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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.

11




s
?
z
f
3

PAYROLL REGORD

ROLLNO. ™

N =
N B

s

XYZ COMPANY

71

MAN
NO.

00000

345678

'TIRRR
222222

333333
!
555055
666666
171117

DEPT.
NO.

9 101112
I |
2222
3333
4444
5555
6666
1147
8888

n
111
222
3303
o
555
6 616
171
843

=mm HOURLY
RATE

- =
—_

-_— O
—

21222
|bss
4444
ﬂsss
61666
ﬁ777

|
81888

o
EARNE|

1
2|2P2
33333
44ﬂ44
555/55
ssﬂss
77”77

888188

tﬂl.lTOl]llﬂﬂl]llﬂ(lll0000000000l000000000000000000DUOOOUUIIBODUGII
20 21 22|23 24§

2526 27 28 28 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 6162 6364 6566 6768 6970717273 14 7576 77 78 79 80

[RRRE R R R R R R R R R R R R R R R RN R R R RN
222222222222222222222222222222222222222222222222222222122
33333333333333333333333333333333333333333333333333333333
44444404044 444444444444444444444444444444444444444444444

55555555555555555555555555555555555555555555555555555555
666666666666666666666666666666666666666666666666666666686
1117111911177 171777111717117177171717117171111111117171717171711717171711171717
88868888880888888880808888080888888888808888888808688888888888

88

| |
99(999999/9999/99,9(9999/99999/9999999999999999
1234581788 BUBBTBNA

8 1011 12,13 1415161718 192021 222324 2526 27 28 28 30 31 32

999999999
49 50 51 52 53 54 55 56 5

L 7

99999999999999999999999
5859 60

5960616263646566676863707172737475767778 79 80

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

21



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. )

25



T TR T<Ty]

Clear and Branch Card

101112113 141516 17 18 1920 21 22 23 24 25 26 27 26 29 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

-_-

00000000000000000000000000000000000000000000000000.0...0
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
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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

INTERNATIONAL BUSINESS MACHINES CORPORATION

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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Problem 3. Detail Printing and Adding

The printer specifications, which you and your su-
pervisor agreed upon, for the alphabetical list of
employees are graphically shown in the IBM 1403
Printer Spacing Chart, Form X24-6436 (Figure 27).

First,’ you decide to use a two-part blank paper-
stock form, 8 inches wide, and 8% inches long. The
pin-feed strips on both sides of the form are Y%-inch
wide. The finished form after the strips are removed,
is 7 inches wide and 8% inches long. The length of
the form provides 51 lines of printing (6 lines to the
inch).

The specifications in Figure 27 provide for the title:

ALPHABETICAL LIST OF EMPLOYEES---10/13/62
---PAGE, xxx

on line 2. This line is indicated by a punch in channel
1, line 2 of the carriage tape. The information to print
on this line can be set up in your program as a con-
stant of 48 characters, including the spaces and dashes.
The page number xxx will print from a page number
counter.

Next, triple-space and set up a 33-character con-
stant (including spaces) to print the first line of the
field headings on line 5. Then, single-space and set
up a 48-character constant to print the second line
of the field headings on line 6. These three lines (title
and field headings) are required on all overflow
sheets as well as on the first sheet.

Next, double-space to line 8. Starting with line 8,
twenty master cards will list and double-space. A punch
in channel 12, line 46, of the carriage tape indicates that
no printing is to occur after line 46, except on the last
overflow sheet. When the last master card lists, the
carriage skips to line 48, indicated by a punch in chan-
nel 2, line 48, of the carriage tape.

On line 48, two predetermined control totals are to

print: 3022 750,872,432

These totals will be set up as a 17-character con-
stant in your program. The first total (3022) repre-
sents the number of cards in the master card file. The
second total (750,872,432) is a hash total of the man
numbers. These control totals are also machine-de-
veloped and printed on line 49 for visual comparison.
An EpIT instruction is required to insert the commas
where they belong.

The number of pages required for the complete list
is 152 (3022 divided by 20).

Refer to the 1401 reference manual for technical
details on:

Form design

1BM 1403 printer operating keys, lights and switches

Punching carriage tape

Inserting control tape in carriage

Inserting and positioning the form in the printer
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Block Diagram

Figure 28 shows the block diagram for Problem 3. As
is true with most programs that require many instruc-
tions, the sequence of the instructions can vary depend-
ing on the wishes of the programmer. Rarely will two
different programmers come up with identical pro-
grams for the same problem. Regardless of sequence,
or the number of instructions used, the finished result
must match the specifications set up in the design of
the printer form. The more experience a programmer
has, and the more shortcuts or tricks he has learned,
the shorter his program is apt to be. The less ex-
perienced programmer is usually happy with any pro-
gram he may develop for a given problem as long as
it works.

The block diagram shown in Figure 28 is simply one
of several approaches to the problem.

In addition to the three leader cards, an x number
of instruction cards, and a clear and branch card, you
must provide for the following constants and work
areas in your program:

ALPHABETICAL LIST OF EMPLOYEES---10/13/62---PAGE
(48 characters)
000  (3-position page number counter )
MAN DEPT. MAR. TAX SOC. SEC.
(33 characters)
NAME NO. NO.
(48 characters)
— (dash for insertion in Social Security No.)
3022 750,872,432
(17 characters for printing predetermined totals)
0000 (4-position card counter)
000000000 (9-position hash total counter)
, , 0 (edit control word 11 characters)
1 (for increasing page number and card count)

ST. CODE NO.

Note: The maximum number of characters in a constant word is
48. The characters are punched in columns 12-59,

Compared to Problems 1 and 2, the block diagram in
Figure 28 for Problem 3 is a bit more involved, and of
course, requires many more instructions and constants.
Notice, however, that out of the 42 blocks in the entire
diagram, 18 are MoVE operations with which you are
quite familiar.

Three of the blocks involve adding operations to in-
crease the page number and the card count, and to
develop the hash total.

Two of the blocks are decision functions indicated
by a diamond-shaped symbol. The first is a conditional
branch (no cards in the hopper and sense switch A on)
to the End-of-Job Routine. The second is a conditional
branch to the Heading Routine when the carriage
senses the hole punched in channel 12, line 46, of the
carriage tape. If neither of these two conditional
branches occur, the program continues with the Main
Routine.

Before the End-of-Job Routine is started, the machine
stops, because there are no cards in the hopper. At this

o
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|

Figure 28. Block Diagram for Problem 3
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point (if the job is not completed) you simply put more
cards in the hopper, and press the start key. The pro-
gram will continue with the Main Routine. If there are
no more cards to put in the hopper because the job is
finished, press the start key. The program processes the
last card, and automatically branches to the End-of-Job
Routine. The last instruction in this routine is a HALT
(.) instruction to indicate that the report is finished.
“Before writing the program on the 1401 program
chart, refer to the 1401 reference manual for technical
details on the following instructions:

Instruction
Add — Axxxxxx
Last Card Branch — BxxxA
Carriage Channel 12 Branch — Bxxx@
Halt —
Move and Suppress Zeros — Zxxxxxx
Move Numerical — Dxxxxxx
Move Zone — Yxxxxxx
Load Edit Control Word — Lxxxxxx
Move Characters and Edit — Exxxxxx
Write a Line — 2.
Control Carriage Spaces after printing — Fx
Immediate Skip to Carriage Channels — Fx

Figure 29 shows the program for Problem 3.
The program in Figure 29 consists of 60 steps as
follows:

No. of Steps Purpose Storage Area Positions
4 Initialization Routine 400-427 28
13 Heading Routine 428-481 54
23 Main Routine 482-607 126
10 End-Of-Job Routine 608-646 39
10 Constants 647-821 175
60 422

Notice that the 422 storage positions required by
the program as written are consecutive, that is, from
400-821.

Now, if you assume that the program in Figure 29
is correct without checking it, block by block, to the
block diagram in Figure 28, you are in for a little
surprise. The program has a bug which should be
caught and corrected before testing the program. The
error is not in the operations specified in the block
diagram. Therefore, it is not a logical error. The error
is due to the omission of an instruction specified in
the block diagram but not provided for in the program
chart. See if you can find it.

For purpose of discussion, let's now assume that the
omitted instruction should be inserted between steps
20 and 21, and the instruction consists of seven char-
acters. (The actual error is somewhere else). Once
vou insert this instruction between steps 20 and 21, all
addresses from step 21 to step 60 will have to be in-
creased by seven positions. For example, the instruc-
tion address for step 21 (now 492) you would have
to change to 499, the instruction address for step 22

(now 499) to 506, etc. You would eventually wind up
with 61 steps instead of 60.

In addition, all A- and B-operands higher than
492 throughout the whole program, you would have
to increase accordingly. For example, step 5, which
now reads A821697, would be changed to A828704.
Correcting a program by this method, of course, is not
recommended because:

1. In the average program you would probably have
to change too many instructions.

2. In practice, it is easy to overlook an instruction
that should be changed. This causes further diffi-
culty in your program check-out.

The condition just described can be alleviated by
leaving gaps between the subroutines so that they are
not consecutive. Example: Instead of loading the first
instruction in the Heading Routine in location 428 as
shown in Figure 29, load it in location (say) 450.
Instead of loading the first instruction in the Main
Routine in 482, load it in location (say) 550. Instead
of loading the first instruction in the End-of-Job Rou-
tine in location 608, load it in location (say) 700. And
instead of loading the low-order character of the first
constant in location 694, load it in location (say) 847.

With this method, in order to bridge the gaps be-
tween subroutines, the last instruction in each sub-
routine must be an unconditional branch to the first
instruction of the next subroutine. Example: the last
instruction in the Initialization Routine in Figure 29
(step 4) is in location 421 and reads: ,074076. An un-
conditional branch instruction should follow in location
498, and should read B450 to branch to the heading
routine.

This method requires a few more instructions than a
strictly consecutive program. But, in the long run, it
pays off because you can insert additional instructions
in any subroutine with a minimum number of changes
to the rest of the program.

The suggested program, therefore, would include
three branch instructions for linkage. This increases
the number of steps in your program from 60 to 63, and
the number of storage positions from 422 to 434.

Example:
No. of Steps Purpose Storage Area Positions

5 Initialization Routine 400-431 32
14 Heading Routine 450-507 58
24 Main Routine 550-679 130
10 End-of-Job Routine 700-738 39
10 Constants 800-974 175
63 434

But, now we run smack into another problem which
is often overlooked by programmers. Rule 8 of the
Word Marks section of the 1401 reference manual reads
as follows:
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IBM

INTERNATIONAL BUSINESS MACHINES CORPORATION

FORM X24-6437
PRINTED IN U.S.A

8 IBM 1401 AND 1440 PROGRAM CHART
Progrcm- ALPHABETICAL LIST OF EMPLOYEES---10/13/62 Page 1 of 3
Programmer: Date:
Instruction Effective No.
SILeP Ajgsf. o] A/ B Remarks of Characters
° res |p | ! Inst.| Data | Total
F—7 T2 I : | ; /9% ~--{card columns in instruction cards)
U MO T7 |, 0; 51/ OE 5"}& INITIALIZATION ROUTINE 7 14
7 T 7
3 4/1/ N 0!5’;3 0;7;/ Set Word Marks 7 2/
I 41 (| ;
4 dall, 01714101716 71 |2f
Lo P! HEADING ROUTINE
T T 1 T
f 6‘;? A ki o.l; ’ é; ?i? Add 1 to page counter 7 3§’
A H3s~ /|3 {3 2 { : Clear 300-332 print area 171 39
! F T T 7
7 436/‘ / : : : : Clear 200-299 print area (Chaining Instruction) / 40
/ | I l
5/ 4‘7[0 M 6: 9 i 17(' ;—; é i& Move title constant to print area 7 47
I T T
7 L/‘#:] Z é i ?; 7 pl; ’,7 i J] |Move page number to print area and suppress zeros 7 _S.?
/ d 45 ?Z F Ti ; ; i Triple-space after print al. 5‘4
// ’7‘5’& 1 ; i ; ; Print title ! :57
[ 457NN ] |y | | ctear une o bl
/3 L/é/ M ?i 5;0 &é 6! ? Move first field heading constant 7 é[’
¢ 44 S/ N i i i ; Print first field heading / 69
\54 4é ? 7/ Q_i é; 7 i ; Clear print area "% 73
/é L’]L?j M '7! 7; 9 Q; é; é Move second field heading constant 7 IPO
/,j #f 0 F \s ; i i j: Double-space after print L ? «.l
; i i i MAIN ROUTINE
/ ? 4? 9\ B bi 05 g Al: i Branch to END-OF-JOB ROUTINE if last card b‘ 5>'7
/ ? 4f7 ' ]: ; i i Read a card if not last card ( f ‘F
d L)L‘F‘P/ ¢9~ ; 7; ’ ; i Clear print area {1[ 92\
2/ ‘7[?02 M 0 E 5; , ol-i i / ve first initial of name 7 9
22t L{qlq M| O ;5‘;01 &_i / EB Move second initial of name /7 /ﬂé
23| s 06N 057; 0 ;igia_ Move last name 7 /13
Zel 513 0 : 0; g 3: 4; 0 Move and suppress zeros in man number 7 (2
I I
2 50 |Z) D: / :l o ; ‘fll I Move and suppress zeros in department number 7 / )7

Figure 29. Program Chart for Problem 3 (Part 1 of 3)
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IBM

INTERNATIONAL BUSINESS MACHINES CORPORATION

IBM 1401 AND 1440 PROGRAM CHART

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

Program: _ALPHABETICAL LIST OF EMPLOYEES---10/13/62 Page 2 of 3
Programmer: Date:
Step| Inst. |5 "J/nlstrucﬁor;3 _— E?eciﬁve No.
No.| Address | g™ l - e[ Data Totd
5—7 |7 3 —+——79] 4---~(card columns in instruction cards) 127 ] 12
26| 527 Do ; L,L'l? J_i 5’; / Move marital status ',7 /3/,{
27| s3¢1p 8,510 .;Li $16| [Move tax cote 7 1#1
28 s/ M (Ji '7; 3 Jl! éi 3| | Move 3-high order digits of social security number 7 | 4]
29 s#P VI 717171216, 4| | Move constant () i /53]
30| $55° MO i 7;5_ 91; 6 ;[" Move middle 2 digits of social security number 7 /62
3]l $6% Y 'HI ’];? };é i7 Move constant (=) 7 ,é?
33 3¢9 M Di 7;? .}-; 7 ; /| | Move 4-low order digits of social security number 7 /76
33 57 b |F S:l :1 ; ; Double space after print L /78]
24| 578 L | L4} e master cant aeee ! 179
357 5”’)’7 A 9;2.;/ 1?;0;0 Add 1 to card counter ? /£6
3L| 5£6 0; 0 ; £ E 0 ; 9| | Add man number to hash total counter 7 /93
37,8973 B 4; 9 :19- i ; Branch to_instruction 602 if on channel #12 S I?P
381598 |B 4; g i i ; Branch_to MAIN ROUTINE if not on channel #12 ﬁ[ 242
37 602 Fl 1 i ; i ; Immediate skip to channel #1 oL 204
Yol 404 |B 4; 9~i ¥ ; i Branch to HEADING ROUTINE o 208
; ; i i END-OF-JOB ROUTINE
/| 408 |F 9\; i ; ; Immediate skip to channel #2 o 240
U2l 610 |72 i7i / i i Clear print area ¢ 21#
Y3 ¢/ ?Z v 7 i ?i b 2-; ) ;é Move control totals constant 7 2/
4l L2 A i i i i Print_control totals / 222
Ysl 621+ \Z| & i 0'% 0 7—; 7';3 Move card count total and suppress zeros 7 229
4 629 LI & ;}i 0 2; 3 i | | 1oad edit control word for hash total 7 23¢
5(,7 L3+ |E f;Oi‘] 1i3i(o Edit hash total 7 L3
Y8 643 Al | 1 | | 1 | | Print card count and hash total [ 244/
L!,q ¢ ¥ }Z Fli ]; i ; g Immediate skip to channel #1 o2 246
sU| G 46 | 1: ; i ; END-OF-JOB HALT [ 247
H 247

Figure 29. Program Chart for Problem 3 (Part 2 of 3)
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IBM

INTERNATIONAL BUSINESS MACHINES CORPORATION

IBM 1401 AND 1440 PROGRAM CHART

FORM X24-6437

PRINTED IN U.S.A.

Program' ALPHABETICAL LIST OF EMPLOYEES---10/13/62 Page 3 of 3
Programmer: Date:
Instruction Effective No
Step| Inst. o) ] ’
No.| Address ; A/ B Remarks of Characters
L ] Inst.| Data | Total
_4-77—/; ' ' I Jl /9] O ---(card columns In CONStants cardsj----=-=== 2—of
E } —
| | |
L1 L1 CONSTANTS
: : } : (Lower case (b) in constants means space)
1 |
: : : ; (title line) 47 Zy
51 ¢ 74 A|lL \P H|A B E|T|ICAL LIST OF EMPLOYEES~---10/13/62~--PAGE HE | 2957
7 1
2 4 9 7 0 :0 : : ,' (page number counter) 3 29§
4 I : ; : (first field heading line)
53| 930 [M|A N b|b! b D|E|PT.bbMAR. BTAXbbLBSOC, SEC. 33|33/
T T (second field heading line)
Y 11[ 77 g |N|v :A : b M: b: b [ bbbbbbbbbbNO. bbbbNO . bbbST . bbCODEbbbLLNO, 4(8/ 379
4 ¥ I 1 I ! v
551 77 ? - ; i E =' (dash for insertion in social security number) | | 380
EYA 7 ?L 3 :12 E 2 'b; bi 5 0,872,)4-32 (card count and hash total constant) /7 3?7
{ /
(I [
5, foo |0 lC) : 0 Fy (card counter) 117[ Yyl
€| €09 [0ojo |0 0]|0! 0l0|0]|0 (hash total counter) gl o
T I 71
5? £20 |b l{b i 5 b; b; 5 | DO (edit control word for hash total) // l/az/
60 f }/ 1 i ; i i (digit to increase page numbers and card counts) ] L/'ZJ_
[ [
4 P L7
: ; : : NOTE: Clear and Branch Card is punched /400080 in
; : { : columns 60-66,
e
[ [
- | |
T —
[ [
| | | |
I T
[ | |
] | |
1 | ] T
[ | |
[ | |
1 T
[ [
] | | |
7 T
| [
| ] | |
T T
I | | I
b | |
— —
I [
[ 1
| — T
[ [
- [
1 : :
[
|} [
T 1
| t |
11 1 i

Figure 29. Program Chart for Problem 3 (Part 3 of 3)
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8. A word mark must be set in the storage position at the
immediate right of the last character of the last instruc-
tion in the program.

This problem does not exist in Figure 29 because the
last character of the last instruction in the program,
(.) in location 646, is immediately followed by the
first constant with a word mark in location 647.

In the suggested method, the last character of the
last instruction in the program, (.) in location 738, is
not followed by a word mark in Tocation 739 because
the first constant with a word mark is in location 800.
The first letter in this constant is the letter A with a
word mark which the machine would treat as an opera-
tion code (app), and there is no telling what would
happen at this point.

So, we have to set a word mark in 739, and we can
do it in one of two ways. First, include a ser worp
MARK instruction in your Initialization Routine (,739).
Or, simply include a card at the end of the End-of-Job
Routine punched as follows:

111 666666666677777777778

Card columns —» 123456789012 0123456 7 8901234567890
Last instruc-

tion card ——>L019739}.060_ éOO7OSOM_080007_}§001(_)_07

Correcting an Error with a Patch Routine

Now in Figure 29 the program is written consecutively,
and we have mentioned that an instruction specified
in our block diagram (Figure 28) is not included in
our program chart.

Did you find it? The error is between step 17 and
step 18. Step 17 in location 480 is an F'S (DOUBLE-SPACE
AFTER PRINT) instruction. A WRITE instruction (2) in
location 482 should follow. This instruction is needed
to print the second line of our field heading. How can
we insert this instruction without making too many
changes in our program?

One method is shown in Figure 30, another in Figure
31. In Figure 30, the correction (in this case, inserting
a WRITE instruction) is made by branching from the
heading routine at step 16 to a patch routine starting
in location 830.

Because step 17 is unfortunately a two-character in-
struction (ES) in location 480-481, we can’t very well
fit in a four-character instruction (B830). If we tried
it, the B830 instruction would overlap into our main
routine, which starts at location 482. For this reason
we are forced to go back to step 16, and link in the
patch routine as shown in Figure 30.

In Figure 31, the correction is made by changing step
18 from BB08A to 2830. This inserts the wriTE instruc-
tion and branches to the patch routine. The instructions
in the patch routine then are:

Step 18a 830 BB0SA
Step 18b 835 B487

Programming Shortcuts

In Figure 29, two of the constants are single characters.
The first is a dash (-) in location 779 for insertion in
the social security number. The second is a one (1) in
location 821 for increasing the page counter and the
card counter.

These two constants can be eliminated entirely. In
the title constant card (step 51) there are six dashes,
and any one of them could be inserted in the social
security number by correct addressing. The dashes are
in locations 677, 678, 679, 688, 689 and 690. If the dash
in location 677 is used, the instructions in steps 29 and
31, (which now read Y779264 and Y779267) would
read Y677264 and Y677267.

Similarly, the 1 in the read instruction in location
487 (step 19) can be used to increase the page counter
and the card counter. Step 5 (A821697) and step 35
(A821800) would then read A487697 and A487800.
This is one of the many shortcuts often used by pro-
grammers to reduce the number of steps.

Symbolic Programming

When we write programs in actual machine language
as in Problems 1, 2, and 3, data and constant words
are referenced by addressing the low-order position of
the words, and instruction words by addressing the
high-order position. This can easily put bugs in your
program if you are not careful, particularly if you are
using coded addresses above 999.

However, very few programs are actually written
this way. Once a programmer learns how to program a
computer by using actual machine addresses, he
quickly resorts to symbolic programming systems.
Three of these systems are: SPS-1, SPS-2, and Auto-
coder. In these systems, if you have to specify the
address of a particular operand or instruction, you use
the actual (absolute) address, and not the coded ad-
dress. Examples: Use 1225 instead of 525, 4323 in-
stead of 32T, and 15323 instead of C2C.

But the biggest advantage is that in most cases you
don’t have to specify addresses at all. In place of ac-
tual machine addresses you use symbols or labels.

Thus, if you move a man number (say: 114570),
punched in columns 3-8 of the card, into an area that
you label MANNO, you can later move the man num-
ber into another area that you label HOLD, and you
don’t need to worry about the addresses of MANNO
and HOLD.

The programmer decides on the labels to use in a
particular program. In most cases they are descriptive
of the information referenced by them. This is not
a requirement, merely a convenience. The only re-
strictions in connection with labels are that:

1. They do not exceed six letters or digits.
2. The first character must be a letter.
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e

. | Instruction Effective No.
I:Iep A dgﬂ' o] A/l B Remarks of Characters
O-| Aderess 1p FgE il Inst] Data [Total
I R LIS P S A A B .
| " —
- | ,
1S 4:/9 q / ;} éiz ; ! Clear print area “]Z 7’75
i 3 BRANVCH To PATCH ROUTINE 7
| I | |
Z i | | | | Con
e LSS -
1 : i : MAIN ROUTINE
1 | p—
/id 4E2 |8 b J: Oi § Ai E Branch to END-OF-JOB ROUTINE if last card o) g

F————— —] e

i | | |

— +—
5‘9 £20 ivlv :b : 5 b: b: b |, |bcO (edit control word for hash total // l,[pZ/

1 L I

6o P > |1 : : : : (digit to increase page numbers and card counts) /] L/’ZJ_

™1 1

4 29| 175422

: : : : NOTE: Clear and Branch Card is punched /400080 in

7 I columns 60-66. . -4 - 5

i L | g’ TdTIsd 7

I PATCH ROUTINE

1 T
/74§30 M 7; ’7; 4 ‘;li é; b| |Move SECoND FIELD HEADING cows T, 7 #2
M _g371AS) | | | | | [Povser SPACE AFTER PrivT | 2| laae
/7¢ €391 | | Lo PRINT SECOND FIELD HEAPIN & CoWST.| | 2 7

f 1 —1 . f

174l §40 8|4 §1a] ! | |Bpawen oAk T MAIN ROUTINE| o 43/
L I I '

A R5Y 175143/

T

I B

[ T T ]

I [

| [

l I T T

| o

| [

T T I 1

| | I |

| | ] |

| I I I

| | 1 I

1 1 1

Figure 30. Correcting an Error with a Patch Routine ( Program Chart in Figure 29)
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Instruction Effective No.
SrLeP AcIiZSf‘ 1o A/l B Remarks of Characters
° ressTle B J | l Inst.| Data | Total
1
).5’ 4é C/ /7 ;T: é; ? ; :r Clear print area “')[ 7
/ (9 4 7.3 M '{7 i f)i 9 al; éi é Move second field heading constant 7 P 0
/ Z 4F (0 F \S ; ; ; ; Double-space after print &— ? «l
: : : : MAIN ROUTINE v =7 o 7 é'-(;
- 53! ro PRINT AND BRANCH To PATCH oT/ —
¥ I I
/q 4f7 ' : } : : Read a card if not last card ( #
. 1 I
1 —
59 £20 |v|v :b : 5 b: b: b btO (edit control word for hash total // 9‘92./
! 1 T
éd f pl/ 1 ; ; i ; (digit to increase page numbers and card counts) ] L/’Za}_
g i i ; 27| [781 421
; ; : I NOTE: Clear and Branch Card is punched /400080 in
" '| : I' columns 60-66. " _,
- defper® L1
— e L1
I PATCH ROUTINE
I I T 1
1ta §30 |3 éioiS‘A; || 1BR 70 E0T ROVTINE JF LAST CARD| 5|  [#ab
gb| €35848.7 | | | breack 7o MAIN ROUTINE| 4| |40
| II - 2551175 |430
[ | |
| | | |
1 1
I | |
[ ]
1 | —
! (I
I
[ [
[ L1
1 7
t I | |
i | | |
I I 1 1
| | | 1
11 I 1

Figure 31. Correcting an Error with a Patch Routine (Program Chart in Figure 29)
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In symbolic programming, not only do you use labels
of your own choice for most of your operands, but you
use mnemonic operation codes that are much easier
to remember than actual operation codes. Mnemonic
means aiding the memory. CS is the mnemonic opera-
tion code for cLEAR sTORAGE which is much easier to
remember than /. SW (SET WORD MARK) is easier to
remember than a comma. For a complete list of opera-
tion codes, both actual and mnemonic, see Figure 16.

A program written in symbolic language is called a
source program, and cannot be executed in this form.
It is necessary to translate it into machine language
by a processor, which is itself a program. The processor
translates the source program into an object program.
The object program may then be used to produce
problem results.

Making changes in a program written in actual
machine language can be pretty difficult and time-
consuming, because of the need for using absolute
addresses. In symbolic programs, since we are not
concerned with specific storage locations, changes are
much simpler and easier to make. After checking out
a program, you can easily insert omissions or make
corrections to your program by punching the instruc-
tions in symbolic, and inserting them in the proper
sequence. When you reprocess the source program
a second time, the instruction addresses and the ad-
dresses of the operands are changed automatically
in the second object program.

If you don’t want to reprocess the program a second
time, you can always correct the errors with a patch
routine, using absolute address locations assigned by
the processor in the first object program.

We are now ready to learn how to use symbolic pro-
gramming and apply it to Problem 3. First, let us refer
to the IBM 1401 Symbolic Programming Systems,
C24-1480. The two systems described in the manual
are: SPS-1 and SPS-2. They are practically identical.
The SPS-1 operates with 1401 systems with 1400, 2000,
or 4000 positions of core storage. The SPS-2 operates
with 4000, 8000, 12000, or 16000 positions, and is de-
signed to provide maximum efficiency for all configura-
tions of equipment.

SYMBOLIC PROGRAMMING CODING SHEET

In either system you use a specially designed coding
sheet (instead of the 1401 program chart) when you
program in symbolic language. Figure 32 shows
the symbolic program for Problem 3. A glance at the
label field (columns 8-13) shows that 15 labels, rang-
ing in length from three to six characters, are used
throughout the program. The labels chosen in Figure
32 are fairly descriptive of the information referenced
by them. The complete list is:

42

Page Line No.  Label
01 040 START

Meaning

Beginning of the program

080 HEAD Beginning of heading routine
02 020 MAIN Beginning of main routine
03 010 OVERFL  Channel 12 Test

030 EOQ] Beginning of end-of-job routine

140 First 32 characters of title (See
Note)

150 TITLE Last 16 characters of title

160 PGECTR Page number counter

170 First 18 characters of 1st heading

line (See Note)

Last 15 characters of Ist heading

line

190 First 18 characters of 2nd head-
ing line (See Note)

200 FIELD2  Last 30 characters of 2nd head-

ing line

Dash (-) for insertion in social

security number

020 CTLTOT Control totals

180 FIELD1

04 010 DASH

030 CDCTR Card counter

040 HASH Hash total counter

050 MASK Edit control word

060 ONE One (1) to increase page counter

and card counter

Note: Because the maximum number of characters in one con-
stant entry is 32, two entries are required for the title constant
(48), two for the first heading constant (33), and two for the
second heading constant (48). The first entry is a pcw state-
ment, and the second entry is a pc statement.

For the 1BM 1401 Symbolic Programming System,
four special types of operations are provided. These
control the assembly process, but are never executed
in the object program. Three of these are used in Figure
32. They are CTL on page 01, line 010; ORG on page
01, line 030; and END on page 04, line 070.

The CTL (control) entry is used to specify the core-
storage size of the 1401. The digit in column 17 speci-
fies the size of the 1401 by which the source program
will be assembled. The digit in column 18 specifies the
size of the 1401 by which the object program will be
executed. To specify the core-storage sizes of the
various systems, the digits used in columns 17-18 may
range from 1 to 6 as follows:

1=1.4k
2=2k
3=4k
4=8k
5=12k
6=16k

If the CTL entry is omitted, or if columns 17-18 are
blank, the SPS-1 processor program takes it for granted
that the system has 1400 core-storage positions, and
the SPS-2 4000 core-storage positions.

The ORG (origin) entry specifies the beginning
address of the object program, in this case, 0400. If



the ORG entry, or if columns 17-20 are blank, the
object program will begin at 0333.

The ENDSTART entry at the end of the symbolic
program (page 04, line 070) serves the same purpose
as the CLEAR AND BRANCH instruction at the end of a
program written in actual machine language. Thus,
ENDSTART clears the read-in area 0001-0080, and
branches to whatever address the processor assigns to
the label START (in this case 0400).

In Figure 32, two comments entries are made on
page 01, line 020, and page 3, line 130. They are nor-
mally inserted in a symbolic program to provide de-
scriptive information in the program listing. Cards
punched from these entries are identified with an as-
terisk (*) in column 8. Comments may begin in any
position from 9 to 55 of the card. Comments extending
beyond column 55 may cause an error during process-
ing. When comments cards are encountered by the
processor, they will be reproduced unaltered but will
not affect the assembly in any way.

In Figure 32, all the operation codes are entered in
columns 14-16 of the coding sheet in mnemonic sym-
bols. However, actual operation codes can be used if
the programmer desires. When mnemonic codes are
used they must be left-justified (start in column 14).
When actual codes are used, they must be right-
justified (must be entered in column 16).

The complete list of the operation codes used in
Figure 32 follows:

Instruction Mnemonic  Actual

Set Word Mark SW )
Add A A (See Note)
Clear Storage CS /
Move Characters to A- or B-Word -

Mark MCW M
Control Carriage CC F
Write a Line w 2
Branch B B (See Note)
Read a Card R 1
Move Characters and Suppress

Zeros MCS Z
Move Zone MZ Y
Move Numerical MN D
Load Characters to the A-Word

Mark LCA L
Move Characters and Edit MCE E
Halt H

Note: When the mnemonic and actual codes for an instruction
are the same, the code may be entered in either column 14 or 16
of the coding sheet.

Operation DCW* in columns 14-17 defines a constant
with a word mark in the high-order position. Operation
DC * defines a constant without a word mark. Note

that constants are entered in columns 24-55. Columns
56-75 are always left blank.

When using the symbolic programming system, you
can specify A- and B-addresses in either absolute or
symbolic form. Absolute addresses are usually used
when you refer to input and output areas, such as the
card-read area, the card-punch area, and the print area.

In Figure 32, addresses from 0001 to 0080 refer to the
card-read area, and those from 0201 to 0332 to the print
area. Note that they are expressed in four digits. This
is also true of addresses over 999. Using SPS, we are
not required to figure out the three-character form of
addresses. As a matter of fact, three-character addresses
are indicated as errors in the program listing, and have
to be corrected.

In systems with 12,000 or 16,000 positions of core
storage, absolute addresses are always expressed in five
digits. Unknown addresses of A- and B-operands must
be entered in symbolic form, and the symbol must refer
to some instruction or constant or work area that has
a corresponding label. Otherwise, absence of a corres-
ponding label is indicated as an error in the program
listing.

Symbolic Programming Shortcuts

The symbolic program has two constants, (-) and (1),
that can be eliminated entirely in a manner similar
to the actual machine language program for Prob-
lem 3. The constants are specified on page 04, line
010 and line 060.

Although we do not know the exact locations of these
constants when the symbolic program is written, we do
know that there are six dashes (-) in the TITLE constant
(page 3, lines 140 and 150). We can determine the
location of one of them very easily by starting with
the last character of the TITLE constant (E in the word
PAGE ), and counting four positions to the left. There-
fore, the two instructions on page 2, lines 110 and 130,
which now read Mz pasH, we would have to change
because we no longer have the label DASH. We can
refer to the dash in the TITLE by making our instruc-
tions read Mz TITLE in columns 14-21 and —004 in
columns 23-26.

Similarly, if we omit the constant 1 labelled ONE,
we cannot use the instruction A oNE on page 01, line
080, to increase our page count. Nor can we use the
instruction A ONE on page 2, line 170, to increase our
card count.

One way to address digit 1 in storage is to refer to
the R (read a card) instruction that the processor
translates to a 1. Although the address of the R instruc-
tion is unknown, we do know that it is five positions to
the right of the instruction labeled MAIN BEOJA oOn
page 02, line 020.
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Figure 33. Symbolic-Programming-System Card

In actual machine language this is a conditional
branch instruction (B) with a 3-digit A-operand and a
1-character d-modifier. Therefore, the digit 1 is five
positions to the right of the instruction code B. The
instructions to add 1 to the page counter and the card
counter can then be written A MmaiN +005.

Using a character-adjusted operand is like referring
to a street whose name you do not know. But you do
know that it is three blocks past State Street ( +003),
or two blocks before you come to State Street ( —002).

Character-adjusted operands reduce the number of
labels required in the source program. However, be
careful that insertions do not affect the adjusted
operand. Remember, for instance, if an instruction is
inserted between the instruction that carries the char-
acter you select and the instruction to which you refer
by label, then the character adjustment factor must be
changed to allow for the insertion.

Example: A T-character instruction is inserted be-
tween lines 020 and 030 on page 02. The instructions to
add 1 to the page counter and to the card counter
would be A MAIN +012 instead of A maIN +005.

Punching the IBM 1401 Symbolic Programming

System Cards

Entries made on the coding sheets are punched in
specially designed cards (Figure 33). Note that the
design of this card conforms with the design of the
coding sheet. Obviously, page numbers in columns 1
and 2 and program identification in columns 76-80 can
be duplicated.

When cards are punched with a printing punch,
characters punched in columns 1-55 and 76-80 print on
line 1. This lets you sight-verify the interpreted punch-
ing on the source program cards with the entries made
on the coding sheet before assembly. Columns 56-75
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must be left blank on the source program cards. Line
2 is used to interpret the characters on the object pro-
gram cards with an interpreter after assembly.

If no errors are detected during the verification oper-
ation, the source program punched in these cards is
ready to be converted to an object program. How-
ever, you should make another check from a printed
list. The program for preparing the list is one of three
standard decks of cards furnished by 1M as follows:
1. Preprocess listing routine
2. SPS processor (deck 1 and deck 2)

3. Postprocess listing routine

Preprocess Listing Routine

The preprocess listing routine is an editing and listing
routine that can be used to print the source program
before assembly. Its function is to check for possible
errors such as invalid addresses, data inadvertently
omitted, punching errors, etc. While it is not mandatory
to list the source program before assembly, it is wise
to make use of this routine to check for coding accuracy
and consistency.

OPERATING PROCEDURE

1. Insert a carriage tape punched in channels 1 and 12,

and blank continuous form, in the 1403 printer. (See

instructions in the 1401 reference manual.) Paper

must be at least 11 inches wide.

Place the symbolic program deck behind the pre-

process listing routine.

3. Place the cards in the card read hopper.

4. Set sense switch A oN, and press the reset button
on the 1401 console.

5. Press the load key on the 1402 card-read punch.
The program will automatically restore the printer

carriage. All input cards to the program are selected

to stacker 1.

1o
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ERROR INDICATIONS

When the processor for SPS-2 is used, seven types of
errors are indicated in the preprocessing list:

ERROR LEGENDS

ERR 1-—Page-line number out of sequence.

ERR 2-Illegal count for DC and DCW cards only. If the
count is greater than 32, only columns 24-55 are
printed.

ERR 3—Illegal Label.

ERR 4—Illegal mnemonic Op code. In addition, a CTL card
in any position other than the first will give this
error. These cards are processed as instruction
cards.

ERR 5-Illegal A-operand.

ERR 6—1llegal B-operand.

ERR 7—Columns 56-74 not blank.

ERROR ANALYSIS

Figure 34 shows the list prepared with cards punched
from Figure 32. The list indicates errors made in cod-
ing, or errors made by the key-punch operator. Before
the source program can be translated to an object pro-
gram, all the errors must, of course, be corrected. An
explanation of each error as it appears on the list
follows:

Page 2, Line 170, ERR 5. This means that the A-
operand in this instruction is illegal. Inspection shows
that the A-operand oNE is offset one position to the
right. This makes the high-order position blank. The
first character of any label should always be a letter.

Page 2, Line 091, ERR 1. The card is out of sequence.
This card and the following card (line 092) were not
inserted between line numbers 090 and 100.

Page 3, Line 030, ERR 3. The label in this instruction
is illegal. The first character of any label should always
be a letter. In this case, it is blank.

Page 3, Line 050, ERR 6. The B-operand in this in-
struction is illegal. With absolute addresses, the oper-
ands must have four or five digits. The B-operand in
this case has three.

Page 3, Line 110, ERR 4. The mnemonic code in this
instruction is illegal. In this case, SC should be punched
CC.

Page 3, Line 140, ERR 7. Columns 56-74 were not
left blank by the key-punch operator.

Page 3, Line 180, ERR 2. The count in this DC card
is greater than 32. The count 51 should have been
punched 15.

SPS Assembly Procedure

Figure 35 graphically illustrates the procedure for as-
sembling the source program for Problem 3. The pro-
cedure is as follows:

1. Insert the source program deck between deck 1 and
deck 2 of the SPS processor.

2. Load the three decks in the read hopper, and load
blank cards in the punch hopper.

3. Press the load key. After the processor cards for
deck 1 are loaded into core storage, the program
starts immediately to assemble the instructions in
the source program deck. During pass 1, deck 1 falls
into the normal read stacker, the source deck into
stacker 1, and a punched deck (partial) into stacker
4.

At the end of this pass, the processor cards for
deck 2 automatically load into core storage, and fall
into the normal read stacker behind deck 1. At this
time, three cards are punched. The first card is a
duplicate of the END card in the source program, and
may be discarded. The other two cards contain in-
structions to clear storage, and fall into the normal
punch stacker.

4. When the machine stops, remove the cards from
stacker 4 and place them in the read hopper. This
partial deck is the input to pass 2.

5. Press the start key to resume processing. During
this pass, the cards for the object program are
punched in a self-loading, one-instruction-per-card
format. Each card of the object program will con-
tain the source program statement, the correspond-
ing assembled instruction or data, and the informa-
tion required to load the assembled instruction.
These cards are selected in the normal punch stacker
behind the two clear-storage cards mentioned in
step 3.

The third card in this stacker is a bootstrap card
that initializes the read area with four word marks
that are necessary to make the assembled deck self-
loading.

Although the object program in the normal punch
stacker is theoretically ready to use, the cards are nor-
mally listed to disclose any errors that may have
occurred in the assembly operation.

One execution of pass 1 and pass 2 is called an
iteration, and in many cases one iteration is enough
to produce an object program. In other cases, two or
more iterations are required. This depends on the
number of labels used in the source program, and the
storage capacity of the 1401 used to assemble the pro-
gram. The following table shows the number of labels
that can be processed for each iteration for the various
models.

Processor Model Storage Labels Per Iteration
SPS-1 1 1400 40
2 2000 100
3 4000 300
SPS-2 3 4000 260
4 8000 660
5 12000 1060
6 16000 1460
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PAGE 1
PG LIN CT LABEL opP A OPERAND B OPERAND D LOC ERROR NOTES COMMENTS PROB3
CTL 33

1 020 * PROGRAM FOR ALPHABETICAL LIST OF EMPLOYEES

1 030 ORG 0u00

1 oLo 7 START SW 0003 0009 INITIALIZATION

1 050 7 SW 0051 0052 ROUTINE

1 060 7 SW 0053 0071 SET WORD MARKS
1 070 7 SW 0074 0076

1 080 7 HEAD A ONE PGECTR HEADING ROUTINE
1 090 L CcSs 0332 ADD Y TO PAGE

1 100 1 CS AND CLEAR STOR

1 110 7 MCW TITLE 0268 MOVE TITLE

1 120 7 MCS PGECTR 0272 MOVE PGE COUNTER
1 130 2 cC T 3-SP AFTER WRITE
1 140 1 W WRITE TITLE

1 150 4 CS 0272 CLEAR PRINT STOR
1 160 7 MCW FIELD] 0269 M 1ST LINE FIELD
1 170 1 W W 1ST LINE FIELD
1 180 U Cs 0269 CLEAR PRINT STOR
1 190 7 MCW FIELD2 0266 M 2ND LINE FIELD
1 200 2 cc S 2-SP AFTER WRITE
2 010 1 W W 2ND LINE FIELD
2 020 5 MAIN B EOJ A BR TO END-OF-JOB
2 070 1 R READ A CARD

2 0u0 L CcS 0271 CLEAR PRINT STOR
2 050 7 MCW 0051 02N MOVE 1ST INITIAL
2 060 7 MCW 0052 0213 MOVE 2ND INITIAL
2 070 7 MCW 0070 0232 MOVE LAST NAME

2 080 7 MCS 0008 02u0 M MANNO-SUP ZERO
2 090 7 MCS 0012 0246 M DEPT-SUP ZEROS
2 100 7 MCW 0072 0263 M 2-HIGH-SOC.SEC
2 110 7 MZ DASH 0264 INSERT DASH

2 120 7 MCW 0075 0266 M 2-MID-SOC.SEC.
2 120 7 MZ DASH 0267 INSERT DASH

2 110 7 MCW 0079 0273 M L-LOW-SOC.SEC.
2 150 2 cc S 2-SP AFTER WRITE
2 160 1 W WR MASTER CARD

2 170 7 A ONE CDCTR ERR 5 INCREASE CD CTR
2 180 7 A 0008 HASH ADD MANNO TOHASH
2 190 5 8 OVERFL @ BR ON CHANNEL 12
2 200 L B MAIN NOT12 BR TO MAIN
2 091 7 MN oou9 0251 ERR 1 MOVE MAR.STATUS
2 092 7 MN 0050 0256 MOVE TAX CODE

2 010 2 OVERFL CC 1 SKIP TO CHAN 1

3 020 4 B HEAD BRANCH TO HEAD

2 020 2 E0J cc 2 ERR 3 SKIP TO CHAN 2

2 040 u cs 0271 CLEAR PRINT STOR
2 050 7 MCW CTLTOT 236 ERR 6 M CONTROL TOTALS
2 060 1 W WRITE CTL TOTALS
3 070 7 MCS CDCTR 0223 MOVE CARD CTR

3 080 7 LCA MASK 0236 LOAD EDIT WORD

3 090 7 MCE HASH 0236 EDIT HASH TOTAL
3 100 1 W WR CC & HASH TOT
2 110 2 SC 1 ERR L SKIP TO CHAN 1
2120 1 H END-OF-JOB HALT
2120 «# CONSTANTS

2 150 32 OCW # ALPHABETICAL LIST OF EMPLOYEES-- ERR K

2 150 16 TITLE DC * -10/13/62---PAGE

1 160 3 PGECTR DCW * 000

2 170 18 DCwW * MAN DEPT. MAR.

2 180 51 FIELDY DC - TAX SOC.SEC. ERR 2

2 190 18 DCW # N AME

3 200 20 FIELD2 ©DC * NO. NO. ST. CODE NO.

L 010 1 DASH DCW * -

4 020 17 CTLTOT OCW * 2022 750,872,432

4 020 4 CDCTR OCW * 0000

L ouo 9 HASH OCW * 000000000

L 050 11 MASK DCW * ' sy O

L 060 1 ONE OCw * 1

L 070 END START 0858

69 CARDS 15 LABELS HIGHEST STORAGE ADDRESS USED IS 0858 7 ERRORS

Figure 34. Preprocess List of Symbolic Program for Problem 3
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g Symbolic
( ) Coding
Sheet

Symbolic
Assembly
C Key Punch ) Deck #2
Source
Source Program
Program /
Symbolic
Blank Assem?ly
Cards Deck 71
Pass 1 \
Punch Read
#2
Partial Source #1
NP 4 8/2 1 NR
gf
Pass 2 |
Punch Read
#2
Object Partial Source #]
NP 4 8/2 1 NR
—_————

READY TO USE  / DESTROY

Figure 35. Symbolic-Program-System Assembly Procedure

The model number is punched in the CTL control 1.
card as described. The procedure to be followed when
additional iterations are required is given in the SPS

manual.

. . 2.
Postprocess Listing Routine
The postprocess listing routine can be used to list the 3

object program after assembly is completed. This list-
ing (Figure 36) contains one-instruction-per-card, and
each line shows the operation as written originally,
and as it appears after translation into 1401 machine 5,

RN FILE

Insert carriage tape punched in channels 1 and 12,
and blank continuous form, in the 1403 printer. (See
instructions in the 1401 reference manual.) Paper
must be at least 11 inches wide.

Place the object program deck behind the post-
process listing routine deck.

Place the cards in the card-read hopper.

4. Set sense switch A on, and press the check reset

and the start reset keys on the 1401 console.
Press the load key on the 1402 card-read punch.

language.
K , The program will automatically restore the printer
' OPERATING PROCEDURE carriage. All input cards to the program are selected
To prepare a postprocess list proceed as follows: in stacker 1.
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CLEAR STORAGE 1
CLEAR STORAGE 2

»008015,022026,030024,041,045,053,0570721026
L072116,110106,105117B101/199,027A0740280027B0010270B026/0991,001/00111710

BOOTSTRAP CARD 1008015,022029,056062/056029 10240671056
PAGE 1

PG LIN CT LABEL opP A OPERAND B OPERAND D Loc INSTRUCTION COMMENTS PROB3
1 010 CTL 33

1 020 # PROGRAM FOR ALPHABETICAL LIST OF EMPLOYEES

1 030 ORG 0L00

1 040 7 START SW 0003 0009 o400 , 003 009 INITIALIZATION

1 050 7 SW 0051 0052 o407 , 051 052 ROUTINE

1 060 7 SW 0053 0071 oulw , 053 071 SET WORD MARKS
1 070 7 SW 0074 0076 ou21 , 074 076

1 080 7 HEAD A ONE PGECTR 0428 A 822 698 HEADING ROUTINE
1 090 L Cs 0332 ou3s5 / 332 ADD 1 TO PAGE

1 100 1 cS ou39 / AND CLEAR STOR

1 110 7 MCW TITLE 0268 Ouu0 M 695 268 MOVE TITLE

1 120 7 MCS PGECTR 0272 oLL7 Z 698 272 MOVE PGE COUNTER
1 120 2 cc T ousy F T 3-SP AFTER WRITE
1 140 1 W ous56 2 WRITE TITLE

1 150 L cs 0272 ous7 / 272 CLEAR PRINT STOR
1 160 7 MCW FIELD1 0269 ou61 M 731 269 M 1ST LINE FIELD
1170 1 W oLe8 2 W 1ST LINE FIELD
1 180 L cs 0269 oL69 / 269 CLEAR PRINT STOR
1 190 7 MCW FIELD2 0266 oL72 M 779 266 M 2ND LINE FIELD
1200 2 cC S ou80 F S 2-SP AFTER WRITE
2 010 1 W ougs2 2 W 2ND LINE FIELD
2 020 5 MAIN B EOJ A oug3s B8 609 A BR TO END-OF-JOB
2 030 1 R ouss 1 READ A CARD

2 040 L Ccs 0271 0L89 / 271 CLEAR PRINT STOR
2 050 7 MCW 0051 o211 ou93 M 051 211 MOVE 1ST INITIAL
2 060 7 MCW 0052 0213 0500 M 052 213 MOVE 2ND INITIAL
2 070 7 MCW 0070 0232 0507 M 070 222 MOVE LAST NAME

2 080 7 MCS 0008 02u0 0514 Z 008 240 M MANNO~-SUP ZERO
2 090 7 MCS 0012 o2u6 0521 Z 012 246 ™M DEPT-SUP ZEROS
2 091 7 MN oou9 0251 0528 D 049 251 MOVE MAR.STATUS
2 092 7 MN 0050 0256 0535 D 050 256 MOVE TAX CODE

2 100 7 MCW 0073 0262 0541 M 077 262 M 2-HIGH-SOC.SEC
2 110 7 MZ DASH 0264 0549 Y 780 26uL INSERT DASH

2 120 7 MCW 0075 0266 0556 M 075 266 M 2-MID-SOC.SEC.
2 130 7 MZ DASH 0267 0562 Y 780 267 INSERT DASH

2 140 7 MCW 0079 0271 0570 M 079 271 M U-LOW-SOC.SEC.
2 150 2 cc S 0577 F S 2-SP AFTER WRITE
2 160 1 W 0579 2 WR MASTER CARD

2 170 7 A ONE CDCTR 0580 A 822 801 INCREASE CD CTR
2 180 7 A 0008 HASH 0587 A 008 810 ADD MANNO TOHASH
2 190 5 B OVERFL a 0594 B 603 3 BR ON CHANNEL 12
2 200 L B MAIN 0599 B 483 NOT12 BR TO MAIN
3 010 2 OVERFL CC 1 0603 F 1 SKIP TO CHAN 1

3 020 ) B HEAD 0605 B 128 BRANCH TO HEAD

2 030 2 EOJ cc 2 0609 F 2 SKIP TO CHAN 2

3 0u0 L Cs 027 06117 7 27 CLEAR PRINT STOR
3 050 7 MCW CTLTOT 0236 0615 M 797 236 M CONTROL TOTALS
3 060 1 W 0622 2 WRITE CTL TOTALS
3 070 7 MCS CDCTR 0223 0623 Z 801 223 MOVE CARD CTR

3 080 7 LCA MASK 0236 0630 L 821 236 LOAD EDIT WORD

3 090 7 MCE HASH 0236 0637 E 810 236 EDIT HASH TOTAL
3 100 1 W o6uy 2 WR CC & HASH TOT
3 110 2 cc 1 o645 F 1 SKIP TO CHAN 1

3 120 1 H o6u7 . END-OF-J0B HALT
3 130 #* CONSTANTS

3 140 32 DCwW * ALPHABETICAL LIST OF EMPLOYEES-- 0679

3 150 16 TITLE 3] # -10/13/62---PAGE 0695

3 160 3 PGECTR ODCw # 000 0698

3 170 18 DCW * MAN DEPT. MAR. 0716

3 180 15 FIELDY DC * TAX SOC.SEC. 0731

3 190 18 DCW * NAME o7u9

3 200 30 FIELD2 DC * NO. NO. ST. CODE NO. 0779

4 010 1 DASH DCW * - 0780

4L 020 17 CTLTOT DCW * 3022 750,872,432 0797

4 030 4 CDCTR DCW * 0000 0801

L ouo 9 HASH DCW * 000000000 0810

4 050 11 MASK DCw * ' y 0 0821

4 060 1 ONE DCW * 1 0822

4 070 END START / 400 080

Figure 36. Postprocess List of Symbolic Program for Problem 3
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POSTPROCESS LIST

Now, compare the locations and the instructions in
Figure 36 with those in Figure 29. Because both pro-
grams start in location 400, the instruction addresses
of the first 17 steps are identical. In Figure 29, the
addresses are assigned by the programmer. In Figure
36, they are assigned by the SPS processor.

In Figure 29, a single-character instruction (2) was
inadvertently omitted between steps 17 and 18. This
required a patch routine (see Figures 30 and 31). The
instruction is included in the symbolic program (Fig-
ure 32). Therefore, all instruction addresses in Figure
36, (starting with the first instruction in the main
routine) are one position higher than those in Figure
29. In all other respects, the two programs are identical.

ERROR INDICATIONS

Errors in the postprocessing list (three types) are indi-

cated as follows:

1. A lozenge (O0) printed between page and line num-
ber indicates at least one of the following errors
on the card.

a. Undefined symbol in A- or B- operand.

b. Blank Op code in assembled instructions.

c. Data to be loaded has been assigned an address
in the read area.

d. A constant has been assigned a count greater
than 32.

e. The count column is blank or zero in the DC,
DCW or instruction cards. This will cause a halt
in the condensing routine. A blank instruction
count cannot occur as a result of assembling.
However, it may have been inadvertently left
out of patch cards.

2. If a card does not appear to be an assembled card,
the unassembled card is printed out with an 80-80
reproduction of the data. This error is most likely
to occur if you:

a. Attempt to list an unassembled deck.
b. Fail to reiterate a partially assembled deck.
c. List the output from pass one.

3. The clear storage and bootstrap cards are repro-
duced 80-80 with a suitable legend at the beginning
of the program. If any one of these three cards is
missing, or if the cards are not in the proper order,
a message appears as follows:

FIRST CLEAR STORAGE CARD MISSING
SECOND CLEAR STORAGE CARD MISSING
NO BOOTSTRAP CARD

It is not necessary, however, that the two clear-
storage cards produced during the assembly process be
included in the postprocess listing routine.

END-OF-PROGRAM PROCEDURE

When the machine senses an Exp card that is the last
card in the deck, the program halts. You can restart the
program by pressing the start key. If the Exp card is
not the last card in the deck, the carriage restores, and
control returns to the beginning of the program.

Condensing Program

The condensing program is a separate program sup-
plied with the SPS processor, but is not considered a
part of the processor. It is used to convert single-
instruction cards in your object program into a con-
densed deck with several instructions per card.

With only 69 cards in your object program for Prob-
lem 3, it is hardly worthwhile to condense it into a
smaller deck. However, when your program consists of
several hundred or several thousand cards, then con-
densing it is advisable.

Each condensed card will contain up to 38 charac-
ters of information of the object program or seven
word-mark locations, whichever is reached first. In
addition, each condensed card will contain enough
loading data to make it self-loading. The first card
punched by the condensing program will be a self-
loading bootstrap card to initialize the read area with
appropriate word marks, and to begin the loading
process.

As the condensing program reads each card of the
assembled object program, the assembled data is trans-
ferred into a condensed card-output area. The address
of the first word on each card determines the starting
location for the card. Conditions that indicate when
enough data has accumulated to punch one condensed
card are:

1. When the greatest number of characters (not ex-
ceeding 38) have accumulated.

Lo

. When seven word-mark locations have been placed
in the output area.
3. When a break in the address sequence is reached
in the object program due to a DS or ORG card.
4. When an EX (execute) card is encountered.
5. When an END card is encountered.

When any one of these conditions is met, a con-
densed card is punched. The next instruction or con-
stant from the object program deck becomes the first
item of information for the next condensed card.

OPERATING PROCEDURE

1. Place the deck to be condensed (including the
bootstrap card) behind the condensing program
deck.

Place the cards in the card-read hopper.

3. Place blank cards in the punch hopper.

o
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4. Press the reset button on the console (1401).
5. Press the load key on the 1402 card-read punch.

The object deck is selected in stacker 1. The con-
densed deck stacks in the normal punch stacker.

During the conversion of the object program to a
condensed program, the following programmed halts
may occur:

1. Each time an Enp card is processed. Pressing the
start key transfers control to the beginning of the
routine. After punching an Exp card, a dummy
punch instruction is given to bring the Exp card
into the normal stacker. The dummy card is selected
to stacker 8/2.

zero. This error, which normally hangs up the rou-
tine, cannot occur as a result of assembling but may
appear on patch cards.

3. If the count column is blank for instruction or con-
stants. This, too, cannot occur as a result of assem-
bling but may be inadvertently omitted on patch
cards.

Pressing the start key after error-halts in items 2 and

3 causes the machine to read a card.

Estimating Time Requirements for Problem 3

In order to properly schedule the work of the 1B™M
1401 Data Processing System for all jobs, it is often
necessary to estimate time requirements for each job.

2. In an instruction or constant card, if any position Problem 3 requires the use of the card reader (1402),
in columns 57-59 is blank, or if column 57 is not the printer (1403), and the processing unit (1401).
PROCESSING TIME AVAILABLE
OP CODE OPERATION CYCLE RATE WITHOUT RELEASE WITH RELEASE
INSTRUCTION INSTRUCTION
1 Read 75 ms 800 cpm 10 ms 31 ms
150 ms 400 cpm 85 ms 106 ms
225 ms 266 cpm 160 ms 181 ms
2 Print — Without print storage
Single space 100 ms 600 Ipm 16 ms
Double space 105 ms 572 lpm xx 21 ms
Triple space 110 ms 545 lpm 26 ms
Print — With print storage
Single space 100 ms 600 Ipm 98 ms
Double space 105 ms 572 lpm 103 ms
Triple space 110 ms 545 lpm 108 ms
Print & Read
land 2 With print storage 112.5 ms 533 cpm 8 ms
3 Pr.ln' & Re?d 150 ms 400 cpm 18 ms
Without print storage
4 Punch 240 ms 250 cpm 22 ms 59 ms
300 ms 200 cpm 82 ms 119 ms
360 ms 166 cpm 142 ms 179 ms
5 Read & Punch 240 ms 250 cpm/rd 28 ms 59 ms
250 cpm/pu
300 ms 200 cpm/rd 22 ms 59 ms
200 cpm/pu
[ Print & Punch
Without print storage 300 ms 200 lpm/pr 28ms
200 cpm/rd
With print storage 240 ms 250 lpm/pr 20 ms 57 ms
250 cpm/rd
7 Print, Read, & Punch
Without print storage 300 ms 200 lpm/pr 28 ms
200 cpm/rd
200 cpm/pu
With print storage 240 ms 250 lpm/pr 20 ms 57ms
250 cpm/rd

** Rate used in the estimate

Figure 37. Card and Printer Summary Timing Chart
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SYSTEM TIMINGS

SYSTEM TIMINGS

Key to abbreviations used in formulas OPERATION C8P
La = Length of the A-field P DE FORMULA
le = Length of the B-field Punch a Card 4 o5+ 1N +1/0
lc = Length of Multiplicand field Read a Card 1 ONs (ki + 1)+ 1/0
Lt = Length of Instruction Read and Punch 5 onsL +1n+1/0o
Ly = Length of Multipfier field Select Stacker K ON5 (L + 1)
lg = Llength of Quotient field Set Word Mark ] 0115 (L +3)
Lk = Length of Divisor field Start Punch Feed* 9 015 (L + 1)
Ls = Number of significant digits in Divisor (Excludes high- Start Read Feed* 8 ON5 (L + 1)
order 0's and blanks) Store A-address Register* Q 0115 (L; + 5)
Lw = Llength of A- or B-field, whichever is shorter Store B-address Register* H 0115 (L + 4)
Lx = Number of characters to be cleared Subtract {no recomplement) | § 0115 (L + 3 + La + Lp)
Ly = Number of characters back to right-most /0’ in control field Subtract (recomplement) s ON5 (L + 3+ La+ 4Ly
Lz = Number of 0's inserted in a field Write a Lline 2 0115 (L + 1) + 1/O
1/0 = Timing for Input or Output cycle Write and Punch 6 |.on5(t+1+1/0
Fm = Forms movement times. Allow 20 ms for first space, plus 5 ms Write and Read 3 0115 (L + 1) + 1/O
S ;°' each "dd"“:"'f" space Write, Read and Punch 7 |onsw+n+1/0
2{“ - N°Peb’“°vef“‘:"ld"*j“| ded i ; Zero and Add ? |01+t L)
= Number of fields included In an operation Zero and Subtract ! 0115 (L + 1+ L+ Lp)
op
OPERATION CODE FORMULA TAPE OPERATIONS
Add (no recomplement) A 0115 (L + 3+ La + Ln) Tm — Tape movement can be determined from the following:
Add (recomplement) A 0115 (L1 + 3+ La+ 4 Lp) 1 = Number of Characters
C = Character Rate
Branch B ON5 L+ 1)
o 729 1l at200 cpi = .067 ms
Branch if Bit Equal* w 0115 (L + 2) at 556 czi — 024 ms
Branch if Character Equal | B 0115 (L + 2) 729 IV at 200 cpi = .044 ms
Branch if Indicator On B ON5 L+ 1) at 556 cpi = .016 ms
. 7330 at 200 cpi = .139
Branch if Word Mark P! . ms
and/or Zone v o|ons i+ 2 at 556 cpi = .050 ms
Clear Storage / ONS5 L+ 1+ k) 729 Model I1, Read :g; I g: ms = ;AU in?erlo.ckedl rod
. ms = Processing interlocke
Clear Word Mark 9| oNs (Lt Write 117 + CNms = TAU interlocked
Compare ¢ OS5 L+ 1+t L) 75 + CNms = Processing interlocked
Control Carriage Foolonsd 4+ Fa 729 Model IV, Read 6.8 + CNms = TAU interlocked
Control Unit u ON5 L+ 1)+ Tm 6.7 + CNms = Processing interlocked
Divide {aver.)* % ON5 (L +2 47 e lqg + 8 Lg) Write 7.8 + CN ms = TAU interlocked
Halt . 0115 (L 4+ 1) 5 + CNms = Processing interlocked
Load Characters to A 7330 Read 20.5 + CNms = TAU interlocked
Word Mark L ONS5 (L + 1+ 2L 7.7 + CNms = Processing interlocked
. * Write 20.3 + CNms = TAU interlocked
Modify Address # OS5 L+ 9) 5 + CNms = Processing interlocked
Move Characters to A or Rewind
B Word Mark M 015 (L + 1+ 2Lw) 729 Model Il = 1.2 minutes/reel
Move Characters and Edit | E OS5 (L + 1 +ls + Le + Ly) 729 Model IV = 9 minutes/reel
Move Characters to Record 7330 (High Speed) = 2.2 minutes/reel
or Word Mark* P 0115 (L + 1+ 2 L) Skip and Blank Tape
Move Characters and (add to subsequent write time)
Suppress Zeros z 015 (L + 1+ 3 L) 729 Model It = 40.5ms
Move and Insert Zeros* X ON5 (L +1+23 L+ 3L 729 Model IV = 27 ms
Move Numeric D 0115 (L + 3) 7330 = 103 ms
Move Zone Y 0115 (L + 3) Backspace (after Read) Backspace (after Write)
. . 729 Model I = 46 + CN ms 729 Model Il = 52 4+ CN ms
Multiply (aver)* @ | NS +3 42l +5lelu+7 L0 750 Model Iv = 33 + CN ms 729 Model IV = 37 + CN ms
No Operation N [0NS L+ 1) 7330 = 428 + CN ms 7330 = 435 + CNms

Figure 38. Systems Timings

When estimating time requirements, you must con-

sider five factors:

1. Volume of cards to process.

2. Number of lines to print.

3. Speed of the card read-punch.

4. Speed of the printer.

5. Time required to execute each instruction in the
program.

Normally, the 1402 reads cards at a rated speed of
800 cards a minute (75 milliseconds per card). The
1403 prints a line at a rated speed of 600 single-spaced
lines a minute (100 milliseconds per line).

Obviously, we cannot estimate time at card-read
speed, because of the slower speed of the printer.

Neither can we estimate time at maximum printer
speed, because we don’t know yet how long it will take
to execute the program, particularly because single-,
double- and triple-spacing are required under certain
conditions. Other factors to consider include two spe-
cial features: read release and print storage. These
features, when installed in the system, permit greater
processing time through overlapping of certain opera-
tions. Without these features, 10 milliseconds (ms) are
available for processing time during a card-read cycle.
During a print cycle, 16 ms are available when single-
spacing, 21 ms when double-spacing, and 26 when
triple-spacing.
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ALLOW| ACTUAL
PROC. TIME
ROUTINE | ADDR.| INSTRUCTION | FORMULA IN MS.  |CALCULATION| RESULT |TIME REQUIRED
Initial. 0400 , 003 009 | .0115(L;+3) .0115x10 L1150
0407 , 051 052 .0115x10 1150
(Executed) | 0414 , 053 071 .0115x10 1150
once) 0421 , 074 076 .0115x10 1150 .4600
Head 0428 A 822 698 | .0115(L+3+L *Ly) L0115x14 1610
0435 /332 LOTI5(Li+T+L,) .0115x38 .4370
0439 / .0115x102 1.1730
0440 M 695 268 | .0115(Li+1+2L,) .0115x104 1.1960
(Executed | 0447 Z 698 272 | .0115(Li+1+3Lg) .0115x17 .1955
152 times) | 0454 F T LOT15(L;+1) L0115x3) .0345 ]
0456 2 .0115(L;+1+1/0 L0115x2+110 [110,0230 | 26ms ]
0457 /272 .0115x78 .8970 110 ms
0461 M 731 269 .0115x74 .8510
0468 2 .0115x2+100 | 100,0230 | 16ms 3
0469 7 269 0115x75 .8625
0473 M 779 266 .0115x104 1.1960 } 100 ms
0480 F S .0115x3) .0345 ]
0482 2 .0115x2+105 | 105.0230 | 21ms > 105 ms
Main 0483 B 609 A L0115(L;+1) .0115x6 0690 ]
0488 1 L0115(Li+1)+1/0 L0115x2+75 | 75.0230 | 10ms TN
(Executed | 0489 /271 .0115x77 .8855
3022 0493 M 051 211 .0115x10 1150
times) 0500 M 052 213 .0115x10 1150
0507 M 070 232 0T15x44 .5060
0514 Z 008 240 .0115%26 .2990
0521 Z 012 246 .0115x20 .2300
0528 D 049 251 | .0115(L;+3) .0115x10 1150 Y 75ms
0535 D 050 256 .0115x10 L1150
0542 M 073 263 011514 1610
0549 Y 780 267 | .0115(1;+3) .0115%10 L1150
0556 M 075 266 L0115x12 .1380
0563 Y 780 267 .0115¢10 1150
0570 M 079 271 .0115x16 . 1840
0577 F S .0115x3 .0345 vV
0579 2 .0115x2+105 | 105.0230 | 21ms ]
0580 A 822 801 011515 1725
0587 A 008 810 .0115x25 .2875 105 ms
0594 B 4603 @ .0115x6 .0690
________ | 0599 _|_B _ 483__ _ [ .015(Li+Ty | LO0115xS5 | .0575 4
(Executed [ 0603 F-O SOTI5(L;FI)F L0115x3+45 | 45.0345 " Z5ms “> 45 ms
152 times) | 0605 B 428 .0115x5 L0575 j
End-of~Job | 0609 F 2 L0115x3+115 | 115,0345 | 115ms ]
0611 /27 .0115x77 .8855 } 115 ms
(Executed | 0615 M 797 236 .0115x42 .4830 ]
once) 0622 2 .0115x2+100 | 100.0230 | 16ms ]
0623 Z 801 223 .0115x20 .2300
0630 | L 821 236 | .0115(L+1+2Ly) .0115x30 .3450 } 100 ms
0637 E 810 236 | .0NS(L+1+L B+l ) | 011528 .3220 ]
0644 2 .0115x2+100 | 100.0230 | 1éms 100 ms
0645 F o .0115x3+30 | 30.0345 | 30ms > 30 ms
0647 . .0115(L;+1) .0115x2 .0230 ]

Figure 39. Time Estimate for Problem 3
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To keep this estimate simple, assume that these fea-
tures are not available in your 1401.

Because our program is comparatively short, we can
make a pretty good estimate if we assume that we
have plenty of time to execute the program during the
time allowed for processing. We can therefore base
our estimate on the following calculations:

Number of cards to process 3022
Number of full pages (20 cards per page) 151
Number of lines per full page:

Title line 1

Heading lines 2

Detail lines 20 23
Total number of lines (151 pages) 3473
Number of lines on last page (152)

Title line

Heading lines

Detail lines

Control total lines 7

Total number of lines (152 pages) 3480

Of the 23 lines for a full page, 1 is followed by a
triple space, 1 by a single space, and 21 by a double
space. This makes an average of 23 double-spaced
lines per page. For our problem we can reasonably
estimate 572 lines per minute (see Figure 37). The
total number of lines (3480) divided by lines per
minute (572) equals slightly over 6 minutes for print-
ing alone. To this we must add about 4 minutes for
reading the object program and the master card file.
We get the 4 minutes by dividing the total number of
cards 3092 (1 bootstrap card, 69 program cards, and
3022 master cards) by 800 (speed of card reading).
A conservative estimate therefore is about 11 minutes
for the complete job. If we were to use a combination
WRITE AND READ instruction in our program, we could
save approximately 3 minutes. The WRITE AND READ in-
struction does both operations at the rate of 400 cards
a minute.

INN[\DH

Processing Time

To make realistic timing estimates for processing, the
individual instructions used and the number of data
characters involved in each operation must be consid-
ered. By using the formulas given in Figure 38, and by
applying them to the object program in Figure 36, we
can calculate the processing time for Problem 3 (see
Figure 39). The timings are given in milliseconds.
The calculations shown in Figure 39 are summarized:

1. Program loading—75 X 70 cards = 5250 ms
2. Heading routine—(110+100+105+45)
X 152 pages = 54720 ms
3. Main routine—(75+105) X 3022 cards =543960 ms
4. End-of-job routine—115+ 100+ 100+ 30 = 345ms
Total time 604275 ms
G—gg%g—g =10.07 minutes

The four SET WORD MARK instructions in the initializa-
tion routine require only .4600 ms. This time is not in-
cluded in the summary because these instructions are
executed only once for the complete job.

The 45 ms included in the heading routine is required
to move the form six spaces from the bottom of one
sheet to the first printing line of the next sheet. We
get 45 ms as follows:

Space Milliseconds
First 20
Second 5
Third 5
Fourth 5
Fifth 5
Sixth 5

45

During this time, instructions located in 603, 605,
428, 435, 439, 440, 447, and 454 are executed.

The 115 ms included in the end-of-job routine is re-
quired to move the form from the last line printed on
page 152 (line 12) to the predetermined control-totals
line (line 48). When printing occurs on line 12, double-
spacing occurs to line 14. The skip, therefore, from line
14 to line 48 is 34 spaces. We get the 115 ms as follows:

Space Milliseconds
First 8 spaces 55
26 extra spaces at 2.3 ms 59.8
115

Problem 4. Group Printing

Let’s now assume that the key-punch operators have
punched all the weekly payroll cards (Figure 6) for
the week ending 10/13/62 (roll number 41). Four con-
trol totals were established for each department (card
columns 9-12), before the cards were punched:

Card Columns
1. Number of employees (card count)

2. Hash total of man numbers 3-8
3. Total of hours worked 13-15
4. Total of amount earned 20-24

The first three control totals were established by the
department that originates the weekly records. The
fourth total was established by the accounting depart-
ment after multiplying hours by rate for each employee.

Your problem is to prepare a tabulation that accu-
mulates department totals for the four items listed. The
tabulation, which will be prepared on blank paper
(single-spaced with no field headings), will be used
to check the printed totals against the control totals.
If the printed totals agree with the control totals, we
can assume the key punching is correct. If not, we
must locate and correct the errors. Bear in mind that
discrepancies may not necessarily be the result of key
punch errors. The control totals may be wrong.
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Figure 40. Printer Specifications for Problem 4
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Before you can write the program for Problem 4,
you must do two things:
1. Prepare printer specifications on a 1403 spacing
chart (Figure 40).
2. Prepare a block diagram (Figure 41).

Figure 40 specifies the print positions to use for print-
ing the department totals. The specifications provide
for 40 lines of single-spaced printing, starting with line
6 of the carriage tape, and ending with line 45. When
printing occurs on line 45, the hole in channel 12 of
the carriage tape causes overflow to the first printing
line of the next sheet.

Figure 41 shows the logic of the program steps to be
written in symbolic language. Note that immediately
following the rEAD instruction, a COMPARE instruction
is executed. This instruction compares the department
number on the card just read with the department
number on the preceding card. Initially, this depart-
ment number is 0000 and is set up with a constant dur-
ing the loading routine in an area labeled GRPIND
(group indicate ). Thereafter, the group indicate area
will contain the department number of each card after
it is processed.

The instructions in the blocks under ROUTEL are
execnted card after card until a change in department
number is sensed. At this point, the program branches
to ROUTE2. The instructions in the blocks under
ROUTE2 are executed once for each department to
group indicate the department number and print the
four totals: Number of employees, man number hash
total, hours, and amount.

After the instructions in ROUTE2 are completed, a
test on channel 12 tests for overflow. If overflow, a skip
to channel 1, and a branch to ROUTEL follows to
process the first card of a new department. If no over-
flow, the skip is bypassed and the program branches
directly to ROUTEL.

When the last card leaves the hopper, the machine
stops and the reader light turns on. To process the last
card and branch to the end-of-job routine, press the
start key. The end-of-job routine first changes the ~op
instruction to a HALT, then branches to ROUTE2.Thus,
when ROUTE2 is executed for the last group, the pro-
gram HALT indicates the end of the job.

The symbolic program for Problem 4 is shown in
Figure 42.

Problem 5. Multiplication, Selective Listing of
Error Cards, Card Punching and Card Selection
Checking to control totals does not necessarily prove
the accuracy of key punching because of hidden com-
pensating errors. For example, assume that department
95 had only two employees, with man numbers 114570

START EOJ
Set Word Marks Change NOP to
HALT
Branch
ROUTE 2

Read

Clear Print Area

|

Move Grp. Ind.
and Suppress Zeros

Compare Dept. No

Move Emp. Counter

Add Employee Count

Add Man No.

Add Hours

[

Add Amount

with Grp. Ind. and Suppress Zeros
Clear Emp. Counter
Unequal Yes |
Load Mask 1
No I
ROUTE 1 Edit Man No. Total

Clear Man No.
Total

Load Mask 2
minus 001

Edit Hours

I

to Grp. Ind.

Move Dept. No.

Branch

|

<

Clear Hours

|

Load Mask 2

Edit Amount

Clear Amount

Write

NOP

Change to HALT
on Last Card

OVERFL

Skip to Chan. 1

and Branch

y

Figure 41. Block Diagram for Problem 4
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IBM

INTERNATIONAL

BUSINESS MACHINES CORPORATION

IBM 1401 SYMBOLIC PROGRAMMING SYSTEM
CODING SHEET

FORM X24-1152
PRINTED IN U.S.A.

Program EA,\/ROLL CHECK RUN Page No‘ITQTJof 2
Programmed by Date Identification ‘7_’;&&%
(A) OPERAND (B) OPERAND
LINE  [COUNT LABEL OPERATION AODRESS +| cnar ; ADORESS 4] cHar. gd COMMENTS
3 5|6 7|8 13]14 1617 ADJ. 27|28 ADJ 38| 39|40 55
T C.TiL 33L1L!:.L e e
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ool |y, 1B | ROUTE | , e b | /UNMEA-BR To, RTER
rool  IROVTELA | IREAD. . || . | EMPCTR |, ADD ., .T.o EMPLTR
e o Al 10008 i, .| IMANNOG | | ADD. MAN NO,.. . .
el 4o A P lobins, 0 | IHoOURS L ADD HOURS . ., .
ol b AL L 002,44 00| JAMOUNT |, ADD AMOUNT. . . . .
el C e Mewloo 2, GRAIND | | | M., D.E.PT. .T.0, GRP/M
Lso| BT E B; LAyrcyi., ..‘L.Ef“ BR. 0N FAQUAL, DEPT
6.0 ..awrﬁzas;oaaz. L b b CLEAR PRINT AREA
ol ol RS, o R A F UNEQUAL ,
veof Ll chRPINw.:‘. 0113.1: . M. _D.EP.T. .To PRINT |
e.of e MESIEMPCTR G, 0.2,1,9 , i i, MOV E_EMP COo0UNT.E,
zoofl | o, IS | [EMPCTR | | I A CLEAR EMPCTR
[l [ [
1 fl 11|‘|1|r|13i|| lllj‘iill I S S N S TR W T S B G |
t 1 I 1 I
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Figure 42. Symbolic Program for Problem 4 (Part 1 of 2)
g g
INTERNATIONAL BUSINESS MACHINES CORPORATION FORM X24-1152
IBM IBM 1401 SYMBOLIC PROGRAMMING SYSTEM PRINTED IN U.S.A.
Program PAYROLL CHECK RUN CODING SHEET Page NO-L‘I_’L%’OF R
Programmed by Date Identification L_gﬁﬁ%
(A) OPERAND (B} OPERAND
LINE  [COUNT LABEL OPERATION ADORESS +| cnan g ADORESS 4] omm g d COMMENTS
3 5|6 7l8 13{14 i6fi7 ADJ. 2_7 28 4 ADJ. a—s 39{40 55
ool b,y oy, LCAMAS K 0, 0,233, , { i, , LOAD EDIT, LTL. WD
ozo| |, MEEMANNO |t 02,33, , i i, , ED,T. MANNG, ToTAL
oo ol IS P MANNO, R B R CLR MANNO TOTAL,
oevol | [LOIAMASKZ i-001]| [0,242 , 1 L, LOAD EDI.T. LTl Wb
o s 0| 1, MEEHOURS 0242, , |4, DT, HOURS, . . |
0,6,0 e v 18 HOURS, L R R A C.LEAR, ,Ho,z)R...T.oT.
0, 7,0] , e ILGAMASKZ |0, o254 14, Lﬁﬁ@.@qur O T.L, WD
osof |, MOEAMoUNT |, | 0254 11, EDIT, AMOUNT . . .,
oo 0 |y, |8, L AMOVONT I R I CLEAR AMOUMT . .
(RIS A I 77 ,...‘Ji. AT S B PRT DEPT. T:0TA LS
Lol IMOP L INOWPL L AR B R HALT ON LAST CD
e N .;oyfﬁFL.l,. o b | B8R O CHANNEL 1.2
I . 1B, | ROUTE L |, | N T R V0T b2, BR F.o. RTEL
o] . |OVERELCC ROUVT.EL i . Coa b L ISK&BR T 0, ROUTE
vsol QT IMEWIHALT, 11 OP CH NOP To HALT ,
veof Lo B Y IROUTEZ L e b BR_To POUTEZ . . .
L o|loHGRAINDDOW % . 100000 1L N
e, 0|03 EMPCTRDCW ¥  , , 11000 | L e
19,00, IMANNO, (DWW , . . . 1 100000020 | | | | i
2000 5IHOURS DCW¥ 1 boOoo e e
L0/10.7/AMO U VTDeWl¥ . . . 10000000, , | | | e N
2021 0MAS KL, Dot . il g . O e
203 DK?M/RSJ\/.L DWW : L D, ., Lo , T
2o0flog|HaLT, . [DeWbe . 1 1., e e
2050 .. 5%3&nkkrflj‘ L il . s
I I
PR S NS T S SN SO N [ T S S S S ST SO S AU TN ORI T RO B N R S TR SRS N T TN S T SO S SO S S SO |

Figure 42. Symbolic Program for Problem 4 ( Part 2 of 2)
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and 118923. They both worked 40 hours. The first em-
ployee earned $120.00 (40 hours X 3.000 rate). The
second earned $160.00 (40 hours X 4.000 rate). The
control totals for department 25 are:
No. of
Dept. Employees Man No. Total Hours Amount
25 2 233,493 80.0  280.00

The line of printing in Problem 4 for department 25
agrees with our control totals. Unfortunately, the key-
punch operator punched 160.00 for the first employee
and 120.00 for the second. The amount earned for
department 25 is still 280.00, yet both cards are wrong.

The purpose of Problem 5 is to machine-compute the
amount earned for each employee, and compare the
results with the amount earned that was punched by
the operator. If the amounts agree, the payroll card is
correct and no action is required. If the amounts do
not agree, print a line for each error card as follows:

Punched Calculated

Dept. Man No. Hours Rate Amount Amount
25 114570 40.0 3.000 160.00  120.00 ERROR
25 118923  40.0 4.000 120.00 160.00 ERROR

In addition, we will program the computer to select
the error cards in stacker 1, and punch new, corrected
cards that will be substituted for the error cards. Card
stacking is shown in Figure 43.

Printer specifications, block diagram and symbolic
program for Problem 5 are shown in Figures 44, 45,
and 46.

Most of the blocks in Figure 45 are self-explanatory.
The main routine multiplies rate by hours, and rounds
the result to the nearest cent. The rounded amount is
then compared with the punched amount. If the two
amounts agree, the error routine is bypassed, and the
main routine is repeated for the next card.

If the two amounts are unequal, then the program
branches to the error routine, selects the error card in

Blank Payroll Cards

Punches

stacker 1, and two output formats (punch and print)
are generated. A test is then made for channel 12. If
the last line on the form is printed, the hole in channel
12, line 45, of the carriage tape skips the form to the
first printing line of the next form. The skip is stopped
by the hole punched in channel 1, line 6.

If the form is not on channel 12, the skip instruction
is bypassed. In either case, a combination WRITE-PUNCH
AND BRANCH instruction writes a line for the error card,
punches a correct card, and branches back to the
main routine.

Multiplication

Two methods of multiplication are available to the
programmer. One method, called the direct method,
involves a multiply-divide special feature described in
the 1401 reference manual. When this feature is not
installed in the 1401, multiplication can be performed
by a subroutine that multiplies by repetitive addition.
A multiply subroutine, written in both actual and sym-
bolic language, is contained in the 1401 reference
manual. This subroutine can be linked into any pro-
gram with appropriate branch instructions.

DIRECT METHOD OF MULTIPLICATION

The direct method of multiplication requires that you
set up an area somewhere in storage for developing
the product. The size of this area varies, depending
upon the number of digits in the multiplier and the
multiplicand.

Use the following formula to determine the size: The
sum of the number of digits in the multiplier and the
multiplicand plus one equals the size of the product
area.

Apply the formula to Problem 5. The size of the
product area is eight storage positions:

Payroll Card File

Punch Read Read
Hopper Read Check | Hopper
= Blank Select Select
Station Stacker Stacker
. -
Normal Normal
Punch = Read
NP 4 8/2 1

New Corrected Payroll Cards

Figure 43. Card Stacking for Problem 5

NR
t— Correct Payroll Cards

Error Payroll Cards

59



- 3124 03 pjog - -

-

2]V OE ISV IELZ IO ERILISIS [P IE e [O[6 8 [ZIS[ST¥E 21 [0]6 B[LISE [IETe i [Ol6lB1L BISTr e [(fOTeI L AR FE o]t OB B L[S IE 21 [0 CVIEC|L|O[6|8IL O[SV ]E2]L [OC|B|L B[S E 2L [0l6 18| L[S P EIZ| OI6 8L SIS PIE 2| [O[6 8] LIaS[FIEle[T] 118 -
aensimoze o ssormaig i uf oanorsen o Sepaonssnel P inived I~ H ”w : PR ;Vu
I BRI o B w3 EREEEEN
SHid3Q W¥O4 QISN AINOWWOD SHLIQIM W3O4 SINIWIANSVIW ™~ ™ Ly ! ” | “
P P e TP PP e o ol g=
(20 "Cor1 wal 30vimee> 1S V0G 52 ol 3|
{ T T e M hid | ol i
! i RN IRERRENERS [iZ | .. e
[ ﬂ T ' W[l T T2
__ _ 3N19 payiow uoyoas doj yym H H -__” ” Lo f 2
. | 2011ds puo | G aulj 4o adoy jnD) 8¢ , @ 3
“ | Sy aulf “z| jauupyD 0 shi i b 3
_ _ 9 auy| “| jauuoy>d 5 o E
“ ; tut sajoy younyg Mm c o lw
" “ suo3po1y199dg ado| abbiupy MM | M M
L T 0 ol Bt e %
L I it le o
| | youi ay} o} saul| pa|ns ¢ 0E].5 la -
| | Buo| ,z/1~g ‘OPIM 48 4 & meovme reasEe D
I } 1adod snonuyyuod 8z W ] M M ERER R
I t 3upjq y1od-z — 32045 Jojnbay o MM H il ° m j : m
A @ | w
t ° Ha
“ T sUo13513155dg 1adog 7l M g
! ! S o= ® 8
L | 1] . =
t L JOuYI Hut T SR
I M M 0 ° e
t + L] He
} (L=>fsPWy) $unowy pajo|nd|oD) 4IP3 ”” 3 [} i =
! ! - ul b =
i t (1-355W) 4unowy payoung 41p3 P . =
L I st . s
| I (isow) 2104 4ip3 | 1] C " . e
- 1 £ ol | |u
“ | (z-oW) sinoH 11p3 Ble o L=
4 ™M ™ ° 2
! | of ® 2
I 1 *ON ubyy puo 11| . . ° -
i _ "oN juswylodaq uy sosaz Buipos| sseiddng 0 Wm " mman __ “o cﬁm W WW mw w___ " @M_ ® ” ] ®
| I XXX [T | DXL T T ] X[ | [ XX L o -
I T Auo spiod sous julyg X nﬁ i i § :m il 9.0 et ©
| ® > 0 ® < PREE w
_m [ g & W W W .W ¥ M “
t | suoyooly1oadg Julld m W _m_ 2 W z M - -
! M {1a I 1 ° M °
[ ' T Y -
A0 RS A 3 A B A AN D T A RN R M G ERAN it DEEAKEE H@mﬂm_m_mmm MANEERARHEHERG el pLIEEE
€1 AN | 1L Ol 6 8 A S 14 L 0 inN_19
WIOTTTTIIIIT :::_:____:__"__:_:___:_ [IINNNRENERENNEEENERRIRERAREERNERNRRREREE 1 EEEEEEENNENRERENENEEREREREE]
| |
T o (T T O T T T T I T O T T T T T T T T T T L [IENENENEERNNRENERERERRRENEREE
M T T [PPOW Y0¥ L 8 €0V L Wil ——»
IRNEREREEOEIRRRENENRERERRRRERTERENE| T T T O T T T T T T T T T T T T T T T I T I
[ L 607 ‘807 “20¥ Wl — 020 P ‘910 ‘€10 ‘600 *E00 ‘100 UF SEEW Piom 395
[NERREREREEREENRERERERNRANRERNE] [ITTTIT [EEEEESERENEEEEENENENENEEENRI RN RN EERINRRRENRNRRENEN! TTTT]I Jeustog paeg) pioody [[oikeg
L | 1 1epow g0 | wai —> | |pmowry] vy [+s |adag | on wew
suds Buljuig You| 184 saul 9 SRV QEOM/SONIGYIH ATand NOILIfIDS$3A INIT
VSR u pajung LIVHD ONIDVdS ¥3INId PO¥L ANV €0vL ‘60b ‘sOv ‘LOv wal :
PEFPPIX W04 NO1LYYO4¥0D SINIHOYW SSINISNE TYNOILYNEIINI zmh

Figure 44. Printer Specifications for Problem 5
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Multiplicand Multiplier Product Area
(Rate) (Hours) (Amount Earned)
X.XXX XX.X XXXX.XXXX

To determine the position of the decimal point in
the product add the number of positions to the right of
the decimal points in the multiplicand and the multi-
plier. In the example, three positions in Rate plus one
position in Hours equals four positions in the Amount
Earned.

Once you set up the product area, you can develop
a product with two instructions.

First, move the multiplier from locations 0013-0015
to the three high-order positions of the product area
with a ZERO AND ADD instruction. In our example, the
instruction is:

Operation (A) Operand
ZA 0015

(B) Operand
PROD -005

Assume that the A-operand (hours) in locations
0013-0015 is 385. Our product area then reads:

+
38500000

Second, execute a »zrurLTIPLY instruction. In our ex-
ample, the instruction is:

Operation  (A) Operand
M 0019

(B) Operand
PROD

Assume that the A-operand (rate) in locations 0016-
0019 is 2555. The product area at the end of the mul-
tiply operation now reads:

00983675 (2.555 X 38.5 = 98.3675)

Note that the multiplier 385 in the three high-order
positions of the product area has been destroyed. The
Amount Earned, therefore, is 0098.3675, which must
be rounded to 0098.37. The amount is rounded by add-
ing 5 to the mills position:

00983675

5
Rounded amount 00983725 Dropped decimals

In our example, the instruction is:

Operation (A) Operand
A FIVE

(B) Operand
PROD -001

The rounded amount is then compared with the
punched amount in locations 0020-0024. In our exam-
ple, the instruction is:

Operation  (A) Operand
C PROD -002

(B) Operand
0024

The four instructions required to multiply, round,
and compare are entered on page 01, lines 120, 130,
140, and 150, of Figure 46. The program in Figure

Set Word Marks

Clear Print and
Punch Areas

[

Move Constant
ERROR

L o

MAIN ROUTINE

Read

ERROR ROUTINE
Select Stacker 1

Calculate Hours
x Rate and Round

Move Col, 1-19 to
Punch Area 101-119

Compare Amount
Earned

Yes

Unequal

No

Branch

]

l

Move Calculated
Amount to 120-124

Move Department
and Suppress Zeros

Move Man No.

and Suppress Zeros

Load Mask=001

Edit Amount
Punched

Load Mask-001

[

Edit Amount
Calculated

A

[

No

Skip to Chan 1

Write~Punch
and Branch

PR

Figure 45. Block Diagram for Problem 5
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IBM INTERNATIONAL BUSINESS MACHINES CORPORATION
IBM 1401 SYMBOLIC PROGRAMMING SYSTEM

program PAYROLL AMOUNT VERIFICAT 0N  CODING SHEET

FORM X24-1152
PRINTED IN U.S.A.

Page No. Lo._zlj of _ &

Programmed by Date Identification @ﬁﬁ%
(A} OPERAND {B) OPERAND
LINE COUNT LABEL OPERATION| ADDRESS + C:DAJR_ ; ADDRESS + CA':)T' ;d COMMENTS
30 5|6 718 13 I4C legs IQB: 27{28 } - 38{39]|40 55
PR AT AU A S W S . SR SVE_Y £ T S N S S N R T PR U S VU W I S S n U TR VA T SR SN SR OO0 S S
0 20| . ¥ PAYR|IO LL| AMOUNT VERILFI.CATIION, e
oso|l v 1., ., |ORGOSO00, i PR B R R N S
0. a0]  ISTART. |ISW, [0006,4, , i, |]o003 ' S.EW _ MoRD MARKS. ,
sl | ., ., . |SW (0009 . .\, , ||0043 i, e
o,eof |, . SW 0016, i 0020 , i, e
oro|l ooy, o 198 0332, 01, PR i B auamm.amumg.mMa
ool | oSyt N PUNCH AREAS . .
N T (O e TR B R
voo| |l MEWWNOTE 1 02,62 , |}, Mo V.E, WORD FRROR
ol IMALLLN, - R B R READ A CARD ., |
20 b . ZAV OO PRoOD |, =005 | [2ADD MULTPLIER |
R N 7 T Y- i A A PROD. . i\ 1 . MULT, RAETE .BY. Hes
R i AV WFIVE | PROD | —00 RoUVND, CALE, AMT. .
csaol ol o, VIPROD, | -lo02]| 10024 1L COMPARE, AMOUNTS,
ool oy, B L IERROR 1, TR ABRTOERROR. | FUNE,
ol ol B MALWN P N BR, T.0, MAIN [ .F. E&
reol (ERROR 1SS b R T A US.ELECT ERRGSR LD
nel . MeWo0IG, i) LAV P T CLUAI W, MOVE, [ N-
ool | MeW Lo - I STRULTLONS, To . .
2.0/ . Lo Mew et MOVE COLUMMS, | . .
1 [ [
S S P A A SO AN O S
1 I ] I ]
RN ST NN T R S Rt :u.‘.x::.‘ lAlI::II PRI SN S SN SRS SR SR SN S ST S S ¥
PRTUR IR TS S SR S AT (RN VNN SN SHNT DU MUY N NN S 1 IR R R R P B R FERE SR S SO WU S T SR SR T SR S S B
ol T P A A R e e
Figure 46. Symbolic Program for Problem 5 (Part 1 of 2)
IBM INTERNATIONAL BUSINESS MACHINES CORPORATION FORM X24-1152
: 1BM 1401 SYMBOLIC PROGRAMMING SYSTEM PRINTED IN US4
Program FPAYROLL AMOUNT VERIEICAT oy CODING SHEET Page No.LOZof 2
Programmed by Date Identification %&@%
(A) OPERAND {B) OPERAND
LINE  {COUNT LABEL OPERATION| ADDRESS + c:D,:R 2 ADDRESS + CAHD,:RA gd COMMENTS
3 5(6 7l8 13[14 16117 23 g 27|28 34 : 38)39]40 55
o ol k CMewl AN L= 9. To PUNEH .
°‘Zl°|||;‘.(’—nw‘.\|-"|\ ST SR N SR S S W WS VU T R ST S S TN W W |
osol |, |ISW IPROD =00l | i, S.ET. MORD MARK. .
ool |, MCWIPROD, | =i062 100,24 1 1. MoV.E CALC AMOUMT
osol 1., ., ., M6&SbOI2 . [ lo20 3 M _DEPT, SUP ZEROS
°0,6,0 .. MCS[000.F, 02,22, i, M _MIVNO, SUPZEROS
oro| | WEAMASK L 1mo02] 022G I LOAD EDIT WORP.
osol |, . IMCEDOLE 1L 02,29 , 1 ., 21T HOURS, . . .
05,0 e LCGAMASK 0 L0237, 00 LIAD ED 1T, WIRP,
ool |, .. IMCEOOLY .t ., | ]0237 ., EDIT. RATE . .\ . .
co| Lo LelAMASK | -loos| oz bl L LOAD EDIT, WORP |
: ! b 6246, 1, Ed 1T, PUNCHED AM,
U303 R 711 = WA N [P 7 e N WY S W T Y IR 7Y-T 2
13,0 e MCEIPROD, =642 0285 L, EDIT CALL AMOUVNT
15,0 e s lew lPROD, | -i0.0¢C T CLEAR, WoRD MARK
ool |, o, B L IOVERFLL L v | |@BR ON CHANNEL, (2]
Lol L |PRANT, WP MALN . i A NJTJ#..WR.&.ﬁg‘
reo|  WVERFLES PRYINT 1, R N R sk 10, CHANIL & BR
2ol SWOTE, . |DeWwl¥ . . L ERRIOIR i R S U R R
2,00|08PROD  Delwly . 1 100000000 | § )
2. 01|0.1|F1V.E, Dewhe, ., 15 i e L
2020 MASK, . |Dewh, . 1t 0., N A R o
03 .. [EMDSTART. . i, I N e
P ||1‘J:__,__A_.||¢::\. 1 sw::wj PSS S S S S SR SR N | TR T -
TR IR Y SO SN SO WS NS ISU TS SRR NN WA TR FONU0Y N B AN SO S | [ N TR W N U S PR T S TN W S VA M SN N W R S S B
S P T N e

Figure 46. Symbolic Program for Problem 5 (Part 2 of 2)
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46 includes five instructions not used in previous
problems:

Instructions Mnemonic Actual
1. Zero and Add ZA ?
2. Multiply M @
3. Clear Word Mark CcCwW |
4. Write-Punch WP 6
5. Select Stacker SS K

CLEAR WORD MARK

The cLEAR WORD MARK instruction on page 02, line 150,
of Figure 46 needs some explanation. First, the ad-
justed amount in our product area has six digits with
a zero and a word mark in the high-order position. Sec-
ond, the adjusted amount to be printed and punched
has five digits. Before moving the adjusted product to
the punch and print locations, it is necessary to set a
word mark in the product area minus six. After the
move, it is necessary to remove the word mark with a
CLEAR WORD MARK instruction in preparation for the
calculation of the next card.

The four instructions to perform these operations
are entered on page 02, Figure 46, as follows:

Line No. Oper. (A)Operand (B)Operand
030 SwW PROD -006
040 MCW PROD -002 0124
140 MCE PROD -002 0255
150 CW PROD -006

Problem 6. Division Subroutine

The XYZ Company buys from other manufacturers
many of the component parts that they use in the
manufacture of radios and television sets. The com-
pany stores the parts in several warehouses, and the
Production Department requisitions them as needed.

The cost of each purchased part varies, depending
on the quantity purchased, from whom purchased,
season of the year, etc. When these items are assembled
in the finished products, the amount charged to the
production account for each item is based on an aver-
age unit cost.

This cost is computed once a week, and a pur-
chased parts inventory report is prepared. This shows
the warehouse number, the part number and descrip-
tion, the quantity on hand, the total value of the item
based on actual cost, and the average unit cost. The
average unit cost is determined by dividing the total
actual cost of each item by the quantity on hand.

Another programmer is writing the main program
for the purchased parts inventory report. Your super-
visor asked you to write a subroutine for computing

the average unit cost rounded to the nearest cent.
The highest average unit cost will never exceed
$999.99.

Your subroutine, which may start at location 0900,
must edit the rounded average unit cost into locations
0256-0260, then branch back to an instruction in the
main routine labeled PRINT. The divisor (quantity)
is punched in columns 51-55, and the dividend (value)
is punched in columns 56-62.

Before we attempt to write this routine in symbolic
language, let’s first do a couple of examples manually:

Example 1 Example 2
00000.077 00009.495
24356 I 01893.46 03580 | 33994.63
1704 92 32220
188 540 (extra zero) 1774 6
170 492 1432 0
18 048 (remainder) 342 63
. 322 20
Rou(;lded Unit Cost: 20 430 (extra zero)
000.08 17 900
02 530 (remainder)
Rounded Unit Cost:
009.50

Notice that in order to calculate the cost up to the
mills position (third position to the right of the deci-
mal point ), it is necessary to add an extra zero to the
dividend.

Two methods of division are available to the pro-
grammer. One method, called the direct method, in-
volves a multiply-divide special feature described in
the 1401 reference manual. When this feature is not
installed in the 1401, division can be performed by use
of a subroutine that divides by repetitive subtraction.
A divide subroutine written in actual language is con-
tained in the 1401 reference manual. This subroutine
can be linked into any program with appropriate
instructions.

DIRECT METHOD OF DIVISION

The direct method of division requires that you set up
an area somewhere in storage for accepting the divi-
dend and developing the quotient. The size of this area
varies, depending upon the number of digits in the
divisor and the dividend, plus the number of extra
zeros required if the quotient is to be extended. Use
the following formula to determine the size: The sum
of the number of digits in the divisor and dividend,
plus one, plus one for each extra zero. Apply this
formula to Problem 6. The size of this work area is 14
positions:

Divisor Dividend
(Quantity)  (Value) Extra Zeros Work Area
XXXXX XXXXX.XX x XXXXXXXXXXXXXX
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FORM X24-1152

IBM INTERNATIONAL BUSINESS MACHINES CORPORATION
PRINTED IN U.S.A.

J IBM 1401 SYMBOLIC PROGRAMMING SYSTEM

Program DIVIDE SUVBROUTINE CODING SHEET cheNo.LQ_\_ZL!of_/*
Programmed by Date Identification ’:R o 83
(A) OPERAND {B) OPERAND
LINE COUNT LABEL OPERATION o o d COMMENTS
3 5|6 718 13)14 1617 AODRESS - CANDAJ‘R 257 28 AoDREsS :—4 C:DA‘:- i 38|40 55
ool . RovTUNE FoR _CALCUILIATING JAV.ER WWIT COST v ooy
o,z,o,,“,.O.R:G’O.q.o.o..-:# ;..‘.‘x:.‘ PR T Y S S S W S
oso|l ..., |ZA |FxzEero | . . | WKAREA | . . ADD _ZERO, K S.1.6H,
o, a0l | MeW|gOb62, 11, w.kAR.CAI-100.1 OVE VALVE . . .,
osol 1 ... . |p ' looss .. | WKAREA-007 | [CoMPUTE MITCOS,
... AV ROUND, L, | WKAREA-006 RO UND, UNI T CO3T,
ool L |, ., |LCAMASK, 1 | 10260 1L, LoAD EDIT WORD, ,
oo ol .., IMOEWKAREAHCOG] 02,600, | 1\, EDt.T WNIT LOST |
osol v | B PRINT i . e b BR_BACK To. MALW,
Co0|0/FXZEROI DA . . . 110, R R
Lelod|Rouwd, Delwle, . IS e e
Lol dwWKAREAIDEWE . . . 1000|0|60,00600i81000 e
Lao|okWMASH L Dbewl 0L 0L
ST N AR N PO A B O T
Figure 47. Divide Subroutine for Problem 6
Line Entry
in Figure 47 lnstruction Funcfion Work Area
op (A) OPERAND (B) OPERAND
ADDRESS - |CH. ADJ| ADDRESS | CH. ADJ +
030 ZA EXZERO WKAREA This instruction zero adds a 00000000000000
constant zero in the units -
position of the work area
and places a sign for each
card calculated. All other
positions are reset to zero.
DIV. +
040 MCW | 0062 WKAREA | -001 | This instruction moves the 00000(*)1893.460
dividend (0189346) punched in -
columns 56-62 to the work area
minus 1. REMAIN-
QUOT. H DER +
050 D 0055 WKAREA | -007 | This instruction addresses the 000000770 18048
high-order position of the div- -
idend (work area minus 7) and f
divides the divisor (24356) into !
the dividend. An 8-position quo- :
tient is developed in the high- |
order positions of the work area. \
Notice that the number of posi- |
tions in the quotient (8) is the |
same as the number of positions |
in the actual dividend (7) plus !
one for the extra zero. AD. 3
QUOT. |/ +
060 A ROUND WKAREA | =006 | This instruction adds a constant 90000.0%;'018048
"5" to the work area minus six, )
thus rounding the quotient to
the nearest cent.
070 LCA MASK 0260 This instruction loads the edit
control word (bbbb0.bb) into the
print area (location 0260).
080 MCE WKAREA | =007 | 0260 This instruction edits the ad-
justed quotient (work area minus
seven). Zeros up fo the decimal
point are suppressed. Thus, for
this example, .08 is moved to the
print area.

Figure 48.
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The 14-position work area is set up as a constant of
14 zeros with a word mark in the high-order position.

The subroutine for Problem 6 is shown in Figure 47.
Except for the pivibe Op code, all other Op codes were
used in previous problems. The mnemonic Op code for
piviDE is D. The actual Op code is % (card code 0-4-8).

FUNCTION OF THE WORK AREA IN A DIVIDE ROUTINE

Figure 48 illustrates the function of the work area.
The example uses 24356 as the divisor, and 01893.46 as
the dividend. These figures are the same as those used
in Example 1.

Problem 7. Payroll Register

This problem involves preparing a payroll register,
using five different types of cards:

Type of Card Card Type Code
1. Date D
2. Employee name (same as Figure 18) -
3. Year-to-date &
4. Deduction 1
5. Payroll (same as Figure 6) blank

The formats for the payroll register and the five
types of cards are shown in Figure 49. The card type
code used to distinguish each type of card is punched
in column 80.

The date card (punched as in Figure 49) is to pre-
cede the file. The file to be processed was originally
four separate files. They were merged (with a collator)
in the order listed, in department and man-number
sequence. During the merging operation, employee
name cards and deduction cards for employees who
had no payroll card were selected as unmatched cards,
and therefore were not included in the merged file.

New employees, of course, have no year-to-date
card, and a deduction card is included only for those
employees who have authorized deductions for com-
munity chest and/or hospital insurance. Thus, a man-
number group may consist of two, three, or four cards.
The employee name card is always the first card of
the group, and the payroll card is always the last.

In addition to the payroll register, we are to punch
a new year-to-date card for each employee included
in the payroll register.

Payroll Register Specifications

A preprinted payroll register form (as designed in
Figure 49) is used. The form is 12% inches wide (left
to right) and 8% inches long (top to bottom). The
week-ending date, roll number, and department num-
ber are to print on line three of each form. This line
is specified by a hole in channel 1, line 3, of the carriage
tape. The first body line of the payroll register is speci-
fied by a hole in channel 2, line 7. Body lines are to be
single-spaced. The last body line is specified by a hole
in channel 12, line 46. The predetermined line for de-
partment totals is specified by a hole in channel 3,
line 48.

Program Halts

The program must include instructions to stop the
machine under the following conditions:

Initialization Routine

Halt 1=No date card

Halt 2=First file card is not a name card

Main Routine

Halt 3=First card of a man group after a control break
is not a name card

Halt 4=Card has other than -, &, 1, or blank as a card
type code in column 80

Final Halt=End of job

Card Stacking

The program must provide for stacking cards as shown
in Figure 50.

Block Diagram

The block diagram shown in Figure 51 is one of sev-
eral approaches to this problem. First note that an
initialization routine sets word marks and tests for the
presence of the date card and the first name card. A
second initialization routine prints the date line on the
first form, skips to channel 2, loads the first name into
the print area, and calculates the exemption amount.
These two routines originate in locations 0200 and
0100, respectively. They are used only once in the
operation and are cleared after execution.

The main routine originates in location 0400, and is
used repeatedly for all other cards in the file. The rou-
tine tests for the four types of cards (employee name,
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Blank Year - To-Date Cards

Punches
Punch Punch
Hopper Check
Blank Select
Station Stacker
Normal
Punch

- p—

™

Payroll Register Card File

NP 4
New Year -To - Date Cards —I

Employee Name Cards

Figure 50. Card Stacking for Problem 7

year-to-date, deduction, and payroll), processes the

data as required for each type, and prints the data for

each man and department as specified in Figure 49.
The problem involves three calculations:

1. Exemption amount.
$13.00 X number of dependents = exemption amount

2, Federal tax
Current gross — exemption amount = taxable earnings
Taxable earnings X 18% = federal tax

Note: Not to be calculated if the taxable earnings amount
is negative.

3. FICA tax
Current gross X 318 % = FICA tax

Note: Not to be calculated after Year-To-Date FICA
reaches maximum FICA ($150.00).

Although the multiply-divide feature is available, it
is used only to calculate FICA. Exemption amount and
federal tax are calculated by using other techniques
(details are given in the block diagram, Figure 51).

Labels used in the problem and their meanings are
listed in the order they appear on the block diagram.
Labels followed by DCW* indicate constants with a
word mark.

Label Meaning

START Start of program (origin 0200).

RDDATE Read date card punched 10/13/62
bbbbb41D in columns 65-80. 10/13/62 is
week ending date, bbbbb are blank col-
umns, 41 is roll number, and D is card
code.

HALTI1 Location of the HALT instruction when
date card is missing.

HEAD Location of the instruction for moving

date information from date card to con-
stant area.

1L

Label
DATE

RDNAME

HALT2

SEL2

EXEMPT

ONE
EMPCTR

MAJOR

MINOR

LASTCD

EQ]J
TESTNA

HALT3

DCw*

DCw*

DCW*
DCw*

DCW*

DCwW*

Read Read
Read Check Hopper
Select =
Stacker ‘
Normal
Read

NR

I— Old Year - To - Date and Payroll Cards

Deduction Cards

Meaning

Storage area used for storing week-ending
date and roll number (41).

Location of the instruction for reading
first name card.

Location of the HALT instruction when first
name card is missing.

Location of the instruction for selecting
first name card.

Storage area used for calculating exemp-
tion amount (13 X TC). The amount is
calculated by adding the tax code
(punched in column 50) three times, and
once more shifted one position to the left.
Example:

Machine
Manual Method Method
TC (number of

dependents) 5 5

Exemption amount for 5

each dependent X 13 5

Exemption amount 65 S5
65

Character 1 used for counting employees.

Storage area used for accumulating em-
ployee count by department.

Hold area for storing department number
for compare purposes.

Hold area for storing man number for
compare purposes.

Last card test (sense switch A on). Start
of main program.

Start of end-of-job routine.

Location of the instruction for testing
name card after a minor control break.

Location of the HALT instruction when
first card of a man group is not a name
card.
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Label
SELNAM

YTDATE

YDGROS DCW*

YDFDTX DCW*

YDFICA  DCW*

DEDUCT

HALT4

DEGROS DCW*

DEPTFT DCW*

DEPTFIC DCW*

DEPDED DCW*

DEPTNP DCW*

MASK1 DCW*

MASK2 DCwW*

SW1

DEPTOT

ATTHRS DCW*

CHAN1

SW2

FINSTP

CHAN2

PAYROL
AMPERS DCW*

TAXEAR DCW*

68

Meaning

Location of the instruction for selecting
name card when it is the first card of a
man group.

Start of year-to-date card routine.

Storage area for loading year-to-date
gross.

Storage area for loading year-to-date
federal tax.

Storage area for loading year-to-date
social security tax. FICA stands for Fed-
eral Insurance _C__ontribution Act. It was
originally known as OASI (Old Age Sur-
vivor’s Insurance).

Start of deduction card routine.

Location of the HALT instruction when a
card code other than -, &, 1, or blank is
read in column 80.

Storage area for accumulating department
gross pay.

Storage area for accumulating department
federal tax.

Storage area for accumulating department
FICA.

Storage area for accumulating department
deductions.

Storage area for accumulating department
net pay.

Edit control word bb,bb0.bb (b indicates
blanks).

Edit control word bb0.bb (b indicates
blanks).

Internal switch that is automatically
turned oN during end-of-job routine.

Start of department total print routine.
This occurs for each major control break,
and end of job.

Storage area for accumulating depart-
ment attendance hours.

Location of the instruction to skip TO
cHANNEL 1 for all overflow sheets, and the
beginning of each department.

Internal switch that is automatically
turned oN during end-of-job routine.

Final HALT instruction when job is com-
pleted.

Start of routine for the first card (name)
of a minor or major group. It is executed
after minor or major totals are printed (as
a result of a control change in man num-
ber or department number).

Start of the weekly payroll card routine.

Ampersand (&) character for punching in
new year-to-date card.

Storage area for computing taxable earn-
ings {current earnings minus exemption
amount).

ORIGIN 0200 Set Word Marks

0001, 0003, 0009

START 0050, 0051, 0052
0053

RDDATE Read Date Card

No

D in 0080 P
HALT 0001

Yes

HEAD Move 0079 to DATE

- J

RDNAME Read Ist Name Card

No

- in 0080

HALT 0002
N | arom |

SEL2 Select Stacker 2

Move Dept. No.
(0012) to 0318

Move DATE to 0311

Clear 0296 and
Branch to 0100

ORIGIN 0100 Print DATE line

Skip to Channel 2

Move Name (0070)
to 0311

Move 2nd Init.
(0052) to 0292

|

Move Ist Init.
(0051) to 0290

Calculate EXEMPT
Tax Code x 13 = EXEMPT

Zadd TC (0050) to EXEMPT
Add TC to EXEMPT

Add TC to EXEMPT

Add TC to EXEMPT-001

o

Figure 51. Block Diagram for Problem 7 (Part 1 of 5)
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Zadd 1to EMPCTR

Load Dept No.
(0012) to MAJOR

Load Man. No.
{0008) to MINOR

Set Word Marks
in 0013, 0020,
and 0026

Clear Punch and
Branch to 0400

|
ORIGIN 0400 LASTCD
Last Yes
Card ‘
Change NOP for
No EOJ

SW1and SW2to B

|« [
* l
Compare Man No.
(0008) with MINOR
Yes "ZI[? v (ro d)
- in es no name car
YTDATE
L 0080 SELNAM
Load
0019 to YDGROS; Select Stacker 2
0025 to YDFDTX;
0030 to YDFICA -
Yes Set WM in 0156, 0152, 0148,
DEDUCT 0145, 0141, 0136
Select Stacker 1 l
Cross Foot for NET PAY
L?Sgﬁ?'"{"o’oﬂ‘?“ Zadd Gross(0135)to NP(0160)
Subt, FEDTAX (0140) from NP
Subt. FICA (0144) from NP
Sof WM In 0016 (To Payroll  [SUbt- DED (0155) from NP
Card Routine) ]
Load Hos, Ins. Add Gross (0135) to DEGROS
(0019) to 0151 No Add FEDTAX (0140) to DEPTFT
Add FICA (0144) to DEPFIC
Add DED (0155) to DEPDED
Clear WM in 0016 Add NET PAY (0160)
HALT 0004 (wrong fo DEFTNP
code in 0080) l
Load Tot, Deductions|
(0023) to 0155 lLoad MASK1 to 0219 and 0228J
3
‘ 9 Figure 51. Block Diagram for Problem 7 (Part 2 of 5)

HALT 0003

L
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¢

Load MASK2 to 0235, 0248,
0255, 0261, 0267, 0274,
0280, and 0287
|
Edit YTD- 1
Gross (0119) to 0219 l
FedTax (0125) to 0228
FICA (0130) to 0235 DEPTOT I Skip to Chan 3 |
Edit Current- I
Gross (0135) to 0248
FedTax (0140) to 0255 Remove sign from
FICA (0144) to 0261 EMPCTR
Comm ,Chest (0147) to 0267 I
Hos.Ins. (0151) to 0274
Tot.Ded. (0155) to 0280 Move EMPCTR to 0227 and
Net Pay (0160) to 0287 suppress zeros
[ I
Move Man No. (MINOR) to L Clear EMPCTR '
0319 and suppress zeros I
I Load MASK 1-001 to 0236
L Write-Punch 1 Load MASK 1 to 0247, 0257,
I 0267, 0277, and 0288
‘ Clear Print and Punch Areas l l
Edit Totals
ATTHRS to 0236
ON DEGROS to 0247
Swi > DEPTFT to 0257

DEPFIC to 0267
DEPDED to 0277

OIFF DEPTNP to 0288
Compare Dept. No. (0012) I
with MA JOR l Write Dept. Totals l
Yes Clear Dept. Totals
Unequal > and Print Area
Load Dept. (0012)
Ne to MAJOR
Chan 12 Yes —
\
No | CHAN1 Skip to Chan 1 ‘I
A
CHAN 2 ’ Move Name (0070) to 0311 l
ON
[&ve 2nd Init. (0052) to 02921 sw2
Move 1st Init. (0051) to 029;] OFF
Calculate EXEMPT Move Dept, (0012)
Tax Code x 13 = EXEMPT to 0318
Zadd TC (0050) to EXEMPT I
Add TC (0050) to EXEMPT
Add TC (0050) to EXEMPT L Move DATE to 0311 ]
Add TC (0050) to EXEMPT-001 '
I L Write
| Add T to EMPCTR 7 I I
l I Skip to Chan 2
lioadMan No. (0008)foMINORl l
l Branch to LASTCD+005 ‘] FINSTP HALT

@‘ ]

Figure 51. Block Diagram for Problem 7 (Part 3 of 5)

70




PAYROL I Load AMPERS (8) to 0180 ] Load YDFICA to 0030 J

| Load Roll No. (0002) to 0102 I Compare 0030 with
I MAXFIC ($150.00)*

| Load Man No. (0008) to OIOBJ

I Unequal No -
Load Dept. No. (0012) to 01 ]2|
l Yes
Load MASK2-001 to 0241 J
| CALFIC Caleulate FICA

I Amount x 3 1/8% = FICA**

| Edit Hours (0015) to 0241 |
Zadd FICAPC to FICA=006
| Mult . Amt. (0024) by FICAPC

l Add Hours (0015) to ATTHRS | Add "5" to FICA-004 to round

[Load Amount (0024) to 0135 | Add FICA-005 to YDFICA
I Subt MAXFIC from YDFICA

Update Year-To-Date Gross
Add Amount (0024) to YDGROS -

I Load YDGROS to 0119 I +

l ADJFIC Subt. YDFICA from FICA-OO5|

L Clear YDGROS ]

Calculate Taxable Earnings | Set Word Mark I
( % Amount minus EXEMPT=TAXEAR l
’ Zadd Amount (0024) to TAXEAR | tosd Fica-005 10 0144 ]
Subt EXEMPT from TAXEAR~002 l
I Clear Word Mark |

Test -
Neg > | Add 0144 to 0030 ‘
+ Y
Calculate Federal Tax SKFICA l Load 0030 to 0130 l
TAXEAR x 18% = FEDTAX I
Zadd TAXEAR to FEDTAX-001 l Clear YDFICA I

Add TAXEAR to FEDTAX~001
Subt .FEDTAX-001 from FEDTAX |

Add 5 to FEDTAX-001 to round
| Branch to LASTCD J

[ Load FEDTAX-002 to 0140 ] :.‘;7; /gf,?;flﬁ/f/i /63 é
|
Clear Federal T
| I = 1 Figure 51. Block Diagram for Problem 7 (Part 5 of 5)

l Add 0140 to YDFDTX —I

fe———

SKIPFT [ Load YDFDTX to 0125 _]
| Clear YDFDTX —l

G

Figure 51. Block Diagram for Problem 7 (Part 4 of 5)



Label Meaning

FEDTAX DCW?* Storage area used for computing federal
(withholding) tax. Normally, the federal
tax is computed by multiplying taxable
earnings by 18%. The method used in
this example accomplishes the same result.
The taxable earnings are added twice in
this area (shifted one position to the left)
then 10% of the result is subtracted.
Example:

Manual Machine
Method Method
Taxable
earnings 1 20.59 12.0590 ( 10%)
X .18 12.0590 ( 10%)
96472 24,1180 ( 20%)

12059 —2.4118(— 2%)

21.70 62 21.7062 (=18%)

FIVE DCW* Character 5 used for rounding federal tax
and FICA.

SKIPFT Start of routine after computing or skip-

ping federal tax.

MAXFIC DCW®* Storage area for holding maximum social
security tax ($150.00).

CALFIC Start of routine for calculating FICA.

FICA DCW?* Storage area for calculating FICA (cur-
rent gross X 3% % = FICA).

FICAPC  DCW* Storage area for holding FICA percentage
factor 3125. (Decimal equivalent of
3% % is .03125.)

ADJFIC Instruction for adjusting FICA when the
sum of year-to-date FICA and current
FICA exceeds $150.00.

SKFICA Start of routine after computing or skip-
ping FICA.

ON DCW* Character B for turning switches 1 and 2

oN during end-of-job routine.

Figure 52 shows the symbolic program for Problem
7. It includes two operation codes not used in previous
problems:

Instruction Mnemonic Actual
1. Branch if Character Equal B B
2. Branch if Word Mark and/or Zone BWZ \%

The BRANCH IF CHARACTER EQUAL instructions in Fig-
ure 52 test the five different types of card codes (-, &,
1, blank, and D) in column 80. The branch to the
A-address occurs only if the card type code in the lo-
cation specified by the B-address is equal to the
d-modifier in the instruction.

The BRANCH IF WORD MARK AND/OR ZONE instruction
(BWZ) tests the results of an accumulator after adding
and subtracting. The instruction can be used to test for
either a plus or minus sign in the units position of the
accumulator. The d-modifier is B (12-zone) to test plus
and K (1l-zone) to test minus. The branch to the
A-address occurs when the sign in the units position of
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the accumulator (specified by the B-address) is equal
to the sign B or K (specified by the d-modifier).

A Nop instruction is used to place a word mark im-
mediately after the last character in the two initializa-
tion routines. It is also used in the main routine in
conjunction with an A-address (Nxxx) to set up two
internal switches. When the operation code is N, the
switches are orfr. Therefore, no branch occurs. When
the operation code is changed to B during the end-of-
job routine, the switches are on. Therefore, an uncon-
ditional branch occurs to the location specified by the
A-address.

Problem 8. Payroll Check and Earnings
Statement

This problem involves preparing a weekly payroll
check and earnings statement, and uses three different
types of cards:

Type of Card Card Type Code
1. Date and starting check number D
2. New year-to-date &

3. Employee name -

The date (10/13/62) and starting check-number
(12490) card precedes the file. The file was originally
two files: the new year-to-date file punched during
Problem 7, and the employee name file selected in
stacker 2. The two files were merged in the order listed
in department and man number sequence.

In addition to the payroll check and earnings
statement, a check duplicate is to be punched for each
check written. This card will be used to prepare check
registers, and for check reconciliation.

Figure 53 shows the formats for the payroll check,
earnings statement, the three types of input cards, and
the one output card.

Payroll Check and Earnings Statement Specifications

The payroll check and earnings statement will be
prepared on a preprinted form (as shown in Figure
53). The form is 12 inches wide (left to right) and
3 inches long (top to bottom). The three lines of print-
ing for the first form are specified by holes in the car-
riage tape that are punched as follows:

First line = channel 1, line 4.
Second line = channel 2, line 9.
Third line = channel 3, line 14.

This marking for one three-inch form (18 lines) is
repeated to control seven forms in one revolution of
the tape. The tape is cut at line 126 (18 lines per form
X7).
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IBM INTERNATIONAL BUSINESS MACHINES CORPORATION
IBM 1401 SYMBOLIC PROGRAMMING SYSTEM

Program BA yA)D L L /?E GISTER CODING SHEET

Page No. 0?/ of

FORM X24-1152
PRINTED IN U.S.A.

WES

Programmed by Date Identification %M%
(A) OPERAND (B) QPERAND
LINE  [COUNT LABEL OPERATION ADDRESS o] cnar Tg ADDRESS +] cnar g d COMMENTS
3 516 7|8 1314 16|17 23 ADJ. Z_:I 28 34 ADJ 3_8 39|40 55
o ol | lenll33, e e
o,2.0| , ¥ THIS| ROIOTINE SIETS| VP HEAD NG| IDIATE LINME FOR . . .
03,0 M, FIRSITI FORM AND S|IELECT \F/ RST) WAME CARD
o,s0f |, . . . ORGlO200, . i R T S I NG T LA LLZI NG |,
o050l  ISTART S looor .t . | loosz .\ 1 . . ROUTL NE, T0, SETUP
o600 . | .\, ., |SW 0009, i 00850, i i, EADI NG LIME
ool ., |SWloosr, i . |loosa i1 FARST, HALT, .MEAWS
oo, |, ., |Sw 0053 11, R A VI _DATE CARD .,
lo,o, 0l , RDDATEIR | . v o 1 1 | e SECOND HALT .
ool |, B L IHEAR, 11, sof0 | | MEANS, Ft RS T _F . LE
vl WALTH, B ) loood 1 | lpool 1 CARD 1S MNoT A, . .
oo |, (B L IRPDATE |, R VAME CARD , ., .,
vaol  |HEAD | MeMW0O 79 0 | IDATE. 0L STORE DATELRQoOL L
a0 |RIMVAMELR, R N S R e
sel oo, ., BV ISELZ 0L 0,080, , 1\, “ITEST FOR NAME | |
vso| , IHALT2 |H 00060, | 6002 | | CHAERD, iy
vrol ol 1B RDNVAME | R R SRS
ool L ISEL2, LSSl R 2| SF . LECT. NAME CARPD
o L MaS[0 02, h 0308 MOWV.E DEPT, AMD . ,
coo|l |, MEWDATE L 0.3 0.0, 1t DATE - ~CLEAR ROVT
20| | |@S Jog00 0L 0296 i1, I ME _ANMD. BRANMEK .
Lol ., . . . Mo, .“.EL.. P T0. 01,006 . . .. .|
1 I I 1
1 | I I [
1 1 I ! "
USSR T U SO NS ET TR S N SN A SN SR SN S N S PR RO T W B B R L R T N T W SO TR S S S S
1 1 i 1 1
TR PR PR SR (NS WO ST SRS S S N S W TSRS T TR SN SO S S S I S TS N S S S SENON S TS S S S S |

Figure 52. Symbolic Program for Problem 7 (Part 1 of 12)

IBM INTERNATIONAL BUSINESS MACHINES CORPORATION FORM X24-1152
® IBM 1401 SYMBOLIC PROGRAMMING SYSTEM PRINTED IN U.S.A.
Program PAYROLL REGISTER CODING SHEET Page No.L @ 2l of /2
Programmed by Date Identification 7£e RO .8 20
(&) OPERAND {B) OPERAND
LINE  [COUNT LABEL OPERATION ADDRESS 4] cnam ; AODRESS +] omr |2 d COMMENTS
3 5|6 7]8 13{14 16|17 ADJ. 27|28 ADJ. 38[39]40 55
o o) o be, TS| RWUT A NE \PRINTIS, HEADI NG LIHNVE ON F.1RST. FIR
o 20| , b, SKIPIS. Tlo, CHAMMEL, |2, Lo ADS NAME| FROM F .t RST CARD
o3.0| , bk, T0, PRI _AND, CiaLCluLATES (FXEMPTILON AMOVNT, .\ .
o, s 0| | ., . . . |ORGlOIOO, i, R T S R
N R 7 R Wi ! TE, DATE, L.1.NE
oe 0 vl el L b RISk P To, CHAN A
oriol vl IMeWlOO0, {3 MO.V.E LAST MAME. , |
0,8,0| , e Mewlodsia 02,92, , I i, OV.E_DNVD, 1N IT AN
ous.0| . IMeWlposih 02,40, , i | . MOV .E._ 1.5T 1Mt Tl Al
ool vl |ZAL 0050, b | [EXEMPT L CALC OLATE o o .
ool oy o A V0o s0 L | IEXEMAT L, EXEMPT. I .O0NMN AMOUNT
12,0 i A L B0 50, EXEMPT | | | TAX COPE .,
TN N P I PR S - U 2 R EXEMPT-100,1 TUMES, .3
14,0 e JZAJONME, P EMPCTIR L DD, 0. EMPCTR
sl o Lo uelAlogr2, o L MATOR L LP DEPT TO. MATOR
veol Lo eAl0OOE, L | IMINOR L LD, MANNO, TOMINOR
R YR LY R e R EY SET. WMoRP, MARKS. .
|.l.8,00 L \SL: O|0|21LJ 1 L L Lol P L S T T S S R S R SO E S )
el Ly oSy lodee, 4 100,99 1L CLEAR, ROUTHME | |
ool | INOP L A T A AND BR To 0400
I 1 i 1 1 1 1 : 1 1 1 1 l } " L 1 ’ : : 1 1 B N 1 1 L 1 1 1
] [ [
" L JE S L ) I S N R IS N WU SR DN S SRS SRR PR TR WY IS S S S|
1 1 1 1 1
L " PR S S FE | P S ST S SN B B T I RS T N SN RN R N FY S T U W TR T
| 1 1 1 1
L I I S T S S :1.;».::\\ \l\::ll S SRS UV YN DR SN WY GRS WA D DO SN N S—
Lo L R P I S R O O B L ' S B S IR L [T N S N 1]
1 ] I | |
. 1 M L L P ) PR T S S T N PEY P R S T S N L R L1 ! TR TS N SO SR S §

Figure 52. Symbolic Program for Problem 7 (Part 2 of 12)



INTERNATIONAL BUSINESS MACHINES CORPORATION
IBM 1401 SYMBOLIC PROGRAMMING SYSTEM

Program BAyRDLL REGISTER

CODING SHEET

FORM X24-1152
PRINTED IN U.S.A.

Page No. 193] of _ /2=

3

Programmed by Date Identification ffg 08;%.
(A) OPERAND {B) OPERAND
LINE COUNT LABEL OPERATION AODRESS + CHAR. 2 ADDRESS + CHAR. ;ls d COMMENTS
3 5|6 7|8 13[14 1617 2_ ADJ. 2_1 28 3_4 ADJ. 3‘8 39|40 55
ool o ¥ TH 0S| 4.8t THE SITART| [0F THE MAIWN ROUVTINE ., . ..,
ozl , |, |OREGlO¥0o0, , | i, T A N
©0.3,0 LASTCDB | |Eod, , 1+ ., b4 | |AlBR, 1 Fy L AST. CARD
e R READ A CARD , ., ,
osof |, 0 0008 i1 | MINOR | i . | COMPARE MAN_ _NoO, _,
o6 0| |, . |B | ITESTNA | v b MBR, 4 F UNEQUAL,
o, 7,0] | ... . B\ YTDPATE | .| |loogo .\ | |&TEST YTD & BR ..
oo ol |, B i bedYver i, [|oogo i, | WTEST DEDUVLT & BR
osof |, B PAYROLI L . | looge, L, TEST LPAYROL K B.R
rool  IHALTY W 10000, 11 | l0o0d 1 W RONG CODE 4N £0
oo |,y B LASTCD b0 | R To, REAP, ., |
2,0 TESTMNAIB | ISELNAM | | 0080, I\, | |-lTEesST NAME . . . . .
a0l MALTI M 1 0,000, 11, 0003, | i, No, NAME CARDP ,
el L B} [LASTC D005 e B8R To, REAP. . . . . .
s,o|  |SELNMAMISS! |, 0, b | AISELECT. MNAME CARD
e,ol |, SW lorsé L, N SET MORD MARKS, |
R Y A T Y e B CY N T LN PUNCH AREA BE
ool (L ISWM 0N, 0 L0136 L EORE NETPAY. CALcC
eol o |, |ZzA 0438, 00, lorge 0, ZERO, ADD (CURGROS
200 |, 0 S tlordoe 01606 SvU 8T CURFEDTAX |
1 1 1 1 1 1 A1 1 1 JI 1 L 1 i L : : Ll 1 L 1 i 1 : 1 1 A1 1 1 1 1 L 1 L 1 i 1 1 1 1
1 [ [
1 1 I 1 i 1 I 1 1 1 1 1 1 1 ! ll L I L I L 1 1 1 ! I 1 i L L 1 1L i I I 1 I
1 1 ] 1 I
L I I 1 Il 1 1 1 L I 1 I I Ll 1 1 1 Il I 1 1 1 ! L 1 L L I n 1 i 1 I 1 1 1 L I
! L L e -
A N R ATEN PUN N U o I S s l L
PR N W SN S T SR SN SO AN TR N SN NN U NN SN R N B SN F I S R S S S R T SR S SN W ST WU SRS T ST S SR ¥
1 1 ] 1 1
Il L L L i i FE| 1 i L . Lt L L 1 L L 1 il L L 1 1 L [ L L L 1

Figure 52. Symbolic Program for Problem 7 (Part 3 of 12)
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INTERNATIONAL BUSINESS MACHINES CORPORATION
IBM 1401 SYMBOLIC PROGRAMMING SYSTEM

Program /0/4 )/foL/— REGC/ISTER

CODING SHEET

FORM X24-1152
PRINTED IN US.A.

Page No. Idﬁz of _ /&

Programmed by Date Identification Eve RO .5 ;ZO
(A) OPERAND {B) OPERAND
LINE | COUNT LABEL OPERATION ADORESS 4] cuar g ADORESS 4| cHar ? d COMMENTS
3 5/6 7]8 13f18 1617 23 ADJ. 27|28 ADJ. 38[39]40 55
I N R R TR A A Y SUuBT. CURRENT FICA
oepol oo 18 oS, L 0,460, 14, SUBT CUR, DEDULTS
.30 L LA L for3s i, | IDEGEROSE T L ADD CURR GiRO.SS,,,
0, 4,0 e L A ot Yo, | [DEPTET L, FEDPTAX FI1CA  DE-
0,50 . R YT DEPFILC | DUCT L ONS, AND ., .
CPLITS T CA o ss i [ IDEPDER L, NET. PAY. 10, DEPT
ool |l AL OEL, L DEPTNF | . ACLCUMULATORS .,
oe o |l W CAMASK Y L, o244, 00, LD, ED0T. CT.L, WORD
esol 1 LGAMASK, by [ oz kL YL FOR _YT.D GROSSEFT
oo v, LeaMAS K2 0235 , 1 LD, _ED T, CTiL \MORD
vl oy, [LCAMASKZ L, 024F , 4, . FoR NMTD, FILCA AND
2.0 e LCAMASKZ, 6,255 11, CURRENT G ROSS.,, |,
JEI L LCAMASK2 L 02,60, 11, FEEDTAX, FULCA,LC OM.
veol Lo LUAIMASK2, 0 0 L | o6 b CHEST, HOS. IHS .. .
vsof ol LCAIMASK 2, L | 1029 1L ToT AL, DEDULT LONS
wspol oy, o, [LOAMASK2, 1 | lozg6, 0L, AND MET PAY. . ., .
ol |, LA ASK VL o2 e L, 44
veol (1o MGEON G vy L 10240900 EDIT Y.TD. 6.ROS S,
ool o, IMGElO L2 0 o228 YT.0. FEDTAX, AND, .
2 00| . .  MelElosrzo U 1 loz3s L Yrp FICA
T R T R B Lt 4
1 [ [
1 1 1 1 L L 1 1 1 1 1 1 1 1 ! ! ) 1 L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 I 1 1
1 n T S SN S| 1 FE S O 1 [T TR N B | L L P Lk T S R YO S B 1
I [ FR
FEREETUR (N TN (SIS T SN SR S SN SN S U SO S SR SR SN RS IS S NN NN S S ' TN S SR SN Y T SO U U WA ST SR S N ¥
t 1 b 1 1
1 1 T R N S PR | JE TR S ST [ P S B B L [ ] L SIS N ¥
[ [ [
L 1 1 L L 1 11 1 L L i P ] 1 L Lt ! 1 I L 1 i1 s 1 L 1 " 1

Figure 52. Symbolic Program for Problem 7 (Part 4 of 12)

74

e



S

INTERNATIONAL BUSINESS MACHINES CORPORATION
IBM 1401 SYMBOLIC PROGRAMMING SYSTEM
CODING SHEET

FORM X24-1152
PRINTED IN U.S.A

Program PAYROLL REGISTER Page NoA\_?‘gof 7 N
Programmed by Date Identification LP_7G ./ea B‘Z
{A) OPERAND {B) OPERAND
LINE COUNT LABEL OPERATION| + CHAR. g + CHAR. g d COMMENTS
3 5|6 718 13[14 16417 AOORESS 2_3 ADJ. 2-1 28 ApoRess ]73_4 ADJ. :s_l 39|40 35
0,1 0 e o MelElor3s v, o e L0, EDIT. CURRENT . . .
0,20 b IMelElO 20, 0,285 i1, 68085, FEDTAX 5 . .
0,3,0 e MalElO R 0260, , 1 ., FICA [CoMM. CHEST,
0,40 C e MeElO 7 02,67 . | ., HoS. 1 NS .  FTOTAL |
0,8,0 . MCElor Sl 027% D EDUCT I.OWS, AND,
°,8,0 R ‘Q£aL£$‘E},. m;gm.::.A MET. PAY. . . . .
0,7,0 e MasElO 6O, o2 &7, i1 N SN S S S S S NS
08,0 e o MOSMyHOR T |03 M. MANNG S OPZEROCS
0,5,0 e WP R WR.I TE~PUNCH . |
1,00 e .08 j03.3,2, 10, R S CLEAR PRIMT . . . |
Lo b QS NP R AND, PUNEH ,
1,20 . les! I T R AREAS, . . . N
13,0 AR ‘LNOPDEAror:,, - L N.OP. D.f.F B&A”chN
4.0 N (X 006.1.2, . | ., MATJOR | | . | (.,OAM,P,A RE, DEPT.MNI,.
8.0 e L B L DEPTOT &, a4, |Z|BRANVCH UMEQUAL,
8.0 o B CHANL L T R TEST, CHANI2 & BR
7,0 CHANZ, Mewloog0 v 1 | leFis, L MO VE NAME , . . |
18,0 MO0 05 L 0,292 , i1, | Moy E, 2,ND, (, M/tl&
19,0 e Mewl00 S5, L, 0,240 i, MOV E, zsr N T AL
2,00 . ZzA oS0 EXEMAPT | o CALLU . e
L N R D N b
L T A A N A RPN B e
L N R N N B e
. PURPRR R T R R R e
e T N N T R PR T R NN
. T B e A . R e

Figure 52. Symbolic Program for Problem 7 (Part 5 of 12)
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INTERNATIONAL BUSINESS MACHINES CORPORATION
IBM 1401 SYMBOLIC PROGRAMMING SYSTEM
CODING SHEET

Program PAY/?oLL /fE GlS Tf/f

Programmed by

Date

FORM X24-1152
PRINTED IN U.S.A.

Page No. [0 blof 12

(3

Identification &&A‘é‘_z
76 8

(A) OPERAND (8) OPERAND
LINE | COUNT LABEL OPERATION | cnan |2 4| coman [g d COMMENTS
3 5|6 7!8 13|18 1617 AoDRESS 2_3 ADJ. z-'lzu AO0RESS ‘l’:u[ ADJ- 3_339 40 55
0, 1.0 en v L A 0056, | EXEMPT | EXEMPT.LON AMOONT
0,20 . AL boso G |V EXEMATI L L TAK C.ODE . . . . . .,
0,3,0 e A L0050, E X EMPT—i0,01 tuM&&.hi..Ll.‘.
0,4,0 . A JONE EMPCTR | | ADD {, T.o CIVNTER
05,0 e LCA0OSE L M NOR L LoAD MANNO, T.OM/IM
0,60 e e By LASTCDtOOS | BR T, READ, . , , .
0,70 . Y.EAR|-T0-DATE. (CARD |ROUT I ME | | e
osol  YTDATE|lLCAl o1y, 11, | YDEROSH ! L, Lo, AD YEAR-TO= . .
0,3.0 er L LQAlo0zs, 0, YD EDTAL L DATE CROSS,, ..
10,0 pii o WL CiAlG030, G YOFELGA |\ . FEDT.AX A NMD EICA
Lo L A L LASTCDHo 0L | BRANCH To READ .
veol 6 DEDVICTIH oW, CARD ROWTINE | |1 . e
veol  DEDVCTISS | e L SELEGT. DEDUCT CD
IR NP [ 7.1 -3V A O S R N - A 20 M N R Load, L OMM. CHEST,
I PPN 0 N N T A b S ET. WM Fo.R 0S5 (N
Le.o NP Y V.|, /U R R I V- < AP A LoAD, #OS. ) M.
1.0 o law 1006, R ¢ LEAR, WM _HIS. (NS
1e.o o LCAp 023, L oS L LOAD \T0T. DEDVCT,
B c B LASTCDHOss L BRANCH TO READ
2,00 N . L R P
[] [ [
FE— TN TR N UORN SN NN WA [ SN SN TR T SR S S S S IR SAS N SO S N RO S 8 FURN TS WA SN S S TR SN N S WY G S
[] [ [
1 T R S R S OO S SR ST T T N S N SR SR TR N S N R S IR S TN WY VU ROV T SR T S S S M ¥
1 [ [
L U T S S S Y G SO R B S S T U S W S B S T PO U G GO TR T SR S G WA NN SR SR S |
1 [ [
L PR SR U SN (TR W SN SO SN S SR S B S N VRS S N A B P ST T T T S L1
1 [ [
L PR DU DRSSO S NN S W NN S SN S SR S S RN S PN SRS N T S R B ST PR SN DN TN TN T TR T S WY SN S S S
T T i i : 1 ‘:: il dod ‘1 : 1 Lol 1 1 1 1L n 1 1 1 1 1 1 -

Figure 52. Symbolic Program for Problem 7 ( Part 6 of 12)
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Program PAYROLL REGISTER

INTERNATIONAL

BUSINESS MACHINES CORPORATION

IBM 1401 SYMBOLIC PROGRAMMING SYSTEM

CODING SHEET

FORM X24-1152
PRINTED IN U.S.A.

Page No. Lg._gl of /o

Programmed by Date Identification ;%M_.ﬁa%
{A) OPERAND {B) OPERAND
LINE COUNT LABEL OPERATION ADDRESS + CHAR. ; ADDRESS CHAR. : d COMMENTS
3 5|6 7|8 13[14 16|17 ADJ, 27128 A0J. 3_8 39 ‘_0 55
o o] . W T IS] RoleTI ME CACelV AT E S CluoRRIEMT. FEDERA L. _AND .,
o,e0f e, F 1, CAl TAIXES AMD VPDATES, YEAR-ITIO|-DAT.E, GCROSS. , FED -
o,3,0] ¥, ERALl AMD E4,CA TAXIES~~-CURREMT |FEDELAL TAX 1.5
0,40 v COMPWTIED 0N TAXAB|ILIE EARMINMES,| AVD, L URRENT, Fi(C.A
o s0] , 1 TAX. 1.5 Ca%kuﬁﬁa.OUAY‘E&B:EHfﬁaYEE&.WMDJE.YCL&
o e0] . I T.o=dATE| F/CA IS, _LIESS THAN £/|ds|, 00--~AL S0 CALCY
o, 7,0] , k.LATfS.V/WAL.F/CA TAX e
c8,0| ¥ o oo oy [ MU NR S DU SR A SR SO S SR R S SR
o5 0f AX&ngdAkﬂﬂfﬁéuilj 0080 L\ LOAD. CARD, CODE, |
oo L (LelAloo o2, L, 0,002 4 1 | L oAD oLl NeMBER
S N Lelalog o g V1 016,F, , I I ., MAN. 0. D EPT, Mo,
2.0 C L LelA0 022 0, 0442 t 1, To, PUNCH AREA, . ,
voso) Lo ILGAMASK R, ~t006, ) o2 %, i LJ AD. EDIT. WoRPD, .
a0 e Ml s 0. 244, , )\ . EDI T, HOURS, . . .
vsol o AL 0,0.1,% , i1 ., AT.THRS + , Abﬁ.#@é‘Tﬂ.ATT#R
I I N Y I PR - N A T A LOAD AHoUMT .
ol ol o A, 0624 04, | [YDGRES! | U.PDAT.E. Y.0.GROS, ,
ool |, elAlydo6eROST Y | Jorre L LOAD MEW YDEROS,
19,0 L IS VP GRS L b CL.EAR (YDPCROS, |
s 00| o zA |pozyg TAXEAR | . ADD. AML. ToTAXLAR
[] [ i
ll«lllll:l\tll::ll lllli::ll [ R TR S TS WY SR N WA N S S SR S
A I R DO P I A I N A,
) [ [
S P S S OO S SO I N
1 [ i
TR PR S T SRR 1 SRS TN TN NS VN RS ' U S VAR S S S NN St T S AN S VD S S S S U TR SR SRS S |

Figure 52. Symbolic Program for Problem 7 (Part 7 of 12)

IB INTERNATIONAL BUSINESS MACHINES CORPORATION FORM X24-1152
M IBM 1401 SYMBOLIC PROGRAMMING SYSTEM PRINTED IN U.S.A.
Program PA yRoLL REG/S TER CODING SHEET Page No. ? fz of /&
Prog! I by Date Identification L R.0.8 ?o
(A) OPERAND (B) OPERAND
LINE | COUNT LABEL OPERATION| +| cwn g o] o [s d COMMENTS
3 5|6 7]8 1314 1817 Ao0RESS ADJ. 1-1 28 AooRess A 3_‘ 39 55
ool b IS TIEXEMPT T TAYEAR =106 SUBTRALCT EXENAT.
o,zol 1., ., BwziskrPFET |, | [TAXEAR -0 02| |KIBR 1.F TAXEALR 1.5~
o3, 0f L, [2ZA [TAXEAR | FEDTAX =00, COMPYTE FEDTAX .
o,a0f |, A I TAXEAR |, | [FEDTAXI-i6,0.1 e,
os,0| v |,y I8 ) |FEDTAXI~ip0 (| FEDTAX | ., e
06,0 e AV IFELWVE, FEDTAXI~ido01 Roumm,FEDrmm,..
0,70l o |, , [LelAlFED T AXI=O 0 R LOAD, F.EDTAX, . . ..
oo |y, IS L IFEDTAX |, o CLEAR, FEDTAX . |
0,0,0] i logsto v WDEDTX L WP O ATE YD FOTX .
rool . ISKIPETILCAYDFOT X . | losr2s . it . LOAD NEW NDFDTX,
S N N R MY Y R TR et CLEAR YDEDTX, . .\,
I cow o JLCIAYD FLCAL L 0039, | i, LoaAD YD FE(LC,A
3.0 . e 66306, | MAXELC G, C.OMPARE, wi TH, (.50
14,0 e B LCALFRIC b, L IZIUMEG, COMPUTEFILA
sob ol ., IB.YISKFICA L L, e cavAL, SKILP FULCA,
18,0 CALELCIZA FU.CAPC 1+ | [F 1L CA | 1-l00é LOAD MPR 3,125 |
ol o M ooad L IFIICA CALCULATE FILA
ool Ly, JAVIFIWVE o L ELCA L =1d0, RoOUND, FICA . . . .,
vl b AV IR CGA L mlo0 8] IYDFICA L UPDATE YDEILA
zopof (1o S ) MAXELE L VO FICAL L SCBTRPALT [Lsoo0 |
R R D P BN L bt b et
1 [ [
AN SRS S SN ST YUY N S SO SR S S N SN T SR SR SR N S T IS S S T S N N S Y U SN W TN Y S TN W SRS SR R SR 1
I [ [
L PR (S T SR S IR S WU WO T S N R W [ S S NS S R B U S T SN WY S SR ST S SN SR SR N S |
] [ [
JPURED S SV T NSNS RO ST AU S ST SN S NN ST S SR S S S R S RN VRS S S S Y N R T S S SR VUNOY WAN SRS WS N S S TN ST SN 1
1 1 1 ] 1
PR ST S T T S S Y 1 Loy DR VR S SRS N N N S FORMY S N SO UM T SRS S SO WY TN S S S
1 [ ! ]
il PR R S R SN NS NN S S S S WA SR SN R T 1 U SN R S N SN R Y Y S N R S} T U S |

Figure 52. Symbolic Program for Problem 7 (Part 8 of 12)
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INTERNATIONAL BUSINESS MACHINES CORPORATION

IBM 1401 SYMBOLIC PROGRAMMING SYSTEM

Program PAYROLL RE G/S TER

CODING SHEET

FORM X24-1152
PRINTED IN U.S.A.

Page No. (? g of IR

Programmed by Date Identification @_@Q@%
{A) OPERAND {8) OPERAND
LINE  |COUNT LABEL OPERATION| ADDRESS +| cuar g ADDRESS 4] cuar. gd COMMENTS
3 516 7{8 i3[i4 1617 23 ADJ. 27|28 ADJ. 38| 39]/40 55
enel L 1. . . lewWzlaAdT.F1Cto07| YD EICA T | KIBR, (.F Y DFI.LA LS.
ool UdTFr.els ' lydrrca + 1 lF1cA  i-icos] | IREDV.CE CURR ELCA
0,3, 0| | L L SW F1.CA . ~-10.0¢§ T A SET. WM FoOR, FICA
0,4,0 L LCAlFICA | -loos| ot L LD F LCA To, PUNEH
os,0| | ., ., . lew |F1cA |, -i00.¢ R N R CLEAR, WM _FULCA | |
oeol ol . A VoA b 10030 10, VPOAT.E, YDF.ICA | |
0,70 . ISKF. 1 CAlLCAloo30 11 04306 . i, LOAD NMEW YDFI.CA
ool |, 18 ) IVMDEFEICA T N CLEAR FurcA
ool . . B LASTED | b BRANCH. TO. L ASTCD
Lo0 b ML Rl Td NE. PRINMTIS, DEPARARTMEMT TOoTALS WHEM . . |
ol . e (COMPIARIEL DEPLT IS VIMEAUAL. | i, e
N LPToTlee | o P N Asuu P T6, CHANUELS
el C. . Mz l0099 i | EMPCTR |, . REMOVE, _PLYUS S.1.6WN
ceol o MES[EMPETR 6227 .. M6V E EMPCTRESUAZ
vsol ol IS T IEEMPCTR L R CLEAR EMPCTR .
el ., LeAMASKY, =lo0d) 10,236, LBAD EDIVT 4 . .
Lol L L L CAMAS K o ey L CONTROL, WORD . .
ool o, L JLUAMASKS, 1, | lo2sg 0t T
1,0 e LepAMAS KL 0247, 1 S
ool . |, . LCAMASKI L 0277, . e ,
200 | LQAMA&MLiili “LK“‘EE“ a4
] I ] 1 1

L P BT D :\llll::l lxj_‘;::l TS ST ST SO YA SR R SR S W} L2
PR A\Allw:llll:lll |..|::|| PO ST SN TR SR ST N NS WS SOV R S |
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N P T O R T A N

Figure 52. Symbolic Program for Problem 7 (Part 9 of 12)

INTERNATIONAL BUSINESS MACHINES CORPORATION

IBM 1401 SYMBOLIC PROGRAMMING SYSTEM

Program PAYRaLL REGISTER

CODING SHEET

FORM X24-1152
PRINTED IN U.S.A.

Page No. LI’;%I of /2

Programmed by Date Identification LT,‘?ML%
(A) OPERAND (B) OPERAND
LINE |COUNT LABEL OPERATION ADORESS + C:D‘:,R‘ § ADORESS + C:D:.‘;_ gd COMMENTS
‘.lo ) 055 718 1314 ¢I|£SI7 TI#RS:ZS: 27227—3‘ ;30: ]BSSGEDIT lA'Tr%RS 55
oeof L CEDEGRES, | 0247 i1, DEPT. GROISS,, D.EPT..
0,30 CEDEPTFT |, 0257, 1 FEDTAX, DEPT., FiCA
0,40 e MGEDEPFLC | le267 1 0. EP T DEDULTS,, AND
ool |, ., IMOCEDERDED | . | 0277 .11 .. DEPT.. NET. PAY . . |
oso| | MCEDEPTHNA L | 2 8F 1L T
1 [ o -
R0 R ISP 7Y s 7 I e I S B W (1Y Y
0,8,0] o 8. 1 2 EERES e b OEPART MENT, « « \ o s
ool |y S VY IDEPTET L L R R R TOTALS . vy
[ L Ly S.: D,E‘P,FA/,C::, Allll::\l Lo a L o1y
| 1 K [
l‘z.: PR S S i\i g.g.f;?.;.gs} L L ""l;" PR U SN VO YN S R S S Wt L
1 1 L 1 1 1 1 1 1L 1 A A L L 1 L 1 1 1 . ! 1 1 it 1 1L it 1 4 1 1 I 1 1 L L i 1
el o, et 18332 00 PR I R CLEAR, PRI MT. AREA
T N O [ O o b N
ool oLy, JLeAlpO 2, | MATOR L S T.0RE DEPT-NO.. |
Lol L CHANI, &ai T .33.‘ N i.. $K P To, CHANNELY
eo]  lSW2, . IMOWPIFINSTA R M0.P. O.FF GRANVCHIN
I I R ewlg oz, L, o3 g0 MovE, DEPT. MO,
2, 00] | L MeWDATE 031/ L MOYVE DATE o o o o
200 | Wy L e WR. I\ TE DATL, Lt VE
202 |, ., .., lce lcHaNZ | | e b S KPP T0 CHANI&EBR
L lll«‘ll:L\ll::ll IAIII::IA IR S SRS S SN SR SRS NN RS WONU S N S §
PR (RN TS VU SRS S DUV U SN NS SO SN S TR N S S P SR W TR R N B S | PSSR U U WS TN S SN S S SR S R N
1 1 1 I I
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Figure 52. Symbolic Program for Problem 7 (Part 10 of 12)
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IBM INTERNATIONAL BUSINESS MACHINES CORPORATION
d IBM 1401 SYMBOLIC PROGRAMMING SYSTEM

Program PAYROLL REGISTER

Programmed by Date

CODING SHEET

FORM X24-1152
PRINTED IN U.S.A.

Page No. { Zz of /2

Identification #2.R. 0.8, 7
76 (]

(A} OPERAND

(8) OPERAND

oeo|  EOT. . . Mcwlon . 1t | lswi

CHANGCE NOP. FEoR. .

LINE  |counT LABEL OPERATION ; 1d COMMENTS
ADDRESS * “;‘n‘"' z ADORESS + CA'L“' £
3 5|6 7|8 1314 16117 23 4 27|28 34 - 38| 3940 55
I Tyt
o,i,0f B END-|0F,-1T08 ROUT. I .NE| s L \
1 1]

osol v |, MW

S W/,

AND, SW,

& To, LA

N S W,
10,02 R

[
[
Pt
P
e B ISELNVA L, e
o sl  [FINSTPH . \FINSTP | | e b MDD~ 0, F-T06 H#HALT,
LIEIEN B S R R R P R e
o,7.0] | L O WSl A M T S R A R
o0 o/ SIDATE, . DAM¥, . . 1 R R ey
0.9, 0lO3FXEMPTIDCWIE o . |+ R e
1,00 |O3EMPCTRIDCIWN., | . | 1, R S P S
oo |ofIMAT OR, Dewhe, L1 e e
LeolObMINOR, DDeWk e e,
3o lO7WDEROSIDOWE, 1, b, U
Lo OLIYDFDTX DO . i, R N ey
8o |OSIYDFI CADEW, 1 NP N o
-&&Oqﬁﬁ&ﬂ&SLdWﬁ.‘..il.. P v
1 0|0 LIDEPTETIDC W% o o | | b, e
e o |OUDEPFICIDC WY, | . b, R B R e
19,0 |OGIDEPDED DO AN, |, , b, R AR e
2000 7N DEPTNPRCW Y . | | S A e e
N R N T b N
[ [ [
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Figure 52, Symbolic Program for Problem 7 (Part 11 of 12)
IBM INTERNATIONAL BUSINESS MACHINES CORPORATION FORM X24-1152
IBM 1401 SYMBOLIC PROGRAMMING SYSTEM PRINTED IN U.5.A.
Program PA’V'{)OLL REGISTER CODING SHEET Page No.L£ R of 22
Programmed by Date Identification f RO.5 20
{A) OPERAND (B) OPERAND
LINE  |COUNT LABEL OPERATION| ADDRESS 4] cHar. 2 ADORESS +] car g—d COMMENTS
3 516 7|8 1318 16]17 23 ADJ. 27|28 34 ADJ. 3839|400 55
010 |0IMASKI. (DeW¥ 1, G| 0. L v
o.20|OGMAS KA DWWk ., .t olel 1 e,
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o5 0|0FERTAXIDE WY | | 11, R R e
o, e 0| AMAXF I CIDCW¥ . . & itsololo b, e
o ol0FICAL CIDCWNE |\ ., Vi3 als] e
o8 ol OIFICA, , | DCWHE, ., i} R A R e
09,00 [ FIVE, . |Dewhe . |15, b e
Lo ol0/ONE | |DeWl 41, R N e
Lelo/AMPERSDCWE . . . 1 iR e e,
e 0lo lOM ., DDeWIE . . 1 1B, AR N R by
s by, [EMDISTART. V0, N T R e
e b b b b R R R e
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Figure 52. Symbolic Program for Problem 7 (Part 12 of 12)

78



ORI ST O BRI SISV [O B[ PSP e[ T 0[5 ]8] LTCIvE LI e R SIS PR e B[ [BlSVE]

|
=
[=)

B[S[v[E2]L[O[6[elL /B lSIvIEE 1 [O[6 (e[ L[Sl Ve R OlE[BlL[S[S[PE Rt [O[E B[ L[aS[FIE]E

|
S
)
)
™~

9[G[¥[c[Z[1]o]6[8]L|9]S[b|E]

aswsi80ze

1oy

>

(4 0L} P3|DF JOU PUD UMOYS $|USWAINSOSW WO PIIDINYOI 3G PIIONE WO
Q "KHPIWINY U} SUOHOLIA WO S31IDINNOU) Of 3!

04 241 ALON

At

mxtmo W04 @3SN AINOWWOD

7681 XPW
LT W
SHLIQIM WiOd

971 Bupods jpanion

L0171 Buods

11000 fauy g 1503) 1D PAYIUNd 3q PIAOHS (FUUDY? SWDS Syt Ui SIOK "2 12d PUNDY SUO AN Yaung

YOV (L ‘S071 Wai} IOVINIYD 33dS-IVNQ

- - 213y oaplog - -

R ol el p——

1
2
3
4
5

1
t
T
1
|
|
1
|
t
+
T
|
|
|
{
I
t
i
I
|
|
|
L

>
<
a

ZAX

NOD
L

SQH003Y ¥NOA

d04
ANV IN3JIW3LVLS

L d
[
i
£
=
2]
<
M
g
[
z
3
<
<
<<
|
4
<]
o
>
<<
o

XXX x_x

1=

X § X[XXIX]X]X] XXX

XIX|

XIX{X|X

XX XX IXR] X X

\.u_

ju

=]
=

XX XX
‘SNI'SOH

.rzms_m_._.<._.m SON zm<m

Ll

_ TTTTT

40 H¥3Q¥0

LLL| L1l

XX]" (X X

[X] XIX[" [XIX]X

15IHTNOY

NE3E

Xv1033

v SJXV]

m.r<._.m ‘ALID !

o
<o
=
=
=
<
]
—|
=]
=
=
b
=

X
¥
‘00 1SNyl ANV

b [TTEI MNVE TvY3IN3D

FLVLSALID =

"X

_ u_m_ XXX

NETEN

[1E]

YE[1jojl8lL It

aw.

1l

[o]

XX~ 4
SONINYY;
SONINYYS 3

ONIONT YA

ANVANOD ZAX

¥0—0]-3v3A

Pl LD L LD L

—| o @) w| 1] ©f r| | o

12 3 4 56 7 89 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 45 47 48 49 50

8

yA

2 2]
L 0

SIELZIII0
4

(=)

4 DEEG
9

00 0000000000000 000000000000000000000060000000000000

70¥1 '€0r |
sty wioy
s0r ‘gur ‘207

—amene ~O® S

in2io

1
12

€l T AN
[IRNERRENEE!

[ITT

[RENEI

[TTTTTIT

11

TTTTTITITITIT

[1] ________:_

A
LTI
NACK|

dng 3payD ndino

[LITTIT

RN

[TTTI

[TTTTITT

[IIIT

[TIIITIH

TTLIX

‘0N 935 908

RERENEEN [III1
Ty,

~ (o8 wumpoD W )
preD aureN da4odury

TTITIIT

111

[TI1T

[TI1II

[
Z [5pow
[

TTTIIII

TTTLITIT [

<l

11
v 18 EOY
LITTT

~__:_
——

o
Sl

{08 wumyoD uf 3)
PIED 218Q-03-TEIL

[IITTIT

[ITTT

[TTT

[TTTITTT

[

70! LW
il 111
507 '80¥ 'LOF W
[TTTTITT]

[ [T11

[
85—
I

1] \_w_x\_ﬂ

Rl

O TTITTIJTITIITE

LTI

o H+

[
1 12POW ‘0¥ | Wl —> w kum:o

ILva

p

T # 309U pue Eq

VSN w pawng
99X wiod

¢

wunds Bunuiig

LIVHO ONIOVdS ¥3INRd oL ANV €0vlL

ydu] 134 s3UN 9 SNIYW QUOM/SONIGVIH T3t

‘60v ‘8ov ‘Zoy wal

NOILVIOJYOD SINIHOVW SSINISNE TYNOILYNYIINI

NOILdI¥ISIA AN

Wl

J

Figure 53. Printer Specifications for Problem 8
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Blank Cards
Punches
Punch Punch
Hoppef Check
Blank Select
Station Stacker
Normal
Punch

z
o
IS

Check Duplicate Cards

Figure 54. Card Stacking for Problem 8

Program Halts

The program must include instructions to stop the
machine under the following conditions:

Initialization Routine
Halt 1 = No date card

Main Routine
Halt 2 = First card of a man group after a control break
is not a year-to-date card

Halt 3 = Second card of a man group is not a name card
Final Halt = End of job

Earnings Statement Option

Although usually both the payroll check and earnings
statement are prepared, occasionally the data on the
earnings statement is not required. In such cases, elim-
inate printing on the statement by use of sense switch
B for the first line, C for the second line, and D for
the third line.

Card Stacking

The program must provide for stacking cards as shown
in Figure 54.

Block Diagram

The block diagram is shown in Figure 55. The program
originates at location 0400. During initialization, word
marks are set and a test is made for the presence of the
date and starting check number card. If absent, the
program HALT1 is executed, and the machine stops.
If present, the date and check number are stored in
hold areas.

The main routine originates in the location labeled
LASTCD. The routine tests for the two types of cards,
stops the machine if either card is missing, and proc-
esses the data as required for each check and earnings
statement if both cards are present.

80

Year - To ~ Date and Employee Name Cards

Read Read
Read Check | Hopper
Select =
Stacker
—_— e
—_— Normal
Read

8/2 1 NR

‘—— Year ~To - Date Cards

Employee Name Cards

You can eliminate printing on the statement, if you
desire, by setting sense switches B, C, and D o~ before
you start the operation. Sense switches are not stand-
ard but may be installed as special features. There are
six switches labeled B, C, D, E, F, and G. They are
very useful for eliminating routines in the main routine,
or branching to subroutines at the option of the opera-
tor.

Labels used in the problem and their meanings are
listed in the order they appear on the block diagram.
Labels followed by DCW* indicate constants with a
word mark.

Label Meaning

START Start of program (origin 0400).

RDDATE Read date and starting check number
card. Date (10/13/62) is punched in
columns 67-74 and check number
(12490) is punched in columns 75-79.
The card type code (D) is punched
in column 80.

HALT1 Location of the HALT instruction when
date card is missing.

STORDA Location of the instruction for storing

check number and date into hold areas.
CHEKNO DCWwW*

Storage area for storing starting check

number.
DATE DCW* Storage area for storing date.
LASTCD Last card test (sense switch A on).
Start of main routine.
ENDJOB Start of end-of-job routine.
COMPAR Location of the instruction to com-

pare man number punched in the card
with man number in storage.

Hold area for storing man number for
compare purposes.

Location of the instruction to skip TO
cHANNEL 1 for the first card of each
man group.

CONTRL DCW*

CHAN1



F

Label
HALT2

MASK4

MASKS5

WRIPUN

ONE

YRDATE
MASK1

MASK2

DCW*

DCw*

DCwW*

DCW*

DCw*

Meaning

Location of the HALT instruction when
the year-to-date card is not the first
card of a man group.

Edit control word b&b&bbbbbbbbbb
bbbbbbbb for name (b indicates
blanks).

Edit control word bbb-bb-bbbb for

social security number (b indicates

blanks).

Location of the instruction for print-
ing the third line and punching a
check duplicate.

Character 1 for increasing check num-
bers.
Start of year-to-date card routine.

Edit control word bb, bb0.bb (b indi-
cates blanks).

Edit control word bb0O.bb (b indi-
cates blanks).

Label
CHAN2

MASK3

CHAN3

READ

HALT3

DCW*

Meaning

Location of the instruction to skip 10O
CHANNEL 2 for printing the second
line. The skip occurs after printing
the first line.

Edit control word bb$0.bb for check
amount (b indicates blanks).

Location of the instruction to skip TO
cHANNEL 3 for printing the third line.
The skip occurs after printing the
second line.

Location of the instruction to READ
AND TEST FOR NAME CARD (second
card of a man group).

Location of the HALT instruction when
the name card is missing.

The symbolic program for Problem 8 is shown in

Figure 56.
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Figure 55. Block Diagram for Problem 8 (Part 1 of 2)
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ORIGIN 0400

START

RDDATE

STORDA

LASTCD

Set Word Marks
0001,0003,0009,0013
0020, 0026,0031,0036

0041,0045,0048

Clear Print and Punch

Read Date Card

D in 0080 >°

oy

Yes
I

Move 0079 to CHEKNO
Move 0074 to DATE

HALT 1
(No date card)

Yes

Last Card

S

Read

COMPAR

ENDJOB

Compare Man No.
(0008) with CONTRL

Unequal Yes

Skip to Channel 1

HALT
End -of - Job

No
|

Select Stacker 1

Set Word Marks in
Name (0051) and
Soc. Sec. No. (0071)

Move Name (0070)
to 0132

CHANI | Skip to Channel 1

YRDATE Set WM in 0056

"

& in 0080 >

Yes
|

( Net Pay)

HALT 2
(No Year-To-Date Card)

Move to Print Area
(3rd Line)
Load MASK4 to 0233
Edit Name (0070) to 0233

Move to Punch Area

Roll No. (0002) to 0102
Man No. (0008) to 0108
Dept. No. (0012) to 0112
DATE to 0140

Net Pay (0060) to 0145
CHEKNOto 0150

L




~ o

ON Sense B ON >

OFF
OFF |
| Move to Print Area (Ist line)
DATE to 0277
N Load MASK 1 to 0288
i:;LeN:AZ: 8270()0:)%523)8 029 Edit Yr-To-Date Gross (0019) to 0288
* Load MASK to 0298

and Suppress Zeros N
Edit Yr-To-Date Fed. Tax (0025) to 0298
Load MASKS5 to 0309 Load MASK? to 0306

Edit Soc. Sec. No. (0079) to 0309 Edit Yr-To-Date FICA (0030) to 0306
|

Load MASK4 to 0288

e
WRIPUN | Write (3rd line) CHANZ | Skip After Print to

and Punch
(check duplicate) [

I | Write (Ist line) I

Clear Print I
and Punch L Clear Print l
| [
Clear WM in Move to Print Area (2nd line)
0051 and 0071 DATE to 0232

Man No. (0008) to 0239 and Supp. Zeros
I CHEKNOto 0245 and Suppress Zeros
Load MASK3 to 0257
¢ Add Tto CHEKNO Edit Net Pay (0060) to 0257

Branch to LASTCD ON
Sense C

OFF
1

Load MASK2 to 0267

Edit Current Gross (0035) to 0267

Load MASK2 to 0277

Edit Current Fed. Tax (0040) to 0277
Load MASK2 to 0286

Edit Current FICA (0044) to 0286
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|
1
CHAN3 Skip After Print
READ Read To Channel 3

‘ Write (2nd line) J
° Yes " in 0080 |
I Clear Print l
No I
|
HALT 3 Clear WM in 0056

U (No name card)

Figure 55. Block Diagram for Problem 8 (Part 2 of 2)
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Figure 56. Symbolic Program for Problem 8 (Part 1 of 5)
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Figure 56. Symbolic Program for Problem 8 (Part 2 of 5)
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Figure 56. Symbolic Program for Problem 8 (Part 3 of 5)
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Part 3. Introduction to Tape Records

As a result of a study made by a team of systems
planners, the XYZ Company decided to convert their
punched card master files to magnetic tape. Hence-
forth, the various reports and documents will be pre-
pared with transaction cards punched during current
periods, and master magnetic tape files.

In your particular area, three master card files are
already converted to magnetic tape. They are:
1. Employee payroll master name file
2. Year-to-date earnings file
3. Payroll deduction file.

The files were converted with no change in record
format, by use of a standard card-to-tape utility pro-
gram supplied by 1BM. The program can be tailored to
fit a particular job by punching a few control cards

IBM

Program PAYROLL CHECK arp FARNINGS STATEMENT CODING SHEET

INTERNATIONAL BUSINESS MACHINES CORPORATION

IBM 1401 SYMBOLIC PROGRAMMING SYSTEM

to modify the program. Other utility programs are
available, (such as tape-to-card, tape-to-printer, and
multiple utility ) that permit any one, two, or all three
tape utility programs to occur concurrently. The mode
of operation is under sense-switch control.

In addition to the utility programs mentioned, other
standard programs are available, such as:

Input/Output Control System (IOCS). This system elimi-
nates to a large extent the detailed programming required
for input/output operations.

Tape Sorting and Merging (Sort 1 and Sort 2-Merge 2).
These programs sort and/or merge tape records.

Report Program Generator (RPG). This standard generator
makes it easier to prepare programs to write reports of
variable format from data stored either in punched cards
or in magnetic tape.
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Figure 56. Symbolic Program for Problem 8 (Part 5 of 5)
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FARGO (Fourteen-O-One Automatic Report Generating
Operation). This is a programming system for 1401 card
systems that permits the user to use statements based on
the logic of the 1BM 407 to specify a desired report. FARGO
requires no knowledge of 1401 programming or of com-
puter techniques. A person with enough knowledge to do
a report job on the 1BM 407 can use the FARGO language
with little, if any, further training.

No attempt is made here to go into details on these
programs except to say that they can be adapted to
specific cases by following a few simple rules regard-
ing the punching of control cards.

File Maintenance

One of your duties in the XYZ Company is to update

the three master files mentioned, on a weekly basis.

This was easy with punched card files. You simply

punched cards reflecting changes to the existing master

files and updated them in one of three ways by:

1. Adding a complete new card record.

2. Removing a complete old card record.

3. Substituting a new card record for an old card
record with the same man number.

With punched card records these operations can be,
and usually are, performed manually when the number
of changes to the master file at any one time is small.
When the volume is large enough to warrant a machine
operation, a collator performs the operations.

Updating a magnetic tape file is not so simple for
the obvious reason that individual records cannot be
physically inserted, removed, or substituted in a tape
file, as with punched cards. Magnetic tape files are up-
dated, not by making changes in the file itself, but by
writing an entirely new tape even though only one
record is to be added, removed, or changed.

Records written on tape are separated from each
other by approximately 34 inch of blank (unrecorded)
tape, called an inter-record gap (IRG). To conserve
tape space, and to speed up tape reading and tape
writing, records are often grouped together, end to
end, to form blocks of records. Thus, tape records (in-
formation between two inter-record gaps) may consist
of single (logical) records, or two or more logical rec-
ords in succession as shown in Figure 57. The number
of logical records in each block is called the blocking
factor. Single-record blocks have a blocking factor of 1.

Tape blocking has many advantages but it does
create certain programming problems. When a tape
block is read, all the logical records in the block are
brought into core storage. The processing instructions
must be arranged to pick up the records in succession
from the storage area in which the block was read.
This deblocking can be handled:

1. By moving the records from the block input area
to a working storage area as needed, or

2. By using an index register (special feature) to select
the records in succession from the block input area.

In writing, the records must be assembled (or
blocked) in the output area, and then written when
a complete block is assembled. Once again, this can
be done either with a working-storage area or with an
index register.

Problem 9. Updating a Tape File

We now present a problem involving the reading
and writing of magnetic tape. In order to keep it
simple, all records read and written are unblocked
(have a blocking factor of 1).

This problem involves the updating of the employee
name master tape file in which the 80-character un-
blocked records are arranged in social security number
order. The card format to update the file is the same
as Figure 18. In addition, a type-of-change code is
punched in column 1 of the change cards as follows:

Change
Code Type of Change
1 New employee (addition to the file)

2 Employee no longer on the payroll
(deletion from the file )

3 Employee who has moved from one
department to another, or whose
marital status or tax code has changed
( substitution of new record for old)

In theory this operation is very similar to a merge-
match operation with a collator, and requires a high-
low-equal compare feature. A control number (in this
case social security number) is compared. If the num-
ber on the card record (B-address) is lower than the
number on the tape record (A-address), it indicates
that a new record is to be added to the tape file.

If the number on the card record is higher than the
number on tape record, it indicates that the tape
record should remain in the file unchanged.

One —»| - QO ne —m

Block Block

E3/4" 3/4" 3/4"
2 Gap Record Gap Record Gap

.'*One—’ [~ One ™
Record Record

t@—————— One Block —————ﬂ

3/4"
Gap

i 3/4" Record | Record | Record | Record G }
ap

[&———— Four Records —————

Figure 57. Single and Multiple Record Blocks
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If the number on the card record is equal to the
number on the tape record, one of two possible
changes is indicated:

1. Remove the tape record from the file if the type-
of-change code is two, or

2. Substitute the new card record for the old tape
record if the type-of-change code is three.

Before developing a block diagram for this prob-
lem, refer to these sections in the 1401 reference man-
ual.

Magnetic Tape

Tape Units—
IBM 729 Magnetic Tape Unit
IBM 7330 Magnetic Tape Unit
Tape Checking
Magnetic Tape Operations

Tape Instructions
Read Tape
Write Tape
Backspace Tape Record
Write Tape Mark
Skip and Blank Tape
Rewind Tape
Rewind Tape and Unload
Branch if End of Reel
Branch if Tape Error

Block Diagram
Figure 58 shows a detailed block diagram of the com-
puter operations, including card reading and tape
handling. To understand best the actions this block
diagram calls for, consider what you need to do when
a new record is to be added to the file, what to do
when an old record is to be deleted from the file, and
what to do when an old record is to be changed for
one reason or another or is to remain unchanged. How
will we know whether a record is new or old, and if
old, whether to be deleted, changed, or unchanged?
Obviously, no decision can be made until the first
card record reads into the card read-in area (location
0001-0080 ), and the first tape record reads into an area
of core storage decided on by the programmer. In this
case, the area decided on according to the block dia-
gram, is 0401-0480, since we are dealing here with
80-character records. It could just as well be 3901-3980,
or any other area of 80-positions as long as the area
chosen is not required by the stored program. A tape
unit, on which a tape reel is mounted, can be manually
set on any number from 0 to 9. If the tape unit is
manually set at 1, the symbolic TAPE READ instruction
in this case is:

Operation Code
Mnemonic A-Address B-Address d-Character
MU % U1 0401 R

88

The mnemonic MU stands for move unit. The A-
address % U1 refers to the tape unit set to 1. The B-
address 0401 is the address into which the first char-
acter from each tape block is read. The d-character R
(stands for read) specifies the way the tape unit is
being used. Once a tape reel starts moving forward
(or backward) the only thing that can stop it is an
inter-record gap. Usually, all the characters within
a tape block enter storage during the reading operation.

However, if a group-mark with a word-mark
(BA8421M) is sensed in storage before the inter-record
gap, the transmission of characters stops immediately.
The remaining characters of the tape record continue
to pass the reading unit until an inter-record gap is
reached.

Similarly, when transmitting characters from storage
to tape, you need a group-mark with a word-mark
character in storage one position to the right of the
last character to be transmitted to tape. Since, in this
example, we are writing records sometimes from 0001-
0080 and other times from 0401-0480, a group-mark
with a word-mark is placed in 0081 and 0481 during
the initialization phase of the program.

Once a card record and a tape record are in core
storage, we can then determine whether the card
record is lower or higher than, or equal to, the tape
record by comparing the social security numbers. The
number from the card is in location 0071-0079, and
the number from the tape record is in location 0471-
0479. Assume that the card is compared with the tape,
using the instruction: C 0479 0079. The three condi-
tions and actions to take are:

Social Security Numbers

Card (B) Tape (A) Condition Action

077050990 077051123 Low  If code 1 in 0001, write

B<A card record on new tape
from 0001-0080, and

read the next card. If not
code 1 HALT.

077051130 077051123 High Write old record on new
B> A tape from 0401-0480 and
read next tape record.

If code 2 in 0001, delete
tape record by reading
the next card and the
next tape record.

If code 3 in 0001, write
card record from Q001-
0080 and read the next
card and the next tape
record.

If not code 2 or 3, HALT.

077051130 077051130 Equal
B=A

Because each of the three conditions requires a dif-
ferent course of action, we need three subroutines to
make the necessary modifications in the tape-write
routine. If the write-tape unit is manually set to 2 the
symbolic tape WRITE instruction in this case is:



A

Operation Code
Mnemonic A-Address B-Address d-Character
MU % U2 0x01 w

The main difference between this instruction and the
READ TAPE instruction is the d-character W, which
stands for write. The A-address specifies tape unit 2.
The B-address specifies the location of the high-order
character of the record in storage. The hundreds posi-
tion of the B-address (x) must be set to 0 or 4, depend-
ing upon whether writing is to occur from the card
read-in area (0001), or the tape read-in area (0401).

Other modifications involve the setting of two pro-
gram switches to control branching back to the main
routine after writing on tape.

Tape-Error Routines

Tape operations usually include error-detection rou-
tines both in reading tape and writing tape. It’s a
standard feature of Input/Output Control Systems
(IOCS) because the same problems face anyone who
ever writes a tape program.

Tape errors are rarely the result of machine mal-
function. Most are caused by the tape itself. The
slightest imperfection in the tape can cause a character
to read incorrectly. For this reason tape manufac-
turers subject tape reels to stringent inspection before
shipping them to users.

Simple mechanical wear of the oxide coating on the
tape, however, can cause the quality of the recorded
signal to deteriorate. Moreover, dust particles can
cause a weak signal to record, and great pains are
taken by well-run installations to avoid dust and dirt
on the tape. It is never wise, therefore, to assume
that tape errors will not occur.

Figure 58 includes two tape-error routines. One is
in connection with reading the old tape. The other is
in connection with writing the new tape. The read-
error routine provides for backspacing the tape record
whenever an error is detected, and reading it as many
as nine more times (if necessary) before the machine
stops. If the tape error is the result of dust particles,
backspacing and reading the same record several
times often eliminates the trouble, and processing
continues without interruption.

The write-error routine provides for the backspacing
and writing of the same record in the same area of tape
nine times. If the error still persists after nine attempts
to write, a SKIP AND BLANK TAPE instruction (d-charac-
ter E) erases about 3% inches of tape. By erasing the
bad area of tape, we get the effect of an unusually
long inter-record gap. The idea is that the bad section
of tape may be limited to one small area, and that tape
farther along may be usable.

Program Halts

Figure 58 includes five program halts that call for
some operator action before the operation can be re-
sumed. It also includes a final halt which occurs when
the operation is completed.

Halts 4 and 5 mean that the output reel has been
rewound and unloaded, but the operation is not yet
completed. Before operation can resume a new output
reel must be mounted on tape unit 2. Pressing the
start key resumes operation.

Halts 1, 2, and 3 mean trouble of one kind or another.
Because these halts are closed loops, you cannot re-
sume operation by pressing the start key. Some action
is required to restart. Normally, operators would fol-
low instructions contained in written procedures cover-
ing each condition. These instructions may involve
storage printout of the error record, storage scan, error
correction from the console, elimination or correction
of erroneously punched cards, etc., and manual re-
starting from some specified point in the program.

Some conditions may even require that the job be
started from scratch. The whole point of this type of
halt is to force the operator to do something other than
pressing the start key in order to proceed. Some pro-
grams print messages before coming to a halt.

Halt 1, for example, means that a master tape record
still has one or more invalid characters (nonparity
errors) after nine attempts to read it. Assume that you
are the operator. What would you do in this case?
Would it do any good to start from scratch? Knowing
where the error record is in storage, would you print
it on paper so that you may look at it, and possibly
correct it from the console?

If the printed record appears to be correct, how
would you determine which character in the record
is invalid? Remember that the machine internally
corrects the parity of the invalid character by either
adding or removing the check bit. Thus, although the
character is valid in storage, the printed character may
not be the same character that appeared on tape.

An invalid character within a name can often be
corrected on the spot just as you would correct any
misspelled word. But how would you go about cor-
recting an invalid digit within a social security num-
ber, for example? And, finally having located and
corrected the invalid character, at what point in the
program would you manually restart? A correction
procedure, of course, would supply answers to all of
these questions to guide the operator.

Halt 2 occurs when a card record that results in a
low-compare condition (new record) does not have
the change code (1) in column 1. But just because the
condition is low, you can’t assume that the change
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START

Clear 0400-0499

Set WM in
0071 and 0471

|
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0081 and 0481

Set EOJSW ON

LASTCD < Last Card xes >I
SSREAD Move 9's into
No

0071 - 0079

SETCTR

RD

REWIND

Rewind
and Un-
Load

Set Counter to 0

TAPE

Yes

RCOUNT

A )\ B>A
T »{ 3 ) OLDREC

Move 9's to No
0471 - 0479 e A
I | ¥
Compare Soc.Sec.No.
COMPAR | Card - 0079 (B~addr.)
Tape - 0479 (A-addr.)
TEST1
Yes 1 B<
U g oo NS
NEWREC No

Equal (delete or change old record)

EOJSW {{N/\ on

EQJ

(Delete old record)

Figure 58. Block Diagram for Problem 9 (Part 1 of 2)
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Figure 58. Block Diagram for Problem 9 (Part 2 of 2)
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SKIP
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code is wrong. It could be that the change code is
right, and the social security number is wrong. If in-
vestigation disclosed that the error is in the change
code, the condition could be easily corrected on the
console. The operation could be restarted from the
proper point in the program without any difficulty.

But suppose it is found that the social security num-
ber is wrong, or that the card record is right but just
simply out of sequence. Then what? You might better
correct the condition one way or another, and start
from scratch because if your change cards are out of
sequence, it's a foregone conclusion that the tape
records on the output tape will be out of sequence.
A more sophisticated program would check the se-
quence of the records in the card file as well as the
records in the input tape.

Labels used in the problem and their meanings
appear in the following list in the order they appear
on the block diagram. Labels followed by DCW*
indicate constants with a word mark.

Label Meaning

START Start of program (origin 0500).

GMWM DCW* Group-mark with a word-mark char-
acter (card code 12-7-8).

LASTCD Test for last card (start of main
routine ).

SSREAD SOCIAL SECURITY READ (instruction to
move a social security number of nine
9’s into the read-in area, after read-
ing the last card).

NINES DCW* Constant of nine 9s.

SETCTR SET COUNTER (instruction to reset
counter used for rereading and/or
rewriting error-tape records).

ZERO DCW* Constant 0.

CTR DCW* Counter (counter for counting re-
reads and/or rewrites ).

RDTAPE READ TAPE (instruction to read tape
record).

RCOUNT READ COUNT (location of instruction to
add 1 to counter).

ONE DCW* Constant 1 used to count.
REWIND Location of the instruction to rewind
the input tape.

EOJSW End-of-job internal switch.

ON DCW* Constant B.

COMPAR Location of the instruction to com-
pare the social security number in
0071-0079 with the social security
number in 0471-0479.

TEST1 Instruction to test whether a new
record has a change code 1 in

, column 1,
EO] Start of the end-of-job routine.
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Label Meaning

NEWREC Start of the new record routine.

CHAREC Start of the change-record routine.

OLDREC Start of the old record routine.

FOUR DCW* Constant 4.

EQSW Equal switch (turned on for change-
record routine).

HISW High switch (turned on for old record
routine).

RESET Location of the instruction to reset
the counter.

WRTAPE WRITE TAPE (instruction to write tape
record ).

WCOUNT wRITE COUNT (location of the instruc-
tion to add 1 to counter).

SKIP Location of the instruction to skiIp
AND BLANK TAPE (erase).

WRTM Location of the instruction to WRITE
TAPE MARK,

TAPMRK Location of the instruction to WRITE
TAPE MARK.

EQOFF Location of the instruction to turn
EQ-sw off.

OFF DCW* Constant N.

HIOFF Location of the instruction to turn
Hi-sw off.

SOCSEC sociAL secURITY (location of the in-

struction to move a social security
number of nine 9’s into the read-in
area after testing for last card (sense
switch A on).

Figure 59 shows the symbolic program for Prob-
lem 9.

Autocoder With or Without 10CS

The 1401 Autocoder system is an advanced symbolic
programming system that represents a significant ex-
tension of SPS-1 and SPS-2. The system is described
in 1BM 1401 Autocoder Specifications, ]24-1434.

The basic ideas of Autocoder are generally the same
as for SPS. Like SPS, symbolic addresses may be used
in place of numerical addresses. Mnemonic operation
codes replace actual. The symbolic source program is
translated into an actual object program by an assem-
bly process.

The major differences between Autocoder and SPS
are:

1. The Autocoder has a free-form coding sheet that
has no fixed columns for operands A and B, and for
the d-modifier. Instead the programmer uses as
much space as required for each operand, and
separates the operands by commas when there is
more than one. High-order zeros in actual address



(0071, 0079, etc.) are omitted. Instruction com-
ments may be written anywhere in the operand
field of an Autocoder statement, if at least two
spaces separate it from the last operand in the in-
struction.

. Augmented mnemonic operation codes relieve the
programmer of having to write the d-character in
most instructions, and make it unnecessary to write
the %U (for instance) in the A-address of a tape
instruction.

3. It is possible to use literals. That is, instead of writ-
ing the address of a constant in an instruction, you
may write the constant itself.

4. Macro-instructions are provided. That is, one in-
struction in the source program can be used to
specify a whole routine consisting of many actual
machine instructions.

o

The Autocoder system can be used with or without
macro-instructions. In actual practice, liberal use is
made of macro-instructions to reduce the number of
detail instruction steps as much as possible. For ex-
ample, in Figure 58 notice that much of the program
is taken up with input/output routines and tape-error
routines. Because these routines are essentially the
same for most problems, writing them in detail for
each program is a waste of time. Fortunately, a stand-
ard programming system is available called the 1Bm
1401 Input/Output Control System, or IOCS, that
handles all of the normal input and output program-
ming considerations and error routines with a mini-
mum of programmer effort. The system is described
in IBM 1401 Input /Output Control System, C24-1462.

Two other solutions to Problem 9 illustrate the use
of the Autocoder system with and without macro-
instructions.

Figure 60 is the Autocoder program without macro-
instructions. The program steps are based on the block

diagram in Figure 58 and are practically the same as
for the SPS program in Figure 59. The same labels are
used in both figures. The labels INPUT and OUTPUT
used in Autocoder are equated to % Ul (input tape)
and % U2 (output tape).

Figure 61 is the Autocoder program with IOCS. Of
the many macro-instructions available in IOCS, the
four basic macros are oPEN, GET, puT, and cLOSE. They
provide linkage to the IOCS library routines that read,
write, block, deblock, and check records without fur-
ther programming on the part of the user. Obviously,
the use of macros simplifies the construction of the
block diagram since the detail blocks normally shown
for input/output and error routines are omitted.

Because program halts are an integral part of IOCS,
halts 1, 4, and 5 in Figure 58 no longer apply. Several
IOCS halts are generated instead. Each halt can be
identified by displaying either the B-address register
or the I-address register as indicated in Figure 32 of
the 1401 IOCS manual. This figure lists the reason for
each halt, and a procedure to follow if it occurs.

In addition, you have a choice of several alternate
procedures if a parity error is detected when an input
tape is read. The choice you select must be specified
in a READERROR entry card as described in the IOCS
manual.

Entries required in IOCS are of two main types:

Descriptive IOCS that describes generally the ma-
chine configuration and the files used in the program.

DIOCS

DTF Define The File that describes, in detail, an indi-
vidual file. A DTF entry must be included for each
file processed by IOCS: card files ( input and/or out-
put), tape files (input and/or output), and printer
(output).

procs and DTF entries required for Problem 9 are
shown in Figure 61 (Part 1).
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Figure 59. Symbolic Program for Problem 9 (Part 1 of 4)
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Figure 59. Symbolic Program for Problem 9 (Part 2 of 4)
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Figure 59. Symbolic Program for Problem 9 (Part 3 of 4)
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Figure 59. Symbolic Program for Problem 9 (Part 4 of 4)
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Figure 60.
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