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Preface

This manual is introductory in nature and is a foun-
dation for understanding stored programming.
Its purposes are threefold:

l. To acquaint the reader with stored-program
machines and concepts.

2. To aid one in preparing for the 1401 course.

3. To serve as a reference.

The manual is divided into three sections. The
first introduces the concepts and terms associated with
the 1401 Data Processing System. The second de-
scribes the 1401 insofar as it must be understood for
a reading of the third section. The third section illus-
trates functions of wired control panel machines and
shows how the same functions are accomplished on
the 1401 Data Processing System.
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Data Processing Machines

Data processing machines are not new. Historical
milestories are dated as early as the 1600s. Pascal be-
came a pioneer in the field with the first mechanical
computer in 1641; others, such as Leibnitz in 1673 and
Charles Babbage in the 1800s, contributed additional
concepts and ideas with their machines. Little fol-
lowed Babbage's machines until 1944 when Harvard
University and IBM completed the Mark I, the first
modern machine to employ Babbage’s principles.
Since 1945, rapid and important strides have been
made in the field of data handling and processing.

Quite naturally, data processing machines were first
used by mathematicians and scientists for processing
and handling scientific information. But with an
understanding of terms and concepts associated with
the machines, accountants realize that they do an ex-
cellent job of processing accounting transactions as
well. In present accounting applications, stored-
program machines have proved very effective.

Data processing machines fall generally into one ot
two categories: those which are primarily controlled
by stored instructions (stored-program machines) and
those which are controlled by wired instructions
(wired or mechanical control panel machines). Ex-
amples of stored-program machines are the mm 1401
Data Processing System, the 18M rRAMAC 305 and the
M 650 Data Processing System. The 602 Calculating
Punch, the 604 Electronic Calculating Punch, the 402
and 403 Alphabetical Accounting Machines and the
107 Accounting Machine are wired control panel ma-
chines.

Principles of Data Processing Machines

Data processing machines have associated with them

five functions:
Input

Storage
Control
Arithmetic
Output

Input implies the taking in of information. Input
can be a card, a magnetic tape or a paper tape. Some
machines accept only certain types of input. For ex-
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ample, the 407 and 403 accept only punched cards.

Storage is the medium whereby data, once it is read
by the machine, is held until it is used. The collator
has storage — comparing magnets. Accounting ma-
chines use counters and storage units to retain infor-
mation.

Control allows the machine to be set up to process
different applications, thus utilizing certain features
for some applications and other features for other
applications. In accounting machines, reproducers,
collators, calculators, etc., this is done with the wired
control panel. Jn stored-program machines, control is
accomplished with the stored instructions.

Arithmetic includes the ability to add, subtract,
multiply and divide. Some machines use all arith-
metic functions; others use only certain ones. Ac-
counting machines use addition and subtraction.
Calculators such as the 604 and 602 make use of all
four functions.

Output consists of "anything turned out by the ma-
chine as a result of processing the input. It includes
punched cards, printed reports, paper tapes, mag-
netic tapes, and combinations of these.

Wired control panel machines and stored-program
machines are alike in possessing these functions. Dif-
ferences arise primarily in how the functions are ac-
complished. For example, control is accomplished on
wized control panel machines with the control panel;
on stored-program machines it is accomplished with
coded instructions stored in the machine.

Another difference arises in reading the input. With
wired control panel machines, (1) only the contents
of card columns which are wired are usable, (2) of
these columns which are wired, only the information
going to a storage unit (if there is one on the ma-
chine) retains its original identity, and (8) all card
information not in storage is lost after the card leaves
the reading station. On the other hand, with stored-
program machines such as the 1401, (1) when a card
is read, all 80 columns of card data automatically
enter the machine, with no control panel wiring nec-
essary, (2) the 80 columns of data enter storage, so
that original identity is retained, and (3) use of the
card data is not limited to the time during which the
card is passing the reading station, but can be made
at a later time, since it is retained in storage.



The Storage Unit

Just as a counter is composed of smaller units known
as counter wheels, a storage unit is composed of
smaller units termed storage positions. Stored-
program machines use the storage unit to retain (1)
data to be processed and (2) instructions for process-
ing the data.

Storage positions on the 1401 have several distin-
guishing characteristics:

1. Each position is capable of holding a single
character which can be either an alphabetic,
numerical or special character. Therefore, the
amount of information which can be stored
within a machine is determined directly by the
number of storage positions available in the ma-
chine.

2. A stored character can be “read out” as often
as desired without destroying it. To “read out”
is to make available for processing purposes the
characters which are in selected storage positions.

3. The content of a storage position is destroyed
only by “reading in” another character. To
“read in" is to store data in a storage position
or positions. “Reading in"” destroys the content
of storage positions and replaces it with new
data.

4. A character in storage retains its original iden-
tity until it is replaced by another.

5. Each storage position has an address. An ad-
dress for each position permits the machine to
store a character in a specific location, then call
for and use that character by referring to the
address of its storage location.

Generally there are six types of storage: magnetic
tape, magnetic disk, magnetic drum, core, mechanical
and vacuum tube. Although different from each other
in physical make-up, they are alike in their function,
that is, to store information. These various types of
storage exist because of different needs created by the
many applications processed on machines.

Core storage is one of the more recently developed
storage devices. For machines utilizing it, operations
requiring the reading of information from and writing
of information into storage are extremely fast — so fast
that the time required to read or write a character is
expressed in terms of millionths of a second. (A
millionth of a second is commonly known as a
“microsecond.” A thousandth of a second is a “milli-
second.”)

Each 1401 core storage position is composed of
eight tiny, vertically aligned cores, similar in shape
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to a doughnut. If a storage position were viewed in
the machine, its cores would be arranged vertically,
as seen in Figure 1.

Figure 1. A Storage Position

The core is composed of a ferromagnetic material
— “ferro” indicating the presence of iron and “mag-
netic” implying the ability to be magnetized.

Passing through each core are four wires (see Fig-
ure 2). These wires are used in storing information
and then retrieving it.

Figure 2.

If electric current is passed simultaneously through
two of the wires, in the directions shown in Figure 3,
a magnetic field clockwise in nature is established in
the core.
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Figure 3.

If the current is reversed on the same two wires, the
core’s magnetic field becomes counterclockwise in na-
ture (see Figure 4).
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Figure 4.

Once the core’s magnetic field is sct up, the core re-
mains magnetized in that direction until current is
passed along the wires in the opposite direction, to
change the direction of magnetism.

When the core is magnetized in a clockwise direc-
tion, it is said to be “on” (see Figure 3). When mag-
netized in a counterclockwise direction, it is “off”
(see Figure 4). The “on” or “off” condition for each
core is determined by the direction, clockwise or
counterclockwise, of its magnetic field. Note that “on”
and “off” are terms chosen arbitrarily; they do not
indicate presence and absence of current.

In a particular storage position, some of the cores
may be off while others are on (see Figure 5).
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Figure 5. Storage Position

In Figure 5, the first, third and seventh cores, from
the bottom up, are on. All other cores are off.

In order to store characters (numerical, alphabetic
and special) cach of the first six cores of any storage
position has a value assigned to it. Moving from bot-

Figure 6. Storage Position

tom to top, the first core has a value of 1 assigned to
it; the next a value of 2, the next a value of 4, the
next a value of 8, the next a value of A, and the next
a value of B. Use of the two cores at the top of each
storage position will be explained later.

If a core is on, it represents the value assigned to it.
If a core is off, it has no value. In the storagé posi-
tion illustrated in Figure 7 only the lowest core is on.
This combination of on-off conditions is recognized
by the 1401 as the digit 1.












































































































