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Preface

The IBM 1401 Programmers’ Guide is intended for
experienced operators of 1BM unit record equipment
who want to learn how to program the 1M 1401 Data
Processing System.

A number of technical manuals and bulletins on
various phases of the system are available. Most of
them, however, presuppose a knowledge of program-
ming techniques.

The purpose of this guide is to present programming
principles in a sequence and language that makes
learning easy for the beginner. The subjects are pre-
sented in a step-by-step fashion to help the beginner
learn the operations a few at a time, and apply them
immediately to a problem. Whenever possible, 1401
technical terms are associated with situations familiar
to the reader.

The guide has three main parts:

Part 1: Introduction to Data Processing

Part 2: Problems and Solutions
Part 3: Introduction to Tape Records

The information in Part 1 is written primarily for
those readers who feel the need for some background
material before tackling the problems presented in
Part 2.

The eight problems in Part 2 involve punched card
records and files normally encountered in a payroll
application. In processing data contained in these
records, practically all of the 1401 operation codes
associated with standard features and a few special
features (such as multiply-divide, expanded print edit,
and sense switches) are used in the solution of the
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eight problems. The problems range from simple repro-
duction of a card file to the preparation of payroll
registers, payroll checks and earnings statements.
Problems 1, 2, and 3 are programmed in actual machine
language. Problems 3, 4, 5, 6, 7, and 8 are programmed
in symbolic language.

Part 3 presents a problem involving the updating of
a master tape file. The problem is solved in three differ-
ent ways. The first two solutions involve two different
symbolic program systems (SPS and Autocoder). The
third solution involves the use of an input/output con-
trol system (IOCS) in conjunction with Autocoder.
IOCS eliminates the need for detailed programming
of standardized input and output routines.

Because these problems are well within the range of
even the smallest 1401 system, no attempt is made to
conserve storage, employ shortcuts, or use sophisti-
cated approaches to the problems. The main emphasis
is on ways and means of tackling comparatively simple
but practical problems in a straightforward manner,
more suited to the beginner than to the experienced
programmer.

To get the most out of this guide, use it in conjunc-
tion with the following 1BM publications:

IBM 1401 Data Processing System Reference Manual,
A24-1403.

IBM 1401 Symbolic Programming Systems, C24-1480.

IBM 1401 Autocoder Specifications, 124-1434.

IBM 1401 Input/Output Control System, C24-1462.

This guide refers to these publications as the need
for detailed technical information arises.

Copies of this and other IBM publications can be obtained through IBM branch
offices. Address comments concerning the contents of this publication to
IBM, Technical Publications Department, 112 East Post Road, White Plains, N.Y. 10601
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IBM 1401 Data Processing System Programmers’ Guide

Part 1. Introduction to Data Processing

For those of you who have wired control panels on
1BM unit record equipment, the 1BM 1401 is a repro-
ducer, a gang punch, a summary punch, a calculator,
an accounting machine, and a collator (some limited
features of ) — all rolled into one. The 1401, therefore,
is regarded as a data processing system rather than a
machine.

In the processing of data contained in punched
cards, all of the functions normally performed by these
individual machines with control-panel wiring can be
performed by the 1401 in a single pass of the cards
with instructions that you, as a programmer, have to
develop.

In data processing, the desired result may be a man-
agement report, a tax report to the Social Security
Board, a financial statement, an inventory report, a
payroll register, a check and earnings statement, etc.
Or it may be the solution to a complicated scientific
formula that involves literally millions of machine
calculations.

In a broader sense, computers are used to guide
missiles, track satellites circling in outer space, and
give information that tells exactly where the missile
or satellite is at any given moment of time, even though
it may be traveling thousands of miles an hour.

Through the use of computers, scientists and engi-
neers can “fly” a jet plane on paper long before it ever
reaches the drawing board stage. Information to be
processed is fed into the computer with cards, paper
and magnetic tape, and (very recently) over telephone
wires from locations thousands of miles away. 1BM
TELE-PROCESSING® Systems have opened a whole new
field to the data processing industry, and the sur-
face is just barely scratched. Experiments are being
conducted that will eventually permit people to com-
municate with the computer with voice sounds. The
tremendous progress in the physical sciences in just
the last decade would not have been possible without
computers. What the future holds forth is anybody’s
guess.

Data Processing

As an experienced operator of 1BM unit record equip-
ment, you are familiar with the term data processing.
But has it ever occurred to you that you have processed
data without a machine from the time you were able
to use a pencil and paper? You process data whenever
you:

¢ Add one figure to another to get the sum, or subtract
one figure from another to get the difference.

® Multiply one figure by another to get the product,
or divide one figure by another to get the quotient.

¢ Add a column of figures on a sheet of paper.

e Compare one record with another, either in whole
or in part.

e Decide to take a different course of action based on
results obtained in a previous operation.

e Copy information from one record, in whole or in
part, and write it on another.

¢ Take a file of records (a collection or group of simi-
lar records) that are in random order and arrange
them in a predetermined sequence, numerically or
alphabetically.

e Take two or more related files that are in the same
order, and combine them into one file.

¢ Search through a file of records to do something with
the record or records selected.

e Change information in a record to correct or up-
date it.

¢ Put the record back into the file where it belongs.

Even when you take a file of records and put it away
in storage for later use, you are processing data. Gen-
erally, anything you normally do with records with-
out a machine, you can do with a computer if the
records are in a form that a computer can read.

Data processing, therefore, is basically reading in-
formation contained in records, and doing something
with it.



Now, go back to the list and read it again. This time
visualize yourself doing these operations manually.
Take careful note of your mental processes involved.
With some operations, you jot down the figures you
want to work with on a piece of paper, and develop
the answers on the same, or possibly another, piece of
paper. With others, it may not be necessary to do any
writing. You rely on your memory instead.

Some operations require a knowledge of arithmetic.
Others involve logic. For example, deciding what to do
when two numbers are compared is a logical operation.
If they are equal, you may take one course of action.
If they are unequal, you may take another. You may
even have to decide what to do if one number is lower
(or higher) than another.

Another example of logic is based on the result of
an arithmetic operation. Subtract one figure from
another. If the result is zero, continue with the next
sequential operation. If the result is plus or minus, skip
some portion of the program, go (branch) to another
portion, and then continue.

The point is that whether you write things down or
keep them in your head, you use some storage device
to store not only what you want to do (program) but
also the basic data you are working with (input) and
the results you expect to produce (output).

Programming

Learning a technical subject like programming a com-
puter cannot be done overnight. Learning of any kind
is a gradual accumulation of knowledge and experi-
ences. With each bit of knowledge gained, with each
new experience, we store a reservoir of information in
our brain that gives us confidence and courage to make
decisions and go further ahead. We know where we
are going and why.

Consider how a child learns to walk. First, he creeps.
Then he stands up, pulling himself up by the bootstrap
as the saying goes. He then decides to move his legs
and take the first step. Within a short time, he starts to
walk not just a straight line, but to turn corners, to
come back, and to repeat. Before long he is running
instead of walking.

Now, list the words in italics in the order they
appear. You have essentially what in data processing
terminology is a program. Programmers will recognize
this program as a closed loop, because the steps in the
program are repeated without deviation as often as
required. The word bootstrap is not in italics but pro-
grammers often start executing a program with a boot-
strap instruction.

A program, therefore, is a series of instructions that
when successfully carried out (executed), accom-
plishes the desired result.
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Stored Program

The 1BM 1401 is a stored program data processing sys-
tem. This simply means that the program you develop
to solve a problem must be stored somewhere in the
computer in order to execute it. You first write the
program on specially designed code sheets from which
instruction cards are punched. A program loading rou-
tine then enters (loads) the instructions into the stor-
age unit. The storage unit (the technical name is
processing unit ), has other names such as logical unit,
memory, and core storage.

Once the program is loaded into the processing unit,
the records you want to process must be fed into work
areas of the same storage unit by means of punched
cards or magnetic tape. After each record is processed,
the machine can print the results on blank paper or on
specially designed report forms, one line at a time.
Or if you choose, you can punch the results in other
punched cards or write them on magnetic tape for
later processing.

Figure 2 shows schematically the interrelationship
between stored program, input data, processing, and
output data.

Programming Language

The 1401 can execute a program only when it receives

instructions in a language it can understand. This lan-

guage is known as actual or absolute machine language.
Originally, all programs were written in actual

machine language. But writing programs with actual
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Figure 2. Schematic of the Components of the 1BM 1401 Data
Processing System
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addresses creates problems in assigning data to storage
locations, makes it difficult to write cross references
within a program, leads to difficulties when several
people must work on the same job, and generally re-
sults in programs that are difficult to correct and to
modify.

For these reasons, almost all actual programming is
done with a symbolic programming system. For the
1401 system there are three rather similar symbolic
programming systems available: SPS-1, SPS-2, and
Autocoder. Programs written in symbolic language are
source programs. Before source programs can be used,
they must be translated to actual machine language.
Special programs known as processors make the
translation from symbolic to actual. Source programs
translated to actual machine language are object
programs.

We shall learn more about symbolic programming
later on after we program a few problems in actual
machine language.

When we use actual machine language, each instruc-
tion that a 1401 computer can execute is represented
by a number, a letter, or a special symbol. Practically
all of the characters you find on a standard typewriter
are used as codes to denote a specific type of operation.

For example: 1 stands for READ A carp, 2 for WRITE A
LINE, 3 for WRITE A LINE AND READ A CARD, 4 for PUNCH
A CARD, 7 for WRITE-READ-PUNCH.

These codes are classified as input-output codes be-
cause they deal with the source information read into
the system (input), or with the results produced by
the system (output). Thus a card reader is an input
unit, and a card punch is an output unit. A printer is
an output unit because it produces a printed report or
document in another form. Another type of input or
output is a tape unit. )

Other codes are classified as arithmetic codes.
A stands for app, S for susTrRACT, @ for MmuLTIPLY, and
% for DIVIDE.

In addition to the machine language codes men-
tioned, there are logic operation codes, move and load
codes, and miscellaneous operation codes. The impor-
tant thing to remember at this point is that operation
codes, regardless of type, are represented by a single
character. You can easily memorize most of them, par-
ticularly those used most frequently. Code charts are
available for quick and easy reference, when you are
writing a program in actual machine language.

Records

Records are basic management tools without which a
business could not exist. In modern business, records
come in a variety of forms, sizes and colors, but regard-
less of these variables, they contain information about
people, things, or events of one kind or another.

Some records are required by law. Others are cre-
ated as they are needed in the normal course of human
activity. For the most part, information regarding
people, things, or events is first recorded on paper
forms designed for specific purposes.

A personnel record contains information about a
person, and identifies the person by number (in most
cases) as well as by name. This information usually
comes from an application form, which the applicant
for a job filled out,

A payroll record contains information about an em-
ployee’s earnings. The basis for this information is a
time card or an attendance record.

A check contains information (date, name, amount)
about an event (payment of a bill or for services ren-
dered). The deposit slip you make out when you put
money in a bank, or the check you write when you
withdraw money, are records.

The sales slip that a clerk makes out when you buy
something in a store for cash or on credit is a record.
If you pay cash, your copy of the sales slip is marked
PAID and is your record of the transaction. If you buy
on credit, the amount is charged to your account. Some
time later, a statement (another record) will surely be
in the mail.

You see, once a transaction or an event becomes a
matter of record, processing must follow as surely as
night follows day. Otherwise, there is no need for the
record in the first place.

The handling of these records speedily, accurately,
and economically is the main purpose of data proc-
essing equipment. But before these records can be
processed with data processing equipment, the infor-
mation they contain must be presented in a machine-
readable language in the form of punched holes in
cards or magnetic spots (bits) on tape. Various com-
binations of holes in cards or bits on tape represent
numbers 0-9, letters A-Z, and eleven special characters:

& O-$*%/, % # @

Punched Card Characters

Figure 3 shows what these characters look like when
punched in a card. Note that the capacity of the card
is 80 positions (columns). In column 7, the punched
hole stands for the digit 5. In column 10, the punched
hole stands for the digit 8. In column 24, the combina-
tion of a 12-punch and an 8-punch represents the letter
H. And in column 33, the combination 11-8 means the
letter Q. In column 41, the combination 0-8 stands for
the letter Y. Note further that the alphabet is divided
into three sections called zones. The letters A-I fall
into the first section (12-zone), J-R into the second
section (1l-zone), and S-Z into the third section
(0-zone).
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left or upper right.

Figure 3. 1BM Card-Codes

A zone punch, therefore, in combination with any
one of the digits 1-9 represents a specific letter of the
alphabet. The letters H, Q, and Y all have in common
the digit punch 8. The difference is that they all have
different zone punching (12 for H, 11 for Q, and 0 for
Y). An 8-punch without a zone punch is simply the
digit 8. Other combinations of zone and digit punching
represent special characters as shown in columns 48
through 58. The virgule, or slash, (/) is the combina-
tion of 0-1. The comma (,) is the combination of 0-3-8.

All the characters shown in Figure 3 can be printed.
Later on we will come across other special characters
that cannot be printed, but are used as operation codes.
The most common of these are the question mark (?)
and the exclamation point (!), represented in punched
card form as 12-0 and 11-0 respectively.

Magnetic Tape Characters

Figure 4 shows the bit combinations for these charac-
ters when written on magnetic tape. Each bit is a
magnetized spot on the tape that is sensed electron-
ically. They are not visible to the naked eye.

In comparing the characters in punched hole form
with the characters in bit form, note that each vertical
column of the card in Figure 3 has 12 possible punch-
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ing positions whereas each vertical column of the tape
has only 7 possible bit positions. Also note that there
are no bit positions by themselves that stand for 0, 3, 5,
6,7, or 9. These digits are represented in punched cards
by a single hole.

On tape, they are represented by a combination of
bits designated 1, 2, 4, and 8. Disregarding the C- or
check bit for a moment, bits 2 and 8 stand for 0, bits
1 and 2 for 3, bits 1 and 4 for 5, bits 2 and 4 for 6, bits
1,2, and 4 for 7, and bits 1 and 8 for 9.

This pattern of bits is called the binary coded deci-
mal system, abbreviated as BCD. The word bit derives
from the first letter in the word Dinary and the last two
letters in the word digit. The BCD system is also used
to represent characters in the storage device.

Letters and special characters are represented by a
combination of numerical bits (8421) and zone bits
(BA). B- and A-bits, in combination, correspond to
the 12-zone punch. The B-bit corresponds to the 11-
zone punch, and the A-bit to the 0-zone punch. The
letter C, for example, which is the third letter in the
12-zone of the alphabet (card code 12-3), is a combi-
nation of BA21 bits. BA is the same as 12, and 21 is the
same as 3.
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This covers six of the seven possible bits that are
used to represent a character. The seventh bit (C)
along the top row of the tape is a built-in checking
feature that the computer automatically supplies when
characters are written on tape.

Note that the check bit is not part of the character
configuration when the number of BA8421 bits that
represent the character is even. It appears only for
those characters where the number of bits BA8421 is
odd. The automatic inclusion of the check bit (also
called parity bit, or redundancy bit) changes the con-
figuration of the character from an odd number of bits
to an even number of bits. Thus, all characters shown
in Figure 4 are written in the even-parity mode.

Whenever a character on tape has an odd number
of bits, the character is invalid, and a tape error is in-
dicated (the machine stops). This can happen due to
an imperfection in the tape or to dust particles, or in
rare cases to a machine malfunction. A record that
contains one or more invalid characters is regarded
as unreadable.

Some tape systems write tape in the odd-parity
mode. To make the 1401 compatible with other tape
systems, special instructions are available for either
reading or writing tape records in the odd-parity mode.

Words and Numbers

Up to this point, we have learned that digits, letters
and special characters can be recorded in a form that
machines can read. It should not surprise anyone then
that machines can read and/or write words or numbers
of more than one character, because a word is a com-
bination of letters and a number is a combination of
digits.

The term word, we normally associate with letters of
the alphabet. Programmers, however, also use it to
denote a number, even though the number may consist
of a single digit. Thus, all items or units of information
that make up a record are called words.

When all the words in a record have the same num-
ber of characters, they are fixed-length words. When
all the records have the same number of characters,
they are fixed-length records. When they are not fixed,
they are variable. Thus, we have variable-length words
and variable-length records.

A 1401 instruction, which may consist of a single
character but may have as many as eight, is a variable-
word-length instruction. This is an important feature
of the 1401 because some computers handle only fixed-
length words. Early computers handled only ten-
character words. This resulted in a considerable waste
of storage capacity for words of less than ten charac-
ters. If a word had only two characters (such as, 89),
eight storage positions were wasted.

Calling a number a word may be confusing to you.
But it should be no more confusing than referring to
an item of information in a punched card as a field.
Words and fields are synonymous terms. They both are
defined as: a character or set of characters treated as a
single unit of information.

Field applies more specifically to punched cards
where each variable-length field is separated from all
others with vertical lines. Word applies generally to
1401 storage where each variable-length word is set
apart from all others with a word mark. Thus, vertical
lines on punched cards and word marks in storage
serve the same purpose.

X X X X
c C c C
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Check{C( I I | 11 11EL I 1 Il Lol PEr b
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Binary-Coded Binary - Coded Letters Binary -Coded
Numbers Special Characters

Note: This figure is an enlarged cutaway illustration of a section of magnetic tape . Actual magnetic tape dimensions are
one~half inch wide and 2400 feet long. The tape is wound on a reel 10 1/2 inches in diameter. Tape can accom-
modate 200 characters per inch when written in low density, and 556 characters per inch when written in high den-
sity. Over 14,000,000 characters can be written on one reel of tape. The end of one tape record and the beginning
of the next is indicated by a three-quarters inch gap (inter-record-gap).

Figure 4, 18M Tape-Codes




In storage, word marks are indicated with a special
word-mark bit. In text, they are indicated by under-
scoring the

firstcharacterofeachwordornumber123896720.

The first character of a word is usually called the
high-order (leftmost) character. The last character of
a word is usually called the low-order (rightmost)
character. In the word 123896720, the 1 is the high-
order character and the 0 is the low-order character.

Words that are made up of letters of the alphabet
are, for the most part, self-explanatory. But words that
are made up of digits are by themselves meaningless.
Take the number 123896720. It could represent the
number of miles from one planet to another. Since
there are nine digits in the number, you could guess
that it's a social security number because all social
security numbers have nine digits. You would be
wrong because social security numbers are really three
numbers separated by two hyphens 123-89-6720.
Assume you were right. Then the question arises,
“Whose social security number?”

Now, add a dollar sign, a couple of commas, and a
decimal point in the proper places so that it becomes
$1,238,967.20. And there is no question but that it
stands for dollars and cents.

Incidentally, when a programmer says that he is
going to edit an amount, he means that he is going to
punctuate it with special characters. But even though
we have clarified the number to some extent, there is
still something missing. Does it mean that the company
has that much money in the bank? If so, what bank?
Does it represent the value of a certain piece of prop-
erty owned by the company? What property? Or does
it mean that the company owes that much money to
one of its suppliers? What supplier?

We could go on indefinitely with questions of this
type and get nowhere. The point is that a number
must have some identification (some label attached
to it) in order to make it meaningful.

Data Words, Constant Words, and Instruction Words

Words processed by the 1401 fall into three general
categories.

Data Words. These are the words that make up the
records. Although most of these words are numbers,
they are all identified with labels of one kind or
another,

Constant Words. These are the words that do not
appear in your input records but are needed to print
repetitive descriptive information for a report. A con-
stant word may simply be a number needed to perform
some multiplying, dividing, or adding operation. For
example, counting records is normally done by adding
a constant 1 for each record processed.
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Instruction Words. These tell the computer what to
do, and when to do it. Instruction words may vary from
one to eight characters, and the first character signifies
an operation.

Code Numbers

In data processing (in fact, in all forms of record keep-
ing) numbers are used not only in the quantitative
sense, but also as codes to represent a piece of infor-
mation that is ordinarily described with a name or
label. Instead of writing: October thirteen, nineteen
sixty-two, we write: 10/13/62. Month (10), day (13),
and year (1962) are implied. Similarly, in a payroll
record, instead of saying: Daniel Glenn, in the Prod-
ucts Publication Department, worked forty hours dur-
ing the week ending on that date, at the rate of three
dollars an hour, and therefore earned one hundred and
twenty dollars, we can record the information on a pay-
roll record form (properly designed) by simply using
numbers (Figure 5).

The sample payroll record in Figure 5 contains six
variable-length words. All are numbers which wouldn’t
mean a thing without the labels to identify them. The
number 114570 is Daniel Glenn’s code number. 171 is
the code number for Products Publication Department.
It is plain to see that by using code numbers instead
of names, we save ourselves a lot of writing, and inci-
dentally a lot of processing. For instance, we could
develop a simple code list for the 52 weeks of the year,
assign a two-digit number to each week, give it a name
like ROLL NUMBER, and record 41 instead of
10/13/62.

In actual practice, weekly payroll records are most
often designed as clock cards, and placed in a rack
located near a time clock. During the week, employees
use the clock to register their INS and OUTS for each
day. At the end of the week, a time clerk calculates
the total hours worked, and writes it on the card. The
accounting department then calculates the amount
earned.

PAYROLL RECORD

Week Ending _&ﬁ/_‘i-’

i
Man Number E /! H 870
Department Number E 171
Hours Worked E 40
Hourly Rate i J.o00
Amount Earned : [2>0.00

Figure 5. Payroll Record
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Computing Tax Deductions and Net Pay

We know very well, of course, that Daniel Glenn isn’t
going to get a check for $120 for his week’s work. The
social security tax (F.I.C.A.), federal withholding tax,
and sometimes state taxes have te be computed and de-
ducted. Moreover, figuring these taxes on the basis of
$120 would be a waste of time, if we didn’t first make
sure that $3 times 40 hours equalled $120.

In figuring the social security tax, we must keep in
mind that $150 is the limit that any one person has to
pay for social security. This is figured at the present
rate of 3V8% of the first $4,800 earned during the year.
During the first few months of the year, he undoubtedly
has to pay the social security tax (120 X 3¥s% ) but by
the time the 41st week rolls around (10/13/62), he has
reached the $150 limit, and therefore pays no more
social security tax for the rest of the year. If what he
has paid in for the year-to-date is within a few dollars
or a few cents short of the maximum amount, he only
has to pay the difference and not the full amount.
Example:

Maximum social security tax $150.00
Deductions as of 10/06/62 148.23
Social security tax for

week ending 10/13/62 $ 177

Withholding tax is based not on gross pay but on
taxable earnings. This is the difference between gross
pay and allowances for dependents. For every person
claimed as a dependent, including himself, $13 ( weekly
rate) is deducted from his weekly pay before the
withholding tax is computed. At the present time,
this is computed at the rate of 18% on taxable earn-
ings. Without dependents, his tax is computed on $120.
With one dependent, his tax is computed on $107
($120 —3$13), etc.

So you see, in order to make out the check to Daniel
Glenn in the right amount, we must take into consid-
eration not only his earnings and tax deductions for
the current week, but for the year-to-date. If he has
authorized deductions for community chest, hospital
insurance, U.S. Savings Bonds, etc., the amounts
authorized must be deducted. With all these deduc-
tions from his earnings of $120, Daniel Glenn would
consider himself a pretty lucky fellow with take-home
pay of $89.32.

This gives you a rough idea of what is involved in
just one problem that every company faces when pre-
paring a payroll and writing checks.

We shall do this problem in Part 2. Problems and
Solutions.

Card Design

Before the payroll record shown in Figure 5 can be
processed with data processing equipment, the data it
contains must first be transcribed onto cards in the

form of punched holes. To facilitate punching of the
data, a payroll card form must be designed. The items
of information the card form must provide are:

Week ending 10/13/62
Man number 114570
Department number 171
Hours worked 40
Hourly rate 3.00
Amount earned 120.00

In designing the card, the first thing we have to
decide is: How many columns do we need for each
item or field?

Week Ending, as written, requires eight columns, if
we include the slashes. But the slashes can be assumed.
So we can cut it down to'six. We can also eliminate
the tens position of the year (6) because it will be the
same for the next eight years. This reduces the number
of columns to five. If the record is of a temporary
nature, we could easily eliminate the year altogether,
and cut it down to four columns.

Because we are trying to eliminate as much record-
ing as possible without destroying its significance, we
can decide to use the 2-digit roll number instead. Thus,
columns 1 and 2 are reserved for recording the roll
number, which we will identify with a field heading,
in other words, a descriptive label. Draw a vertical
line between columns 2 and 3, and proceed with the
next field of information.

Man Number requires six columns, if we are sure
that we will never have to record a man number higher
than 999999. So, columns 3-8 (properly identified by a
field heading) are reserved for recording man number.
Draw a line between columns 8 and 9, and proceed
with the next field.

These vertical lines on the card indicate the end of
one field and the beginning of the next. The position to
the left of the line is the low-order position of one field,
and the position to the right of the line is the high-order
position of the next field.

Department Number, as written, normally requires
three columns. But we know that the highest depart-
ment number is 2925. Therefore, we need four columns
for some numbers. This brings us out to column 12.

Hours Worked, as written, requires two columns, if
we assume that no one will ever work more than 99
hours in a week. But we know that sometimes our
employees work fractions of hours (expressed as a
one-position decimal figure). ( Example: 38.5 or 36.7).
We therefore need three columns, if we assume the
decimal point. Although we do not punch the decimal
point, we can easily indicate it on the card by drawing
a broken vertical line between columns 14 and 15. If
we want the 1401 to print the decimal point where it
belongs, we can always do it in our program with an
EDIT instruction.
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Figure 6. Payroll Record Card Form

Hourly Rate, as written, requires three columns, if
we assume the decimal point. But we know that some
of our rates have three decimal positions. (Example:
1.275). This practice is not uncommon in some com-
panies. So we need four columns, and this brings us
out to column 19. While we are about it, let’s not forget
the broken dotted line to indicate the decimal point.

Following the same rules, we proceed with the
Amount Earned field in columns 20 to 24. The card
that an operator would punch for the payroll record
shown in Figure 5 would look like Figure 6.

Types of Card Records

Admittedly, Figure 6 was a simple card form to design.
Everything seemed to fall into place without any con-
fusion, simply because we followed a few rules, and
patterned our design in the same sequence as the basic
payroll record (Figure 5). In practice the job of de-
signing cards is not so easy, particularly when a job
involves the processing of cards with two or more
different designs.

For example, a typical payroll application usually
requires, in addition to the current payroll record card,
an employee name card, a year-to-date earnings card,
and a miscellaneous deductions card. Sometimes these
cards are processed as individual files. Other times,
they are merged into one file and processed. Here is
where experience in systems planning pays dividends.
Poorly-designed forms can create problems that may
be difficult (or impossible) to handle. Systems planners
foresee possible trouble areas and take steps at least to
minimize the difficulty, if not to eliminate it altogether.

One thing we can be sure of. When two or more card
designs are involved in a given job, each type of card
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must be distinguished from all other types by a code
in some selected column of the card. The most common
method of distinguishing two types of cards is: punch
an X (11-punch) in some selected column of one card,
and do not punch an X in the other type. Do not con-
fuse this X with the letter X. Thus, we may say that
employees’ name cards are X80, for example, and cur-
rent payroll record cards are NoX80. Quite often, even
though only one card design is used, types of trans-
action cards are distinguished by different combina-
tions of two or more X-punches.

Four different types of payroll deductions could be
distinguished by using two X’s:

Type of Col. Col.
Deduction 79 80
Community chest X
Hospital insurance X
Union dues X X
Bonds

Use a third X, say in column 78, and you can easily
add four more combinations, each representing an-
other type of deduction. You can get into all sorts of
combinations to distinguish cards by type by using
digits, letters, or special symbols.

Reading Card Data

The punched card shown in Figure 6, without regard
to field headings, is simply one long string of 24 digits:
411145700171400300012000. By itself, it is meaningless.
It is only when we break this number down with ver-
tical lines or word marks:

41111457010171140013000(12000
41 114570 0171 400 3000 12000_



that we realize it is not one but six numbers. In order
to understand what these numbers represent we have
to refer to the six field headings: Roll No., Man No.,
Dept. No., Hours Worked, Hourly Rate, and Amount
Earned.

Data processing equipment cannot read field head-
ings or determine for itself that the 24 digits represent
six words of variable lengths. Therefore, it is up to the
programmer to supply this information to the machine,
one way or another, and to handle it accordingly.

With unit record equipment, field assignments are
a matter of the correct use of wires on the control
panel. With the 1401 (which has no control panel),
field assignments are handled by ser worp MARK in-
structions. The 24 digits punched in the card in Fig-
ure 6 would appear in storage in the BCD (odd-parity)
mode with a word-mark bit (eighth bit) under the
high-order position of each word. The bit combinations
for the first twelve digits in the example 411145700171
are shown in Figure 7. The 1’s denote bits and the 0’s
denote no bit.

The complete table of characters, with their BCD
codes and card codes, is shown in Figure 8. In Figure 7,
the bit configurations are shown vertically. In Figure 8,
they are shown horizontally. Notice that wherever a
word mark is part of the configuration, odd parity is
maintained by adding or removing a check bit.

Storage Units

Before we discuss storage units in computers, let’s
mention a few that you are familiar with. A tape re-
corder stores sounds on magnetic tape. Other recorders
store sounds in grooves on rubber or aluminum discs.
Videotape stores moving pictures as well as sounds, and
synchronizes the sounds with the action displayed on
your television screen.

Storage units in computers store information repre-
sented by digits, letters, and special characters.
Broadly speaking, a punched card is a storage device
of one record, and a card file is a storage device of
many records. Magnetic tape reels, or magnetic disks,
are storage devices of many records. Because, by them-

c 1.0 1 0 0 1 0 1 0 0 0 0
B 0 0 0 0 0 0 0 0 0 0 0 0
A 0O 0O 0 0 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 1 1 0 0 O
4 1.0 0 0 1 1 1 0 0 0 1 0
2 0 0 0 0 0 0 1 1 1 0 1 0
1.0 1 1 1 0 1 1 0 0 1 1 1
M 1T 0 1 0 0 0 0 0 1 0 0 0
—4 1 1 1 4 5 7 0 0 1 7 1

Three Words

Figure 7. Bit Configuration of Three Words in Storage

CHARACTER BINARY CODE CARD CODE
Cc BA 8421
0 1 00 1010 0
1 0 00 0001 ]
2 0 00 0010 2
3 1 00 ool 3
4 0 00 0100 4
5 1 Q olol 5
6 100 0110 )
7 0 00 0N 7
8 0 00 1000 8
9 1 00 1001 9
A o 11 0001 12-1
B o 1 0010 12-2
c 1 11 oon 12-3
D 0 11 0100 12-4
E 1 1 o101 12-5
F 1 n o010 12-6
G o 1 om 12-7
H o M 1000 12-8
I 111 1001 12-9
J 1 10 0001 11-1
K 110 0010 11-2
L o 10 oon 11-3
M 1 10 0100 11-4
N 0o 10 0101 11-5
o o 10 0110 11-6
P 1 10 oI 11-7
Q 110 1000 11-8
R 0o 10 1001 11-9
5 1 0or 0010 0-2
T o o1 oon 0-3
U 101 0100 0-4
v o 01 o101 0-5
w o o0l 0110 0-6
X 1 ol 0l 0-7
Y 1 ol 1000 0-8
z 0 0l 1001 0-9
& 1 1T 0000 12
. o 1 101 12-3-8
o 1 11 1100 12-4-8
- 0 10 0000 1
$ 1 10 10n 11-3-8
* 0o 10 1100 11-4-8-
/ 1 ol 0001 0-1
, 10l 1011 0-3-8
% 0 0l 1100 0-4-8
# 0 00 1011 3-8
@ 1 00 1100 4-8
blank 1 00 0000

Figure 8. Binary Coding of Characters in an 18M 1401 System

selves, cards, reels, and disks are not a part of the
computer, they are often referred to as external storage.
It is only when the information they contain enters
into an internal storage device inside the computer
that the records can be processed.

Unless you have had previous computer experience,
an electronic internal storage device is a pretty awe-
some thing to contemplate, especially when some
people call it memory and others refer to computers
as giant brains. External storage devices we can see.
Internal storage devices are hidden behind the covers
of the computer. Even when you remove the covers
and take a good look, your reaction is apt to be one
of bewilderment.
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Memory and brains imply the ability to think and
reason, and make decisions based on an analysis of
facts or assumptions. Do computers really think?

There are two schools of thought among scientists
and electronic engineers. One group says computers
think. The other says computers are morons that can
do an awful lot of work during the flick of an eyelash,
but need someone with a brain to tell them what to do.

Like the human brain, an internal storage unit is
able to accept, remember, and send out information
given to it. Unlike the human brain, however, it is not
capable of creative thought.

A computer can read a record, process it, and write
a line. It can tell the difference between one record
and another. It can position paper in the printer at the
right place and at the right time. It can accumulate and
print totals anywhere you want them on paper, and
when you want them. It can add, subtract, multiply,
divide by repetitive additions or subtractions. It can
do square roots and cube roots of any number you
choose. The truth of the matter is that a computer
won’t do any one of these things (not even feed a
card from the hopper) without someone to tell it, by
means of a stored program, when and how to do it.

One other point is worth mentioning. You may know
everything there is to know about a computer from
A to Z, but if you don’t know how to go about solving
problems without a computer, you can’t expect a com-
puter to do it for you. We repeat, a computer is not
capable of creative thought.

You could tell a computer to multiply one figure by
another and get the wrong answer if your MULTIPLY
instructions are not specific to the last detail. Com-
puters give you the right answers when the program
is right, but they can also give you the wrong answers
(incidentally, just as fast) when the program has
bugs.

Programming and coding involve so much detailed
work that most programs do not operate correctly when
first tried. Some programs never leave home plate,
while others keep circling the bases over and over in
a never-ending loop until someone stops the machine.

AT

Figure 9.
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Figure 10.

Thus, it is necessary to debug the program (locate and
correct the errors), and to test it with test cases to be
sure that it properly processes.

All of this goes under the name of program check-
out. And to locate errors in your program, you've got
to know something about the internal storage unit, and
how you can track down the errors. There are several
types of internal storage units. The type used in the
1401 is known as magnetic core storage.

Magnetic Core Storage
A magnetic core-storage unit is an extremely high-
speed device, able to read in and read out data in a few
millionths of a second.

A magnetic core is a tiny, doughnut-shaped object
made of a ferromagnetic material. It can easily be mag-
netized, and unless deliberately changed will retain its
magnetism indefinitely.

If we pass a wire through the center of this core, and
send a sufficiently strong current through it, the core
becomes magnetized. The direction of the current de-
termines the polarity of the magnetic field. We speak
of the core as being positively or negatively magnetized
(Figure 9). A positive core has a value of 1, a negative
core has a value of 0.

By passing two wires through the core, and sending
just half the amount of current necessary to magnetize
the core through each, we make sure that the core will
become magnetized only when both wires carry cur-
rent (Figure 10).

Now, we can string many cores on a screen of wires
(but still only magnetize one of the cores) by sending
current through the appropriate pair of wires. In Figure
11, we magnetized the shaded core by sending cur-
rent through one horizontal and one vertical wire. No
other core is magnetized, because only the desired core
receives enough current to magnetize it. By passing
current through other pairs of wires, we can control the
magnetism of any of the cores.

O
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We can control the cores in two ways. Through selec-
tion of a specific pair of wires, we can decide which
core is to be affected. By controlling the direction of
current flow, we determine whether it is to be positively
or negatively magnetized.

Let’s see how we can store a four-digit number in
magnetic core memory, using the binary system. In the
binary system we use combinations of the numbers 1,
2, 4, and 8 to express any digit. So we need four rows,
or bits, of cores. We also need four columns of cores to
accommodate the four digits of our example (say
3278). In the units position, we need to positively mag-
netize only one core in bit position 8 (Figure 12) to
represent the 8 of our number. In the tens column we
must positively magnetize three cores (in bit positions
1,2, and 4) that add up to the 7.

Using the same principle, we read the other digits
into storage. All other cores are magnetized negatively

to indicate that they are of zero value. In actual prac-
tice, more bits, or rows of cores are used to provide
for alphabetic storage, plus-or-minus indication, and
checking.

To read information from magnetic core memory,
we must use a third wire (called sense wire) that passes
through the cores. Information is read by changing a
core from positive to negative. The change causes a
small current in the sense wire. The current can be read
and amplified for use in the machine circuit. If the core
was negative to begin with, no current flow is induced
in the sense wire. However, changing the cores from
positive to negative also destroys the information
stored. To retain a given bit of information, therefore,
we must cause a read in to take place following each
read out.

Organization of Core Storage

Core storage units in the 1401 come in six sizes. These
sizes (1400, 2000, 4000, 8000, 12000, and 16000) indi-
cate the number of characters each size accommodates.

CODED ADDRESSES IN STORAGE
3-CHARACTER
ACTUAL ADDRESSES ADDRESSES
000 to 999 No zone bits 000 to 999
1000 to 1099 =00 to ==99
1100 to 1199 /00 to /99
1200 to 1299 S00 to S99
1300 to 1399 T00 to T99
1400 to 1499 A-bit, Uoo0 to U99
1500 to 1599 vsing 0-zone V00 to V99
1600 to 1699 W00 to W99
1700 to 1799 X00 to X99
1800 to 1899 YO0 to Y99
1900 to 1999 200 to Z99
2000 to 2099 ( 100t0199
2100 to 2199 JOO to J99
2200 to 2299 - KOO to K99
2300 to 2399 LOO to L99
2400 to 2499 B-bit, MO0 to M99
2500 to 2599 using 11-zone NOO to N99
2600 to 2699 *000 to 099
2700 to 2799 POO to P99
2800 to 2899 Q00 to Q99
2900 to 2999 _ ROO to R99
3000 to 3099 ( 2?00 to 799
3100 to 3199 AQ0 to A99
3200 to 3299 BOO to B9?9
3300 to 3399 C00 to C99
3400 to 3499 A-B-bit, < D00 to D99
3500 to 3599 using 12-zone EOO to E99
3600 to 3699 FOO to F99
3700 to 3799 GO0 to G99
3800 to 3899 HOO to H99
3900 to 3999 L 100 to 199
* Letter O followed by Zero Zero

Figure 13. Core-Storage Address Codes
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Programmers refer to these sizes as 1.4k, 2k, 4k, 8k,
12k, and 16k (k=1000 characters).

Each character position is numbered, starting with
zero. Thus, the positions in a 1.4k storage unit are
numbered 0000 to 1399, in a 2k 0000 to 1999, in a 4k
0000 to 3999, etc. These numbers are known as ad-
dresses. They play a major role in:

1. locating the program where you want it in storage.
2. executing the instructions in the program sequen-
tially, or in some prescribed sequence.

An instruction always specifies an operation to be
performed. But in many cases, it must also indicate:

A. Where the data that is to be operated on is located
in storage.

B. Where to place the results.

It’s like an envelope with two addresses: one ad-
dress (A) tells where the letter is coming from, and
the other address (B) tells where it is going.

When these address locations are used as part of an
instruction, they are referred to as A- and B-addresses,
A- and B-operands, or A- and B-fields. They occupy a
major portion of the storage area required to store the
program.

To conserve storage as much as possible, the engi-
neers developed a coding system so that addresses
0000-3999 can be referenced by using three charac-
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ters instead of four. This is done by using digits 0-9,
letters A-Z, and four special characters == / ! and ? as
the first position of the three-character address and
00-99 as the other two. The numbers, letters and special
characters were assigned in the sequence shown in
Figure 13, and laid out as shown in Figure 14.

Addresses 0001-0999 are easy to remember. You
simply drop the high-order digit, and use 001-999
instead. Position 0000 is not addressable. For ad-
dresses 1000 to 3999, you better use the code chart.
In Figure 14, note the areas reserved for card input,
card output, and printer output.

For the larger storage units (8k, 12k, and 16k), a
0-zone punch (A-bit) in the units position of an ad-
dress represents the 4000 block of numbers from 4000-
7999. The 11-zone punch (B-bit) represents the next
4000 block of numbers from 8000-11999. The 12-zone
punch (AB-bits) represents the last 4000 block of num-
bers from 12000-15999. Thus, the three-character ad-
dress for 4323 is 32T. The T in the units position
means 4--3, and the other two digits in between are
supplied by 32.

The three-character address for 15323 is C2C. The
C in the units position stands for 12--3, the C in the
hundreds position for -33--, and the 2 in the tens posi-
tion for 2. The computer assembles these combinations
together and comes up with 15323.



e

12--3 (C in units position)
-33-- (C in hundreds position)
---2- (2 in tens position)

15323

It is obviously impractical to try to memorize com-
binations like these. Use the code chart in Figure 13
for addresses 1000-3999. For addresses 4000-15999,
use the condensed code chart shown in Figure 15.

Instruction Word Format

A 1401 instruction in actual machine language may
vary from one to eight characters. The first character
of an instruction is always an operation code with a
word mark. Figure 16 shows a complete list of 1401 op-
eration codes.

Some instructions require no operands. These are
usually input-output instructions such as READ A CARD
(1), WRITE A LINE (2), or PUNCH A CARD (4).

Other instructions, such as a branch to a specific lo-
cation in storage (say B892) require an A-field. This is
an unconditional branch, and in effect says to the com-
puter When you get this far, always branch to location
892 where you'll find an instruction that will tell you
what to do next.

Most instructions are followed by two operands.
Example: A534655. This instruction says to the com-
puter Add what you have in the A-field to what you
have in the B-field. The number 534 is the location of
the low-order position of the A-field and the number
655 is the location of the low-order position of the
B-field.

There are still other types of instructions that are
modified by a d-character. In effect, this type of in-
struction says Do this and that IF. Depending on the

instruction, the d-character may be the second, fifth
or eight position of the instruction.

Figure 17 shows nine examples of 1401 instructions
that vary from one to eight characters.

Problem Solving

To solve a problem, we must first define the problem.
By defining a problem, we mean: having a clear picture
of the results we want, breaking the problem down into
its component parts, and then developing a logical pro-
cedure to put the parts together.

It’s like working out a jigsaw puzzle. The problem
is partially defined for you with an assembled picture
that usually comes with the set. Putting the pieces
together to make the picture come out like the sample
is rarely accomplished by trial and error. You develop
a plan, and proceed according to the plan. If there are
only two pieces, a child can put them together. Some
jigsaw puzzles developed for children often involve as
many as 15 or 20 pieces. But jigsaw puzzles of several
hundred or several thousand pieces are not for children.
They are for grownups. So, what do you do to put the
puzzle together? Where do you start?

Well, first you study the sample picture and get some
idea of its size, coloring, and picture content. The
picture may be a landscape, with a red barn in the
center, a winding dirt road (brown) leading up to it,
and some evergreen trees here and there. A few farm
animals are grazing in a meadow (light green) on the
left side of the road. The sky is blue, sprinkled with
large white clouds.

You pick up a couple of pieces that look as if they
might fit together. They don’t. You try a couple more
with the same results. With several hundred pieces to
put together, the task seems hopeless.

ZONE BITS OVER

ACTUAL ADDRESSES HUNDREDS POSITION

ZONE BITS OVER

-CHARACTER ADDRESSES
UNITS POSITION 3-CHARAC

11000 to 11999 AB-Bits (12-Zone)

0000 to 0999 No Zone Bits No Zone Bits 000 to 999
1000 to 1999 A-Bit (Zero-Zone) No Zone Bits +00 to 799
2000 to 2999 B-Bit (11-Zone) No Zone Bits 100 to R99
3000 to 3999 AB-Bits (12-Zone) No Zone Bits 700 to 199
4000 to 4999 No Zone Bits A-Bit (Zero-Zone) 0¥ to 992
5000 to 5999 A-Bit (Zero-Zone) A-Bit (Zero-Zone) F0+ to 792
6000 to 6999 B-Bit (11-Zone) A-Bit (Zero-Zone) 10¥ to  R9Z
7000 to 7999 AB-Bits (12-Zone) A-Bit (Zero-Zone) 20F to 192
8000 to 8999 No Zone Bits B-Bit (11-Zone) 001! to 99R
9000 to 9999 A-Bit (Zero-Zone) B-Bit (11-Zone) +01 to I9R
10000 to 10999 B-Bit (11-Zone) B-Bit (11-Zone) 101 to R9R

B-Bit (11-Zone) 7?01 to I9R

12000 to 12999
13000 to 13999
14000 to 14999
15000 to 15999

No Zone Bits
A-Bit (Zero-Zone)
B-Bit (11-Zone)
AB-Bits (12-Zone)

AB-Bits (12-Zone) 00? to 991
AB.Bits (12-Zone) +0? to  Z9I
AB-Bits (12-Zone) 10? to R9!
AB-Bits (12-Zone) 20?7 to 19

Figure 15. Increased Core-Storage Address Codes
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IBM

INTERNATIONAL BUSINESS MACHINES CORPORATION

IBM 1401 AND 1440 PROGRAM CHART

FORM X24-6437

PRINTED IN U.S.A.

XXX

ol
&

Add word in Location 072 to word in Location 423
(low-order positions of words). In this case, B-operand

Program:
Programmer: Date:
I Instruction Effective No.
S[ijep AdZSt‘ ol A/l B Remarks of Characters
© ress lp | . Inst.| Data |Total
=7 | ' : | : 19| €--~(card columns in instruction cards)
l | |
1 T
1 ! !
XX XXX ! = } { l Read a Card /
i [
1 1
i I 1 )l
b bt Sel d in § 2 el
XXl xxX X ‘;{} { % { elect a card in Stacker #
[ | I
] | ] |
: I' : : Unconditional branch to high~order position of in- i
Xx| xxx |B 74 } 0 { (2] ; } struction word in Location 400 "/
[ [
| | ! ]
: : : : Print a Line and unconditional branch to high-order
XX XXX | 6}5 } o % ! position of instruction word in Location 650 L/
[ (I
|- [
: : } : Set a word mark in Locations 003 and 067 (high~order
Xxl XXxXx 0{ 0=3 0,6 = 7 positions of data words) 'Z
s I
|1 |
; : ; Compare word in Location 008 with word in Location
all go0a lele, 0,817 5,8 758 (low-order positions of words) 7
I~ : : Y ; Branch to high-order position of instruction word in Loc-
: 40 g B 69'9.]5 7/ | ation 625 IF compare operation was unequal 5—
L4 — ]
|
|
I

o
~
L
+

423 is the low-order position of an area in storage to be
used as an "accumulator. "

XX

XXX

o~
!
°
Lo

5

Q

Branch to high-order position of instruction word in Loc-
ation 650 IF Location 080 has a B-bit (X punch in 80)

{1

NOTE: Word marks in high~order positions of above

instructions are automatically set during the Program

Loading Routine. The instructions are not presented
as a complete program for a problem. They merely
show _examples of variable-length instructions. A

3-character address is required in the column headed

"Inst, Address" to indicate the exact location of the

high~-order position of each instruction word, as shown
in the two sequential instructions (Steps 21 and 22),

The instruction address is punched in columns 5-7 of the
instruction cards and the instruction is punched in

columns 12-19,

—_——_——t———— — e — e - -

Figure 17. Instruction Word Formats
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Then you start to think. All of a sudden you realize
that the pieces that make up the outer edges of the
picture must obviously have straight edges. The four
pieces having two straight edges at right angles, if you
can find them, must be the corner pieces. So, with the
four corner pieces and the pieces with straight edges,
you build a frame. By observing the color of each piece
and matching the color with the colors on the sample
picture, you begin to fit the pieces into place one at a
time. A little trial here and there, and a little luck now
and then, and before long you have all the pieces in
the right places, and your puzzle is solved. You pat
yourself on the back, and with confidence that jigsaw
puzzles are not so tough after all, you tackle another
one. And the more of them you do, the faster you can
put them together.

This, of course, is essentially programming — pro-
gramming not from any set of written instructions, but
from memory, use of logic, and common sense. If you
go to the trouble of numbering each piece as it fits into
place, you can solve the same puzzle next time without
any thinking, but you won’t have as much fun. You
simply fit the pieces together with a number system in a
fraction of the time it took you the first time you solved
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the problem. And you can do this even without a
picture to guide you.

Believe it or not, a program for a computer is devel-
oped in much the same way. Knowing what you want
to accomplish, you design a printer form with the aid
of the printer spacing chart. This is the picture you
want. You then study the information in the basic rec-
ords, find out where each item is located in the basic
records, and compare it with the information you want
(and where you want it) in your results. These are the
pieces with the straight edges. You then plan the pro-
cedure you are going to follow with a block diagram.
This is the frame. In developing the block diagram,
you look for the names of the items in your basic rec-
ords, and associate them with similar names in the pic-
ture you specified at the outset. These are the colors.

From that point on, you apply your knowledge of
the computer, and develop the program step by step.
As each step is taken, you give it a number, write the
instruction in machine or symbolic language, and pro-
ceed with the next step. Because the program is to be
executed for each record, the last instruction in your
program must branch back to the start of the program,
which may or may not be the first instruction written.
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Like a child who has no trouble putting two pieces
of a jigsaw puzzle together, no one has any trouble
understanding one isolated 1401 instruction or two
sequential 1401 instructions. It’s the positioning of
each instruction in the body of the program that re-
quires brain power — brain power that the computer
does not have.

In order to learn 1401 programming step by step,
we shall feel our way with a few simple problems in
the beginning. Assume that you are a new employee
in a data processing installation, and it’s your job to
program the problems as they come up. The problems
progress from the-simple to the complex.

Each new problem requires one or more operations
not used in an earlier problem. In that way, we can
readily profit from the experience gained in solving
one problem by applying it in solving a later problem.
No matter how simple, problems are defined, and
specifications set up in a block diagram. A solution
will be developed with instructions written on an
IBM 1401 Program Chart, Form X24-6437.

The XYZ Company

The XYZ Company is a mythical company that manu-
factures ten models of radio sets and five models of
television sets. Its home office and manufacturing plant
are in a large eastern city. It employs over 3,000 people
at the main office and plant, and over 200 salesmen
who work out of branch offices scattered over some
30 cities, most of them east of the Mississippi River.
About 150 of the employees at the plant are scientists
and electronic engineers, a few of whom are engaged
in electronic research. It has great growth potential.

Ninety percent of its products are sold directly to
over 2,000 local dealers. The other ten percent are
sold to three large mail order houses.

The data processing department (the 1401 and sev-
eral pieces of unit record equipment) controls about
95% of the operations in the field and at the home
office. The jobs now being done on this equipment are
as follows:

Part 2. Problems and Solutions

Weekly payroll registers

Weekly checks and earnings statements to employees
Weekly job time distribution to various manufacturing
accounts

Daily production control reports

Weekly manufacturing cost reports

Weekly stock reports and inventory reports

Daily billing

Monthly sales reports by branch offices and salesmen
Semimonthly commission statements to salesmen

Accounts receivables

Monthly statements to dealers and mail order houses
Accounts payables

Weekly remittance statements and voucher checks to vendors
General accounting

Monthly income and expense reports for management

Quarterly financial statements for management and
stockholders

Quarterly social security reports and income tax reports to
the U. S. Internal Revenue Service

Annual W-2 forms for U. S. Treasury and employees
Annual financial reports for management and stockholders

At the present time, all of the records involved in
processing these reports are in punched card files, but
the company plans to convert some of them to mag-
netic tapes within the next year. Plans beyond that
period include ramMac® disk files, which a team of
systems planners and systems analysts are now con-
sidering.

You have the responsibility of handling the card
files now involved in preparing the weekly payroll
register, and the weekly checks and employees earn-
ings statements. Figures 5 and 6 show the basic record
and card form used in this application. Other card
forms will be presented as the need arises.

Although programs have been developed for your
part of the work, the supervisor has given you per-
mission to write your own programs. There is enough
1401 time available to permit you to do a little experi-
menting now and then. Besides, you need program-
ming experience, and your supervisor is willing to give
you the chance, when it does not interfere with the
present schedules. Youre on your own for the most
part, but help is available from several experienced
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programmers in the department, including the super-
visor, whenever you need it.

Problem 1. Reproducing

One of the files maintained by the XYZ Company is
an Employee Payroll Master Name Card file. The file
consists of one card (Figure 18) for each employee on
the payroll. The card fields from left to right read as
follows:

Fields Columns
Man No. 3-8
Dept. No. 9-12
Marital Status 49
Tax Code 50
First Initial 51
Second Initial 52
Name 53-70
Social Security Number 71-79
Card Code (X) 80

This file is used primarily in conjunction with other
types of cards to prepare the weekly payroll register,
and the payroll check and earnings statement. It is
also used periodically to prepare registers of employees
in alphabetical order, in man number order, and in
social security number order, as well as tabulations
by marital status and tax code.

The last time the file was used, you had several card
feed failures. It’s time to reproduce a new deck. Or-
dinarily, a simple reproducing job of this type would
be done with a reproducer. There is one in the installa-
tion, but it’s going to be tied up for several days on a
more urgent job.

You are fully aware that to tie up a whole system
as powerful as the 1401 (Figure 19) to do a simple
odd job that can be done with other unit record equip-
ment is like using a 10-ton truck to pick up a 3-pound
package at the grocery store three blocks away. But
the 1401 is unscheduled for the next several hours,
and you decide to reproduce the file using the 1401.

For the reproducing job you are about to do, you
need only the 1BM 1402 Card Read-Punch and the M
1401 Processing Unit. For a general description of
these units, refer to the 1401 reference manual.

In the processing unit, you will need the area that
is reserved for card input (storage locations 001-080),
and the area that is reserved for card output (storage
locations 101-180). Another area will be needed, of
course, to store the program.

Because the individual fields in the employee pay-
roll master name card need not be defined, you need
to set a word mark only in location 001. The instruc-
tions you will need, then, are:

22

Set a word mark
Read a card

Move or load a record from the card read area (001-080)
to the card punch area (101-180)

Punch a card
Branch to read a card

After looking up these instructions in the 1401 refer-
ence manual for detail descriptions, you are ready to
draw a block diagram.

Block Diagram

A block diagram is a graphic presentation of the
steps in a program. Its primary purpose is to establish
the sequence in which the operations will be per-
formed, and to serve as a basis for coding. The amount
of detail included in a block diagram varies. In some
cases, where the details can be assumed, the block
diagram can be quite general in nature. In other cases,
it may be necessary to include the details in order to
make it easy to prepare the program coding sheet.

The first block diagram you draw for Problem 1 is
shown in A of Figure 20. The diagram consists of five
blocks. Each block specifies an operation in general
terms. After studying this block diagram, you decide to
take advantage of a shortcut, and you come up with the
block diagram in B of Figure 20. The program in B
will reproduce your master file faster than the program
in A, because in step 4 the card read operation is com-
bined with the card punch operation. This results in a
maximum production of 250 cards a minute. For
technical description of timing, see Card Reader, Card
Punch, and Combination Read and Punch of the Tim-
ing Input and Output Operations section of the 1401
reference manual.

Writing the Program in Actual Machine Language

The program you are about to write in actual machine
language can be loaded in any area of storage you
specify that is not required for input and output stor-
age. You decide to load the first instruction in location
400. You write this number in the column headed Inst.
Address of the 1401 program chart, as shown in
Figure 21.

The first instruction (,) is a SET WORD MARK instruc-
tion with an A-operand (001). This instruction will
occupy four positions of core storage (400-403), and
will set a word mark in location 001.

The second instruction (1) will read a card, and will
occupy one position of core storage (404).

The third instruction (L080180) is a load instruction
with an A-operand (080) and a B-operand (180). It
will occupy storage positions 405-411. This instruction
will move the data in the read area to the punch area,

0
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Figure 18. Employee Payroll Master Name Card

IBM 1401 Processing Unit
IBM 1402 Card Read-Punch (1400 core-storage positions) IBM 1403 Printer

Figure 19. 1M 1401 Data Processing System
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Instructions
| l Set Word Mark _, 001 l Set Word Mark
1 -
‘s
| Read A Card 1 Read First Card
i
4 .
Move or Load Record M 080 180 Move or Load Record
from Read=In Area or from Read=In Area
to Punch Area L 080 180 to Punch Area
Punch A Card -4 5 XRK e Read Second Card
Punch First Card
and Branch
Branch B xxx

®

Figure 20. Block Diagrams for Problem 1

IBM

INTERNATIONAL BUSINESS MACHINES CORPORATION

IBM 1401 AND 1440 PROGRAM CHART

FORM X24-6437
PRINTED IN U.S.A,

Pr ogram: Reproduce Employee Payroll Master Name Card File
Programmer: Date:
St Inst Instruction Effective No.
Neop A dZ:e;s ol A/l B | Remarks of Characters
‘ P : | Inst.| Data|Total
5 — T i ' 1' I IL $79] 4--~(card columns in instruction cards)
| I?too P o%ol / |y Set Word Mark in 001 L,L If
-
| 2| dod|i] | | L Read a Cand / s
, 1 f T T
| - |
: 3 405 L olglo ’:g|o Load card data from read-in area to punch area 7 /12
: 4 I T T T
, |
| L gials1¢lo0! 5] ; ! Read, Punch and Branch to Location 405 4 /b
; T v v { l I
: 5 “)Ll é } : l : Set Word Mark at end of program / / 7
" T — NOTE Clear and branch card is punched
Lo Lo /400080 in columns 60-66. i
[ L 7
(| [
11 1 1

Figure 21. Program Chart for Problem 1
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column for column. The word mark in 001 (set by the
first instruction) will also be moved to location 101,
but any word marks in storage from 102 to 180 will be
erased.

The fourth instruction (3) is a combination instruc-
tion to read one card and punch another simultaneously.
It will occupy location 412. The A-operand to this in-
struction (405) will occupy locations 413-415, and will
cause a branch to location 405 to repeat the operation
for the next card.

To signal the end of the program, insert an instruc-
tion card in step 5, as shown in Figure 21. This card will
place a word mark in location 416. This is the simplest
way to signal the end of a program.

Punching the Instruction Cards

Turn your 1401 program chart over to a key punch
operator who is trained to punch instruction cards.
Although your program consists of only five steps, and
therefore five instruction cards, they must be pre-
ceded by three leader cards and followed by one cLEAR
AND BRANCH CARD.

The procedure is described in Rule 1 of the Program
Loading Routine section of the 1401 reference manual.
Note carefully the card formats for the leader cards, in-
struction cards, constant cards (none are required in
your program ), and the CLEAR AND BRANCH card.

In this case, the CLEAR AND BRANCH instruction is
/400080. The slash (/) is the operation code for cLEAR.
The A-operand (400) is the location of the first instruc-
tion in your program you want to branch to. The
B-operand (080) is the low-order position of the card
input area you want to clear.

Figure 22 shows the nine self-loading instruction
cards for Problem 1.

Loading and Testing the Program

Before you start the job, refer to the section on IBM
1401 Console Keys, Lights, and Switches in the 1401
reference manual. This section, supplemented by a
figure of the 1401 console, tells you when and how to
use the various keys, switches, dials, and lights. For
your job, it is only necessary to set the mode switch
on RUN and to press the check reset key and the start
reset button.

Next refer to the IBM 1402 Card Read-Punch section
of the reference manual. This describes generally the
card read-punch unit. Then see the section in the refer-
ence manual on IBM 1402 Card Read-Punch Operating
Keys, Lights and Switches. This describes the purpose
of each key, switch, and light on the card read-punch.

Now place blank employee payroll master name
cards in the punch hopper, 12-edge first, face down.
Then place the nine instruction cards and a dozen or

so punched master name cards in the read hopper,
9-edge first, face down. You are all set to load the pro-
gram, and process the test cards behind it. To do this,
press the load key on the card read-punch. If you have
done everything right, your program will be loaded,
and the test cards reproduced in a matter of seconds.

To make sure that the cards are correctly repro-
duced, manually check the cards in the normal stacker
on the punch side against the cards in the normal
stacker on the read side. When you are convinced that
the cards are correct, load the rest of your master card
file in the hopper, and press the start key on the card
read-punch. A file of 3,000 master cards should take
about 12 or 13 minutes to punch.

Program Check-Out

Let’s assume the reproduced cards did not match the
test cards. Or, the machine went into a loop, with lights
flashing all over the console, and nothing was accom-
plished. Or, perhaps the machine stopped after load-
ing the program, and did not reproduce the first card.
In other words, there is a bug (or bugs) in the pro-
gram.

You, of course, won’t know what it is (or they are)
until you check out the program. This is an operation
generally referred to as debugging the program. But,
before you check out the program, make sure that the
key punch operator correctly punched the three leader
cards, the five instruction cards, and the clear and
branch card.

One way to check out the program is to display the
characters in locations 400-416, one at a time by use
of the console. When you do this, you better know
the bit configuration of each character because that’s
the way the console displays it.

With this method, set the mode switch on CHARACTER
pispLAY and the four manual address dials to 0400.
Pressing the start key displays the character in location
0400 in the B-register. The correct character in this
location should be a comma with a word mark (,).
The bit configuration should be A821M.

The other characters in the program can be dis-
played one at a time by advancing the manual-address
dials to the desired number, and by pressing the start
key. An error may be corrected by entering the correct
character in the alter mode as described in the 1401
reference manual. For obvious reasons, this method is
not recommended.

Storage Print-Out

The recommended procedure for debugging a program
is to first execute a storage print-out. With a 1403
printer (100 print positions) any 100-character block
of storage (for example, 001-100, 101-200, 201-300, etc. )
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83 64 65
111

IlIllllIIIIIIIIHIHIHHIIHIIIHIII]I11111111111.11

//mu1z415aaeu 3
Instruction Card - Step 5 !

//Lﬁi?éii;u&ﬂg#@ﬁ I

Instruction Card - Step 4 ! !

//LUiHéUSlG&ULGaulEG ERREN ]

Instruction Card ~ Step 3 1 I
] ] 1

R0

Instruction Card - Step 2 . !
] 1

//D‘j1‘;Wm1‘7'":’!"!1 G = O T

6768697071727374757677 7879 80

Joooooooo000000
66
[RRRRRERRERERRE

080

IBM 5081

/!_!J 19001 0a, iy QU ATIET

Instruction Card - Step 1 i

OgoOoOggOgOREEN0000000000000000000000000000000000000000000000FFOROFONORANCORE
12345678 91011121314151617181920212223 242526 27 28 23 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 1273 74 75 76
(R] RN ARRRR R AR RRR R R RN R R R R RN R R RN R R RN RN R RRERT IRRERRERRRRRRERR

s AR 0

Leader Card #3

/1 NEDDEY 100 1_ _ _
Leader Card #2

Leader Card #1

JOOOgQoO0O0OD0O0O0O0000000C0000000000000600000000000600000000060000000000000000000000

0
456 78 91011121314151617 1819 2021 22 23 24 25 26 27 28 23 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 43 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80
1

R LY ARE AR R R R R R R R R R R R R R R R R R R R R AR AR R R R R R R R R R R R R RN EERRE R
222222002222222222222222222222222222222222222222222222222222222222222222222222222

1]
123
111

B3333333333333333333333333333333333333333333333333333333333333333333333333333333
A4444444444444400004444404444404444444444044488004444444444444444484444444444444
55555555555555555555555555555555555555555555555555555555555555555555555555555555
66666666666666666666666666666666666666666666666666666666666666666666666666666666
1111117771777 77177771717177771717171717117177717711717171717711117717171111171771717117117171171111111771
Hee8es8Bs8888806880888368888838858803880860880088688068088888888888888888888888888888
9999999999999959999 9999999599993999?

9 9
12345678 91011121314151617181920212223242526272829303132333435353738

999995999999999999999999999999999999999999
394041 4243 44 45 46 56 59 60 67 68 69

41 42 43 4445 46 47 48 48 50 51 52 53 54 55 56 57 6116263 646566 6768697071 727374 757677787980

1BM 5081

1BM 5081

NOTE: Leader Cards 1, 2, and 3 set word marks in positions 8, 12, 60, 67, 74, and 78.
The word mark in position 1 is set automatically when the Load Key is depressed.

Instruction Cards 1, 2, 3, 4, and 5 are prepunched in columns 1-4, 8-11, and 60-80
as recommended in the IBM 1401 Reference Manual, Form A24-1403, under PROGRAM
LOADING ROUTINE., Columns 5-7 and 12-19 are keypunched from the IBM Program
Chart (Figure 21),

The Clear and Branch Card punched /400080 in columns 60-66 clears the read-in area
(001-080) and branches to the first instruction in location 400.

Figure 22. Self-Loading Instruction Cards for Problem 1
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can be printed out one line at a time by use of this
feature. Word marks are indicated by 1’s printed on a
second line directly beneath the high-order position of
each word.

If the 1403 printer has 132 print positions, 132 storage
positions will print out on the same line:

Block Storage Positions
00-- 0001-0132
01-- 0101-0232
02-- 0201-0332
03-- 0301-0432
04-- 0401-0532
etc. etc.

In Problem 1, you are primarily interested in the
contents of locations 400-416. To print out the program,
proceed as follows:

1. Make sure that the printer is in ready status.

Set the mode switch to STORAGE PRINT-OUT.

Set the hundreds and thousands manual address
dials to 03.

4. Press the start key on the console.

10

The storage print-out for Problem 1 should look like
this:

Storage print-out ,00111.0801805405 «— (first line)

1 11 1 1l<«—(second line)
) |
4 44 4 4
Storage positions 0 00 1 1
0 45 2 6
1 11 1 1
Print positions 0 00 1 1
0 45 2 6

The I's on the second line indicate word-mark char-
acters placed in storage by the program loading routine.

Now, let’s assume that there are three bugs in the
program and the storage print-out looks like this:

.0011M0801805505
I\ 11 I\ 1

Error 3. This should be 4 instead of 5
Error 2. This should be L instead of M
Error 1. This should be , instead of .

Error Analysis

Error 1. The period (operation code for HALT) in
location 400 would stop the machine immediately after
loading the program. If, after the halt, you pressed the
start key, the program would branch to location 001.
Because the first character of an instruction word must
have a word mark (none there), the process error light
and Op register lights would turn on, and stop the ma-
chine again. This is often called a hang-up.

Error 2. The M instead of L in the position indicated
would execute a move operation, starting with the low-
order position of the card input area (080), instead of
a load operation. The MOVE and- LOAD operations trans-
fer data from one location to another. In that respect
they are similar, They differ in that the MOVE operation
from right to left stops when the first word mark is
encountered in either the A- or B-field. The Loap op-
eration stops when the word mark in the A-field is en-
countered. Word marks encountered in the B-field
during the move are erased.

Stated another way, the instruction L080180 transfers
the entire card-read area to the card-punch area. This
includes the transfer of the word mark in location 001
to location 101. The M080180 may accomplish the same
result provided there are no extraneous word marks left
in the punch area (101-180) from a previous program.
If an extraneous word mark is encountered during the
move from right to left, it immediately stops the move.
The result is that only the right-hand portion of the
read area moves to the punch area. In addition, data
to the left of the word mark in the punch area remains
undisturbed.

This, then, would be the reason if the reproduced
cards did not match the test cards during the test run.

You can prevent the situation in one of two ways:

1. Clear everything in storage before starting the job, or

1o

. Clear the specific area of storage with an instruction
in your program, for example, /180. This instruction
would clear the data in locations 100-180, including
word marks. Clearing starts at the A-address (180)
and continues leftward through the nearest hun-
dreds position. The area is set to blanks, and word
marks are cleared.

Error 3. The 5 instead of the 4 in the position indi-
cated would cause a branch to location 505 instead of
405. If there is no word mark in location 505, the ma-
chine would stop as for Error 1. If the machine finds
a word mark, then the character in location 505 (left
there from a previous program) would be handled as
an operation code.

If the code is illegal, the machine stops and the Op
register light turns on.

If the code is legal, that instruction and others im-
mediately following are executed, but this isn’t your
program. Sooner or later the machine would come to
a halt. It might even throw the program into a loop.

Now, this would be a very simple program to check
out because all the bugs were caused by key-punch
errors — errors that are normally caught and corrected
in a verifying operation.

However, suppose there were no key-punch errors,
but you had errors in logic. Instead of five instructions,
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} 1,9,6
glsi-col/ 11€3|0 g0

Clear read area and branch to step 10 (in program area)

101¢3-L9l4l01011/,£19

Set Word Mark in 001 and step 11 (in program area)

/1'g0
T T

Move data from read area to punch area

LY
7
1/176- 7L M o;g;o
IA|77- §0|4]

Punch-Read and Branch to step 11 (in program area)

CARD Instruction Effective No.
Step| apbe o A/l B |
Remarks of Characters
No.| Amberess T T
- lcoLvmys|P 1 11 Inst.| Data | Total
1] f 1 |
{ {- 7 . 0: D: I'd 0: / :5_ Set Word Marks for steps 2 and 3 7
1211 T )
ol f"'/b/ N 0:’:? &:D:O Set Word Marks for step 4 and end of step 12 7
T T 17 T 1
3 /5= /¢9 / ] : 7 : ? : : Clear punch and program area 4
1 ! 1 I
L'l /?"';l$’ [y d:;;é 0:3:3 Set Word Marks for steps 5 and 6 ’]
? 7 1 1 1
’e lé"j’LM (0] { 8:0 / :7 :7 Move program from card area to program area 7
I I T T
b 33-3? 3 0: ‘/: o|/ : g:& Set Word Marks for steps 7 and 10 (in program area) 1
17 LA 1
7 40"4é q o:‘f:7 olb:/ Set Word Marks for step 8 and end of step 9 7
f 7 = 1 f
§lu7-5340 : 5 1‘/ Set Word Marks for steps 9 and 12 (in program area) 7
I 17 I
7
7
7
/

Figure 23. Single Card 80-Column Reproduce Routine

suppose you had 500, or 625, or 7127 The question will
remain unanswered. Suffice it to say, logical errors are
often much harder to find than key-punch errors, and
your program check-out efforts may take longer than
to write the program in the first place. Sometimes, a
fellow programmer with more experience can spot
logical errors in a program by merely scanning your
block diagram.

Clear Storage

It isn’t always necessary to clear the whole storage
unit before loading a program if you know what to
expect and you take care of it in your program. But
clearing storage is a good habit to get into. A clear
storage routine is described in the 1401 reference
manual. The program requires 23 instructions (most
of them SET wORD MARKs ), but they are all condensed
into two cards. In most installations, these cards are
prepunched, and are always available for use when
required. A storage unit of 16,000 positions can be
cleared in just a few seconds.

Single Card 80-Column Reproduce Routine

The master card file in Problem 1 is reproduced with
five instructions as shown in Figure 21. The next time
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you do this job, try the program shown in Figure 23.
This program consists of twelve instructions all
punched in a single card. Load this card into the 1401
in front of the cards to be reproduced. Note that the
actual reproduce routine is only two steps (11 and 12).
All of the other steps merely set word marks for the
instructions, clear the necessary areas in core storage,
and transfer the routine from the initial read-in to the
program area (location 182-199).

Problem 2. Reproducing and Gangpunching

The personnel director has asked your supervisor for
an employee master name card file similar to yours,
and a printed list of the cards in alphabetical order
by surname. The file and list will be used in his office
to answer telephone requests for personnel informa-
tion contained in the cards. In connection with the
card file, two things were specifically mentioned by
the personnel director which make it different than
Problem 1:

1. Roll number 41 is to be punched in columns 1-2.

2. The X-punch in column 80 of your master file is to
be eliminated, and transferred to column 1 of the
reproduced file.




The supervisor discussed the problem with you.
You both recognize the possibility of reproducing the
master file and preparing the list at the same time.
However, you decided against it because it meant
sorting your master file alphabetically (it is normally
maintained in department and man number sequence)
before reproducing, and then re-sorting it back to its
original sequence.

So, you both decide to make two jobs out of it, and
together you work up a flow chart (Figure 24). This
chart shows the sequence of operations of both jobs
in graphic form.

The supervisor suggested that you first complete
Problem 2, then (before starting Problem 3,) that you
sit down with him to develop some printer specifica-
tions for the employees list. The personnel director
wanted the name to be shown first on the line, followed
by man number, department number, marital status,
tax code, and social security number.

Block Diagram

In working up the block diagram for Problem 2, (Fig-
ure 25), you recognized that this is a combination
gangpunch and reproduce operation. Roll number 41
is not in your master cards. Therefore, it must be set
up in your program as a constant, and moved or loaded
into punch positions 101-102 before punching the card.
The X-punch (11) in column 80 can be eliminated
by simply moving columns 3-79 (storage positions
003-079) to punch positions 103-179. However, the X
in 80 must be transferred to punch position 101.
You can do this by using a MOVE ZzONE instruction
(Y080101). The character Y is the operation code for
MoVE ZONE. The operand A (080) is where the zone
punch (11) is located in the read area. Operand B
(101) is where you want it in the punch area. The X
will be punched in column 1 of the reproduced card
in combination with digit 4 of the roll number. Nor-
mally, this combination (11-4) stands for the letter M.
In this case, however, it stands for two different char-
acters: digit 4 and zone punch 11.

Your first block diagram is shown in A of Figure 25.
Then, remembering some of the difficulty you ex-
perienced in Problem 1 with word marks in the punch
area, you think it is a good idea to compare storage lo-
cations 003-079 with storage locations 103-179 before
punching the card.

In discussing this with your supervisor he points out
that the comparing instruction isn’t necessary if:

1. You clear the punch area before transferring the in-
formation from the read-in area to the punch area, or

2. You transfer the information with a LOAD instruc-
tion.

In either case, the information read would always
equal the information to be punched. Nothing would

be gained by comparing. However, he gives you per-
mission to include the cOMPARE instruction in your pro-
gram provided you follow it with a TEST FOR UNEQUAL
instruction, and a HALT AND BRANCH instruction in case
of error.

Your second block diagram is shown in B of Figure
25. The cOMPARE instruction is C079179. The character
C is the operation code for compARe. The A-operand
079 is the location of the low-order position of the name
card. The B-operand 179 is the location of the low-
order position of the data to reproduce.

Following the coMPARE instruction, you test for
UNEQUAL. If the comparison is unequal, an error is in-
dicated. In that case, the program branches to a HALT

1401
(Reproduce)

— — Return Master File - -/

Reproduced
Master File

Sort
on first
six letters
of last
name

Interpret

, End of Problem 2
2 lines

Interpreted
Master File

1401
(List)

Employees
List End of Problem 3

7

Figure 24. Flow Chart for Problems 2 and 3

29




Set Word Mark in
003

Y

Read First Card

>
o

Load 003-079 into
103-179

Y

Load Constant 41
into 101-102

Y

Move Zone from
080 to 101

Y

Read Second Card
Punch First Card
and Branch

. Y

®

Figure 25. Block Diagrams for Problem 2

AND BRANCH instruction (.xxx). The period (.) is the
operation code for HALT, and xxx is the address of the
instruction you want to branch to after pressing the
start key.

You won’t know the address of this instruction until
you actually write the program. When an error occurs
and the machine stops, you can press the start key to
try loading that card a second time. If the error is cor-
rected, the program will continue with the next se-
quential instruction, and proceed with the next card.
If the error persists, the program will stop after each
time you press the start key. You are in a loop.

If the comparison is equal, a READ-PUNCH AND BRANCH
instruction immediately following the test continues the
operation.

The program in B of Figure 25 requires five instruc-
tions not used in Problem 1:
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Set Word Mark in
003

Y

Read First Card

~ \

Clear Punch Area
100-199

¥

Load 003-079 into
103-179

Y

Load Constant 41
into 101-102

1

Move Zone from
080 to 101

Y

Compare 003-079
with 103-179

Yes (Error)

Halt
No and

Branch
! .

Read Second Card
Punch First Card
and Branch

Y

Y

Instruction

Clear Punch Area — /199
Move Zone — Y080101
Compare — C079179
Branch If Unequal — Bxxx/
Halt and Branch — xxx

The x’s indicate instruction addresses not known at
this time. They will be determined as you write the
program instructions on the 1401 program chart.

In addition, a constant card is required to gang-
punch roll number 41, and a clear-and-branch instruc-
tion card at the end of the program. These cards are
punched for this example as follows:

1111 666666666677777777778
Card columns —» 1234567890123 0 123456 7 8901234 567890

Constant card —» L002xxx106041  A004080M080004B001011
Clear and branch card /xxx080



P

Word marks (as shown) are set by the three leader
cards. Operand 002 in columns 2-4 represents the
number of characters in the constant word 41 punched
in columns 12-13. Operand xxx in columns 5-7 repre-
sents at this time the unknown address of the low-order
position of the constant 41, You will determine this
when you actually write the program.

When the constant card is loaded, the first instruc-
tion executed (A004080 in columns 60-66) adds 002 to
011 punched in columns 78-80 of the constant card, to
make 013. The next instruction (M080004 in columns
67-73) moves 013 to locations 002-004, and erases 002
in the process. The next instruction (B001 in columns
74-7T) branches to the LO13xxx instruction starting in
location 001. This roap instruction will load the con-

IBM
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IBM 1401 AND 1440 PROGRAM CHART
Reproduce Employee Payroll Master Name Card File

stant 41 punched in columns 12-13 (storage locations
012-013) into whatever locations you specify in the
B-operand xxx. This you will know when you write the
program.

The next instruction (1060) feeds the next card,
branches to location 060, and the CLEAR AND BRANCH
instruction (/ xxx080), punched in columns 60-66, is
executed.

For this problem, the sequence of the program cards,
therefore, is:

3 leader cards
x number of instruction cards

1 constant card
1 clear and branch card

Figure 26 shows the instructions for Problem 2.

FORM X24-6437
PRINTED IN U.S.A.

Program:
(Gangpunch Roll Number 41 in columns 1-2)
Programmer: Date:
Instruction Effective No.
Step ‘;3“' o[ A/l B r Remarks of Characters
No.| Address |p | il : | Inst.| Data | Total
s [ |L I : 179 | &----(card columns in instruction cards)
/ 500 4/ 09, 1 Set Word Mark in 003 6[ L)L
T 1
2| o4l Ly L Read first card / 5
—1 1
3 5"05’ / l :7}7 : : Clear punch area ?[ q
1 1 ,
| 509 L10171911179] | 10ad 079 imto 179 7 /6
7 1 1
51 76 5157101 | 110! | 10ad constant 41 in 551 into 102 7 23
1 I I I 4
é 523 Y OIY:O / :O: / Move Zone from 080 to 101 7 30
[ 1 ) 1
7| 530 [€]O17'F11!7!F| | compare data in 003-079 with data in 103-179 /7 7
/ | 1 ‘
Sl 437 1Bl5d6 /7] | Branch to Halt instruction in 546 if UNEQUAL 5 da
f 1 T
9| s4a (4150141 ! | Read, Punch and Branch to 505 if EQUAL 4 4k
| 1 T I 7
/ 0 5—4é » 5 10 15 : { Error Stop (Branch to 505 after pressing the start key) //-/ _/; 0
T 1
Lo bt CONSTANT
I I T T
’/ 5’5/ 4 , : : : : Roll Number 41 2 5’&
1 — -—+q
T 50 |52
T 71
L P NOTE: A-addresses 551 in step 5 and 546 in step 8
: : : : were not known until steps 10 and 11 were
1 i | completed.
: T 1 Clear and Branch Card is punched /500080
L b in columns 60-66.

Figure 26. Program Chart tor Problem 2
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