




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Chapter 14-—~PROCESSING DATA

circuits. Registers arenamed according to their
function. An accumulator is used to accumulate
totals; an address register is used to hold the
address of a storage location or device; an in-
struction register holds the address of the
instruction being executed; a data register con-
tains : the data of the location specified in the
data address. Some registers, especially those
used for normal data flow and storage address-
ing, provide for visual display of their contents
in the form of small incandescent or neon lights
on the control panels of the operator consoles
(fig. 14-8). :

Counters

The counters are closely related to and
usually perform the same function as aregister,
There is one notable difference, however; the
contents of a counter can be incremented during
an arithmetical process. The actionof a counter
is related to its design and use within a given
system. Like the register, its contents may also
be displayed by visual indicators on the opera-

“tor’s console.

Adders

The adder receivesthe data from two or more
14-9), performs addition, and

sources (fig.

sends the answer to a receiving register. An
adder acts upon one position of data at a time:
the numbers in the units positions of the amount
fields are brought to the adder where they are
added and sent to the units position of the re-
ceiving register, Carryovers are placed ina
‘““carry-box’’ for use with the next addition step.
The number in the tens positions of the amount
fields are then brought to the adder where they
are added and sent to the tens position of the
receiving register., And so the process con-
tinues until the numbers are added.

MACHINE CYCLES

All computer operations occur in fixed
intervals of time, These intervals are meas-
ured by regular pulses which are emitted from
an electronic clock at frequencies as high as a
million per second. Each basic machine cycle
is determined by a fixed number of these pulses.

The computer can perform a specific machine
operation within a machine cycle. The number
and variety of operations required to execute
one instruction depends upon the nature of the
instruction, Various machine operations are
combined to execute each instruction.

An instruction consists essentially of two
parts: the OPERATION CODE (or OP CODE)

49,207

Figure 14-8,—Typical operator consoles control panels,
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and the OPERAND. The operation code tells the
machine which function to perform, such as
READ, PUNCH, COMPARE, and ADD. The
operand can be either a data address or the ad-
dress of another instruction, or the address of
other devices to be ~operated during execution
of the program. The operand can also be used
to specify a control function, such as shifting a
quantity in a register or backspacing a reel of
tape.

The central processing unit must operate in
a prescribed sequence in receiving, interpreting,
and executing instructions. The sequence, which
is determined by the specific instruction, is car-
ried out during a fixed interval of time pulses.
The time required by the computer to execute
an instruction is divided into two phases: the
INSTRUCTION phase and the EXECUTION phase.

Instruction

The instruction phase is the first machine
cycle required in an execution of aninstruction,
and the time for this cycle is INSTRUCTION
TIME, or I-time. The following numberedpara~
graphs describe the operations that take place
during I-time:

1. The instruction is taken from its storage
location and brought to the control section.

2. The op code, which tells the machine what
is to be done, isplaced in an instruction register.

3. The operand, whichtells the machine what
it is to work with, isplacedin an address regis-
ter.

4, The address of the next instruction to be
executed is determined.

REGISTER A REGISTER B
573280032 002364572 H@
S
y A B
B

w ¥ r——— {y {'

| ADDER | ADDER
CARRY TO CARRY
NEXT HIGHER | Sum Sum

ORDER ADDER
POSITION

—

RECEIVING REGISTER

. . 49.312X
Figure 14-9.—Adders in a computer system.

At the beginning of a program, an instruction
counter is set to the address of the first pro-
gram instruction. This instruction is brought
from storage, and the counter automatically
steps (advances) to the location of the next
stored instruction, while the first instruction is
being executed. The instruction counter steps
according to the number of storage positions
occupied by the instruction, If only one storage
position is occupied by an instruction, the count-
er steps one, Likewise, if an instruction occu-
pies three storage positions, the counter stops
three. The stepping action of the counter is
automatic. When the computer is directed to a
series of instructions, it will execute these one
after another, unless directed otherwise.

Figure 14-10 illustrates the information flow
lines and main registers involved when an in-
struction is given to add the contents of storage
location 0002 to the contents of the accumulator
register. ‘

I-time begins when the address of the in-
struction is transferred to the address regis-
ter. This instruction is selected from storage
and placed in a storage register. From the
storage register, the operand is routed to the
address register and the operation part to the
instruction register. Decoders then condition
proper circuit paths to execute the instruction,

Execution

The EXECUTION TIME, or E-time, consists
of one or more machine cycles normally follow-
ing I-time, The instructions to be executed will
determine the number of execution cycles re-
quired, Figure 14-11 illustrates the data flow
following I-time as shown infigure 14-10.

STORAGE <

ADD 0002 (COMPLETE INSTRUCTION)

L

! STORAGE REGISTERI
(OPERATION PART}ADD 0002 (aDORESS PART)\

uoom-:ss REGISTER ]

l INSTRUCTION COUNTERJ

| INsTRUCTION REGISTER]

I OPERATION DECODERSI

49,313X
Figure 14-10.—Computer I cycle flow lines.
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STORAGE

< (GET THE NUMBER LOCATED AT 0002)

57328031221{ NUMBER AT LOCATION 0002)

[ sToracE RecisTER | [ aporess ReciSTER |
| AN
ADDERS |

A

|accumuLATOR REGISTER | [INSTRUCTION COUNTER |

49.314X
Figure 14-11,—Computer E cycle following
an I cycle.

The EXECUTE phase begins with the removal
from storage of the information located at the
address (0002 in fig. 14-11) indicated by the
address register. This information is placed
in the storage register. In this case, the adder
receives the number from the accumulator to-
gether with one of the factors to be added. The
contents of the accumulator and the storage
register are combined in the adder and the sum
is returned to the accumulator.

The address registerisnot restrictedto con-
taining only a data address. It may contain the
address of an input-output device or that of a
control function to be performed. The operation
part of an instruction tells the computer how to
interpret this information.

Instruction/Execution

A machine program mustbe loaded into stor-
age before itcanbe executed. The load program,
which usually precedes the machine program and
causes the machine program to be loaded into
storage, normally contains an instruction to
discontinue loading and start executing the ma-
chine program at a given point, At this time,
the location of the first instruction in the ma-
chine program is brought to an instruction
counter automatically. This instruction is
retrieved from storage and, while it is being
executed, the instruction counter automatically
advances to the address corresponding to the
location occupied by the next stored instruction.
Upon the completion of one instruction execu-
tion, the counter has located the next instruc-
tion in program sequence. Thus, instructions
will be executed automatically one after the
other throughout the entire processing routine
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unless a particular condition or instruction calls
for altering the normal sequence of execution.

Instructions do not necessarily have to be
executed in a sequential fashion, The processof
executing an instruction other than the next
sequential instruction is called BRANCHING.
Certain branch instructions call for anuncondi-
tional alteration of the normal sequential execu-
tion. In this case, an instruction brought from
storage indicates that an instruction located
elsewhere in the program is to be executed
next in lieu of the next sequential instruction.
Alteration of sequential instruction execution
can also be conditional; that is, branching can
be performed when a certain condition or result
develops during the processing routine, such as
when a comparison shows that two numbers are
unequal.

PROCESSING METHODS

There are two methods employed in handling
data in a data processing system: sequential, or
batch processing, and in-line, or random access
processing, The main storage is normally the
determining factor as to which method applies,
but, in both cases all data pertaining to a single
application are maintained in files. Figure
14-12, depicts the idea behind both methods of
processing data.

Sequential (Batch processing)

The files accessed through batch processing
are arranged in a predetermined sequence, and
are usually stored outside the computer on mag-
netic tape. The data may be grouped into rec-
ords containing name, rank or rate, service
number, expiration of active obligated service,
rotation tour date, and the like. Each file is
composed of records, each containing informa-
tion required to complete a given circumstance,
The sequence may be by name, service number,
rank or rate, or any sequence desired. But all
files pertaining to a single application mustbe in
the same sequence,

In many applications, processing of each
record encompasses more than just calculating
to arrive at amounts, earnings, or balances,
but, may also involve many updating procedures.
However, before transaction files canbe applied
to the master file, they must be arranged in the
same sequence as the master file. For this
purpose they are accumulated in groups or
hatches of convenient size, hence, batchprocess-
ing.
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CURRENT PROGESSING @
TRANSACTION
MASTER FILE
\
PROCESS s ‘j>
> \_  MASTER FILE
PROCESS
MASTER FILE
®» |
UPDATED )
PROCESS MASTER FILE
: MASTER FILE
RESULTS @ I
UPDATED
MASTER FILE
IN-LINE DATA
PROCESSING

CURRENT |
TRANSACTION

49.315
Figure 14-12,-Batch and in-line data
processing.

The master file, together with the transaction
file, now becomes input into the computer. One
record, or a small group of records, from each
tape, is read into storage at the same time.
Once these are processed and the results are
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written as output, the next group of records are
read in, and the process is repeated. This
process continues under the direction of the
stored program instructions, record by record,
until both input files are exhausted. The result
is a newly updated master file in the same se-
quence as the original master file. d

With sequential processing the information
in storage is transient. Consequently, the stor-
age capacity need only be large enough to hold
the largest element of data to be processed,
plus the stored program instructions. -

In-Line (Random access)

When processing by in-line, or random
access method, a large capacity storage unit,
usually magnetic disk, holds all information
pertaining to the particular application involved,
Storage of information on magnetic disk is
permanent and can be retained indefinitely.

The computer accepts at random the trans- .
actions affecting the contents of the file, The
computer locates the corresponding data or
record in storage and adjusts the master record.

Due to the random method of processing,
transactions need not be batched or sortedprior
to processing. Under the control of the stored
program other outputs are available, and the
contents of the entire disk file can be written
out when required. Information retainedondisk
files is maintdined constantly and is available
when needed.

Serial and Parallel

The performance of a computer is measured,
to some degree, by the method by which it per-
forms arithmetical operations and functions.
The computer must perform according to afixed
mode. Arithmetical operation can be accom-
plished in one of twomodes: SERIAL or PARAL-
LEL, either separately or in combination and
using words of either fixed or variable lengths
or a combination of both, When speaking of
computers, (a word is an ordered set of charac-
ters which occupies one storage location that is
treated by the computer circuits as a unit and
transferred as such.) :

To illustrate the serial and parallel opera-
tions of a computer, let’s assume thatour prob-
lem deals with addition,

Addition of data is saidtobeina serial mode
if the bits that represent the data appear suc-
cessively in time one after another. That is,
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the units position, tens position, hundreds, and
so on, Addition in the serial-mode is performed
in the same way as it is with pencil and paper
(fig. 14-13). To illustrate further, let’s use an
imaginary football squad, letting eachman inthe
squad represent a bit. If the squad is marching
in single file, it can be said to be marching in a
serial-mode.

~The parallel-mode of addition is performed
on a complete data word. The complete data
word is added in one operation, including the
carries. Regardless of their magnitude, any
two words can be added at the same time (fig.
14-14), To return to our football squad, if the
squad marches abreast, it is in parallel-mode.
Let’s say that the squad is now formed in 11
ranks of 4 men each. As they march by, an ob-
server sees 11 rows of 4 men pass in front of
him; the squad is in the serial-parallel mode.
If the squad is formed so that the observer sees
4 rows of 11 men pass infrontof him, the squad
is in parallel-serial mode.

Data can be transferred in either serial or
parallel with some advantages for each. Parallel
data transfers canbe accomplished more quickly
than serial; however, in serial operations, fewer
circuits are required to perform an operation.
Although any storage device can be adapted to
either mode, the determining factor usually rests
with the number of storage devices used.

The serial and parallel techniques are often
used in the same computer during different
operations. For example, a data word may be
transferred to a shift register in parallel and
then read out of the register serially. The re-
verse is also true; a data word maybe read into
the register serially and read out in parallel.

Fixed and Variable Word Length

Fixed and variable word lengths describe the
units of data that canbe addressed and processed
by a computer.

. In operations using fixed word lengths, han-
dling and addressing of information is in units
or words containing a predetermined number of
positions. The system is designedfor a specific
word- length, and normally corresponds to the
smallest unit of information that can be ad-
dressed for processing in the centralprocessing
unit. Fields, records, factors, or characters,
are all manipulated in parallel, as words, and
storage, counters, accumulators, and registers
will accommodate standard words for which they
were designed.

1ST STEP |2ND STEP|3RD STEP{4TH STEP
ADDEND 1234 1234 1234 1234
AUGEND 2459 2459 2459 2459
CARRY 1 1
SUM 3 93 693 3693
49.316X

Figure 14-13.—Serial addition.

In operations using the variable length word,
the circuitry for data handling is designed to
proecess information serially as single charac-
ters. The capacity of the storage unit deter-
mines the practical length of records, fields or
factors. Data are available by characters in-
stead of by words.

There is a major difference in handling data
in fixed and variable word lengths, but this dif-
ference does not restrict any given system to
one method or the other, Operations within the
central processor may be entirely of a fixed
word nature, entirely variable, or a combination
of both.

PROCESSING WITH THE STORED
PROGRAM

After information to be processed has been
transcribed to an input medium, such as punched
cards or magnetic tape, the dataprocessing sys-
tem can take over and perform all processing
steps required to produce the end result. How-
ever, the actual steps that are to be executed
by the system mustbe defined precisely interms
of operations that the computer can perform,
Each step has to be written as an individual
instruction to the computer. A series of in-
structions required for the completion of agiven
data processing routine is called a program.
This program is placed in storage before the
processing is begun, and all instructions are

00564213

NUMBERS BEING ADDED ' 00000824

CARRY 1

FINAL RESULTS 00565037

49.317X
Figure 14-14.—Parallel addition,
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automatically executedone at a time by reference
to the program. When one instruction is com-
pleted, the next instruction is consulted for
directions. -

In the stored program instructions consist
essentially of two parts; the op code and the
operand, as described in the discussion of ma-
chine cycles. (You will recall that the op code
specifies the particular operation to be per-
formed, such as read, write, add, compare, and
move data, while the operand usually designates
the address of the information or device that is
needed for the particular operation.)

Instructions must be represented in the same
form of coding as data, since both instructions
and data‘use the same storage media. As a
‘general ‘rule, there is no particular area of
storage reserved for instructions prior to load-
ing the program. In mostoperations instructions
are grouped together and placed into storage in
the logical sequence written,

Since instructions and data are represented
in the same form of coding, the only way the
computer can tell one from the other is by the
time that they are brought into the processing
unit. The time required by the computer to
complete one processing step is divided into
two parts, instruction time and execution time,
As explained under machine cycle, instruction
time is the time required to locate an instruc-
tion and move it into the instruction registers.
The computer then analyzes the instruction to
see what is to be done. Execution time is the
time required to perform the operation called

for by the instruction. Information brought into

the processing unit during instruction time is
treated as an instruction. Information istreated
as data at any other time.

In unit record machines, we know that each
step in a processing application is carried out
individually by manually transferring cards
from one machine to another and performing a
particular part of the application on each
machine, Cards are placed in a feed hopper,
the start key is depressed, and cards feed con-
tinuously while a wired control panel directs
the machine in performing its functions. In an
electronic data processing system, all steps in
the processing routine are performed in one
operation automatically. Unlike unit record
machines, the system must be directed through
stored instructions to read a card (or tape
record) each time new source information is
desired, perhaps move the data in storage from
one location to another; perform arithmetic

calculations; perform logical decisions féuch as
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comparing or selecting; and releasing the findl
result, such as a printed report, a stack of
punched cards or a strip of tape, ’

Reading Data

All source data entering a data processing
system must first be read by an input device .
and sent to main storage. Each input device
must, like each storage location, be assigned a
number to serve as an address,

A data processing system is usually con-
cerned with large files of records which may
be cards or tape. Once these files have been
placed on an input device (cards or tape, for
example), the computer has direct access to
them as one or more instructions in the pro-
gram activate the input unit and route the data
to designated locations in storage.

At this point the exact location in storage
where each item of information is to be placed
must be determined, and an instruction must
direct the system to send this information to
its designated location. In order to manipulate
the information in successive stages of proces-
sing, its exact location must be known at all
times. Some systems automatically place the
entire contents of a punched cardinafixed loca-
tion in storage each time a card is read, Other
systems may require that storage locations for
input data be specified in the stored instructions.

Before reading begins, the input unit is
selected and made ready. The chosen unit is
the one that has access to the file of records as
determined by the programmer, The unit is
selected by its assigned address or code num-
ber.

The read instruction initiates the transfer of
a record to the storage .of a computer. The
record is placed in the storage area reserved
for it and is now available for further processing.

The sequence in which the files are read is
determined by the order of the read instructions
in the program.

The number of records to be placed in stor-
age at a time depends on how the files are con-
structed, the available storage capacity, andthe
type and length of records being handled.

Moving Data

It is not always possible to process datafrom
the locations used for input storage. For



Chapter 14—PROCESSING DATA

liexample, if comparison of control numbers in
succeeding cards is being performed, bothnum-
bers cannot be in the read-in storage area at
the same time. After each card is compared
with the preceding card, its control number
must be moved to another place in storage so
that it can be compared with the following card.
Another example of moving data is moving the
results of arithmetic calculations from the
storage locations to whichthey were routed from
the accumulator to locations for punching and
printing,

It is necessary to know at all times where
information needed for each processing step is
stored. ‘

Calculating Data

All -arithmetic operations require the pre-
sence of a least two factors, such asthe divisor
and dividend, multiplier and multiplicand, and
so on. Hence, at least two storage locations are
needed, one for each factor. The number of in-
structions required to complete an arithmetical
operation depends upon the computer used. To
add two factors, for example, one computer may
require three instructions: one to move one
factor to the accumulator, another to add the
second factor to the first, and a third to move
the answer to storage. Another system may
require only one instruction for adding two
factors, such as ADD A to B. In this case, both
factors are passed through an accumulator,
added, and returned to the address of factor B,
In either example, however, the system cannot
be instructed merely to add. The storage loca-
tions of the factors to be added must be specified
in the add instruction.

Writing Data

The final phase in a data processing routine
is writing out the results. The write-outcan be
on punched cards, tape, or report forms, de-
pending upon the type of system and the require~
ments of the job. Regardless of the method of
output, - all steps for producing the end result in
its desired form must be written as instructions
in the program. For example, if a printed report
is to be prepared, information to be printed
must be moved to the printarea, and the machine
instructed to print. -

If cards are to be punched, the data must be
moved.to storage locations corresponding to the
columns in which punching is desired. Records

to be written ontape must have the data arranged
in storage in the.sequence it is to be written.

PROCESSING WITH THE CONSOLE

Though external to the central processing

‘unit, the console is frequently referred to as a

logical part of it.
four main functions:

1. Type or key-in data, special operating
instructions, and inquiries for the program
during the production run,

2. Determine the contents of special regis-
ters and memory locations.

3. Revise the memory location contents.

4. Monitor the status of peripheral devices.

In a data processing system, the console and
the program are the communicative links be-
tween the computer and the operator. The de-
vices on the console provide the means to start
and stop the computer, initiate computations, to
select and set the proper magnetic tape units,
and to control other input-output devices; and
they enable the operator to check computer
voltage and current levels, power input, temper-
ature, and so on, There are wide variations in
the consoles for different computers. In this
section some of the features common to most
consoles will be described. A typical computer
console is shown in (fig. 14-15),

The computer console has

Monitoring Operations

Through the lights and signals on the console
the computer informs the operator as to its in-
ternal state, There are in general three types
of messages issued by these lights and signals.
The first explains computer stoppage during the
course of processing the program; the second
presents a visual display of the contents of the
various registers and storage locations; the
third presents the state of the electrical power
circuits. Some consoles display all conditions
via a typewritten message. When a computer
stops or halts, one or several lights come on,
indicating the cause or causes of the halt et
cetera, a final stop, or stop instructionhasbeen
executed, or an erroneous operation code in the
instruction being processed, or an invalid ad-
dress, or a check stop. Most consoles are
constructed to display the contents of certain
registers by means of rows of lights when the
computer processing stops. For instance,
there may be a set of neon lights to represent
the contents of the instruction register, the
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Figure 14-15,—~Typical operators console.

accumulator, or of some storage location and so
on. The value of register/storage content is
represented by the lighted or unlighted lights.

Manual Control

The buttons and switches on the console
provide the only means that the computer opera-~
tor has to control the machine, other than the
program itself. In addition to the on-off switch
for the electrical power, there is a start button
which initiates the computations. For example,
the machine may automatically take as the first
instruction the contents of address 0000 when
the start button is pushed. In addition, there is
a stop button that causes computations to cease
when pushed, There may also be a run button
in addition to the start button, which is used to
resume computations after a halt has occurred
in the middle of a computation. The difference
between the start and run button is that the run
button tells the computer to continue to per-
form the instruction that it hasin the instruction
register, whereas the start button tells the
computer to return to the first instructioninthe
program,

Generally, computers can be operated in
several modes. For example, by setting the
proper switch a computer can be set to execute
only a single instruction each time the run or
start button is depressed. By successively

depressing the run button inthis way, a sequence
of instructions can be ‘‘stepped through’’ slowly.
This would be done if examination of several
instructions and their results, as displayed on
the console, were desired. The computer canbe
made to sequence itself through the program
instructions at a considerably reduced speed
by a different setting of the mode switch. The
mode switch can be set to allow the computer
to operated at full speed. On many consoles
there is a phase selector switch which makes
the computer proceed through a single phase for
each depression of the run button.

One of the most important uses of the opera-
tor’s console is to enable the operator to in-
sert data manually into particular storage lo-
cations. This may be done when it is necessary
to correct one or two words in a long program
that has already been entered into storage. To
accomplish this, several methods are used. One
method involves having one button associated
with each bit position in the registers so that
each bit may be displayed by lights on the con-
sole. The contents of the register may be
changed by means of these buttons, once the
computer has been halted. For each register that
has a clear button, the contents of that register
can be set to zeros, when the respective clear
button has been pushed. Then 1’s are inserted
in the desired bit locations when the bit buttons
of that register are depressed. In this case, the
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procedure for inserting a word into aparticular
storage location would be as follows: halt the
computer; manually insert the desired word in
the accumulator; insert an instruction in the in-
struction register that will transfer the contents
of the accumulator into the desired storage lo-
cation; set the mode switch for a single instruc-
tion, and push the run button. The inserted in-
struction will then be executed, and the word
will be inserted into the specified address.

Another method for inserting corrected data
involves the use of an on-line typewriter, by
which words and instructions are typed in the
format prescribed for the particular system
and introduced automatically into the computer.

Inquiry Stations

Inquiry stations are the connecting links be-
tween remote operators and information stored
in a centrally located computer. The computer
can be queried by an operator on site, via

operator’s console, or by an operator at a re-
mote point, via a console inquiry station. Touse
a hypothetical situation, assume that you are
working at an issue counter in a naval supply
depot that has a data processing system with
remote console inquiry stations., As requisitions
are brought to you to be filled, you may wish to
know if your warehouse has a particular itemin
stock, and, if so, how many. To get this infor-
mation without making a trip to the warehouse,
all you have to do is type the part number or
numbers on an on-line typewriter. This infor-
mation is transmitted to the data processing
center where a paper tape is punched and read
into the computer. The computer then selects the
proper storage files and transmits all infor-
mation keyed to the part number or numbers
back to the console inquiry station where the
message is typed out automatically, In this way,
information is supplied in a matter of a few
minutes, enabling fulfillment of requisitions to
be expedited.

LET S REVIEW

oS

ACCUMULATOR - A unit in a digital computer
used for temporary storage, and for totaling
(accumulating) numbers.

ADDER - A device capable of receiving two or
more numbers as input and forming a sum
as output.

ADDRESS REGISTER - A register that is used
to store the address of the data to be oper-
ated on.

ALTERNATE INSTRUCTION - An instructionto
take the place of another if certain circum-
stances are encountered; for example, a
branching routine to change the sequence of
instructions.

ARITHMETIC-LOGICAL UNIT - See arithmetic
unit in chapter 2.

AUXILIARY STORAGE - A storage device in
addition to the main storage of a computer.
Auxiliary storage usually holds more infor-
mation than the main storage, but the infor-
mation is accessible less rapidly.

CENTRAL PROCESSOR - The portion of a com-
puter system that contains the main storage,
arithmetic unit, and special register groups.

Synonymous with central processing unit
(CPU). All portions of a computer exclusive
of the input, output, peripheral, and in some
instances, storage units.

CENTRAL PROCESSING UNIT - See central

processor. ‘

CONSOLE INQUIRY STATION - A remote or
on-gite device from which an inquiry into a
data processing system can be made.

CONTROL UNIT - The portion of a computer
which directs the sequence of operations,
interprets the coded instructions, and initi-
ates the proper commands to the computer
circuits preparatory to execution. ‘

COUNTER (EDP) - A device, register, or lo-
cation in storage for storing numbers or
number representations in a manner which
permits these numbers to be increased or
decreased by the value of another number, or
to be changed or reset to zero or to an
arbitrary value.

DATA REGISTER - A register that contains the
data of the location specified in the data
address.

331



MACHINE ACCOUNTANT 3 & 2

E-TIME - The portion of an instruction cycle
during which the actual work is performed
or operation executed.

EXECUTE - To interpret a machine instruction
and perform the indicated operation(s)onthe
operand(s) specified.

FIXED WORD LENGTH - Describes a machine
word that always contains the same number
of characters or digits.

I-TIME - The portion of an instruction cycle
during which the control unit is analyzing
the instruction and setting up to perform the
indicated operation.

INSTRUCTIONS - (1) A set of characters which
defines an operation together with one or
more addresses, or no address, and which,
as a unit, causes a computer to perform the
operation on the indicated quantities. (2) The
operation or command to be executed by a
computer, together with associated address-
es, tags, and indices.

INSTRUCTION COUNTER - A register in which
the address of the current instruction is
recorded.

INSTRUCTION REGISTER - A register inwhich
the current instruction of the program is
stored.

MAGNETIC CORE STORAGE - A storage de-
vice ‘in which binary data are represented
by the direction of magnetization in each
unit of an array of magnetic material, usu-
ally in the shape of toroidal rings.

MAGNETIC DISK STORAGE - A storage device
or system consisting of magnetically coated
disks, on the surface of which information
is stored in the form of magnetic spots ar-
ranged in a manner to represent binarydata.

MAGNETIC DRUM STORAGE - The storage of
data on the surface of magnetic drums.

MAGNETIC STORAGE - A device or combi~
nation of devices which utilizes the magnetic

_properties of materials to store information.

MEMORY - See storage.

OP CODE - The part of a computer instruction

- word which specifies, in coded form, the
operation to be performed,
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OPERAND - The part of a computer instruction
word which specifies, in coded form, the
address of the data the computer is to work
with in carrying out the OP CODE,

PARALLEL OPERATION - The performance of
several actions, usually of a similar nature,
simultaneously through provision of indivi-
dual similar or identical devices for each
such action.

RANDOM ACCESS - The process of obtaining
information from or placing information into
storage where the time required for such
access is independent of the location of the
information most recently obtained or placed
in storage. A device by which random access
can be achieved without effective penalty
in time.

REGISTER - A hardware device used to store
a certain amount of bits or characters. A
register usually is constructed of elements
such as transistors or tubes and usually
contains apprommately one word of infor-
mation.

SERIAL OPERATION - The flow of information
through a computer in time sequence, using
only one digit, word, line, or channel at a
time.

STORAGE DEVICE - A device consisting of

electronic, electrostatic, or electrical, hard-
ware or other elements into wh1ch data may
be entered or retrieved.

THIN FILM MEMORY - A storage device that
is made by deposition of magnetic alloys
under high vacuum in layers so thin that
magnetization can be switched by rotation
within time intervals of several nanoseconds.

TRANSACTION FILE - Synonymous with detail
file.

VARIABLE WORD LENGTH - The property (of
a machine word) of having a variable num-
ber of characters. It may be applied either
to a single entry whose information content
may be changed from time to time, or to a
group of functionally similar entries whose
corresponding components are of different
lengths.



CHAPTER 15

OPERATION AND CONTROL

This chapter on electronic data processing
deals with operations and controls involved in
almost all data processing systems. These op-
erations and controls are frequently referredto
as operations and procedure checks. Operations
refer not only to the machine operations but
also to the manual operations involved in han-
dling data, operating equipment, and maintaining
a magnétic tape library. Procedure checks en-
compass control checks on data, system checks,
and machine checks. These checks are designed
to test the accuracy of the procedure from input
preparation to the final output. In addition they
also provide the computer with the means of
performing certain checks on itself.

. YOU AS AN EDP OPERATOR

There are several areas of concern for an
operator of an EDP system. In addition to being
familiar with the various methods employed in
controlling data and procedures, he must be
thoroughly familiar with the operating pro-
cedure of a given system, as dictated by the
activity.

Operating the Console

Operation of a data processing system is an
important business in the Navy, You recall that
the entire computer system can be controlled
via the console. To perform efficientlyasa con-
sole operator there are two associated areas
that mustbe familiarto you. These are knowledge
of the console and the ability to manipulate the
required controls,

Knowledge.—Because there are many typesof
operating systems in the Navy, each with its
own particular operating procedures, it wouldbe
impossible for any individual to be familiar with
them all. However, the operator must have a good
working knowledge of the system employed at
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his particular activity.
includes:

1. Knowing the system’s emergency power,
keys, and switches.

2. Knowing the bit configuration of the par-
ticular system,

3. Knowing the system’s console Kkeys,
switches, and lights.

Ability.—1It is possible to hive the knowledge
of a given system without having the ability
to operate it. Knowledge can beobtainedthrough
various sources but ability comes only from
experience, An EDP operator should have the
ability to:

1. Display the contents of accumulators,
registers, or any particular position of storage.

2, Trace the path of data, or instructions,
within the central processing unit,

3. Give the status of the system atanygiven
moment, ’

System knowledge

Handling Magnetic Tape

Magnetic tape is a precision engineered
product, manufactured and tested under condi-
tions that are carefully controlled to ensure the
greatest quality and reliability. An actual per-
formance test is conducted by the manufacturer,
on each reel of tape before it is released to a
customer. Rigid reliability and life tests are
made to ensure that the high quality of magnetic
tape is maintained with usage.

Dust, dirt, and damage are the common
enemies of magnetic tape. Maximum accuracy
of tape reading and writing operations can be
greatly reduced or prevented by their presence.
Proper cleaning of tape units, careful tape han-
dling, clean operating spaces, and proper tape
storage can prolong the usable life of magnetic
tape.

Cleaning Tapes and Containers.—Magnetic
tape can be cleaned by gently wiping it with a
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clean, lint-free cloth, moistened with an ap-
proved tape transport cleaner. Theuseof carbon
tetrachloride and vythene for cleaning magnetic
tape should be avoided under all circumstances.
A certain kind of tape, such as the IBM H-D
magnetic tape, should never be cleaned with
tape transport cleaner because of aninteraction
with tape and cleaner.

Tape containers should be inspectedunder an
established schedule. Dust accumulation can be
removed by washing the container with a com-
mon household detergent.

Handling Tape Reels.—Information is re-
corded on magnetic tape to within ,024 of an
inch of the lateral edges of the tape, Nicks and
kinks, along the edges of the tape, caused by
careless handling, can and do impair proper
reading and writing, Damage of tape should be
avoided whenever possible. Protection of mag-
netic tape can be increased by observing and
enforcing the following rules:

1. Tape reels should be handled near the
center, or hub, of the reel.

2. Avoid contact with, and pinching of, tape
edges that are exposed through the reel openings,

3. Tighten the mounting hub securely to pre-
vent the reel from wobbling during reading and
writing operations,

4, Do NOT fold or wrinkle the tape ends.
This could result in uneven tape winding and
resultant tape damage.

5. When storing tape reels, use the manu-
facturer-prescribed devices to prevent the tape
from unwinding in the container,

6. Smoking should not be allowed in working
spaces where magnetic tape units are installed.
Smoking is NEVER permitted while handling
magnetic tape, attending tape units, or working
in the tape storage area. Ashes may contaminate
tapes, and live ashes may cause permanent dam-
age if they come in contact with the tape.

7. Avoid dropping tape reels.

8. Always follow the rules and procedures
as established by your activity or installation,

Irregular Winding.—As tape is wound on
reels it is normal for some of its edges to
protrude slightly. These irregularities usually
result from high-speed rewinding. The speed at
which tape moves, during high-speed rewinding,
produces the slightly irregular wind due to air
being trapped -between adjacent layers of tape.
This in itself, will not cause improper operation
of the tape, but it requires that proper care in
handling be exercised by all operators.
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Wavy Edge.—An appearance of wavy édgeson
magnetic tape is normally due totwo conditions;
curvature is one - if a short length of tape is
laid flat on a clean surface, its edge will show
a slight curvature. This curvature, in 36 inches
of tape, should not exceed 3/16 inch. If more
than 3/16 inch the tape will tend to turn in the
vacuum columns. , .

Improper mounting of thetape reel is another
reason for a wavy edge. (See the section in
chapter 13 on the loading and unloading of
tapes.) ‘ ‘

Reel Warpage.—When not being used, tape
reels must be properly supported. The plastic
container is designed to fully support the reel.
A tape reel that is supported in any other man-
ner may lead to a warped reel.

If a reel is not seated properly on the tape
drive hub, during use, it will wobble or appear
to be warped, If the file protection ring is not
completely inserted it produces the same effect.
In either case, the reel behaves as though it
were warped, and the edges of the tape can be
damaged.

OPERATING AND PROCEDURE CHECKS

Two main areas of activity are included in a
data processing procedure; control of the pro-
cedure and accomplishment of the desired re-
sults. Checks designed to supervise the quality
of work that the computer produces will not
suffice for complete controls, Complete controls
must take into consideration the entire data proc-
essing application. Included in operating and
procedure checks are areas of: data control
checks, system checks, and machine checks.

Data Control Checks

Data control checks consist of methods de-
veloped to control the information flow into and
out of a data processing system. These checks
also give assurancethatall information received
was correctly included in the required output.
These controls also include methods devised to
establish an audit trail should an omission or
duplication occur. Without an established audit
trail, retracing an entire procedure may be
necessary to locate an error.

Every data processing application must have
some form of data control checks. Because in-
dividual activities may require different control
checks, we will not go into a detailed discussion
of them. The control and method used will be
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determined by the requirement of each activity.
However, in all instances, the following areas
should be covered:

o Assurance that all input data areaccurate.

e Arrangement of data in a form best suited
for use by the computer.

@ Assurance that all data are complete and
not duplicated.

e Provide a means of auditing the steps of
the procedure so that, in the event of error or
inconsistency, the trouble may be located with
minimum lost time.

Systems Checks

Systems checks are controls, within the
computer system, designed to control the over-
all operation of a data processing procedure.
Systems checks ensure that all data required
for processing are received and that all output
data are complete and accurate.

Controls may be included to ensure that all
input records are for a current processing
period and unrelated or incorrect records are
excluded. Distribution of detail transactions to
update master records, when distribution is
made by coding, may also be verified by these
checks.

With each computer application, systems
checks vary, as do the types of systems checks
with each particular type of computing equip-
ment, Particular attention should be paid to in-
corporating systems checks during the early
stages of planning the application, because such
controls can be fitted into the program more
effectively at this time. In some cases the pro-
cedure must be modified to incorporate the
most efficient controls; usually this is less
costly than designing a procedure without the re-
quired controls,

Procedure requiring strict accounting con-
trols with provision for audit trails requires that
the program for the application be designed to
take full advantage of the data processing sys-
tem’s built-in reliability.

In some systems, built-in checking features
make detailed systems checks unnecessary,
while data manipulation in the CPU of others is
less stringently checked. This is particularly
true where the required checking circuitry
would increase the cost of the system without a
significant proportionate increase in accuracy.

In computer applications checking is a form
of quality control. It follows that, when errors
can be tolerated to a degree, systems checks
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may be used more sparingly. Some specific
systems checks are discussed in the following
paragraphs.

Record Counts and Control Totals.,-—Record
counts and control totals are established when
the file is assembled or first calculated as the
case may be,

A record count is a total of the number of
records contained in a file. A record count is
established when the file is assembled, or in
the case of magnetic tape, the count is estab-
lished when the file is written. At the end of
the file or reel the number of records is
carried as a controltotal. Adjustmentsare made
to the control total as records are added or
deleted. A recount of the records is performed
each time the file is processed and this count
is compared or balanced against the original
or adjusted total as the case may be. If the
counts are in agreement it is accepted as proof
that all records have been run.

Utilizing the record count as a control, it is
very difficult to determine the cause ofanerror
if the counts are not in agreement. This is be-
cause the record count does not identify the
missing record nor does it indicate which rec-
ord has been processed more than once. There-
fore, the records must be checked against the
source records, a duplicate file, or a listing
containing all of the original records.

On magnetic tape the record count that does
not agree usually indicates a read error be-
cause once written on tape, a record cannot be
misplaced or lost.

Control totals are usually composed of ac-
cumulated amounts or quantity fields in a group
of records. When the file is originated or first
calculated, either manually or by machine, the
control totals are established or accumulated,
The control can be on the level of a grand total,
but would be more convenient on a major, in-
termediate, or minor total.

During processing the fields are again ac-
cumulated and the results are comparedagainst
the control total. If in agreement, it serves as
proof that all records have been processed.

An efficient checking system canbe developed
using control totals when they are used to pre-
determine a calculation or update procedure,
For example, in a payroll application, employees’
total hours worked can be preestablished from
clock or job-card records, This figure then
becomes the control total for all subsequent
reports, Totals may be broken down into differ-
ent control groups, such as work centers and
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clock stations, but the sum of all totals must
balance ‘back to the complete original total.

Normally control totals are established by
batches, in convenient size, suchasdepartment,
work center, and activity., By this method, each
group may be balanced and/or correctiveaction
taken as the records are processed. Errorsare
normally limited to small, easily checked groups
rather than to one grand total.

Proof Figures.—Proof figures are valuable,
in the sense that they can be used to check on
computer operations as well as a systems
check., The proof figure is normally carried as
additional information in a record. Multiplica-
tion in a procedure may be checked by proof
figures. As an example of proof figures used
in multiplication, let’s use the units of hours
worked by hourly rate for 1 week. The relation-
ship between actual earnings and a fixed ceiling
cost (proof cost) is the basis for this check. A
fixed figure (X) larger than the maximum scale
is set up. If the maximum scaleforan employee
in 1 week is $200, X might equal $201. Proof
cost is the remainder when actual earnings are
subtracted from X. The formula for proof cost
may be expressed as follows:

X = proof cost + actual cost

Each record carries the proof cost as an
extra factor, X is placed in storage, as a con-
stant, for use in calculating the proof figure,

Whenever quantity (hours worked) is multi-
plied by cost (hourly rate), it is also multiplied
by proof cost, The factors that are accumulated
during processing are normally quantity, quantity
x cost, and quantity x proof cost. Once these cal-
. culations are completed up to this point, it is
possible to check the sums (3) ofallfactors ac-
cumulated as follows:

3 (qty x cost) + S(qty x proof cost) =
3 (qty x X)

- To check the left side of the equation,
merely add the two progressive totals that have
been accumulated during processing. Multiplica-
tion of the accumulated quantity and the constant
factor X is required in the calculation of the
right side of the equation. This check ensures
that each particular multiplication was per-
formed correctly. '
Tape Labels.—Tape labels usually consist
of information recorded at the beginningor end-

ing of a reel of magnetic tape for proper file
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identification, The label may specify or identify
the job total and/or number, the last processmg
date, reel number, and so on. ~

As an added control, to ensure that the proper
records have been processed tape labels are
read into storage at the beginning and/or end
of a program. Tape labels may also beused to
ensure a true end-of-file or end-of-job and may
also include a record count,

Housekeeping Checks.—Every program of
any value must contain a housekeeping routine,
This routine is normally established at the be-
ginning, or first instructions, of every program
and is intended to perform housekeeping func-
tions prior to processing. These functions may
include: setting program switches, moving con-
stants, setting up printarea, clearingaccumula-
tors or registers, et cetera. Also, systems
checks may be performed by housekeeping in-
structions. These include testing to determine
if all required input-output devices areattached
to the system and are ready for operation.
Housekeeping instructions may calculate con-
stant factors, file labels may be updated and
checked, and other information pertinent to the
proper operation of the system may, through
programmed instructions, be brought to the
attention of the operator.

Check Points and Restart Procedures.-—A
procedure for establishing checkpoints is a
programmed checking routine performed at
designated processing intervals or checkpoints.
The purpose of this routine is to determine if
processing has been performed correctly up to
a designated check point. Once a check point
has been reached by the machine and processing
up to that point has been performed correctly,
the status of the machine is recorded, usually
on magnetic tape. The normal processing pro-
cedure is then continued until the next check
point is reached.

Check point procedures are used to break
up a long job into a series of small jobs. In
this way each portion of the work is run as an
independent and separate part, and each part
checked once completed, If processing to this
point is correct, enough information is written
out to make it possible to return automatically
to the last point where a check started. If not,
the system restarts from the check point at
which the work is known to be correct and the
portion that was not performed correctly is
discarded.
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A restart procedure:

1. Restores the computer’s storage to its
status at the preceding check point, This may
include reloading the program itself, re-setting
switches and counters, restoring constants, and
making adjustments to accumulated totals,

2. Backs up an entire computer system to
the specified point in the procedure, normally a
check point, Card units and printers must be
manually adjusted; tape files are rewound or
backspaced automatically.

The proper use of check point and restart
procedures contributes to the operating effi-
ciency of a computer system. For example,
many hours of machine time may be saved
during a power failure or serious machine mal-
function by simply rerunning a small part of
the job (between check points).

Interruption of a job that requires immedi-
ate or emergency attention is provided through
restart procedures. Thus, the operator may
interrupt any procedure and replace it with
another job if necessary, Restartprovisionsare
also convenient at the end of a work period or
shift, when the job must be terminated without
loss of production time,

Machine Checks

Procedures used for machine checks have a
twofold function:

1. They accomplish useful work.

2. They control quality and accuracy of work.

Useful work in a data processing procedure
consists of sorting, collating, calculating, read-
ing, and printing operations. Operations con-
trols are necessary to establish and maintain
accounting controls, calculation checks, and
machine checks. These checking devices are
used by the programmer at his own discretion.
Basically, two types of checks may be written:

first, checks on the validity of data handled by

the input-output devices, and second, checks on
the data handled within the computer. Thesein-
clude checking for arithmetic overflows, valid
signs of numeric quantities, legitimate instruc-
tion codes, and other check indicators.

The programmer may insert into the pro-
gram special branch or transfer instructions
designed to handle certain types of errors as
exceptions, These instructions preventunneces-
sary interruptionsof computer operations (halts)
upon detection of an error. For example, he may
program the machine to backspace the tape and
reread the record upon an indication ofan error
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during the reading of a record from tape. At
this point if the record is read correctly,
normal operations are continued. If not, opera-
tions can be interrupted, or the incorrect rec-
ord can be noted and operations continued. In
all systems, however, the interrogations and
interruptions of a data processing system are
under the control of the programmer.

All processing is halted immediately under
some machine check indicators. These indicators
include conditions such as: blown fuses, air or
humidity conditions beyond the prescribed
limits, broken magnetic tapes, or card jams,
All these cases must be brought to the opera-
tor’s attention immediately and, therefore, cause
the system to halt.

KNOW YOUR TAPE LIBRARY

Each data processing installation that utilizes
magnetic tape records should haveatapelibrary
for proper control and storage of magnetic
tapes. A tape librarian, as designated, is the
custodian of all tape reels in the library.

As the tapelibrarian you shouldbe thoroughly
familiar with the procedures in maintaining a
tape library. A tape library may contain a
hundred reels to several thousand reels of mag-
netic tape. These reels contain vital records,
and an adequate system of control is essential
in the filing and maintenance of tape records.

Before the types of records and controls
are discussed let’s get an idea of the tape
designations that may be assigned to tape reels.
The following definitions are not considered
mandatory for tape reels, but could be used in
maintaining a magnetic tape library: i

@ Nonrecord tape-—this term applies to new
tapes and tapes that have beenusedand released
for re-use.

® Record tape—this term applies to any tape
containing valid data.

~ @ Tape file—a term that applies to a body of
information recorded on one or more reels of
tape, identified as a specific record file or
program,

@ Tape serial—a term that applies to identi-
fication numbers permanently assigned to each
tape on receipt from procurement. A typical
nine-digit serial number may be constructed
as follows: _

a. First two digits—installation number.

b. Digits three through five—numeric month
(two digits) and year (one digit) received.

c¢. Digits six through nine~tape serial num-
ber (0001--9999).
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Library Controls

- Procedures and controls for adequately op-

erating a tape library must be established and
maintained if maximum and efficient usage isto
be realized from magnetic tapes. The following
should be provided for through efficient tape
library controls:

o A means for quickly locating any reel of
tape in the library. Each reel should be identi-
fied with file number and reel number, since
there may be more than one reel per tape file,

o Identifying the person to whom a reel or
file is issued.

e Identifying scratch date expirations sothat
tape reels may bereleasedfor re~use. A scratch
date is the date that the data recordedon a par-
ticular tape is no longer required.

® Maintenance of records written in concise,
easily understood terms, and requlrmg a mini-
mum number of entries.

Library Records

Library records for magnetic tapes may be
set up in various ways, as long as they provide
the proper control of all tape reels in the data
processing installation, However, it mustbe re~
membered that eachtime the tape status changes,
all records pertaining to that tape must be
changed accordingly, Following are examples of
records which may be used to meet these re-
quirements.

File History.—The file history record, as
shown in figure 15-1, could prov1de mformatlon
pertinent to all tape reels within each tape file.
In addition to name and file number, the following
information is shown:

o Date written—pertains to the actual date
the file was written.

e Effective date—this date indicates the date
through which the file data are updated.

o Scratch date—indicates the datethatthe file
reels may be re-issued as nonrecord tapes.

e Job numbers-represent the jobor program
numbers with which the file is used.

® Remarks—column for responses pertain-
ing to additional information pertinent to the
tape file, ‘

Reel History.-—The reel history record, as
shown in figure 15-2, could provide a history
of each tape reel. If required, additional pages
can be used for recording usage of the tape
reel throughout its life span or until a new
reel history tape is created.

Tape Log.—Effective controls require know-
ing at all times the physical location of a given
reel when it is not in the tapelibrary. A sample.
tape log, shown in figure 15-3, provides this
control, When a request is made fora particular
reel orfile, thetapelibrarian causes appropriate
entries tobe made inthe log, and issues the tapes
along with nonrecord tapes, as required, for
creating a new or updated file. When reels are
returned, the librarian notes the time of return
and initials the log. In the case wherenonrecord

= TAPE FILE HISTORY — ]
FILE NO. > FILE NAME < " FILE STATUS
DATE EFFECTIVE || SCRATCH SERIAL NOS. OF REELS
WRITTEN DATE DATE l ! ]

JOB NUMBERS

<

REMARKS:

[ T T T T T T[]

Figure 15-1,—Sample magnetic tape file history record.
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— TAPE REEL HISTORY -

DATE

SERIAL NO. “ RECEIVED " PRESENT LENGTH CONDITION PAGE NO.
FILE NO. REEL OF DATE WRITTEN SCRATCH DATE DATE SCRATCHED

[ ——

78.33
Figure 15-2.~—Sample magnetic tape reel history.
~ MAGNETIC TAPE LOG -
FILE NO. SERIAL NO. JOB NO. ,5TS'L’}‘EED 'SSTUOED RETTL',”QEED INIT,
I —/,///4
| [ ——
78.34

Figure 15-3,—Sample magnetic tape log.

tapes have been issued for creating or updating
a record file, the librarian is informed of the
current status of the tape when it is returned.
This information pertains to:

e Applicable job and file number

e Description

® Reel number within the file

® Any other appropriate information

When this information is received the li-

brarian ensures that appropriate entries are

made in the file and reel history records, and
that the reels are affixed with the appropriate
labels. The librarian should also ensure that
‘redesignations required as a result of file up-
dating are accomplished.

Availability of Tapes

‘In a data processing application involving
punched cards, the method employed in obtaining

blank card stock is quite simple; the operator
merely draws the required quantity from the
blank card storage area. Little control over
blank cards is required except to ensure that
demand never exceeds the supply. In applica-
tions involving magnetic tape the operator
cannot draw from a file of new tape reels each
time he is to perform a writing operation. This
may be the case in newly established systems,
but once a system has reached an operational
status, procurement of new tapes is limited to
those needed for expanded or new operations,
or to meet requirements unforseenin the original
planning. The principal source of magnetictapes,
for writing operations in an operational system,
is provided through scratch (nonrecord) tapes
containing data no longer needed. It is essential
that each tape reel or file be made available
when its contents are outdated or no longer
required if an adequate supply of scratch tapes
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is to be assured. Of the many ways that this
may be accomplished, three are mentioned
below. ,

. One method of controlling available tapes for
writing operations involves setting up the tape
reel history records on 3’ X 5’’ cards, and
maintaining all cards representing recordtapes
in one file and all cards for scratch tapes in a
separate file. Each time a record is changed
from record to scratch, or from scratchto rec-
ord, the corresponding card is shifted to the
appropriate file. A

Another method utilizes card index files, with
each tape reel history recorded on a separate
pocket card. Indicator tabs at the bottomof each
card index could be set in one direction to
indicate that the tape . is a record, and in the
opposite direction to indicate a scratch tape,

A third method is to set up a status of tapes
sheet, as illustrated in figure 15-4. This sheet
contains a listing of all magnetic tape reels in
serial number order, and contains a number of
segments across the sheet, with two blocks in
each segment for indicating whether a given
tape is a record (R)or scratch (S). When the tape
is written, an X is placed in thenext succeeding
R block. Thus, a quick glance atthe status sheet
will indicate which tapes areavailable and which
are in use.

External Labeling of Tapes

Every reel of magnetic tape must be cor-
rectly labeled, This is accomplished by the use
of two external labels which every reel must
have. These are called permanent reel and
temporary file labels.

Permanent Reel Label.—The permanent reel
label, in this case, is a card (fig. 15-5) inserted
in a small pocket on the side of new reels. In-
formation included on this card is: serial num-
ber ofthe reel, date received from manufacturer,
and current length of the tape on the reel. This
card is never removed from the reel.

Temporary File Labels,—The temporary file
label (fig. 15-6) maybe color-coded for different
applications. For instance, files pertaining to

REEL IDENTIFICATION

SERIAL NO.
LENGTH
DATE RECEIVED

. 49.319
Figure 15-5,~Permanent reel label.

STATUS OF TAPES
seriAL (I Ry SYIrRpSHR P SR SR SHR Y S R SIERY S
NO.
~N\~‘
-
\\\j\\h
Fl‘ﬁ

49.319

Figure 15-4.—Sample status of tapes sheet.
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FILE NO.

)
USED ON

JOB NO. |TAPE ADR.

REEL- OF

DATE WRITTEN
EFFECTIVE DATE
OUTPUT TAPE UNIT NO.

SCRATCH DATE )

49,320
Figure 15-6.—Temporary file label.

inventory may have green labels, while payroll
files may have red labels. In addition to being
color-coded, labels used with certain systems,
have adhesive backing that is reusable. When a
file is written, the label is prepared and may
be stuck on the tape unit door frame. Before
any reel is unloaded from the tape unit the
label is placed on the side of the real.

Information contained on these labels in-
cludes:

e Effective date—indicates the dateor period
to which the file pertains.

o Output tape unit number—pertains to the
address of the tape unit on which the file is
written.

@ Scratch date—indicated the date onorafter
which the reel may be released for a record
tape.

The number of jobs on which the tape may
be used as an input, and the corresponding tape
address it should have on each may be entered
on the right side of the label in the spaces
provided.

EDP INSTALLATION MAINTENANCE

Although every installation has certain in-
dividual maintenance procedures, some pro-
cedures are common to all, such as those
concerned with cleanliness and dust prevention.

Daily Cleaning

Vacuuming is the standard method of clean-
ing in an operational EDPS. Vacuuming the en-

341

tire room every 24 hours is recommended. To
minimize the possibility of an electrical shock
it is recommended that a nonconductor type
nozzle be used for vacuuming under various
machine components. Only a well sealed or
filtered container should be used within the
room. An external vacuum is preferred.

Every day the entire floor should be thor-
oughly cleaned with a damp mop. Under no
circumstances candry mops, dust cloths, sweep-
ing, and such be tolerated.

Floor Waxing

Waxing shouldbe kept to a minimum, Efficient
equipment operation can be seriously jeopard-
ized by dust resulting from the improper
application of wax that tends to flake when
carelessly applied. Only light applications of
floor waxes should be used. The floor should
be machine buffed to remove excessive amounts
of wax. Finally the floor should be rebuffed,
when. dry, after the wax has been hardened by
damp mopping. No metal abrasives, such as
steel wool, should ever be used for buffing.

Smoking

Smoking is normally not permitted while
operating EDP equipment. As was explained
earlier, smoking is never permitted while
working with  magnetic tapes. However, the
rules that are to be observed are normally
implemented by the activity concerned.

EQUIPMENT MAINTENANCE

Even with the built-in accuracy inherent in
electronic data processing systems, they cannot
go on forever without attention. Certainpartsor
devices must be inspected and serviced at
regular intervals to ensure that the equipment
continues functioning properly. Maintenance pro-
grams are closely tied in with the operating
schedule. Each should be set up so as to avoid
conflict between operation and maintenance, or
at least to keep such conflicts to the minimum,
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LET S REVIEW

AUDIT TRAIL~A system of providing a means

for tracing items of data from processing

step to processing step, particularly from
a machine produced report or other machine
output back to the original source data.

BIT CONFIGURATION-Pertains to the type of
language used by the data processing system.
Such as, binary BCD, or octal.

CHECKPOINT~A point in time in a machine
run at which processing is momentarily
halted to make a magnetic tape record ofthe
condition of all variables of the machine run,
such as the position in input and output
tapes and a copy of working storage. Check-
points are used in conjunction with a restart
routine to minimize reprocessing t1me oc-
casioned by functional failures,

CHECK INDICATOR~—A device which displays
‘or announces that an error has been made
or that a checking operation has determined
that a failure has occurred.

DATA CONTROL CHECKS-—Any check designed
to control data, manually or automatically,
from inception to output.

FILE HISTORY RECORD~A record designed to
provide all necessary information pertaining
to all tape files.
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LIBRARY CONTROLS~AIll controls designed
for the efficient operation of a magnetictape
library.

NONRECORD TAPE~See scratch tape. -

RECORD TAPE-—A tape containing valid data
contrasted to scratch tape.

REEL HISTORY RECORD~-Library recordsde-
signed to provide all necessary information
pertaining to each individual magnetic tape
reel.

RESTART PROCEDURE~To go back to a spe-
cific planned point in a routine, usually in
the case of machine malfunction, for the
purpose of rerunning the portion of the rou-
tine in which the error occurs.

SCRATCH DATE-The date that recorded data
on magnetic tape becomes obsolete or out-
dated, permitting the tape to be issued as
a non-record tape.

SCRATCH TAPE—A tape containing obsolete
or outdated data. Contrasted to record tape.

SYSTEM CHECK-—A check on the overall per-
formance of the system, usually not made
by built-in computer check circuits; control
" totals and record counts,



CHAPTER 16

'DATA FLOW, PROGRAMMING AND DOCUMENTATION

Before: any new data processing application
is started, there must exist a need for informa-
tion. Once the need has been established, minds
go to: work, planning, organizing, and making
constructive decisions. Most data processing
applications involve huge quantities of informa-
tion and may require millions of operations be-
fore the job can be completed., The electronic
computer  has tremendous speed and the ability
to take in huge quantities of data—deleting,
sorting, merging, adding, transferring, com-
paring, subtracting, andproviding auseful output
almost without effort.

~ But better information is not provided by
bigger and faster machines. It takes people,
and . only trained people can organize all the
information into a procedure acceptable to the
computer. The data flow mustbe established and
the program written and documented.

The people who perform these functions in
the - Navy are called systems analysts and pro-
grammers. In actual practice a Machine Ac-
countant usually is called upon to perform
both functions, Programming is the major sub-
ject of this chapter, but let us begin by defining
both functions briefly. )

A SYSTEMS ANALYST studies and describes
an entire data processing system. He may either
analyze an existing system for purposes of im-
provement or he may design an entire new
system, In either case he must do the following:

1. Determine what information the system
should produce and in what form it is needed.

2. Analyze the types and format of input
data.

3. Determine the machines required for
processing, and the most effective flow of the
data through the system.

4, Describe this flow by constructing a
system flow chart.

The PROGRAMMER is directly concerned
with the detailed steps of processing informa-

tion in the computerized segment of the system.
He takes the general directions describédby the
analyst in the system flow chart and from them
develops a general program flow chart and then
a detailed program flow chart which enables
him to write the operating instructions in a
language acceptable to the computer. This step,
the preparation of computer acceptable instruc-
tions, is sometime called CODING and if a
separate person does it he is called the CODER.

CHARTING DATA FLOW

When the programmer has determined the
most effective way of performing the job, he
must represent each step by an appropriate
symbol in the general program flow chart.
The programmers knowledge of the capabilities,
limitations, and functions of the computer should
be enough to enable him to write a program for
that computer, as defined by the system flow
chart developed by the analyst. Since the pro-

" grammer’s work depends upon his correctly
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interpreting the system flow chart developed by
the analyst, there must exist acommon language
between analysts and programmers. This com-
mon language is provided by the use of graphics
or a standard set of symbols in the system flow
chart.

System Flow Chart

A system flow chart depicts the flow of data
through all parts of a data processing system
and includes the operations performed in the
system and the sequence in which they are
performed. Often such a chart is composed
solely of symbols that represent only the form
in which data appear at various stages of proces-
sing. In all instances the system flow chart can
be extended to an operational flow chart to
show the job steps involved in the development
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of information as well as the documents
themselves.

Overall, system flow charts show whit is to
be accomplished. Here the main emphasis is on

MAGNETIC
TAPE

PROCESSING

A MAJOR PROCESSING FUNCTION

INPUT/ OUTPUT \ /

ANY TYPE OF MEDIUM OR DATA

DISK,
DRUM,

RANDOM
ACCESS

PAPER OR PLASTIC, INFORMATIO

AUXILLARY
OPERATION

the documents involved, and secondary emphasis
is on the work stations through which theypass.

Figure 16-1 illustrates the symbols used in
preparing system flow charts. The explanation

[ ]
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TRANSMITTAL
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A PROOF OR ADD-| |
ING MACHINE .

TAPE OR SIMILAR BATCH
CONTROL INFORMATION

ONLINE DEVICE.

"SORTING,
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Figure 16-1.—System flow chart symbols.

INFORMATION SUPPLIED TO OR
BY A COMPUTER UTILIZING AN

THE DIRECTION OF PRO-
CESSING OR DATA FLOW,

O

AN OPERATION ON SORTING
OR COLLATING EQUIPMENT

49.321
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with these symbols needs no clarification, ex-
cept for the rectangle labeled ‘‘central proc-
essing unit.”’ This symbol is used to represent
the basic system, including main storage, the
arithmetic unit, and the basic controls.

Figure 16-2 illustrates a typical flow chart
for a data processing system ‘‘operation.’”’ The
symbol for the CPU should be labeled with the
type number to identify the system.

—

1401

v 49,322
Figure 16-2,—Typical system flow chart.

Figure 16-3 illustrates an extended system
flow chart, hereafter known as an operational
flow chart. Note that the ‘‘application’’ flow is
from the top to the bottom of the page. Secondary
functions are shown to one side. The operational
flow chart depicts the ‘‘application’’ of a data
processing system and serves as aguide to pro-
gramming and operating, Therefore, the correct
labeling of the operational flow chartis essential.

All referencestoflowcharts inthe remainder
of this text will pertain to PROGRAM flow
charts.

Program Flow Charts

Program flow charts are prepared utilizing
the symbols illustrated in figure 16-4. These
symbols depict what takes place in the stored
program, In a program flow chart the emphasis
is on the operations and decisions necessary to
complete the specified process. The program
flow chart has many important uses, one of
which is to provide the programmer a means
of visualizing, during the development of the
program, the sequence in which arithmetic and
logical operations should be performed and the
relationship of one part of aprogram toanother,

The use of a program flow chart determines
the amount of detail to be included in it. The
primary purpose of the chart, during early
stages of program development, is to experiment
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SORTED TRANSACTION
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Y

EDIT RATE
CODE

EDITED
TRANSACTION
TAPE

ERROR LIST

49.323
Figure 16-3.—Typical operational flow chart.

with and verify the accuracy of different ap-
proaches to coding the application; in this
instance large segments of the program are
represented by a single symbol,

Of all the important uses of a program flow
chart, the three most important are: as an aid
to program development, as a guide to coding,
and as documentation of a program,

General Program Flow Chart.—A general
program flow chart depicts the major steps re-
quired during a data processing application and
shows what is to be done without regard to the
specifics of how it is to be done. It presents
the best logical solution to the problem, using
the information provided, and indicates the proc-
essing thereof, It is in no way restricted by
specific machine limitations or characteristics.
It is developed as an aid to understanding the
problem, and supplements the detailed specifi-
cations. The general program flow chart pro-
vides the basis for developing detailed program
flow charts.

Detailed Program Flow Chart.—Detailed pro-
gram flow charts are an extension of a general
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PROCESSING

A GROUP OF PROGRAM INSTRUCTIONS
WHICH PERFORM A PROCESSING
FUNCTION OF THE PROGRAM,

INPUT / OUTPUT

ANY FUNCTION OF AN INPUT/OUTPUT
DEVICE.

DECISION

USED TO DEPICT POINTS IN THE
PROGRAM WHERE A BRANCH IS
POSSIBLE.

PROGRAM
MODIFICATION

AN INSTRUCTION OR GROUP OF
INSTRUCTIONS USED TO MODIFY
THE PROGRAM

PREDEFINED
PROCESS

A GROUP OF OPERATIONS NOT DETA.L-
ED IN THE PARTICULAR SET OF

FLOWCHARTS.

THE BEGINNING, END,OR A POINT OF
INTERRUPTION IN A PROGRAM.

Q CONNECTOR

AN ENTRY FROM, OR AN EXIT TO,
ANOTHER PART OF THE PROGRAM
FLOWCHART.

U OFFPAGE CONNECTOR

A CONNECTOR USED INSTEAD OF
THE CONNECTOR SYMBOL TO DE-
SIGNATE ENTRY TO OR EXIT FROM
A PAGE.

- |
FLOW DIRECTION

» Y
THE DIRECTION OF PROCESSING OR
DATA FLOW.

49,324

Figure 16-4.—Program flow chart symbols,

program flow chart, showing in detail how each
major function indicated in the general program
flow chart is to be accomplished. They are
designed to present a detailed solution to the
problem in terms of the logic, or built-in
characteristics of a specific machine.,
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The amount of detail shown in a detailed
program flow chart and the method of construc-
tion may vary from one installation to another,
depending upon the scope and complexity of jobs
and the particular techniques employed.- The
general guideline used to indicate the extent
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to which detailed program flow charts shouldbe
drawn is: they must be specific enough for a
coder who is completely unfamiliar with the
operation to write accurate machine instruc-
tions to accomplish the job. Every processing
step, every decisionpoint, and every contingency
must be set down.

Standardization of flow charting and pro-
gramming techniques is a desirable aspect of
data processing which, has not yet been fully
realized. While it is not the intent of this manual
to establish a standarized procedure for de-
veloping program flow charts, the illustrations
in this chapter do utilize the latest and most
generally accepted flow charting symbols and
techniques,

The ‘‘Common Language’’ of Flow Charting

The language of flow charting is composed
of many symbols. These symbols represent de-
vices andfunctions, and their arrangement shows
the direction of data flow, A given symbol should
always portray the same general meaning wher-
ever it appears. For example, it would not be
logical to represent a COMPARE operation one
time by a square and the next by another
figure. Indiscriminate use of symbols serves
only to confuse anyone who tries to interpret a
flow chart, and increases the possibility of error
during the preparation of machine programs.

The most standard symbols for program
flow charts are shown in figure 16-4, and their
functions are explained in the following para-
graphs, Other symbols and variations of the
symbols shown can be used as the situation
requires.

Basic Symbols.—All general program flow
charts may be constructed using only the basic
symbols of input-output, processing and flow
direction symbols (fig. 16-5).

The general direction of data flow for all
flow charts should be from the top of the page
to the bottom, or from left to right. The direc~
tion of data flow symbols for all flow charts is
a straight line (fig. 16-5) and may or may not
use arrowheads to indicate the direction of
data flow. For identification purposes only,
arrowheads are used in all illustrations of
data flow in this chapter. In actual practice,
arrowheads must be used on all lines that
oppose the general direction of data flow.

In compléx program flow charts an arrow
should be used at any point where the direction
of data flow is not immediately clear. Violation
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INPUT/OUTPUT
——
D ————
FLOW DIRECTION
PROCESSING

49.325
Figure 16-5.—Basic symbols.

of the basic rules of the processing flow is
often encountered during looping in the pro-
gram—that is, repeating an instruction sequence.

The rules for flow charting the direction of
data flow are:

1. Flow lines should not cross each other.

2. Arrowheads may be used on all lines;
when used, they should be placed at the point
of entry to a connector or functional symbol.
The processing symbol (see fig 16-5) for a
program flow chart is defined as the symbol
that represents general processing functions not
represented by other symbols. In program flow
charting these operations are concerned withthe
actual processing operations of the stored
program,

The input-output symbol for a program flow
chart (fig. 16-5) is used to denote any input-
output (I/O) device or function. Introducing
data into the central processing unit is an input
function. Recording data received from the cen-
tral processing unit is an output function. The
I/O category includes reading, writing, rewind,
backspace of magnetic tape, I/C functions of
readers, printers, and punches. I/O operations
involving communication between the main and
random access storage units are also in this
category. An example of a general program
flow chart utilizing the previously mentioned
symbols is illustrated in figure 16-6.
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READ A CARD

MOVE HOURLY
RATE AND HOURS
WORKED TO
WORKING STORAGE

MULTIPLY HOURS
WORKED BY
HOURLY RATE

MOVE TOTAL TO
PRINT AREA

PRINT TOTAL

; 49.326
Figure 16-6.—General program flow chart
‘ using only the basic symbols.
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Special processing symbols.—A detailed pro-
gram flow chart uses input-output and flow di-
rection symbols in the same manner as a
general program flow chart. But the basic proc-
essing symbol is replaced by the use of six
special processing symbols which make a pro-
gram flow chart more meaningful. These sym-
bols are shown in figure 16-7 and explained in
the following paragraphs.

DECISION PROGRAM
MODIFICATION

O

TERMINAL CONNECTOR

)

OFFPAGE PREDEFINED
CONNECTOR PROCESS
49.327

Figure 16-7.—Special processing symbols.

The DECISION symbol is used to depict a
point in a program at which a branch to one of
two or more alternate paths is possible. The
manner in which the decision is made should
be indicated. There are several bases for de-
cisions, such as: comparisons, testing of an
indicator, the sign of an arithmetical cperation,
and many more. All possible conditions should
be accounted for and the condition upon which
each of the possible alternate paths is accepted
should be identified (fig. 16-8).

Program modifications, as directed by an
instruction or group of instructions, are indi-
cated by the PROGRAM MODIFICATION symbol
(fig. 16-7). This symbol is used to indicate
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49,328
Figure 16-8,—Examples of decision techniques.

address changes, op code changes, indexregister
changes, setting and clearing of word marks, and
initializing (resetting to zero or other starting
values). The purpose for all modifications should
be indicated by the text inside the symbol.

Any point at which a program originates or
terminates should be indicated by a TERMINAL
symbol. That is, at the beginning or ending of a
job, or at a programmed halt.

The CONNECTOR symbol is used toindicate
a continued flow process when the flowlines are
precluded by the limitations of the flow chart.
The entries and exits are represented by a
set of two connector symbols. Connector
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identification should be placed within the
symbol.

The OFFPAGE CONNECTOR symbol serves
the same purpose as the connector symbol, but
as the name implies, it serves as reference
points for exits from one page to the entry of
another. The point of the offpage connector
should be placed so as to indicate the direction
of flow,  Connector identification should be
placed within the symbol.

A group of operations notdetailed on the par-

ticular flow chart being used is depicted by the
PREDEFINED PROCESS symbol. An example of
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its use would be to indicate the use of a library
subroutine, e

An example of a detailed program flowchart
utilizing the above mentioned symbol(s) is shown
in figure 16-9,

FUNDAMENTALS OF PROGRAMMING

Programming is the manual function of con-

verting an operational objective, as set forth in
flow charts and other specifications, into a

written machine program. It is not. the intent of
this manual to teach anyone how to write a pro-
gram, for each EDPS has its own particular set
of instructions which it is capable of recognizing
and executing, and individual system character-
istics make possible programming techniques
which are more or less peculiar to each
system, The programming ideas presented
here, insofar as practicable, essentially are
basic to any system,

READ A
MASTER
RECORD

READ A
DETAIL
RECORD

HALT EOJ

COMPARE
D:M

TEST U DETAIL
RATE CODE ADJUSTMENT
FOR O ROUTINE

MASTER
CHANGE
ROUTINE SET SW |
CLEAR SW |
49.329

Figure 16-9.—Typical detailed program flow chart.
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Program Development

To develop a program requires more than
just developing the flow charts. It requirespre-
paring the input media and output media, as
well as the’ processing phase. After all, the
purpose of a machine program is to translate
the ideas and language of human beings, formu-
lated during the problem definition and specifi-
cation processes, into the language of the
equipment, thereby providing the equipment with
the means for executing and controlling all job
operation steps required in the processing rou-
tine. In order to write the program along well-
defined lines and in the proper sequence, aids
must be used. These aids are developed during
the specification phase.

The specifications for a machine run should
include all the information necessary for apro-
grammer to complete the translation of planned
requirements into machine language. Complete-
ness of detail is of utmost importance here be-

~ cause incorrect or incomplete specifications can
result in useless programs.

For convenience, specifications may be
broken down into three categories: input, proc-
essing, and output. Additional specifications may
be included as required, depending upon the
particular program.

Input Specifications.—Specifications for input
to an EDPS may differ, depending upon the type
of input equipment and the requirements for the
particular job. General guidelines for preparing
the principal media, punched cards and magnetic
tape, for use within a system are contained in
the following paragraphs. If required, specifica-
tions for other means of input can be developed
along these guidelines. ;

Specifications for punched cardsused as input
should be indicated as follows:

1. An illustration or sample layout of each
card type used, and the source of each.

2. The information contained in each card
field and the number of characters ineachfield.

3. The type of data in each field; alpha-
betic, numeric, or a combination of both.

4. Type and location of control punches.

5. If master and detail cards are involved,
the method of receipt (merged or separate—
matched or unmatched—duplicates of either).

6. Whether or not editing is necessary.

7. The sequence of cards within card files.

8. Any other information required in the
processing or to be checked during processing.

r
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Specifications for magnetic tapes used as
input should be indicated along the same general
lines as those for punched cards as follows:

1. The blocking factor for eachtape record
(the number of data records in each record
block) and the size of eachdata record, including
an indication of whether data records are fixed
or variable in length.

2. An illustration or sample layout of data
records, showing the arrangement of data fields.

3. The information contained in each data
field and the number of characters ineachfield.

4. The type of data contained in each field;
alphabetic, numeric, or a combination of both.

5. Explanations of control -characters,
codes, and valid limits for multiple codes.

6. Editing and screening operations as
required.

7. The sequence of data records within
tape files.

8. Tape input label, or tape number.

9. Relative size or volume of tape files.

10. Trailer information, such as identifying
the end of a tape reel and identifying the end of
a job.

11, Any other information required in the
processing or to be checked during processing.

Processing Specifications.~ Processing spec-
ifications vary widely, depending upon what is
to be accomplished and the type of equipment
required; therefore no specific guidelines for
processing specifications can be given here.
But the general precept of all specification
writing must be observed, which is that every
possible action and contingency must be ac-
counted for.

In general, specifications for processing and
performing computations on data do not involve
the specifics of data and instruction storage lo-
cations. These are the responsibility of the
programmer, In practice, the determination of
a machine run involves some consideration of
the amount of storage space necessary to store
data and that required for instructions; usually
some estimate of the number of instructions
must be made. Frequentlythere is somelatitude
in this determination, for a proposed machine
run may ultimately require more storage space
than is available, necessitating a. realignment
of the sequence of machine runs. Likewise,
availability of additional storage space may per-
mit a consolidation of separate runs into fewer
than contemplated originally.

Output Specifications,—Output specifications
for a data processing system, like those for
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input, may differ, depending upon the type
of output equipment and the requirement for the
particular job. General guidelines for producing
punched cards magnetic tape, and printed out-
put, are contamed in the following paragraphs.
If required, specifications for other types of out-
put can be developed along these guidelines.

Specifications for punched card output should
be indicated as follows: _

1. An illustration or sample card layout,
showing . the sequence and size of data fields.
- 2. Whether nonsignificant zeros are to be
punched or suppressed.,

3. Any constant data to be punched, such
as. control punches or dates.

4, The disposition of punched output.

Specifications for magnetic tape output should
be essentially those listed under magnetic tape
input.

.Printed output specifications will vary, since
printers are available with or without control
panels; but in general the following should be
indicated: v '

1. The exact layout of the printed output
prepared, if possible, or standard spacing charts
for the particular printer, showing the following:

a. Heading and identifying information
to be printed.
b, Horizontal placement of data, and
vertical line spacing (single, double, or other),
. ¢. First and last printing lines and over-
flow data to be printed.
d. Classes and identification of totals to
be printed.

2., Whether. nonsignificant zeros are to be
prmted or suppressed,

8. Any constant data, such as dates which
are to be printed.

‘4, Carriage tape layouts for tape controlled
carriages.

5. Type of form paper and number of copies
of printed output required, and finally the
disposition of the printed output.

Instructions =

A computer must be commanded to carryout

a data processing function. The functions could
be selection of input-output devices, decisionor
branching routine, reading or writing on mag-
netic tape, transfers, or any number of things
that make up a data processing application, The
commands are in the form of instructions,
which are normally grouped according to the
type of operations they perform.
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Types.—~The basic types of instructions are
input-output, data movement, arithmetic, de-
cision-making,” and magnetic tape.- A group of
instructions which do not fit into any of the
aforementioned groups are classified as mis-
cellaneous instructions. Each type of instruction
is discussed individually in the paragraphs that
follow:

Input-output instructions control card reading
and punching, reading and writing of magnetic
tapes, and printing., Unlike EAM equipment,
which normally feeds cards mechanically and at
a continuous rate, electronic data processing
readers and punches feed cards only upon the
execution of specific read and punch instruc- -
tions in the stored program, when executed,
perform magnetic tape feeding. Likewise, aprint
cycle is initiated on the printer only when in-
structed to do so by the print instruction
contained in the stored program. Upon the com-
pletion of a function the program mustbe trans-
ferred back to its beginning., This transfer is
accomplished by what is known as branching
instructions. - As an example, suppose the first
instruction was to read a card. After the exe-
cution of this instruction the computer performs
a series of operations specified by the program,
such as add, compare, and print. A branch in-
struction is then executed that directs the com-
puter back to the beginning or ‘‘read a card
instruction.’”’ After the next card has beenread,
the computer repeats the series of operations
until instructed to read another card. This is
known as a LOOP, In this case, an instruction
in the program calling for a test for last card
to be made after each card is processed can
be used for stopping operat1ons after the last
card has been processed.

- Data movement instructions are mstructmns
used for moving data from one storage location
to another internally. Every dataprocessing sys-
tem, operating from a storedprogram, must have
assigned specific storage areas for reading in,
printing, and punching, if alkthese functions are
performed by the system. If there were no as-
signed or predetermined. storage locations, the
system would have no way of knowing where to
store the contents of a card it has read, nor
where to find the information it is to punch or
print. These areas of storage are specified in
one of two. ways; by stored instructions or wired
circuitry, Figure 16-10 illustrates a typical
storage assignment specified by wired circuitry;
all unassigned storage is termed working
storage, e : ,
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" Figure 16-10. —Example of internal storage areas for IBM 1401,

To illustrate the purpose of data movement
instructions, let us examine the chartillustrated
in figure 16-10 a little more closely. When a
card is read, the 80 columns of card data are
automatically placed in storage positions 001
through 080, column for column, It is possible
to perform some operdtions with this information
while it is in the read-ih area, such as add,
subtract, or compare. But if it is to be punched
or printed, it must be moved to the punch or
print area. Move instructions cause the specified
data in the read=-in area to goto another storage
area as specified by the OPERAND of the instruc-~
tion. By the proper data movement instruction,
data may be moved within the working storage
area, within the assigned storage areas, from
assigned to working storage area, from working
to assigned storage areas.

Arithmetic operations are performed by
what is known as arithmetic instructions. These
instructions are add, subtract, multiply, anddi-
vide. Some systems may utilize counters or
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accumulators for developing results; storage
may be used in other systems. In the ‘latter
case, arithmetic functions are not restricted to
a predetermined number of positions for any
given factor. Normally, the execution of any one
arithmetic operation only requires one instruc-
tion. However, this statement must be qualified.
Add and subtract operations can be performed
by the standard features of a system. In con-
trast are the multiply and divide operations which
may be performed in one of two ways: by a
special multiply-divide feature, or through the
use of a subroutine. Only one instruction is re-
quired for either multiply or divide operation
when the special multiply-divide feature is‘in-
stalled. Without this feature, an arithmetic sub-
routine must be used—one for multiplication
and another for division. A subroutine for an
arithmetic operation consists of a set of in-
structions required to carry out the arithmetic
function, A subroutine isnormally prepared sep-
arately from any program and keptinaprogram
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library. The programmer draws the applicable
subroutine from the library when needed, and
inserts it at the desired point in his program.,
A detailed discussion of subroutines will be
forthcoming. :

A decision-making instruction is aninstruc-
tion that allows the computer to deviate from the
normal sequence of events. Instructions are
normally executed by a computer ina sequential
fashion. That is, it advances from one instruc-
tion storage location to the next, interpreting
and executing instructions in succession. How-
ever, the programmer may insert into the pro-
gram various TEST and TRANSFER instructions.
These decision-making instructions cause the
computer to take its next instruction from some
other location, depending upon the test condition,
Operations performed by the execution of de-
cision-making instructions can be thought of as
LOGICAL OPERATIONS, since decision-making
is a form of logic.

The comparison of one factor with another
constitutes the decision-making ability of the
computer, There are three possible conditions
when one factor is compared to another. These
are: less than, equal to, or greater than, The
particular condition obtained during comparison
is the controlling factor which allows the com-
puter to determine the next instructionor series
of instructions to be executed. A fewofthe many
kinds of conditions that can be tested are cited
in the following examples:

1. One factor can be compared to another
to determine its condition less than, equal to,
or greater than.

2. A factor can be examined to determine if
it is positive, negative, zero, or non-zero.

3. A factor can be tested for validity by
comparing it with a known and valid factor.

Magnetic tape unit functions are controlled
by what is termed magnetic tape instructions.
Some of the functions that may be controlled
by these instructions are read, write, back-
space, and rewind, Since a data processing
system may use more than one tape unit, each
unit must have a specific number of address
as explained in an earlier chapter. Most tape
operations require that the tape unit address
be included in each instruction.

Various functions, not previously mentioned,
are controlled by miscellaneous instructions.
These functions include such operations ascon-
trolling the carriage on printers, clearing stor-
age areas, setting word marks, and halting.
Several miscellaneous instructions are used in

housekeeping operations. . The term HOUSE-
KEEPING denotes those operations that must
be performed before any data can Be processed.
Normally they are executed only once during-a
program run; For example, instruections forthe
housekeeping routine may include ¢learing stor-
age working areas, setting word ‘marks in the
data read-in.area, and establishing constant
factors for use during execution of the program,
These instructions are not limited to house-
keeping operations, but may be used at any re-
quired point in the program.

Composition.—All stored program instruc-
tions must have an operation code, which tells
the machine what function or operation to per-
form. An instruction may also have an operand,
containing a fixed number of ADDRESS PARTS
which, in most cases,. specify the storage loca-
tion of the data to be processed. An instruction
may contain additional parts -having special
meanings in a particuldar system.

For illustration purposes, let us examine the
characteristics of instruction partsused with the
IBM 1401 data processing system. Eachinstruc-
tion has an op code, and mayhave an A address,
B address, and digit modifier (fig. 16-11).

The op code consists of a single symbol,
which may be a number, letter, or special
character. These codes usually are written in
MNEMONIC form during program preparation
and are machine converted to the appropriate
OP code during program assembly, A mnemonic
code is a character or group of characters
indicative of the operation to be performed. Their
use simplifies the task of identifying the opera-
tion. ~ ‘ : '

The A address is generally used to identify
the LOCATION- of a data field in storage which
is to be used or affected;:normally the field
from which information is to be extracted. The
I address is the same as the A address except
it pertains to instructions instead of data.

i

oP A/I B DIGIT

CODE [ADDRESS|ADDRESS| MODIFIER
x o IxIxIxxIx|x|  x.
- 49,330

Figure 16-11,—~Instruction format,.
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The B address, in most instructions, identi-
fies the location of a data field or area in
storage to be used or affected when the com-
puter performs the function specified by the OP
code, normally the field to which information is
sent for storage. -

The digit modifier always consists of a
single character. It is used with certain OP
codes only, and lends power and flexibility to
'the OP code.

Length.—The length of an instruction and
the parts used depend upon the operation to be
performed, For example, an instruction to READ
A CARD contains an OP code only; the 80 columns
of the card are automatically read into storage
positions 001 through 080. Aninstructionto ADD
may contain an OP code, an A address, and a
B address; in this case, the instruction could
mean ‘‘add the contents of the location specified
in the A address to the contents of the location
specified in the B address and store the results
in the B address location.’”” A conditional
BRANCH instruction may have an OP code, A
address, B address, and a digit modifier. Such
an instruction could . mean ‘‘branch (or transfer)
to the location -specified in the A address for
your next instruction if the single character
located at the B address is the same as the
digit modifier character.,”’

Storage of Instructions

Computers operating from a storedprogram
must have their program stored internally be-
fore they can execute the instructions. Instruc-
tions are placed in a separate word location
for those systems. using magnetic drum as the
storage medium. Instruction addresses may be
assigned by the programmer, or they may be
machine assigned during a program assembly
routine. In systems utilizing magnetic core as
the storage medium, instructions normally are
placed in consecutive core positions. The pro-
grammer may designate the beginning position,
or let it be designated by the machine during
a program assembly routine.

Location of Instructions.—As a general rule,
no special storage area is reserved for storage
of instructions., However, they must be storedin
an area which will not be used for data storage
during the processing routine, since data and
instructions cannot be stored in the same loca-
tion at the same time.

- Loading the Program.—Loading the program
is the process of placing instructions in storage

prior to the startof an operation. Thisis equiva-
lent to insertion of a panel in a wired control
panel machine. . :

Storage Addressing

You may recall from reading an earlier
chapter that the number of storage positions
used for storing a wordmaybefixedor variable,
depending upon the type of storage device used
within the system.

In fixed word length storage devices, the
address of both the instruction word and the data
word always refers to word location. In fixed
word length, addressing a word in storage
pertains to only those storage positions as-
signed that particular wordlocation. Anexample
of a fixed word length storage device is mag-
netic drum storage.

In some data processing systems utilizing
magnetic core as the storage medium, the
variable word length may be established. Each
word, whether it be instruction or data, occupies
only the number of core positions actually needed
for an instruction or data field. Words are not
limited to a specific number of storage posi-
tions, and each position of core storage is
addressable. The word length is controlled by a
control character placed in the word storage
area. The data processing system will specify
the type and uge of the control character,

The IBM 1401 is used here to illustrate how
variable word length is established in core stor-
age. In this system, a WORD MARK determines
the length of a word. The word mark is placed
in core in the high order position of the word
(fig. 16-12), This is actually the low order
storage position in the word, since storage
positions are numbered in ascending sequence.
from left to right. A word, going from left to
right, extends from the storage position con-
taining the word mark up to, but not including,
the next word mark. Data word marks are set
and removed in accordance with the instructions
in the stored program; instruction word marks
are set automatically during the program load
routine, ‘

mame—=1 T T [ 1]

376 377 378 379 380 STORAGE POSITIONS

L ~ 49.331
Figure 16-12,—Word mark identification.
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Addressing Instructions.—Instructions are
addressed in the position containing the word
mark (or high-order position), This positionand
all positions to the right, up to, butnot including,
the next position containing a word mark, are
treated, by the machine, as being part of the in-
struction field. For example, if the digits in
position 376-380 of (fig. 16-13) represent an
instruction, the address of the field is 376. In-
cluded as part of the instruction are the remain-
ing positions through 380.

. Addressing Data.—Data fields are addressed
in low order, or_units, position, This position,
and all successive positions to the left, up to and
including the one containing the next word mark,
(fig. 16-13) if the digits in position 376-380

INSTRUCTION
ADDRESS

X | x| x| x]x
=

376 377 378 379 380« paTA ADDRESS

49.332
Figure 16-13.—Identifying the instruction
and data address.

INSTRUCTION
ADDRESS REGISTER

i

OP REGISTER

represent data, the address of the data would
be the low order position, or position 380.
The machine uses position 380 and all positions
through 376 as the data field.

Contx0l Registers

The task of interpreting instructions and
processing data is accomplished by.the computer
through the use of registers. Some registers are
used in transmitting data between internal stor-
age and other parts of the data processing sys-
tem. Other registers are usedtohold partsof an
instruction while the instruction is being exe-
cuted. Still others hold data or results obtained
from arithmetical operations. At this time we
are concerned with registers whose functions are
storing and interpreting instructions for operat-
ing on data in internal storage. A simplified
system of such registers, with an explanation of
their use, is illustrated in figure 16-14. Two
types of registers are shown in this illustration:
an instruction address register,.and an instruc-
tion register. '

INSTRUCTION REGISTERS

A REGISTER B REGISTER

INTERNAL STORAGE

Mmjofs
4 4 4
5 5 5
0o 1 2

Figure 16-14.—Storing an instruction in registers.

5

3 4

11610
4 4 4
5 5 §
4 5 6

78.23X
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Instruction Address Registers.—Instruction
address registers are used to store the address
of the next sequential instruction character in
storage. As instructions are read from storage
from left to right one character at a time, the
instruction address register is automatically
incremented by one for eachinstruction charac-~
ter read. Thus, upon completion of reading an
instruction for storage, the instruction address
register is standing at the address of the next
sequential instruction.

Instruction Registers.—Instruction registers
consist of an OP register, an A address regis-
ter, and a B address register. The actual
operation code -of the instruction being executed
is stored in the OP register for the duration of
the operation. The A address register isnormally
filled with the storage address of the data in
the A address part of an instruction. As the
instruction is executed, the number in this
register is normally decremented by one after
each storage cycle that involves the A address.
The B address register is normally filled with
the storage address of the data in the B address
of an instruction. Like the A register, this
register is normally decremented by one after
each storage cycle during the execution of an
instruction, involving the B address,

" Function of Control Registers.—To delve a
little further into control registers, let’s see
how these registers function when an instruction
is read. Suppose the instruction requires that
an item of data be moved from one storage
location to another. The instruction could be set
up as a seven-position word as follows: ‘M 060
160.”” In this case, the OP code is M, meaning
move, the A address is 060 and the B address
is 160. The line under the OP code represents a
word mark, and indicates the beginning of the
instruction. The length of the data field specified
in the A and B address parts generally is con-
trolled by word marks set in data storage loca-
tions. Assuming this instruction is located in
storage positions 450 through 456, and the
previously executed instruction ended in storage
position 449, the instruction address register
would be standing at 450 before the move in-
struction is analyzed. This is because the in-
struction address register always contains the
address of the next sequential instruction char-
acter to be obtained from storage.

As pointed out in an earlier chapter, a com-
puter operates in two phases: an instruction
phase and an execute phase. The instruction is
obtained from storage and interpreted during
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the instruction phase and is carried out during
the execute phase. During the instruction phase
the instruction M 060 160 is read; M is moved
into the OP register, 060 into the A address
register, and 160 into the B address register.
The instruction address register advances seven
times, once for each instruction character. It
now stands at 457, which is the storage loca-
tion of the next sequential instruction character.
During the execute phase, the A and B address
registers are automatically decremented by one
after each storage cycle. Thus, assuming the
fields specified in the A and B address parts
of the instruction each consist of ten storage
positions, the A address register stands at 050
and the B address register at 150 upon comple-
tion of the execute phase.

Chaining Instructions

Some programs may call for performing a
series of operations on several fields that are
in consecutive storage locations. Instructions for
such operations as ADD, SUBTRACT, MOVE,
and LOAD have the ability to be CHAINED, thus
saving space in storing instructions. Chaining
involves the use of address register contents
after execution of one instruction to execute the
following instruction. For example, consider the
MOVE instruction discussed in the preceding
section. If this operation were followed by four
similar MOVE operations, each involving a 10-
position field, the instruction COULD be writ-
ten as follows: M060160M050150M040140M030-~
130M020120, This would take a total of 35
storage positions for storing the five instruc-
tions. After the first instruction is executed,
however, the A address register stands at 050
and the B address register stands at 150, cor-
responding to the same number in the A and B
address parts of the following instruction. Thus,
the second instruction need not contain A and B
addresses since the correctaddresses are inthe
A and B registers. The same holds true for the
remaining three instructions. Therefore, using
the principle of chaining, these five instructions
can be written as M060160MMMM, and 24 posi-
tions of storage can be saved.

Test Data and Debugging

After the program has been written and the
desk checking routine performed, you should
prepare test data in the form used by the pro-
gram to force the program to execute every
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instruction. The test data should contain every
possible condition, whether or not the condition
represents a legitimate occurrence. Real data
may be modified to meet these requirements. It
is often helpful to mark each data record with
the condition that it represents and listall these
conditions on a separate sheet of paper.

A completely tested program should include
all the following tests:

1. All possible combination of input data.

2. Possible input data errors.

3. All possible codes in the input data which
the program checks for validity.

4. Both conditions of each branch or switch
in the program.

5. Each loop or table search for a beyond-
the-limit situation.

6. Error routines, including the necessary
console operations to correct or by-pass a
record.

7. End-of-reel and end-of-file tests, as ap-
priate.

8. Restart routine.

9. End of job routine,

Test data should not be destroyed after use,
but should be retained by the section maintain-
ing the program., This allows you or other
programmers to use the test data when subse-
quent programs are developed.

Debugging is the actual process of testing
a new or revised machine program. The purpose
of this test is to detect and correct any errors
which may have been committed during pro-
gramming. Debugging is usually performed in
two phases: first using test data assembled
specifically for the test, and again using real
data.

When difficulty arises during the first phase
of debugging, you should analyze the machine
status at the instant of failure, determine what
has occurred, the reason, and the corrective
action to be taken to allow the machine to fully
execute the complete program. Generally, the
complete analysis is not apparent while you are
at the console of the machine. Therefore, you
should obtain all readily available information
(console indication, storage dumps, tape print-
outs, etc.) and get off the machine. Further
checking of this informatijon canbe accomplished
as a desk check.

When you are satisfied that the test data

corrective procedures used during the first
phase should be followed.

~ The results of the test using real data should
be completely verified using manual computa-
tions or EAM results as a comparator. Outputs
should be printed out and used to ensure ac-
curacy. For operations involving magnetictape,
no program can be  considered: completely
checked out until multi-reel tape handling has
been tested.

SUBROUTINES

A group of instructions that performs a
specific segment of a data processing routine
is generally classed as a subroutine. There
are many types of subroutines in existence, and
their number and uses vary according to a par-
ticular situation. Subroutines for the more com-
mon recurring applications encountered in many
processing programs may be standardized and
placed in a program library for use by any
programmer when the need arises. Other sub-
routines may have to be written by the pro-
grammer when he encounters a situation unique
to his program only. The reason for this is that
some subroutines areused for performing stand-
ard, routinetasksthatare requiredinpractically
all programs, such as end-of-file, end-of-job-

- (EQJ), and error routines. Others are used for

have been correctly processed by the program,

the second phase of testing should be conducted,
using representations of real data. The same
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performing standard tasks applicable to certain
programs only, such as multiply and divide
routines. Still others are inserted in a program
and called upon only when exceptions to the
normal processing routine are encountered.

Use

Possible subroutines are so numerous and
s0 varied that their use is best illustrated here
by example. For instance, let’s examine one
procedure for checking data records, for ac-
curacy, as they are read from magnetic tape
units, As the processing unit reads each tape.
record, a read error indicator is examined to
see if the record was correctly read. If the
record was read correctly, the normal program
routine is executed. If not, the computer is
directed to transfer to a subroutine of instruc-
tions that will attempt to correct the error.

A general program flowchart for the sub-
routine just mentioned is illustrated in figure
16-15. In the majority of cases, perhaps even
in all cases, each record will be read cor-
rectly throughout an entire data processing
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Figure 16-15.~Typical subroutine,
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application. Thus, the normal program routine

is: read a record, check reading accuracy, per-

formthenecessary computations, writea record,
and loeop back to read the next record. Incorrect
reading of a data record is a rare exception
rather than the rule. However, this contingency
must be taken into consideration to ensure that
the data are processed correctly. In this illus-
tration, the computer is afforded three attempts
to read a record correctly after it has failed
to pass the record check, When a read error
occurs, the computer branches to a subroutine.
The first instruction in the subroutine causes
a counter to reset to 3, indicating the maximum
number of attempts permitted for reading the
record correctly, The record is backspaced
and read again. If it is correctly read at this
attempt, the computer is directed back to the
normal processing routine, If not, a 1 is sub-
tracted from-the counter, and the counter is
tested for a zero indication to determine if 3
attempts at reading have been made. If the
counter is not zero the computer is directed
to . continue backspacing and re-reading the
record until a correct reading hasbeenobtained
or until the counter has reached zero, If the
counter is zero, the computer maybe instructed
to terminate the program and initiatethe EOJor
to perform some other function that will clearly
indicate to the operator that a record has been
read incorrectly.

Types

All subroutines have one common objective;
to carry out a well defined mathematical or
logical operation. Subroutines have manynames,
such as dynamic subroutine, in-line subroutine,
standard subroutine, static subroutine, openand
closed subroutine, Our discussionof subroutines
will be limited to the open and closed subrou-
tines.

The manner in which subroutines are used
depends uponthe number of times they are needed
during execution of the program. If a subroutine
is needed only once or twice, for example, it
may be inserted in sequential order within the
main program and executed in this manner. The
need for a branch or transfer instruction in
conjunction with the subroutine would depend
upon the type of subroutine used. If the sub-
routine calls for a standard operation to be
performed for each recordprocessed, nobranch
instruction would be required since the program
would continue normally after the last instruction
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in the subroutine had been executed. If the sub-

routine is required only when a certain condition
is encountered, then a branch instruction would
be needed to bypass the subroutine when the
specified condition did not exist. A subroutine
located in sequential order with the main pro-
gram is called an OPEN subroutine; that is, it
is inserted in the main program where it is
needed, and appears in the program as many
times as needed.

Now suppose that the subroutine is needed
at a dozen different places in the program. In-
serting the subroutine in twelve different places
obviously requires a considerable amount of
storage space., Instead it can be placed in one
storage place, apart from the main program,
and instructions can be written to BRANCH to
the subroutine when needed. This type of sub-
routine is calleda CLOSED subroutine. The main
program branches to it when necessary, andthe
subroutine branches back to the mam program
when it is finished. :

SOFTWARE

Software is a term that applies to the totality
of programs and routines used to extend the
capabilities of automatic computers, such as
compilers, assemblers, narrators, routines, and
subroutines, and the term is in direct contrast
to hardware. Included in thesetitles are specific
programming languages and systems,

Programming Language

A programmer can state a data processing
procedure in a way that is convenient to him and
provide for transferring much of the clerical
effort of program writing to the.computer through
the use of a programming language used with
any programming system. A programming lan-
guage, like any other, follows establislied rules
for grammar, punctuation, and expression. To
allow the programmer to state a procedure in a
language closely resembling his own isthe main
purpose of the programming language. However,
the terms of expression must be precise when
describing any procedure to the computer. These
statements must convey to the computer exactly
what is to be done. ,

Symbolic Programming, —Programming, for
an EDP application, can sometimes be alabori-
ous andtime consuming task. Providing for every
aspect and contingency of an application may
require hundreds of individual instructions, code
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tables, formulas, and other reference material.
Programmmg could be even more burdensome
if the programmer were required to use actual
machine OP codes, assign storage addresses
for all mstnuctlons and data, and write instruc-
tions for standard or fixed routmes common to
several app11cat1ons

It is hard to remember actual machine OP
codes, because they are not always indicative of
the operatlon to be performed, It is easier to
write them in MNEMONIC. language; meaning
a language “a1d1ng the memory.’”’ For example,
clear core in actual machine code may be ‘1,”’
but it would be easier to remember if it was
written in a mnemonic equivalent, such as, CC.

The programmer has a difficult job if he
must designate the ‘storage address for each
instruction and item of data. For example, vari-
able length instructions would require the pro-
grammer to count the number of characters in
each instruction prior to the assignment of the
address of the next instruction. If, through error,
he should leave out an instruction, he must insert
the instruction in the proper sequence, and in
doing so, he must reassign all subsequent
instruction addresses. Assigning data addresses
to each item of data and each working space
would require the programmer to keep track of
all assigned storage positions. Also, he must
specify the exact address each time these items

or - areas are- used during execution of the

program.

In storage devices of the fixed word length
variety, such as magnetic drum, the assign-
ment of addresses for instructions and data
is less difficult. This is because each storage
position has a preassigned address.

Symbolic programming allows the program-
mer to denote areas in storage symbolically;
the computer durmg a program assembly
routine, assigns the actual addresses auto-
matically. To illustrate;, assume that during the
assembly routine. the computer assigns all in-
struction addresses. When writing the program,
you wish to branch, or transfer to an instruction
other than the next one in sequence. At this time
you do not know where the computer will place
the instruction to which you wish to branch.
So you write, in the operand fieldof your branch
instruction, a symbolic label and assign this

mechanics for branching from one instruction

‘to the location of another instruction.

same label to the label field of the instruction

to which you wish to branch, Your labels will be
automatically converted to a machine address,
during the assembly routine, thus providing the
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When a programming system is used, many
of the problems and difficulties encountered when
writing programs in actual machine language
can be eliminated or simplified. A programming
system allows the programmer to write his
programs in symbolic form, and have it con-
verted by machine to a computer-processable
program. Programming in this manner consists
of two parts: a language and a processor. The
language refers to the symbols and terms used
by the programmer in writing the program, and
the processor relates to the program used to
convert the programmer’s language to machine
language.

The program written by the prograrnmer is
called the SOURCE program. The translated
program prepared by the processor is called
the OBJECT program. When a programming sys-
tem is utilized, the computer can be used for
two distinct and separate purposes: as a trans-
lator (or program assembly device) and as a
data processing system. As a translator, in-
structions in the source program are translated
into machine coded instructions. Storage areas
are assigned automatically, factorsusedas con-
stants and other reference factors areincluded,
and library routines for such functionsas input-
output, restart, and housekeepingare assembled.
As a data processing system, the assembled
program can be used over and over to control
the operations during program execution. )

Processor Instructions.-—A program that
translates the codes, symbols, and statements
of the source program into machine coded in~
structions, makes assignments in storage, and
assembles the instructions into an object pro-
gram, is known as the PROCESSOR. In addition
to the written instructions, the programmer may
introduce froma programlibraryother informa-
tion for use by the processor in assembling
the object program, The contents of a program
library may be pretested routines for input-
output, error checking, housekeeping, printing,
and other operations which may be inserted into
any given program, thus relieving the pro-
grammer of the task of preparing instructions
each time these routines are required. A
processor program consists essentially of the
following parts:

1. An assembly program that controls the
computer in converting the source programdata
into an object program., v
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2. Tables that contain all acceptable mne-
monic operation codes and the equivalent ma-
chine cedes. :

3. Instructions for interpreting each opera-
tion that is directed to the processor.

4, Counters to locate instructions and data
in the source program.

5. Instructions for setting up a table of
instructions and data locations as tags with
their equivalent calculated storage locations.

6. Provision for editing the program for
accuracy during assembly and to identify errors.

7. Provisions for assembling the object
program in accordance with the method pre-
scribed by the data processing system with
which the program is to be used.

Procedure-machine Oriented.—A program-
ming system’s language maybe either procedure
or machine oriented. The typeof data processing
system in use usually determines what type of
language is to be used. Procedure-oriented
language closely approximatesthe everydaylan-
guage of the user and is independent of the
computer; it can be translated into a number of
different machine languages by using appropriate
processors, I machine-oriented, the language
generally relates to one specific data processing
system.

Utility Programs

Utility programs encompass certain functions
that are common to all data processingapplica-
tions. These programs are written to perform
recurring operations to free the programmer
from the repetitive task of writing these com-
mon instructions over and over again.

There are many types of, and uses for,
utility programs. They will perform theopera-
tions of clearing stroage, loading instructions
into storage, and printing out specific areas
of storage for analysis, over and over as long
as the requirement remainsthe same. The clear
storage program, for example, causes the entire
main storage area to be cleared. Normally
this program is placed in front of each object
program to be loaded into storage to ensure that
each program run begins with a clean slate.
Thus, interference from data which may have
been left in storage from a previous operation
is avoided.

A program for loading instructions into
storage .causes all instructions and constants
in the object program to be loaded into the
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specified storage locations. The address of the
first instruction to be executed isusually speci-
fied by the last instruction inanobject program.
When this last instruction is encountered, sig-
nalling the end of the load routine, the loader
program causes the computer to branch to the
address of the first instruction.

Specific areas of storage can be printed
out at any time utilizing a storage print-out
utility program. Its primary use is debugging
a new program after an attempt at running the
program has been made, If a programming error
is detected during the check-out process,
analysis of the printed contents of storage may
be useful in determining the cause of the error.

The types of utility programs required and
their structural content depend upon the needs
of, and type of equipment used by, a given
installation. :

Programming Systems

If all electronic data processing systems
were constructed in the same way, it would be
conceivable that a program prepared for one
would work equally well with any other., Such,
unfortunately, is not the case. Each system has
its own particular physical configurations, its
own machine codes, and its own way of doing
things. This tends to specialize the job of
programming, so that each system requires a
program tailored to its own individual specifi-
cations., One or more programming systems
have been developed for each machine system
to relieve the programmer of many clerical
details and to make his task easier in prepar-
ing a program for a given system. Some pro-
gramming systems lend a certain degree of
compatibility to several data processing sys-
tems, and some may possibly be used  with
any system, provided a few alterations are
made to fit the needs of a given system.

SPS.—~The symbolic programming system
(SPS), developed by International Business Ma-
chines Corporation, is designedto allowthe pro-
grammer to write a program expressed in
symbolic statements rather than in actual ma-
chine language. These statements -include
mnemonic operation codes and symbolic names
which the programmer uses to identify opera-

‘tions, items of data, instructions, and work

areas. A program written inthis form must pro-
vide for three types of operations: declarative,
imperative, and control.

Declarative operations consist essentially
of statements, or area definition entries, written
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by the programmer that instruct the proc-
essor to set up spaces in storage for working
areas and constant factors required in the
execution of the program, and to associate
symbolic names assigned to data in the source
program with actual storage addresses. The
processor examines these statements during
assembly of the object program, and assigns
storage areas and addresses as necessary,
Declarative operations do not produce any
instructions for execution in the object pro-
gram.

Imperative operations are the instructions
written by the programmer in symbolic form
for executing a program routine. These state-
ments are translated to machine language by
the processor during program assembly.

Control operations are special instructions
which the programmer gives to the processor
program, They consist of commands for con-
trolling the assembly process, but are never
executed in the object program, They are used
for such purposes as advising the processor
program how much storage is available in the
machine that is to execute the object program,
where to begin assigning storage for the object
program, and where the program ends.

The symbolic programming system utilizes
two decks of cards in developing the machine,
or OBJECT, program. One deck consists of
cards punched from line entries on the SPS
coding sheet, and is called the SOURCE pro-
gram, The second deck, called the PROCES-
SOR program, contains pre-punched cards that
provide the machine with informationnecessary
to translate the programmer language into ma-
chine language. -

Autocoder.—AUTOCODER is another pro-
gramming system developed by International
Business Machines Corporation which supple-
ments and extends, but does not replace, the SPS.
It provides for greater programming flexibility
than SPS, and allows the use of magnetic tape
for the program assembly routine.

AUTOCODER enables the programmer to
insert program library routines for operations
that are common to many source programs,
These routines are tailored automatically by the
processor to meet the particular needs for the
program as specified by the programmer in the
source program.

Like SPS, a program written in AUTOCODER
language must provide for declarative, impera-
tive, and controloperations. The instructions for
these operations, and the method of execution,

363

are similar to those required for SPS. In addi-
ion, a fourth type of instruction can be used,

called a MACRO instruction. A MACRO instruc-
tion is a single symbolic instruction written by
the programmer that causes a SERIES of ma-
chine language instructions to be created auto-
matically in the object program. The use of a
MACRO instruction relieves the programmer of
much repetitive coding by enabling him to calla
sequence of instructions from a library routine,
and have these instructions tailored automat-
ically by the processor to fit his particular
program.,

Unicode,—UNICODE is a programming sys-
tem developed by Sperry Rand Corporation for
use with certain Remington Rand UNIVAC data
processing systems. It is designedfor scienfific
routines and enables the mathematician, phys-
icist, or engineer to express his problem
concisely in a simple form that canbe machine-
translated into an OBJECT program. The best
application for UNICODE is for problems which
require a quick solution, and which will be run
on the computer a limited number of times. For
operations which must be run on the computer
many times, the assistance of a programmer
may be required so that the program can be
developed in a form which requires minimum
computer time for execution. UNICODE, like so
many other programming systems, allows the
programmer to draw subroutines from a pro-
gram library for insertion in his program, thus
saving considerable programming effort and
time. : ~

Fortran.—Another programming system for
scientific applications, developed by Interna-
tional Business Machines Corporation, is called
FORTRAN, meaning FORMULA TRANSLATION.
The FORTRAN closely resemblesother systems
in content, for it embraces a SOURCE program
and a PROCESSOR program for producing the
OBJECT program., FORTRAN may be used with
a number of electronic data processing systems.
However, a different PROCESSOR program must
be used for preparing a program for each dif-
ferent processing system. This isnecessarybe-
cause the FORTRAN processor must translate
a source program into the particular machine
language of the processing system which is to
execute the program.

Cobol.~The programming system that comes
closest to providing a language commonto many
electronic data processing systems is called
COBOL. This system, derived from the words
‘¢“Common Business Oriented Language,’’ was
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developed through the joint efforts of computer
manufacturers and users, in cooperation w1th
the United States Department of Defense.

COBOL is problem-oriented; that is, the
language and techniques for using it are ex-
pressed in terms of the problems to be solved
and the results to be obtained rather than in
terms of the technical features of a data proc-
essing system. Even so, a PROCESSOR pro-
gram, or COMPILER, unique to the data proc-
essing system used for executing the OBJECT
program must be used with the SOURCE pro-
gram expressed in COBOL to produce the de-
sired OBJECT program,

The basic elements required in a source
program written in COBOL are contained with-
in four divisions as follows: .

1. Identification division,—The identification
division provides information that will identify
and label the particular program, such as
program and run number, nameof programmer,
and date written.

2, Environment division.—The environment

division describes the equipment to be used in

the application. Among the many descriptions
included in this division are such factors as
storage requirements, number of tape un1ts
hardware switches, and printers.

3. Data d1v181on ~The data division contains
descriptions pertaining to the files and associ-
ated data records: which are to be processed.
Also, working areas and constants required in
the program are defined by the programmer in
this division.

4. Procedure division.—The procedure di-
vision specifies the processing steps which the
programmer wishes the computer to follow,
These steps are written by the programmer
in meaningful English words, sentences, state-
ments, and paragraphs. This division often is
referred to as the PROGRAM. In reality it is
only one part of the problem specification, with
the remainder of the problem specification pro-
vided in the other divisions. Since the procedure
division is essentially problem oriented, any
COBOL user can understand the information
appearing in this division regardless of the data
processing system - involved. Further, every
COBOL compiler or PROCESSOR program in-

terprets procedural information in the same way.

PROGRAM DOCUMENTATION

Many details must be considered and many

decisions made during the development of an

application for a data processing system. Most
of this effort is performed considerably in ad- -
vance of actually putting the application into
operation. All details concerning eachandevery
application can hardly be remembexj'ed byoneor
several individuals. Moreover, the' loss of one
or more of these individuals that had a hand
in establishing the application could create a void
in the total and accessible information needed
to ensure accurate execution and control of the
application. Forthese reasons, itis importantto
get down on paper or document all aspects of
each application as quickly as possible.

Advantages

All information pertaining to a particular
program should be documented and combined to
form a program package. The exact form of
the package is not as important as ensuring the
inclusion of all necessary items. Among the
principal benefits to be derived from an ade-
quately recorded program package are that it:

1. Avoids misunderstanding between per-

sonnel in data processing and other personnel
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within an organizational structure—particularly
after the program has reached the operational
stage.

2. Aids in understandmg and maintaining a
program by programmers and other personnel
concerned after the program isinanoperational
status.

3. Provides for each program a text for
indoctrination of new personnel and for enlight-
ening other personnel as to the purpose and
content of the program,

Contents and Format

The program package should be prepared as
the parts of an application are performed. The
package format should be established ‘as soon
as possible after the study of a problem is
initiated. The items which should be included
in the format are included in the following
checklist:

o Program name, number, and purpose,

o Correspondence relating to agreements
and decisions made, such as source data avail-
ability, output requirements, approximate vol-
umes of records and transactions and exceptions.

® A narrative run description, including gen-
eral and detailed program flow charts.

e Listings required for reference and cross
reference. These include listingsoftheprogram
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as written, program listing by instruction loca-
tion, listing by operation code, et cetera.

® A list of both on-line and off-line equip-
ment required, and the correct program ad-
dresses for equipment on-line.

® The estimated running time required for
the execution of the program.

o Completeness of operating instructions.
The following minimum items should be in-
cluded:

a, List of all programed halts and the pre-
scribed action for each.

b. Specifications for setting the console
switches.

c. Identification of the tape units and FILE
and MACHINE reels to be used,

d. Description of abnormal routines, such
as tape labeling, error correction et cetera,

e. Applicable restart procedure for other
than a standard restart routine.

® A description of equipment setups and
input material required.

e Output material required, such as tape
reels, cards, and forms.

e Instructions for labeling, storing, and dis-
tribution of all input-output material upon com-
pletion of the program run.

@ Detailed layouts of all printed forms and
input-output records.

e Main storage allocations layout, assigned
input-output areas, main program, constants and
variables, subroutines, and working spaces.

e Auxiliary storage allocations layout,

o Description of appropriate registers con-
tents and usages.

o Designation of the location and the setting
and purpose of all switches used with the
program.

® A history of the program, a record showing
such items as the date the program was written,
date assembled, programming progress, date
placed in production, and description of all
changes made.

LET’S REVlEW%’ Y
9.9\

ADDRESS - Usually used to identify a data
field location from which data are to be
extracted.

ASSEMBLE - To integrate subroutines that
are supplied, selected, or generated into
the main routine by meansofpresent para-
meters, by adapting, or changing relative
and symbolic addresses to absolute form,
or by placing them in storage.

ASSEMBLER - A computer program which
operates on symbolic input data to pro-
duce machine instructions by carrying out
such functions as: translation of symbolic
operation codes into computer operating
instructions; assigning locations in stor-
age for successive instructions; or com-
putation of absolute addresses from sym-
bolic addresses. An assembler generally
translates input symbolic codes into ma-
chine instructions item for item, and
instructions or constants as were defined
inthe symbolic input codes.

" ASSEMBLY PROGRAM - Same as assembler

ADDRESS - Usually used to identify a data
field location to which data are to be sent.
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CHAINING INSTRUCTIONS - Any series of
instructions linked together.

CLOSED SUBROUTINE - A subroutine not
stored in the main path of the routine.
Such a subroutine is entered by a branch
operation, and provision is made to return
control to the main routine at the end of
the operation. The instructions related to
the entry and reentry function constitute
a linkage.

COBOL - A specific language by which busi-
ness data processing procedures may be
precisely described in a standard form.
The language is intended not only as a
means for directly presenting any busi-
ness program to any suitable computer,
for which a compiler exists, but also asa
means of communicating such procedures
among individuals.

COMPILE - To produce a machine language
routine from a routine written in source
language by selecting appropriate sub-
routines from a subroutine library, as

- directed by the instructions or other sym-
bols of the original routine supplying the
linkage which combines the subroutines
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into a workable routine and translating the
subroutines and linkage into machine lan-
‘guage. The compiled routine is then ready
to be loaded into storage and run.

COMPILER - A computer program more power-
ful than an assembler. In addition to its
translating function, which' is generally the
the same process as that used in an assem-
bler, it is able to replace certain items of
input with series of instructions, usually
called subroutines. Thus, where an assem-
bler translates item for item and produces
as output the same number of instructions
or constants as were put into it, a compiler
will do more. The program which results
from compiling is a translated and expanded
version of the original.

CONSTANTS - The quantities or messages which

will be present in the machine and available

~ as data for the program and which, usually,
are not subject to change with time.

DATA FLOW - The sequence of an application
execution, as symbolized on a flow chart,
DEBUG - (1) To locate and correct any errors
. in a computer program. (2) To detect and
correct malfunctions in the computer itself.

DECISION - The computer operation of deter-
mining if a certain relationship exists be-
tween words in storage or registers, and
taking alternative courses of action.

DECISION, LOGICAL - The choice, or ability
to choose, between alternatives. Basically,
this amounts to an ability to answer yes or
no with respect to certain fundamental ques-
tions involving equality and relative magm-
tude.

DETAIL PROGRAM FLOW CHART - An ex-
tension of a general program flow chart.
Should be in enough detail to allow a coder
-to write all necessary instructions without
guidance, v

DOCUMENTATION - The group of techniques
necessary for the orderly presentation, or-
ganization, and communication of recorded
specialized knowledge, in order to maintain
a complete record of reasons for changes
in variables.. Documentation is necessary

‘not so much to give maximum utility as to-

'give an unquestionable historical reference
record,.

FLOWLINES -~ Lines on a flow chart that may,
or may not, use arrowheads to indicate the
sequence of operations. :

- FORTRAN - A programming language designed
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for problems which can be expressed in
algebraic notation.

GENERAL PROGRAM FLOWCHART - A flow-
chart, prepared by a programmer, that de-
picts, the major steps of a data processing
application and presents the best loglcal solu-
tion to the problem.

GROUP MARK - A special charcter used to
designate the end of a record in storge for
a write instruction,

HOUSEKEEPING ROUTINE - The initial in-
structions in a program which usually are
executed only one time

T ADDRESS - Usually used to identify an instruc-
tion location from which an instruction is to
be extracted.

I/O FUNCTION - Any function pertammg to input
or output.

INDEX REGISTER - A register that contains a
quantity which may be used to modify ad-
dresses.

INSTRUCTION FORMAT - The breakdown of an
instruction such as, OP register, A reglster,
B register,

INTERRUPT ROUTINE - A routme used to dlS-
rupt temporarily the normal operation of a
routine by a special signal from the com-
puter., Usually, the normal operation can
be resumed from that point.at a later time.

JUMP - Synonymous w1th branch (see Chapter
14),

LABEL -~ A set of symbols used to identify or
describe an item, record, message, or file. "
Occasionally it may be the same as the ad-
dress in storage.

LANGUAGE - A system for representing and
communicating information or data between
people, or between people and machines.
Such a system consists of a carefully defined
set of characters and rules for combining
them into larger units, such as words or ex-
pressions, and rules for word arrangement
or usage to achieve specific meanings.

LIBRARY - (1) A collectionof information avail-
-able to a computer, usually on magnetic tape.

- (2) A file of magnetic tapes.

LIBRARY ROUTINE - A collection of standard,
proven routines and subroutines by which
problems and parts of problems may be
solved.

LOAD - (1) To put data into a register or stor-
age. (2) To put a magnetic tape on a tape
drive, or to put cards intoa card reader.,
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LOADING ROUTINE - A routine which, once it
is itself in storage, is able to bring other
information into storage from cards ortape.

LOOP - A self-contained series of instructions
in which the last instruction can modify and
repeat itself until a terminal condition is
reached.

MACHINE-ORIENTED LANGUAGE—A lan-
guage designed for interpretation and use by
a machine without translation,

MACRO INSTRUCTION (1) An instruction
consisting of a sequence of micro instruc-
tions which are inserted into the object rou-
tine for performing a specific operation. (2)
The more powerful instructions which com-
bine several operations into one instruction.

MARK - A sign or symbol used to signify or
indicate an event in time or space; for ex-
ample, end of word or message mark, a file
mark, an end of tape mark.

MNEMONIC - Pertaining to the assisting, or
intending to assist, human menary; thus, a

mnemonic term, usually an abbreviation that is
easy to remember.

MNEMONIC OPERATION CODE - An operation
code in which the names of operations are
abbreviated and expressed mnemonically to
facilitate remembering the operations they
represent. A mnemonic code normally needs
to be converted to an actual operation code
by an assembler before executionby the com-
puter.

MODIFIER - A quantity used to alter thenormal
interpretation and executionof aninstruction;

for example, an index tagor indirectaddress.

tag.

MODIFY - (1) To alter a portion of an instruc-
tion so its interpretation and execution will
be other than normal. The modification may
permanently change the instruction or leave
it unchanged and affect only the current ex-
ecution, The most frequent modification is
that of the effective address through use of
index registers. (2) To alter a subroutine
according to a defined parameter.

OBJECT PROGRAM - A program which is the
output of an automatic coding system.

OPEN SUBROUTINE - A subroutine inserted
directly into the linear operational sequence,
not entered by a branch. Such a subroutine
must be recopied at each point that it is
needed in a routine.

OPERATIONAL FLOWCHART - A flowchart
prepared by the system analyst, which is
merely an extension of a.system flowchart,
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PROBLEM DEFINITION - The art of compiling
logic in the form of general flow charts and
logic diagrams which clearly explain and
present the problem to the programmer in
such a way that all requirements involved
in the run are presented,.

PROCEDURE - ORIENTED LANGUAGE -~
A machine-independent language which de-
scribes how the process of solving the prob—
lem is to be carried out.

PROCESSOR - (1) A generic term which in-
cludes assembly, compiling, and genera-
tion; (2) A shorter term for automatic data
processor or arithmetic unit.

PROGRAM DOCUMENTATION - Synonymous
with documentation, )

PROGRAM LANGUAGE - A language which is
used by programmers to write computer
routines.

ROUTINE - A set of coded instructions ar-
ranged in proper sequence to directthe com-
puter to perform a desired operation or se-
quence of operations, that is, a program.
Also, a subdivision of a program consisting
of two or more instructions that are func-
tionally related.

SOURCE LANGUAGE - The original form in
which a program is prepared before pro-
cessing by the machine.

SOURCE PROGRAM - A computer program
written in a language designed for ease of
expression of a class of problems or pro-
cedures by human beings. A generator,
assembler, translator, or compiler routine
is used to perform the mechanics of trans-
lating the source program into anobject pro-
gram in machine language.

STORAGE ALLOCATION - The process of re~
serving blocks of storage for specifiedblocks
of information,

SUBROUTINE - A portion of a routine that
causes a computer to carry out a well-
defined mathematical or logical operation.

SYMBOLIC ADDRESS - A label, alphabetic or
alphanumeric, used to specify a storageloca-
tion in the context of a particular program,
Often, programs are first written using sym-
bolic addresses in some convenient code,
which are translated into absolute (machine
code) addresses by an assembly program.

SYMBOLIC CODE - A code which expresses
programs in source language by referring
to storage locations and machine operations
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by symbolic names and addresses which are
independent of their hardware-determined
names and addresses.

SYMBOLIC INSTRUCTION - An instruction inan
assembly language directly translatable into
a machine code.

SYMBOLIC NOTATION - A method of repre-
senting a storage location by one or more
figures.

SYMBOLIC PROGRAMMING - The use of arbi-

tary symbols to represent addresses inorder
to facilitate programming,

SYSTEMS ANALYSIS - The examination of an
activity, procedure, method, technique, or a
business to determine what must be accom-
plished and how the necessary operations
may best be accomplished.

SYSTEMS ANALYST - A person skilled in the
definition of and the development of techni-
ques for the solving of a data processing
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problem, especially those techniques for
solutions on a computer.

SYSTEMS FLOWCHART - Flowcharts prepared
by the systems analyst to depict the overall
picture of a data processing application.

TEST DATA - A set of data developed specifi-
cally to test the adequacy of a computer run
or system. The data may be actual data that
has been taken from previous operations, or
artificial data created for this purpose.

TRANSLATOR - A program whose input is a
sequence of statements in one language and
whose output is an equivalent sequence of
statements in another language. - -

UTILITY . PROGRAM - Synonymous w1th ut111ty
routine.

UTILITY ROUTINE - A standard routine usedto
assist in the operation of the .computer.

WORD MARK - Anindicatorto s1gna1 the begmn-‘
ing or ending of a word.



CHAPTER 17

COMPUTERS IN THE NAVY

Chapters 12 through 16 of thisbookhavebeen
devoted to a discussion of the characteristicsof
automatic electronic digital computersandofthe
documentation, particularly flow charts and
programs, necessary to the operation of these
computers. We have not described in detail any
particular model orlinebut have discussed some
of the basic hardware functions common to all
digital computers; nor have we attempted to in-
struct you in how to prepare programs, but have
confined ourselves to describing some of the
most important characteristics of programs and
how programs are used to control computer
operations.

In this chapter we will describe the uses of
computers inboth industryandthe Armed Forces
and how the Navy uses computers to carry out
its supply and personnel support functions.

Computer Uses

Electronic digital computers are used to ex-
ecute all of the following types of application:
(1) model manipulation, (2) computation, (3) file
updating, and (4) report and action document
preparation,

A single EDP system is rarely committed
to just one of these applications, but is used to
carry out combinations of applications (inte-
grated operations). The most common combi-
nation, however, is file updating with reportand
action document preparation, and it is with this
combination that you, as a Machine Accountant,
will have the most to do. The EDP systems used
by the Navy to facilitate its personnel and supply
support functions are committed to the mainte-
nance of supply and personnel files and to the
preparation of reports and action documents.
Before we discuss these applications, however,
let us briefly consider how computer systems
differ in the manner in which transactions are
grouped before loading, how they differ in the
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time demands placed upon them, and how com-
puters are used in model manipulation and in
computation, ‘

Solo and Batched Grouping of Transactions

Data, in the form of an individual report or
transaction, may be loaded and processed im-
mediately upon receipt, or they may be helduntil
a certain number of reports or transactionsare
received and then loaded into the computer,
either in the order in which they were received
(time- or random-batching) or in some new
order. The first grouping of transactions is
called solo grouping; the second is calledbatched
grouping. ‘

Real Time and Delayed Time

Real time processing, according to the
Bureau of the Budget Glossary, is ‘‘theprocess-
ing of information or data in a sufficiently rapid
manner so that results of the processing are
available in time to influence the process being
monitored or controlled.’”’ Data describing some
aspect or aspectsofanoperationaretransmitted
to a computer, processed, and output while the
operation is still going on and in time to enable
the personsor equipment controlling or monitor-
ing this operation either to modify the operation
itself or to effect a responseto it., Data regard-
ing changes in the position of a satellite, for
example, are entered from a radar or inertial
guidance system into a computer which deter-
mines vehicle position and velocity and then gives
steering commands to the control system. Simi~
lar data regarding changes in the velocity of
missiles or in the path of unmanned satellites
are transmitted from radar screens or from
inertial guidance systems and processedby com-
puters in time to enable monitoring personnel
to takeappropriate action: destruct, retaliation,
etcetera.
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The decision to call a computer system a
real time system is sometimes based not on its
ability to enable the tlmely control of, or re-
sponse to, an operation, but on how data are
grouped before they areloaded into the computer
and on how fast they are input, processed, and
communicated, The computer systems used in
Navy supply and personnel data processing are
often called real time systemsbecause they per-
mit immediate loading and processing of indivi-
dual transactions and immediate communication
of results to remote terminals.

Model Mampulatmn

A model describes a real process or situa-
tion in mathematical (digital and analog) lan-
guage; it is a set of variable quantities and di-
mensions which represent the factors, functions,
and relationships constituting the process or
situation together with the factors, functions, and
relationships constituting the set of external in~
fluences (environment) to which the process or
situation is subject. A model is constructed to
be used for one of two possible purposes: (1)
the control of a process (automation), or (2) the
analysis of a situation (operations research).
For both purposes, hybrid computer systems
are used. (A hybrid computer systemisa com-
puter system consisting of bothanalogand digital
computers.)

. For the control of processes, the computer'

system operates in real time and processes
transactions s0lo or in order received.

For the analysis of situations, the computer
system operates in delayed time and processes
transactions batched.

Automation output is the physical control of
the process or, more precisely, signals to equip-
ment controlling the process, Operations re-
search output is a series of short reports sum-
marizing the performance of the model.

In operations research selected variablesand
d1mensmns of the model are changed and con-
sequences ‘described with a view to (1) aiding
in the setting ofobjectives for a unit, (2) improv-
~ing dec1smn-makmg, and (3) 1mprov1ng the or-
gamzatmn of the unit,

Computation

Computation is a delayed time application
with batched transactions.. Most computational
applications involve a great deal of internal
processing with little input and little output.
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Computation is a primary application. 1n scien-
tific and engineering research o

Files; Action Documents, and Reports

Information storedina co mputer isorganized
into records which are combined to form files.
When a high proport1on of records in a file re-.
quires frequent updating, the file is said to be
active; when little updating is requ1red to keep
the f11e ‘current, the file is sa1d to, be relatwely
inactive.

At least four files are encountered in a file
mamtenance operation: first, the master file,
which contains permanent data ‘second, the
transaction or detail file which, w1th the master
file, is input to the computer; th1rd the updated
master file; and, fourth, the errotor could-not~
process f11e (In 2 computer system using
random-access storage, a master file neednotbe
inscribed in sequence nor does a transaction
file have to be sequenced before‘loadmg )

Computers increase the ability of an infor-
mation system to collect information, to detect
errors in it, to store it, to combine it, to break.
it down, and to convert 1t into reports and action
documents :

A report can range in form from a short
response (to an unscheduled inquiry)to alength- .
ier scheduled summaryordigestoftransactions.
Reports describe operations and thereby let
management know if its objectives are being
realized. '

An actiondocument—such as a matenal order
document or an assignment card—is used to
effect some specific prescribedaction ina series
of such actions leading to some change in the
allocation of men, money, or mater1als

Most reports are prepared from: batched
transactions processed in delayed time. Re-
sponses to inquiries, on theother hand, areoften.
the output of solo- grouped transactlons in real
time. Cod i :

In order to perform effectively as-a member
of a computer team, you will have t6 learn (1)
what information is contained in the various
files that are loaded for processmg into the.
storage of the computer you are assigned to,
(2) what supply, personnel, or other functmns
are carried out automatically by this computer,
and (3) under what conditionsthese functmns are
s0 carried out.
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AUTOMATIC DATA PROCESSING IN
NAVY SUPFLY

For an organization as large, asdiverse, and
as wide-spread as the Navy, the problems of
ordering, receiving, warehousing, shipping, and
recording stock, and of doing all this efficiently,
are big ones. Automatic data processing has
not only helped the Navy to improve its control
and accounting of the continuous movement of
stock through its supply system; it has enabled
the Navy to reduce the time an activity has to
wait before it receives an item of stock it has
requisitioned. A ship’s supply officer, wanting
a certain repair part, submits a requisition to
the nearest supply activity, If this supply activity
does not have the requested item in stock, it
transmits the requisition to the appropriate in-
ventory control point (ICP). The ICPthen selects
the stock point which is nearest the activity and

which has this item warehoused, and transmits

to that stock point a material release order. If
the item is a priority item, the entire process-
ing takes place in 2 hours. ,

The computers at the ICPs not only store
inventory files, which must be continually up-
dated to reflect changes in inventory due to
requisitions by Navy activities and Navy pur-
chases from civilian suppliers; the computers
also store programs which enable the computers
to produce regular and special reports, together
with responses to inquiries, that show Navy sup-
ply managers how the supply system is perform-
ing. A weak point in the supply system can be
quickly detected and quickly corrected.

Action documents to effect corrective action
may be originated automatically when a special
condition is reflected in the files, when another
action document is input into the system, whena
regular report is being compiled, or when an
inquiry is made.. A daily demand review, for
example, may show that an item of stock at a
given stock point:is in short supply and result
in the automatic production of a stock replenish-
ment request or, if the item is on hand else-
where, a redistribution order. '

UNIVAC 490As are now installed atthe three
ICPs (SPCC Mechanicsburg, ESO Great Lakes,
and ASO Philadelphia). Because of the random-
access capability of these computers, daily
changes in stock status reported by the stock
points can be entered into the computer system
and processed as they come in, instead of being
batched and sequenced for processing at longer
intervals.
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The UNIVAC 490A is also a time-sharing
system and may be queried simultaneously from
a number of remote inquiry stations located in
the operating divisions of the ICP.

Automatic Data Processing at
Navy Stock Points

When stock point operations were first com-
puterized, each stockpoint wasassignedrespon-
sibility for analyzing its own files and functions
and for preparing its own programs. ‘Later, for
reasons of increased efficiency and lower cost,
it was decided to set up a central maintenance
organization that would analyze, write, and main-
tain all principal stock point programs. ' This
organization, the Data System Support Office at
NSD Mechanicsburg, is under the directionofthe
Naval Supply Systems Command (formerly the
Bureau of Supplies and Accounts) and maintains
the stock point program library.

The computer systems at each ofthese stock
points are IBM 1410/7010 systems. They are
random-access systems that produce and pro-
cess action documents (expenditure, receipt, and
material movement documents), receive and
answer inquiries from remote terminal devices,
maintain files up to date, and prepare reports.

Because they are modular, stock point com-
puter systems can be expanded and modified as
required.

The principal stock point files loaded for
random accessing are the master stock item
record, the receipt/due file, the in-process issue
file, the back-order file, the requisition status
file, the name and address file, and the financial
inventory control ledger file.

The master stock item record file contains
such information as stock quantities on-hand,
warehouse locations of stock, restriction codes,
weights, and substitute items.

The receipt/due file contains records that
identify material that has been received within
the last specified number of days and records
that identify material due to bereceived.

The in-process issue file contains routine
requisitions held in suspense.

The back-order file contains back-orders of
items not in inventory but ordered.

The requisition status file contains requisi-
tions in the process of being filled or back-
ordered. '

The name and address file contains thenames
and addresses of all customers thatnormallydo
business with the stock point, '
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‘The financial inventory control ledger file
contains data from which financial reports are
generated,

Communications between remote terminals
in the customer service area and in the stock
point warehouse permit rapidactionona priority
requisition. =

Routine requisitions are merged into the in-
process issue file and held there until a release
program decides whether issue action shouldbe
taken. (The criteria which govern the release
program’s decision are stated in uniform pri-
ority processing rules promulgated by the De-
partment of Defense.)

Information in a requisition together with
pertinent information in the master stock item
record is printed out in the warehouse—name
and address of the customer, warehouse loca-
tion of the item, and other applicable manage-
ment or shipping data. . When the material has

been shipped, the warehouse feedsback informa-.

tion to the central computer.

When material is received at a stock point
warehouse, receipt data is input into the com-
puter, which sends back to the warehouse re-
ceiving area a receipt location card indicating
where this material shouldbe stored inthe ware-
house. When the material is properly located,
the receipt location card is input into the com-
puter and data referring to this material is
transferred from the in-process to the on-hand
field of the master stock item record,

If the computer does not receive this card
back within a given period, it automatically
prints a delayed receiptnotice whichalerts man-~
agement that action should be taken.

When a receipt quantity istakenupason hand
and the master stock itém record shows that
back orders are being held, the back order file
is automatically scanned and requisitions for the
material in question released,

~ Any of these files may be interrogated on-
line. The master ‘stock item record file is the
one most queried, usually to find out how much
of an item isonhandand whereit is in the ware-
house.

At the end of each day, a tape showing every
transaction that has taken place during the day
is closed and used to update the financialinven-
tory control ledger file and other relevant files,

Other Navy Computerized Supply Systems
° !

Automatic data processing is used for sup-
ply and accounting (and maintenance history)
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functions on tenders, repair ships, and aircraft
carriers of the Navy; it is alsousedat naval air
stations and public works centersforthesefunc-
tions. Automatic data processing systems are,
in fact, being introduced throughout the Navy
wherever they might serve to 1mprove report—
ing and administrative procedures

THE NAVY MANPOWER INFORMATION
SYSTEM

Stored in the vaults of the Bureau of Naval
Personnel and the Navy’s three Personnel Ac-
counting Machine Installations (PAMIS) are mag-
netic tapes containing detailed: information on
the peérsonnel histories and status of all the of-
ficers, men, and activities of the Navy. These
tapes comprise the data banks of the Naval Man-
power Information System (NMIS), a Navy-wide
service designed to gather, process, and display
or disseminate information requ1red for person-
nel administration.

The data contained in the NMIS banks are
updated regularly by inputs in the form of per-
sonnel change reports or diaries from every
activity and by inputs from the Bureau of Naval
Personnel and from other bureaus, systems
commands, and offices takmg actlons whlch af-
fect the data.

Studies are continually underway to fmd new
mformatmn of value in Navy personnel adminis-
tration that might be added to the information
arrays inscribed on these tapes. . (One of the
most recent additions is a monthly input from
the U. S. Armed Forces Institute (USAFI) of
data showing USAFI credits gamed by md1v1d-
uals.)

Studies are also continually: underway to find
better ways to collect, verify, symbolize, trans-
mit, store, process, read out, andusepersonnel
1nformat1on

The NMIS data’ banks are the source of in-
formation for about 2400 monthly regular and

Special reports for the use of manpower man-

agers at all Defense Department and Navylevels
The NMIS is currently undergoing redesign
and new equipment has been selected. The new
system (NMIS II) will eliminate the needto main-
tain master files at each PAMI, which will in
turn eliminate the needto reconcile files, always
a difficult and time-consuming process and oné
that delays the production of needed informa-
tion. Moreover, by substituting random-access
processing for the sequential processing of mag-
netic tapes, the new system will enable the
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application of operations research techniques
to personnel data files.

. The hardware for thenew information system
will consist of five medium-scale third-
generation computers withassociatedperipheral
gear. Two of thefive computers will be installed
at the Bureau of Naval Personnel, the remaining
at the three PAMIs.

The new system will maintain a central data
bank at the Bureau of Naval Personnel inon-line
mass storage rather than in tape vaults. Each
PAMI will maintain a replica of that portion of
the central data banks covering the activities for
which- it is responsible.

Daily transactions entering the system
through the PAMIs will be relayed to the Bureau
of Naval Personnel via a data communication
network, batch-processed to the central data
banks no less frequently thandaily, and returned
via the data network to update the PAMI replica
or image files. Only during the periodof trans-
mission back to the PAMIs, therefore, will the
central data banks and the PAMI images contain
discrepant data,

The enlisted distribution systemis alsounder
current study., While there are no plans for
computerizing distribution, further automation
of the information available to distribution ac-
tivities is being designed with a viewto improv-
ing the Navy’s ability to get the right man into
the right job.

The revised NMIS will enable users to get
summary statistical reports on demand through
the use of on-line inquiry stations located atthe
console or at remote points. It will also en-
courage the use ofbrief exception reports rather
than voluminous regularly scheduled reports.
(An exception report is a report that presents
data concerning some condition in a materialor
information system that needs looking into and
possible corrective action by management and
that is generated only when this condition comes
into being.)

The new systéin will employ visual scanners
to eliminate manual transcription of informa-
tion, thereby speeding up input and reducing er-
rors.
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Other personnel information systems planned
will draw from the new NMIS data banks. These
systems will access personnel information
needed in such fields as financial management,
mobilization planning, inventory projection, and
curriculum planning.

ELECTRIC ACCOUNTING VERSUS
ELECTRONIC DATA PROCESSING

Electronic data processing systems should
not be thought of as replacements for electric
accounting machine systems. The EDP systems
are capable of performing functions which EAM
systems cannot perform. While it is true, how-
ever, that EDP systems can carry out the ac-
counting operations of an EAM system, these
operations are still most economically carried
out in many places by electric accounting ma-
chines, Furthermore, electric accounting ma-
chines are used in supportof automatic computer
systems-—they are the peripheral equipmenton-
line to the central processing unit of an auto-
matic computer system.

If we comparean electric accounting machine
system with the central processingunitof a com-
puter as they execute the same accounting func-
tion, we shall see that the chief difference
between the EAM system and the central pro-
cessing unit is in the speedat whichthis function
is carried out, The central processing unit com-
pletes the job in much less time.

It is easy to see why the central processmg
unit is more efficient than the ‘electn‘c account-
ing machine system. First, the amount of data
that can be held in the storage component and
in the registers of the central processingunit far
exceeds the storage capacity of the electric ac-
counting machine system, so that data transfers
and arithmetic and logic operations are carried
out faster bythe central processing unit. Second,
no intervention is required during the operation
of the central processing unit, while stacks of
cards must be shifted between the various ac-
counting machines to complete the EAM opera-
tion. Third, when magnetic tapes constitute the
input and output media of the EDP system, faster
input to, and output from, the central processmg
unit are possible. :
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LET’S REVIEW

AUTOMATION—The investigation, design, de-
velopment, and application of methods of
rendering processes automatic, self-moving,
or self-controlling.

DELAYED TIME OPERATIONS-—Batch-
processing operations.

EXCEPTION REPORT-A report presenting data

that describe some condition of a material
or information system that management
should look into.

HYBRID COMPUTER SYSTEM—A computer
system made up of both analog and digital
computers,

MODEL—A mathematical description of a real
situation or process.
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OPERATIONS RESEARCH-The devising and
analysis of models of real situations with a
view to clarifying objectives and to improv-
ing organization and -decision-making.

RANDOM-ACCESS PROCESSING—Processing in
which the storage and accessing of informa-
" tion is not sequential.

SOLO TRANSACTION—AnR md1v1dua1 transaction
processed without being batched with other
transactions. h

TIME-SHARING-The use of a computer fortwo
or more purposes during a givenunitoftime,
accomplished by mterspersmg component
actions,



APPENDIX 1

TRAINING FILM LIST

Trammg films that are related to the information presented in .chap-
. ters 12 through 17 of this training course are listed below.. The training

i ~ films are identified by navy number andtitle. All films listed have sound

and are unclassified. Other training films that may be of interest are
listed in the United States Navy Film Catalog, NavWeps 10-1-777,

'MN 8969-A Digital Computer Techniques— Introduction.
(20 min. —Color—1962)

.‘ MN 8969 B Digital Computer Techniques—Computer Logic—
Part I--Binary Numbers, (20 min. -—Color-1962 )

MN 8969-C Digital Computer Techniques—Computer Logic—
Part II—-Logic Symbology. (15 min,—Color—1962.)

MN 8969-D Digital Computer Techniques—Computer Units.
(24 min.—~Color—1962.)

MN 8969-E Digital Computer Techniques—Logic Element Circuits.
(16 min.~Color—1962.)

MN 8969-F Digital Computer Techniques— Programming,
(14 min.—Color—1962,)
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Accounting, 11-16
electronic, 15-16
electro-mechanical, 12 15
manual; 11
mechanical, 11-12
Accounting machmes 207-240
operations, 207- 208
terminology, 239-240
type 402, 229-239
operating features, 229-232
operating suggestions, 238
operating the carriage, 239
operating the machine, 238-239
principles of control panel wiring,
232-237
-accumulation, 235-236
. hammerlock control, 235
printing, 232-235
program control, 235
 selection, 235 '
. summary punching, 236-237
tape controlled carriage, 237-238
operating features, 237
form control, 237-238
type 407, 208-229
operating features, 208-210
principles of control panel wiring,
210-224 '
addition, 217- 219
printing, 210-214
program control, 215-217
selection, 214-215
~ storage units, 221-224
subtraction, 219-221
summary punching, 224
tape controlled carriage, 224-229
operating features, 224-228
form control, 228-229
Adders, 323
ADP in Navy Supply, 371-372
Advancement in rating, 3
Arithmetic-logical section, 322
Assignments, 2
Autodin, 291-292
Automatic data processing, 11-51
Automatic punches, 141-165

INDEX

Automatic punches—Continued
operations, 141-142
special devices, 162-165
terminology, 165
type 514, 142-157
operating features, 143-145
operating suggestions, 155-157
principles of control panel wiring,
145-155
double punch and blank column detec-
tion, 154
gangpunching and comparing, 149
mark sense, 154-155
offset intersperse gangpunching, 152
offset intersperse gangpunching and
comparing, 152
selective reproducing and comparing,
146
straight intersperse gangpunching,
149-152
straight reproducing and comparing,
145-146
summary punching, 152-154
/X elimination or transfer, 146-149
type 519, 157-165
’ operatmg features (see type 514),
143-145
operating suggestions, 165
principles of control panel w1r1ng, '
157-162
end printing, 162
gangpunching, 159-162
reproducing, 157-159
summary punching, 162

Binary Numbering System, 282-283

Calculating data, 329
Calculating punch, 241-257
terminology, 256-257
type 602, 241-256
operating features, 242-243
operating suggestions, 256
principles of control panel wiring,
244-256
balance conversion, 250
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INDEX

Calculating punch—Continued
crossfooting, 245-250
division, 252-256
multiplication, 251-252
principles of operation, 243-244

Calculator (see calculating punch), 241-257

Card punches (automatic), 301-302

Card punches (manual), 81-91
terminology, 101-102
type 24, 81-91

keyboards, 83-86
combination keyboard, 83
functional keys, 83-85
numerical keyboard, 83

operating features, 81-83
punching station, 81
reading station, 81-82

operating procedures, 88-90

operating suggestions, 90-91

program unit, 86-88
program card, 86-87
program drum, 87-88

type 26, 81-91 ;

keyboards, 83-86
combination keyboard, 83
functional keys, 83-85
numerical keyboard, 83

operating features, 81-83
punching station, 81
reading station, 81-82

 operating procedures, 88-90

operating suggestions, 90-91

program unit, 86-88
program card, 86-87
program drum, 87-88

Card readers, 299-301

Card verifier, 91-95
termmology, 101-102
type 56, 91-95

keyboard 91-92
combination, 91-92

operating features, 91

operating procedures, 92-93

operating suggestlons, 93-95

Cards, 294-295 -

Central processmg unit, 321-322
arithmetic-logical section, 322
control section, 322

Chaining instructions, 357

Charting data flow, 343-350

Classification of computers, 275-277

Coding systems, 286-289

Collators, 166-206
operations, 166-167
terminology, 205-206
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Collators—Continued
type 85, 167-189
operating features, 168-169
operating suggestions, 189
principles of control panel wiring,
173-189
basic setup switches, 182
blank column detection, 186-189
card selection, 182-186
checking sequence, 175
matching, 181-182
merging, 175-179
merging with selection, 179-181
principles of operation, 169-172
control panel hubs, 169-172
schematic diagram, 169
type 87, 189-191
type 88, 191-205
operating features, 192
principles of control panel wiring,
195-205
card selection, 197-205
checking sequence, 195
editing, 205
matching, 197
merging, 195-197
merging with selection, 197
principles of operation, 192-195
Common language of flow charting, 347-350
Computer (EDP), 34-45
description of, 34
how it works, 37-39
real time processing, 42- 45
tape oriented system, 42
tools, 39-42
what makes it work, 34-37
Computer binary coding systems, 286-289
Computers in use, 369-370
Consoles, 304-305
Constructing the procedure, 262- 263
Control of work, 272
Control panel, 67-74
diagrams of, 74
hubs of, 71-74
purpose of, 67-70
types of, 70-T1
Control panel wiring (see. pr1nc1p1es of control
panel wiring for respective machine)
Control registers, 356-357
Control section, 322 ,
Conversion of number systems,
284-286
Core storage, 319
Counters, 323 v ‘
CPU, 321-322 o R



MACHINE ACCOUNTANT 3 & 2

Data collection, 289
Data control, 269-271 ‘
Data control checks, 334-335
Data conversion, 289-290
Data, definition of, 277-280
Data feedback, 290-291
Data flow, 265
Data manipulation, 290
Data numbering systems, 281-289
Data presentation, 290
Data processing, 318-332
Data recording media, 294-299
cards, 294-295
magnetic ink characters, 298
magnetic tape, 297-298
optically read characters, 298-299
paper tape, 295-297
Data storage, 318-321
magnetic core, 319
magnetic disk, 320-321
magnetic drum, 319-320
thin film, 321
Data transceivers, 95-101
terminology, 101-102
type 66, 95-101
card unit, 96-100
control unit, 97-98
program unit, 98-100
error correction, 100-101
operating note, 101
operating procedure, 100
principles of operation, 95-96
- signal units, 96
telegraph signal unit, 96
telephone signal unit, 96
Decimal numbering system, 281-282
Developing flow charts, 268-269
Disk storage, 320-321

Document originating machine (see automatic

punches), 141-165
Drum storage, 319-320

EAM accounting, 59-67
EAM equipment operation, 74-78
EAM maintenance, 77-78
EAM vs EDP, 373
EDP equipment maintenance, 341
EDP installation maintenance, 341
Electronic data processing, 30-45
card oriented system, 42
EDP processing, 31-33
tape oriented system, 42
Electronic data processing, 275-293
Execution cycle, 324-325

Fixed word length, 327 ‘
Flow chart symbols, 265-268, 347-350
Functional units, 322
Fundamentals of EAM accountmg, 59-67
basic principle, 59
basic elements, 59-61
card identification, 64-65
principles of coding data, 61-63

principles of machine processing, 65-67

principles of punched card accounting,
63-64

Fundamentals of programming, 350-358
chaining instructions, 357
control registers, 356-357
instruction storage, 355
program development, 351-352
program instructions, 352-355
storage addressing, 355-356
test data and debugging, 357-358

General manual, 265

Handling magnetic tape, 333-334
Hardware, 39-42
How to prepare for advancement, 6-9
NavPers 10052, 8
Navy training courses, 8-9
record of practical factors, 6
the Quals manual, 6
How to qualify for advancement, 3-6

Input devices, 299-316
card readers, 299-301
consoles, 304-305
magnetic character reader, 303-304
magnetic tape units, 305-314
optical character reader, 304
paper tape reader, 302
Input-Output, 294-317
Inquiry stations, 331
Instruction addressing, 356
Instruction cycle, 324
Instruction storage, 355
In-line (random access), 326
Interpreters, 121-140
terminology, 139-140
type 548, 121-130
operating features, 121-125
operating suggestions, 130
principles of control panel w1r1ng,
125-130
normal printing, 125-126
selection, 127-130
x elimination, 126-127
type 552, 130-131
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INDEX

Interpreters—Continued Operating the console, 333
operations (see type 548), 121-130 Operation of EAM equipment, 74-78
type 557, 132-139 rules for cards, 74-76
operating features, 133-134 rules for machines, 76
operations, 132-133 rules for working spaces, 76
principles of control panel wiring, Operational failures (EAM), 77
132-139 Operator's manual, 263-264
column splits, 136 Optical character reader, 304
normal printing, 134 Optically read characters, 298
print suppression, 136 Organization of an electronic data processing
selection, 139 system, 275
zero print control, 134-136 Organization of work, 271-272
‘ Output devices, 299-316
Key punches (see card punches), 81-91 card punches, 301-302
consoles, 304-305
Language of flow charting, 347-350 magnetic tape units, 305-314
Library controls, 338 \ paper tape punch, 302
Library records, 338-341 printers, 314-316
MA as a leader, 2-3 Paper tape, 295-297
MA assignments, 2 Paper tape punch, 302
MA training and responsibilities, 2 Paper tape reader, 302
MA a general rating, 2 Parallel and serial processing, 326-327
Machine checks, 337 Peripheral equipment, 42, 294-317
Maintenance of EAM, 77-78 Planning the procedure, 258-260
Magnetic character reader, 303-304 Printers, 314-316
Magnetic core, 319 Procedure development, 258
Magnetic disk, 320-321 Procedures, 258-263
Magnetic drum, 319-320 construction, 262-263
Magnetic ink characters, 298 development, 258
Magnetic tape, 297-298 planning, 258-260
Magnetic tape units, 305-314 style, 260-262
Manual control, 330-331 Processing data, 318-332
Manuals of procedures, 263-265 Processing with the console, 329
operators, 263-264 Program development, 351-352
supervisors, 264-265 Program documentation, 364-365
general, 265 Program flow charts, 345-347
Memory (see storage) Program instructions, 352-355
Mnemonic, 361 Programming language, 360-362
Monitoring operations, 329-330 : Programming systems, 362-364
Moving data, 328-329 v Punched card, 52-59
language of, 53-54
Navy manpower information system, 372-373 operation of, 54-57
NIMIS, 372-373 Punched card accounting, 16-30, 52-80
Numbering systems, 281-286 EAM processing, 17
binary, 282-283 ‘ the unit record, 17-22
decimal, 281-282 » tools of, 22-30

octal, 283-284
Reading data, 328

Object program, 361 Real time processing, 42-45

Octal numbering system, 283-284 Registers, 322-323 v

Operating and procedure checks, 334-337 Reproducers (see automatic punches), 141-165
data control checks, 334-335
machine checks, 337 , Sequential (batch processing), 325-326
system checks, 335-337 , Serial and parallel processing, 326-327
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Software, 360-364
Sorters, 103-120
special features, 117
terminology, 119-120
type 82, 104-112
operating features, 104-106
operating suggestions, 111-112
principles of operation, 106
sorting operations, 106-111
alphabetic sorting, 110-111
block sorting, 109-110
control sorting, 107-109
numerical sorting, 106-107
type 83, 112-116
operating features, 112-115
operating suggestions, 111-112
sorting operations, 115-116
alphabetic sorting, 115-116
alpha-numerical sorting, 116
type 84, 116-119
operating features, 116-117
operating suggestions, 117
sorting operations, 118
Source of information, 9-10
Source program, 361
Storage addressing, 355-356
Stored program, 327
Style of the procedure, 260-262
Subroutines, 358-360 ~
Supervisor's manual, 264-265
System checks, 335-337

Systems concept, 289-291
System flow chart, 343-345

Tabulator (see accounting machines), 207-240
Tape library, 337-341

Terminology (ch. 2), 50-51

Terminology (ch. 3), 78-80

Terminology (ch. 11), 273-274

Terminology (ch. 12), 292-293

Terminology (ch. 13), 316-317

Terminology (ch. 14), 331-332

Terminology (ch. 15), 342

Terminology (ch. 16), 365-368

Terminology (ch. 17), 374

Test data and debugging, 357-358

Thin film memory, 321

Thin film storage, 321

Total systems concept, 291

Training film list, 375

Training films, 10

Transceivers (see data transceivers), 95-101
Types of PO ratings, 1

Utility programs, 362

Variable word length, 327
Verifiers (see card verifiers), 91-95

What is data, 277-280
Writing data, 329
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