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Figure 11-1,—Multiple card layout form.
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Control Totals.—Some documents, such as
receipt invoices, contain an individual total
for each item on the document and a recap total
for all items. The recap on each document in
a batch can be accumulated on an adding ma-
chine and printed on a control tape. This tape
then accompanies the batch of source docu-
ments until balancing of totals for each batch
is completed.

Auditing,—Each document should be checked
to make sure it is acceptable for further proc-
essing. This check should not be so detailed as
to create an undue slowdown in the overall
processing of the documents, Many small or
hidden discrepancies will be caught during key-
punching or balancing and screening operations.

Arranging.—If documents are to be for-
warded to the keypunch section in a particular
order, they must be manually arranged in that
order,

Coding,—Establish procedures for the cod-
ing, circling, underlining, or transcribing of
data in preparation for punching. Another audit
should be performed after documentsare coded,
to prevent invalid or erroneous codes from
being processed.

Punching Source Documents

Procedures for punching source documents
should include detailed layouts of the cards to
be punched, including instructions for fields
to be manually punched, duplicated, and skipped.
Program cards for the keypunch and verifier
should be prepared for each type of card to be
punched, Instructions for handling discrepan-
cies discovered in the documents must be es-
tablished, If certain information is common to
all cards, keypunching time can be saved by
setting up steps for using automatic punches
to gangpunch this information. Any additional
instructions which will aid in keypunching and
verifying should be included in the procedure.

Processing the Cards

The third part of the procedure should in-
clude all steps required for processing the
cards from the time they are received from
the keypunching section until the finished re-
port is produced. This procedure must contain

all steps that require machine processing. If
clerical steps or special processing steps are
required, they should be included at the proper
points, The procedure should contain specific
instructions as to the type of cards used, con-
trol panels that must be wired, or the program
to be used, type of paper to be used for pre-
paring the report, and the number of copies to
prepare.

Once the procedure is developed it is im-
portant to put it on paper so that it can be
reviewed, revised, and explained to the people
involved. The best way to record the procedure
is with the use of a flowchart which will show
the flow of data, the operations performed, and
the sequence in which they are performed.

Flowcharts will be discussed later in this
chapter.

MANUALS OF PROCEDURE

Three basic manuals are discussed in this
chapter; the Operator’s Manual, the Supervisor’s
Manual, and a General Manual, These manuals
are essential because they meet the following
objectives:

o Enable machine operators to set up ma-
chines without assistance.

e Provide a source of information about
job steps to be accomplished, so as to
accomplish these jobs in the best possi-
ble manner and in the appropriate order.

e Provide a permanent record of the pro-
cedure in the event of personnel being on
leave or being transferred.

o Provide assembled facts for simplifying
corrections and improvements of the pro-
cedure,

e Enable the supervisor to regulate and
coordinate the operations within his sec~
tion or division,

e Provide management with a tool for reg-
ulating and coordinating operations ofthe
entire installation.

The contents differ from one manual to the
next, depending upon the purpose for whicheach
is intended.

As a machine operator, you should be thor-
oughly familiar with the operator’s manual, for
it contains detailed procedures you follow in
performing all operations. As a petty officer,
you should know how to go about setting up an
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operator’s manual, including the preparation
of operating procedures, wiring diagrams, and
other information required in the manual, As
a general rule, you will not be responsible for
preparing the supervisor’s manual until you
reach the higher pay grades and are placed in a
supervisory position, You should however, have
a good idea as to the contents of these manuals
for you may be required to prepare some in-
formation for inclusion in them,

Operator’s Manual

The purpose of the operator’s manual is to
provide machine operators with all the infor-
mation necessary for performing a job, This
manual should contain the standard operating
procedures for each job. If the job is a pro-
duction run on a computer, the operator must
have instructions on how to set up the job, what
program to use, switch settings, and what to do
in case of an abnormal termination of the job.

If control panels are to be wired, the opera-
tor will need a complete and legible wiring dia-
gram, Other considerations for inclusion inthe
operator’s manual are:

o Test decks.

e Header and trailer cards, if required.

e Sample reports, type of paper, and num-
ber of copies to prepare.

e Carriage tapes,

Supervisor’s Manual

Supervisors in data processing installations
are charged with such responsibilities as en-
suring that proceduresare developed, workloads
and schedules are established, and sufficient
controls are set up to control the flow of work
through the installation, They are responsible
also for evaluating the utilization of equipment
and the performance of operators, and for mak-
ing improvements to systems and procedures.
As a general rule, the senior DP is responsible
for coordinating and directing all operations of
the installation. He maintains a supervisor’s
manual, which serves as the basis for allplans,
controls, and evaluations,

General Manual

The General Manual outlines the broad ob-
jectives of the data processing installation and
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summarizes the operations performed. This
manual is used primarily for the following pur-
poses:

o To present the general picture of the pur-
pose and operation of the installation to
new personnel assigned.

To provide other personnel in authority
with information about the, operation of
the installation, so thatpersonnelinother
offices and activities can have a better
understanding of the role played by the
data processing installation.

To show visitors the nature and scope
of the work performed in the data proc-
essing installation.

Contents of the general manual should be of
a general nature, and should not include unnec-
cessary detail.

DATA FLOW

The use of data processing equipment neces-
sitates for an orderly representation of infor-
mation flow. The sequence in which operations
are to be executed must be precisely stated.
The data and the sequence of operations to be
performed upon it together constitute the in-
formation flow,

Flowcharts provide a graphic means of pre-
senting information and operations so that they
are easy to visualize and follow. They show the
flow of data through an information processing
system, the operations performed in the sys-
tem, and the sequence in which they are per-
formed,

A SYSTEM FLOWCHART depicts the flow
of data through all parts of a system.

A PROGRAM FLOWCHART describes what
takes place in a stored program. It displays
specific operations and decisions, and their
sequence within the program.

Flowcharting Template

While flowcharts are widely used in the field
of information processing, theyare occasionally
misinterpreted because of a lack of uniformity
in the meaning and use of specific symbols.
The Department of Defense has adopted the
American Standards Associationtemplate shown
in figure 11-2 as a standard for flowchart
symbols, The reader is warned that this
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Figure 11-2,~Flowchart template.

standardization is not, at the present, industry-
wide, Familiarity with these symbols will, how-
ever, facilitate the use of flowcharts employing
different symbols.

FLOWCHART SYMBOLS

The language of flowcharting is composed
of many symbols. These symbols represent
devices and functions, and their arrangement
shows the direction of the data flow. A given
symbol should always portray the same general
meaning wherever 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 sym-
bols serves only to confuse anyone who tries to
interpret a flowchart, and increases the possi-
bility of error during the preparation of machine
programs.

Basic Symbols

Symbols represent functions. Symbols are
used on a flowchart to represent the functions
of an information processing system. These
functions are input/output, processing, flow di-
rection, and annotation. All flowcharts may be
constructed using only the basic symbols.

===

272

1

49,149(49B)

INPUT/OUTPUT SYMBOL
represents any type of me-
dium or data available for
processing (input), or the
processed information (out-
put).

PROCESS SYMBOL. A ma-
jor data processing function,
the process of operations re-
sulting in a change of value,
form, or location of informa-
tion.

FLOWLINE SYMBOL. Nor-
mal direction of flow is from
left to right and top to bot-
tom. If the direction of flow
is other than normal, arrow-
heads are requiredat the point
of entry.

ANNOTATION SYMBOL is
used for the addition of de-
scriptive comments or clari-
fication notes, The broken
line may be extended in what-
ever fashion to any symbol
where applicable.
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Specialized Input/Output Symbols

Specialized I/O symbols may be used to
make a flowchart more meaningful, and denote
the medium on which the information is re-
corded or the manner of handling the informa-
tion, If no specialized symbol exists, the basic
I/0 symbol is used.

PUNCHED CARD SYMBOL
represents all varietie$§ of
punched cards — including
gangpunched, mark sense,
etc.

MAGNETIC TAPE SYMBOL
represents an I/O function in
which the medium is magnetic
tape.

PUNCHED TAPE SYMBOL
represents metallic, plastic,
or paper tape,

DOCUMENT SYMBOL repre-
sents source documents and
all varieties of reports and
documents.

MANUAL INPUT SYMBOL is
used when information is en-
tered manually at the time of
processing, by means of on-
line keyboards, switch set-
tings, pushbuttons, cardread-
ers, ete,

DISPLAY SYMBOL is used
when information is displayed
by plotters or video devices.

COMMUNICATION LINK
SYMBOL denotes automatic
transmission from one loca-
tion to another., The direc-
tion of flow is left to right
and top to bottom. Arrow-
heads are used when increased
clarity is desired,

O L UUOL

ONLINE STORAGE SYMBOL
indicates the use of a mass
storage unit such as magnetic
disks and drums.

OFFLINE STORAGE SYMBOL
represents any offline stor-
age of cards, paper, and all
other media.

Specialized Process Symbols

Specialized process symbols may represent
more meaningful processing functions, and
identify the specific type of operation to be
performed on the information. If no special-
ized process symbol exists, the basic process
symbol is used.

DECISION SYMBOL is used
to depict a point at which a
branch or switching type op-
eration to one of two or more
alternate paths is possible.

PREDEFINED PROCESS
SYMBOL shows a group of
operations, such as a subrou-
tine, not detailed in the par-
ticular set of flowcharts.

MANUAL OPERATION repre-

sents all manual offline op-

erations which do not require

mechanical aid, These are

clerical processes geared to
the speed of a human being.
AUXILIARY OPERATION
SYMBOL represents an off-
line operation performed on
equipments not under direct
control of the central proc-
essing unit.

Additional Symbols

CONNECTOR SYMBOL rep-

O resents a junction in a line

of flow to another part of the

flowchart, The entries and

exits are represented by a set

of two connector symbols,

When flowcharts are broken

due to page limitations, this

symbol is used to indicate the

break, and identifications

should be placed within the
symbol,
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TERMINAL SYMBOL repre-
sents a terminal point in a
system at which data can en-
ter or leave; (start, stop,
halt, delay, or interrupt).

C D

Graphic Symbols
The following graphic symbols are used when
appropriate on flowcharts and other documen-
tation,
plus, add
minus, subtract
plus or minus
equal to
greater than
less than
greater than or equal to
less than or equal to
not equal to
not greater than

not less than

AN IANVANV

YES or Yes
NO or N No
TRUE or T True
FALSE or F False

Representation of Multiple Media

As an alternative to a single symbol with
appropriate text, input/output symbols may be
shown in an overlay pattern, as shown in figure
11-3, to illustrate the use or creation of multi-
ple media or files; for example, number of
copies, types of printed reports, types of punched
card formats, and multiple magnetic tape reels.

The overlay pattern is drawn from front to
back with the first symbolas the entire I/O sym-
bol. The order of the symbols is from front to
back when establishing sequences or priorities.

214

CENTRAL

TRAILER CARD
SUMMARY CARD

DETAIL CARD

EASTERN
ACTIVITY
REPORT

MASTER CARD

-
=

49.363
Figure 11-3,—Symbol for multiple media.

UNIT RECORD FLOWCHART

The four basic symbols used for showing
unit record machine operations are illustrated
in figure 11-4,

Both card punching and card verifying op-
erations are indicated by the key driven ma-
chines symbol. This symbol can also be used
for indicating transceiver operations,

Sorting and collating operations are indi-
cated by the large circle. This symbol may
have one or more card files leading into or
leaving it, depending upon the type of operation
being performed.

The auxiliary machine symbol is used to
show operations performed on reproducing
punches, summary punches, and interpreters.

The accounting machinz symbol is used to
show operations performed on the accounting
machine., This symbol usually is associated
with the document symbol, illustrating the
result of an operation. Summary punching

() O <>

KEY DRIVEN ~ SORTER AND AUXILIARY ACCOUNTING
MACHINES COLLATOR MACHINES MACHINES
49.154

Figure 11-4,—Unit record machine symbols,
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operations are usually shown by placing the
accounting machine and auxiliary symbols side
by side and connecting them with a straight
line,

Figure 11-5 shows a flowchart for indicat-
ing some typical machine operations required
to produce a Cumulative Transaction Report
(ficticious). The primary direction of work
flow is in a vertical line from the top of the
page to the bottom. Secondary functions, such
as forwarding the transaction report, are shown

to one side. The circled numbers at each job
step symbol provide a simple means for referr-
ing to the job steps in the operating procedure.

SYSTEM FLOWCHART

As stated earlier, a system flowchart de-
picts the flow of data through all parts of a
data processing system and includes the opera-
tions performed in the system and the sequence

KEYPUNCH
AND VERIFY

DAILY
TRANSACTION

DELIVER

CUMULATIVE
REPORT TO | —~—JTRANSACTION TABULATE|
SUPERVISOR REPORT

UPDATED
MERGED CUM. TRANS.
CARDS CARDS

——
HOLD FOR
PROCEDURE |+ —— — = — —

3

49.364

Figure 11-5,—~EAM flowchart,
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in which they are performed. Often such a
chart is composed of symbols that represent
only the form in which data appear at the vari-
“ous stages of processing as shown in figure
11-6.

Overall, system flowcharts show what is to
be accomplished. Here the main emphasis is
on the media involved and the work stations
through which they pass.

|| NEW
TRANSACTION:!

TRANSMITTED
VIA
TRANSCEIVER

CONV|

TOMAGNETIC
TAPE

PROGRAM FLOWCHART

In a program flowchart the emphasis is on
the operations and decisions necessary to com-
plete the specified process. The program flow-
chart has many important uses, one of which is
to provide the programmer with a kind of all-
purpose tool. It is a ‘‘blueprint’’ of a program.
In program development, the programmer uses

ERT CARDS

AT END
—————————— OF DAYS
TRANSACTIONS
SORT BY RATE
CODE AND
SERVICE
NUMBER
SORTED
TRANS.
TAPE
EDIT
RATE
CODE
ERROR
LISTING

49.323(49B)

Figure 11-6.—Representative system flowchart.
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START

READ A
MASTER
RECORD

HALT
END OF JOB

READ A
DETAIL
RECORD

TEST = DETAIL
FOR RATE ADJUSTMENT]
CODE O, ROUTINE

MASTER SET
CHANGE SWITCH

ROUTINE 1
CLEAR
SWITCH @
1

©

49,329(49B)

Figure 11-7.—~Representative program flowchart.

flowcharting in and through every part of his
task to visualize the sequence in which arith-
metic and logical operations should be per-
formed, and the relationship of one part of a
program to another.

The use of a program flowchart determines
the amount of detail to be included in it. The
primary purpose of the chart, during early
stages of program development, is to experi-

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

Once the programmer has temporarily es-
tablished mainline logic, he usually extracts
large segments and describes them in more
detail on subsidiary charts. This is like draw-
ing a set of increasingly detailed maps, starting
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with a general all-inclusive map, then expand-
ing sections of it on succeeding maps, each
map showing greater detail,

Of all the important uses of program flow-
chart, the most important are:

® An aid to program development,

® A guide to coding the problem.

o Documentation of a program.

An example of a program flowchart illus-
trating the application of some of the flow-
chart symbols and rules is shownin figure 11-7,

DEVELOPING THE FLOWCHART
The manner in which flowcharts are devel-

oped is very similar to the way procedures are-
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developed. In fact, flowcharts often are devel-
oped first and used as a basis for establishing
the procedure., All steps required for com-
pleting a job can be sketched in flowchart form
without bothering with the details as to how
each step is to be performed. Then, the flow-
chart can be used as a guide for developing the
procedure.

Your first attempt at drawing a flowchart for
a given operation may not be too successful
since certain steps actually required in the
processing may not be discovered until the pro-
cedure is written. As a general rule, it may
be best to construct a rough flowchart first,
and draw the smooth flowchart after the pro-
cedure has been developed and tested.



CHAPTER 12

PROGRAMMING AND DOCUMENTATION

Before any new data processing application
is started, there must be aneed for information.
Once the need has been established, minds goto
work, planning, organizing, and making con-
structive decisions. Most data processing appli-
cations involve huge quantities of information
and may require millions of operations before
the job can be completed. The electronic com-
puter has tremendous speed and the ability to
take in huge quantities of data-deleting, sorting,
merging, adding, transferring, comparing, sub-
tracting, and providing a useful 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 infor-
mation into a pattern acceptible tothe computer.
The data flow must be established and the pro-
gram written and documented,

The people who perform these functions in
the Navy are called systems analysts and pro-
grammers, In actual practice a Data Processing
Technician usually is called upon to perform both
functions. Programming is the major subject
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 entirely new
system. In either case he must do the following:

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

e Analyze the typesandformat of input data.,

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

@ Describe this flow by constructing a sys-
tem flowchart.
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If determing that a computer/dataprocessor
is required, perform the following additional
functions:

® Determine how many ‘‘programs’’ are
required.

o Determine what processing steps will be
performed in each program (ie. sort,
update, edit, etc).

e DPrepare a list of all decision criteria
(specifications) for each program in the
system.

The PROGRAMMER is directly concerned
with the detailed steps of processing information
in the computerized segment of the system. To
develop a program, the programmer must know:

e The number of different operations (and
their functions) available in the system
with which he has to work,

e The procedure itself, which must be
translated, step by step, into computer
instructions,

o The requirements to be met by the result
of processing,

The programmer (figure 12-1) takes the
general directions described by the analyst in
the system flowchart and from them he developes
a program flowchart which enables him to write
the operating instructions in a language accep-
tible to the computer. This step, the preparation
of computer acceptible instructions, is some-
times called CODING and if a separate person
does it he is called a CODER.

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 writ-
ten machine program. It is not the intent of this
manual to teach anyone how to write a program,
for each EDPS has its own particular set of in-
structions which it is capable of recognizing and
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executing, and individual system characteristics
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.

PROGRAM DEVELOPMENT

To develop a program requires more than
just developing the flowcharts. It requires pre-
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, formulated during
the problem definition and specification pro-
cesses, intothe language of the equipment, there-
by providing the equipment with the means for
executing and controlling all job operation steps
required in the processing routine, 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. It must be
stressed that completeness of detailis of utmost

Amle‘is .
Procedure

Development

&.‘-‘\‘:«%& "

Programmer

Formulas
Knowledge 4885
Experience ™ gl

(7 3%
}‘

LA A

importance because incorrect or incomplete
specifications can result in useless programs,

For convenience, specifications may be
broken down into three categories; input, pro-
cessing, and output, Additional specifications
may be included as required, depending uponthe
particular program.

Input Specifications

Specifications for input to an EDPS may dif-
fer, depending upon the type of input equipment
and the requirements forthe particular job. Gen-
eral guidelines for preparing the principle
media, punched cards and magnetic tape, for use
within a system are contained in the following
paragraphs. If required, specificationsfor other
means of input can be developed along these
guidelines,

Specifications for punched cards used 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; alphabetic,
numeric, or a combination of both.

4, Type and location of control punches.

R49.365X

Figure 12-1.—Direct conversion of problem to machine program.
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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 data sets.

8. Any other information required in the

processing or to be checked during process-
ing.

Specifications for magnetic tapes used as
input should be indicated along the same gene-
ral lines as those for punched cards as follows:

1, The blocking factor for eachtape record
(the number of data records in each recordblock)
and the size of each data 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 ineach field.

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 re-
quired,

7. The sequence of data records withintape
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 specifications vary widely, de~
pending upon what is to be accomplished andthe
type of equipment required; therefore no specific
guidelines for processing specifications can be
given here, But the general precept ofall speci-
fication writing must be observed, which is that
every possible action and contingency must be
accounted 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 pro-
grammer, 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. Frequently there is some latitude 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, avail-
ability of additional storage space may permit
a consolidation of separate runs into fewer than
contemplated originally.

Output Specifications

Output specifications for a data processing
system, like those for input, may differ, depend-
ing upon the type of output equipment and the
requirement for the particular job. General
guidelines for producing punched cards, mag-
netic tape, and printed output, are contained in
the following paragraphs. If required, specifica-
tions for other types of output 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
dates or control punches.

4. The disposition of punched output.

Spzcifications for magnetic tape output should
be essentially the same as 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:

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

e Heading and identifying information to be
printed.

e Horizontal placement of data, and vertical
line spacing (single, double, or other).

o First and last printing lines and overflow
data to be printed.

e Classes and identification of totals to be
printed.

2, Whether nonsignificant zeros are to be
printed or suppressed.
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. Any constant data, such as dates, which
are to be printed or suppressed,
Carriage tape layouts for tape controlled
carriages,

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

INSTRUCTIONS

As you already know, a computer must be
commanded to carry out a dataprocessing func-
tion, The commands are in the form of instruc-
tions, which are units of specific information
located in main storage, and a seriesof instruc-
tions pertaining to an entire procedure is called
a program, The functions could be selection of
input/output devices, decision or branching
routine, reading or writing on magnetic tape,
transfers, or any number of things that make
up a data processing application, Instructions
are normally grouped according to the type of
operations they perform.

Types

The basic types of instructions are input/
output, data movement, arithmetic, decision-
making, and magnetic tape. A group of
instructions which do not fit into any of the
aforementioned groups are classified as
miscellaneous instructions. Each type of in-
struction is discussed individually in the
paragraphs that follow:

Input-output instructions control card read-
ing and punching, reading and writing of mag-
netic tapes, andprinting. Unlike EAM equipment,
which normally feeds cards mechanically andat
a continuous rate, electronic data processing
readers and punches feed cards only upon the
execution of specific readand punchinstructions
in the stored program. Magnetic tape read or
write instructions, when executed, perform mag-
netic tape feeding. Likewise, a print cycle is
initiated on the printer only when instructed to
do so by the print instruction contained in the
stored program. Upon the completion of a func-
tion the program must be transferred 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 execution of this instruc-
tion the computer performs a series of opera-
tions specified by the program, such as add,
compare, and print, A branch instructionisthen
executeq that directs the computer back to the
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beginning or ‘‘read a card instruction.’’” After
the next card has been read, the computer re-
peats the series,of operations until instructed
to read another card. This is known asa LOOP.
In this case, an instruction in the program call-
ing for a test for last cardtobe made after each
card is processed canbe used for stopping opera-
tions after the last card has been processed.

Data movement instructions are instructions
used for moving data from one storage location
to another internally. Every data processing
system, operating from a stored program, must
have assigned specific storage areas for reading
in, printing, and punching, if all these functions
are performed by the system, If there were no
assigned 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 12-2 illustratesatypical stor-
age assignment specified by wired circuitry; all
unassigned storage is termed working storage.

To illustrate the purpose of data movement
instructions, let us examine the chart illustrated
in figure 12-2 a little more closely. Whena card
is read, the 80 columns of card data are auto-
matically placed in storage position 001 through
080, column for column. It is possible to per-
form some operations withthis information while
it is in the read-in area, such as add, subtract,
or compare. But if it istobe punched or printed,
it must be moved to the punch or print area.
Move instructions cause the specifieddata inthe
read-in area to go to another storage area as
specified by the OPERAND of the instruction,
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 as-
signed storage areas,

Arithmetic operations are performedby what
is known as arithmetic instructions. These in-
structions are add, subtract, multiply, and di-
vide, Some systems may utilize counters onac-
cumulators for developing results; storage may
be used in other systems. In the latter case,
arithmetic functions are not restricted toapre-
determined 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
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Figure 12-2,—Example of internal storage areas for IBM 1401,

contrast are the multiply and divide operations
which may be performed inone oftwo 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 isnormallyprepared sep-
arately from any program and kept ina program
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 an instruc-
tion that allows the computer to deviate from the
normal sequence of events. Instructions are
normally executed by a computer ina sequential
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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 instruc-
tions. 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 execu-
tion of decision-making instructions can be
thought of as LOGICAL OPERATIONS, since de-
cision-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 instruction or series
of instructions to be executed. A fewofthe many
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kinds of conditions that can be tested are cited
in the following examples:

1. Onme 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, or 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 as con-
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 beprocessed.
Normally they are executed only once during a
program run. For example, instructions for the
housekeeping routine may include clearing 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 instructions must have
an operation code, which tells the machine what
function or operation to perform. An instruc-
tion may also have anoperand, containing a fixed
number of ADDRESS PARTS which, in most
cases, specify the storage location of the data
to be processed. An instruction may contain
additional parts having special meanings in a
particular system.

For illustration purposes, let us examine the
characteristics of instructionpartsused with the
IBM 1401 data processing system. Each instruc-
tion has an op code, and mayhavean A address.
B address, and digit modifier (fig. 12-3).
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- 49,330
‘Figure 12-3,—Instructionformat.

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 ofthe operationtobe 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.

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 tobe 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)
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to the location specified in the A address for
your next instruction if a 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. In most instances, they are
grouped together and placed in ascending
sequential locations in the normal order in
which they are to be executed by the computer.

Loading the Program.—Loading the program
is the process of placing instructions in storage
prior to the startofanoperation, Thisis equiva-
lent to insertion of a panel in a wired control
panel machine,

STORAGE ADDRESSING

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

In fixed word length storage devices, the
address of both the instruction wordandthe 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 instructionor data, occupies
only the number of core positions actually needed
for an instruction or data field. Words are not
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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 use of the control character,

The IBM 1401 is used here to illustrate how
variable word length is establishedin 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. 12-4). 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 withthe instructions
in the stored program; instruction word marks
are set automatically during the program load
routine,

Addressing Instructions

Instructions are addressed in the position
containing the word mark (or high-order posi-
tion). This position and all positionstothe right,
up to, but not including, the next position con-
taining a word mark, are treated bythe machine
as being part of the instruction field. For
example, if the digits in position 376-380 of
(fig. 12-5) represent an instruction, the address
of the field is 376. Included as part of the
instruction are the remaining positions through
380.

WORD
MARK

—e=1 T T 1T |

376 377 378379 380 STORAGE POSITIONS

49.331
Figure 12-4.—~Word mark identification.

INSTRUCTION
ADDREss\lg l x I x ] x—l x]

376 377 378 379 380w pATA ADDRESS

49.332
Figure 12-5.~Identifying the first instruction
and data address.
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Addressing Data

Data fields are addressed in low order, or
units, position. This position, andall successive
positions to the left, up to and including the one
containing the next word mark, are considered
the data field. For example, in (fig. 12-5) if
the digits in position 376-380 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.

CONTROL REGISTERS

The task of interpreting instructions and
processing data isaccomplished by the computer
through the use of registers. Some registersare.
used in transmitting data between internal stor-
age and other parts of the data processing sys-
tem. Other registers are usedtoholdpartsof an
instruction while the instruction is being exe-
cuted, Still others hold data or results obtained
from arithmetical operations. At this time we

INSTRUCTION
ADDRESS REGISTER

OP REGISTER

are concerned with registers whose functions are
storing and interpreting instructionsfor operat-
ing on data in internal storage. A simplified
system of such registers, with an explanation of
their use, is illustrated in figure 12-6. Two
types of registers are shown inthisillustration:
an instruction address register, and aninstruc-
tion register.

Instruction Address Registers

Instruction address registers are used to
store the address of the next sequential instruc-
tion 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
each instruction character read. Thus, upon
completion of reading aninstruction for storage,
the instruction address register is standing at
the address of the next sequential instruc-
tion,

INSTRUCTION REGISTERS

A REGISTER B REGISTER

//NTERNAL STORAGE
AN Ay oA, /

mlolslolr]s]o
4 4 4 4 4 4 4
5 5 5 5 5 5 5
0 1 2 3 4 5 6

R178.23X

Figure 12-6.—Storing an instruction in registers,
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Instruction Registers

Instruction registers consist of an OP reg-
ister, an A address register, and a B address
register. The actual operation code of the in-
struction being executed is stored in the OP
register for the duration of the operation. The
A address register is normally filled with the
storage address of the data in the A address
part of an instruction. As the instruction is
executed, the number inthis register isnormally
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 regis-
ters, let’s see how these registers function
when an instruction is read. Suppose the instruc-
tion requires that an item of data be moved
from one storage location to another. The in-
struction 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 ad-
dress is 060 and the B address is 160. The
line under the OP code represents a word
mark, and indicates the beginning of the in-
struction, 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
dbtained from storage and interpreted during
he instruction phase and is carried out during
he execute phase. During the instruction phase
he instruction M 060 160 is read; M is moved
nto the OP register, 060 into the A address
‘egister, and 160 into the B address register.
“he 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 oné
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 correctaddressesare 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.

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 thesetitlesare specific
programming languages and systems.

PROGRAMMING LANGUAGES

A programmer can state a data processing
procedure in a way that is convenient tohim and
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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 established 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 Language

Programming, for an EDP application, can
sometimes be a laborious and time consuming
task. Providing for everyaspect and contingency
of an application may require hundreds of in-
dividual instructions, code tables, formulas, and
other reference material, Programming couldbe
even more burdensome if the programmer were
required to use actual machine OP codes,
assign storage addresses for all instructions
and data, and write instructions for standard
or fixed routines common to several applica-
tions,

It is hard to remember actual machine OP
codes, because they are not always indicative
of the operation to be performed. It is easier to
write them in MNEMONIC language; meaning
a language ‘‘aiding 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 aninstruction, 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 theseitems
or areas are used during execution of the
program.

In storage devices of the fixed word length
variety, such as magnetic drum, the as-

signment 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, during a program assembly
routine, assigns the actual addresses auto-
matically. To illustrate, assume that during
the agsembly routine the computer assigns all
instruction addresses, When writing the pro-
gram, 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 field of
your branch instruction, a symbolic label and
assign this 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 mechanics for branching from
one instruction to the location of another in-
struction.

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 programmer is
called the SOURCE program. The translated
program prepared by the processor is called
the OBJECT program. Whena 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 aretranslated
into machine coded instructions, Storage areas
are assigned automatically, factorsusedas con-
stants and other reference factors are included,
and library routines for such functionsas input-
output, restart, and housekeeping are assembied.
As a data processing system, the assembled
program can be used over and over to control
the operations during program execution.
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Processor Instructions

A program that translates the codes, sym-
bols, and statements of the source program into
machine coded instructions, makes assignments
in storage, and assembles the instructions into
an object program, isknownasthe PROCESSOR.
In addition to the written instructions, the pro-
grammer may introduce from a program library
other information 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 programmer of the task of preparing in-
structions eachtime 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 program data
into an object program.,

2. Tables that contain all acceptable mne-
monic operation codes and the equivalent ma-
chine codes,

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 in-
structions and data locations as tags with their
equivalent calculated storage locations,

6. Provision for editing the program for
accuracy during assembly andtoidentifyerrors,

7. Provisions for assembling the object pro-
gram in accordance with the method prescribed
by the data processing system with which the
program is to be used,

EXECUTIVE ROUTINES

An executive routine (EXEC) is a software
(program) package designed to control other
routines, That is, the EXEC is a program which
¢‘directs’’ the operationof other routinesor pro-
grams and provides the major medium of com-
munication between the programs andthe opera~
tor.

.The executive routine provides for the pro-
cessing of a series of jobs and handling the
I/O functions for the operational program,

The EXEC is normally a residual program,
meaning that the EXEC, or at least a portion of
the EXEC, is found in the computer atall times.

Included asapart of the EXEC are several in-
dividual subprograms or components as well
as several service programs, such as utility
programs and sort-merge routines.

The EXEC provides for interface betweenthe
operational programs and the operator. The
executive routine is directed to perform a spe-
cific function by means of control statements
provided by the operator normally via the key-
board.

SUBROUTINES

A group of instructions that performs a spe-
cific segment of a data processing routine is
generally classed as a subroutine. There are
many types of subroutines in existence, andtheir
number and uses vary according to a particular
situation. Subroutines for the more common
recurring applications encounteredin many pro-
cessing programs may be standardized and
placed in a program library for use byany pro-
grammer 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 subroutinesare usedfor performing stand-
ard, routine tasksthatare required inpractically
all programs, such as end-of-file, end-of-job~
(EQJ), and error routines, Others are used for
performing standard tasks applicable to certain
programs only, such as multiply and divide rou-
tines, Still others are inserted in a programand
called upon only when exceptions to the normal
processing routine are encountered.

Use

Possible subroutines are so numerous and
so varied that their use is best illustrated here
by example. For instance, let’s examine one pro-
cedure for checking data records, foraccuracy,
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 instructions that will
attempt to correct the error.

A program flowchart for the subroutine just
mentioned is illustrated in figure 12-7. In the
majority of cases, perhaps even in all cases,
each record will be read correctly throughout
an entire data processing application. Thus, the
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Figure 12-7.—Representative subroutines.

normal program routine is; reada record, check
reading accuracy, perform the necessary com-
putations, write a record, and loop back to read
the next record. Incorrect reading of a data re-
cord is a rare exception rather than the rule.
However, this contingency must be taken into
consideration to ensure that the data are pro-
cessed correctly. In this illustration, the com-
puter is afforded three attemptsto reada 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 resetto 3,
indicating the maximum number of attempts per-
mitted 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 subtracted from the counter, and
the counter is tested for a zeroindicationto de-
termine if 3 attempts at reading have been made.
If the counter isnot zero the computer is directed

to continue backspacing and re-reading the re-
cord until a correct reading has been obtained
or until the counter has reached zero. If the
counter is zero, the computer may be instructed
to terminate the program and initiate the EQOJ
or to perform some other function that will
clearly indicate to the operatorthatarecordhas
been read incorrectly.

Types

All subroutines have one common objective;
to carry out a well defined mathematical or
logical operation. Subroutines have many
names, such as dynamic subroutine, in-line sub-
routine, standard subroutine, static subroutine,
open and closed subroutine. Our discussion of
subroutines will be limitedtothe open and closed
subroutines.

The manner in which subroutines are used
depends uponthe number of timestheyareneeded
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 transferinstructionin con-
junction with the subroutine would depend upon
the type of subroutine used. If the subroutine
calls for a standard operation to be performed
for each record processed, no branch instruc-
tion would be required since the program would
continue normally after the last instruction in
the subroutine had been executed. If the sub-
routine is required only whena 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 called a CLOSED subroutine, The
main program branches to it when necessary,
and the subroutine branches back to the main
program when it is finished,
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UTILITY PROGRAMS

Utility programs encompass certain func-
tions that are common to all data processing
applications. These programs are written to
perform recurring operations to free the pro-
grammer from the repetitive task of writing
these common instructions over.and over again.

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

A program for loading instructions into stor-
age causes all instructions and constants in the
object program to be loaded into the specified
storage locations, The address of the first in-
struction to be executed is usually specified by
the last instruction in an object program. When
this last instruction is encountered, signalling
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 attemptat runningthe program
has been made. If a programming error is de-
tected during the check-out process, analysis
of the printed contents of storage may be use-
ful 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 in-
stallation,

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
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
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the condition that it represents and listallthese
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-
propriate.

8. Restart routine,

9. End of job routine.

Test data should not be destroyed after use,
but should be retained by the section maintaining
the program. This allows you or other pro-
grammers to use the test data when subsequent
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 information canbe accomplished
as a desk check,

When you are satisfied that the test datahave
been correctly processed by the program, the
second phase of testing should be conducted,
using representations of real data. The same
corrective procedures used during the first
phase should be followed.

The results of the test using realdata should
be completely varified using manual compu-
tations or EAM resultsasa comparator, Outputs
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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.

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 pro-
gramming, so that each system requires a pro-
gram tailored to its own individual specifica
tions, One or more programming systems have
been developed for each machine system to re-
lieve the programmer of many clerical details
and to make his task easier in preparing a pro-
gram for a given system. Some programming
systems lend a certain degree of compatibility
to several data processing systems, and some
may possibly be used with any system, provided
a few alterations are made to fit the needs of a
given system.

SYMBOLIC PROGRAMMING SYSTEM (SPS)

The symbloic programming system (SPS),
developed by International Business Machines
Corporation, is designed to allow the program-
mer to write a program expressed in symbolic
statements rather than in actual machine lan-
guage. These statements include mnemonic
operation codes and symbolic names which the
programmer uses to identify operations, items
of data, instructions, and work areas. A pro-
gram written in this form must provide for
three types of operations: declarative, impera-
tive, and control.

Declarative operations consist essentially
of statements, or area definition entries, written
by the programmer that instruct the processor
to set up spacesin storage for working areas and
constant factors required in the execution of the
program, and to associate symbolic names as-
signed 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 ad-
dresses as necessary. Declarative operationsdo
not produce any instructions for execution in
the object program.
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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 program. The
second deck, called the PROCESSOR program,
contains pre-punched cards that provide the
machine with information necessarytotranslate
the programmer language into machine language.

AUTOCODER

AUTOCODER is another programming sys-
tem developed by International Business Ma-
chines Corporation which supplements and ex-
tends, but does not replace, the SPS, It provides
for greater programming flexibility than SPS,
and allows the use of magnetic tape for the pro-
gram 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 bythe
processor to meet the particular needs for the
program as specified by the programmer in the
source program,

Like SPS, a program writtenin AUTOCODER
language must provide for declarative, impera-
tive, and control operations, The instructions
for these operations, and the method of execution,
are similar to those required for SPS. In addi-
tion, a fourth type of instruction can be used,
called a MACRO instruction, A MACROinstruc-
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,
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and have these instructions tailored automat-
ically by the processor to fit his particular
program,

UNICODE

UNICODE is a programming system devel-
oped by Sperry Rand Corporation for use with
certain Remington Rand UNIVAC data proces-
sing systems. It is designed for scientific
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 com-~
puter many times, the assistance of a pro-
grammer may be required so that the program
can be developed in a form which requires min-
imum computer time for execution. UNICODE,
like so many other programming systems, al-
lows the programmer to draw subroutines from
a program library for insertion in hisprogram,
thus saving considerable programming effort
and time.

FORTRAN

Another programming system for scientific
applications, developed by International Busi-
ness Machines Corporation, is called FORTRAN,
meaning FORMULA TRANSLATION. The FOR-
TRAN closely resembles other systems in con-
tent, for it embraces a SOURCE program and a
PROCESSOR program for producing the OBJECT
program. FORTRAN may be used with a num-
ber of electronic data processing systems. How-
ever, a different PROCESSOR program must be
used for preparing a program for each different
processing system. This is necessary because
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 clos-
est. to providing a language common to many elec-
tronic data processing systemsis called COBOL.
This system, derived from the words ‘“‘Common
Business Oriented Language,’”” was developed
through the joint efforts of computer manufac-
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turers and users, in cooperation with 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 prooc-
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 identifica-
tion division provides information that will
identify and label the particular program, such
as program and run number, name of program-
mer, 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 units,
hardware switches, and printers. '

3. Data division.—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
provided in the other divisions, Since the pro-
cedure 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
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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 remembered by one or
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. For these reasons, it is important
to 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
within an organizational structure—particularly
after the program has reached the operational
stage.

2. Aids in understanding 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:

e 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,

e A narrative rundescription, including gen-
eral and detailed program flow charts.

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

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

o 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 programmed halts and the
prescribed action for each.

b. Specifications for setting the console
switches.

¢. 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.

o 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
distribution of all input-output material upon
completion of the program run,

e Detailed layouts of all printed forms and

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

o Auxiliary storage allocations layout.

o Description of appropriate registers con-
tents and usages.

e Designation of the location and the setting
and purpose of all switches used with the pro-
gram,

e A history of the program, a record show-
ing such items as the date the program was
written, date assembled, programming pro-
gress, date place in production, date and de-
scription of all changes made.



CHAPTER 13

OPERATION AND CONTROL

This chapter on automatic data processing
deals with the operations and controls involved
in almost all data processing systems. These
operations and controls are frequently referred
to as operations and procedure checks. Opera-
tions refer not onlytothe machine operations but
also tothe manual operations involved in handling
data, operating equipment, and maintaining a
magnetic tape library and tape rehabilitation
equipment.

Procedure checks encompass control checks
on data, system checks, and machine checks.
These checks are designedtotestthe accuracy of
the procedure from input preparations to the final
output,

OPERATION OF ADP EQUIPMENT

There are several areas of concern for an
operator or data handler in an ADP installation.
In addition to being familiar with the various
methods employed in controlling data and proce-
dures, he must be thoroughly familiar with the
operating procedures of a given system as dic-
tated by the activity. .

Operation of a data processing system is an
important business inthe Navy. Skillin operating
any machine requires practical experience, but
experience alone is not enough. A machine oper-
ator can become skilled only through a combina-
tion of personal instruction, practice, and study
of written manuals. The basic operating steps
of all machines are very much alike, although the
results obtained from each type of machine may
vary considerably.

Regardless of the type of machine you
operate, or the accounting procedures youfollow,
there are certain rules you should observe in
order to maintain the highest degrees of ef-
ficiency, These tasks arebasic and easily learn-
ed, Once you have performed them once or twice,
you will be able to carry them out without dif-
ficulty.

RULES FOR MACHINES

Under normal conditions a machine will give
long and trouble-free service. There are a few
things you can do to assist in the safe and ef-
ficient operation of machines.

1. Keep personal belongings off the ma-
chines.

2. Keep paper clips, rubber bands, and re-
lated items off the machines unless it is abso-
lutely necessary to have them there. If youmust
have items on the machines, provide receptacles
for proper stowage to prevent them from falling
into the machines or getting between cards.

3. Keep all beverages, suchas coffee and soft
drinks, off the machines. Liquids, if spilled, are
detrimental to the proper operation of internal
machine parts.

4, Brush feed hoppers daily to remove lint.

5. Do not allow unused wires to hang loose
from control panels, for they may cause a short
circuit.

6. Use hands to push down on the control
panel bail lever, which is attached tothe machine,
and secure the control panel in the machine. Do
not attempt to push the baillever downwith your
foot, as such a practice may damage the jacks
or wires in the control panel, or the prongs in
the machine.

7. Do not turn the power off at any time
during a machine operation except in case of an
emergency.

8. Do not alter the settings of switches or
make any changes in machine setup while the ma-
chine is in operation.

9. Before operating any punching machine,
check its punching registration with a cardgage
as shown in figure 13-1,

10. Make use of test decks thatare provided
for ensuring that machines are functioning prop-
erly to perform specific jobs.
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49.237

Figure 13-1.—Checking the punching registration.

11. Do notfeed other than standard cards into
machines (e.g., tab index cards). Keep card
weights on cards in feed hoppers of machinesat
all times while machines are running (except
when not required by certaintype cardfeeds); do
not rest your hands on the cards in the hopper.

12, When removing card jams, matchpieces
of torn cards to be certain none remain in the
machine to cause further jams. Should jamsne-
cessitate the removal of brush assemblies, con-
sult with your supervisor.

13. Do not change or switch the electrical
cords between machines unless duly authorized
to do so.

RULES FOR CARDS

When properly handled, punched cards canbe
used over and over again ina variety of applica-
tions for a long period oftime. These cards must
be handled with care in order for them to feed
properly through the various machines in which
they will be processed. To maintain cards inthe
best possible condition, observe the following
rules:

1. Use rubber bands on cards only ifneces-
sary. Ifa rubber band must be used, cross it over
the back of the cards and around the corners.
Never place a rubber band around the center of
the cards, as this can damage the edge of the
card that passes under the throat of the machine.

2. Keep all cards under pressure and
properly stored when not in use to prevent the
cards from warping.

3. To ensure proper feeding, fan cards to
remove static electricity and foreign particles,
and joggle and align them (fig. 13-2) before plac-
ing them in machine feed hoppers.

4. File cards promptly when youare through
with them, being careful not to misfile them.
When small groups of cards are tobe used later
within the same procedure, they shouldbe plain-
ly marked.

49,236
Figure 13-2.—Joggling and aligning cards.
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5. Replace nicked or damaged cards im-
mediately. Do not try to force them through the
machine. All replacement cards must contain
exactly the same information as the original
cards, Tear the top marginor markthe damaged
cards in some manner so that other machine
operators will not use them by mistake. Damaged
cards should be saved for checking purposes in
case an error is discovered later,

OPERATING THE CONSOLE

You recall that the entire computer system
can be controlled via the console. To perform ef-
ficiently as a console operator there are twoas-
sociated areas that must be familiar to you.
These are knowledge of the console and the
ability to manipulate the required controls.

Knowledge

Because there are many types of operating
systems in the Navy, each with itsown particular
operating procedures, it wouldbe impossible for
any individual to be familiar withthem all, How-
ever, the operator must have a good working
knowledge of the system employed at his parti-
cular activity. System knowledge includes:

e Knowing the switches and breakers used
in bringing up power for the system.

¢ Knowing the systems emergency power,
keys, and switches.

¢ Knowing the bit configuration of the parti-
cular system.

e Knowing the system’s console keys,
switches, and lights.

Ability

It is possible to have the knowledge ofa given
system without having the ability to operate it.
Knowledge can be obtained through various sour-
ces, but ability comes only from experience.An
EDP operator must have the ability to:

e Display the contents of accumulators, re-
gisters, or any particular position of
storage.

o Trace the path of data, or instructions,
within the CPU.

o Restart the system in case of unscheduled
interrupts or halts.

® Give the status of the system atanygiven
moment,

In addition to complete familiarity with the
system, console operators should be completely
familiar with the various utility and assembly
programs used in the installation.

Operating logs should be kept on the console
to indicate which programs are run, time start-
ed, time finished, which peripheral equipments
are used, etc. Oncertain systemsthese logs may
be kept by the use of the console typewriter.

Operating logs or records are invaluable and
are used for various time utilization reports and
a history of the operation,

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 bythe 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 ene-
mies of magnetic tape. Maximum accuracy of
tape reading and writing operations canbe great-
ly reduced or prevented by their presence.
Proper cleaning of tape units, careful tape hand-
ling, clean operating spaces, and proper tape
stowage can prolong the usable life of magnetic
tape.

Loading and Unloading Tape Units

Each type of magnetic tape transport unit has
its own routine for loading and unloading that
are performed in accordance with the rules
tailored for each specific type. This situation
precludes the establishment of any set rulesfor
loading and unloading magnetic tape. However,
there are some general guidelines which should
be observed during any loading or unloading
routine. These guidelines are listed as follows:

1. Prior to loading a file reel, determine if
the reel should have the file protection device
inserted or removed (fig. 13-3). A tape reel
MUST have the file protectiondevice INSERTED
to permit writing on the tape.

2. Exercise due caution to ensure that the
tape reel is properly mounted. Reels which are
not mounted correctly may cause the edge ofthe
tape to receive undue wear and become burred.
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< KITE. THIS EANS THAT A REEL OF TAPE
RING 1S INSERTED IN THE REEL

REMEMBER THE SIMPLE RULE: NO RING
CANNOT BE #RITT EN ON UNLESS THE
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Figure 13-3.—Tape reel showing file protection
method.

Burring causes one edge of the tape to be slightly
thicker than the other, and intime the edge of the
tape will be permanently stretched and will pre-
sent a wavy appearance. Continued use of such
tapes proves unpredictable and generally un-
satisfactory; errors during reading, usually ran-
dom and nonrepetitive, are encountered.

3. Follow the procedures prescribed for the
particular unit when loading reels, whenthread-
ing the tape from the file reel to the machine
reel, and when unloading reels. The exact pro-
cedures will be demonstrated by your super-
visor, or, if necessary, can be obtained from the
appropriate reference manuals of the tape trans-
port manufacturer.

4. When a tape reelisremoved, determine if
it is toreceive afile protection device and if it is
labeled correctly. Place the reel in a container
and stow in accordance with established proce-
dures for the installation.

Handling Tape Reels

Information is recorded on magnetic tape to
within .024 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
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should be avoided whenever possible. Protec-
tion of magnetic tape can be increased by
observing and enforcing the following rules:

1. Tape reels should be handled near the cen-
ter, 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 securelytopre-
vent the reel from wobbling during reading and
writing operations.

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

5. When storing tape reels, use the manufac-
turer-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. Never use the top ofatapeunitas a work-
ing area. Materials placed ontop of the units are
exposed to heat and dust from the blowersin the
unit, Interference with tape unit cooling willalso
result,

9. Always follow the rulesandproceduresas
established by your activity or installation.

CAUTION

The glass access door to the tape unit must
be closed for the unit to operate. If the door is
opened during processing, the tape unit will stop.

DO NOT open the access door during a high-
speed wind or rewind. This sudden stop could
break or damage the magnetic tape.

Irregular Winding.—Astape 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, pro-
duces the slightly irregular wind due toair being
trapped between adjacent layers of tape. Thisin
itself will not cause improper operation of the
tape, but it requiresthat proper care inthe hand-
ling be,exercised by all operators.
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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 producesthe same effect.
In either case, the reel behaves as though it
were warped, and the edges of the tape can be
damaged,

Tape Markers

If, during the mounting of atape youdiscover
that there is no load-point marker, one must be
put on the tape. There also must be an end-of-
tape marker at the other end of the tape. The
markers are small pieces of transparent plastic
with a thin film of aluminum on one side. Pres-
sure-sensitive adhesive covers the aluminum
film so that the markers can be pressed onto
the tape.

The load-point marker (fig. 13-4) is placed
at least 10 feet or more from the beginning of
the tape to provide a leader for threading the
tape on the tape unit. This marker is placed on
the uncoated (shiny) side of the tape, parallel
to, and not more than 1/32 of an inch from, the
edge of the tape which is nearest the operator
when the reel is loaded.

49,367
Figure 13-4,~Load point marker.

The end-of-tape marker (fig, 13-5) isplaced
at least 14 feet from the end of the tape to pro-
vide 10 feet of leader and 4 feet for the record-
ing of data after the end-of-tape marker is
sensed, This marker is placed on the uncoated
side of the tape, parallel to, and not more than
1/32 of an inch from, the edge of the tape which
is nearest the tape unit when the reel is loaded,

49,368
Figure 13-5.—~End-of-tape marker,

MAGNETIC TAPE LIBRARY

Each computer center that utilizes magnetic
tape records should have a tape library for pro-~
per control and storage of magnetictapes, A tape
library may contain relatively few reels of mag-
netic tapes or it may contain several thousand.
In any case, these reels containvital records, and
an adequate system of control is essentialinthe
filing and maintenance of tape records. A tape
librarian, as designated, is the custodian of all
tape reels in the library.

As the tape librarian you should be familiar
with the procedures in maintaining a tape library.
Before the types of records and controls are
discussed, let’s get an idea of some of the duties
a tape librarian may be required toaccomplish;:

® Retrieve and file magnetic tapes in ac-
cordance with schedule.

® Maintain and physically inventory tape
files.

e Control tape reels on a rotational basis,
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e Prepare tape usage reports.

e Maintain tape reel use logs, tape labels,
and associated files.

¢ Maintain control of certain required data
and program files,

o Test tapes for quality, clean tapes, and
degausse tapes according to schedule or upon
release by programmers.

e Make recommendations concerning the
disposition of faulty or damaged tapes.

e File all library material in a neat orga-
nized, uniform manner,

LIBRARY CONTROLS

Procedures and controls for adequately op-
erating a tape library must be established and
maintained if maximum and efficient usage is
to be realized from magnetic tapes. The follow-
ing should be provided for through efficient tape
library controls:

® A quick means for physicallylocating any
reel of tape in the library. Each reel should be
identified with the file number and reel number,
since there may be more than one reel per tape
file.

e If a file or reelisabsent from the library,
the name of the person to whom it was issued
should be recorded,

e Identifying scratch date expirations so
that tape reels may be released for reuse. A
scratch date is the date that the data recorded
on a particular tape is no longer required.

e Maintenance of records written in con-
cise, easily understood terms, and requiring a
minimum number of entries.

Library controls for magnetic tapes may be
set up in various ways as long as they provide
the proper control of all tape reels in the com-
puter center. It must be remembered, however,
that each time the tape status changes, all re-
cords pertaining to that tape must be changed
accordingly, Following is one system which may
be used to meet these requirements, and is en-
tended only to provide basic ideasandguidelines
for maintaining a magnetic tape library.

EXTERNAL TAPE LABELS

Every reel of magnetic tape must be correctly
labeled. This is accomplished by the use of two
external labels which every reel must have.
These are called permanent reel andtemporary
file labels.

Permanent Reel Label

The permanent reel label, in this case, is a
paper label with adhesive backing that is phy-
sically attached to the side of new reels.An ex-
ample of this type of label is shown in fig-
ure 13-6. Information included on this label is:

Serial number of the reel,
Current length of the tape.
o Date received from the manufacturer.

REEL IDENTIFICATION

SERIAL NO.
LENGTH
DATE RECEIVED

49.319
Figure 13-6.—Permanent reel label.

This label is never removed from the reel.
Each tape is assigned a sequential cabinet slot
number which shows the permanent storage po-
sition for that tape.

Temporary File Label

The temporary file label (fig, 13-7) maybea
three-part form consisting of one buff copy, one
colored copy, and a white tape label with adhesive
backing,

REEL NUMOER l CLASSI7IGATION ’ LocaTioN

REEL NUMBER

[cuasnirioanion Trooation

F_nc;mnn

PROGRAMMER'S LABT NAME

REEL NUMBER CLABSIFICATION

PROVECT NUMBER

TiTLE oATE/TIME

RETENTION PERIOD

7 20 30 [T s [ 90 1 180
TAPE LIBRARY CONTROL RECORD
NDW-NAVCOSSACT 5230/43 (4.65)
49.320

Figure 13-7.—Temporary file label.
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The form is hand prepared on all newlygen-
erated tapes, showing the reel number, classi-
fication, cabinet slot number, programmer’s
name, identification, the date the tape was
created, and the retention period, which is the
number of days the tape must be saved before
it can go back into the scratch pool. (A scratch
tape is a reel of tape on which new information
may be written.)

The white tape label is affixed to the reel of
magnetic tape, the programmer receives the buff
copy for his records, and the tape librariangets
the colored copy.

The tape librarian uses his copy as a source
document to be keypunched and interpreted. Once
keypunched, the card is filed in the master card
file and the document may be kept for historical
records, or destroyed. In order to keep the file
up to date, this procedure should be followed
every day, in order to provide easy and prompt
access to any tape by the tape librarian.

A reel which has a temporary file label on
it must have the file protect ring removed im-
mediately.

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. Inapplications involv-
ing magnetic tape the operator cannot draw from
a file of new tape reels each time he is to per-
form 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 ex-
panded or new operations, or to meet require~
ments unforseen in the original planning., The
principal source of magnetic tapes, for writing
operations in an operational system, isprovided
through scratch (nonrecord) tapes containing
data no longer needed.

One method of controlling available tapes for
writing operations involves setting up the tape
records on punched cards and maintaining all
cards representing record tapes in one file and
all cards for scratch tapes in a separate file.
Periodic listings for audit and control purposes
can be obtained when library records are in the
form of punched cards.
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Save Tapes

When the librarian gets a request to use a
save tape, the master card is extracted from
the save tape card file and is filed in the tapes
out of library file using reel number for the
sequence. The tape reel istakenfrom its cabinet
slot and sent to the computer floor for use. When
the job is completed, the tape reelisreturned to
the library and filed in the appropriate cabinet
slot if it is to be saved. The master card is re-
moved from the tapes out of the library file and
returned to the master file,

Deletion of Saved Tapes

It is essential that each tape reel or file be
made available when its contentsare outdatedor
no longer required if an adequate supply of
scratch tape is to be assured.

Whenever a programmer wants to release a
tape saved by him he can sign the buff colored
form that he received as his record when the
tape was created and give ittothetape librarian
to delete.

Another method that can be employed is to
produce listings from the master save tape file
on a regular basis (weekly, biweekly, etc.), by
programmer sequence, with each programmer
on a new page, indicating reel number andiden-~
tification. All tapes saved by each user would
be grouped together, and upon delivery, he may
review the listing to determine whichtapeshave
reached the end of their usefulness and may be
scratched.

In all cases, the tape librarian upon receipt
of the properly signed buff form or listing re-
moves the card from the master file and stamps
it as being deleted. The master card is sent to
keypunch and the deletion date is punched. The
master card is then filed in the deleted file. The
save tape is removed from its cabinet slot, the
temporary tape labels are removed, the file pro-
tect ring is inserted, and the tape is now avail-
able to the scratch pool.

SHIPPING MAGNETIC TAPE

When magnetic tapes are to be shippedtoan-
other activity, place them in containersand seal
each inaplastic bag. Additional protection should
be provided by packing each tape in individual
stiff cardboard shipping cartons.

Ordinary plastic bags that can be sealed with
a hot iron and shipping cartons can be obtained
from the local magnetic tape vendor.
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TAPE CLEANING

Tape failures onyour activity’s computer can
be extremely costly. Careful maintenance of
magnetic tape will minimize or even possibly
eliminate lost computer time.

The first step in every magnetic tape main-
tenance program is obviously careful cleaning.
The majority of all tape errors result from
contaminants which collect on all magnetic tape
in normal computer use. This debris is com-
posed mainly of fragments of oxide or backing
material dislodged from the tape itself. These
particles of ‘‘self dirt’’ cause loss of contact
(DROPOUT) between the computer read/write
heads and the surface of the tape. The largest
source of such surface dirt is the tape edge.

An effective method of cleaning tape is by
using a Magnetic Tape Cleaner similar to the
tabletop model shown in figure 13-8, which will
clean a 2400-foot tape in approximately six
minutes.

PHOTO ELECTRIC
SWITCH

WIPING
ASSEMBLY

> & .7

A rotating cleaning blade skims off imbedded

oxide lumps, dirt, and other foreign particles.

Loosened dirt is removed from the tape by wiping
assemblies on each side of the blade, which are

mounted on turrets. When the end-of-tape

marker is sensedbythe photoelectric switch, the
tape automatically reverses and the wiper
turrets adjust tothe newtapetraveldirectionand
clean the entire length of tape inthe opposite di-

rection. The wiping tissue is made of a special
texture fabric and mounted on spools.

It is important that wiping material be chan-
ged frequently at the point of contact with the tape
in order to avoid entrapment and retention of
abrasive dirt particles at the tape surface being
wiped.

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

CLEANING BLADE
(NOT SHOWN)

WIPING
o ASSEMBLY
e creu 0N stor.
. ¢ @
g ? T =
49.369X

Figure 13-8.—GKI magnetic tape cleaner.
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results, 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
processing 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 assurance that all 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 maybe nec-
essary 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
determined by the requirement of each activity,
however in all instances the following areas
should be covered:

A ssurance thatall input data are accurate.
Arrangement of data in a formbest suited
for use by the computer.

Assurance that all data are complete and
not duplicated.

Provide a means of auditing the steps of
the procedure so that inthe eventof error
or inconsistency the trouble may be
located with minimum lost time.

SYSTEMS CHECKS

Systems checks are controls, withinthe com-
puter system, designed to control the overall
operation of a data processing procedure. Sys-
tems 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
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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 thisisless costlythan
designing a procedure without the required
controls.

Procedure requiring strict accounting con~
trols with provision for audit trailsrequiresthat
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
may be used more sparingly. Some specific sys-
tems checks are discussed inthe following para-
graphs.

Record Counts and Control Totals

Record counts and control totals are estab-
lished 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 inthe
case of magnetic tape, the count is established
when the file is written. At the end of the file
or reel the number of records is carriedas a
control total, Adjustments are made to the con-
trol 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 adjustedtotal
as the case may be. If the counts are in agree-
ment it is accepted asproof thatall 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 record
has been processed more than once. Therefore,
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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 errorbecause
once written on tape, a record cannot be mis-
placed 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, inapayroll application, employees
total hours worked can be preestablished from
clock or job-card records, This figure then be-
comes the control total for all subsequent
reports. Totals may be broken down into differ-
ent control groups, such as work centers and
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 corrective action
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 usedto check on computer operations
as well as a systems check., The proof figure is
normally carried as additional information in a
record. Multiplication in a procedure may be
checked by proof figures, Asanexample of proof
figures used in multiplication, let’s use the units
of hours worked by hourly rate for 1 week. The
relationship between actual earnings and a fixed
ceiling cost (proof cost) is the basis for this
check, A fixed figure (X) larger than the maxi-
mum scale is set up. If the maximum scale for
an 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:
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X = proof cost + actual cost

Each record carries the proof cost asanex-
tra factor. X is placed in storage, as a constant
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, quan-
tity x cost, and quantity x proof cost, Once these
calculations are completed up to this point, it
is possible to check the sums ( $ ) of all
factors accumulated as follows:

> (aty x cost) + I (qty x proof cost) =
. Slaty x X)

To check the left side ofthe equation, merely
add the two progressive totalsthat havebeenac-
cumulated during processing. Multiplication 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 performed cor-
rectly,

Tape and Disk Labels

Information recorded at the beginning and/or
ending of a reel of magnetic tape are called the
header label and the trailer label, respectively.
They are used for proper file identification, The
label may specify or identify the jobtotaland/or
number, the last processing date, reel number,
and so on,

While tapes may have both a header anda
trailer label located physically before and after
the data, disk labels can appear physically any-
where on the volume, as long as the user spec-
ifies where it is located.

As an added control, to ensure that the pro-
per records have been processed, the labelsare
read into storage at the beginning and/or end of
a program., The labels may also be used to en-
sure 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 beginning, or first in-
structions, of every program and is intended to
perform housekeeping functions prior to
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processing. These functions may include: setting
program switches, moving constants, setting up
print area, clearing accumulators or registers,
et cetera, Also systems checks may be per-
formed by housekeeping instructions. These in-
clude testing to determine if all required input-
output devices are attached to the systems and
are ready for operation. Housekeeping instruc-
tions may calculate constant factors, file labels
may be updated and checked, and other informa-
tion pertinent to the proper operation of the
system may, through programmed instructions,
be brought to the attention of the operator.

Checkpoints and Restart Procedures

A procedure for establishing checkpoints is
a programmed checking routine performed at
designated processing intervals or check points.
The purpose of this routine is to determine if
processing has been performed correctly up to
a designated checkpoint. Once a checkpoint
has been reached by the machine and process-
ing up to that point has been performed cor-
rectly, the status of the machine is recorded,
usually on magnetic tape. The normal process-
ing procedure is then continued until the next
checkpoint is reached.

Checkpoint 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 checkpoint at
which the work is known to be correct and the
portion that was not performed correctly is
discarded.

A restart procedure:

1. Restores the computer’s storage to its
status at the preceding checkpoint. This may
include reloading the program itself, resetting
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
checkpoint, Card units and printers must be
manually adjusted; tape files are rewound or
backspaced automatically.

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

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. Restart provisionsare
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 andaccuracy 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. These in-
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 prevent unneces-
sary interruptions of 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
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 in-
dicators include conditions such as: blown
fuses, air or humidity conditionsbeyondthe pre-
scribed limits, broken magnetic tapes, or card
jams. All these cases must be brought to the
operator’s attention immediatelyand, therefore,
cause the system to halt.
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MAINTENANCE

You, as a machine operator, should as-
certain to the best of your ability that all
machines operated by you are in good working
order. Many production hours are lost redoing
jobs performed inefficiently by operators who
are unaware of machine failures that occur
during a processing phase. This can be at-
tributed to poor operating habits. Such habits
can also be the direct cause of machine break-
downs, which result in the work schedule falling
behind and excessive periods of remedial main-
tenance (DOWN TIME) by customer engineers
or Data Systems Technicians.

Your compliance with the rules previously
listed for machine operating can reduce many
of these nonproductive hours.

MAINTENANCE OF EQUIPMENT

As a general rule, ADP equipment installed
on a rental basis ashore is maintained by
customer engineers of the supplying company.
As the customer, the data processing installa-
tion has certain responsibilities to the company
in utilizing the equipment, As the supplier, the
company has certain responsibilities to the
customer in maintaining the equipment. Co-
operation and understanding on the part of both
the customer and the supplier are necessary
to obtain the maximum available machine utili-
zation time.

Schedules are established to provide
customer engineers/technicians with the neces-
sary time for accomplishing routine machine
inspections and internal preventive maintenance
(sometimes referred to as “PM”’),

The responsibility for maintenance of equip~
ment installed aboard ship, whether it be pur-
chased or rented, lies with the Government.
Repairs are performed by qualified shipboard
Data Processing Technicians, Data Systems
Technicians, and in some cases, Electronics
Technicians.

EAM Operational Failures

When a machine fails to operate properly,
your first step is to determine the cause of
operational failure. Following a reasonable
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amount of operating experience, you should be
able to remedy simple causes, such as a sort
brush not properly timed, switches set incor-
rectly, or control panels improperly wired. The
diagnosis of failures becomes more complex
when the trouble appears to be INSIDE the
machine. These inner failures usually are one
of two types; those you can remedy and those
requiring the attention of a customer engineer,
Typical failures you should be able to diagnose
and remedy are reading brushes not firmly in
place, brushes worn or frayed, loose punching
dies, blown fuses, and card jams., Failures
requiring the attention of a customer engineer
include those attributed to wornpartsandgears,
malfunctioning relays, broken belts, and im-
proper machine timing, If you cannot determine
the cause of operational failure, or if you cannot
remedy the situation after the cause is deter-
mined, you should immediately inform your
supervisor.

Diagnostic Maintenance Programs

Even with the built-in accuracy inherent
in electronic data processing systems, they
cannot go on forever without attention, Certain
parts or devices must be inspectedand serviced
at regular intervals to ensure that the equip-
ment continues functioning properly.

The manufacturer may have a diagnostic
routine specifically designed for testing all
major features and devices, although it is
almost impossible to test every individual com-
ponent, Such routines run anywhere from five
minutes to a half an hour, depending upon the
system, and the diagnostics program,

Testing of equipment should be done daily
with maintenance engineers readily available
to find and correct equipment malfunctions
during the operation.

INSTALLATION MAINTENANCE

The efficiency of a data processing installa-
tion is often judged by its appearance. Although
every installation has certain maintenance pro-
cedures, some procedures are common to all,

You can help maintain a neat appearance
by observing a few simple rules of good house-
keeping.
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e Keep cards, magnetic tapes, wires, and o If you have desk, deep it neat, Do not
paper forms in their proper stowage when clutter it up with a lot of unnecessary
not in use. material.

e Place discarded paper and cardsinrecep-
tacles provided for them. e In general, abide by the well-knownadage,

@ Place control panels in their proper racks ‘‘a place for everything, and everything in
when not in use. its place.”
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CHAPTER 14

MAINTENANCE AND MATERIAL
MANAGEMENT SYSTEM (3M)

You should already be acquainted with the
Maintenance and Material Management (3-M)
System since it was discussed in the Military
Requirements For Petty Officer 3 & 2, NAV-
PERS 10056-B.

In order to refresh your memory on the
3-M System, a brief review is included in
the following pages.

The 3-M System, now implemented in the
fleet, is the Navy’s answer to the increased
complexity of naval systems, increased tempo
of fleet operations, and constant decline in
available human and material resources. Now,
more than ever, the most efficient manage-
ment of material and manpower is required
to maintain combat readiness of the U.S. Fleet.

‘‘Maintenance’’ by Department of Defense
definition and by all common sense rules,
includes ‘‘.. servicing, repair, modification,
modernization, overhaul, conversion, rebuild,
test, reclamation, inspection and condition de-
termination, and the initial provisioning and
reprovisioning of support items.’’

Thus it is apparent that ‘“maintenance’’
covers just about every aspect of effort con-
cerned with Navy hardware after the initial
procurement stages; and it may even be in-
volved in those earlier stages as a result
of design, reliability, or maintainability studies.

‘‘Maintenance Management’”’ by definition
not only includes supervision of actual main-
tenance actions or effort, but it also includes
all forms of effort to plan for, and support,
the maintenance efforts. In brief, a maintenance
manager is anyone who makes decisions that
affect maintenance or the support of mainte-
nance.

The basic purpose of the 3-M System is
to increase the operational readiness of the
fleet through a planned system of scheduled
(preventive) maintenance. To accomplish this
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objective, the 3-M System standardizes
preventive maintenance requirements, proce-
dures, and reports ona fleetwide basis. Although
the 3-M System standardizes preventive main-
tenance, it also establishes specific mainte-
nance requirements for the system, subsystems,
and equipment on each ship. In other words,
the 3-M System is individually tailored to
each ship. Maintenance requirements are made
specific for every system, subsystem, and
component that is actually found on the ship.

The 3-M Systemis relatively simple, logical,
and easy to follow. Like most systems, how-
ever, this one is not foolproof and it will not
run by itself. As a petty officer, your re-
sponsibilities will include:

1, Understanding what the 3-M System is
designed to accomplish and understanding some
of the operations of the system.

2, Keeping yourself informed of changes
that occur in the 3-M System.

The basic sources of information are:

o Maintenance and Material Management
3-M Manual, OPNAV 43P2. This manual pre-
scribes policies and procedures for the manage-
ment and reporting of maintenance of ships
of the Operating Forces.

e Data Processing Manual for the mainte-
nance and material management system, avia-
tion and shipboard.

o OPNAYV Instructions and Directives issued
by the type commander (TYCOM).

o Equipment Identification Code Manual:
The EIC manual provides a method of encoding
ship "equipment that is subject to maintenance
practices.

In data processing applications, it is de-
sirable to have a coding system because an
assembly, system, or even a component can
be identified by a seven-character code, thus
avoiding vague or ambiguous descriptions or
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noun names. You can see in the following
example that these codes are designed to
permit inclusion of extensive information in
a relatively small space.

EIC DESCRIPTION
AKO07030 Motor, AC, FAN, Heater Unit
AKO07031 Housing, Bearing
ZP01010 Main Steam Valve

The Kkeypunching, sorting, or any other
processing time is greatly reduced by utiliza-
tion of the equipment ID codes.

Inherent in the total 3-M System will be
a reduction of excessive paperwork. Most of
the forms and charts used in the system re-
quire only pen or pencil entries, and are main-
tained by the maintenance group supervisor.

DATA SERVICES

The 3-M System is made feasible mainly
by the availability of data processing equip-

ment which makes it possible to collect and
analyze data in time to effect performance
of existing equipments and overall mainte-
nance procedures.

You, as a DP, could be assigned to Data
Services, which is the activity that converts
documented data into data processing records
and utilizes these records to produce machine
reports, listings, and punched/interpreted
cards.

Maintenance and material management data
will be forwarded from maintenance and supply
activities to data processing facilities that have
the capabilities of either an IBM 407 accounting
machine, or the AN/UYK-5 (V) ADP System
(UNIVAC 1500 series of computing equipments,
shown in figure 14-1). These installations
process the 3-M data.

ANALYSIS SECTION

An analysis section is established in each
activity and is charged with the responsibility
to monitor and control the 3-M System in an
orderly and efficient manner. The analysis
section serves as the contact point for the data

/"COMPUTER & CONTROL UNIT

/— HIGH-SPEED PRINTER

CARD PROCESSING UNIT
INPUT/OUTPUT UNIT

ANCILLARY EQUIPMENT

120.100(124A)

Figure 14-1,—AN/UYK-5 (V) ADP System Installation Configuration.
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services, and coordinates with data services in
the day-to-day system operation and data flow,

Data Accuracy

The entries on most source documents re-
ceived by data services will be handwritten.
Handwritten data is often difficult for a keypunch
operator to interpret, If there is doubt concern-
ing interpretation of data, the document should
be rejected for correction and/or clarifica-
tion and resubmitted. Daily machine reports
are provided to the analysis section to check
reporting and processing accuracy. To ensure
that proper emphasis will be placed on careful
preparation of source documents, illegible, in-
valid, or incomplete source documents must
be rejected.

It is your responsibility as a petty officer
to make the analysis section aware of the prob-
lems involved in preparing documents in a ma-~
chine processable form (keypunching, etc.), and
insist upon proper screening and document re-
jection practices in the analyst section,

MASTER INSTRUCTION TAPE (MIT)

The Fleet Work Study Group, Atlantic
(FWSGLANT) has the responsibility to furnish
AN/UYK-5 (V) ADP System activities afloat
with a MIT (Master Instruction Tape) that
contains all the programs used in the 3-M
System. Revision, addition, or deletions to the
MIT are accomplished only by the highly skilled
programmers and analysts at FWSGLANT.

When FWSGLANT makes a revision to the
3-M System programs, an updated MIT is for-
warded to each activity, Included with the MIT
are operator guides, cardformats, tape formats,
specifications, and sample reports to provide
the user with information necessary to sucess-
fully run the programs on the tape.

Extreme care must be used in the main-
tenance and handling of the MIT. At least
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one back-up copy of the MIT must be main-
tained at each activity. In the event the work-
ing MIT is damaged and cannot be used, the
first step to take is to duplicate the back-up
MIT. Sensible procedures dictate thatanactivity
should never attempt to operate with only one
copy of the MIT,

REPORTS

The reports that are produced are ever-
changing, but the overall objectives of some
of them are:

o To keep track of the man-hours used in
certain labor classifications for distribution of
personnel and workloads,

o To keep track of material usage and cost
of any one type of equipment.

e How many man-hours it takes to keep a
certain type of equipment operationally ready.

o Reasons for equipments not being
operationally ready.

e To obtain the repair time on individual
pieces of equipment,

Example Objective

The Maintenance Data Reporting (MDR) Sys-
tem used in the Naval Aviation System is used
to obtain the malfunctions and the repair time on
any one type of equipment tobe usedin research
for modifying this equipment, For example:

o Equipment XYZ has to be constantly re-
paired because valve No. 2 keeps splitting, Valve
No. 2 is made of number 3 aluminum which
can stand 300 lbs of pressure per square inch
when new, After 36 hours of actual use time,
valve No. 2 can stand only 150 lbs of pressure
per square inch,

SOLUTION- Valve No. 2 is nowbeing made of
number 14 aluminum compound which will stand
300 1bs of pressure even after 100 hours of use.
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Accounting machines, 195-219
control panel wiring, 204-217
addition, 211-213
printing, 207-209
character emitting, 209
spacing, 209
zero printing, 209
program control, 204-207
selection, 209
subtraction, 213-215
summary punching, 215-217
form control, 218
operating features, 196-199
feed back, 198
machine controls, 196-198
print unit, 198
operating suggestions, 203
tape controlled carriage, 199-203
carriage tape, 200-203
operating features, 200
Accounting machines, record equipment, 23
ADP equipment, 295-298
card rules, 296
console, operating the, 297
machine rules, 295
magnetic tape, handling, 297
Advancement, 1-9
advancement in rating, 3
qualifying for, 3-6
preparing for, 6-9
NavPers 10052, 7
Quals Manual, 6
Rate Training Manuals, 7-9
record of practical factors, 6
Data Processing Technician Rating,
DP assignment, 2
enlisted rating structure, 1
information, sources of, 9
training films, 9
Advancement in rating, 3
Alphabetic, card language, 16
Autocoder, 292
Automatic data processing, 10-52
electronic accounting versus electronic data
processing, 48-52
electronic data processing, 39-48
card oriented system, 47
computer, 41-47
data processing by EDP, 39
electronic brain, 39
real time processing systems, 47
tape oriented system, 47
time sharing, 48

1-3
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Automatic data processing—continued
punched card accounting, 11-48
control panel—‘The Heart of EAM’’, 36-39
EAM Data Processing, 12
fundamentals of EAM accounting, 29-36
basic elements, 29-31
basic principles, 29
machine processing, 31
punched card, 140-21
tools of punched card accounting, 21-29
auxiliary unit record equipment, 23-29
basic unit record equipment, 23
conversion of data, 21
electronic unit record equipment, 29
output of data, 22
processing of data, 22
raw data to input data, 21
record keeping, 10
electronic data processing, 11
key-driven accounting, 10
pencil and paper accounting, 10
punched card accounting, 11
Automatic punches, 119-144
document originating machine, type 519, 135-
144
control panel wiring, 135-144
end printing, 140
gangpunching, 138-140
reproducing, 135-138
special devices, 144
summary punching, 141
reproducing punch, type 514, 120-135
control panel wiring, 123-133
double punch and bank column detec-
tion, 132
X elimination of transfer, 124-128
emitting, 132
gangpunching and comparing, 128
mark sensing, 132
offset intersperse gangpunching, 130
offset intersperse gangpunching com-
paring, 130
selective reproducing and comparing,
124
straight intersperse gangpunching and
comparing, 128
straight reproducing and comparing,
123
summary punching, 130-132
operating features, 120-123
comparing unit, 121
functional switches, 122
punching unit, 120
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Automatic punches--continued
reading unit, 120
operating suggestions, 133-135
Auxiliary unit record equipment, 23-29
collators, 27-29
interpreters, 23-2'7
reproducers, 27

Card punches, verifiers, data communication—
continued

automatic verification, 69
keyboards, 69
data communication, 73
data transceiver, type 66, 73-80
card unit, 74-78
control unit, 74-77
program unit, 77
error correction, 79

Basic elements, EAM, 29-31 operating notes, 79

Basic principles, EAM, 29

Basic unit record equipment
accounting machines, 23
card punches, 23

operating procedure, 78
signal units, 73
operating procedures, verifiers, 70

operating suggestions, card punches, 65-68

card verifier, 23 operating suggestions, key punches, 70-73

sorters, 23
Buffers, 265

Card design, 19
Card language, 15
alphabetic, 16
numeric, 16
special characters, 16
Card oriented system, 47
Card punches, record equipment, 23

Card punches, verifiers, data communication,

53-80
card punches, 53
card punches, types 24 and 26, 53-61
backspace key, 54
card hopper, 53
card stacker, 54
column indicator, 55
keyboards, 55-58
function control switches, 58
functional keys, 56
punching keys, 57
space bar, 57
switch, main line, 54
pressure roll release lever, 55
program unit, 58-61
alternate program, 59-61
program card, 58
program control lever, 61
program drum, 61
punching station, 53
reading station, 54
card punch, type 29, 61-65
card stackers, 62
keyboards, 62-65
functional control switches, 65
functional keys, 63-65
main line switch, 62
program unit, 65
card verifiers, 68
card verifiers, type 56, 68
combination keyboard, 68
ertror light, 68
verifying station, 68
card verifiers, type 59, 69
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Card sorters, 81-99
card sorter, type 82, 82-84
card sorter, type 83, 92-97
card sorter, type 84, 96

special features (added to sorters), 97

Card, types of, 19
dual, 19
mark sense, 19
output, 19
special, 19
transcript, 19
Card verifiers, 68
Card verifier, record equipment, 23
Card verifiers, type 56, 68
combination keyboard, 68
function control switches, 68
error light, 68
verifying station, 68
Card verifiers, type 59, 69
automatic verification, 69
keyboards, 69

Checks—operating and procedures, 302-306

data control checks, 303
machine checks, 305
systems checks, 303-305

checkpoint and restart procedures, 305

housekeeping checks, 304
proof figures, 304

record counts and control totals, 303

tape and disk labels, 304
COBOL, 293
Collators, 145-194
type 85, 146-169
control panel wiring, 151-167
basic setup switches, 161
blank column detection, 166
card selection, 163-166
checking sequence, 152-157
matching, 159-161
merging, 152

merging with selection, 157-159

run-out card feeding, 161
operating features, 147

card feed units, 147

pockets, 147

operation, principles of, 148-151
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Collators—continued
control panel hubs, 148-151
schematic diagram, 148
operating suggestions, 167-169
type 87, 169
type 88, 169-184
control panel wiring, 173-184
card selection, 179-182
checking sequence, 173-175
editing, 182
matching, 179
merging, 175
merging with selection, 175-179
operating features, 169-172
card feed units, 172
pockets, 172
operation principles of, 172
basic machine control, 172
control panel, 172
schematic diagram, 172
type 188, 185-194
control panel wiring, 190-194
checking sequence, 190
matching, 192-194
merging, 190
merging with selection, 191
operating features, 185
feed stop lights, 185
operation principles of, 186-190
control panel, 187-190
schematic diagram, 186
storage units, 186
Collators, card accounting, 27-29
Computer—
how does it work, 43
input, 43
output, 45
processing, 44
tools of a computer, 45
hardware, 45
software, 47
what is a computer, 41
what makes a computer work, 41
Control and operation, 295-307
ADP equipment, 295-298
cautions, 298
checks—operating and procedures, 302-306
maintenance, 306
magnetic tape library, 299-302
Control panel hubs, types of, 38
Control panel—‘“The Heart of EAM’’, 36-39
control panel hubs, types of, 38
purpose of, 36
types of, 36
Control panel wiring accounting machines, 204-
217
addition, 211-213
printing, 207-209
character emitting, 209
spacing, 209
zero printing, 209
program control, 204-207

Control panel wiring accounting machines—
continued
selection, 209
subtraction, 213-215
summary punching, 215-217
Control unit, data transceiver, type 66, 74-77
Conversion of data, 21
Cycle concept, 34

Data buffering, 265

Data communication, 73

Data communication, card punches, verifiers,
53-80
card punches, 53
card punches, types 24 and 26, 53-61
card punch, type 29, 61-65
card verifiers, 68
card verifiers, type 56, 68
card verifiers, type 59, 69
data communication, 73
data transceiver, type 66, 73-80
operating procedures, verifiers, 70
operating suggestions, card punches, 65-68
operating suggestions, key punches, 70-73

Data flow, 271-278
flowchart, development of, 278
flowchart symbols, 272
flowcharting template, 271
program flowchart, 276-278
system flowchart, 275
unit record flowchart, 274

Data flow and procedures, 267-278
data flow, 271-278
procedures, 267-271

Data processing, automatic, 10-52
electronic data processing, 39-48
punched card accounting, 11-48
record keeping, 10

Data processing by EDP, 39

Data processing, electronic, 220-244
central processing unit, 235-238
computers, classification of, 220-222
computer coding systems, 228
conversion of numbering system, 226-228
data numbering systems, 223-229
data storage, 229-235
processing with the console, 242-244
processing methods, 238-240
processing with the stored program, 240-

242

Data Processing Technician Rating, 1-3
DP assignment, 2
enlisted rating structure, 1

Data recording media, 245-248
magnetic ink characters, 248
magnetic tape, 247
optically read characters, 248
punched cards, 245
visual output, 248

Data transceiver, type 66, 73-80
card unit, 74-78
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Data transceiver, type-—continued
error correction, 79
operating notes, 79
operating procedure, 78
signal units, 73

Devices, input/output, 248-265
card punches, 251

. card readers, 250
consoles, 257
magnetic character readers, 252-255
magnetic tape units, 258-265
optical character readers, 255
paper tape punch, 252
paper tape readers, 252
reading and writing, 249

Documentation and programming, 279-294
fundamentals of, 279-287
program documentation, 293
programming systems, 292
software, 287-292

DP assignment, 2

Dual cards, 19

EAM Accounting, fundamentals, 29-36
Electronic accounting versus electronic data
processing, 48-52
scope of data processing, 52
Electronic brain, 39
Electronic data processing, 220-244
central processing unit, 235-238
arithmetic/logic section, 235
control section, 235
functional units, 236
machine cycles, 236-238
computers, classification of, 220-222
computer coding systems, 228
conversion of numbering system, 226-228
binary to decimal, 227
binary to octal to decimal, 228
decimal to octal, 227
octal to binary, 228
octal to decimal, 227
data numbering systems, 223-229
binary numbering system, 224
decimal system, 224
octal numbering system, 225
data storage, 229-235
types of
magnetic core, 231
magnetic disk, 233
magnetic drum, 232
thin film, 234
processing with the console, 242-244
processing methods, 238-240
fixed and variable word length, 240
in-line, (direct access), 239
serial and parallel operation, 239
processing with the stored program, 240-
242
Electronic unit record equipment, 29
UNIVAC 1004 Card Processor, 29
Enlisted rating structure, 1
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FORTRAN, 293
Fundamentals of EAM accounting, 29-36
basic elements, 29-31
basic principles, 29
machine processing, principles of, 31
¢ycle concept, 34
multiple column reading, 34
reading the card, 31-33
theory of timing, 34
timing as a character recognition, 33
timing charts, 34-36

Hardware, computer, 45

Information arrangement, data processing, 21
Information, sources of, 9
training films, 9
Input/Output, 245-266
data buffering, 265
data recording media, 245-248
magnetic ink characters, 248
magnetic tape, 247
optically read characters, 248
punched cards, 245
visual output, 248
input/output devices, 248-265
card punches, 251
card reader-punch-interpreter,
(CRPI), 252
card readers, 250
consoles, 257
magnetic character readers, 252-255
magnetic tape units, 258-265
binary code check, 262
file protection, 264
loading tape units, 259
magnetic tapes, reading from and
writing on, 260
tape markers, 264
tape recorded data check, 260-262
tape records, density and interrec-
ord gap, 262-264
optical character readers, 255
paper tape punch, 252
paper tape readers, 252
reading and writing, 249
Interpreters, 100-118
interpreter, type 548, 100-107
control panel wiring, principles of, 103-
105
normal printing, 103
selection, 104-106
elimination, 104
operating features, 100-103
hopper, 100
print unit, 102
printing position knob, 101
reading brushes, 102
ribbon, 103
stacker, 101
x brushes, terminal block, 103
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Interpreters—continued
operating suggestions, interpreter, 105
interpreter, type 557, 107-112

control panel wiring, principles of, 112-
118
column splits, 115
normal printing, 112
print suppression, 115
selection, 115-118
wiring, 115
zero print control, 112-115

operating features, 110
hopper, 112
print entry switch, lights, 112
print unit, 112
printing position dial, 111
proof indicator, 112
ribbon, 112
stacker, 112

Interpreters, card accounting, 23-27

Key-driven accounting, 10

Machine processing, principles of EAM, 31
cycle concept, 34
multiple column reading, 34
reading the card, 31-33
theory of timing, 34
timing as a character recognition, 33
timing charts, 34-36
Magnetic tape library, 299-302
controls, 300
shipping magnetic tape, 301
tape cleaning, 302
tape labels, external, 300
tapes, availability, 301
Maintenance and material management, (3-M),
308-310
data services, 309
Mark sense, cards, 19
Multiple column reading, 34

NavPers 10052, 7
Numerie, card language, 16

Operating features, accounting machines, 196-
199
feed back, 198
machine controls, 196-198
print unit, 198
Operating procedures, verifiers, 70
Operating suggestions, card punches, 65-68
checking registration, 66
corner cuts, 66
error correction, 66
inserting cards manually, 66
keyboard locking, 67
multiple punched columns, 66
program sensing mechanism, engaging the,
66
ribbon replacement, 67
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Operating suggestions, key punches, 70-73
inserting cards manually, 73
keyboard locking, 73
multiple punch verification, 70
OK notch, 71

Operation and control, 295-307
ADP Equipment, 295-298

card rules, 296
console, operating the, 297
machine rules, 295
magnetic tape, handling, 297
cautions, 298
irregular windings, 298
reel warpage, 299
tape markers, 299
checks—operating and procedures, 302-306
data control checks, 303
machine checks, 305
systems checks, 303-305
checkpoint and restart procedures,
305
housekeeping checks, 304
proof figures, 304
record counts and control totals, 303
tape and disk labels, 304
maintenance, 305
magnetic tape library, 299-302
controls, 300
shipping magnetic tape, 301
tape cleaning, 302
tape labels, external, 300
tape, availability, 301

Output/input, 245-266
data buffering, 265
data recording media, 245-248
input/output devices, 248-265

Output, cards, 19

Output of data, 22

Pencil and paper accounting, 10
Preparing for advancement, 6-9
NavPers 10052, 7
Quals Manual, 6
Rate Training Manuals, 7-9
record of practical factors, 6
Priority arrangement, data processing, 21
Procedures and data flow, 267-278
data flow, 271-278
procedures, 267-271
Processing of data, 22
Programming and documentation, 279-294
fundamentals of, 279-287
chaining instruction, 287
control registers, 286
instructions, 282-285
program development, 280-282
input specifications, 280
output specifications, 281
processing specifications, 281
storage addressing, 285
program documentation, 293
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Programming and documentation— continued
programming systems, 292
software, 287-292
executive routines, 289
programming language, 287-289
subroutines, 289
test data and debuggin, 291
utility programs, 291
Punched card accounting, 11-48
control panel—‘“The Heart of EAM”’,
39
EAM Data Processing, 12
fundamentals of EAM accounting, 29-36
Punches, automatic, 119-144
document originating machine, type 519,
135-144
reproducing punch, type 514, 120-135

36-

Qualifying for advancement, 3-6
Quals Manual, 6

Rate Training Manuals, 7-9
Raw data to input data, 21
Reading the card, 31-33
Real time processing systems, 47
Record keeping, 10
electronic data processing, 11
key-driven accounting, 10
pencil and paper accounting, 10
punched card accounting, 11
Record of practical factors, 6
Reproducers, card accounting, 27

Scope of data processing, 52
Signal units, data transceiver, type 66, 73
Software, computer, 47
Sorters, card, 81-99
card sorter, type 82-, 82-84
hand feed wheel, 84
machine controls, 82
operating suggestions, sorting, 90-92
cards jams, 90
checking and stocking cards, 91
handling cards, 90
soft brush, timing the, 91
operation principles, 85
pockets and pocket stops, 84
selection switches, 83
sort brush and column indicator, 83
sorting operations, 86-90
alphabetic block sorting, 89
alphabetic sorting, 88
block sorting, 87
control sorting, 86
numerical sorting, 86
selective sorting, 90
card sorter, type 83, 92-97
diget suppression keys, 92
editing, 94
pocket stops, 95

N

Sorters, card—continued
"sort brush, 94
sort selection switch, 93
sorting operation, 95
alphabetic sorting, 95
alpha-numerical sorting, 96
test-sort switch, 94
card sorter type 84, 96
brushless card feeding, 96
file feed, 96
full stacker light, 96
operating suggestions, 97
radial stackers, 96
vacuum light, 96
special features (added to sorters), 97
alphabetic sorting feature, 99
auxiliary card counter, 97
sort suppression, 98
Sorters, record equipment, 23
Special cards, 19
Special characters, card language, 16
Symbolic Programming System (SPS), 292

Tape Controlled carriage, accounting ma-
chines, 199-203
carriage tape, 200-203
operating features, 200
Tape oriented system, 47
Theory of timing, 34
Time sharing, 48
Timing as a character recognition, 33
Timing charts, 34-36
Tools of a computer, 45
hardware, 45
software, 47
Tools of punched card accounting, 21-29
auxiliary unit record equipment, 23-29
collators, 27-29
interrupters, 23-27
reproducers, 27
basic unit record equipment, 23
accounting machines, 23
card punches, 23
card verifier, 23
sorters, 23
conversion of data, 21
electronic unit record equipment, 29
UNIVAC 1004 Card Processor, 29
output of data, 22
processing of data, 22
raw data to input data, 21
Training films, 9
Transceivers, data, type 66, 73-80
Transcript, cards, 19

Unicode, 293
UNIVAC 1400 Card Processor, 29

Verifiers, data communications, cardpunches,
53-80
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Because it is based on the leading commercial systems—IBM, UNIVAC,
R.C.A., Honeywell and General Kinetics—and begins with the barest
fundamentals, it is ideal for those who wish to learn data processing
as their occupation, and for those who want a practical manual on pro-
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interested in how these systems, which increasingly affect our daily
lives, function. The explanation is crystal-clear.

Starting with the revolution in record keeping brought about by auto-
matic processing, and introducing the reader to such areas as “punched
card language” and the workings of a computer, the text goes on to
separate chapters on card sorters, interpreters, automatic punches, col-
lators, accounting machines, electronic data processing, input and out-
put, procedures and data flow, programming and documentation,
operation and control, and finally maintenance of the systems and
material management.

Throughout, the emphasis is on actual, current practice and effective
use of techniques and equipment. The question that the text seeks
constantly to answer is “How?” No matter how complex a given area
covered, the explanation is in simple language that proceeds point by
point in detail. It is profusely illustrated—on virtually every page—
with photographs of the actual equipment and its named parts and
easily understood diagrams.

The beginner, the technician and the interested layman can hardly
find a clearer, more thorough coverage of data processing systems than
this.
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