y = (A8)
N = (B3}

Beciuse there are more than 4,000 core storage positions, the
MODIFY ADDRESS instruction must be used. Using the rules of
modulus 16 arithmetic, the addition of the existing zone bits
results in a2 No A, No B {0 zone value)} in the hundreds posi-
tion, and an A {zone value 4} in the units position. The addi-
tion of the AB and A-bits {= 0) in the hundreds position
results in a zone carry-back (A-bit) to the units position. This
A-bit added to the A-bit already there results in a B-bit
{zone value 8} in the units position. The arithmetie digit carry
adds a new A-bit in the hundreds position. The result is ad-
dresstN {9155).

To decrease an address, only modulus 16 arithmetic
is used, Because modulus 16 arithmetic operates for
addition only, decreasing an address requires adding a
complement, rather than doing a conventional subtract
operation. The 16,000’s complement of the decrement
is added to the address to be modified. If the result is
an address outside the storage limit of the system, an
invalid address condition is indicated.

Decrease 1829 (Y29} by 161.
16,000 — 1861 = 15,8389 ( H3I} complement
Y29 + I131 = W68 (with arithmetic overflow)

Y = A8
H = ABE
I = AB9

Using the modulus 16 rules and the MoDIFy ApbrEss instruction,
the addition of the existing zone bits results in zero {hundreds
position, A + AB = 4; units position, AB = 12; 4 + 12 = 16,
which has an address value of 0), Then the arithmetic overllow

adds a new A-bit in the hundreds position. The result is address
Was {1668).
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Address Modification with Indexing
Feature '

Three index locations are provided in the 1M 1401
Processing Unit to modify addresses automatically.
This means that fewer instructions are needed to ac-
complish the modification of addresses. For a descrip-
tion of the indexing feature refer to the Special Fea-
tures section of this manual.

The 1401, equipped with the indexing feature has
three index locations.

Index Location Storage Locations

1 087-089
2 092-094
3 097-099

The programmer selects those instructions to be in-
dexed, by designating the index location using the tens
positions of the instruction address. This designation

is referred to as fagging.
geins Positions Tagged

OP AAA BEB
Zone bits designate the index location involved.

Index Location Tens Position Zone Punch
1 A-bit ZEero
2 B-hit eleven
3 A- and B-bits twelve

When a program is written using the symbolic pro-
gramming system, indexing is indicated by writing a
1, 2, and 3 in the index column of the symbslic coding
sheet {cc 27 for (A) operand—cc 38 for {B) operand).

Digit Result
1 Index operand by contents of 087-089
2 Index operand by contents of (92-094
3 Index operand by contents of 097-099

The (A} and {B) operands can be symbolic or actual
addresses. In the processing of instructions:

1. The A-address and B-address are analyzed for in-
dexing as they are moved into the address registers.

. The contents of the proper index location (indexing
factor) is added to the contents of the address reg-
ister and develops the effective address there, when
indexing is indicated.

2

Increasing un Address

To increase a core storage address using the indexing
feature, the contents of the index location is added to
the selected address register. Figure 193 illustrates
various methods of address modification using the
index locations.

Decreasing an Address

To decrease an address, the 16000’s complement of the
amount to be subtracted from the address must be
stored in the index location,

Example: Decreasing

Required Decrease a B-address by 10

Indexing factor = 16000 — 10 (15990)
{Complement)

The 15990 converts to the three digit factor 197(Fig-
are 194).

INSTRUCTION INDEX LOCATION EFFECTIVE
IN STORAGE 1 2 3 INSTRUCTION
BEFORE L 123 917 19?7
AFTER 1123 917 77 1123 927
937 + 19?7 = 927 (with overflow}
| = {(AB9)
t = (ABD)
Figure 194. Converting Address

Using the modulus 16 rules, the arithmetic over-
flow adds an A-bit in the hundreds position {both the
hundreds and tens positions already contain A- and
B-bits, the combination of which indicates a 15,000-
15,999 block address). The addition of the A-bit in-
creases the value of the zone bits to 16, which, accord-
ing to modulus 16, has an address value of ¢ (000-
999 block address). Therefore, the new address is 927.
With the indexing feature, even though there was an
overflow, the arithmetic overflow indicator is not
turned ox.

3. Three or four additional cycles are required for Note: Refer to Address Validity in the Increase Core
each address indexed. Storage section of Special Features.
INSTRUCTION | INDEXLOCATION [ EFFECTIVE
IN STORAGE T[2]8 INSTRUCTION
BEFORE M 080 147 | 010|025|050
1. INDEX THE B-ADDRESS
AFTER M 080 147 | o010|025[050 | M o8O 167
BEFORE M 050 17 010|025 {050
2. INDEX A- AND B-ADDRESS
AFTER # 050 L7 or0|o2s (050 | M 030 142
BEFORE M JB0 8cO | 010|025 050
3. INDEX A- AND B-ADDRESS
AFTER M JBO 8CO [ 010025050 - | M IO 88

TFigure 193. Indexing
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IBM 1401 Console Keys, Lights,
and Switches

The By 1401 console has the operating keys, lights,
and switches for the processing unit and connecting
equipment. The console display has a data-flow sche-
matic to assist the operator in tracing the path of data
through the 187 1401 Processing Unit ( Figure 195).

Display lights are provided to indicate the bit-con-
figuration of the data in the system registers.

The console keys are illuminated; when lit, they in-
dicate that the particular function is on or is operative.
During a manual operation, when a key is pressed, it
lights, indicating that the funetion is controlled by the
key.

Displaying Information

The 1401 console employs a back-lighting concept to
display data. The bit configuration of each character
in each of the machine’s logical elements is shown in
binary-coded decimal form (including check-bit and
word-mark status). The data is displayed, one character
at a time. Also, an error at any display location is in-
dicated by a red light that glows in the legend directly
above the character display.

FROCESS LIGHT

This light comes ox when an error occurs in the proe-
essing unit. The light and the error indication are reset
by pressing the check-reset key. Machine operation is
resumed by pressing the start key.

BAMAC LIGHT

This light comes oN when an error condition exists in
the By 1405 Disk Storage Unit. One of the indicator
lights on the 1405 specifies the particular condition
that caused the ramac light to come on,

TAPE LIGHT

This light comes ox if a tape error occurs during a read
or write operation. It also comes on if the tape-select
switch is in other than the ~ or p position. It is turned
ofF automatically when the error indicator is resct by
a subsequent tape operation.

EXT I/0 LIGHT { EXTERNAL INPUT-QUTPUT LIGHT )

This light come oN when one of the external input
and/or output devices of the 1401 system requires

Operating Features

operator attention. These devices are:

The 1M 1009 Data Transmission Unit
The a1 1011 Paper Tape Reader

The 1831 1412 Magnetic Character Reader
‘The By 1418 Optical Character Reader
The 1By 1419 Magnetic Character Reader

READFR LICHT

This light comes oN when the card reader requires
operator attention ({empty hopper, full stacker, card
jam, clutch failure, hole-count check-error, or validity
error). See Restart Procedure for corrective action.

PUNCH LIGHT

This light comes oN when the card punch requires op-
erator attention (empty hopper, full stacker, full chip
box, cluteh failure, or hole-count check-error). See Re-
start Procedure for corrective action.

OVERLAP LIGHT

This light comes on when any process error occurs
during an everlap eyele. Ordinarily, the process light
will also be lit along with an indication of the type of
failure. However, if an A-register check eccurs during
a tape-overlap cycle, only the overlap light turns on.
This light is reset by pressing the check-reset key.
Press the start key to restart the machine,

PRINTER LIGHT

This light comes oN when an error occurs in the printer.
See Restart Procedure for corrective action.

STORAGE LIGHT

This light comes ox when a parity check occurs on a
character as it is read into storage. This light is reset
by pressing the check-reset key. Press the start key to
restart the machine.

B LIGHT

This light comes oN when a B-register parity check
occurs. The lights below the B-register light indicate
the coded character, check-bit status and word-mark
status of the B-register. This light is reset by pressing
the check-reset key. Press the start key to restart the
machine.

A LIGHT

This light comes oN when an A-register parity check
occurs. The lights below the A-rcgister light indicate
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B = A LIGHT

This light comes ox when an equal condition exists
during a coMPARE instruction with the high, low, equal
compare special feature.

B> A LIGHT

This light comes ox if the value of the B-ficld is greater
than the value of the A-field, or if the A-field is shorter
than the B-ficld. This works with the high, low, equal
compare special feature.

B<A LIGHT

This light alsa works in conjunction with the high, low,

equal compare special feature and comes oN when the
value of the B-field is less than the value of the A-field
in & COMPARE instruction.

BIT PISPLAY LIGHTS

These lights show the bit configuration (at the end of
the B-cycle) of the sum of the characters being proc-
essed in an arithmetic operation.

Register Lights
OP-REGISTER LIGHT

The or light comes ox when an incorrect operation
code exists in the Op-register. The lights below in-
dicate the coded character and check-bit status of the
character in the Op-register.

INSTRUCTION LENGTH LIGHTS

These lights indicate which character of the instruction
is being read out during instruction ecycles.

STORAGE-ADDRESS LIGHT

This light comes on when an addressing check occurs.
The lights below it, displaying the address, can be
checked for a parity-error condition,

Register Key-Lights
1-ADDRESS REGISTER KEY-LIGHT

This is a lighted key that turns the light o, and dis-
plays the contents of the I-address register in the stor-
age address display lights. If the machine is stopped
during the I- {instruction) cycle, the I-address register
light is o~ and the storage address display lights in-
dicate the last I-address that addressed storage.

A-ADDRESS REGISTER KEY-LIGHT

This is the same as the I-address register key-light ex-
cept that it refers to the A-address register and the A-
cyele of the processing operation.

B-ADDRESS RECISTER KEY-LIGHT

This is the same as the I-address register key-light ex-
cept that it refers to the B-address register and the B-
cycle of the processing operation.

A- AND B-AUXILIARY REGISTER XEY-LIGHTS

Pressing either the A- or the B-auxiliary register key-
light displays the contents of the corresponding reg-
ister, The auxiliary registers are part of the multiply-
divide special feature.

O-ADDRESS RECISTER KEY-LIGHT
This is a lighted key that turns the light ow~, and dis-
plays the contents of the O-address register in the stor-
age-address display lights. If the machine is stopped
during an overlap cycle, the O-address register light
is ox and the storage-address display lights indicate
the last overlap address that addressed storage.
Pressing the O-address register key does not turn
off any other key lights, but pressing any other address-
register key turns the O-address register light oFr.
The O-address register key-light and any other ad-
dress register key-light can be on at the same time.

Storage Address Dial Switches

The four dial switches labeled Manual Address select
the address to be entered in the storage-address reg-
ister. These switches are effective only with these se-
lected positions of the mode switch:

1. Character Display
Alter

Address Stop
Storage Print Qut

ot 0o

. Storage Scan

To set the contents of the A-address register to 1200:

—

. Set the mode switch to ALTER
. Set the manual address switches to 1200.

2]

3. Press the A-address register key-light,
4. Press the start key.

The storage-address display lights then show the bit
configurations for this address (1200).

The manual-address switches also select a storage
location for a display or alteration, without disturb-
ing the contents of the address registers.
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SENSE, SWITCHES

Seven sensc switches can be included in the 1By 1401
Processing Unit. The manual toggle switches that con-
trol them are located on the console. Switch A controls
last-card operations by making the BRaNCH IF INDI-
cator oN {d-character A) instruction a branch, only
when the last card in the reader has passed the read
station. Switch A is standard in all systems except
Model D. Six additional sense switches (B, C, D, E, F,
and G) are special features, except on Model C, which
has all the sense switches as a standard feature.

The B xxx d instruction can interrogate the setting
of the switch specified by the d-character, at any time
during processing, and cause a branch to the I-address
if the switch is on.

Mode Switch
The mode switch selects the nine modes of machine
operation:

RUN
When the mode switch is set to Rux, the system is
under control of the stored program.

1/EX { INSTRUCTION EXECUTION )

When the mode switch is set to 1/Ex, the first time the
start key is pressed, the machine reads one complete
instruction from storage and then stops. This is called
the instruction phase.

The next time the start key is pressed, the machine
executes the instruction. This is called the execution
phase.

Subsequent pressing of the start key results in alter-
nate instruction and cxecution phases.

When performing a 1407 operation, the 1401 does
not stop between the instruction and execution phases.

SINGLE CYCLE PROCESS

In this mode, each pressing of the start key causes the
machine to take one .0115-millisecond storage cycle
and advance through the instruction and execution
cycles of the program one character at a time. When
the machine is single-cycled through an instruction, the
following actions take place: At I Op time (first char-
acter time of an instruction (1) cycle), the I-address
register key-light comes o~ to indicate that the I-
address register is addressing storage. The storage-
address display indicates the instruction address. The
character at that address is read from storage to the
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B-register and displayed. Because the first I-cycle reads
out the operation code of the instruction, the contents
of the B-register is also read into the Op-register and
displayed. The first light of the instruction Iength dis-
play comes on, displaying the legend op.

The next pressing of the start key causes the storage
address to increase by one and the next character of
the instruction to enter the B-register. If this character
does not have a word mark appearing with it in the
B-register, it also enters the A-register. The instruction
length is increased by 1, lighting the 1 on the display
light. During this cycle, the character from the B-
register enters the thousands and hundreds position of
the A-address register and/or the B-address register
except during MOVE, LOAD, Or STORE B-ADDRESS REG-
ISTER instruction when the character enters only the
A-address register. During a STORE A-ADDRESS REGISTER
instruetion, this is a dummy [-Op, and the Op-light
(instruction-length block) remains on. Pressing the key
a third time during a store A-address register opera-
tion advances the I-instruction length to I-1, and the
character in the B-register functions as previously
stated, except it only enters the A-address register.

Each successive operation of the start key causes the
storage address to increase by 1 and the instruction
length to advance by L.

The operations that oceur for each of the eight in-
struction-length display cycles are:

Cycle Operation

1 The operation code enters the Op-register and
the B-register. Because this is the first I-cycle,
the A-register is undisturbed.

2 During the second cycle, the second in-
struction character (first character of the A-
address) enters the hundreds position of the
A- and B-address registers and the A-register
by way of the B-register.

3 The third character of the instruction enters
the tens position of the A- and B-address reg-
isters and the A-register through the B-register,

4 The fourth instruction character enters the
units position of the A- and B-address reg-
isters, and the A-register through B-register,

5 The fifth instruction character {first character
of the B-address) enters the hundreds position
of the B-address register, and the A-register
through the B-register.

6 The sixth instruction character goes to the tens
position of the B-address register, and the A-
register through the B-register,



7 The seventh character of the instruction (last
character of the B-address} enters the B-
address register, and the A-register through
the B-register.

8 The first character of the next instruction en-
ters the B-register only. Because this is the last
I-cycle for this instruction, the A-register and
the Op-register, the A- and B-address reg-
isters are undisturbed. The detection of a word
mark associated with this character signals the
machine that this is the Op code for the next
instruction. The instruction phase of this op-
eraticn staps, and the instruction that was just
addressed is ready to be executed. Note that
the L.address register contains the address of
the high-order position of the next sequential
instruction. If the character is a d-modifier,
it enters the A-register by way of the B-regis-
ter.

9 If the previous character was a d-modifier
followed by the first character of the next in-
struction, the characters enter the B-register
only. The same cenditions occur as explained
in cycle 8.

On all I-cycles in which no word mark is detected
in the B-register, the data from this register transfers
to both the A-register and the appropriate positions of
the A- and B-address registers. Detection of a word
mark in the B-register, after the first I-cycle, indicates
the operation cede of the next successive instruction.
‘When this condition is sensed, the instruction phase is
completed and the execute cycle is set up. One of the
instruction length lights is on at this time to indicate
the number of characters read.

The next operation of the start key causes the ma-
chine to take the first execution cycle. Each successive
pressing of the start key caunses an additional single
execution cycle to occur until the operation has been
completed. On I/0 operations, except read release and
punch release, all of the execute cycles are executed
immediately.

Repeated operation of the start key advances the
program through successive instruction and execution
cycles,

SINGLE-CYCLE NON-PROCESS

This is similar to the single-cycle process mode, except
that no data enters storage from the A-register or from
the logic unit, Data always enters storage from the

B-register only. This mode allows the operator to ob-
serve the results of arithmetic operations, one character
at a time, in the logic display, without destroying the
original B-field data.

CHARACTER DISPLAY

¥When the machine is operating in this mode, the start
key is pressed, displaying in the B-register the char-
acter at the address selected by the mannal-address
switches.

STORAGE PRINT OUT

This mode of operation permits any 100-character
block of storage to be printed. The hundreds and thou-
sands manual address switches select the desired block
of storage.

Example: 12xx is set in the manual-address switches-
and the start key is pressed. The 100 characters in the
selected block {1201-1300) print automatically in print
positions 1-100. Another automatic print cycle indi-
cates the word marks for that block by printing 1's in
their corresponding print positions on the second line.
This is used to great advantage in program testing,
because the contents of a block in core storage are
printed and can be easily examined by the pro-
grammer. Thus, this feature increases both processing
and programming efficiency. A specific storage posi-
tion can be located by using the 1M Diagramming
Template (Form X24-5884) which has a ten-to-the-inch
printing scale.

ALTER

The operator can manually change the contents of any
address register or storage location, if the mode switch
is set to aLTER. To change the contents of address
registers:

1. set the manual address switches at the desired loca-
tion

2. press the appropriate address register key-light

3. press the start key '

4. the selected address register contains the new ad-
dress, and is displayed in the storage-address reg-
ister,

To change the contents of a storage location:

1. set the manual address switches to the desired
location

2. select the bit configuration of the character to be
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entered by setting the eight bit-switches located on
the auxiliary console

3. turn on the enter switch (also on the auxiliary
console).

STORAGE SCAN

‘When the mode switch is set to sTORAGE scan, holding
down the start key causes the 1401 to start reading out
of storage beginning at the address set in the manual-
address switches and continues to the end of core stor-
age. If an invalid character is detected in storage, the
machine stops, and the check light associated with the
error is turned on. The storage position in error is
shown in the storage address display unit. The B-
register displays the contents of the storage position
in which the error was detected. This character can
be corrected by using the bit-switches, manual-address
switches, and the enter key {sec Alter mode),

After the error condition is corrected, the mode
switch is again set to STORAGE scaN, and the start key
is held down to cause another read-out from storage.
This procedure insures that all positions of storage are
correct,

If there is a print, read, or punch check, scanning
stops at the storage position in error. Pressing the start
key a second time allows the scan to continue.

ADDRESS STOP

When the mode switch is set to Anpress stop, pressing
the start key starts the program. The machine auto-
matically stops when the machine encounters the ad-
dress selected by the manual address switches. This
feature is commonly used in program testing opera-
tions, because the machine can be stopped at the
address of an instruction anywhere in the program,
except for input or output operations.

Control Keys and Switches
START KEY

This key is used to initiate or resume machine opera-
tion after a manual, programmed, or automatic stop.
Similar keys are found on each of the other units in
the system. The setting of the mode switch conditions
the operation of the start key: '

1. During a normal run mode, or address stop mode,
the system can be started by pressing the start key
on any of the units.

2. To restart, following a process error indication, the
check-reset key on the console or on the I/0 unit
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must be pressed to reset the unit before the start key
is pressed.

3. Following a card jam or misfeed in either the reader
or punch, or a hale count or validity error, the cards
in the associated feed must be run out by means of
the non-process run-out key for that feed, and its
hopper must be rcloaded before the 1/0 check-reset
and start keys are pressed.

START RESET KEY

This key resets the system (except for the data in
the address registers and core storage) so that the
operator can restart the operation, It turns orr all
indicators that were turned on by the previous pro-
gram.

STOP KEY
This key stops processing in the system. It is not
effective until the instruction being executed is com-
pleted, Similar stop keys (without lights) are provided
on the 1402 and 1403. 1t is lighted only if a programmed
stop is encountered.

CHECK RESET KEY

An error detected by the checking circuits, lights this
key. It must be pressed following a processing error.
The system can then be restarted by pressing the
start key. '

TAPE SELECT SWITCH .

This rotary switch is set to the normal position {N)
during automatic operation. The switch can be set to
the numbers (1-8) that correspond to any of the at-
tached tape units, when manual operation is desired.

The b (diagnostic) setting of the switch allows char-
acters from tape to be read into 1401 core storage just
as they appear on the tape (or disk) record. If an
invalid character is transferred into storage, storage
can be scanned, allowing the operator to display the
character and make the necessary corrections. Im-
proper system operation results if the 1401 is operating
in the overlap mode with the tape-select switch in the
D-position.

BACKSPACE KEY

This key works in conjunction with the tape-select
switch. When the switch is set to a specific tape unit,
pressing this key causes the tape in the selected unit to
backspace over one record each time the key is
pressed.



TAPE LOAD KEY

When this key is pressed, tape unit 1 is automatically
selected and tape data starts loading at address 001 and
continues until an inter-record gap is sensed.

1/0 CHECK STOP SWITCH

When this switch is in the ox position (up), the ma-
chine stops at the completion of an [/O operation, if
an error occurs during that operation. In the ofF
position {down), the machine does not stop, if it de-
tects a hole-count check in the card reader or card
punch, a validity check error in the card reader, or a
print check error. With the switch in the oFF position,
error detection must be accomplished by program-
ming.

POWER ON SWITCH

This switch contrels the main power supply for the
entire system.

POWER OFF SWITCH

This switch turns off the main power supply.

EMERGENCY OFF SWITCH

This is a pull switch, located on the console. In an
emergency, pulling this switch disconnects all the
power from the entire system. This switch must be
manually reset by a customer engineer before power
is restored to the system.
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Avuxiliary Console

The auxiliary console panel is located below the main
console of the 1M 1401 Processing Unit ( Figure 196).
Its purpese is to provide additional operator control
of the system.

Avuxiliary Console Switches
BIT SWITCHES

Eight bit-switches alter characters in storage. These
switches are used in conjunction with the alter mode as
explained in the mode switch description.

The dash over the digit indicates the oFF position,

ENTER SWITCH

This switch enters the characters selected by the bit
switches into storage, when the mode switch is set to
ALTER, ~

CHECK STOP SWITCH

This is normally ow, to stop the machine automatically
when a process check occurs. If the switch is in the oFr
position, the machine does not stop on error conditions,
except for Op-register and address register checks, and
input-output checks.

1/0 CHECK RESET SWITCH

This switch resets error conditions sensed in an I/0O
unit. It is used primarily by customer engineering.

AUXILIARY MODE SWITCH
This switch is a three-position dial switch used with
the 1M 1408 Storage Unit and the print storage spe-
cial feature.

Off. This is the normal setting of the auxiliary mode
switch, In this position, the switch is not functional.

Full Storage Print. When a 1401 system is equipped
with an 8M 1406 Storage Unit, this position is used
with the main mode switch to print the contents of
all the storage positions. To accomplish this:

1. Set the auxiliary mode switch to ¥uLL STORAGE
PRINT.

2. Set the mode switch (1401 console) to sToraGe
PRINT OUT.

3. Press the start key.

Printing starts at position 00L and continues until
all positions in storage have been printed. Word
marks print as 1's under the corresponding data
positions.

Print Storage Scan. When a 1401 system has the print
storage special feature, this position is used with
the main mode switch to scan the 132 print storage
positions, and the core storage print area (positions
201 through 332). To accomplish this:

1. Set the auxiliary mode switch to PRINT STORAGE
SCAN.
2. Set the mode switch (1401 console} to sToRacE
SCAN.

NOT-PR ©READ
ADDR READ READ XFER START COMP
IN  TO STOP SCAN FEED COMP LATCH @rCH_
O+ O+ O+ O+ O+ O O
DELTA R/P
AND bROC @
IND+U NCT S+u ©TAPE
STOP 1ST PCH PCH PROC DELTA /0
OUT CLOCK SCAN SCAN FEED CHECK OVLP
@-T O©-T O S Ow O B+ 200
555 200
CHECK STOP ENTER 800
556
FULL  PRINT 800
STORAGE STORAGE
PRINT ISCATr:PE TAPE
I/OCHECK  opp. DENSITY
DISK WRITE RESET ~ ~1/0
—R/P OVLP
F
~TAPE
/O
R/P

Figure 198. Auxilinry Console
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3. Press the start key.

Scanning begins at position 201 of core storage,
and the first position of print storage, and continues
through 132 positions in each area. During this pro-
cedure, the contents of the main storage print area
are displayed in the B-register, and the contents of
the print storage area are displayed in the A-register.

If an error is found in either register, scanning
stops; otherwise, it stops at position 332, After an
error stop, resetting error condition and pressing
the start key allows scanning to continue.

Tape 1/0. This switch setting prevents magnetic tape
or serial input-cutput operations from being per-
formed in the overlap mode, It is used primarily by
customer engineering (see Note).

R/P (Read-Punch). This switch setting prevents card
operations from being performed in the overlap
mode. It is used primarily by customer engineering.

Tape 1/0 R/P. This switch setting prevents card, tape,
or serial input-output operations from being per-
formed in the overlap mode, It is used primarily by
customer engineering (see Note).

NoTE: With the switch in either the TAPE 1/0 or TAPE
1/0 R/1 positions, tape operations are not performed
in the overlap mode. Therefore, to store the address
of the last position of a tape operation, a store B-
address register operation must be performed. Storing
the contents of the O-address register is incorrect.

729 V DENSITY SWITCH

This three-position switch controls the low- and high-
density rates of the 1y 729 V Magnetic Tape Units
attached to the 1401 system. The three settings are
200-556, 200-800, and 556-800.

The 1Bas 729 II, 729 1V, and 7330 Magnetic Tape
Units operate at either 200 or 556 characters-per-inch
regardless of the tape-density switch setting. For ex-
ample, if a 729 II tape unit is addressed for operation
and the tape-density switch is set at the 556/800 posi-
tion, the tape unit operates as if the switch were set
at the 200/556 position. An 18m 729 V Magnetic Tape
Unit, attached to the system, assumes the recording
density actually designated by the tape-density switch,

DISK WRITE SWITCH

The disk write switch facilitates testing programs on
an 1BM RaMaC 1401 system. It prevents writing test
data on permanent records in disk storage. When
the switch is on, normal disk storage operations can
be performed.

When this switch is oFr, all disk storage instruc-
tions, with exception of wntte pisk and WRITE DIsK
WwITH WORD MARKS, are performed normally. When
these two instructions are encountered, the switch pre-
vents the transfer of data from core storage to the
disk surface, Automatic comparison of the record ad-
dress in core storage and the address on the disk record
is performed, however, and the unequal-address com-
pare indicator turns ox if an unequal condition occurs.

Note: A WRITE DISK CHECK instruction must be per-
formed following a write operation, regardless of the
setting of the disk write switch. Because the record
data in core storage is not written on the disk, a read-
back check occurs each time a write check operation
is performed.

SYNC. POINTS

Ten test peints and two rectifier circuit points are
made available to simplify the servicing of the system.
These points are only for the use of customer engi-
neering.
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IBM 1402 Card Read-Punch
Operating Keys, Lights, and Switches

START KEY
This key is used to initiate machine operation after a
manual, programmed, or automatic stop ({Figure 197).

STOP KEY

This key is used to stop the system. If a program step
is in process, it is completed before the stop oceurs.

NON-PROCESS BUN-OUT READ KEY

This key is pressed to clear the read feed. The last two
cards in the normal stacker have not been processed.

NON-PROCESS RUN-OUT PUNCH KEY
This key is pressed to clear the punch feed. The last
two cards in the normal stacker have not been punched,
and the third-from-last card has not been checked,

LOAD KEY
This key is used to start loading instruction cards.
Pressing the load key operates the read feed until a
card has passed the read station. The I-address register
is set to 001, and a word mark is set in address 001. All
other word marks in addresses 002 through 080 are
removed.

When the card is read at the read and check station,
the program starts and executes the instruction that is
punched in the first columns of the card.

Continued operation is completely under control of
any program in that card of succeeding cards, as con-
ditioned by the first instruction in the first card. When
the punch switch is on, pressing the load key also
starts the punch,

CHECK RESET KEY

This key must be pressed to reset any error indication
by a punch, read, or validity check, before the start key
can become effective. This key is not effective until
the feed unit in error is cleared of cards.

PUNCH SWITCH

This switch controls the punch unit of the machine.
When this switch is oFF, the punch is inoperative.
When it is on, the machine operates if all the inter-
lock circuits in the punch are satisfied.

READ SWITCH

This switch controls the read section of the machine.
When this switch is orF, the read feed is inoperative,

POWER ON LIGHT

When power is supplied to the read-punch unit, the
power-on light is on.

READER STOF LIGHT

A feed failure, a card jam, a clutch failure, or pressing
the reader non-process run-out key stops the machine
and turns the reader stop light on.

PUNCH STOP LIGHT

A feed failure, a card jam, a clutch failure, or pressing
the punch non-process run-out key stops the machine,
and turns the punch stop light ox.

VALIDITY LIGHT

This light is on, if an invalid character is detected dur-
ing a read operation.

READ CHECK LIGHT

This light is on if a hole-count error is detected during
card reading. If the count from the read check and
read stations for a given card do not agree, the read
check light indicates an error. The light also comes
on if read release time is over-extended.

PUNCH CHECK LIGHT

This light is on if an unegunal hole count is detected
in the punch unit or if a B-register error occurs during
a punch scan. It also comes on if the A-register detects
an improper character or if punch-release time is over-
extended.

TRANSPORT LIGHT

This light turns on to indicate a card jam in either feed.
The light turns oFF when the card jam is cleared.

STACKER LIGHT

If any of the five stackers become full, the machine

_stops, and this light signals the operator.

FUSE LIGHT

When a fuse in the card read-punch burns out, this
light signals the condition.

CHIF LICHT

When the chip box is full or not properly positioned
this light comes on and the machine interlocks. It turns
oFF by resetting the chip switch, when the cover is
opened to empty the chip box.

| [ 5w
CHECKE
THIFS
call=
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POWER  READER
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Figure 197. 1sm 1402 Keys, Lights, and Switches
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Page 120 — Single-Cycle Key, replace with:

Each pressing of this key causes an additional line to print, provided either of the
following conditions is met:

1. A print operation is set up, and end-of-form and tape channel 1 are not sensed.
2. A print operation is set up, and end-of-form has occurred. This permits

printing on the remainder of the form that was being printed when the form
check was detected.













































2. tape has been loaded into the columns

3. the tape unit is not in the process of finding the load
point { rewind or load-point operation).

UNLOAD KEY

This key is operative only when the ready light is oFF,
tape is in the vacaum columns, and the reel door is
closed. Use of this key raises the head assembly, and
retoves the tape from the columns, regardless of the
distribution of tape on the two reels. If the tape is not
at load point when the operator wishes to change tape
reels, a load-point search should be initiated first by
pressing the load-rewind key. Pressing the unload key
also turns off the tape-indicate-on light.

RESET KLEY

On a 729 IT or IV, this key turns orF the ready light.
It also stops any tape operation except lead and un-
load. If this key is pressed during a high-speed rewind,
the operation stops, and then continues as a slow-
speed rewind. If the reset key is pressed during a
slow-speed rewind, the operation stops.

On a 7330, this key turns orr the ready light, It also
stops any operation being performed. Do not press
this key while the 7330 is performing a high-speed
rewind. If the key is pressed while the tape unit is
performing a high-speed rewind, damage to the mag-
netic tape results, Press the reset key only after the
high-speed rewind has been completed.

REEL DOOR INTERLOCK

When the door is open, the interlock contact prevents
any normal operation of the tape unit. The reel door
should never be opened when the ready light is on, or
during any load-rewind operation.

REEL RELEASE KEY

When this key is pressed, both reels may be turned
manually for threading tape or removing the file reel.
To operate the reel release key, open the reel door.

Operating Poinfers

Consider the following points whenever a tape unit is
in operation.

1. Do not change the address of a tape unit by turning
the address selection dial, during the execution of
a program that uses other tape units. This applies
whether the unit is in ready status or not,

]

. Never set two tape units to the same address.

3. Do not open the door of a tape unit unless the tape
inside is out of the vacuum columns and the read-
write head is raised.

4. If the power in the 1401 goes off with tape units in
ready status, have an 1BM customer engineer re-
move the tape from the read-write head and the
vacuum columns, of every unit in ready status,
before power is restored.
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Console Operation

Starting the Machire

The power-on key controls the main power supply for
the entire system. Pressing this key has the following
results;

1. ac power is supplied to the entire system

2. power light on the reader-punch and ready light on
the printer are lighted

3. blowers in the cubes and printer are started

4. de power is automatically supplied to the system.

Turning Off the Machine

Pressing the power-off key removes the power from the
systems;

1. dc power goes orr

2. ready and power-on lights go out on all units

3. blower motors are turned oFF

4. ac power supply goes OFF.

' Entering Information

Information can be entered into a storage location

marually as follows:

1. Set the mode switch to ALTER.

2. Set the address of the storage location for informa-
tion to be entered in the manual-address switches.

3. Set the bit switches on the auxiliary console for the
correct BCD code for the information to be entered
into the selected storage location.

4. Press the enter key on the auxiliary console.

5. Check B-register bit lights to verify information
entered.

Notes. The B-register check light should be orFr. If jt
is ow, the information entered is not valid.

In some cases the B-register check light gives an
error indication on an enter operation if the previous
character in the selected area is invalid, Restart with
step 4 if the character appears valid but a B-register
check is still found.

The storage address bit lights should indicate
the storage position selected.

To enter the same character into more than one
position of core storage:

1. Set mode switch to storage scan.
2. Set bit switches on the auxiliary console to the de-
sired hit configuration.

Note: Invalid characters can be entered if the
check stop switch is off.

3. Hold enter key on auxiliary console.
4. Press the start key.

The process unit continues in the storage scan
mode until both keys are released.
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Manual Display
1. Set mode switch to CHHARACTER DISPLAY.

2. Set manual address switches to desired storage
location.

3. Press the start key.

Notes. The B-register contains bit configuration for
selected location.
The storage address lights display the bit config-
uration for the address set in the manual address
switches.

Check Manual Entry of Address Registers

1. Set mode switch to ALTER.

9, Set manual address switches to the desired address
location.

3. Press the I-, A-, or B-address register key.

4. Press the start key.

Noate. The storage-display lights show the bit configu-
ration for the particular address register selected
in step 3. There should be no error indication.

Console Inquiry Stafion Operation

Entering Information in Alter Mode

A method of entering data typed on the 1sm 1407

into 1401 core storage is:

1. Set the mode switch (1401 console) to aLTER, Alter
light on 1407 turns on.

2. Set the manual address switches {1401 console) to
the high-order position in storage, where the typed
data is to be placed.

3. Press the B-address register key-light.

4. Press the start key (1401 console) to put the ad-
dress, set up by the manuval address switches, in
the B-address register.

5. Press the avter key-light (1407 console).

8. The operator can now begin typing the data into
1401 storage beginning at the position specified by
sctting of the manual address switches. Word
marks are cleared from 1401 storage as each char-
acter enters from the inquiry station. Characters
typed can have an associated word mark entered
with them by using the word-mark key.

7. When the transmission is completed, press the clear
key (1407 console).

8. To continue programming in the 1401 turn the
mode switch to run and press the start key (1401
console). If necessary set the address where pro-
gramming is to begin in the manual address switches
(1401 consele) and enter it as previously explained.



Read Out of Storage in Alter Mode

A method of transferring an area of 1401 core storage
to the 1407 and typing that infermation is:

1. Set the mode switch (1401 console) to ALTER. Alter
light (1407) comes on,

2. Set the manual address switches (1401 console)
to the high-order position in storage of the data
to be typed out.

3. Press the B-address register key-light.

4. Press the start key (1401 console)} to set the ad-
dress set up by the manual address switches in the
B-address register.

5. Press the respond/typeout key-light (1407 console).
The typeout light comes on.

6. The typewriter prints the data from 1401 storage
beginning at the position specified by the setting of
the manual address switches, Characters that have a
word mark in the same position are typed in red.
Blank positions in core storage are printed as lower-
case b’s,

7. When the transmission is completed, press the clear
key.

8. To continue programming in the 1401, turn the
mode switch {1401 console) to run and press the
start key (1401 console}). If necessary, set the ad-
dress of the next program step in the manual address
switches (1401 console), and enter it as previously
explained.

Console Inquiry with IBM 1401 in Run Mede with
Inquiry Routine

A method of causing the 1401 program to branch to the
inquiry routine and to accept data from the 1407, is:

1. Press the request enter key-light. This turns the
inquiry request indicator on.

2. A BRANCH IF INDICATOR ON instruction in the 1401
program tests the inquiry request indicator. If the
indicator is oN, a program branch to the inguiry
routine is made and the indicator turns oFr when
a console inquiry instruction is processed. When
the 1401 is ready to accept data from the 1407, the
enter key-light is turned on,

3. The operator then types the data to be sent to the
1401. If an error occurs in typing, the clear key is

pressed, turning oN the inquiry clear indicator that
can be tested by the 1401 program (see Clear Key).

4. When the inquiry is completed, press the respond
key. This causes the request enter key-light to turn
OFF, a carriage return, and a group-mark with a
word-mark to be inserted in 1401 storage in the next
position to the last character typed. The 1401 is re-
leased from the interlock and continues operation
under stored-program control.

5. The inquiry routine then processes and assembles
the data necessary to answer the inquiry, and prints
the response.

Console Inquiry with 1BM 1401 in Alter Mode with

Inquiry Routine

A method of sending an inquiry to the 1401, when an

inquiry routine is in 1401 core storage and the 1401

is under operator control, is:

1. Set the manual address switches (1401 console)
to the high-order position of the inquiry routine
in 1401 storage.

2. Set the mode switch (1401 console) to aLTER. Alter
light on 1407 comes on.

3. Press the I-address register key-light and the start
key (1401 console) to set the address set up by the
manual address switches in the I-address register.

4. Set the mode switch (1401 console) to run. The
alter light on the 1407 turns orFr. Press the start
reset key (1401 console).

5. Press the request enter key on 1407, and the request
light comes oN. Press the start key ( 1401 console}).

6. The 1401 then starts execating the instruction of the
inquiry routine. When the move or load instruction
of the routine is reached, the 1401 halts, the enter
key-light comes on, request light goes oFF, and the
system is ready to receive the inguiry.

7. The operator types the inquiry on the 1407. When
the message is completed, press the respond key,
and a group-mark with a word-mark is inserted in
1401 storage to the right of the inquiry.

8. The 1401 then processes the inquiry. A branch op-
eration can be performed if it is not desired to
proceed with the main program after processing
the inquiry by the stored program. This operation
allows the operator to make the decision to con-
tinue processing or take any action necessary.
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Restart Procedures

Reader

When a validity or read check error occurs in the card
reader, it is necessary to go through the following re-
start procedure to continue 1401 operation:

. Open the joggler.

. Remove the cards in the hopper.

. Close joggler partially (leave open approximately
45 degrecs).

. Press the non-process run-out key to clear two cards
out of the read feed. Cards will not drop from the
file-feed magazine.

(70 e
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5. Press the check reset key on the 1402 to reset error
indicators.

6. Remove the last three cards from the normal rcad
stacker, correct the card causing the error, and
place the cards in the card feed hopper.

7. Replace the other cards in the hopper on top of the
three cards.

8. Press the start key to restart the program.

In the case of a read check error, a storage scan op-
eration can be used to determine the position in error.

In the case of a read stop indication without a read
check or validity check, cards in the stacker or past the
second read brushes have been processed properly.
The cards at the throat and read check brushes have
not been processed, and must be placed at the front
of the file when reading begins again,

Punch

When a punch check error occurs in the punch unit,
this procedure can be used to continue 1401 operation:

1. Lift the cards cut of the card punch hopper.

2. Press the non-process run-out punch key to clear
three cards out of the punch,

3. Press the check reset key on the 1402 to reset the
error indicators.

4. Removce the last four cards from the stacker. The
first of these cards is the error card. This card can
be reconstructed by re-entering the original data
into the system and re-processing, or by manual
correction of the data in the card. The second card
that entered the stacker was punched but it was
not checked, therefore, it should be discarded. This
card is re-punched on the run-in cycle of the restart
operation, The third and fourth cards that enter
the stacker are blank.

5. Replace the blank cards in the card punch hopper.

138

6. Press the start key to restart the program. The last
punch eycle (number 2 card in step 4) is repeated
and information in the punch storage area is re-
punched.

When a read check error occurs, a storage scan
operation can be used to determine the column in
error. If the error occurred on a punch feed read oper-
ation, the scan should be started in core-storage posi-
tion 101 because the scan stops in each position of
the read-in area {core-storage locations 001-080). This
is the arca into which data has been read from the
punch feed read station.

In case of a punch stop due to a card feed failure or
card jam, and if there is no punch check indication,
the punch can estarted after the punch feed is
cleared of cardsfifhe card that was punched on the
cycle when the occurred, is repunched. This cor-
responds to card number 2 of step 4.

PUNCH FEED READ

The punch check procedure is:

1. Lift the cards out of the card punch hopper.

2. Press the non-process run-ont key to clear three
cards out of the punch,

3. Press the check reset key on the 1402 to reset the
error indicators.

4. Remove the last four cards from the stacker. The
first and second cards should be reconstructed.
Cards three and four are correct.

5. Place reconstructed cards one and two and cards
three and four and the card fle in the card punch
hopper.

6. Press srart ReseT (1401) and the start key, and re-
start the program (reconstruct internal data if nec-
cssary) at the instruction that caused card one to
be read by the punch feed read brushes,

The validity check procedure is:

1. Lift the cards out of the card punch hopper.

9. Press the non-process run-cut key to clear three
cards out of the punch,

3. Press the check reset key on the 1402 to reset the
error indicators,

4. Remove the last four cards from the stacker. The
first of these cards is correct. The second card must
be checked, because it was read and punched but
not checked. Card three is the error card. This eard
should be reconstructed and placed with card four
in front of the card file.

5. Place the card file in the card punch hopper.

6. Press sTarT RESET (1401) and the start key, and re-
start the program at the instruction that caused card
three to be read by the punch feed read brushes.

Note: If validity and punch-check errors occur at the

same time, use the punch-check restart procedure and

check card three for the validity error.



Page 138 — Restart Procedures, Punch — Second column, second paragraph, change
line beginning "cleared of cards' to:

cleared of cards. On systems equipped with the processing overlap feature, it is
necessary to press the start kev twice to resume proCessing. .o vveeriarieenraas



Printer

When a print check error occurs in the printer, the
following restart procedure can be used to continue
1401 operation:

WITHOUT PRINT STORACE

o]

. Press the print check reset key to reset the error

indicators.

. Turn the mode switch on the processing unit con-

sole to STORACGE SCaN,

. Press the start key. The 1401 stops at the location

in storage where the print error occurred and the
print check light comes on.

. Press the print check reset key to turn off the error

indication.

. Perform a storage scan to determine the position

or positions in exror if the system stopped due to
a B-register error during printing. A position in
error can be corrected by entering the correct char-
acter.

. Press the start key a second time to re-scan storage

to ensure that not more than one print error or
B-register error occurred during the last printed
line.

. Set the core-storage address of the print instruction

in the I-address register (see Storage Address Dial
Switches, 1401 Console).

8. Turn mode switch to ruw,

. Press the start reset key and then the start key to

continue the program.

WITH PRINT STORAGE

1

2

10,
11.

Press the print check reset key to reset the error
indicators.

. Turn the load switch on the 3401 console to ston-

ace scaN and the mode switch on the auxiliary
consele to PRINT STORAGE SCAN.

. Press the start key. The 1401 stops at the location

in storage where the print error occurred, and the
print check light comes on.

. Press the print check reset key to turn off the

error indication.

. Press the start key a second time to re-scan storage

to ensure that not more than one print error or
B-register error occurred during the last printed
line.

. Because the system stops due to the print error at

the print instruction following the cperation that
was in error, the information to be reprinted must
be reconstructed in the print area.

. If the system stops due to a B-register error during

a print transfer, the core-sterage position in error
can be corrected by entering the correct character
after pressing the start reset key (see Alter Mode,
1401 Console). The B-register and print error indi-
cators are reset by pressing the process check reset
key and the print check reset key.

. Press the start key a second time to re-scan storage

to cnsure that not morc than one print error or
B-register error occurred during the last printed
line.

. Set the core-storage address of the print instruc-

tion in the I-address register (see Storage Address
Dial Switches, 1401 Console).

Turn the mode switch to RuN.

Press the start reset key and then the start key to
continue the program.
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The input, output, and precessing abilities of the 1M
1401 Data Processing System are used to greatest ad-
vantage, if careful timing consideration is given in the
development of each 1401 program. In a card system,
computing can usually overlap the input and output
operations.

This section includes methods of estimating timing
requirements for input-output, calculation, and total
job time. Each of these areas is discussed in detail,
and timing charts are included where necessary. An

Timing Input and Output Operations

Card Reader

The teeding mechanism of the card reader is controlled
by a single tooth clutch that completes one revolution
every 75 ms. If a signal to read is received by the
clutch, the feed reads a card as soon as the tooth is at
the proper position {clutch point). Clutch points are
always 75 ms apart.

The read release special feature permits processing
during the 21 ms read start time (RST), and makes a
total of 31 ms, of the 75-ms cycle, available for process-
ing. The START READ FEED instruction is given during
the 10 ms normally available for processing. It sends a

understanding of this material allows the programmer
to place efficiently the input-output operation codes.
This efficient placement can often save valuable proc-
essing time.

The formulas used for calculating the time required
to execute an instruction are included. This enables the
programmer to figure the time required for the
processing of data, and, in combination with the input-
output operations, the efficient placement of the vari-
ous operation codes can be achieved.

signal to engage the clutch for the next read cycle as
soon as the current cycle is completed. The rEsD A
CARD instruction must then be given during the 21 ms
read start time of the next cycle (see Start Read Feed
operation code).

If processing time exceeds the 1¢ ms allowed, but is
less than 85 ms and read release is not used, card
feeding stops for a period of 75 ms ( Figure 222). The
timing chart shows that two card-read cycles (150 ms)
are required to complete such an operation. Of this
time, 85 ms are available for processing. If read release
is used, an additional 21 ms ({read start time from the
third card-read cycle) is also available for processing.

Recd Card 1 No Cord Feed Read Card 2 J
- 75 ms - 75 ms 1 75 ms
@ Clutch Point i ® Clurch Paint 2 @ Clurch Point 3 Clutch Point 4
< Tl ReaD ) FPT
21 ms I 44 ms 10
ms
Pracess time

(10 ms + 75 ms)

Frocess fime with Read Release

{10 ms + 75 ms + 27 ms)

Figure 222. Read Timing Chart {Read Release)
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PER OF
WITHOUT WITH
MINUTE CYCLE(ms) | peap RELEASE | READ RELEASE
800 75 19 3
400 150 85 106
266 225 140 181
200 300 235 256

Figure 223. Card Reading Speeds

Note: In this case the START READ FEED instruction can
be given any time after clutch point 2 and before
clutch point 3,

Figure 223 is a table showing card reading speeds,
and the processing time allotted for each.

The carly card read feature provides two additional
points (clutch points) where the feeding mechanism
can engage. When processing between cards exceeds
10 ms, the feed mechanism can engage 50 ms sooner
than before. The time between card feeding, is re-
duced to 100 ms rather than 150 ms. Instead of a 50
per cent reduction in the rated speed (to 400 cpm),
there is only a reduction of 25 per cent (to 600 cpm).
Figure 224 illustrates these timings and rates in de-
tail.

When early card read is used with read release,
additional processing time between the reading of two
cards is provided, This is accomplished by using the
read start time (21 ms at the beginning of each cycle)
as processing time.

The value of both features is realized in those pro-
grams with processing routines that exceed the 10 ms
allotted for processing during each basic card reading
cycle. Although they accomplish separate objectives,
they are complementary. Together, they permit the
1BM 1401 Data Processing System to operate at speeds
closer to capacity, thus effecting shorter over-all job
time.

Figures 225 and 226 illustrate cycle timings with the
early card read feature. A read release instruction
causes the read clutch to engage at the next clutch
point, which cccurs at 25-millisecond intervals. There-
fore, this instruction should not be given more than
23 milliseconds before the time the clutch is to be
engaged.

Card Punch

The card punch is operated by a 4-tooth clutch that
completes one revolution every 240 ms. Because the
clutch has 4 teeth, there are 4 clutch points oceurring

PROCESSING TIME _|
TIME WITHOUT WITH CARDS
BEYWEEN CARDS| READ RELEASE | READ RELEASE PER MINUTE

75ms 10 3 800
100 ms a5 54 &00
125 ms 40 81 480
150 ms 83 108 400
175 ms 110 13 42
200 ms 135 156 300
225 ms 180 181 266
250 ms 1B5 206 240

Figure 224, 600 CPM with Early Card Read

at 60-ms intexvals in the punch cycle, during which the
punch feed can be engaged to operate. As soon as the
PUNCH A CARD instruction is interpreted by the pro-
gram, a signal is sent to the clutch. When the clutch
reaches a clutch point, punch start time (PST) begins,
followed by punch time and processing time.

The punch release special feature permits processing
during the 37 ms punch start time, and increases to 59
ms the total available processing time between suc-
cessive punch cycles. It initiates punch start time for
the next punch cycle as soon as the current punch
eycle is completed. See Start Punch Feed operation
code, :

If processing time exceeds 22 ms and START PUNCH
FEED is not used, the punch cycle is delayed for 60 ms
(Figure 227).

Figure 228 shows card punching speeds and the
processing time available with each.

Printer

The 1BM 1403 Printer operates at a maximum rated
speed of 600 lines per minute. The 100 ms print cycle
allows 16 ms of processing time.

The 1401 system is interlocked for the 84 ms print
time. The print storage special feature releases all but
approximately 2 ms of the entire print cycle, thus mak-
ing 98 ms available for processing {Figure 229). The
print storage area, however, is interlocked for the 84
ms during printing. Form movement for single spacing
is overlapped during the last 20 ms of the cycle. If
additional forms movement time or additional process-
ing time is required by the application, this time must
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- Clutch Latch _—_ﬁ fst—— Clutch Engagement
g 100 ms e 100 ms -
Clutch Poinis
25 ms 25ms | 25 ms | 25 ms 25 ms 25 ms 25 ms 25 ms
/-—__ Time during which Reod Release
| 23 Instruction should be given
RST | Read ] RST Reod |
ol ftent ey 25 ms ——ia -t g 25 ms =——1ief
2 ms | 44 ms 10ms 21 ms 44 ms 'JOrnsl
Process Time Process Time
35 ms A5 ms
N PT With Read Rel
56 ms
Figure 235. 600 CPM with Early Card Read
ontp——————e e Clutch Lartch —hl lte— C|utch Engagement
-t 125 ms L
Clutch Points
25 ms3 | 25 ms 25 ms 25 ms [ 25 ms } e Time during which Read Release
/ Instruction should be given
I‘—ZS ms-—DJ
RST Read RST
“L-: erall ‘;I: 25 ms—+——25ms Pty
2ims 2dms 10 ms | 21 ms
" Process Time o
- 60 ms
PT With Reod Rel _
- 81 ms o
Figure 228. 480 CPM with Early Card Read
» Punch Card 1 |, &Oms Punch Cord 2 -
240'ms Foall e - ol
T PST PUNCH
—p] 22 p—— —l 37 ms | -
s 181 ms
PUNCH
e o >
Process Time
- 82 ms
Process Time
B 119 ms with o
. - Punch Release
Figure 227. Punch Timing Chart {(Punch Release}
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CARDS LENGTH PROGESSING TIME
PUNCHED PER OF WITHOUT WITH
MINUTE CYCLE(ms) [ pyNCH RELEASE | PUNCH RELEASE
250 240 22 39
200 200 82 1y
166 360 142 179
143 420 202 239
125 480 262 299

Figure 228. Card Punching Specds

be added to the 100-ms cycle to determine printing
speed.

Figure 230 shows the effective printing speeds under
various processing and forms movement considerations
with and without the print storage special feature.

Additional forms-skipping time beyond ‘the first 8
lines is calculated by multiplying the number of lines
skipped by 2.3 ms.

Some program instructions cause form movement to
start immediately. If the printer is printing without
using print storage when an immediate forms control
instruction is given, or if the carriage is already in
motion, the 1401 waits until the previous carriage
operation is completed before the immediate skip is
executed. If the system is equipped with the print
storage special feature, and a CONTROL CARRIAGE in-
struction is given during the 84-ms print time, the
processing unit is interlocked. In this case, skipping
takes place when printing and carriage operations are
completed, if the program calls for an immediate skip,
or follows the next print operation if a delayed skip
is indicated.

Immediate skips require 20 ms for the first space,
5 ms for each additional space up to 8, and then 2.3 ms

100 ms

LINES JLENGTH | AVAILABLE PROCESS TIME {ms) MAXHAIM
PRINTEQ| OF SPACES
PER CYCLE WITHOUT WITH SKIPPED
MINUTE| (ms} | PRINT STORAGE PRINT STORAGE| WITHIN CYCLE
&00 100 16 g8 1
572 105 23 103 2
545 190 26 108 ]
522 115 K] 113 4
500 120 34 118 3
480 125 41 123 [
4462 130 46 128 7
444 135 51 133 B

Figure 230. Effcctive Printing Speeds

LINES SKIPPED ~ TIME REQUIRED {ms)

1 20

25
30

35
40
45
50
55

--BE R LR

Each space aver 8 requires an gdditional 2.3 ms for models B, €, B.
Madel A requires 5 ms for each spoce after the first.

Figure 231, Form Movement Time

Print Interlock

—Y

>l

B4 ms ) l Forms
Movement
{one space)
20 ms
[ Pracessing L
-} |
f 98 ms T2

Figure 229. Print Timing Chart {with Print Storage)

ms
Transfer inte
Print Storage
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46.7 ms

Print Interlock

Processing

30.7 ms

16 ms

Forms Movement
{1 space)

Figure 232, Print Timing Chart (Numerical)

for ea¢h space thereafter, except Model A, which re-
quires an additional 5 ms for each space after the first.

Figure 231 shows form movement timing require-
ments for immediate skip instructions.

With the numerical print feature installed, and the
1403 operating in the numerical mode, the print eycle
is 46.7 ms as opposed to the 100 ms cycle in the alpha-
merical mode. Because changing from one mode to
the other affects neither spacing nor skipping, forms
movement time remains 20 ms. Interlock time, how-
ever, has been reduced from 84 ms to 30.7 ms ( Figure
232). Therefore, the maximum rated speed in the nu-
merical mode is increased to 1285 lines per minute.
In either mode the print eycle permits 16 ms of over-
lapped processing time.

Simultaneous Input-Output Operations
Total job-time improvements are often made through
use of combination operation codes, and the read re-
lease, punch release, and print storage special features.
The first time a simultaneous operation is performed,
the 170 cycle time may not exactly correspond to the
cycle shown in the charts; but as the operation is con-
tinuously performed, the cycle time will be the same
as the time specified in the timing charts.

150 ms

20 ms

Combination Print and Read

If reading and printing are to be done as a combined
operation {operation code 3) and print storage is not
installed, the 1401 can print 400 lines per minute and
read 400 cards per minute. The combined cycle takes
150 ms; 18 ms are available for processing.

Figure 233 shows the division of the print cycle, and
the functions that are performed.

Note: Read start time extends for four milliseconds
beyond print time.

The printer takes priority and operates first. The
system is interlocked for the first 84 ms of the cycle,
Forms movement can start 80 ms after printing begins
and can continue until the end of the cycle. The read
operation interlocks the processing unit for 44 ms. The
remaining 18 ms are used for processing. A START-READ-
FEED instruction should not be given preceding a wrITE
AND READ instruction.

Note: If the system is equipped with the print stor-
age and read release special features, the use of a
single PRINT A LINE and READ A CARD instruction per-
mits the same speeds as the combination WRITE AND
READ instruction — 533 cards and 533 lines per minute.
In this case, it becomes more practical to use the single
instruction because more processing time is available
with the print storage special feature.

4ms

Print Time Overlap

- [,

L

Read Time __L Process Time

B4 ms

RST
T —

<
™~

44 ms 'I_‘ 18 ms

Available Farms Movement Time

21 ms
l‘
r

Figure 233. Print and Read Timing Chart
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Figure 234 shows the reading and printing opera-
tions performed under individual instructions. The 225
ms functional cycle shows the pattern for 2 cards and
2 lines. Repeating this cycle produces the desired
speed — 533 cards and 533 lines per minute.

A read instruction starts the operation. The first
print instruction is given at point A to initiate print line
1. The line to be printed is transferred to print storage
in 2 ms. Eight ms from the first read cycle remain and
are available for processing. A read release command
must be given during this 8 ms to release the normal
21 ms RsT interlock for card-cycle 2. Now there is a
total of 29-ms processing time available between the
transfer of line 1 to print storage and the reap a canp
instruction. The 1401 is interlocked for 44 ms while
card 2 reads into the input area. Because the print
storage feature assumes all but 2 ms of the normal
printer interlock, the actual read operatien is com-
pletely overlapped with print time.

An instroction to print given after the read opera-
tion would cause the 1401 to wait until the print
storage interlock is released. Another READ A cagD in-
struction would cause the machine to be interlocked
at. the time print storage is free to receive another
WRITE A LINE instruction. Therefore, processing can
take place for 25 ms before the next print instruction
initiates the printing of the secend line. After the 2-ms
interlock for the transfer to print storage, a START READ
FEED can be given to release the Bst interlock for the

Read 2 Cards

Y

Functional Cycle - 225 ma

third read cycle and to make a total of 79 ms available
for processing before the next read operation.

At point B the functional eycle (starting at point
A) can begin.

A maximum of three spaces between print lines can
be effected during this operation.

Combination Read and Punch

The 1401 can read 250 cards per minute and punch
250 cards per minute if the READ AND PUNCH instruction
{operation code 3) is used. The entire read operation
is overlapped with card punching during the 240-ms
punch cycle. The 22 ms normally available for proc-
essing during a punch cycle are also available during
this combination operation.

The punch release special feature makes it possible
to extend the available processing time to a total of
59 ms. If a sTART PUNCH FEED instruction is given dur-
ing the 22 ms following punching, the pst interlock
is released.

Figure 235 is a chart showing the rclationship be-
tween the read and punch operations.

Note: The position of the punch clatch can cause a
maximum delay of 60 ms before the first read and punch
operation is initiated. However, if processing time is
kept within the prescribed time limits, continued use of
the READ AND PUNCH instruction permits operation at
250 cards per minute,

Print 2 lines

Card
Cycle R1
‘ yele B - Card Cyele RZ | Card Cyele 13
F - - oL
75 ms 75 ms
—1 Read | | Read
Interlack Interlock
44 ms 44 ms
Print storage Print storage
L, fnteriock " Interlack ..\
| Bd ms - B4 ms

Process
.
29 ms

Write a line
Instructicn Read A Cord
Insiruction

Start Read Fead

Instruction

Figure 234,

Process
25 ms

Write a line
Instruction

Process J
- g1 ms ’l

Rand A Card
Instruction

Star! Read Feed
Instruction

Read and Print Operation with Print Storage and Read Release
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Read-Punch Cycle-240 ms

[

interfock
(- — = - 44 ms

J

Y

Read Cycle=75 ms

Figurc 235. Read and Punch Timing Chart

ST | Punch Time e
T W ms - 183 ms 'l 22 ms

Print Punch Cycle -
- 300 ms w
— 7 ms
o Print Time __l . Punch Time .._l- PT
) 84 ms N 181 ms RS >
P5T
37 ms
Note: Punch start time extends for 7 ms
beyond Print Time
Figure 236. Print and Punch Timing Chart
. Print Punth Cycle =300 ms

PSY

Punch Time

Delay 40 ms

37 ms

Print Time

187 ms

84 ms

|

Processing

Figure 237. Print and Punch Timing Chart
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Combination Print and Punch

The 1401 can execute a combination WRITE AND PUNCH
instruction (operation code 6) during a 300-ms cycle
without using the print storage special feature. Maxi-
mum output under these conditions is 200 lines and 200
cards per minute.

Figure 236 shows the relationship between printing
and punching with 28 ms processing time available be-
tween successive combined operations. The printer al-
ways takes priority and operates first. The signal to
engage the clutch and initiate the punch operation is
automatically given by the machine during the 84-ms
print time when operation code 6 is used.

Note: START PUNCH FEED instruction cannot be given
preceding & WRITE AND PUNCH combination instruction.

If the print storage special feature is used, print time
can be overlapped with punching. This timing is illus-
trated in Figure 237. Single instructions and the punch
release special feature are used to obtain maximum
processing time. Output is 400 lines and 200 cards
per minute.

Combkination Print, Read, and Punch

Cards can be read and punched at the rate of 200 cards
per minute and printing can occur at 200 lines per min-
ute if the WRITE, READ, AND PUNCH instruction (opera-
tion code 7) is used. The printer takes priority and
operates first. Reading time is completely overlapped
with punching, and processing time available during
the 300-ms cyele is 28 ms. Because the signals to start
the reader and the punch are automatic in the combina-
tion instruction, START READ FEED and STAWT PUNCH
FEED cannot be used. Figure 238 shows the timing for
the operation.

Note: The first WRITE, READ AND PUNCH instruction
could be extended to a maximum of 360 ms because of
clutch wait time, Subsequent successive WRITE, BREAD,
AND PUNCH instructions reguire 300 ms each.

If the print storage special feature is installed in the
system, the input-output rates can be increased to 250
cards and 250 lines per minute and the cycle time can
be reduced to 240 ms. The punch release special feature
makes it possible to increase processing time when print
storage is available. Figure 239 is a card and printer
summary timing chart,

Timing Input and Output Operations

147



A

Print, Read, Punch Cycle <30C ms

- Print Time __I Punch Time | PT
B 84 ms ’ | N 181 ms ’[‘ 28 ms
p | Read Cycle |
ST s — — — — — —— — — — % -
37 ms I 75 ms |
Nota: Punch star! time extends for 7 ms
beyond Print Time
Figure 238. Print, Read, and Punch Timing Chart
PROCESSING TIME AVAILABLE
OP CODE OPERATION CYCLE RATE WITHOUT RELEASE WITH RELEASE
INSTRUCTION INSTRUCTION
1 Read 75 ms 800 cpm 19 ms I ms
150 ms 400 epm 835 ms 106 ms
225 ms 2856 cpm 160 ms 181 ms
2 Print — Withou! print storoge
Single space 100ms 600 lpm 16 ms
Double space 105 ms 572 lpm 21 ms
Triple space 110 ms 545 lpm 26 ms
Print — With print storage
Single space 100 ms 600 tpm 98 ms
Double space 105 ms 572 lpm 103 ms
Triple space 110 ms 545 lpm 108 ms
Print & Read
Tand 2 With print storage 125 ms 533 cpm Ems
Print & Recd
k) 400 18
Without print starage 150 ms 00 com ms
4 Punch 240 ms 250 epm 22 ms 50 ms
300 ms 200 cpm 82 ms 1?2 ms
360 ms 165 cpm 142 ms 179 ms
5 Read & Punch 240 ms 250 cpm/rd 28 ms 59 ms
250 cpm/py
00 ms 200 cpm/rd 22 ms 59 ms
200 cpm/pu
[} Print & Punch
Without print storage 300 ms 200 lpm/pr 28 ms
200 cpm./rd
With print starage 240 ms 250 fpm/pr 20 ms 57 ms
250 cpm/rd
7 Print, Read, & Punch
Without print starage 360 ms 200 Ipm/pr 28 ms
200 cpm/rd
200 cpm/pu
With print storage 240 ms 25Q fpm/pr 20 ms 57ms
250 epm/rd
Figure 239. Card and Printer Summary Timing Chart

148




Processing Time

To make realistic timing estimates for processing, it is
necessary to consider the individual instructions used
and the number of data characters involved in each 5.

operation. One approach that can be used is:

1. Develop a general block diagram for the problem

to be solved.
2. Define the operation performed in each block.

L

The length of the data fields should be known.

4. Using the formulas listed in System Timings ( Figure

Determine the number of and type of instructions
required to accomplish the operations in the black.

240), calculate the time required to perform the

milliseconds.

operations. The timings shown are expressed in

Four charts have been included that give approxi-

mate timings for multiplication and division oper-

ations. Two of the charts (Figure24] and 243)

give the time required when the multiply and divide
special features are included in the system. The

other charts (Figure 242 and 244) give the timings
for multiply and divide, based upon the subroutines

written in actual language in the section, Multipli-

cation and Division Subroutines.

SYSTEM TIMINGS SYSTEM TIMINGS
Kay 1o abbreviotions used in formulas op
Li = Longth of the A-field CPERATION CODE FORMULA
Lz = Langth of the B-field Punch o Card 4 ONS i+ 1+ 1/
lg = tength of Multiplicand field Reoad o Card,-- 1 ON5 i+ 1)+ 1O
Ll: = tength of Instructian Read and Punch 5 oS+ D+ 1/0
Ly = Length of Multiglier field Snlect Stacker K LS (L + 1)
Lg = langih of Qualisnt fisld Set Word Mork » ONE{L+ 3
Lu = Llangth of Divitor fiald Start Punch Fead* 9 L5 L+ 1)
ls = HNumber of significant digits in Divisor (Excludes high- Start Read Feed* 8 015 (L4 1)
order 0's and blanks} Stors A-address Ragister® Q OS5+ 5
Ly = tengthof A- or B-field, whichaver is sharter Stere B-address Register* | H | 0115 (b + 4)
lzx = Mumber of characters to be cleored Swhtract {no recomplement) | & ONSiL 434+ L
Ly = Mumber of tharacters back 1o right-mest 0" in control field Subtratt {recomplament) $ ONS L +3+ L+ 4L
lr = HNumber of 0's Tnaarted in a field Write o Line 7 D115 (L + 1) + 1/0
I/Q = Timing for Input ar Ouiput cycle Write and Punch & 0115 (L 4+ 1) + 170
Fau = Forms movemant times. Allow 20 my for first spase, plus 5 ma Writa and Read 3 o115 (L + 1) + 1/0
_ for each additional space Write, Raod ond Punch | 7 | 0118 (1 + 1) + 1/O
Ta = Topomovementtimes i Zoro and Add 7 JoMsed 1+ Lt
¥ = HNumber of fields included in on operctian ZIsro and Sublracr | 015 (Lo F 1+ La L)
op
OPERATION CODE FORMULA TAPE OPERATIONS
Add {no recomploment) A ONS i+ 3+ ket te) To — Taps movemant con be determined from the fallowing:
Add (recomplament) A HNER: + 34+ Lo+ 4 1) :_ = 'gl:"“b:: oFRC'huracteu
= Character Rote
Branch o B ONE{L+ 1) 729 11 ot 200 cpi = 087 ms
Brench if Bit Squal* w o |.ONsiL+2 at 556 cpi = 024 m3
Branch if Character Equal | B ANE L+ 2 29 W ar 200 cpi = 044 ms
Branch if indicater On B LN5 il 4+ 1) 7330 Gl' ;gg epi = .?;{9: mz
Branch if Word Mark a = ms
and/or Zone v ONs{L+ 2 ol at ‘:‘s'ﬁ;p' ;fsgNm‘ AU ocked
i L 729 Madel 1, Read 10. my = interlocke.
Clear Storuge / D::S{I::;+ o 10.5 + CNms = Processing interlocked
Clear Ward Mark H 0115 (L ) Writa 11.7 + CHms = TAD interlacked
Compare c LNS L+ 1+ L+ L) 7.5 + CNmi = Processing interlocked
Contral Carriage F oo 0is i+ kFa 729 Model IV, Reod 88 + CNms = TAU interlocked
Conteal Unit LU AN+ 1)+ T 67 + CNms = Pracessing interlocked
Divide [over.)* % OS2 +7 bl + 8 la) Wreite 7.8 + CNms = TAU interiocked
Helt . o5 +1n $ + CNms = Processing interlacked
d Ch ters to A 7330 Read 20.5 - CNms = TAU interlockad
t::rd M:::c e L ONS{L 4+ T4 2L 7. 4+ CNms = Procasiing inf.:llockod
N m Write 20,3 + CHNm2 = TAU interlacke
Modify Address® ™ s —{E 91. £ + CNma = Processing interlockad
#ove Characters 1o A or : Rewind
b word Mork M O1S L+ 1421w 729 Modal 1l = 1.2 minutos/roel
Mave Characters and Edit | E O15 (L 1 FLe -t La + Ly} 729 Mede! I¥ = .9 minutas/real
Move Chazactars to Record 7330 (High Speed] = 2.2 minutss/reel
or Word Mark* P ONS{Le+ T+ 2L) Skip and Blank Tope
Move Characters und (odd 1o subsequent write tima)
Suppress Zerce z LGNS {L+ T+ 3L ' 729 Model Il = 40.5ms
Maove and Insart Zaros* X OIS +1+2Z2 L+ S12) 729 Midel I¥ = 27 ms
Move Numeric o LIS (L 4 3) 8 k7330 (—f'lD!:u " pack (ofter Writs)
0115l + 3 ackipace (ofter Rea ackspuce (ofter Write
Move Zano Y .0115(: +3’_|_“c+sm 7ol 725 Model I = 46 + CNma 729 Model Il = 52 + €N ms
Multiply (aver) @ L . ' 729 Model v =22 F CN s 729 Model IV = 37 + CN
Ne Opwration NO[aNSL4Y 7330 = 428 + CN ms 7330 = 435 + CNms

Figure 240. Systemns Timings
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1401 DIVIPE TIMES WITH SPECIAL FEATURE

No. of Pos. in Quotient ~——> 1 2 4 5 6 7 9 10
No. of Pos. in Divisor 1 276 449 621 794 966 1139 131 1.494 1.656 1.829
2 .357 510 863 1.116 1.369 1.422 1.875 2,128 2.381 2.634
3 .418 77 1.104 1.437 1770 2.103 2,426 2769 3.102 3.435
4 518 932 1.346 1.760 2974 2,588 3.002 3.416 3.830 4.244
5 .598 1.093 1.588 2,083 2.578 3.073 3.568 4,063 4.558 5.053
6 579 1,254 1.829 2,404 2.979 3.554 4129 4,704 5279 5.854
7 759 1415 2.071 2727 3.383 4,039 4,695 54351 6.007 6.663
8 840 1.576 2.312 3.048 3.784 4,520 5.256 5.992 6728 7.464
9 920 1737 2,553 3.370 4,186 5.003 5819 6.636 7.452 B.26%
0 1.001 1.098 2795 3.692 4.589 5.485 6.383 7.280 8177 9.074
Figure 241. mn 1401 Divide Times {with Special Feature}
1401 DIVIDE TIMES BASED ON DIVIDE SUBROUTINE
No. of Pos. in Quotient — 1 2 3 4 5 P 7 P 10
No. of Pos. in Divisor 1 11815 | 15468 | 19193 | 22782 | 2641 30,080 | 33709 | 37358 | 41.007 | 44.656
2 11.446 | 15267 | 19.088 | 22909 | 26730 | 30.551 | 34372 | 38.193 | 42014 | 45835
3 1,078 | 15072 | 19.066 | 23.080 | 27.054 | 31.048 | 35042 | 39.036 | 43.030 | 47.024
V“'“f of “j"_‘ 4 10710 | 14.876 | 19042 | 23.208 | 27.374 | 31.540 | 35706 | 39.872 | 44.038 | 48.204
Quetient Digit as- 5 10342 | 14481 | 19020 | 22359 | 27.698 32,037 | 36376 | 40715 | 45054 | 49,393
sumed fo be con 6 9.974 14.485 18.996 23,507 | 28.018 32.52¢ 37.040 41.551 46,082 50.573
:‘:—:’“9“ of 7 ?.606 14,290 18,974 23.658 28.342 33.024 37.710 42.394 47.078 51762
3 8 9,238 | 14094 | 18550 | 23806 | 278462 | 33518 | 3Ba74 | 43220 | 48086 | 52942
¢ B.870 | 13.899 | 18.928 | 23.957 | 28.986 | 34.015 | 39.044 | 44073 | 49302 | 54N
10 8.502 | 13703 | 18504 | 24105 | 29306 | 34507 | 39708 | 44.909 | 50110 | 5530
{Add 1 ms to times shown obove if signing of quotient is required.)
Figurc 242, 1bm 1401 Divide Times (Based on Divide Subroutine)
1401 MULTIPLY TIMES WITH SPECIAL FEATURE
No. Pos. Multipficand e 1 2 3 4 5 ] 7 B 4 10 n
Number Pasitions Multiplier 1 274 347 | A8 AB% 560 | .63 702 773 | B4 915 986
2 414 552 1 .690 .a28 986 | 1904 | 1242 [ 1380 L1sim | 1656 | 1794
3 552 748 | s4g | 1040 | 1336 [ 1532 | 1728 | 1924 | 2220 | 2306 | 2512
4 690 043 L1196 | 1449 | 1703 [ 1956 | 2209 | 2482 | 2715 | 2968 | 2.221
5 928 | 1439 | 1450 | 1780 | 20072 | 2383 | 2694 | 3.005 | 3318 | 3.627 | 3938
& 86 | 1.334 | 1702 | 2070 | 2.438 | 2806 | 3.74 | 3.542 | 3910 | 4.278 | 4.646
7 1104 | 1530 | 1.ess | 2082 | 2808 | 2.234 | 3.660 | 4086 | 4512 | 4.938 | 5364
8 1.242 | 1725 | 2208 | 2691 | 3174 | 2657 | 4740 | 4623 | 5006 | 5589 | 6.072
] 1380 | 1.921 | 2482 | 2.003 | 3.544 | 4085 | 4626 | 5167 | 5708 | 6249 | 6.790
10 1518 | 216 | 2714 | 3.m2 | 3910 | 4508 | 5108 | 5704 | 6302 | 6500 | 7.498

Figure 243. 1M 1401 Multiply Times (with Special Feature)
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1401 MULTIPLY TIMES BASED OMN MULTIPLY SUBRQUTINE

MNo. Pos. Multiplicand —3 1 2 3 4 5 & 7 8 9 10 1
Number Positions Multiplier 1 .51 3.43 3.74 a.86 397 4.08 4.20 4.32 4,43 4.55 467
VYalye of each [ 2 718 7.33 7.3 .79 8.02 8.25 B8.48 8N B.74 217 9.40
Multiplier Digit 3 10.74 13.08 | 11.43 11.77 1212 | 1246 12.81 13.15 |1 13.50 13.84 1419
assumad to be on 4 14.42 14.88 | 1524 15.80 16.28 | 16,72 17.18 17.64 | 18,10 18.54 19.02
average of 5" 5 18.15 1873 | 19.30 1%.88 2045 | 21.03 21.60 2218 | 2275 23.33 23.90
6 21.93 22,62 | 23.31 24.00 24,89 | 25.38 2607 26,76 | 2745 28.14 28.83
7 2574 26.57 | 27.37 28.18 28.98 | 2979 30.5% 31.40 | 32.20 33 381
a 29.63 30.55 | 3147 32,39 33.11 | 34,23 3515 14,67 | 3499 37.91 38.83
4 33.54 34.58 | 35.41 36.65 37.68 | 3B.72 39.78 40,77 | 41.82 42,86 43.89
{Add 1 ms to times shown chove if it is required to ‘sign’ the product.)
Figure 244, m» 1401 Multiply Times {Based on Multiply Subroutine)
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Tape Processing Time

All tape units in a 1401 system are under the control
of a tape adapter unit (TAU). TAU can control the
operations of only one tape unit at a time. If one tape
unit is busy, no other tape unit can be used until all
operations on the busy one have been completed.
The execute time of 1401 tape instruction varies ac-
cording to the type and model tape units used in
the system ( Figure 240).

C is the character rate in milliseconds based on
the setting of the tape density switch.
N is the number of characters in the record.,

CN is record time (number of characters in the
record, times the character rate).

Start time is the time necessary for the tape unit
to accelerate to operating speed.

Stop time is the time necessary for the tape unit
to decelerate and stop.

Record check time is the time it takes to read or
write the check character. This time is based on the
read-write head gap {the distance that separates the

read and write heads) and the time it takes a single
character written on tape to travel from the write
head to the read head.

IBM 729 Il Tape Timings

During a 729 Il read operation, the tape adapter unit
is interlocked for 10.7 4+ CN ms {Figure 245). This
includes:
10.5 ms — start time
.2 ms — record check time for
high-density tape (.6
for low-density tape)
CN ms — record time
During the same read operation, the processing unit
is interlocked for 10.5 + CN ms. This includes:
10.5 ms — start time
CN ms — record time
Therefore, in a tape read operation, processing can
take place during the 2.1 ms stop time. A tape trans-
mission error condition can be recognized .2 ms after
the processing interlock is released. If the tape trans-
mission error test instruction is given during this 2
ms period, the processing unit is interlocked until the
error indicator can be interrogated,

READ CPERATION

53‘1" Recard Time Stop
Time <l vy |.Ti'“?._l
- e 7} pimas o
10.5 ms—l CN ms | '
21 ms
Tape Adopter Unit Interlocked y
-« -~ >
10.7 + CN ms
Record
Processing  Unit Interlocked Check Time
Ffd
10.5 + CN ms .2 ms
Can Test Tape
Error Indicator
WRITE GPERATION
Start Record Time Stop
Time T
b 4 / > >
7.5 ms CN ms 5.1 ms
Tape Adapter Unit Interfocked
- 7L wl
- 77 -1
1.7+ CNms
R d
Pracessing Unit Interlocked CheflonrIme
< /L N P
- 7) o
7.5+ CN ms 4.2 ms
Can Test Tape ]
Errar Indicator
Figure 245. 1nn 729, Madel 11, Read-Write Tape Timing
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During a 729 1I tape write operation, the tape
adapter unit is interlocked for 1L.7 + CN ms (Figure
245). This includes:

7.5 ms — start time

4.2 ms — record check time for
high-density tape (4.6
for low-density tape}

CHN ms — record time

During the same write operation, the processing
unit is interlocked for 7.5 + CN ms. This includes:

7.5 ms — start time
CN ms — record time

Therefore, in a tape write operation, processing can
take place during the 5.1 ms stop time. A tape trans-
mission error condition can be recognized 4.2 ms after
the processing interlock is released. If the tape trans-
mission error test instruction is given during this 4.2
ms period, the processing unit is interlocked until the
error indicator can be interrogated. The difference
between the .2 ms record check time of reading and
the 4.2 ms record check time of writing is due to the
read-write head gap time (4.0 ms).

For job timing estimates of tape read-write opera-
tions, the nominal formula 10.8 + CN ms can be used.

IBM 729 IV Tape Timings

During a 729 IV read operation, the tape adapter unit
is interlocked for 6.8 + CN ms {Figure 246). This
includes:
6.7 ms — start time
.1 ms — record check time for
high-density tape {.4
for low-density tape}
CN ms — record time
During the same read operation, the processing unit
is interlocked for 6.7 + CN ms, This includes:

6.7 ms — start time
CN ms — record time
Therefore, in a tape read operation, processing can

take place during the 2.1 ms stop time. A tape transmis-
sion error condition can be recognized .1 ms after the
processing interlock is released. If the tape transmis-
sion error test instruction is given during this .1 ms
period, the processing unit is interlocked until the
error indicator can be tested.

During a 729 IV tape write operation, the tape
adapter unit is interlocked for 7.8 + CN ms (Figure
248).

READ OPERATION

Start Time Record Time ?;;r:
It SR
&.
7 ms ¢N ms 2,1 ms
Tope Adapter Unit Interlocked
Ifs »‘
77
6.8 1 CN ms
Record
Processing Unit Interlocked Check Time

< ff

6.7 4 CHms

dms
Can Test Tape

Errar Indicater

WRITE OPERATION

Start Time Recard Time Stop
/L )I( Time ’_I
L
5ms CN ms 38 ms
Tape Adapter Unit Interlocked
L Iy »_l
| g 1F
7.8-FCNms

Processing Unit interlocked

LI

ry

b4

5+ CN ms

Figure 246. mm 729, Model IV, Read-Write Tape Timing

"
F

28 ms

Can Test Tape ‘

Error indicator
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This includes:

5 ms — start time
2.8 ms — record check time for
high-density tape (3.0
for low-density tape)
CN ms — record time
During the same write operation, the processing
unit is interlocked for 5 + CN ms. This includes:
5 ms — start time
CN ms — record time
Therefore, in a tape write operation, processing can
take place during the 3.8 ms stop time. A tape trans-
mission error condition can be recognized 2.8 ms after
the processing interlock is released. If the tape trans-
mission error test instruction is given during this 2.8
ms period, the processing unit is interlocked until the .
error indicator can be interrogated. The difference be-
tween the .1 ms record check time of reading and the
2.8 record check time of writing is due to the read-
write head gap time (2.7 ms).

For job timing estimates of tape read-write opera-
tions, the nominal formula 7.3 + CN ms can be used.

1BM 7330 Tape Timings

During a 7330 tape read operation, the tape adapter
unit is interlocked for 20.5 + CN ms (Figure 247). This
includes;

7.6 ms — start time
12.5 ms — stop time
.4 ms — record check time for
high-density tape {1.0
ms for low-density tape )
CN ms - record time

During the same read operation, the processing unit
is interlocked for 7.7 + CN ms. This includes:

7.6 ms — start time:

4 ms — record check time for
high-density tape {1.0
ms for low-density tape}

CN ms — record time

Therefore, in a tape read operation, processing can
take place during 12.8 ms of stop time and record-
check time. A tape transmission error condition can be
recognized .3 ms after the processing interlock is re-

leased.
During a 7330 tape write operation, the tape adapter

unit is interlocked for 20.3 + CN ms {Figure 248).
This includes;

5.0 ms — start time

6.8 ms — stop time

8.7 ms — record check time for
high-density tape {9.3
ms for low-density tape )

CN ms — record time

During the same write operation, the processing
unit is interlocked for 5 + CN ms. This includes:

5.0 ms — start time
CN ms ~ record time

Therefore, in a tape write operation, processing can
take place during the 15.3 ms stop time. A tape trans-
mission error condition can be recognized 8.7 ms after
the processing interlock is released. If the tape trans-
mission test instruction is given during this 8.7 ms
period, the processing unit is interlocked until the
error indicator can be interrogated. The difference be-
tween the .4 ms record check time of reading and the
8.7 ms record check time of writing is due to the read-
write head gap time (8.3 ms).

For job timing estimates of read operations in either
high- or low-density, use the formula 20.1 4+ C (N
+ 7} ms, where the factor C (7} is the record check
time.

For job timing estimates of write operations in either
high- or low-density, use the formula 199 + C (N
+ 7} ms, where the factor C (7) is the record check
time, and 8.3 ms of the 19.9 ms is the read-write head
gap time.

. Record
Stert Record Time Check Time Stop
Time 17 ool e Time }
. H 1 f ’l“;l“
7.6 ms CNms 4ms 125 ms
Tape Adapter Unit Interlocked
Iﬁ jf!{ *’I
! 20.5 + CN ms
Processing Unit Interlocked
k It ol
17 1
7.7 T CNms 3ms Con Test Tope
Errer Indicatar
Figure 247. 1pm 7330 Read Tape Timing
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’
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Figure 248. 1sM 7330 Write Tape Timing
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Processing Overlap Timing

The addition of the processing cverlap special feature
can provide great reductions in over-all job times. To
use the overlap feature to the greatest advantage, care-
ful timing consideration should be given in the de-
velopment of each 1401 program and to the operations
that are to be overlapped.

Charts on the increase in processing time through
the use of the overlap feature are included to aid in
efficient placement of overlapped instruction (Fig-
ure 249).

A careful analysis of these charts allows the pro-
grammer to place efficiently the input-output opera-

tions codes. This eflicient placing of 1/0 operations can
reduce over-all job time by the overlapping of 1/0 op-
erations and processing (Figure 250},

Magnetic Tape Operatiens

The factors that are added to the overlapped tape
start and stop times have been derived by subtracting
one storage cycle from the character rate of the tape
unit and compensating for tape unit timing. The char-
acter rate and tape timings for each tape unit can be
found in the section on Processing Time,

PROCESSIMG TIME AVAILABLE
QFERATION 1402 CYCLE STANDARD WITH READ WITH PROCESSING
ms ms RELEASE ms OVERLAP ms
Read 75 10 a1 63
Read Column Binory 75 10 n 52
Punch 240 22 59 224
Punch Ceolumn Binary 240 22 59 212
Read and Punch 240 22 55 213
Recd-Punch Feed 240 22 56 209

Figure 249. Summary of Overlapped Card Operation Timing

FUNCH A CARD
Joagt—

Processing Time with Overlop, Note 1

i -
1 I I 1 - | | ! I I S
37 ms 181 ms 22 ms

Punch Start Time

Punch Scan Time

Normal Procesting Time

READ A CARD
et | Processing Time with Overlap, Note 2
—IHIHI!HU#TI—HIIIHIII_IIHIII!IIII-
21 ms 44 ms 10 ms 21 ms 44 ms 10 ms 21 ms 44 ms 10 ms
Read Stert Yime Read Scan Time MNormal
Processing
Time

READ TAPE (7330)

!v‘———-b\ Processing Time with Overlap, Mote 3

7.6 ms 20 ms
Start Time For Reading
400 Characters

WRITE TAPE (7330}

lﬂ—.-] Processing Time with Overlap, Note 4

5ms 25 ms
Start Time For Writing
500 Characters

Nate 1. Minus 18 ms for scan time.
Note 2. Minvs 12 ms for scon tima.
Mote 3. Minus 4.6 ms for character transfer time.
Note 4, Minus 7.0 ms for character transfer fime.

Figure 250, Comparison of Standard and Overlapped Processing Times

156



Figure 251 can be used to help in determining the
amount of processing time available for overlapped
tape read and write operations.

Reading a thousand-character tape record written
in low-density on an a1 729 II tape unit, without the
processing overlap feature, interlocks the 1401 process-
ing unit for:

105 + CN

10.5 + {.067 X 1000)

10.5 + 87

77.5ms
Using the processing overlap feature, 66.1 ms are
available for processing during tape-movement time,

11.1 + (.055 X 1000)

11.1 + 35

66.1 ms
This means that the 131 1401 Processing Unit is inter-
locked for only 12 ms. Therefore, the resulting effect
is that the processing unit is interlocked only for the

time it takes to transfer characters from magnetic tape
to core-storage.

The time used for tape movement (Ty} remains the
same for an overlap or non-overlap operation. Tape
movement time for the same read operation regardless
of processing overlap is:

Tu=11L1+CN

Te = 11.1 + (067 x 1000}
Tu=11.1 4 67
Tu=78.1ms

With the processing overlap feature 66.1 ms are avail-
able for processing during the reading of a thousand-
character tape record. If the 1401 system does not
have the processing overlap feature, only 0.6 ms of
the total tape-movement time are available for process-
ing, Thus, the processing overlap feature results in a
saving of 85.5 ms of what would normally be process-
ing-unit interlock time.

APPROXIMATE PROCESSING TIME AVAILABLE
TAPE UNIT | TAPE DENSITY| OPERATION | TAPE ADAPTER UNIT | WITHOUT OVERIAP MS | WITH OVERLAP MS |  APPROXIMATE GAIN IN
INTERLOCKED MS PROCESSING TIME MS
iah Read 107 + CN 02 4.8 6.6
2911 '8 Write 1.7 + CN 4.2 1.5 73
) Read 111 + CN 0.5 110 + 055N 10.5 + 055N
ow Write 120 + €N 4.6 12.1 + 055N 7.5 + 055N
. Read 68 + CH 0.1 4.5 4.4
High -
729 1 Write 7.8 + CN 2.8 7.7 49
. Read 71 + CN 0.4 7.1 + .03I1N 87 + D3IN
o Write 81+ CN 31 8.1 + 013N 50 + .033N
High Read 10.7 + CN 0.2 58 6.6
729 v {556 or BOD) Writa 11.7 + CN 4,2 11.5 73
Low Reod 11.1 + CN 0.6 1.1 + 055N 10.5 + .055N
(200) Write 121 + CN 45 12.1 + 055N 7.5 + 055N
Hiah Read 20,5 + CM 12.8 20,5 + 036N 7.7 + 036N
7330 9 Write 203 + CN 153 203 + 038N 50 + 038N
Low Read 211 + CN 13.2 211 + 127N 7.9 + 127N
Write 20.9 + CN 15.9 20.9 + 127N 5.0 + 127N
Figure 251. Summary of Available Processing Time
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Disk Storage Access Time

To calculate timing for magnetic disk operations, it is
necessary to estimate the average time it takes to seek
the records needed for a particular application, If input
to the operation is in sequence, the average access time
is less than if the input data is unsorted. This can be
explained by the fact that the duration of the seek de-
pends on how far the access arm must travel.

To seek a track on ancther disk, the access arm
moves horizontally, vertically, and horizontally again,
The minimum time to move from the outside track of

DISKS DIFFERENT DISKS

50

TRACK TO TRACK MOTION TIME

25

one disk to the outside track of an adjacent disk is
415 milliseconds. The maximum length of a seek apera-
tion is from the inside track of the top disk to the inside
track of the bottom disk and takes 800 milliseconds,
Figure 252 shows track-to-track access times.

To seek a different-track on the same disk (top or
bottom face), the arm moves horizontally only. In this
case, minimum scek time is 90 milliseconds and maxi-
mum seek time is 250 milliseconds ( Figure 233 ).

Disk-to-disk access time ranges from 100 to 315 milli-
seconds. Figure 254 shows timing for these operations.

400 500 600
MILLISECONDS

Figure 252, Track-to-Track Motion Time—Different Disk

TRACK TO TRACK MOTIOM TIME

TRACKS SAME DISK

700 300

250

200

150

50

0 50 100 150

MILLISECONDS
Figure 253, Track-to-Track Motion Time—Same Disk
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DISK TQ DISK (NO TRACK TRAVEL)

DISKS
50 /
25 /
1
0 100 200 300 400 500

MHLISECONDS

Figure 254, Disk-to-Disk Travel {No Track Travel}

Total Job Time

It

is important to estimate the total time required to

complete the processing of each job considered for a
data processing system application. Cne suggested ap-
proach that can be used to calculate total 1401 time is
outlined here:

L

2

Design a general flow-chart of the machine opera-
tion.

. Analyze the operation and determine where input-

output operations can be combined effectively. For
example, a combination read and punch instruction
can sometimes be used to save time if a card is to be
punched for each card read.

. Determine the amount of processing time required.

This can be done by drawing a block diagram and
estimating the type and number of program steps in
each block. In most cases, an average instruction

time of .25 ms can produce a rough timing estimate.
In some special cases it may be nccessary to program
portions of the program and determine actual timing
from the formulas provided,

. After processing time is calculated, the proper plac-

ing of input-output instructions in the program must
be determined te insure that enough processing
time is available between input-output interlocks.

Note: If magnetic tape operations are performed,
tape timing must also be calculated to determine
overlapping with print operations if print storage
is installed.

. After all cycle lengths and overlapping have been

established, calculate the total 1401 time for each
type of record including input, processing, and out-
put, for each transaction and multiply by the job
volume.

Total Job Time 159



Appendix

Form Design

Some of the customary rules for designing forms should
be reconsidered in the light of the many new features
introduced by the 18M 1403 Printer.

1. The print unit contains 100 print positions in a 10.0-
inch width or a maximum of 132 print positions
(special feature) in a 13.2-inch width. Each print
position can print any character.

L3

included in the system.

Editing, high-speed skipping and other features are

One of the basic tools used in designing forms is the
spacing chart shown in Figure 255. The nurabers across
the top from 0 to 13 represent the tens and hundreds
positions of the print-position number, and the num-
bers directly beneath represent the units position of the
print-position number. Print-position 42 can be located
by referring first to the 4 column and then to the digit

2 within the 4 column. Print-position 9 can be located
by referring to the 0 column and then to the digit 9
within that column.

A facsimile of the carriage-control tape is shown at
the left {in Figure 255) for marking the control punch-
ing for a specific form. Notations have been included
relative to standard form-widths and form-depths, lat-
cral movement of the carriage, and instructions to
forms manufacturers.

The 1BM 1403 Printer carriage is designed to feed
marginally-punched continuous forms satistactorily
under the conditions and specifications cutlined in
Figure 256 . These specifications, if followed, give
maximum operating efficiency when the 1403 carriage
is used. They are not intended to be restrictive, but
rather they are intended to permit customers to pur-
chase their continuous forms from the manufacturer of
their choice.
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Form Design as Affected by the Print Unit

In view of the 100 or 132 print positions and the 13.2-
meh print unit, these factors should be considered

when designing forms to be used on the ma 1403 4.

Printer:

I The maximum form width is 1834 inches, and the
minimum is 3% inches {see Figure 256).
“Fhe maximum form length is 22 inches at six-
lines-per-inch spacing, or 16% inches at § lines

per inch. For cilicient stacking of forms, the rec- ¢

ommended maximum forms length is 17 inches.

3. Because all print positions can print all characters,
form depth can be reduced, and carbon paper

cxample, sold to and ship to names can be printed
on the same line, one on the left side of the form
and the other on the right.

Forms can be designed for printing six or cight
lines to the inch. Single-space, eight-lines-per-inch
printing is not recommended when the registration
between lines is critieal.

Forms can be designed for variable line spacing
within a form by use of single-, double-, or selective-
space control.

. It is possible to dispense with many vertical lines,

because the system can be programmed to print
commas, decimals, oblique lines, dashes, and other
symbols.

eliminated, by the use of side-by-side printing. For 7. A vertical line should not be printed between two

e
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adjacent printing positions because there is an
over-all maximum tolerance of only .013 inch be-
tween adjacent characters,

8. The number of legible copies that can be produced
depends on the weight of the paper used for each
form, and on the carbon coating.

Because the striking force of the print hammers
is not adjustable, paper and carbon should be
tested in conjunction with the print-density control-
lever and the print timing dial.

9. The CR (credit symbol) prints from two print
positions and the minus sign prints from one. For
this reason the minus sign is recommended as a
credit symbol instead of the CR symbol.

10. The dollar symbol does not have to be preprinted
on a check form, because this symbol can be
programmed to print immediately to the left of
significant digits.

Form Specifications and Dimensions

PAPER CHARACTERISTICS

The paper used for continuous forms must be of suffi-
cient weight and strength to prevent the holes from
tearing out during feeding or ejecting of the form. This
is particularly important when single-part forms are
being used.

The paper must not be so stiff as to cause improper
feeding or excessive bulging, particularly at the outfold.

Paper must be as free from paper dust or lint as
possible.

WEIGCHT

The number of legible copies required is a factor in
determining the weight of the paper to be used in a
multiple-part set.

Best results on multiple-copy forms require a light-
weight paper of 13 pounds or less, except for the last
copy. Again, the number of copies, as well as the
distance of the form away from the hammers (this
distance can be varied by use of the print-density
control-lever), affects the determination of paper
weight.

Feeding and legibility performance can best be de-
termined by making test runs of sample sets of forms.

FRICTION

During the feeding operation, friction on marginally-
punched continuous forms should be eliminated by the
following means:
1. Place the pack of forms directly beneath the front
of the printer on the forms stand, in a position that
eliminates any abnormal drag on the forms.
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2. Allow sufficient clearance between the hammers
and the print chain, to permit the forms to be fed
by the pins freely, and without interference. This
can be accomplished by properly setting the print-
density control-lever.

PERFORATED LINES

The perforations between forms should be sufficiently
deep to permit easy separation, but not so deep as to
tear in ordimary handling or feeding through the
machine.

The perforated lines at the end of the form should
always be located at 90 degrees to a vertical center
line through the marginal holes.

Cut and uncut portions should be uniformly accurate
in length and spacing to insure proper and efficient
tearing.

Vertical perforations, at the margin for removal of
the marginally punched strip, can vary, depending
upon requirements. The distance from the edge of the
form to the marginal perforations is usually %2 inch.

MARGINAL HOLES

Continuous forms sheuld have holes in both right and
left margins, % inch in diameter, spaced vertically
14 inch apart from center to center, the full length of the
form, The holes should be located this way on all copies
of all sets throughout each pack of forms.

It is possible, however, to use holes of any size, shape,
and spacing that accomplish the equivalent feeding
conditions.

Vertical lines passing through the two vertical rows
of pin holes must be parallel. It is recommended that
the edges of the form be Y inch from the vertical
center lines through the holes.

A horizontal line passing through the center of any
two marginal holes on the same line should be at a 90-
degree angle to either vertical center lines through the
marginal holes.

Spacing between holes, center-to-center, must be
such that the pins in the forms tractor, 1% inch in
diameter and spaced % inch apart, enter and leave
the holes in the paper, freely without tearing the paper.

WIDTH OF FORMS

Although forms of any width within the extremes of
those shown in Figure 256 can be used, it is recom-
mended that form widths be confined to the standard
sizes shown in Figure 257,

LENGTH OF FORMS BE’I’\VEE.N PERFORATED LINES

The 1403 accommodates marginally-punched contin-
uons forms up to a maximum length of 22 inches, at



OVER-ALL WIDTH HOLE-TO-HOLE
(INCHES) (INCHES}
4% 44
5% 5%
&)1 &
8 74
;374 8
13 ¢
1034 10)4
11 10}4
1Y Ny
12 VA
1234, 2%
13% 134
147 143
1544 15
16 1514
163 1814
1754, 17%,

Figure 257. Standard-Size Forms

6-lines-per-inch. It is recommended, hewever, that form
lengths be confined to regular lengths, such as 3, 314,
3%, 323, 4, 414, 5, 514, 6, 7, 8, 81, 10, 11, 12, 14, 186,
and 17 inches.

LINE SPACING

The forms tractor of the 18a 1403 can be set by the
operator for single-space printing, B- or 8-lines-per-
inch. For 6-lines-to-the-inch spacing, the length of the
form must be evenly divisible by % inch for single
spacing, by Y3 inch for double spacing, and by %
inch for triple spacing, Similarly, 8-lines-to-the-inch
spacing requires that the length of the form be evenly
divisible by % inch for single spacing, by % inch for
double spacing, and by 3% inch for triple spacing.
Single-space, 8-lines-per-inch printing on the 1403
is not recommended when the registration between
lines is critical.
MULTIPLE COPIES

Multiple-copy forms consisting of more than four parts,
and forms with the first part made of paper of more
than 13-pound weight, should be tested under oper-
ating conditiens to determine the suitability of feeding
and legibility.

If multiple-copy forms are not fastened together,
the carbon paper must be kept in line with the form
by an acceptable method. One such method is center
carbon without pin holes, glued to the set, or full-width
carbon paper punched with substantially larger mar-
ginal holes that are approximately centered with the

corresponding holes in the form. Marginal holes in
the carbon that are substantially larger than the cor-
responding holes in the forms make allowance for
carbon shrinkage and provide the pracessing tolerance
necessary for some of the commonly used form
structures.

One-time carbon paper or carbon-backed paper can
be used. The carbon paper or coating should produce
the required number of legible copies without exces-
sive smudging. This can be determined best by making
test runs with sample sets of forms containing different
qualities of carbon papers.

FASTENING OF MULTIPLE-COPY FORMS

The width, length, and number of copies of the form
determine the fastening requirements for satisfactory
feeding through the forms tractor. For most efficient
stacking, however it is recommended that a suitable
fastening method always be used with multiple copy
forms.

If the construction of the form is such that the parts
are of different widths, the necessity for, and the
method of, fastening the form should be determined
by the width of the parts, the depth of the form, and
weight of paper (shown in Figure 258).

FORM DEPTH BETWEEN, FASTENINGS
(Inches}) {Inches)
1105 5
517510 11 n
11 te 14 7
1410 17 8Y2

Figure 258. Fastening Requirements for Multiple-Copy Forms

Forms of fanfold construction can be used on the
1eM 1403 Printer.

When card-tag or rag-content paper stock is used,
a test of sample sets of forms should be made to de-
termine the exact fastening requirements. The fasten-
ing may consist of any satisfactory method, such as
stitching or gluing, that prevents the copies from shift-
ing. It is essential, however, that whatever fastening
medium is used should not impair the feeding or print-
ing alignment of the form.

REGISTRATION OF FORMS

The assembly of multiple-copy forms should insure that
the punching and printing of all copies of the form

Appendix 163



are in absolute registration with the material printed

by the 1403. The following tolerauces shounld be main-

tained.

Vertical Lines: Vertical columns of print positions are
spaced 1/10 inch apart, There are 50 printing spaces
in 5 inches. Vertical rules printed on a form should
be spaced in multiples of 1/10 inch.

The center line of any one character, with refer-
ence to any other character on the same line, may
have a plus or minus tolerance of 0065 inch, or a
maximum over-all tolerance of .013 inch. From a
forms viewpoint, it is practically impossible to
guarantee that the cumulative tolerance of printing-
plate shrinkage, paper shrinkage, and marginal-hole
perforations does not exceed .0065 inch. This pre-
cludes the possibility of retaining satisfactory regis-
tration if vertical rules are spaced to split between
print positions.

Where vertical lines are required, such rules
should split the respective print position, thereby
assigning that particular position for the columnar
field (dollars and cents, for example) separation.
However, in view of the fact that the 1403 can print
special characters such as period and comma in
every print position, the use of these symbols as
decimal points, cte., avoids the need for vertical
lines for such separations.

Vertical printed lines should parallel a wvertical
center line passing through the marginal holes.

Horizontal Lines: Horizontal printed lines on the form
should be at a 90-degree angle to the vertical center
line passing through the paper-feed pin holes.

The spacing should conform to the setting of the
1403 forms tractor—6- or 8-lines-to-the-inch.

Margins: It is recommended that no staples or other
metal fasteners be used with multiple-copy forms. If
unavoidable, it is important that, by careful use of
printer area of storage (positions 201-332), either the
left or right margin (whichever has the staples) be
set outside the print hammer area, so that staples or
other metal fasteners do not pass between the chain
and hammer unit,

Program Loading Routfine

This is a procedure for loading information into the 1an
1401 Data Processing System. It is not the only method
that can be used, but it is typical of methods used by
programmers.

This loading procedure pre-supposes use of an in-
struction card format as shown on the chart in Fig-
ure 359,

The rules to be followed in preparing each of the 6
types of instruction cards used for loading are:
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Figure 259. Instruction Cards

Rule 1

Card formats must follow those shown in the storage-
layout chart. The first three cards are used to set word
marks necessary for succeeding operations.

Card 1. Does not need a work mark for location 001,
The load key automatically sets a program to this
location. No word mark is necessary for location
008 for the first card. The 1401 recognizes the end
of a sET woRD MaRK instruction when it has placed
seven characters into the program registers. The
card sets word marks in locations 008 and 012, ini-
tiates the reading of card 2, and branches to location

001.

Card 2. Sets two word marks for locations 060 and 067,
initiates the reading of card 3 and branches to lo-
cation 00L.

Card 3. Sets two word marks, for locations 074 and
078. It causes card 4 to be read, and branches to
location 060 for the next instruction.

Instruction Card. A standaxd load card. The infor-
mationt contained in card columns 1-4, 8-11, and
60-80 is constant, and should be pre-punched. The
data punched in card columns 53-7 identifies the
location of the instruction (high-order position}.
The instruction to be loaded is punched starting
in card-column 12, and may continue through card-
column 19.

Constent Load Card. The length of the constant can
vary from 1 character to 48 characters. The con-
stant load card is a standard card and may be
pre-punched. The location (XXX} of variable data



(units position) is in columns 5-7. The constant
to be loaded is in card columns 12-59, and the
number of characters (YYY) to be loaded is in
columns 2-4,

Note: The information to be pre-punched differs
from that pre-punched in the instruction load cards.

Trailer Card. Used to clear input area and to branch
to the first program step.

Rule 2

Pressing the load key on the reader causes an instruc-
tion card to feed, places the contents of the card into
locations 001 through 080, and automatically starts exe-
cution of the load program at location 001. This elimi-

nates the need for manual setting of console dials in
preparation for loading.

Clear Storage Routine
This is a procedure that can be used te prepare core
storage to accept program and data information. This
is not the only clearing routine that can be used; others
are left to individual creativity of the programmer.
The following two-card program { Figure 260) can be

used to clear storage of all characters and word marks.
The character in column 27 of card 2 is variable accord-
ing to the number of storage positions available.

T for 1400 positions

Z for 2000 positions

I for 4000 positions

IBM 1401 PROGRAM CHART

MiNirp M g

Program:____GLEAR STORAGE
Card 1 of 2
? Cate:,
L Ingtruction Effeciive Ma.
5:: &::u & Famarks | af Charactars
i F] "A/1 [] d Inst| Data [ Tatol
04l 3| pos ais Set Word Marks in Road Area
(- LA T+ 226 i
015 030 034 i
022 ] 041 il
028 P45 "
g3a 3| 053 o
03t |+ o057 013 h
041 1} g2b Dand and Braoch to OXE
IBM; 1401 PROGRAM CHART —
Pragram: CILTAR STORAGE
Card 2 of 2 P . Dot

Grepl  mk,

ool L] a72 115 Load Instructicns into Panch Ares

Insiryction N Effactiva Ne.
O Remarks of Charactars
Na.| Addewna |5 70 B d k| Data] Talal

bog || 165 106 Daiine Instructions o

a1s H 118 17 Pynch Agea

| ] o2z [B| 101 Branch to Punch Ares
026 199 Cleax Block of Storage
g3 v 937 Modlly Clenz I
034 a5 029 4 to Hext Lowast

027 Contury Black

LY
[l
045 |B| aol 027 10| Check for Clear Addreps of 9%
B
S

[T LT L LT LT LT ]

|| 053 azb Branch to Claar Block of Storage
|| 087 093 Clear 099 to 000
043 [t Read Cayd
____H&Z ¥| ool Set Word Mark in_ 001
L1 06 I] oml 117 Clear Panch Ares
073 11109 <
Column 27 contalss an [ fora
Model 3 1401, & 2 for & Model 2 1401
and a T for & Model 1 1401
Figure 260. Clear Routine
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Multiplication and Division Subroutines

These are subroutines for multiplication and division
operations, discussed here to illustrate programming
methods and to aid programming for machines not
equipped with the multiply-divide special feature.
These are not the only methods of performing these
operations — they are typical methods.

Multiplication

The block diagram in Figure 261 illustrates the logic
used in developing the two multiply subroutines dis-
cussed here. Both subroutines provide for a maximum

¥

Clear
Product
Area

Locd
Multiplier

Test
For True
Tere

Test
For Plus
Zero

Tas?
For Word
Mark

of a 9-digit multiplier, 11-digit multiplicand, and a 20-
digit product. Both routines use positive factors.

The subroutine written in actual language {Figure
262) occupies the 900 block of storage. A multiplier
area is provided in storage positions 901-909, and
the product area is assigned in storage positions 910-
929. The multiplicand can be located anywhere.

Any program that uses this subroutine must include
a step that moves the multiplier address {XXX) to
location 937 and the multiplicand address {YYY) to
location 952.

At the completion of the multiply subroutine, the
program instruction step 12 can use a branch to the
main program or stop instruction.

The routine starts in storage position 930. The prod-
uct is found in 929 for a 9-digit multiplier, 928 for
8-digit, 927 for 7-digit, 926 for 6-digit, etc.

The subroutine written using the symbolic pro-
gramming system {Figure 263) parallels the one writ-
ten in actual. In this instance, the 1401 (through the
processor program} controis the location of the in-
structions, and the data and work areas.

|IBM 1401 PROGRAM CHART

Shift Add
Right Multiplicond
To Product
] Moya ] Red
| Product to | " Tt‘uf‘e
| Output Area [ I;ylp}lar
IR
Branch | — 17 Branch
Unconditionc! Branch Unconditienal
To Zero Test [ To I To Zero Test
[ Main Routine |
| L) I

Pragram; _Mulllply Subroutine
Pragramamer; Date:

Instraction Effective MNo.
lep| bral. 1) Remarky of Characters
jNe- Address |o = T 14 it [Bote[Teta]
! I.I 930 |/ 92% Glear Product Azca 4

2; 934 |0 XXX 999 Load Multiplier 7
3l 941 B 978 909 [0 Teat 909 for true zero -]
g 949 B 975 i 1o)] ?| Mo irue zero - teet for plus cero B
5l 95T A ¥YYY| 921 Ho zaro - add Multiplesnd lo Praduce | 7
U el ses_|s| sae | oow Redues Multiplier by } 7
7; 97y |B 941 Branch to zero toet 4
8, 975 |v] 995 308 1| Test 309 for Word Mark ]
9: 983 I 928 | 929 Mo Word Mazk - Shift Right ks
mi 990 B 941 Branch to zero test 4
ni 99 1 ¢ e 1
12 995 |B ZZZ2 Multiplication complete - Branch back
to Program
AKX Locatien aof Multipler
YYY Locatton of Multiplicand
ZZZ Addrean of next Program Step
i
9 dlgit Mulgiplies
11 dighs Maltiplicand
20 diglt Praduct

Figure 261. Multiply Flow Chart
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IBM 1401 Symbolic Programming System
Program Mu/ fo;,o {, v S vbrovting Goding Sheet Page No.tL__Iof
]

Programmed by Date tdentification G

- {AY OPERAND {01 DFERAND
LINE  |COUNT LABEL GRERATION paRESS N c:naa. E AODRESS +| cHaR :Eid COMMENTS
3 s]e Ha i3] 14 1=hir 23 L 27]:8 4 y 38) 29| an
ool 1o leedlzeros V| |laeEd 1L CLEAR PROD A4REA,
o2 | |reldmeL r ER 4.REA4 | =020 LoAab MPLIER
o, 30|  ZRCS TS TIE TESTWAM | AREA  |1=020 [DIBRANC KN TRUE ZERD
o a0 i, . |B I |rESTWM I | AR A  \=lpzal |?7|18RANC M PLUS ZERC
ene|l L A Meave VL 4 REA,  —0 08| | lADD _MOAND . .
esel Lol Viows L AREA | 1—d 20 Sy BL FROM MPLIER
s,rol |, ., 18 VIzroTS T, s ERANCH TO TROTST
va,0|  |TrES TWMIBWZILLAS T VL AREA,  i=o2¢| lilresr, FOoR WM
ool |, ..  leclalares,  l-cor| dREA VL S W FT AREA RT .1,
el 18 L l2zreT ST L vy BrAMNMCH, To ZROTST
cel L ML AS T B ! looog, 11 ., T MU LT, COMPLETE, |
X I D I N e
I D e N I e
sl Ly T
e o3 0lzErR 0SS loowi® L L Ly T T |
v ro|30MeEL,  locwlx LV e b
Le,e] BiMeL s ERIDCWIN L T O
l.s,ol'.fM.C.A.N,DlDJQ:_W*,,,I,::.. .le::,l T
,o0f JOME . |PCWHR ., 1L, L

Figure 283, Multiply Subroutine {(Symbelic)

Note: The multiplication subroutine results in blanks

instead of zeros in the low-order pasition of a product

when the multiplier contains low-order zeros. To cor-

rect this situation, set the product area to zeros.

Division
The restrictions placed on this subroutine {Figures
264 and 265) are:

1

2.
3

The dividend and quotient fields must be of equal
length.

The dividend and divisor must both be positive.
The divisor must have no zone for its positive indi-
cation. This is necessary only if the divisor could
be zero.

The divisor cannot contain more than nine leading
ZEros.

. All fields must be located completely below ad-

dress 999,

. At the completion of the subroutine, the address of

8.

7.

the units position of the quotient can be found in
the B-address of the instruction located in B51.
The remainder is left in the dividend field.

A word mark must be located immediately to the
right of the units position of the dividend.

. The quotient area must be preset to zeros or blanks

to develop the correct quotient. If the area is not
zeroed or blanked, then the quotient will be added
to whatever is there. The positions added will de-
pend on the number of Jeading zeros in the divisor.

10. The information shown in Data for Division Sub-

routine, except the constant 1 in location 513, must
be set initially for each desired execution of the
divide subroutine. The two addresses in locations
507 and 510, associated with the divisor, are not
altered. Thus, they do not have to be reinitialized
if the divisor is contained in the same area.
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Divide Flow Chart

IBM 1401 PROGRAM CHART

POIM A Ted T
FEINTED M UA A

p{  Inst.

Program;__ DIVIDE ROUTINE EXAMPLE Page 1 of 2
Programmer: Date:,
Instruction Eflcetive Ma.

DATA FOR DIVISION SUBROUTIME

DESCRIFTION QOF DATA

Address of word merk pesition (high
ordert of dividend

Address of word mark pesilion {high
order] of guotient

Address of ward mark pesition aof
divisar

Divisar Address

Counler for number of zeras in
divigar

Conslont

length of the divisar

o | Address Remorks of Characten
i Pl AT L & |d It | Bara]Tatal)
Starc Addrens of Word Mark Position
t | 518 | so7 | s20 {High Order } of Divizar
523 [B)| 462 YY¥_[0] Branch if THviaor Digit Equale Zeto
[Momber of High
531 [5] s12 515 {Lengih of Divisor) - tder Zeros)
538 [A| 515 S04 Adjuet Dividend Address
545 |A 515 S04 Madlfy Addressca
552 [8] 513 50 - -
559 |3 513 504
Clear zone {rom law.scder positien to
566 [v] vas kD1 prepare for addrems aweignment.
Clear zone {fram lew-erder position tg
573 Y| T5% 504 Prepars for address asaigement,
Divide
| [ 53@ [M 501 b42 Set Modified Addresses lato Routine
ST (M %01 | 649
] B34 M _Sa1_ | &9a_ [ Lecalion of
601 e 0L 705 Data Word Dato Word
! sm WW
EOR [ SOL T1g
815 |nd sod | es7 . so4 xax
B22 Ml 5140 639 Set Divisar Addresa 07 YTy
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629 M 510 &35 510 722
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643 V| é92 WwWW K| Branch if Negative Reault 513 1
631 |a| 513 | xxx Add Ono_te Caotient 513 NH
5B [B| 436 Repsat Subtractinn
bhe Al 513 529 Add Cme to ¥YY Address
Bbd Al 513 113 Increame Counteyr by One
HTh G| 512 515 If Equal, Divisor Equala Zero
£8% B| 523 /| Branch Unegual -
638 |.| TéO Hals - camnet Divide by Zero }
692 |a| zzz | www | | Add Divicor to Dividend i
| | s99 |y s wWW g{o&eﬁ%l::éc zone to word mark posilion
06| A 513 s
713 164 WWW |1| Test for End of Divide
ModiTy
T2l M 513 H42 Addresses ta Develop Next Ouoticnt Digit
728 A 513 4% " " o "
735 A 513 657 " " " '
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7% |@ 636 Return to Divide Calculations
160 Divida Complets

Figure 265, Divide Subroutine
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PRINTS DEFINED CHARACTER SARD | Beo cope[PRNTS DEFINED CHARACTER Sohe | ecp cooe

BLANK c G G 12.7 BA 421

. . 12-3-B BAR IT1F H H 12.8 BAS

7 ) 12-4-8 CBABL | | 12.9 CBAS 1
{ Left Parenthesis {Special Character) | 12-5-8 BASL 1} — 1 {Minus Zero) 11-0 B 8 2
< Less Than {Special Charactar) 12-6-8 BAB4Z J J 11-1 CB 1
== Growp Mark {Hats 1) 12-7-8 CBAB421] K K 11-2 L]

& & 12 CBA L L 11-3 B 21

$ 3 11-3-8 CB 8 21| M L 11-4 CB 4

* * 11.4.8 B B84 H N 11-5 B 4 1
) Right Parenthesis (Special Char)) 11-5-8 CBE 84 1] O 0 11-6 B 42
2 Semicelon {Special Character} 11-6-8 CB 8412 P P 11.7 CB 421
A Delta (Mode Chonge) 11.7.8 B B421] @ Q 118 cB 8

— - 11 B R R 11.¢ B 8 1

/ / Q-1 C A 1] &= | == Record Mark 0-2-8 AB 2

N ' 0.3-8 C AB 27| S 5 0-2 C A 2

% % 0-4.8 ABd T T 0-3 A 21
= Weord Seporator 0-58 | € A84 1] U U 0.4 C A 4
f  Apastrophe (Speciol Choracter) 068 1C AH42 \' v -5 A 4
#* Tope Segment Mark 0-7-8 ABA21]| W W Q-5 A 42

== ¢ Cent (Spacial Character Note 2} A X X o-7 C A 421

# -4 3.8 B 211 Y Y 08 C A8

@ @ 4.8 ¢ B84 4 z 0-9 AB 1
+ Colon {Special Character) 5.8 84 1] O 0 0 C B 2
> Greater Than (Special Character) 48 842 1 1 1 1
/' Tope Mark 7-8 ¢ 8421 2 2 2

3 ? {Plus Zero} 12-0 cBAg 2 | 3 3 3 c 21

A A 121 B A 11 4 A 4 4

B B 12-2 BA 5 5 5 C 4

C C 12-3 CBA 21| & [] & C 42

[+] D 12.4 BA 7 7 7 427

E E 12-5 CBA 4 1] & 8 B

F F 12.4 CBA 42 9 L ¥ c 1

The 1401 hos the ability to read MLP card codes in the read feed only. The 1401 ignores the 8-9
punches when they cppear in the same calumn, The 1401 does not punch out MLP card todes.

Note 1. If specified, this code can be made compaotible with 705 Group Mork Code (12-5-8).

Note 2. The A-hit coding must be program generated in the 1481 (i$ cannct be read from a card: it can
be punched as a zers). It s used in conjunction with the C-bit to indicate a blank position on tape
that wos written in even-bit parity.

Nate 3. Other special charocter printing orrangements can be chtained.

Figure 267. 1M 1401 Character Code Chart in Collating Sequence
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A- Addresa Register ........................... 19
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Arithmetic Overﬂow 29
Asterisk Control . 82
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Backspace Key ...ooocviviinann . 114
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Body Control . 4l
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Branch if Indicator On, 1405 .. 48
Branch if Indicator On, 1407 . T3
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Calculating Processing TIMe .. e 149
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Card Feeding .. 10
Card Punch Timmg . 141
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Chaining TOSETUGHIONS covvrerroesmessrmrreesseseessmrseoresesesseeessoeeseeos s 20
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Cleaning e CRIIN covorsoosoessosesseesoneesrsseoeeeesionsestsoessrisosssrenes 127
Clear Key, TA0T oot reernrarsersesasiessastssrasastrsssspessenes 71
Clear Key Light ouimmremmmmenieesmmms 129
Clear, Move, Load and Word Mark Operations .....oeoeeeee- 35
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Contents of Address Register Codes ... vervmrnn.n: v 22
Control Carmiage ... ... 02
Control Carriage and Branch .. .. 52
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TFloating Dollar S1EN cvevrerermmmiisrrsresnerrissmsssrrcssnens e smenren
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ngh Speed Start, 1403 . et bre e et s eteranes 123
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I-Address .. e 16
I-Address Reglster 19
I-Address Register Key nght 111
IEM TOZ wvovorrosrereerseosnosceensommsoeseenn, 8, 89
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Instrection Descnptlom D U 18
Instruction Format ... 16, 17
Instruction Format, 1405 .. v B4
Instruction-Length Lights ...... 111
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