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R A M A C is a generic term that has been

coined to mean Random Access Method of Accounting and Control.
The IBM 305 is the first of a series

of machines designed to approach in-line accounting

on a mechanized basis. This approach requires the use of a

storage device that permits rapid access to any of

several million characters of data comprising the accounting records.

IBM 305 RAMAC




IN-LINE PROCESSING

BEFORE the development of mechanized accounting,
business records were maintained in a series of ledgers
by clerks who posted each transaction to the proper
accounts. For example, if 2 manufacturing company
bought raw material, the clerk subtracted the cost of
the material from the cash account and added the
cost to the raw material account. This system of ac-
counting was slow, and subject to clerical errors, but
it had the inherent advantage that the accounts were
constantly maintained in balance.

An important feature of this system of bookkeep-
ing is that the clerk had access to all the accounts in
random order. In the example just mentioned, the
clerk changed the balances in the cash account and the

raw material account. The next transaction could re-
flect the fact that some of the raw material had
entered the manufacturing process, in which case the
clerk would subtract this amount from the raw mate-
rial account and add it to the material-in-process ac-
count. However, it is more probable that the next
transaction would affect entirely different accounts.
Perhaps some of the finished products were sent to
the wholesaler. This transaction would affect the in-
ventory and accounts receivable balances. Because the
clerk has direct access to all of these accounts, he can
complete the posting of each transaction before be-
ginning the posting of the next. This accounting
method is called in-line processing. In-line processing
has previously not been practical in automatic ac-
counting systems because of the difficulty of reaching
and changing single records in large files.

IBM 305 RAMAC

Random Access Method of Accounting and Control

THE IBM RAMAC is built around a random-access
memory device that permits the storage of five mil-
lion characters of business facts in the machine. In
effect, the machine stores the equivalent of 62,500 80-
column IBM cards. Actually, the storage is organized
into 50,000 100-character records which are used to
store master information, and previous balances. For
processing, the machine can obtain any of these 50,000
records without scanning through the intervening
records.

These master and balance records may be con-
sidered roughly analogous to the ledgers used in the

manual systems of accounting. Each record may con-
tain the equivalent of the last entry to an open-item
account. In general, the records should be thought of
as the master files used in punched-card accounting.
Repetitive information and balances are stored in the
memory. The detail information is usually main-
tained on IBM cards. The machine performs all book-
keeping functions in posting transactions to the
proper accounts. This facility, and the ability to reach
any of the records directly, permits the machine to
perform in-line processing. The huge storage afforded
by the random-access memory allows the machine to
do a full-spread distribution type of accounting.



IBM Punched-Card Approach

Ficure 1 shows a simplified flow-chart for the offset
card order method of inventory control and invoic-
ing, using conventional punched-card equipment.
The orders, receipts and other transactions that will
change the inventory are punched into IBM cards and
verified. All orders are given a manual credit check.
The stock editor determines whether an order can be
filled, and files the transaction cards behind the cor-
responding balance cards in an oversize card tray,
with the balance card and the transaction cards offset
from the body of the file. At the end of the filing
operation, the offset cards are manually removed from
the file and run through an accounting machine that
produces a transaction register and summary punches
a new inventory balance card. The revised inventory

card is interpreted and refiled in the inventory bal-
ance file.

The order cards and returns cards are sorted out
and run through a calculator to obtain extensions.
The calculated cards are hand assembled with heading
cards and run through the accounting machine to
produce the invoice and other shipping documents.
Simultaneously, accounts receivable cards are punched
which are later used for billing. The source cards are
sorted; the heading cards are returned to the file while
the order cards enter the material accounting pro-
cedure.

This method of inventory control has been ex-
tremely successful. However, a considerable amount
of manual editing and filing is required, and cards
must be processed through seven different machines.
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IBM 305 RAMAC Approach

Becausk the files are located in the machine, most
of these steps are eliminated when the same applica-
tion is done on the IBM 305. Figure 2 shows the
RAMAC approach. The cards are punched and veri-
fied as before, but because the machine will do the
editing and credit checks, these steps are eliminated.
The cards are placed in the input hopper, and the ma-
chine, through programming,

. determines availability of each item ordered,

prices each item,
adjusts stock balances in the memory,

. prints out an invoice,

Vl-h}ﬁNt-

. punches transaction cards from which a trans-
action register can be listed,

6. punches accounts receivable cards which can
be combined with the transaction cards to list
detailed statements,

7. punches a warning card whenever the balance of
an inventory item drops below a predetermined
level,

8. punches a back-order card for each item back-
ordered, and

9. accumulates usage data, which can be unloaded
at intervals for sales analyses.

Using the offset punched-card system, all the filing
must be done before the cards are run through the ac-
counting machine. Under the RAMAC system, the
cards may be inserted at any time, without sorting.

The console, which is part of the RAMAC system,
contains a keyboard and a typewriter that allow an
operator to make inquiries into the status of any ac-
count in the memory. Because the accounts are con-
stantly being posted, this inquiry allows the operator
to obtain a truly current balance almost instantly.

Because the machine can perform logical operations
under the control of its program, such routine clerical
functions as determining whether there is enough
stock to fill an order, whether the stock has dropped
below the re-order point, or whether the customer
has exceeded his allowed credit can be performed
automatically by the machine. For example, as each

invoice is written, a credit check can be made to de-
termine if the sale causes the customer’s credit maxi-
mum to be exceeded. If the maximum is exceeded,
the machine can be programmed to print a signal
on the margin of the form to indicate that the order
requires the approval of the credit manager. In this
way, only the exceptions must be reviewed manually.

Because of the huge memory capacity, it is pos-
sible to store entire price or rate tables in the machine
for rapid reference. This facility allows the machine
to price items or services on the basis of quantity
ordered or amount used.

It is possible in many instances to store all the a-
counts of a business in the machine. The machine
will perform all accounting functions on these rec-
ords, updating them for each transaction. For exam-
ple, the machine could handle inventory control and
billing as its primary application, producing accounts
receivable records and sales analyses at intervals. ‘The
costs of new material added to inventory could be dis-
tributed to vendor accounts, which would be referred
to at intervals for the determination of accounts pay-
able. Periodically, the machine could prepare the
payroll and distribute labor costs to the proper ac-
counts. '

Advantages

Transactions are posted as they occur. This leads
to the availability of more timely information and
closer control over business transactions. For example,
in the inventory control application just presented,
receipts are immediately entered into the inventory
accounts and issues are immediately extracted. The
item account therefore constantly reflects the current
balance of items on hand. Closer control over inven-
tory results in reduced inventory charges and in-
creased service to customers by reducing back orders.

Continuous in-line processing eliminates the need
for transactions of a like kind to accumulate before
making a run. This makes possible a continuous flow
of orders through the office and warehouse, resulting
in a2 much smoother operation and better service. The
procedures made possible by the ability to store five
million characters of information and to obtain them
from memory at a high rate of speed may eliminate
the need for sorting, collating and successive runs.
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Random manual inquiry to any part of the stored
record allows a truly current balance to be obtained
for any account almost instantaneously by an oper-
ator.

Current processing of minute-by-minute data
means dynamic accounting instead of a history for
management to review.

Operating Speeds

The operating speeds of the machine units will be
quoted when the individual units are discussed. Some
of the operating times will appear slow in comparison
with other electronic machines. However, it should
be remembered that the 305 is an accounting machine
with calculating ability. Most operations may be over-
lapped, so the actual processing time has almost no
relation to the time obtained by adding up the operat-
ing times of the individual components. For example,
at a given instant the machine may be printing a line
on an invoice, punching a transaction card, assem-
bling the detail of the following transaction in the
processing unit, seeking a record in the random-
access memory, and reading in information from a
card for later processing.

To determine the time required for a given pro-
gram, it will be necessary to consider not only the
component speeds but also the amount of overlapping
that can be obtained. This can be determined ac-
curately only when the application has been pro-
grammed. However, an indication of the over-all
speed may be obtained from the programming of a
number of typical applications in which the machine
would completely process about 10,000 transactions
in an 8-hour day. Methods of determining the exact

processing time and of obtaining maximum over-

lapping of operations will be discussed later.

SYSTEM ORGANIZATION

ANY processing machine of this type has three general
types of elements: input, processing and output. Raw
information is fed into the machine through input
units. It is processed and digested in the processing
unit, and the results are obtained from the machine
through the output units. These elements are present
in all accounting machines.

It is usual for the processing unit to have a control

CARD
INPUT
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- UNIT

MAGNETIC
DISK
MEMORY

2

PRINTED
OUTPUT

CARD
OUTPUT

Ficure 3. GENERAL DIAGRAM OF THE 305 SYSTEM

“section that determines the sequence of processing.

An example of this type of control is the wired con-
trol panel, where the pattern of the wires determines
the operations that are performed. Another type of
control is the stored program that will be discussed
later.

In addition to these three types of elements, the
IBM 305 contains a random-access memory unit that
places a huge reservoir of business facts at the ma-
chine’s disposal. Because the machine can look up
these facts as needed, it can process transactions in
random order.

Figure 3 is a general diagram of the 305 system.
Information is entered into the system through an
input card reader. When called for by the control
unit, this information enters the processing unit.
Processing consists of assembling information for out-
put documents, making logical decisions, and main-
taining and updating the accounting records that
are stored in the machine in the random-access mem-
ory. The results from the processing unit may be
punched into IBM cards in the 323 Punch, printed on
the forms passing through the 370 Printer, or both.

Machine Components

Processing Unit. The processing unit contains a
magnetic drum, on which there are storage tracks for
program instructions, arithmetic and logic, and infor-
mation being processed. The processing unit also con-
tains a 100-character magnetic core unit, that is used
for all transfers of information, and the control cir-
cuits for the processing operations.
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Card Reader. In general, the information to be
entered into the system is punched into IBM cards
and entered through the card reader. The card reader
is a parallel-type card feed containing two reading
stations of 80 reading brushes each. Cards are fed
face-down, 12-edge first. The feed hopper can hold
up to 800 cards.

The card feed operates independently of all other
input-output units. Cards are fed under the control
of the program. The maximum rate of feeding is 125
cards per minute.

As the cards pass through the reader, the 80 col-
umns of information are read from the card, trans-
lated into the code used in the machine, and recorded
on the input storage track on the magnetic drum in
the processing unit.

Information from the card is recorded in the first
80 positions of the 100-position drum track. These
positions are numbered 00-79. Card column 1 is
recorded at track position 00, card column 2 at 01;
card column 80 at 79. Because the track contains
more positions than the card contains columns, posi-
tions 80-99 do not contain input information.

When the cards have passed through the feed, they
enter the stacker. The stacker holds approximately
1000 cards. The stacker may be emptied while the
machine is in operation. A stacker stop switch is pro-
vided to stop the machine when the stacker is filled
to capacity. '

If the cards being read have mark-sense marks on
them, the marks must be on the front of the cards
only. Otherwise, the electronic circuits used for card
reading could detect the marks, resulting in possible
erroneous readings.

Output Printer. The output printer may be used
to prepare documents while the transactions are being
posted in the machine. The printer is a serial print-
ing device that prints from a single, octagonal type-
stick that moves rapidly across the form from left
to right. The complete alphabet, the numbers 0-9,
and 11 special characters may be printed. Horizontal
spacing is 10 characters per inch, and an 8-inch line
(80 characters ) may be printed. To print an 80-
character line and return the carriage requires ap-
proximately two seconds. Shorter lines are printed
in less time.

The information to be printed is taken from an
output track on the processing drum. Special format
control is provided on the printer to allow the char-
acter stored in any output track position to be printed
in any printing position. Line program selectors are
provided on the control panel to allow a number of
different printing formats to be selected. The control
panel also provides such functions as zone elimination,

variable line-spacing, and special character insertion.

Tape-Controlled Carriage. The tape-controlled car-
riage controls the vertical movement of forms in the
370 printer. The forms tractors are adjustable hori-
zontally to accommodate forms of up to 16 inches in
width, including feeding strips. Continuous form pa-
per with standard marginal punching must be used.
The maximum length of a form is 17 inches.

The tractors are controlled by punched holes in a
paper tape that exactly corresponds in length to the
length of one or more forms. The tape moves through
a reading head in synchronism with the movement of
forms through the tractor, and the holes in the tape
are read by the machine to determine the position of
the form for printing operations. Seven control chan-
nels are provided; six for line stops and the seventh
for overflow.

Wiring on the printer control panel allows the se-
lection of single, double or triple spacing between
printing lines. These spacings are performed between
lines without loss of time. Standard vertical spacing
is six lines per inch.

The length of the printing line has a limit of eight
inches. When sixteen-inch wide forms are used, the
eight-inch printing area is centered in the form area,
providing a maximum margin of four inches on either
side. Forms of smaller width may be shifted (limited
by the width of the form) to effect a shift of the

eight-inch printing area on the form.

The platen can be de-clutched to synchronize the
control tape with the form by pushing in the form
positioning knob. Depressing the tape restore key
causes the tape to be advanced to the home position,
as indicated by a hole in channel 1.

A form-feed stop key is provided. When depressed,
it stops the operation of the forms tractor and of
the printer. A form stop lever is provided to stop the
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printer when the paper supply is exhausted. When
the printer is used in the system, the entire machine
stops when the printer is -instructed to print and
fails to respond.

The print impression control should be used in the
minimum position for single-part forms. Heavier im-
pressions should be used only to darken printing on
carbon copies of multiple-part forms — never to
compensate for a worn or dry ribbon.

Card Punch. The card punch is used only as an
output device, and punches up to.100 cards per min-
ute, depending on the program. The punch receives
its information from the same output track that is
used by the printer; therefore it is possible to print
and punch at the same time. Separate format control
is provided for the punch, and by control-panel wir-
ing any 80 characters of the possible 100 characters
on the output track may be punched. A complete
80-column card is. punched in 600 milliseconds. It is
possible to perf‘orm gangpunching, double-punch and
blank-column detection, and operations involving
column-splitting and character emitting. However,
no X-control is available for gangpunch control.

Magnetic Disk Storage. To perform in-line proc-
essing, the machine must automatically obtain any
record it requires in a minimum of time. This abil-
ity is provided by the magnetic disk storage. This
unit consists of 50 metal disks about two feet in di-
ameter that are coated on both sides with a ferrous
oxide recording material. Slightly separated from one
another, these disks are mounted on a vertical shaft,
and they revolve at 1200 rpm while the machine is
in operation.

Information is stored in the form of magnetized
spots in tracks around the disks. There are 100 con-
centric tracks on cach disk. These tracks occupy the
outer five inches of the disk surface.

At the side of the stack of disks there is an access
arm that moves under electronic control to any de-
sired track on any disk (Figure 4). Magnetic record-
ing heads mounted on the access arm read or write
information on the disks. The arm is forked, and
when the fork enters the stack of disks it carries a
recording head to either side of the disk that the arm
straddles. When the arm is positioned on a disk it is
possible to read or write on either side of the disk;

10 sectors
on each track
(5 on top,
5 on bottom)

100 Characters
on each sector

50 Disks

100 tracks
on each disk

Disk 00
x Read/Write Heads
[y
Y
AN
="
Y
AWK
- ]
=
/ =3
Access
Disk 49 Arm

FiGURE 4. ScHEMATIC oF Disk STORAGE

therefore a disk track may be thought of as existing
on both the top and the bottom of a disk.

The disk tracks are subdivided into sectors. There
are ten sectors on a track; five on the top of the disk
and five on the bottom. Each sector can store a 100-
character accounting record. The record is stored as
a series of magnetic spots recorded in the sector on
the track. By storing ten 100-character records on
each of 100 tracks on each of 50 disks, it is possible to
store 5,000,000 alphamerical characters in the unit.

The magnetic disks can be used repetitively to store
new information. Each time new information is stored
in a sector it erases the information that was formerly
stored there. Records may be read from the disks as
often as desired, provided they are not written over
or erased by the program.
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Console. The console provides manual and semi-
automatic control of the machine for program check-
ing. The console consists of a keyboard, typewriter,
signal lights and control keys. The typewriter may be
used for output of manual inquiries from the disk
storage and process drum storage, or it may be used
as a supplementary printer under the control of the
program. The typing speed is 10 characters per second.

Associated with the typewriter is a control panel
that establishes format control for the records that
are typed on the typewriter.

The keyboard is similar to the unit found on the
IBM 24 Card Punch. Through the use of the key-

board, inquiries for records are entered into the ma-

chine. The desired record is transferred from the
magnetic-disk storage to the inquiry track on the
processing drum. From this track, the record is typed
under the format established by the typewriter con-
trol panel. Corrections to the information in the stor-
age may be made by the operator from the keyboard
if proper programming is in effect.

The console also contains a panel of indicator lights
that show where the machine stands in the program
sequence. There are also lights that inform the oper-
ator if the machine detects an error in the transfer
of information through the system. The checking of
information is discussed in a later section.
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PROGRAMMING

FOR the greatest flexibility of operation, the sequence
of processing is controlled by a stored program that
is modified on the basis of logical decisions made
through the control-panel wiring.

Stored Program

The transmission of information through the ma-
chine is controlled by a sequence of program steps,
each of which performs some basic, necessary opera-
tion. As an example, suppose the machine has stored
the information that 50 gallons of white paint are in
stock. An order arrives for 15 gallons of white paint.
A human stock clerk would look at the paint and
decide that the order could be filled. The machine
makes the same decision by arithmetic. The way the
machine makes this decision may be diagrammed
logically as follows:

A | ADD THE QUANTITY
ON HAND
y
5 [SUBTRACT THE QUANTITY
ON THE ORDER
c IS THE
DIFFERENCE

+OR-?

i

BACK
ORDER

FILL THE
ORDER

This sequence of instructions can be understood
by anyone who reads English. However, the machine
reads a much more concise language called stored
program coding. Instead of the English phrase, “add
the quantity on hand,” the machine reads a coded
instruction something like W22L4905 that causes
it to perform the required operation. The program-
mer can express as a series of these coded instructions
all the steps that the machine must take to process
the order. These program instructions are then loaded
into the machine, and the machine reads the instruc-
tions and performs the sequence of operations each
time an order is to be processed.

15

Steps A and B in the preceding logic diagram
would each be performed as the result of a stored pro-
gram instruction. When it is necessary to make deci-
sions, the process control panel is used.

Process Control Panel

The process control panel is shown in Figure 5. To
facilitate reference to specific hubs on the control
panel, the rows are numbered 1 through 40 hori-
zontally and lettered A through BR vertically.

The logical elements of the machine are arranged
as selectors on the process control panel. Whenever
the machine must make a logical decision, the pro-
gram is brought to the control panel as an electrical
impulse. This impulse is wired through the selectors
to perform logical decisions.

For example, there are ten accumulators each of
which has a sign selector arranged as shown in Figure
6. In each vertical row of hubs there is an 1~ hub, a
pair of hubs marked 4, a pair marked 0, and a pair
marked —. When the accumulator is reset, or when it
contains a zero balance, an internal connection is made
between the 1N hub and the 0 hubs. When an amount
is added into the accumulator, the accumulator takes
on a positive sign, and a connection is made between
the 1N hub and the + hubs. When a greater negative
amount is entered, the accumulator takes on a nega-
tive sign, and a connection is made between the IN .
hub and the — hub. Only one of these three connec-
tions is made at any one time.

Program Exit
Impulse

ACCUMULATOR SIGN

@ OnO O
To set up I
program to g_;_g g
fill order
5L
To set up
program for <ess
back order g g_g g

————————

MeTHOD OF BraNcHING BY CONTROL
PaneL WiRING

Ficure 6.
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FiGure 7.

In the example just discussed, the program would
be arranged so that after the stored program step,
“subtract the quantity on the order,” was completed,

the control would be brought to the control panel as

an electrical impulse. This impulse would be wired
to the 1N hub to test the sign of the accumulator.
If the accumulator were positive (50 — 15 gallons =
-+ 35 gallons) it would indicate that the order could
be filled, and the test impulse, emerging from the +
hub would be wired to set up the first step of a se-
quence of instructions that would result in filling the
order.

A zero accumulator would indicate that there is
exactly enough paint to fill the order, so this hub may
be connected to the + hub to cause the same program
step to be set up. A negative accumulator would in-
dicate that there is not enough paint to fill the order,
so if the test impulse emerges from the — hub, it is
wired to set up the first step of a sequence of instruc-
tions that causes the item to be back ordered.

Automatic selection of machine routines in this
manner is called branching. Note that the logical
elements of the machine may be tested in combina-
tion, by wiring the test impulse through several se-
lectors to set up one of a number of alternative
program sequences.

69 79

GraPHIC REPRESENTATION oF DrRuM Tracks AND Disk TRAcks

Processing Drum

The processing unit contains a2 magnetic drum, on
which the program instructions are stored. The drum
also contains storage space for records being processed
and updated, for input and output, and for other
functions that will be described later. The drum re-
volves at 6000 rpm; it takes one revolution in 10
milliseconds (.010 seconds).

A number of magnetic reading and recording heads
are arranged along the length of the drum. Each of
these is designed to read and write magnetic spots in
a narrow band around the drum. These bands are
called drum tracks. Each track is divided into 100
positions, and a single character of information may
be stored in each position. Figure 7 shows a graphic
representation of a drum track where the track has
been cut at the starting point and unrolled from the
drum. The 100 possible recording positions have been
given addresses from 00 to 99. (An address is a group
of characters specifying a location in the machine.)
The first character on the track is recorded in position
00; the second character is recorded at 01, etc., and
the 100th character is recorded at position 99.
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Processing Tracks

Four tracks on the drum are designed specifically
for the storage of information being processed. These
four tracks have the addresses W, X, Y and Z. Each
of these tracks contains 100 positions with addresses
00 to 99. Therefore the address W05 locates the sixth
character on process track W, and the address Z99
locates the last (100th) character on process track Z.

Record Layout

For program planning, the location of information
on the disk and drum tracks must be plotted. The
track diagrams shown in Figure 8 are an example.
Track diagrams are marked with track locations from
00 to 99. The positions into which information is
transferred are blocked out on the diagram as the
program is written. Laying out these tracks is very
similar to making IBM card layouts.

If possible, the first five positions of the disk rec-
ords should be recorded with the disk address so that
a program check may be made on the location of the
access arm in the disk memory. The method of mak-
ing this programmed check is shown in later pro-
grams.

Constants and Legends

In Figure 8, track Z has been recorded with con-
stants and legends that will be required in the course
of processing. Note the position of the digits 0-9;
the address Z00 emits a zero, the address Z05 emits
a 5, etc. The legends, when required, may be trans-
ferred in a single instruction.

Program and General Storage Tracks (Figure 9)

Twenty tracks on the processing drum are arranged
to store program instructions. Because each instruc-
tion takes up to ten characters, ten instructions are
stored on each track. Up to 200 instructions may
be stored on these 20 tracks at any one time. When
they are not required for the storage of program in-
structions, these tracks may be used for the storage
of other information,

The 200 instructions are given numbers between
000 and 199 to correspond with the order in which
the machine executes them, After executing any in-
struction, the machine proceeds automatically to the
next higher-numbered instruction unless it is desired
to skip to some other instruction. In this way, the
program may advance from step 000 to step 199.
After step 199, the program returns to step 000 unless
it is transferred elsewhere. The method of making
these transfers is explained later.

The program and general storage tracks are given
the addresses 0, 1, 2, 3, 4,5,6,7, 8,9, & A, B, C,
D, E, F, G, H, and I. Program steps 000 to 009 are
recorded on track 0, steps 010 to 019 on track 1, etc.
The chart shown in Figure 9 gives the locations of
all of the instructions on the program tracks.

The ten-character instructions are arranged as fol-
lows:

FROM T0

No.

Char-
acters

Control

[Trocl Position Trcclﬁ Position




18

IBM 305 RAMAC ~

CARD IRACK. OR RECORO
7Racx O Srer 00 al 02 03 04 05 [ 07 08 a9
TrAcK 1 Srep 10 12 /2 /3 /4 /5 /6 17 /8 /9
. lll‘llll')llll |l!llllllllllll'lllllllllilll IIIHIIII'IIIIIIHIIllllLll]ILLlllllll (HEEENEEN]
0 5 0 15 0 25 130 35 (0 45 ) 55 0 &5 70 75 0 85 90 95
Track 2 Srer 20 2/ 22 23 24 25 2¢ 27 28 29
Teack 3 Srer 30 31/ 32 33 34 35 36 37 38 39
AL L e e bbb e iy e e L e i
TrRACK 4 Srep 40 41 42 43 44 45 46 47 48 49
TRACK S Srer 50 5/ 52 53 54 56 57 58 59
SN EENE! IlIII'IIIIIIIlIlIIIrIlllI|IIIIllllllll Led e r et Ja bbb e ae v eaa e diig it qatitiegd
Teack 6 ° Sres 60 ¢ [P CF [P 63 ° e [ 6% 68 [° ¢ [ & [ &8
Track 7 Sree 70 71 72 73 74 75 76 77 78 79
'IlllI‘IIII'IIIIIIIIII|[I1|IIIII‘|IIII’IIII‘IIIII'|III‘IIIII‘IIIIIIIHI{IIIIlllllllllllIIIIlIlIIIIIIIIll
Teack 8 Srer 80 8/ 82 83 84 85 86 87 88 89
TrACK 9 Srer 90 91 92 93 94 95 96 97 98 99
'Illll‘lll [IIILL'LI_LI .llll_ITLlll IIIIII‘IIII lIIIII'IIII 4IHII|HI 'IIIIIIIILI Illll‘llll 'lillllllll l|||[v|lll
Teack & Srest00 |° 07 [ 153 /03 109 [ w08 [ 08 [ 10% [ 108 [ 103
Track A Srep 110 111 712 13 /14 115 176 117 118 9
'lllll'Hll IlIIl'IIlI . Illlllll 'lllll'llll NI NN NN vIllll‘llll IlLLI‘IllI 'lilll‘llll 'Hllllul
Track B Srer /20 12/ 122 123 124 125 /126 /127 128 129
7rack C Sree 130 13/ 132 /33 /34 135 /36 /37 /38 /39
RN N S I R N N N N NN SN NN SN NN TN NN TN AU AN RN RN NN
TrAck D Srer’iao [P el [0 sz 0 ad [ 4l 145" IPT R CRP? R ) SR P?
Teack £ Srep 150 /51 152 /53 /154 /55 156 157 /58 /59
VIIIII'lIll IlIIlVLLl_l rlllll_LlIl 'JVJJ_LIIIII lIIII'lH'l IIIIll'lLLI [HE RN NN lllLLI'llll ‘]LIII'III| ‘IIIII‘IIII
TrRack F Srer 160 76/ 162 163 /64 /65 /66 167 /68 /69
TRACK G Step 170 171 172 173 174 175 176 177 178 /79
lllll'llL (HENENNEN] 'llILJ_Llll‘IlllLulllLlllll lllllllllvlllllllll lIIllHII‘lllIIVIIl LA LLLS
Teack M ‘Sreriso | 187 [ 182 [0 85 " 8% 185 [ 188 [ 185 188 /8%
TRACK [ Srep 190 /9/ /92 /9 /94 195 /96 /97 798 199
crpr e g rrer et berrereg v et ettty pegper e bep vt ey bty iRl it iy
FiGURE 9. LocaTioN OF THE INSTRUCTIONS ON THE ProGrRAM TRACKS

The character in the first position of the instruction
specifies the track on which the desired information
is stored. The next two positions specify the location
of the low-order position of the information. In a
similar manner, the next three positions of the in-
struction specify the low-order position of the loca-
tion to which the information is to be transferred.
The next two positions of the instruction define how
many characters are to be transferred. The remaining
two positions are control codes that will be explained
later.

Magnetic-Core Unit

The stored program instructions control the flow
of information through the machine much as a switch-
man controls the flow of trains through a railway
junction. By the same analogy, the magnetic-core
unit corresponds to the junction. The machine as-
sembles information from various seurces into a
form that may be used for output by making a series

of transfers of the pieces of information. To accom-
plish these transfers, an intermediate storage unit is
necessary.

The magnetic-core unit is the channel through
which all information is transferred. This unit is ar-
ranged to store from 1 to 100 characters. Under the
control of the stored program, the desired informa-
tion is read from a source track into the magnetic
cores on one revolution of the processing drum, and
on the following revolution the information is read
from the cores and recorded in the specified positions
of the receiving track. The cores serve as an interme-
diate storage unit on each transfer.

As an example, suppose that it is desired to trans-
fer a part number, recorded in positions 05-09 of
processing track W, into positions 29-33 of processing
track Z. Five positions are read from track W into
the magnetic cores, and then recorded from the cores
onto track Z (Figure 10). The low-order position on
track W is 09, and the low-order position on track Z
is 33; therefore the necessary program instruction is:
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PART PROCESSING TRACK W
NO.
NIBRE SRR RN AN NN NN NN Illllll]l.llllllllIllllllllllllllllllllllllllllllLIlllllHll
—[-0‘9 19 29 39 59 69 79 89 99
MAGNETIC-CORE
UNIT
PART
NO. PROCESSING TRACK Z
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" Ficure 10. ScHEMATIC OF A NORMAL TRANSFER OPERATION

FROM T
RO (o] No.

Char- Control
acters

Track Position [Track] Position

Wio|9|Z|3|3|o|5

The normal transfer operation in the processing
unit requires 30 milliseconds for completion. During
the first 10 milliseconds, the instruction is read from
the program track and used to set up the required
paths for the transfer of information. This is called
the Instruction cycle. During the second ten milli-
seconds the information from the sending track is
loaded into the magnetic-core unit. This is called the-
From cycle. The final 10 milliseconds are required to
read out the core unit and record the contents on the
receiving track. This is called the To cycle. In terms
of the usual stored program concept, the first 10 milli-
seconds constitute the instruction cycle, and the next
20 milliseconds are the execute cycle. If there is no
control code in the ninth position of the instruction,
the machine immediately reads the next instruction,
and the sequence is repeated.

Control Codes

If a control code is added to a program step, an
additional 20 milliseconds is added to the 30 just de-
scribed. During this 20 milliseconds, the control is
brought to the control panel as an electrical impulse,
which is used to test the logical selectors and perform
other functions. The additional 20 milliseconds are re-
quired for the machine to step through two addi-
tional cycles which are called the delay and exit cycles.

A control code may be any letter, number or spe-
cial character. When a control code is added to an
instruction (in the ninth character of the instruc-
tion), after the instruction has been performed an
impulse is emitted from the correspondingly-marked
hub on the processing control panel. The control
codes may be used in any order.

PROGRAM EXITS

T T (71

Program Exits. When a control code is attached to an in-
struction, an electrical impulse is emitted from the cor-
respondingly marked program exit hubs. Simultaneously,
the program sequence is halted. The impulse is used to
test the Jogical selectors on the control panel, and a new
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sequence of instructions may be initiated by the impulse
on the basis of the setting of the logic selectors. The new
sequence is established by wiring the impulse to the de-
sired program entries.

1

r PROGRAM ADVANCE I

TENS

BC-BF, 1-40

[¢] HUNDREDS rROG, ENTRY | |
0—0—0-—0—0—0—0—0—0—0

AW, 1-20
AX, 1-20

Program Entries. These hubs accept the PROGRAM EXIT im-
pulse to set up the first step of a new sequence. Unless a
new sequence is started in this manner, or by impulsing
PROGRAM ADVANCE, the machine will stop.

The new stored program step is set up by impulsing a
TeNs hub and 2 unrrs hub that correspond to the num-
ber of the desired program steps, provided that the step is
in the same hundred steps (000-099 or 100-199) as the
step that caused the program exit. For example, to trans-
fer the stored program from step 32 to step 68, the in-
struction for step 32 would have a control code added,
giving the instruction the form:

FROM TO No

Char- Control
acters

Tracld Position [Track] Position

Wlsisimlzlolol2|8

When the instruction is completed, an impulse is emitted
from the proGgraM ExiT B hub, and the program se-
quence is halted. The impulse would be wired (through
distributors) to the PROGRAM ENTRY hubs, impulsing

TENs hub 6 and untTs hub 8. This sets up step 68 as the .

next step.

However, if the program is to be skipped to step 168,
it would also be necessary to impulse the HUNDREDs PRO-
GRAM ENTRY 1 hub. Similarly, to skip the program from
step 132 to step 68, the impulse emitted as a resule of
the control code on step 132 would be wired to impulse
the HunDREDs hub 0, the TENs hub 6 and the unrrs hub
8. It is not necessary to impulse the HUNDREDS PROGRAM
ENTRY when the program remains within the same hun-
dred program steps. Figure 11 shows how these transfers
are wired on the control panel.

Program Advance. When the program sequence is halted by
the presence of a control code in the ninth position of an
instruction, it is frequently desirable to return to the

next program step. If the PROGRAM ADVANCE hubs are -

impulsed instead of PROGRAM ENTRY, the stored program
instructions resume control on the next program step.
Figure 11 shows wiring in which the control code K

causes the machine to print the record on the output
track and resume operation on the next program step.

DISTRIBUTORS

TR RN A NN SRR
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AN-AQ, 1-20

Distributors. Impulses that are used to perform several
functions are wired through distributors, which serve the
same function as split wires, but prevent possible back
circuits. The impulse wired to the iNn hub of a distributor
is available at the associated ouT hubs, but impulses can-
not travel between ouT hubs, or from an ouT hub to the
IN hub. Any impulse except that from the ouT hub of
another distributor may be wired through a distributor.

Input Track

Cards fed into the card reader are recorded on the
input track. When the input has been checked, the
input track is made available to the processing unit,
where it has the address K. This track is addressed
in the same manner as the other storage tracks, for
transfers under stored program control. Thus, to
transfer the entire input track to the processing track
Y, the instruction is:

F
ROM TO No.

Char- Control

. - cters
Track Position [Tracld Position | %"

Kl2l9(Y|9(9|0|0

To transfer the first 50 positions of the input track
to the last 50 positions of program track 9, the in-
struction is

FROM T0 No.

Char- Control

acters

Tracld Position [Tracld Position

Kl|4|9|9]|9]9]5]lo] |

Note: The instruction just shown indicates that the
input track may be used as a processing track, be-
cause it is possible to transfer part of the track with-
out taking the entire 100 characters. However, when
the input track is used in this manner it is not possible
to feed the next card until the use of the input track
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. Program exit B on step 32 is wired to set up
step 68 as the next program step to be taken.
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METHOD OF WIRING PROGRAM TRANSFERS
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. To skip from step 132 to step 68, control code

to print the record on the output track and re-
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has been completed, and then about half a second is
required for the next card to be fed and checked.
Usually this time may be overlapped by transferring
the entire input track to another processing track,
and starting the feeding of another card while the
first card is being processed. If the information on
the input track is transferred to a processing track,
the input track is freed to accept the next card.

=]

AW-AX, 21-24

Feed Card. Impulsing these hubs causes the card reader to
feed a card past each station. The card passing first read-
ing is automatically coded and recorded on one input
track. This recording is later transferred to another input
track so that the recording may be compared against the
reading of that same card as it passes second reading. If
the two recordings compare (identical), the input track
is made available to the processing unit,

Output Track

The output track has the address S. When infor-
mation is transferred to the output track, it may be
printed on the 370 Printer or punched into IBM cards
in the 323 Punch. Format control on these units
determines the arrangement of the printing or punch-
ing.

The instruction to transfer the entire processing
track Z to the output track is:

FROM 10
No.
Char- Control
TracK Position [Track Position . acters
Zl9|9|s|9l9]o|o]| |

The instruction to transfer the first 32 positions
of processing track Y to the last 32 positions of the
output track is:

FROM T0 No.

Char-
acters

Control

Trac Position [Track] Position

Y|3|7|85|9|9|3]|z2

Note: This instruction indicates that the output
track may be used as a processing track, because it is
possible to assemble records on the output track.
However, some loss of time may be the result of this
practice, because the output track cannot be altered
while printing or punching is in progress. This facility
is mentioned here because it may be of value when,
due to a very involved program, all program and
processing tracks are required for other storage.

AW-AX, 25-28

Print. Impulsing these hubs causes the printer to print from
the output track. Format control on the printer deter-
mines the arrangement of the printing.

AW-AX, 33-36

Punch. Impulsing these hubs causes the output punch tc
punch from the output track. Format control on the
punch allows control of which columns are punched.

Typewriter Output

The typewriter may be used to print out an auxil-
iary document, such as an invoice register, while the
printer is printing the invoices. The typewriter may
also be programmed to print out instructions to the
operator and signals that unusual conditions have
been encountered. For example, the typewriter may
print out records that are out of stock or have fallen
below the minimum balance. It may also print out
legends such as “item record not in memory.”

To cause the typewriter to operate from the pro-
gram, the program instruction transfers the desired
output record to track Q, the typewriter track. For
example, to transfer the contents of track Y to track
Q, the instruction would be
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FROM TO
No.
Char- Control
[Track Position [Tracki Position acters
Yi9191Q|9|9|0|0o|F

The control code on this instruction would be wired

to TYPE on the control panel.

I—'rws—-]

AW, 37-40

Type. When the typewriter at the console is used to print
an auxiliary document, impulsing these hubs causes the
typewriter to print the information recorded on the Q

track. Format control on the typewriter control panel

determines the arrangement in which this information is

typed.



LOADING THE PROGRAM

BeEFORE the machine can do any useful work, the program
instructions must be recorded on the program storage
tracks. However, the machine requires instructions to load
its program instructions. These instructions may be en-
tered into the machine by the use of the copy hubs.

FTE

Z,6
Z,7-8 i

Start. When the input card has fed past the second reading
station, and the input track has been recorded and
checked, this hub emits an impulse that may be wired to
start the stored program at any desired step, and initiate
other functions. X

Copy. When the copy 1N _hub is impulsed, the machine

__automatically transfers the input track to track I of the
program storage tracks. When used for program storage,
track I contains program instructions 190-199. If the
input card is punched with instructions, it is possible to
record up to eight instructions on track I by impulsng
the cory IN hub. The v hub is usually impulsed from
the sTART hub.

When the transfer to track I is completed, the ouTt
hub emits an impulse that may be wired to start the pro-

gram at step 190. The program thus set up can cause the
feeding of more cards, and control the loading of these
cards on other program trackse

The following method of loading program instructions is
presented as an example of the use of the machine elements
that have been discussed. Many alternative ways to load
the program will suggest themselves to the adept program-
mer.

The program loading cards are arranged as shown in

lFigures 12 and 13. Each card is transferred (by wiring

copy) to track I, where it represents program steps 190-
197. Not all of the steps are needed when the program is
loaded by this method; in fact, only three of these instruc-
tions will be used. The positions for instructions 193-197
(card columns 31-80) will be used to record five program
steps of the final program. Program steps 190, 191 and 192
will transfer these five instructions from track I to their
proper location, and then type them from the program
tracks as a proof that the program is recorded correctly.

Figure 14 shows the control-panel wiring for this opera-
tion. When the start hub emits, it is wired to copy the
first card from the input track to track I. When this opera-
tion is completed, the ouT hubs emit to transfer the pro-
gram to step 190, and to cause another card to be fed and
recorded on the input track.
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Instructions in these

Columns

Ficure 12.

Y

Control the Loading of the Five Final
Program Instructions in these Columns

Carp Usep For ProGraAM LoApING:
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FINAL PROGRAM

CARD INSTRUCTION IN INSTRUCTION [N INSTRUCTIONS IN
NUMBER COLUMNS 1-10 COLUMNS 11-20 COLUMNS 31-80
From To No | Ctrl From To No [ Ctrl L .

1 I 7910 49| 50| - 00-01-02-03-04

2 1 790 99|50 - 0 99 99| ool 05-06-07-08-09

3 1 79|1 49| 50| - 10-11-12-13-14

4 I 7901 99|50 1 99la 99| ool 15-16-17-18=19

5 I 79|22 49| 50| - 20-21-22-23-24

19 I 79|99 49| sof= 90-91-92-93-94

20 1 79|9 99|50 9 s9|a 99| ool 95-96-97=-98=-99

21 1 79|& 49| 50/« - 100-101-102-103=104

22 I 79]4& 99|50 & 99]Q 99|00l 105-106-107-108-109

23 I 79|A 49|50 - 110-111-112-113-114

24 1 79/A 49|50 A 991]@ 99| ool 120-121-122-123-124

25 I 79|8 49|50/ - 120-121-122-123-124

39 1 79|w 49| 50[« - 190-191-192-193-194

40 I 79|w 9950 W o99|Q 99|00 195-196-197-198-199

INSTRUCTIONS IN COLUMNS 21-30
OF LAST CARD ONLY
From To No | Ctrl
W 99 |1 99 ooF,
FIGURE 13. ProGRAM INSTRUCTIONS FOR LOADING THE PROGRAM

Step 190 transfers positions 30-79 of track I to the
proper program track. If the first card contains program
steps 00-04, instruction 190 of this card is written to trans-
fer these five instructions to track 0, positions 00-49. The
control code ““*” attached to this instruction emerges as
an electrical impulse on the PRoGrRAM ExiT * hub of the
control panel.

This PrRoGRAM EXIT is wired to impulse cory. This causes
the next card to be transferred from the input track to
track I. Again, the cory our hubs feed a card and transfer
control to step 190. If this second card on track I contains
steps 05-09, the instruction from this card now recorded
in step 190 causes these steps to be transferred to track 0,
positions §0-99. Because there is no control code on this
instruction, the program advances to step 191. Track 0
is now completed, so step 191 causes the contents of track
0 to be recorded on the typewriter track. The control code
“&” on this instruction transfers control to the control

panel. This proGRaM EXIT is wired through distributors to
TYPE, and to copy the next card.

Subsequent cards would load program instructions into
tracks 1-9, &, A-I, and as these tracks were completed
they would be typed out to prove that the program was
loaded correctly.

A difficulty arises when a full 200 program steps must
be loaded, because steps 190-199 must be loaded on track I,
which is being used for processing. One way around this
difficulty is to assemble steps 190-199 on processing track
W (cards 39 and 40, Figure 13) on the instructions at step
190, then on step 191 transfer track W to the typewriter
track Q, and on step 192 for the last card transfer track W
to track I, wiping out the control instructions. The control
code “9%” on this last step brings the control to the con-
trol panel, where it is wired to type the last 10 instructions,
but because no new sequence is initiated by impulsing pro-
gram entries, the machine will stop after this instruction.
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1. The START hub is wired to COPY to cause the
- input card to be automatically transferred to
track I.

2. When the copy has been completed, the copy
OUT hub emits; this is wired to start the pro-
gram at step 190,
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3. The asterisk control code is wired to COPY.

olo o

4. The ampersand control code is wired to TYPE
and COPY.

5. The percent control code is wired to TYPE.
oco ojo .
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RECORDS MAYBE READ FROM
OR WRITTEN INTO THE MEMORY

PROGRAMMING 27
DISK | TRACK |REC.
NO. NO. |NO.
- |
/ : ADDRESS "J" INSTRUCTION THAT SENDS
/ ' ADDRESS TO ADDRESS REGISTER
! POSITIONS ACCESS ARM
Z ADDRESS "R"
Z WHEN ARM 1S POSITIONED,

Ficure 15.

Magnetic Disk Storage

Two steps are required to read or write information
in the magnetic-disk storage. First, the access arm
must be moved from wherever it happens to be stand-
ing to the disk, track and sector that contains the
desired record. When the access arm reaches the rec-
ord, the record must be transferred through the mag-
netic-core unit to the process drum, if the record is
to be read, or from the process drum to the disk, if
the record is to be written in the disk storage (Fig-
ure 15).°

Address Register

Records stored in the disk storage are located
through an associated 5-position address register, that
may be thought of as a “phone number” for the in-
formation. The 5-position address is arranged thus;

DISK TRACK REC.
NUMBER NUMBER NO.
0 o] 0 0 0
to
4 9 9 9 ?

The two high-order digits specify which of the 50
disks is to be used. The disks are numbered from
top to bottom with the addresses 00 to 49. The next
two digits specify which of the 100 tracks on the
disk is desired. The tracks are numbered 00-99 from
the outside in. These four digits are used to position
the access arm.

PROCESSING UNIT

METHOD OF ADDRESSING, READING, AND WRITING IN THE DISK STORAGE

Because the arm is forked, when it is positioned on

a disk and track it can read any of the ten records
(five on the bottom and five on the top of the disk)

that may be stored on the track. The low order digit
of the address specifies which one of the 10 sectors -
available at that physical location is to be used. The
sectors are numbered 0-4 on the top of the disk and

5-9 on the bottom. This addressing arrangement
provides 50,000 sectors having addresses from 00000

to 49999. Thus, the address 12345 causes the access
arm to move to disk number 12, track number 34,

and read out sector number 5. Transmission of the

address to the address register initiates the movement
of the access arm.

The address register has the address “J” in the
stored program coding structure. To move the access
arm to a desired sector, the address of the sector is
transferred to the address register. For example, if
the address of the desired sector is recorded on the first
five positions of process track W, the instruction to
move the access arm to that sector is:

M
FRO TO No.

Char-

acters

Control

Trac Position Trcclﬁ Position

Wioj4|J|9|9|0|5
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_. The transfer of the address to the address register

requires 50. milliseconds. This instruction transmits
the address of the desired sector to the address regis-
ter and causes the access arm to start moving toward
the disk, track, and sector specified by the address.

In some programs it may be desirable to address the
address register with a four-digit address, but have the
four digits set up in the high-order positions of the
address register. This may be accomplished by having
the To address J98. For example, the number 2254
located on track W 05-08 may be sent to. the address
register and set up as 22540 by the instruction
W 08 J 98 04.

When the access arm has moved to the desired ad-
dress, the record in the sector may be transferred to
any other track by the address “R.” To transfer the
record to the X processing track, the instruction
would be:

FROM TO
No.
Char- Control
TraclJ Position [Trackl Position acters
klolalx]9]9]o]o

If it is desired to transfer a record from the processing
unit to the sector, the instruction is:

I3
ROM TO No.

Char- Control
acters

Track Position [Track Position

X1919|#R|9|9|0]0

Note that whenever a transfer to or from the disk

memory is made, the transfer of 100 characters is re-
quired. Transfers from track to track of the process-
ing drum may specify any number of characters from
1 to 100, but transfers to and from the disk memory
must specify 100 characters.

o %
AH, 1-5

Record Advance. When successive records on the same mag-
netic-disk track are desired, it is not necessary to move the
access arm physically. The number in the address register
may be advanced, one address at a time, by control-panel
wiring. A control code is attached to an instruction to
cause the program to be brought to the control panel as
an electrical impulse. This impulse is wired into the record

advance 1N hubs to increase the number in the address
register by 1. When this operation is completed, impulses -
are emitted from the ouT hubs; these are wired to set up
the next stored program step. If the arm has previously
been sent to address 12345, impulsing the in hub will ad-
vance the address register to 12346. Successive impulses
will set 12347, 12348, 12349; 12340, 12341, 12342,
12343, 12344, etc., in the address register. This makes it
possible to obtain records that are spread over several sec-
tors without the necessity of sending a new address to
the address register. '

Note that this operation only affects the low-order po-
sition of the address register and does not carry over
into the other positions. To do so requires the relocation
of the access arm; this is accomplished only by transmit-
ting an address to the address register.

Comparing

A comparing unit is provided to allow fields from
various tracks to be compared for control purposes.
Comparing is controlled by placing the character *“1”
in the tenth position of an instruction. For example,
to compare positions 00-04 of track W with positions
05-09 of track Z, the instruction

FROM T
° No.

Char- Control
acters

Tracq Position [Track Position

Wio|4|Z|0|9|0(5|A |1

does not transfer information from track W to track
Z, but causes the two fields W00-04 and Z05-09 to
be compared. The control code A causes the control to
emerge on the control panel as an electrical impulse to
test the compare selector.

~ On a compare instruction, during the first 10 milli-
seconds the instruction is read from the program
track and used to set up the required paths (Figure
16). During the second 10 milliseconds, the field
specified by the From address is read from the track
into the magnetic-core unit. During the third 10
milliseconds, instead of being written on the track
specified by the To address the contents of the mag-
netic-core unit are sent to the comparing unit. Simul-
taneously, the contents of the To address are sent to
the comparing unit. The rroMm and TO fields are
compared bit-by-bit, character-by-character and any
difference in the two fields of characters will be recog-
nized as an unequal condition. If the two fields con-
tain exactly the same characters, an equal condition
will be indicated. When comparing a file record, the
file must be used as the From address.
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PART PROCESSING TRACK W
NO.
Ll nnlnunm NTRETERT NIRTEIT unnmlumllu’mlmnluumulnmnnlamnm
09 19 29 39 ’ 59 69 79 89 - 99
MAGNETIC
CORE
UNIT

—», COMPARING -

UNIT

IN @———%

CONTROL PANEL
LOGIC SELECTOR

#
Nty
PART PROCESSING TRACK Z
NO.
tLhtrty l[|l|ll|l|ll||l||Illllllll|J|I1[l||]'|l||||I|I|||I|l]l|||ll|||||“||| lllllllllllllllll”
09 19 29 59 9 79 89 99

Ficure 16. ScHEMATIC OF A COMPARING OPERATION

Compare. When two fields are compared, this selector is
set to indicate the result of the comparison test. If the
fields are equal, an internal path is set up between each
IN hub and the — (equal) hub beneath it. If the field
fails to compare, a connection is made between each 1~
hub and the 54 (not-equal) hub beneath it. A prRoGrRAM
exIT impulse wired into the 1xv hub will emerge from the
equal hub if the fields compare, but it will emerge from
the not-equal hub if the fields fail to compare. The in-

ternal path remains set up until the next programmed.

compare instruction.

o o

Field Compare

The field compare feature allows, with one instruc-
tion, from one to ten fields on the track specified by
the FrRoM address to be individually compared with
the fields of a track specified by the To address. The
FroM address of a field-compare instruction may re-
fer to a process drum track, a disk track, or the core
unit; the To address may specify any process drum
track other than the accumulator track. Neither the
core unit nor the disk file may be used as a TO ad-
dress.

Field comparing is controlled by placing the char-
acter 2 in the tenth position of an instruction. When
this control character is read, the characters specified
by the To address are sent to the comparing unit,
where they are compared bit-by-bit and character-by-
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character from right to left with the characters speci-
fied by the rrom address. The results 'of this com-
parison will be indicated in the ten selectors associated
with the field compare device. '

IN FIELD COMPARE IN
0O 0|0 0]0 o|O0 0|O O}JO ©0O}lo o0|0 O0}l0o 0|0 o

T-X, 21-40
Each selector indicates an equal or unequal condi-
tion, depending on the results of comparison of the
characters in a specific 10-position field at the To ad-
dress. {Selector 0 is always controlled by positions -
00-09 at the To address; selector 1 by positions 10-19;
selector 2 by positions 20-29 etc)fWhen a comparison
is made involving any or all of the characters in one
of these 10-position fields at the To address, the cor-
responding selector is activated.

For example, the instruction

FROM
B 46

TO
C 63

NO. CHAR.
15

CONTROL
A2

causes the 15 characters on track B positions 32-46
to be compared to the 15 characters on track C posi-
tions 49-63. Three field compare selectors register the
results of the comparison (Figure 17). Selector 4 indi-
cates the result of the comparison of the single digit
at B 32 with the single digit at C 49; selector 5 indi-
cates the result of the comparison of B 33-42 with
C 50-59; and selector 6 indicates the result of the
comparison of B 43-46 with C 60-63. Selectors 0-3
and 7-9 will retain their previous settings.

A maximum of 100 characters, divided into ten
10-position fields, may be compared on one step. When
fewer than 100 characters are to be compared, the
fields at the FrRom address may appear in any adjacent
positions on the track. In general, the fields at the 1o
location should be set up in adjacent 10-position seg-
ments of the track which correspond to the 10-
position fields controlling the comparison selectors.

FROM TO NO. CONTROL
Track Position Track Position  (CHARACTERS
B 4 6 C é 3 1 5 A 2

NI NN AR NN Ny

HERIEEREEN

PROCESSING TRACK B

PLCGttv bt beb iee i diatlsngt

0 09 19 29 49 59 69 79 89 99
Sel. Sel. Sel. o Sel Sel. | Sel. Sel.

0 1 2 3 16 7 8 9
I RN NN RN AR AN RN A RN AR NN RN AR AR RN AN

FIELD COMPARE UNIT
PROCESSING TRACK C

Peprpeerie e g NI N NN N NN NN NENERENN,
19 29 39 49 59 69 79 89 99

0 09

Ficure 17.

ScueEMATIC OF FIELD

CoMPARE OPERATION
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Each field compare selector retains its setting until
activated by another field compare instruction in-
volving its controlling field. At this time, it will be
reset to indicate an equal or unequal condition, de-
pending on the result of the comparison.

Combined Compare — Code 3

If a 3 is placed in the tenth position of an instruc-
tion, both compare and field compare are activated.
For example, if the instruction A 19 B 49 20 A 3 is
given, both the compare selectors and the field com-
pare selectors are set up. The control code A may
then be wired to test both comparing devices. The
field compare unit would register the results of the
comparison in selectors three and four, and the other
compare unit would register the results of the entire
20-digit comparison.

8T 8 58 88 08 g,
Yl 6‘]7

Skip-to-Record. The record skip feature is arranged with ten
skip-To hubs (0-9) and two common ouT hubs. When
one of the numbered hubs is impulsed, the access arm re-
mains on the same disk and track, but the disk address
register is advanced so that the units position of the
disk address (sector) corresponds to the number of the
hub impulsed.

After the corresponding address has been set up in the
address register, the ouTt hub emits. This impulse is used
in the same manner as a PROGRAM EXIT impulse to trans-
fer the program to any desired step, and it must be used
to restart the program. The major use for this feature will
be in conjunction with the field compare unit when in-
dexing techniques are used to locate a particular record.
Indexing is explained in a later section under Disk Stor-
age Organization. Figure 18 illustrates field compare and
skip-to record.
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LOADING THE

WHEN the machine is first installed, the sectors of the mag-
netic disk unit must be loaded with the accounting records
before the processing can begin. The following program is
presented as a method of loading the magnetic disk storage.

It will be assumed that the memory is to be loaded with
item records for an inventory of small parts. For the most
direct access to the disk memory, these parts have been
given part numbers between 00001 and 49999. Information
pertaining to these parts is recorded on the disks in the cor-
responding locations. For example, the inventory record
for part number 12345 is recorded at disk address 12345.
(Methods of solving the addressing problems for larger
numbers are presented in a later section on Disk Storage
Organization.)

Figure 19 shows the track layout of an item record in
the "disk storage sector. Positions 00-79 contain the in-
formation about the part that will be loaded from input
cards. Positions 80-99 contain information on usage of the
part that will be accumulated as time passes. This arrange-
ment allows the programming to be simplified, and results
in faster loading of the memory, because only one card
must be fed for each item.

For the purpose of checking, it will be assumed that the
disk address is recorded on the first five positions of each
sector. This address will be used to prove that the records
are loaded on the proper sectors.

FILE
o

File Interlock. This interlock is provided so that new pro-
grams may be tested without changing the information
on the disks. When a program has been checked out, this
switch is jackplugged to allow the program to change
the records in the memory. All operations except writing
on the disks may be performed with this interlock un-
plugged. )

Figure 20 diagrams the steps needed to load the memory.
When the first card has been fed, recorded-on the input
track and checked, the sTART hubs emit, The wiring labeled
1 in Figure 21 starts the stored program at step 00. So
that a new card may be fed immediately, the information
on the input track is transferred to processing track W,
and a new card is fed, checked and recorded on the input

DISK STORAGE

START

INPUT TO
TRACK W

FEED CARD

ITEM ADDRESS
(PART NUMBER)
TO ADDRESS
REGISTER, SEEK

ITEM RECORD .
TO TRACK X

COMPARE ITEM
ADDRESSES ON
TRACKS W & X

DOES
ADDRESS
COMPARE

WRITE INPUT
RECORD FROM
TRACK W TO
DISK STORAGE

ERROR

Ficure 20. Brock Diacram oF a Disk Storace LoapiNg
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Ficure 19.
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The part number on the input card on track W is sent
to the address register to cause the disk access arm to move
to the proper location in the memory. Then the location of
the arm is checked by reading the sector to processing track
X and comparing the part number on the input card with

the address pre-recorded on the track. If the two addresses
are equal, the input record is written into the memory, and
the wiring labeled 4 in Figure 21 transfers the control back
to the starting point to process the next card.

The program instructions are as follows: -

RESET STOP
Mool

AX, 37-40

This instruction transfers the input track to processing track W. The
control code A brings the control to the control panel, where FEED
CARD and PROGRAM ADVANCE are impulsed,

The address (Part Number) in the first five positions of track W is
sent to the address register to cause the access arm to move to the
desired location.

The record at the address is brought to processing track X so that
the sector address may be compared. :

The item address from the input record is compared with the sector

address. The control code B tests the COMPARE selector. 1f
equal, the program continues to step 04. Otherwise, the machine

If the item address and the sector address compare, the input

FROM TO

PS::?; Cr::;. Control

Track Position [Track] Position | 2<'€"
00 |K|9|9|W|9]|9]|0|ol4
o/ |W|o|4|T|9]|9]|o|5s
oz |R|9]|2|X|2]|2|09]|0
o3 \w|ol|4|x|o|4|0|5|B|!

7 stops.

0£|\W|9|9|K|9]|9|0o|o]|cC

" record is written in the sector. Control code C transfers the

program back to step 00.

r— STOP ——-I

Reset Stop. These hubs may be impulsed from a stored

PROGRAM EXIT impulse when processing is to be halted. Im-
pulsing these hubs will reset the processing unit. Place the
machine in an inquiry-only mode of operation so that man-
ual inquiries may be made. Restart by depressing the start
key.

AW, 29-32

Stop. Impulsing these hubs will stop the program. Opera-
tion may be restarted by depressing the program start key
on the 380 Console.
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. When the START hubs emit, the stored program
is started at step 00.

. Control code A is wired to FEED CARD and
_restart the stored program.

. Control code B is wired to test the COMPARE
selector. |f the address in the disk record
corresponds to the address in the input card,

the program is restarted by impulsing PROGRAM
ADVANCE. Otherwise, the machine stops.

4. Control code C is wired to transfer the program
back to step 00. - °
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CoNTROL PANEL WIRING FOR LOADING THE MEMORY




UNLOADING THE DISK STORAGE

AT REGULAR intervals, it may be desirable to print out sec-
tions of the memory for a permanent record. The records
may be read out in numerical sequence by the use of arith-
metic, as described later. Another method, that allows the
records to be printed out in any order desired, is to have a
deck of cards with the memory addresses punched in them,
one to a card, along with other pertinent codes. These cards
may be arranged in any order desired; then when they are
placed in the card reader and fed into the machine they
may cause the memory to be read out and printed in that
order;

Figure 22 diagrams the steps for this method of unload-
ing the memory. The part number from the input track is
used to cause the access arm to locate the record in the disk
memory. The record is transferred to processing track X,
and the address is compared to prove the access arm reached
the desired record. If the proper record has been obtained,
it is transferred to the output track and printed. Note
that two print cycles are required if the entire 100 char-
acters are to be printed. The control is transferred to the
starting point to process the next card, as shown in the
wiring diagram of Figure 21. ‘

The program steps for this operation are shown on
the following page.

START

INPUT TRACK
TO PROCESSING
TRACK W

FEED CARD

INPUT ADDRESS
(PART NUMBER)
TO ADDRESS

REGISTER, SEEK

DISK RECORD
TO PROCESSING
TRACK X

COMPARE ITEM
ADDRESSES ON
TRACK W & X

\

DOEs
ADDRESS
COMPARE?

PART RECORD
TO OUPUT
TRACK

Ficure 22.
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FROM TO
Prog. No.
Step Char- Control
Track Position ITrack} Position acters
00k |99 w9190 !l0]|A When the start hubs emit, the stored program is started at step 00.
Sl - - ——1— This step transfers the contents of the input track to processing
o 1 track W. Control code A causes another card to feed.
24 W 0411919105 The item address is sent to the address register to cause the access
arm to move to the desired record.
02 |R|919|X|9|9 |00 The disk record is brought to processing track X so the reccrded
address can be checked to insure that the access arm is positioned
- properly.
The item address on the disk record and the item address on the
“_0_3 Wio|41X|0|4|0 51617 input card are checked by the comparing unit. If they agree, the
program proceeds to step 04; otherwise, the machine stops.
04 Xi1919|s|9|9|0|o|cC The part record is transferred to the output track, and the control
code is wired to cause the printer to print the record, and skip
the program to step 00.
ARITHMETIC OPERATIONS Two or more adjacent fields of information may be
entered into a similar number of adjacent accumula-
Accumulators tors on one program step. Normally, the low-order

One track on the magnetic drum in the processing
unit is designed for accumulation. The track is di-
vided into ten sections of ten positions each. Each of
these sections is a separate accumulator. The positions
of the accumulators are addressed in the same manner
as the positions of any other track. The layout of
the accumulator track is shown in Figure 23.

The maximum field that may be entered into one
accumulator on any one transfer is ten digits. It is
not possible to couple the accumulators in the manner
that accounting machine counters are coupled. If an
accumulated amount exceeds the 10 positions of the

positions of the succeeding fields must be separated
by ten positions to agree with the low-order positions
of the accumulators.
The accumulator track is addressed by the stored
program characters L and M, as follows:
FROM TRACK TO TRACK

Accumulator add L
Accumulator subtract M
Accumulator read out L
Read out and reset M

Examples: To add the six-digit number located in
positions 54-59 of track W into accumulator 2, the
instruction is:

accumulator, the accumulator overflow selector is

transferred on the control panel and the accumulator FROM 70 No.

overflow light at the supervisory station is turned on. Char- | Control

Depending on the wishes of the programmer, the TrocH Position [Trac Position | °*"*

machine may be caused to stop automatically, or to

take corrective action. Wis|9|L|2]9]|2]¢
Accumuiaror| Accumur ATor| Accuruator | Accumuraror|Accumue aror|Accurmi Aror| Aecumur ATor| AccuruLaTor \Accumur AToR | Accumur AT0R

o 7 2 3 4 5 6 7 3 9

Al bl b b e b b b g b b

] 5 10 15 20 25 30 35 40 45

Ficure 23.
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To subtract the three-digit number located in posi-
tions 13-15 of track X into the same accumulator, but
shifted to the left two places, the instruction is:

Readout

Readout from the accumulator is the same as 2
normal transfer operation. To read out the difference
developed in accumulator 2 by the instructions in the
examples just shown, transferring the answer to posi-
tions 60-65 of track W, the instruction would be:

FROM T0
No.
Char- Control
ITracd Position [Track] Position acters
X|/|5|\miz|710|3

This arrangement allows records to be entered with
shifting to align the decimal points.

Reset — Add, Reset — Subtract

The accumulators may be caused to reset and then
add or subtract on a single cycle by placing a 5 in the
tenth position of the instruction. For example, to
reset accumulator 8 and then add the quantity stand-
ing in positions 51-55 of track W, the instruction
would be:

FROM TO
No.
Char- Control
TracH Position |Trackl Position acters
L12|9\wW|eé|5|0]|é

After the instruction is completed the result remains
in the accumulator.

Read Out and Reset

To read out the difference in accumulator 2 and
reset the accumulator, the instruction is:

FROM T0 No.

Char-
acters

Control

Track Position [Track] Position

M 2|9\ W é|l5|0)6

When two or more accumulators are read out and
reset on the same instruction, all accumulator posi-
tions of the affected accumulators are reset. For ex-
ample, the instruction

FROM TO
No.
Char- Cpntrol
Tracld Position [Track] Position acters
w\s\5\418|9|0|5 5

To reset the accumulator and subtract the same quan-
tity, the instruction would be

FROM 10 No.

Char-
acters

Control

[Track Position [Trackl Position

w| 515 m8]9]o]5s]| |5

s 8 7 0 0 1 2

FROM T0
No.
Char- Control
Tracd Position |Track Position acters
MS|4\y|7|z|l7]0

reads out the five high-order postions of accumulator
5 and the five low-order positions of accumulator 4,
transferring these two fields to track Y. Although
only five digits are read from each of them, both ac-
cumulators will have all 10 positions restored to zero.
Figure 24 illustrates the effect of this instruction on
the accumulators.

9 0 6 1 0 4 5]

9 O RESET

BEFORE
M54X9910 READOUT |1 2
AFTER lo o oo 000

o |Id >

5
S5
0

6 7
6 17
o 0

ACCUMULATOR

8
8
0 0 000 0 0 0]
ACCUMULATOR 5

FicURE 24. EFFEcCT OF READOUT-RESET INSTRUCTION ON THE ACCUMULATORS
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Sign Control

For algebraic addition and subtraction, sign control
is maintained by overpunching the low-order position
of each negative field with an 11 (X) punch. The
negative low-order positions thus stand on the proc-
essing tracks as alphabetic characters; for example,
the amount —12.45 stands on track W as 124N. When
this field is transmitted to the accumulator, the N is
sent first, and then the 4, etc. If the instruction re-
quires that this amount be added into the accumu-
lator, the negative overpunch will cause the true
amount, 1245, to be subtracted. If the instruction
requires that this amount be subtracted into the ac-
cumulator, the presence of the negative overpunch
will condition the accumulator to add the amount,
thus maintaining the algebraic sign control.

When more than one field is transmitted to the ac-
cumulators on a single instruction, the machine looks
for a sign overpunch on the first character trans-
mitted. This low-order digit need not be read into
the units position of the accumulator. The add-
subtract controls are conditioned by the sign of the
operation and the sign of the transmitted number.
The machine looks for a sign overpunch at each in-
coming position that enters the low-order position of
each subsequent accumulator, and reconditions the
add-subtract controls accordingly. Figure 25 shows
the effect of a transfer of this type of the accumu-
lators. Although the negative numbers stand on the
accumulator track as ten’s complements, only true
figures are read out.

When a negative accumulator is read out, the sign
overpunch is automatically attached to the first digit
read out of the accumulator, regardless of its position.

The coding of the 12-Zone (X and 0 bits) causes
the machine to recognize a 12-overpunch as a nega-
tive sign.

Only the numerical portions of the characters sent
to the accumulator track are retained. The signs as-

sociated with each of the 10 accumulators are avail-
able on the accumulator sign selectors on the control
panel.

ACCUMULATOR SIGN ——
o oINo oo oINO ¢

D-K, 1-40

Accumulator Sign. Each accumulator has an associated se-
lector that shows its sign. By using a2 PROGRAM EXIT im-
pulse, the sign selector may be tested to determine if the
accumulator is positive, stands at zero, or has a negative
balance. A test impulse, wired into the in hub, emerges
from the -+ hub if the accumulator is positive, from the
0 hub if the accumulator is zero, and from the — hub
if the accumulator is negative.

AQ/FLOW —
oOINO O

=] ]
[ |

= DO ]

]

L-s, 1-3

Overflow. If an accumulated amount overflows an accumu-
lator, the accumulator overflow selector is transferred
and the overflow light at the console is turned on, The
overflow selector is a latch-type selector; once transferred
it remains in that condition until impulsed to dropout
on the control panel. The programmer may make use of
this selector to stop the machine if an overflow occurs,
by wiring a PROGRAM EXIT impulse into the 1v hub, and
from the no hub to the following program step. If an
overflow occurs, the following step will not be set up,
and the machine will stop. This practice is recommended
where there is a possibility that the capacity of an ac-
cumulator may be exceeded.

90 X 99
TRACK X [1 2 4 5 1.2 3 4 5
BEFCRE fo 0o 0o 0 0 0 0 0 0|0 0 0 0 0 0 0 0 0 0]
X
X99L5410 ADD 1 2 4 511 2 3 4 5
AFTER [ 9 9 9 9 8 7 5 5]/]1 2 3 4 5 0 0 0 0 0]
ACCUMULATOR ACCUMULATOR 5

Ficure 25. ErreEcT OF SiGN CONTROL OVERPUNCH ON THE ACCUMULATORS



AVAILABILITY EDITING

The sectors of the disk memory have been loaded with
the item records, the part numbers being arranged for direct
addressing. Thus, part number 12345 has its item record
stored at memory location 12345, etc. The item records

FiGure 26 shows the elements of an availability edit, in
which the machine is programmed to look up the item rec-
ord of any item ordered and determine whether the order
can be filled from available stock.

START

- RESET -
ACCUMULATORS

- INPUT TRACK
TO TRACK W

FEED CARD

ITEM ADDRESS
(PART NUMBER)
TO ADDRESS
REGISTER, SEEK

QUANTITY ON
ORDER TO
ACCUMULATOR 3
MINUS

DISK RECORD
TO PROCESSING
TRACK X

QUANTITY ON
HAND TO
ACCUMULATOR 3
PLUS

TEST
ACCUMULATOR
SIGN

BACK ORDER
ROUTINE

+OR 0

ORDER FIILING ROUTINE |-

V

UPDATE ITEM RECORD

Ficure 26. Brock DiagcraM — AvaiLaBiLity Epir
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are arranged as shown in Figure 27. Each item record car-
ries the number of parts on hand in columns'26-34.

The second track diagram in Figure 27 shows the ar-
rangement of the input order card. This card contains the
customer number, the part number being ordered, and the
number of parts desired.

From the input card, the part number is used to address
the disk memory to find the item record for the part.
The quantity on order is subtracted into accumulator 3,
then, when the item record has been found, the quantity
on hand is added into accumulator 3. Now the accumu-
lator sign selector is tested; if 4~ or 0, the order can be
filled, so the program branches to the series of instructions
that result in filling the order and writing an invoice. These

Prog. FROM 10 No.
Step Char- | Control
Tracd Position |Tracld Position acters
oom 919 olo
- step.
or |k |9|9|w|ols|o]|ola
92 \w|o|9|T 919 ]|0|5
,,QZ‘W/ 3|M|3|9|0|4
04| 1919|x|9|9|2]|0
05|X |3|4|4|3|9|0|9 |8

steps will not be discussed at this time. Then the record
is updated by writing the remaining quantity of parts on
hand into the proper positions of the item record and re-
turning the record to the disk memory. In this way, the
disk records constantly show the current quantity on hand.

If, when the accumulator is tested, a negative balance is
discovered, the order cannot be filled completely, so the
program is branched to a series of instructions that result
in setting up a back order. These steps will not be discussed
at this time. When the order has been completed, the pro-
gram is transferred to the starting point so that the next
item can be processed. Figure 28 shows the control-panel
wiring for this program.

When the START hubs emit, the stored program is started at this

The accumulators are reset by this instruction.

This instruction transfers track K, the input track, to processing
track W. The Control code is wired to feed another card.

This instruction transfers the item address to the address register to
cause the access arm to move to the item record.

The quantity of parts ordered is subtracted into accumulator 3.
The item record is transferred from the disk memory to track X.

The quantity of parts on hand is added into accumulator 3. Then
the control code is emitted from the program exit B hub and wired
to test accumulater 3. If the accumulator is negative, there is
not enough stock to make shipment, so the program advances to
step 06 to cause the order to be back-ordered. If the accumulator
is positive or zero, the program is skipped to step 20, to a

series of program steps that fill the order, write the invoice, and
update the item record. The method of performing these opera-
tions will be shown in a later program.
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and advance the program to the next step, in
this case step 02.

2. Control code B is wired to test accumulator 3.
If the accumulator is negative, program ad-
vance is impulsed to start the program in the
back-order routine starting in step 06. |f the
accumulator is positive or zero, the program

is skipped to step 20, where the program steps
that fill the order, write the invoice and up-
date the item record are located.
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Ficure 28. CoNTROL PANEL WIRING — AVAILABILITY EDIT
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Multiplication

Programming a multiplication is a two-step opera-
tion, First, the multiplicand must be loaded on the
multiplicand track in the processing unit by a normal
transfer instruction. The maximum-length multipli-
cand that may be used for multiplication is 9 digits,
so the number-of-characters part of the instruction
must always be coded 09 or less. Ten digits may be
loaded for programmed addressing as described later,

The second step is to move the multiplier into the
magnetic-core unit and perform the actual multipli-
cation as described below. The product is developed
in accumulators 0 and 1; therefore these accumula-
tors should not contain any information needed later.
These accumulators should normally be reset before
a multiplication is programmed., The multiplier may
be as large as desired; however, the maximum size of
the product is 20 digits, obtained when the multipli-
cand contains 9 digits. If the multiplier is greater
than 11 digits, the least significant positions of the
product will be dropped unless the multiplicand is
positioned at the left or high-order positions of each
multiplicand track field.

Assume that it is desired to multiply the 9-digit
number in positions 82-90 of track W by the 11-digit
number in positions 71-81 of track Z. The multipli-
cand is loaded by transferring positions 82-90 of
track W to the multiplicand track, using the 1o ad-

* dress V. ’

FROM T0
No.
Char- Control
Track Position [Track] Position acters
Wwidjolv|9|9io]|9

Loading the multiplicand is a normal 30-millisecond
_transfer operation. The transmitted multiplicand is
written around the multiplicand track 10 times, cor-

responding to the 10 accumulator fields.. The multi-
plicand is always written in the low-order positions
of each field of 10 characters, and the remainder of
the field is reset to blank.. Any character transmitted to
the multiplicand track is carried in full; zones and
sign marks remain on the multiplicand track but are
not used in the multiplication. A single multiplicand
may be carried through several multiplications for
group multiplication (Figure 29).

The actual multiplication begins when the machine
receives an instruction with the To address N. The
transmitted multiplier is automatically sent to the
magnetic-core unit. Under the control of successive
multiplier digits, the multiplicand is read out and
added into accumulator 0. Each digit of the multi-
plier is processed in one drum revolution (10 milli-
seconds).

During each 10-millisecond cycle, the partial prod-
uct previously developed is shifted one place to the
right in accumulators 0 and 1, and the multiplicand
is added into accumulator 0 the number of times
specified by the multiplier digit. During. these opera-
tions all sign control is inactive, and the product is
always positive.

The product is developed in accumulators 0 and 1.
If this product results from a 1-digit multiplier, the
product will be entirely in accumulator 0. For each
additional multiplier digit programmed, the low-
order digit of the product is shifted one position into
accumulator 1. The total number of multiplier digits
programmed is specified by the number-of-characters
part of the program step that starts multiplication:

FROM T0
No.
Char- Control
Tracd Position Traclﬁ Position acters
Z|\8|1IwNV|9|9]|17]7

»
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SAMPLE MULTIPLICATION WITH HALF-ADJUSTMENT

8163.29 X 534.19

4.360.747.8851

S Half-adjustment

4.360.747.89

PARTIAL . START TIME
INSTRUCTION OPERATION
ERATIO PRODUCT ACCUMULATORS END MILLISECONDS
M11 W50 09 Resoet Adcc]ums. 0000000000/ 0000000000 (30)
an . )
z05 Lo7 oi | Emit 5 for 0000000500]0000000000 30
half-adjustment : ) .
W90 V99 06| Load &-digit 0000000500|0000000000 30
multiplicand
wg4 N99- 05| Load 5 digit 0007346961 | 0000000050[0000000000 30
T multiplier, . . 0007347011 0000000000
multiply X 9 .
Multiply X 1 0000816329 | 0000734701]1000000000 10
0001551030({1000000000
Multiply X 4 0003265316 | 0000155103 |0100000000 10
0003420419[0100000000
Multiply X 3 0002448987 | 0000342041 [9010000000 10
0002791028 (9010000000
Multiply X 5 0004081645 | 0000279102 8901000000 10
0004360747(8901000000
M11 W50 09| RO Product 0004360747|8901000000 30
g Reset Accoms. 0000000000{0000000000

NOTE: The first and last instructions are the same. 1f accumulators 0 and 1 are used only for
multiplication, the last instruction accomplishes reset before the following multiplication, so
the time for the first instruction need not be counted. For this reason, the 30 milliseconds is

shown in parentheses. The 5 used for half-adjustment is recorded ot Z 05, to be read

whenever a 5 is needed.

FIGurE 30.

If there should be more than 11 multiplier digits pro-
grammed, the excess low-order digits of the product
will be lost by shifting out of the low-order position
of accumulator 1 unless the multiplicand is positioned
at the left or high-order positions of each multiplicand
track field. For example, 15 digits can be multiplied
by five digits if the five digits representing the multi-
. plicand are loaded on the multiplicand track so that
each field contains five zeros in the low-order posi-
tions.

The position of the low-order digit of the product
in accumulator 1 is given by the formula:

’ no, of digits in multiplier including high-order zeros"‘

+ 8 = address of low-order position of product-

For “example, when the multiplier is four digits,
the address of the low-order product digit is L. (or
M) 12 ' -

Half-Adjustment

When decimals are dropped from a product, it may
be necessary to correct the number that is retained

MEeTHOD OF MULTIPLICATION

to the nearest remaining decimal value. For example, to -
retain two decimal places from the product 12.7945,
the value is 12.79; but from the product 12.7954 the
value is 12.80. The last decimal retained in a multipli-
cation may be half adjusted by adding a 5 into the
highest-order position dropped. In this example, the
5 is added into the thousandths decimal position.
When the product is 12.7945, adding the 5 raises it
to 12.7995, and the last two decimal places are
dropped, leaving 12.79. When the product is 12.7954,
adding the 5 raises it to 12.8004, and when the last
two decimal places are dropped, 12.80 is left. The
method of programming a half-adjustment is shown
in the example of Figure 30, which also shows how
the product is built up through repetitive adding into
accumulators 0 and 1.

For half adjustment, note that the 5 is placed in
accumulator 0 one position higher than the number
of places to be dropped. Because the accumulators
shift to the right before the first multiplication oc-
curs, the 5 is shifted to the correct position before
the first partial product is added.
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Programmed Division

Direct division is not available as an automatic ma-
chine function; however, division may be readily pro-
grammed. Three approaches that may be used are
multiplying by reciprocals, trial divisor, and successive
subtraction. The last method is presented here.

In this routine, the divisor is subtracted from the
dividend in successive steps starting with the high-
order position of the dividend. Each subtraction cycle
is counted to develop the quotient, and the accumu-
lator is tested for a minus condition, When the ac-
cumulator turns minus, the divisor is added back to
the dividend one time, and the quotient count is cor-
rected. The remainder and quotient are then shifted
one column to the left, and the routine is continued.

A blank track (30 positions) is required to carry
the divisor, quotient count (—1), and a constant (1)
which is referred to as a housekeeping count. These
factors can be entered on this track from an emitter
track in positions corresponding to the accumulator
track where they will be used. The high-order posi-
tion of the divisor is in position 1 of the blank track,
the quotient count (—1) in position 29, and the
housekeeping count (1) in position 30. Note: The
last two items are shown as being set up during the
division routine; however, they could be established
during the original program loading. This would
eliminate these two steps on each division operation.

The dividend may be up to 19 digits. It is added
into accumulators 0-1 with the high-order position
shifted left as far as possible based on the application.
This location is dependent on the size of the divisor,
as well as the quotient to be developed. In the sim-
plest situation, a 4-digit divisor (in positions 1-4)
would require that the high-order position of the
dividend be entered in position 5 of accumulator 0.
This provides for a divisor of 0001 and prevents di-
vision by zero.

Using the preceding rule for locating the dividend

may, in many actual cases, cause a waste of process
time. For example, to divide total earnings by hours
worked to determine actual hourly rate on a payroll
application, the maximum hours (divisor) may never
exceed 110.00, and the maximum earnings (dividend)
may never exceed 999.99. If, however, past experience
shows that the hourly rate never exceeds 12.75 (four
digits), strict adherence to this rule would waste
processing cycles, because the maximum quotient
would be developed as 00012.75. In this situation,
therefore, the dividend should overlap the divisor by
three digits to save excess cycles. This requires that
the dividend be entered in accumulator 0-1 with the
high-order position located in position three.

The following rule has, therefore, been developed
to determine the location of the dividend to meet the
requirements of a specific application. Note: The
numbers illustrate the preceding hourly rate situa-
tion:

Digits to left of decimal in divisor plus 1 .. 4
Add maximum number of possible digits to left

of decimal in quotient 2
6
Subtract digits to left of decimal in dividend -3

Enter high order position of dividend in position 3

Accumulator 2 develops the quotient in the low
order positions. Accumulator 3 is used. for house-
keeping (to count the number of positions in the
quotient and the divide routine). The difference be-
tween 9 and the number of quotient digits (9’s com-
plement) is entered in the high-order position of the
accumulator. An accumulator overflow signals the
end-of-divide routine.

Figure 31 shows the track arrangement for a divi-
sion problem. The factors on track Z are aligned to
provide for simultaneous addition and subtraction in
the accumulators.

The program for division by successive subtraction
is illustrated in Figure 32.

DIVIDEND
(MAXIMUM)

Dvisor ORIGINAL
( ) RECORD

[ 5 10 15 20

INETNERN RN NN NAN NN NN NN R NI INR RN NN TN
0 5 0 15 20 30 35 40 TRACK Z
QUOTIENT | HOUSEKEEPING BLANK
COUNT OUNT
DIVISOR = 1, ”C TRACK
INENNNENE ANERANN AN AR TN RN RN
TRACK L-M
: END D'VF',DE ACCUMULATOR
DIVIPEND—-—><—QUOTIENT->HOUSEKEE ING TRACK

30 35 40

Ficure 31. DIvisioN BY SUCCESSIVE SUBTRACTION



Prog
Step

From

To

Track

Position

Track | Position

No
Char-
acters

—0JI=+300N

00

25

L

*19

'R'19

ol

S R3

37

Z

*09

1’09

02

21

29

o]

03

’('39

30

o/

04

oy

30

o7

05

29

29

29

06

30

30

07

29

28

29

0§

29

29

29

NOTE:

* These items vary with application.

SET=-UP ROUTINE

N

Add dividend in accumulator 0-1 in proper position according to rule.

Transfer divisor to working storage track (Z) with high-order position
to correspond with position 1 of accumulator 0.

Set up quotient count as a -1 on working track (Z) so that it will
correspond with the low-order position of accumulator 2. Note that
when the divisor is subtracted from the dividend in later steps, the
quotient count is subtracted (added) as a = (=1) in accumulator 2.
Track X is a constant or legend track used for setting up track Z.

Set up the housekeeping count by emitting a "1" onto storage track
Z adjacent to quotient count so that it can be added into the high-
order position of accumulator 3 on the restore cycle as described later.

Add a factor in the high-order position of accumulator 3 of 9 minus
the number of quotient digits desired, The housekeeping count is
added to this figure on each restore cycle, and the accumulator over-~
flow selector on the control panel can be used to signal the end of
divide routine..

Subtract divisor from accumulator 0 and subtract (add) the quotient
count to accumulator 2, Test accumulator 0 on the control panel to
see that factors are correct. |f accumulator 0 is plus or zero, this
indicates improper factors such as 0000 divisor, and the program
should be stopped to indicate an impossible condition to the operator.
If accumulator O is minus, proceed to the basic loop of the routine

in step 06.

. RESTORE--TEST FOR END--SHIFT

Restore cycle. Add the divisor back to the dividend to restore accu=
mulator 0 to plus. Add (subtract) quotient count to restore the over
count of the previous step. Add housekeeping counting to accumu-
lator 3. Test the overflow selector on the control panel. If an over-
flow exists (which will occur only on the succeeding passes through
this loop), it signals the end of divide routine for return to the
regular program. |f no overflow, continue through basic loop on
step 07.

Shift dividend or remainder and quotient one column to left in accu=-
mulators 0-1-2,

SUCCESSIVE SUBTRACTION

Subtract divisor from dividend and subtract (add) quotient count in
accumulator 2. Test accumulator O on control panel. If plus or zero,
repeat step 8. When accumulator 0 is minus, return to step 06 to re-
store the over-subtraction and the quotient count, and adjust the
housekeeping count. Steps 06 through 08 are repeated until the end of
the routine, and step 08 is repeated within this basic loop as many
cycles as are required.

Ficure 32. DivisioN By Successive SUBTRACTION (Procram)
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OTHER LOGIC ELEMENTS

Character Selector. The character selector provides a way
of analyzing any character on any drum track as a basis
.- of control. This allows the character in a single control
‘column to bring about multiple decisions. The character

s F 2 CHARAGTER SELEGTORS —
f oﬁ B3 B 5 5 & E oMo otk W Bl N 8t
6 H 1 4 K L M
© 0 0 0 0.6 o|olfe ofo|o020 olo |ollo olo
g B 8 R 5 T u s n 5 " 5
Qo o o o (o] o [ o0—0 o—0 o—0 o—0 o—0 o 2
UV W X Y ZBLANK]
o o o o o o o 0‘0—0 0_06 0_00 O—Os Ho 0’—06
0 1 2 3 4 5 6 ' 7 | 7 ' 7
o o Q o o o o o0—0 o0—0 o—0 o—0 o—0 o0
7 8 9 . 8o & %
o o o o] o o o OLO O—Oa O—(B o) 0—00 Q—O2 0—0s
* - 7/, % # @ 3 s 3 5 3 N
© o 0o 6 0o ¢ slodo ololodo o020iodo oo

L-S, 10-28

to be entered into the character selector is sent to this
unit by an instruction with the hyphen (-) code as the

To address. For example, to enter the control code re-’

corded in position 05.of processing track W into the
character selector, the instruction is:

FROM TO No

Char- Control
acters

Tracq Position [Track Position

wlols|-1919|lolr e

Any character thus entered establishes test paths between
each 1N hub and the exit hubs corresponding to the char-
acter entered. On the basic machine, four distinct paths
are set up. Three of these paths are arranged so that a
PROGRAM EXIT impulse entered into the v hub emerges
from the hubs corresponding to the IBM card code of the
character being tested. For example, if an A code is en-
tered in the unit, a PROGRAM ExIT impulse wired into any
one of these 1IN hubs would emerge from the 12 and the
1 hubs under that 1x hub. Special characters emit zone
and upper punch only; for example, the character * (X,
4, 8) emits X and 4.

In the fourth path, a test impulse wired into the N
hub emerges from only one of the 48 exit hubs represent-
ing the specific letters, numbers and.special characters.
The paths remain set up until another character is ad-
dressed to the unit,

BLANK TRAN.—
QINO [ OINO

11
1

T-X, 1-5

Blank Transmission. Every trans’er of information in the
machine is monitored by the blank field device to allow

—

the control to determine if significant information is
transferred. A path is established between each v hub
and the ~o hub beneath it if the field is not blank or
zero. Otherwise, the path is established between the N
hub and the yEs hub. This happens when the instruction
transfers only zeros and coded blanks. This device is very
useful in the spread-card operation to be discussed later,
where it is used to give an indication whenever the pro-
gramming has completed the processing of the last re-
corded field. The selector must be tested immediately,
using a PROGRAM EXIT impulse, because the next instruc-
tion sets up a new reading in the indicator.

oy
171

oTo

SELECTORS

TP H
[11117]

o © o o o oTo

OO O 0 O 0 o0 o0 oNo

©¢oc o o o o O o oCo

OTO 0o ©o 0o 0 0 o oTo

ONO o ©o o o o o oNo

oc¢co o o O o0 o o OCO'

Y-AH, 21-30

Selectors. For the storage and analysis of control functions,
latch-type selectors are provided. Each selector has two
positions, and each position has a common, a normal, and
a transferred hub. The common hub is connected to the
NORMAL hub until the selector is picked up by impulsing
the pickup hub. Then the common hub is connected to
the TRANSFERRED hub until an impulse is sent to the
prorouT hub.

Selectors furnish a convenient means of “remember-
ing” specific routines that the machine has executed in
the course of a program, especially when a number of
alternative program sequences are possible. They may also
be used to count the number of times that the machine
goes through a certain routine. For example, it may be
desired to substitute another item from stock if the item
on an input order card is out of stock. If the item record
of the ordered item contains the address of a possible
substitute, the machine may look up the substitute rec-
ord, and if enough stock is on hand, invoice the substi-
tute. However, the substitute record could have as a
substitute the address of the original part. If the substi-
tute wete out of stock, the machine would look up the
record of the original part again, then go back to the sub-
stitute, etc. To prevent the machine from doing this, a
selector may be used to allow the machine to look up one
substitute, but to prevent going back to the original item
record.

RESET
)

AA-7

Reset. Because it is frequently desirable to start a program
sequence with all selectors dropped out, the selector reset
hub is provided. Impulsing hub A drops out the 10 se-
lectors.
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AC-AE, 6-20

Cycle Delay. These units provide a delayed impulse that

may be used for control functions such as the pickup and
dropout of selectors. The pProGrRaAM ExIT impulses are nor-
mally wired through selectors to control branching; these
impulses should never be wired to the pickup or dropout
of selectors they are testing, because this would cause the
selector to change state while the impulse was passing
through, resulting in erroneous operation. Instead, the
impulse is wired into the cycle delay n hub; it is stored
and emitted from the corresponding ouT hub after the
PROGRAM EXIT impulse has ended. The exit from the cycle
delay is timed to allow selectors to be picked up or
dropped out when there is no danger of disrupting a test

impulse.
ALTERATION 5 6
oTo o TO oTo oTo
g e e
oColocCo

Z-AB, 9-20

Alteration Switches. A row of toggle switches on the op-

erator’s panel at the supervisory station is provided to
allow various changes to be made in the program setup
by changing the settings of the switches. On the control
panel, these switches are wired in a manner similar to

selectors. PRoGrRaM EXIT impulses wired into the v hubs.

emerge from the N (normal) hub of the same vertical
row if the corresponding toggle switch is in the normal
position, and will emerge from the T (transferred) hub
when the toggle switch is transferred.

H

AA-AB, 6

Control Impulse. Two keys are provided on the operator’s

panel at the console to allow a control impulse to be
emitted on the control panel. This allows the operator
to pick up or drop out selectors, or initiate other func-
tions, from the console. The impulses are emitted from
the correspondingly- numbered ct (control impulse) hubs
on the control panel.

ALC

A, 39-40

ALC (Awutomatic Last Card). If the ALC switch is not

plugged when the cards have run out of the card hopper,
and if the last card has passed the second reading brushes,
the card reader will stop. The last card information will
have been transferred to the input track, and processed.
The reader will then interlock on the next programmed
instruction calling for a transfer of information from

the input track. The operator may depress the reader .

start key with the ready light out, and feed cards to
the stacker. Just after the operator depresses the start
key, a dummy (blank) record is transferred to the input
track, and the last card selector transfers.

If the ALC switch is plugged, the card reader feeds
the last card past the second reading brushes, processes
this card, then feeds one additional cycle before stopping.
During this additional cycle a blank record is transferred
to the input track; the last card selector transfers, and
any last-card routines (that have been programmed
utilizing the last card selector) can be completed. The
cards may then be fed into the stacker by depressing the
reader start key.

Inquire. The pair of hubs marked on form a switch that is

jackplugged if manual inquiries to the disk records are
to be allowed.

The mv-ouT hubs form an interlock that is wired to
allow the console to take control of the access arm at
a time when it will not countermand the stored pro-
gram instructions. The INQUIRE interlock is wired in the
program at a point where the access arm has completed
its use of the record, and is ready to move the access arm
to some other record. If the arm is about to be moved
by the program, no harm will be done if the operator
moves the access arm to some other record to make an
inquiry. When the record has been obtained for the
operatot, the stored program resumes control and moves
the arm to the next record required.

A control impulse wired into the ixn hub emerges im-
mediately from the ouT hub if no inquiry has been set
up at the console. The impulse from the our hub is
wired to initiate the next program step.

The operator initiates an inquiry by depressing one of
the three keys, Format 1, 2, or 3, on the keyboard at
the console. The next time the program reaches the
point where the control impulse enters the mv hub, it
does not emerge from the out hub to continue the pro-
gram, but instead lights the mvquire light on the con-
sole. Now the operator keys the 5-digit disk address. The
access arm moves to the desired record and reads this
record to the typewriter (Q) track automatically.
When this has been done, the machine emits an impulse
from the inquiry ouT hub to restart the stored program.
The program proceeds while the requested record is typed
from the Q track by the typewriter,

il

B-C, 39

IT1 (Inquiry-Type Interlock) The typewriter may be used

to make manual inquiries to the disk records as de-
scribed in item 27. The typewriter may also be used
as a secondary output printer by addressing the output
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record to track Q and impulsing TYPE on the control
panel (item 25). If both of these uses occur in the
same program, the INQUIRY-TYPE INTERLOCK must be
jackplugged to prevent either of them from writing on
the Q-track while the track is being used by the other.

LAST CARD
OINO ©

T-X, 8-10

Last Card. This selector is used to control machine opera-
tion on the run-out. Normally, a path exists between
each v hub and the no hub beneath it. When the cards
have run out of the card reader hopper and if no more
cards are to be entered, the operator may depress the
reader start key with the ready light out and feed the
last cards to the stacker, When the last card passes the

second reading station, the last card selector transfers.
The program control may be wired through this selector
to control the run-out,

PRy PCH
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Y-AF, 3
Y-AF, 5

Commaunication. These hubs are connected to the corre-
spondingly-numbered hubs of the communication section
on the printer and punch control panels. They allow
for signal communication between the machine units.



A SAMPLE

THE FOLLOWING example is presented to show the
steps that are taken to plan and program an applica-
tion for the machine. Although only one type of appli-
cation is presented in detail, it will reveal the potential
of this machine for related business applications.

Inventory Control, Billing and Accounts
Receivable

A wholesale firm distributes 25,000 items to 10,000
customers. As orders arrive, they are punched and
verified in the order cards, shown on the first line of
the track diagram (Figure 34) and the cards are fed
into the machine. For each order, the machine

1. determines availability of each item ordered,

2. prices each item,

3. adjusts stock balances,

4. invoices the customer, and

5. prepares the accounts receivable record.

The machine performs these operations in sequence
for each order (Figure 33).

Some of the steps in programming the application
depend on the policies and practices of the distributor.
In this example, to determine availability, if there is
enough stock on hand to fill the order for an item,
the item is filled; but if the item cannot be filled com-
pletely, the entire quantity is back ordered. The pro-
gram can be readily changed to cause the quantity on
hand to be shipped, with the remainder back-ordered,
or to pro-rate existing stock.

Each item in the inventory is recorded on a track in
the disk memory in the arrangement shown in the
track diagram. The items are coded with numbers
between 00001 and 25000 to permit the part number
to be used as a direct address to the corresponding part
record in the disk memory.

Each customer’s record is recorded on a track in
the disk memory, arranged as shown in the track
diagram. The customer’s accounts have been assigned
account numbers between 30000 and 39999 to permit
direct access to these records by using customer num-
ber as address.

When an order is received, the information is
punched into a card arranged as shown in the first
track on the track diagram. This spread card can be
punched with the item number and quantity ordered
for eight items. Additional cards are used if the
order is longer.
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Because of the serial method used in the machine,
the invoice will be set up line by line. When the cards
are fed into the machine they are recorded automati-
cally on the input track. So that no time will be lost
feeding cards, the information from the input track
is transferred by the program to processing track W,
and another card is fed and recorded on the input
track.

The customer number is used to address the mem-
ory, and when the customer record is located in the
disk memory it is transferred to processing track X.
Using information from the customer record and the
input card, the machine assembles the invoice heading
on track Y. The invoice number is supplied from an
accumulator that is advanced for each invoice proc-
essed. The complete invoice heading track is trans-
ferred to the output track, from which the printer,
under appropriate format control, prints the invoice
heading.

As the heading is being printed, the machine reads
the first item number from the order and finds the
record of that item in the disk memory. This record
is transferred to track Z. The quantity on hand (from
the item record) is tested against the quantity or-
dered to determine if the order can be filled. If the
quantity on hand is sufficient to fill the order, the
item is invoiced; otherwise it is back-ordered.

If the item is to be shipped, the item balance is re-
duced by the quantity that is invoiced, and the item
record is returned to the disk memory. In a similar
manner, the machine processes the next item on the
order, testing the avilaibility, extending the amount,
updating the item balance and printing the line on
the invoice.

When the order has been completed, the total
amount is printed on the invoice and added to the
amount receivable on the customer’s record. A test
is made to determine if the customer has exceeded the
credit figure established for his account; if the credit
is overdrawn the order is referred to the credit man-
ager for approval. This method relieves the credit
manager of the editing of all except questionable or-
ders.

The program planning charts and the explanations
that follow show in detail how the orders are proc-
essed.



START

INPUT CARD (ON fNPUT TRACK)

TO TRACK W

FIND CUSTOMER RECORD
SET UP INVOICE HEADING

t
PRINT HEADING
FEED CAI\RD

FIND ITEM RECORD

AVAILABILITY EDIT

ENOUGH TO
SHIP

Y

NOT ENOUGH
TO SHIP

PRICE AND EXTEND

ADD TO BACK ORDERS
UPDATE BACK ORDER RECORD

|
PRINT INVOICE LINE
PUNCH SHIPPING CARD
1

UPDATE ITEM RECORD
TEST FOR BELOW-
MINIMUM-~-BALANCE

|
BELOW MINIMUM
PUNCH ClIARD

¥ !

SLIDE TRACK W -

No BLANK FIELD? YES

FEED CARD

\/

COMPARE CUSTOMER NUMBER
ON THIS AND NEXT CARD

INPUT CARD TO TRACK W

PARE?
COMP, =

UPDATE CUSTOMER RECORD
NOTE {F CREDIT EXCEEDED

L]
PUNCH SUMMARY CARD
PRINT INVOICE TOTAL
[ ‘

RETURN UPDATED CUSTOMER
RECORD TO DIiSK STORAGE

Ficure 33.

Brock DiAGRAM OF THE INVENTORY CONTROL AND BILLING APPLICATION
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Prog.
Step

FROM

T0

Tracd Position

Track

Position

No.

Char-
acters

Control

00

K

919

w

9

g

0

0

o/ |Wio|4|T19(9]|0o|5
oz\rlojric|8lolo]|7
J3(.1819|Y]9]|9]0]|8
04 \wW\l|5|Y|9|7|0]|9
AV AC AV AR A AR AR AR

J6

a7

Y=}

03

/0

When the START hub emits, the stored program is started at step 00.

This program step moves the input card from the input track to track

W in the processing unit. Because the card on the input track contains
only 80 columns, the last 20 positions of the input track will always
be blank. The input card contains a spread order of up to eight

items. If the card is filled, the machine will recognize that it has
completed the card when it reaches the blank columns. {f the card

is not filled, the machine will recognize that it has completed

the card when it reaches a blank field. -

The first five digits of track W contain the customer number. This
is sent to the address register to cause the access arm to move to the
location where the customer record is stored in the disk memory.

While the access arm is moving to the location of the customer
record in the disk memory, other operations may be performed.
This instruction causes a 1 from emitter track | to be added into
accumulator 8 to increase the invoice number.

The new invoice number is transferred from the accumulator to
processing track Y

The customer order number and order date are assembled on track Y,
which also contains the invoice number. Steps 02, 03 and 04 take
place while the access arm is moving to the location of the
customer record.

When the access arm has reached the record, the customer record
is transferred from the disk to processing track X .

The customer disk address from the input card and the disk address
on the disk record are compared to prove that the machine obtained
the proper record,

To complete the assembly of the invoice heading, the customer name
and address are transferred from track X to track Y and combined with
the invoice number, customer order number and order date that have
already been recorded on the track. The invoice heading informa-
tion is now completely assembled on track Y.

The assembled heading is transferred to the output track, and the
control code B brings the control to the control pane!l, where the
control impulse is wired to cause the printer to print the invoice
heading. Format control on the printer allows the information to
be rearranged as desired.

While the printer is printing the invoice heading, the following
program instructions determine the availability of the first item on
the order. First, it is necessary to locate the item record in the disk
memory and bring it to the processing unit. The item number is

the address of the item record.

This instruction places the item number in the address register to
cause the access arm to move to the location where the item record
is stored in the disk memory.

While the access arm is moving to the location of the item record,

the invoice line is assembled on track Y. This step moves the
quantity ordered to track Y.
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. When the START hubs emit, the stored program is

started at step 00.

When the access arm has reached the disk record,
and the disk record has been transferred to the
processing unit, the disk address and the address

on the input card are compared to insure that the
machine reached the proper record. Control code
A tests the compare selector. If the addresses are
equal, the program is advanced to the next program
step. Otherwise the machine stops.

. When the invoice heading has been assembled,

control code B causes the machine to print the
heading, feed the next card, and advance to
the next program step.

. To make an availability edit, control code C is

wired to test accumulator 3. If the accumulator
is negative, PROGRAM ADVANCE is impulsed
because the next program steps take care of a
back-order condition. Otherwise, the program
is skipped to step 21, where the order-filling
routine begins.

. Control code D causes the machine to punch a

back-order card and skip to step 31.
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For an availability edit, the quantity ordered is subtracted into
accumulator 3, Note the use of the reset-subtract instruction.

The item record is brought from the disk memory to track Z.

The item disk address from the input card and the disk address on the
item record are compared to prove that the machine obtained the
proper record.

The item record is inserted on track Y to assemble the item printing
line:

The on-hand quaritity in the item record is added into accumulator
3. Now, if the accumulator is zero or positive, there is a sufficient
quantity of the item on hand to make shipment. If the accumulator
is negative, the item must be back-ordered. Program exit C emits
an impulse that is used to test the condition of the accumulator. If
accumulator 3 has a positive or zero balance, it indicates that
sufficient stock is available for the order to be filled, and the pro-
gram is transferred to step 21. 1f the accumulator is negative, the
control panel wiring transfers the control to step 16.

The following instructions handle the back-order condition.

This instruction places a 5 in the application code column to indicate
to the output units that the record is a back-order.

The quantity back-ordered is added into accumulator Z.

Any previous quantity back-ordered is added into accumulator 7
to obtain a new total of back orders for the item.

The back-order total is inserted in the item record.

The assembled back-order record is moved to the output track, and the
machine is controlled to punch the back-order card and skip to pro-
gram step 31. Step 31 will return the updated item record to the

disk memory.

If there is sufficient stock on hand to make shipment, the program
will have been skipped from step 15 to step 21. The following pro-
gram steps prepare @ detail line on the invoice.

Code 3 is inserted into the application code column to identify the
output record as a shipment.

The unit price is loaded on the multiplicand track as the machine
prepares to obtain the item extension. -

The quantity is used for the multiplier to obtain the extension. When:
the machine reaches this instruction, multiplication will take place.

The product is developed in accumulators 0 and 1. From the
accumulator, the product is transferred to track Y.

The extension is added into accumulator 4 to obtain a total of all the

items on the invoice. This instruction also resets accumulators 0
and 1.
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the program to step 09 so that the processing
of the next item can begin.
When the order has been completed, control
code K skips the program to step 00 (using)
the distributor that was impulsed from the
START hub in Figure 35 .
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The completed transaction line is moved from track Y to the output
track for printing the invoice line and punching the shipping card.
Control code E.is wired to print and punch and advance the program
to step 27.

Now the balance on hand in the item record must be updated and
tested to insure that it exceeds the minimum balance. |f the
quantity on hand has dropped below the minimum balance, a card
will be punched to notify the purchasing department. (Although
this program does not do so, at this time a signal could be written
on the item disk record to prevent punching out any more minimum
balance cards until the stock was replenished.)

The balance on hand in the item record is updated from the
accumulator.

The minimum balance quantity is subtracted from the quantity on

hand in accumulator 3. The F in the control column brings the control
to the control panel to determine the condition of accumulator 3.

If the accumulator is positive or zero, the quantity on hand exceeds
the minimum balance and the control panel wiring transfers the control
to step 31. Otherwise, the program advances to step 29,

An 8 is emitted into the application code column to identify the record
as a minus-minimum balance card,

The record is transferred to the output track, and the machine is
signalled to punch a minus minimum balance card.

The updated item record is returned to the disk memory. The access
arm has not been moved, and the updated record is written over the
old record, replacing it on the sector.

The machine has now completed processing the item. So that the
previous program steps may be used again for the following items, the
machine is now programmed to "slide" the remainder of the input
record to the left, bringing the next item ordered into the position
formerly occupied by the first item. The 20 blank columns mentioned
in connection with program step 00 are slid into the last item positions,
writing blanks over these positions. This routine will be repeated
whenever processing of an item is completed, so that evéntually the
spread order part of the track will contain only blanks.” When this
happens, the machine will be programmed to recognize that it has
completed the processing of the card.

This instruction moves the second item ordered into the positions
formerly occupied by the first item, and all the other items are moved
over correspondingly. The blank columns in positions 80-87 are also
moved to the left to write blanks over the positions formerly occupied
by the last item in the card. Control code H brings the control to the
control panel so that the blank field indicator may be tested. As
long as something other than a blank is transferred in the sliding
operation, the machine continues to process the card, using the item
in the first position. When the sliding operation moves only blanks,
the entire card has been processed, and the machine is programmed to
begin processing the next card.

On the control panel the H program exit impulse tests the blank
transmission indicator. If information was transferred on the sliding
operation, the impulse emerges from the NO hub (no blank field)
and is wired to transfer programming to step 09 to process the next
item on the order. If the impulse emerges from the YES hub the
machine has completed the processing of the card and the program
advances to step 33,
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If the test on step 32 indicates that the card has been completed, it will
be necessary to transfer the next card to the processing unit to continue
operation. The following card may be a continuation of the order that
is being processed, or it may contain a different order, in which case
the current order must be completed before processing can begin on

the new order. This instruction compares the customer number of the
order being processed with .the customer number on the following card,
which has been recorded on the input track. If the codes are equal,
the next card is a continuation of the order, and the program advances
to step 34. Otherwise, the present order must be completed and the
following order started from the beginning. In this case, the control

is skipped to step 35.

If the following card is a continuation of the order, this instruction
transfers the card to processing track W, and the control code J then
skips the program to step 09 so that the next item can be processed.

If the following card is not a continuation of the order, this instruction
begins the sequence of steps that result in completing the invoice and
updating the customer record. This instruction directs the access arm
to return to the customer record in the disk memory. It is placed here
so that the access time may be used to perform the operations of
program steps 36-45, thus reducing the effective access time.

Customer information is transferred from track X to track Y to assemble
the summary card.

The invoice total is transferred from accumulator 4 to track Y.

The customer's previous balance is added to the invoice total in
accumulator 4.

The new customer balance is transferred to track X to update the
customer record.

The new customer balance is transferred to track Y to appear in the
summary card.

The customer's allowed credit maximum is subtracted from accumulator
4 to determine if the customer has exceeded his credit.

The result from accumulator 4 is transferred to track Y to appear on

the summary card. The maximum credit information will be printed

with the total amount of the invoice, but it will be printed on the
margin and torn off before the invoice is sent out. This serves as a
signal to the credit manager that a customer's credit has been exceeded.

A 7 is emitted to identify the accounts receivable summary card.

Track Y is transferred to the output track. From the output track,
the total amount of the invoice and the credit information will be
printed. The remaining information assembled above will be used to
punch a summary card.

When the access arm has reached the customer's record, the record is
transferred to track Z, so that its location may be checked.

The address on the record on track Z is compared with the address on
track X. If the addresses are the same, the head is located on the right
track. Otherwise the machine will stop.

The updated customer record is returned to the disk memory. The K
program code returns the program to step 00. '
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TIME ELAPSED IN MILLISECONDS

EACH DASH = 20 MILUSECONDS

OPERATION 600 700

800 900

1000 100 200 300 400 500 600 700 80O 900 2000 100 200 300 400 500

00. Input Track to Track W [ l J l I

02. Emit 1 to Increase Invoice Number

03. New Invoice No. to Track ¥

01. Customer No. to Address Register ,%%
i
i
!
T

04. Customer Data to Track Y

05, Customer Disk Record to Track X

06, Compare Disk Address

07. Customer Name and Address to Jrack Y.

08, Assembled Heading to Qutput Track, Print

09. Item No. to Address Register

| 10. Quantity Ordered to Track Y

11. Quantity Ordered to Acc. 3 Minus .

12. Item Disk Record to Track Z

13. _Compare Disk Address

14, Item Record to Track Y

15._On Hand Quantity to A lator 3 Plus

21, _Emit Code 3 to Identify Shi t Record

22, Unit Price to Multiplicand

23. Multiply by Quantity

24, Read Out Product to Track Y

25, Add Extension to Accumulator 4

Step 08 continued
26, Trock Y to Qutput Trock, Print

27. Updote Balance on Hand

28, Subtract Min. Bal. Quantity and Test

31._Updated Record to Disk Storage

32, Slide Track W.

33. _Compare Customer Number

35. Customer No. to Address Register

-_Customer Data to Jrack Y.

37. Customer Data to Track Y.

38. _Invoice Total to Track Y.

39._Previous Balance to Accumulator 4

] 40._New Customer Balance to Track X

4], New Customer Balonce to Track Y.

42, Subtrgct Credit Maxi

43. Credit Information to Track Y

44. Emit 7 to Identify Summary Card

Step 26 continved

Step 35 continved
|_45. Track Y to Qutput, Print and Punch
46, _Customer Disk Record to Track Z

47, Compare Customer Number

48. Updated Customer Record to Disk Storage

00. _Input Track to Track W--Following Qrder

Step 01

Step 02

Step 03

Step 04

Step 05

Step 06

Step 07
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Step 08

Step 09

Step 10

Step 11

Ficure 37. SaMPLE PRoOGRAM — OPERATION ScCHEDULE CHART

Time Required

The operation schedule chart (Figure 37) shows
the time consumed by each program step. The chart
is drawn on the assumption that the invoice heading
will have three lines of 40 characters each and that
each body line will contain about 40 characters, in-
cluding spaces. An approximate access time of 600
milliseconds is used for the disk storage; actual time
should be better than this if the item records are
grouped.
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The chart shows that virtually all of the process-
ing time can be overlapped with the printing. The
time for each invoice may be determined as approxi-
mately 4500 milliseconds for the invoice heading and
total line, plus 1160 milliseconds for each item line.
Each back-ordered item will add about 600 milli-
seconds to the time required for the invoice. Assuming
an average of three items per invoice and neglecting
back orders, the machine will process about 450 in-
voices per hour, maintaining all pertinent records.
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A sample invoice is shown in Figure 38.

CABLE ADDRESS: HENFA MEMORIAL 7-8881

HENRY JOHN & CO.
MEMORIAL SQUARE
PATERSON, NEW JERSEY

r : ! [NV, NO. ]
SHIP TO: HENRY SMITH AND CO 81630
3792 LINDANE DRIVE [ orperR NO. | DATE |
LJUNCTIONs Na Yo 1 I 1592al 7 15 |
Quan. Junir|  PART DESCRIPTION uNIT AMOUNT
NUMBER

PRICE
15|EA|[ 20019 |MONKEY WRENCH 2e49] 37435

2(EA[{30103 |TWIST DRILL 53 1406
100|LB| 90012 [PLASTER PARIS +05 5400
43641

Ficure 38. SamMPLE INVOICE




DISK STORAGE

THE disk storage unit is divided logically into 50,000
100-character sectors. The master accounting records
must be fitted into these 50,000 sectors. The best ar-
rangement of the accounting records on the disks
will be determined by:

1. The number of different types of records that

must be stored.

2. The number of records of each type..

3. The number of characters in the records of each

type.

4. The method of addressing the records.

Ideally, the accounting records to be stored in the
memory are given the account number of their disk
address. For example, part number 12345 has its
record stored at disk location 12345. This arrange-
ment is called direct addressing and it has the obvious
advantage that the account number can be used di-
rectly to address the disk storage.

When only one type of record is stored in the disk
storage, if the account numbers are assigned between
00000 and 49999 they can readily be used for direct
addressing. If more than one type of record is stored,
it is desirable to group the records in the memory.

ExampLE: It is desired to provide disk storage for:

15,000 inventory item records
8,000 accounts receivable records
4,000 accounts payable records
4,000 employee records
3,000 miscellaneous records

To allow room for future expansion, these records
could be arranged as follows:

ADDRESSES
Miscellaneous records 00000-04999 (5 disks)
Accounts payable records  05000-09999 (5 disks)

Accounts receivable records 10000-19999 (10 disks)
20000-39999 (20 disks)
40000-49999 (10 disks)

Inventory item records
Employee records

With the records organized in this way, program-
ming may be simplified because the machine can im-
mediately determine that 12345 is the address of
an accounts receivable record.
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Because employee records will most probably re-
quire more than 100 characters, two sectors have
been allowed for each employee record. With this
arrangement, the employee record would always start
on an even address and end on the following odd
address. For direct addressing, employees would be
assigned even employee numbers only.

A modification of this system would be to assign
employee numbers between 20000 and 24999, assign-
ing both odd and even numbers. An auxiliary code
punched in the input card would allow the machine
to recognize an employee card. By doubling the em-
ployee number, an even address between 40000 and
49998 would be obtained. As an example, employee
number 23433 would be doubled to 46866, an even
address that contains the first 100 characters of the
employee record. After sector 46866 is obtained,
record advance is impulsed and the machine obtains
sector 46867, which contains the last 100 characters
in the employee record.

Ease of unloading is another advantage that is ob-
tained by grouping records in a manner similar to
the example just shown. Periodically, it will be de-
sirable to punch or print out certain records to obtain
a permanent record of the status of the disk storage
for auditing purposes. The machine may be easily
caused to punch or print out only the accounts re-
ceivable records by a program that causes the access
arm to obtain record 10000 and then advance to
10001, etc., until 19999 has been processed. If the
records are not grouped, but are scattered through the
memory, it will be necessary to run a deck of cards
through the reader to specify which of the scattered
records are desired.

Where it is not possible to assign a direct disk ad-
dress it is sometimes possible to punch the disk address
in the input cards. Sometimes the disk address can be
prepunched in the card; this is the case when IBM
time cards are used for input when calculating pay-
roll. It may be possible to append the disk address
to the account number. For example, part number
4709GXP could become 4709GXP-23456, where
23456 is the disk address of the part record.
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Programmed Addressing

Where none of these methods is possible it will
be necessary for the machine to perform arithmetic
operations on the existing part or reference numbers
to arrive at disk addresses between 00000 and 49999.
It is not possible to specify any one method of making
this translation; each situation must be studied indi-
vidually to determine the best method of changing
an external address, such as a part or employee num-

ber, into a disk address between 00000 and 49999.

Some of the methods that have been investigated and
found practical are:

1. Using a fixed portion of the external address.
Shown below are a random sampling of part numbers
from a catalog of a prominent mail-order firm:

24W356
53TP4152
53T4149
30T1441
MW5092
487773
78T3560
45TP4959
67TN12

Of course, this analysis would normally be made on
an entire catalog. When this part number arrange-
ment is analyzed, it is found to have a two-digit pre-
fix, a one or two-digit letter code and a four digit
item code. The following codes are obtained by list-
ing the preceding codes in columnar form and in-
serting zeros where there are no characters in the
code:

24 W0 3560
53 TP 4152
53 TO 4149
30 TO 1441

00 MW 5092
48 TO 7730
" 78 TO 3560
45 TP 4959

67 TN 1200

The first method that suggests itself is to use the
four-digit numerical code with one other digit to gen-

erate a unique five-digit address. If the first digit of

the prefix code is combined with the four-digit code,
some addresses would result that are greater than
49999. To insure that all addresses are acceptable

the machine could be programmed to subtract 5
from any prefix digit greater than 4. The following
addresses would then be obtained:

23560
04152
04149
31441
05092
47730
23560
44959
11200

These are all acceptable disk addresses. Unfortu-
nately, address 23560 has been duplicated. If it is
not possible to change the part number of one of
these items, another method must be used. However,
before this method is abandoned, other combinations
of digits should be tried. Note that the numerical
portions of the alphabetic characters can be used
as another digit, and the zone portions can be trans-
lated to digits through programming. Conventional
punched-card equipment can be used to facilitate
these analyses.

If a workable address system is obtained by this
method, after the disk storage is loaded it will be
possible to punch or print out the unused disk ad-
dresses to supply a list for future part number assign-
ments.

This method has the advantage that comparatively
little arithmetic must be performed on the part num-
bers to obtain disk addresses, and no disk storage is
required for indexing the records.

2. Derivation of a Disk Address from Sums. An-
other method involves smoothing of the original dis-
tribution by converting the existing set of external
addresses to another set, and in the process removing
practically all of the effects of the original number as-
signment policy. Mathematicians call this process
“randomizing” and have developed several methods

" for performing the conversion. One method of ran-

domizing is to develop new disk addresses from the
sums of certain columns in the existing address.

Because the accumulators accept only the numeric
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portion of the alphabetic characters, the later can
be treated as numbers. The sample part numbers used
earlier now become:

24603560

53374152

53304149

30301441

00465092

48307730

78303560

45374959

67351200

Now if the low-order four digits are added to the
high-order four digits, but shifted one position to the
left, the following addresses are obtained after 5 is
subtracted from any high-order position greater
than 4:

38060
46857
46820
17440
00966
32130
43430
04127
18735

If there are no duplications of addresses when the
entire set of external addresses is processed, this
method would be practical. Note that the disk ad-
dresses bear no resemblance to the catalog numbers
from which they are generated. The effect of this
operation is to distribute the records evenly into the
50,000 sectors in the memory. The arithmetic is
performed on the external addresses when the record
is first entered into the memory, and whenever the
record is to be brought from the memory-.

Another method of randomizing is by squaring a
portion of the external address and extracting an
internal address from the result. This method will
be treated in detail later.

It is not very probable that the procedures out-
lined above will yield unique internal addresses for
all external addresses. As the number of items in-
creases, the probability that an address will be du-
plicated increases at a rapid rate. To illustrate, sup-
pose ten buckets are placed in a cluster and a blind-
folded person tosses ten balls, one at a time, into the
cluster. The cluster is arranged so that each ball must
fall into one of the buckets, and there is an equal

chance that it wall fall into any bucket. When the
first ball is tossed, there is no possibility that it will
fall into a bucket that already contains a ball; but
when the second ball is tossed, there is one chance
in ten that it will fall in the bucket that already
contains the first ball. When the third ball is tossed,
there are two chances in ten that it will fall into a
bucket that already contains a ball, provided the sec-
ond ball did not fall into the bucket containing the
first ball. If it did, there is now one chance in ten
that the third ball will fall into the bucket contain-
ing the other two. From this it can be seen that the
chance of the tenth ball falling into an empty bucket
is very slight.

Now suppose that 1000 balls are tossed into the
ten buckets. There is an excellent chance that about
100 balls will fall into each bucket. As the number
of balls is further increased, the probability of an
even distribution is increased. Therefoye, although it
is not very probable that the address modification
processes described earlier will yield unique disk ad-
dresses, there is an excellent probability that, as the
number of records that can be assigned to an address
increases, the probability of an approximately even
distribution of the records into the storage increases.

The organization of the random-access memory
suggests a method of applying this principle for pro-
grammed addressing. Each disk track contains ten
sectors. In effect, a disk track is a “bucket” in which
ten records can be stored at the same address. Instead
of the 50,000 sectors that store 100 characters each,
the memory will be considered to have 5000 tracks,
each of which can store up to 10 records of 100 char-
acters each. The techniques shown earlier can be
used to generate a 4-digit address between 0000 and
4999. This address is then used to reach the first
sector on a track. For example, if the address arith-
metic yields 1234 as an address, the arm would be
sent to disk number 12, track number 34. If the
memory is being loaded, the machine would be pro-
grammed to record in the first empty sector on this
track. )

This technique will result in the majority of records
being located at the track address generated by the
address arithmetic. Occasionally, more than 10 rec-
ords would have the same address. When this occurs,
the excess records may be stored on overflow tracks.
To move the access arm to an overflow track requires
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another seek operation, with an inherent loss of time;
therefore it is desirable to use the overflow tracks for
the least-often-used records. This can be done by
loading the most-often-used records first; these rec-
ords will be recorded in preferred locations. Less-used
records are then loaded in less preferable positions.
When the least used records are loaded, they are re-
corded on any sectors that are left in the main storage
area, and then any overflow is recorded in the over-
flow area.

Although it is possible to record ten records on
each track, better access will be achieved by reserving
one sector on each track as an index to the other
nine sectors. A method of programmed addressing
that uses this technique will now be shown. This
method has the following advantages:

All but a small percentage of the records are
reached with a single movement of the access
arm.

Additional access motions are limited to items
of low activity.

The index to the records is automatically con-
structed and maintained as each item is added to
or deleted from the disk storage.

Any portion of the memory can be assigned for
a group of records. Thus, several different groups
of records can be stored in the same disk storage
unit.

The method can be applied to practically any
external addressing system.

The method of loading a record into the disk
storage will now be traced, first in an example and
then with the presentation of the actual blocked pro-
gram routine. To show the flexibility of the method,
the example will be concerned with loading the in-
ventory item records in the example discussed earlier,
in which 15,000 inventory item records were to be
loaded into addresses 20000-39999. Consider the in-
ventory item 53TP4197 which, to the artithmetic
sections of the machine appears as 53374197.

It is possible that the numerical portion, 4197, is a
part of a randomly-assigned sequence of numbers
having nearly equal distribution over the range from
0000 to 9999. If the distribution is approximately
even, there would be no need to perform a randomiz-
ing arithmetic operation on the number. Merely
subtract 5 from the high-order position of any num-
ber above 4999.

If it is assumed that the distribution is uneven, the
entire external address should be used to develop a
4-digit random address. From the arithmetic stand-
point, this is most easily done by squaring the ad-
dress. For the item address 53 TP4197,

53TP4197% = 53374197
53374197

373619379
480367773
53374197

213496788
373619379
160122591
160122591
266870985

2848804905394809

The center four digits, 4905, are each obtained by
adding seven or eight other digits. These four digits
can be expected to be the most random in the product,
and when additional item addresses are treated in this
manner these digits will tend to have an even dis-
tribution over the numbers between 0000 and 9999.
In other words, squaring a number and extracting
an address from the center of the square tends to as-
sign addresses in a random manner.

In the event that the external address is too large
to be handled in this way, the address could be over-
lapped and added, as described earlier, and the re-
duced address could then be squared.

The random numbers obtained from the center of
the squared external address range between 0000 and
9999. The available addresses in the machine are be-
tween 0000 and 4999. It is therefore necessary to
“compress” the random numbers to fit the disk stor-
age. Multiplying by a factor of .5 will reduce the
random address to a disk address between 0000 and
4999, as shown in the following examples:

Random Address 0000 5555 9999
X .5 X .5 X .5

Disk Address 0000.0 2777.5 4999.5

However, in this example, it'is desired to store the
item records on the 20 disks having the addresses
20000-39999. This could be done by multiplying by
a compression factor of .2, but because of the over-
flow possibility it is desirable- to have an overflow
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area at the end of the assigned addresses. The appli-
cation of a compression factor of .19 will assign the
item records to the first 19 disks, reserving the 20th
disk for overflow. Part number 53TP4197, ran-
domized to 4905, now becomes

4905
X .19

44145
4905

0931.95

Address 0931 would locate the record on track num-
ber 31 of disk number 09. To cause the address to
fall into the range between 20000 and 39999, a shift-
ing factor of 20000 is added to all addresses. The ad-
dress now becomes

20000
0931

29310

In the process of adding the shifting factor, the low-
order zero may be added to the address. This address
is now sent to the address register, and when the access

arm has moved to the disk track the zero record is
brought to a track in the processing unit (Figure 40).

Sector 29310 contains an index to the nine records
stored at addresses 29311-29319, as shown in Figure .
39. The 100 characters on this track are organized
into ten fields of ten characters each, corresponding
to the accumulators. When a record is entered into.
the memory, its external address is entered in the cor-
responding ten-digit field..If no entry has been made,
the field will be blank.

The index record is read from the disk to track X
of the processing unit (Figure 41). From track X,
it is added into the accumulators, Each accumulator
is scanned for blanks. If an entry is present, the ac-
cumulator will be positive, but if the field is blank a
zero reading will be obtained.

To enter record 53TP4197 in the memory, the
machine is programmed to find the first open sector in
the series 29311-29319,. The external address is en-
tered in the corresponding field of the index record.
The index record is returned to the disk storage and
the address of the open sector is obtained by use of

FiGUure 39.
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Ficure 40. Brock DiaGrRaM — GENERATING THE INDEX ADDRESS

the record advance feature on the control panel. Be-
cause the access arm is already positioned on the track,
no movement of the arm is required. The record
of part 53TP4197 is now recorded in the open sector,

When, on testing the accumulators, all sectors
are found to be filled, an overflow condition exists
and the record must be stored on another track. The

randomized address may be increased by 10, and an

‘attempt made to store the record on the next track.

Alternatively, the address of an overflow track may
be recorded in the zero index record. Although this
method requires longer access time for overflow items,
it results in easier file maintenance and will be carried
through in the program that follows. This program
is blocked out in Figure 41.



READ OUT INDEX
ADDRESS TO ADDRESS
REGISTER AND SEEK

ZERO INDEX ADDRESS

TO TRACK X

COMPARE INDEX
WITH BLANKS

WRITE ADDRESS OF FIRST
OPEN SECTOR IN INDEX
RECORD

OVERFLOW ADDRESS
TO ADDRESS REGISTER

AND SEEK

RETURN INDEX RECORD TO
DISK STORAGE

RECORD ADVANCE TO
ADDRESS OF FIRST
OPEN SECTOR

STORE INPUT RECORD
IN DISK STORAGE

PROCESS NEXT ITEM

1 PREVIOUS
NO OPEN OVERFLOW
SECTOR I

{

TEST FOR PREVIOUS

OVERFLOW-

NO PREVIOUS OVERFLOW

LAST USED OVERFLOW
ADDRESS FROM TRACK Z
TO ACCUMULATOR:

ADD 10 TO ACCUMULATOR

WRITE OVERFLOW ADDRESS
IN ZERO SECTOR

RETURN RECORD TO DISK

NEW OVERFLOW ADDRESS
TO ADDRESS REGISTER
AND SEEK

J

Ficure 41.

67

Brock DiaGraM — CONSTRUCTING THE SECTOR INDEX AND STORING THE RECORD



68 IBM 305 RAMAC

Locating the Record During Processing
(Figure 42)

When the records are required for processing, a
similar operation is performed. The external address
is transformed to the random address and the index
record is obtained from the disks. While the arm is
moving to the location of the index record, the input
address is sent to the multiplicand track, where it is
written ten times in positions corresponding to the
fields of the field-compare unit. When the index rec-
ord is obtained, it is compared with the external ad-
dress from the multiplicand track. If any field com-
pares equal, the corresponding sector contains the de-

sired record. The skrp-To RECORD hub for that sector
is impulsed, and the record is brought to the process-
ing unit.

If none of the fields compare equal, the zero field
is tested to determine if an overflow has been recorded.
If an overflow address is present, it is sent to the ad-
dress register, the zero index record is brought to the
processing unit, scanned, and if an equal is found, the
corresponding sector contains the desired record. If
no equal is found, and there is no overflow address,
the item is not recorded in storage, and the machine
may be programmed to indicate this condition on
the typewriter.
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INTERNAL

INTERNAL checking devices are built into the ma-
chine to monitor the transfers of information and
assure that characters transferred are permissible
codes.

Character Coding System

Figure 43 shows the coding system used for re-
cording information in IBM punched cards. Punch-
ing is done in two main areas in the card. The lower
(numerical) section records the digits 0-9 and the
upper section, used in combination with the numeri-
cal section, records alphabetic and special characters.

The numerical section is divided into ten horizon-
tal rows, one row for each digit 0-9. The zone sec-
tion is divided into three horizontal rows, 0, 11 and
12. The zero row is common to both zone and nu-
merical sections. The digits are identified by single
punches; the letters and special characters by combi-
nation of zone punching with digits.

The 12-zone in combination with the digits 1-9
forms the letters A-I, the 11-zone with the digits
1-9 forms the letters J-R and the 0-zone with the
digits 2-9 forms the letters S-Z.

The method of coding these characters on the disk

CHECKING

and drum tracks is shown in Figure 44. Information
is recorded on the disks by making a series of mag-
netic spots or bits in the ferrous oxide cbating. The
serial arrangement of bits forms letters, digits and
special characters.

The recording area for a 1 character is divided serially
into three sections:

1. The zone section consists of the first two posi-
tions in the code pattern. The presence of a magne-
tized spot in both positions corresponds to a 12-zone
punch in an IBM card. The presence of a magnetized
spot in the first (0) position corresponds to a 0-zone
in the card, and the presence of a spot in the second
(X) position corresponds to an 11-zone punch.

2. The numerical section consists of four positions,
which are serially assigned values of 1, 2, 4 and 8.
Combinations of punches in this section correspond to
numerical punches in the IBM card.

3. The check section consists of one position which
receives a magnetic spot for those characters that
would otherwise have an even number of spots. .By
filling this position with a magnetic spot for all char-
acters that would otherwise be even, all characters
are coded with an odd number of spots.

_ Special
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Ficure 43. CHARACTER CopiNg IN IBM Punchep Carps
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As an example, the character J is coded on an IBM
card with the combination of the 11-zone punch
with the 1-digit punch. On the magnetic disk, the
zone section is recorded with an X bit, and the nu-
merical section has a bit recorded in the 1 position.
Because an even number of bits results, the check
position is filled with a magnetic spot to result in an
odd number of bits (3) for the character. Similarly,
the character T is coded by a combination of the 0
and 3 punches in an IBM card. On the disk it is re-
corded with a bit in the 0 position, bits in the 1 and
2 positions to represent 3, but no bit in -the check
position, because the code already has an odd number
of bits.

The coding system shown in Figure 44 is used
throughout the machine for magnetic recording on
the disks and drum. As the information passes to and

from the magnetic core unit on each transfer instruc-
tion, every character is checked for an odd number
of bits. This type of checking is called a redundant-bit
check. If a character is found with an even number
of bits, it is recognized as an error.

Checking

The 305 is equipped with check indicators that
provide the operator with a check on the accuracy
of the information being processed by the machine.
Check lights are provided at the supervisory control
station as follows:

Read Check
Feed Check
Parity

File error
Clock

Read Check

In the card reader, as each card passes the first
reading station (Figure 45) it is read, encoded into
the 6-bit code used in the machine, and recorded on
input track 1 on the processing drum. As the next
card feed cycle begins, the characters on input track
1 are read off and transferred to input track 2, and
check bit is added to any characters that would other-
wise have an even number of bits. Input track 1 is
erased, and the next card is recorded on it from first
reading. Meanwhile, the first card is passing second
reading, and this card is read again, re-coded, and
checked against the original reading and coding. Any
deviation between the two results stops the machine
and turns on the read check light. The information
in error will not have entered the system. If the two
results are exactly the same, the input track is made
available to the process unit. Restart procedures are
covered under Error Correction.

Feed Check

If the reader fails to feed a card, the feed check
light is turned on and the machine stops. The operator
may determine the reason the card did not feed and
restart the machine. Restart procedures are covered
in a later section entitled Errdr Correction.
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Parity Check (Figure 46)

Each character that enters or leaves the magnetic-
core unit is checked to insure that it contains an odd
number of bits. Because all information transfers (ex-
cept certain arithmetic operational transfers) take
place through the magnetic-core unit, the machine
will recognize an error whenever an inadmissible char-

acter is transferred. Any combination of bits that
give an even count will stop the machine and turn
on the parity check light. Restart procedures are cov-
ered under Error Correction.

Parity checks are also made on the coded program
instructions entering the instruction register, and on
all information as it is transferred from the output
track to the printer or punch.
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Ficure 46. Parity CHECK

File Error (Figure 47)

The file check is a check on the recording of in-
formation on the disks. Whenever a record is written
in the disk storage, the machine automatically re-
reads the same record into the core unit. Then the
record is read back from the disk storage track and
compared, character by character, with the re-reading
of the record in the magnetic-core unit. A difference
in comparison causes the file error light to be turned
on and stops the machine.

If information is transferred from the accumulator
track to the disk storage on a readout and reset in-
struction, a file error stop occurs, because the contents
of the accumulator has been reset, and this will not
compare with the information from the disks,

If the file interlock is not connected during program
testing, there will be a file check light on every write
operation, because the contents of the disk track is
not changed. The disk track, therefore, will not com-
pare with the sending track. This also serves to pre-
vent running the actual application without plugging
the file interlock.

File error correction procedures are covered under
Error Correction.

Clock

The machine makes an automatic check to deter-
mine that the timing centrol circuits are operating
correctly. If these circuits are out of time, the clock
light is turned on, and the machine stops. Clock error
correction procedures are covered under Error Cor-
rection.

370 Printer Output Check
As each character is printed from the output track,
the 370 makes a check that the print unit is set up
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/ \
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COMPARE DISK. WRITING
TO DATA IN UNIT
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Ficure 47. FiLe Error CHEcCk

correctly for printing the desired character. If a
wrong setup should occur, the 370 output check light
will be turned on. After the line is printed, the ma-
chine will either stop, print a A, or both, depending
upon control panel wiring. The output check light
will also be turned on if a parity error occurs be-
tween the output track and the printer.

323 Punch Check

Associated with the 323 Punch are three checking
features: feed check, double punch and blank col-
umn, and parity. Any misfeed in the punch unit
causes the feed check light to be on. It is also on when
the hopper is empty or when the stacker is full. A
double-punch blank-column light will be on when
either a double-punch or blank-column error is de-
tected, if the error exit is wired to stop on the punch
control panel. The parity light will be on if any
character being transferred from the output track to
the punch (including those positions not being
punched) fails to pass the parity checking require-
ments.
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THE CONSOLE (Figure 48) provides manual or
semi-automatic control over the machine. It contains
an indicator panel, keyboard, card reader, and a type-
writer with its associated control panel. It allows an
operator to investigate the source of an error, and to
manually restore operation. Inquiries can be made re-
questing information stored on the disks or process-
ing drum. In addition, it provides a convenient
method for testing new programs.

Control Keys

The following control keys are located on the con-
sole.

Master Power Off. This switch is located under the
console clock. When it is used, all power is removed
immediately. It is for emergency purposes and should
not be used as part of the normal power removal
procedure.

Power Off (Figure 49). When this key is depressed,
the power is removed from the machine; however,
the blowers will remain in operation for a short pe-

riod of time. Use this key instead of the master power-
off to remove power from the system in a normal
manner.

DC Off. Depressing this key removes the dc power
from the machine. This is desirable if the machine is
to remain idle for an extended period of time.

Power On. By depressing this key, ac power is ap-
plied to the machine. It also restores dc power if the
dc off key has been previously depressed.

Reset. When the reset key is depressed, the process-
ing unit is placed in a ready condition. It also resets
clock errors. It should not be used to reset parity error
indications and should not be depressed while a pro-
gram is running. )

Reader Stop. The reader stop key stops the card
reader immediately. The program or process unit con-
tinues running until a reference is made to the input
track; then, the processing unit stops. The reader
stop key is also used to remove the reader from a
ready status so that the non-process runout key can
be used to run cards out of the card reader without
processing these cards.

FiGure 48.
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Reader Start. Depressing this key causes the reader
to run cards into or out of the card reader. In addi-
tion, it restores the reader to a ready condition if the
reader stop key has been previously depressed.

On the initial run-in of cards into the machine
(provided the processing unit is in a reset condition),
depression of this key causes the following: three
cards are fed; the first card is checked and made avail-
able to the processing unit if all checks are satisfied;

the start hub on the processing control panel emits
an impulse.

Non-Process Runout. When this key is depressed,
cards feed out of the card reader without being
processed if the hopper is empty. It is generally used
after a read check or a feed check stop. The non-
process runout key is inactive unless the reader stop
key was previously depressed.
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Ficure 50.

Program Start (Figure 50). This key starts the
program at the next detail operating cycle if the
program is stopped. After the program stops, the
function of this key will depend upon the mode of
operation of the machine. Examples of its use are
covered under Control Selector, Program Selector,
Program Set, and Examples of the Use of the Console.

Check Reset. This key resets parity errors. Depress-
ing it restores the error detecting circuits and leaves
the machine ready to repeat the instruction on which
the error was made. Operation can be resumed after
depressing the program start key. Check reset should
not be depressed while a program is running.

Program Set. Depressing this key sets the program
to the operating step set on the program selector
switches. The instruction set up in this manner will
not be executed until the program start key is de-
pressed. Examples of its use are given in a later section.

Program Stop. Depressing this key stops the ma-
chine prior to the execution of the next program step.
The next program step is then ready to be executed
as soon as the program start key is depressed.

Control Switches

The following control switches are located on the
console.

Alteration Switches (Figure 51). Six toggle switches
are provided so that control panel operations may be

ProGgraM KEvs

altered by the switches without removing the control
panel from the machine. The switches are connected
to control panel hubs in the processing unit, and are
represented in the same manner (T-N-C) as selectors.

Control Selector Switch. This is a five-position
switch that sets the mode of operation for the ma-
chine. This switch may be turned while the machine
is running to select a different mode of operation.
The five modes of operation are:

1. Program run allows the machine to proceed
automatically. The operation is under complete con-
trol of the process control panel and the stored pro-
gram. '

2. Control stop causes the machine to stop prior to
the execution of the program that has been set up
on the program selector switches. For example, if pro-
gram 159 is set up on the program selectors, the ma-
chine will stop just prior to the execution of program
step 159.

3. Single operation allows the machine to proceed
through one complete instruction each time the pro-
gram start key is depressed.

4. Single cycle allows the operator to step through
each program step, one cycle at a time. For example,
when the machine is in a single-cycle mode of opera-
tion, one depression of the program start key executes
the INsTRUCTION cycle and stop prior to the execution
of the FrRoM cycle. Another depression executes the
FrOM cycle and stops before the To cycle.
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Ficure 51. CoNTROL SWITCHES, BuTTONS, AND LIGHTS

5. Format test allows the program start key to con-
trol the mode of operation so that the typewriter
control panel program may be stepped through one
cycle at a time. '

Program Selector Switches. Three dial switches are
provided so that any desired program number may
be set up by the operator. The switches correspond
to the hundreds, tens, and units positions of the pro-
gram. Depressing the program set key sets the pro-
gram counter to the step shown on the switches.
When the control selector switch is set to coNTROL
sTopr, the program stops on the step indicated by
the switches.

Control Buttons

The following control buttons (Figure 51) are
located under a cover at the top of the console indi-
cator panel. ‘

Control Impulse. Two pushbuttons are provided.
They cause impulses to be emitted from two hubs
labeled CI on the process control panel. These im-
pulses are normally used to pick up or drop out se-
lectors and latch devices.

Program Load. Program load starts the set up of a
new program on the machine. Before this device is
used, the machine must be in a reset condition and
program set up cards must be in the reader hopper.
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When these conditions are satisfied, depressing this
button causes the following:

1. cards feed into the reader,

2. after the first setup card has been checked and
becomes available to the processing unit, the card in-
formation will be automatically copied onto program
track I,

3. an impulse will be emitted from the cory our
hub on the process control panel which may be used
to select the beginning program step of the setup
routine on track I.

Test Lock (Figure 51)

Under normal operation (test lock off), the key-
board may be used only for making manual inquiries
and correcting redundancy errors. No manual changes
to the processing tracks or to the disk records are
possible when this switch is off. When the switch is
on as during program testing, it is only possible to
change data on the tracks of the processing drum;
normal file addresses are not available.

If information in the disk storage must be changed
manually, the desired record should be transferred
to the typewriter track by an inquiry operation. Then
the key is turned on (to place the machine in the
manual mode of operation), and the information on

the typewriter track may be rewritten or corrected.
After the corrections have been made, the test lock
is turned off, and the machine is started at an instruc-
tion that will transfer the record on the typewriter
track back to the disk. This procedure is designed
so that miskeying will not transfer information to an
incorrect disk address.

indicator Lights

Power On (Figure 52). This light is on when ac
power is supplied to the machine after depressing the
power-on key. ‘

DC On. This indicator light is on when dc power is
being supplied to the machine circuits.

Stop. This light will be on after a time delay any
time the machine stops. It is an indication to the op-
erator that processing has been halted, but does not
indicate the exact cause for stopping. In the event of
an error, the cause will be shown on one or more of
the other indicator lights.

Reader Power. This light is on when the reader
has power supplied. ,
"Reader Ready. The reader ready light will come on
when the reader is under the control of the process
unit. That is, no recode or card feed errors have been
detected, and a checked card has been made available

to the process unit.
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Ficure 53. ProcraM INsTRUcCTION LIGHTS

Read Check. This light comes on when a comparing
error is detected in the card reader. A failure either to
read correctly or recode properly will stop the reader
immediately so that incorrect information will not be
transferred to the processing unit. Restart procedures
are explained in a later section, Star¢-Stop Procedures.

Feed Check. This light signifies a2 misfeed in the
card reader. Restart procedures are explained in a
later section, Error Correction.

Program Step Indicators (Figure 53). This bank of
lights shows the number of the program step that is
being executed. For example, program step number
127 would have the 1-B2-7 lights glowing. It can
further be seen that program step 127 is actually on

track B. The alphabetic tfack references’are used
when the program steps illustrated are 100 through
199. For steps below 100, the tens position of the
step number defines the program track.

Instruction Lights. Any instruction, as it is being
executed, will appear at this bank of lights in coded
form. When the machine is being operated in the
single-cycle or single-operation mode, these lights
may be investigated to determine if the instruction
is correct. The From address, To address, and the rro-
GRAM EXIT are represented in machine code, that is,
an A would light the X, 0, and 1 neons. The LeNGTH,
and coNTROL banks are in straight binary form, that
is, a 5 would light the 1 and 4 neons, etc.
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Cycle. These five lights show the cycle of the in-
struction that will be executed next unless an error
has occurred. If an error is indicated, the lights show
the cycle on which the error occurred. When the ma-
chine is in a single-cycle mode of operation, an opera-
tor may step through an instruction one cycle at a
time using these lights as a convenient means of keep-
ing track of each cycle of the instruction. In order of
occurrence, the cycles are INSTRUCTION, FROM, TO,
DELAY and Exrr. DeLay and ExiT occur only when
the ninth position of an instruction contains either a
digit, special character, or an alphabetic character,
or when an address is sent to the address register..

Typewriter Column (Figure 54). These lights in-
dicate the column of the typewriter track (Q) that
is to be written on, or the Q-track position to be
typed if the typewriter is writing a record.

Accumulator Signs. The condition of each accumu-
lator is represented here whether it is plus, zero, or
minus. The light will stay on until the condition of
the accumulator is changed through programming.
At the completion of a multiplication, the signs of
accumulators 0 and 1 are always plus.

Selectors. An indicator light is associated with each
selector. When the selector is transferred, the light is
turned on. It will remain on until the selector is
dropped out.

Field Compare. Each field-compare light will come
on if its respective field is unequal as a result of a
field comparison. The light will remain on until an-
other comparison changes its status.

Character Selector. When a character is sent to the
character selector, these lights indicate its identity in
coded form. The lights will remain the same until an-
other character is transferred into the character se-
lector.

Accumulator Overflow. If this light is on, one of
the accumulators has had an overflow. It will remain
on until dropped out by control panel wiring.

Blank. The machine monitors all transmissions of
data through the magnetic-core unit. If the last trans-
mission was either blank or zero, the light will glow.
The status is indicated anew as a result of each data
transfer; therefore, reference to the blank transfer
device on the process control panel must be made im-
mediately following a data transfer instruction.

Unequal. This light will come on if the last pro-
grammed compare (using the 1 or 3 control code)
was unequal. It will stay on until another comparison
changes it.

LC. When this light glows, it signifies to the oper-
ator that the last card has been processed and the
reader has run out of cards.
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Select (Figure 55). A row of lights are provided to
indicate when a particular device has been selected.
As each unit is selected, the associated light will come
on and will remain on throughout the operation. If
the selected unit should fail to operate, the light will
stay on and the program will stop the next time that
the unit is referred to by programming. This bank of
lights includes reader, printer, punch, typewriter and
access.

Interlock. The interlock light will be turned on
whenever processing has been stopped due to a failure
of a selected unit to function properly. To determine
which unit is causing the interlock stop, the operator
can refer to the bank of lights labelled Select.

Inquiry. This light will glow when the machine will
allow a manual inquiry. Manual inquiries are covered
in a later section, Inquiries.

* Test. This light will glow when the test lock is on.

File Check. Each time a record is written into the
disk storage, it is automatically read back and com-
pared against the source record. If the record is stored
correctly, the machine will proceed with its opera-
tion. However, if the readback from the disk does
not compare, the machine will stop and the file light
will be turned on. Correction- procedures are covered
in a later section, Error Correction.

Parity. This light is turned on whenever the ma-
chine detects an inadmissible code during a transfer.
The machine will stop. Restart procedures are covered
in a later section, Error Correction.

Clock. The machine makes an internal check to in-
sure that the timing circuits are operating properly.
If these circuits fail, the machine will stop and the
clock light will come on indicating a possible error.
The light may be turned off by depressing the reset
key. Techniques for clock error correction are cov-
ered in a later section, Error Correction.

Reset. This light will be turned on when the ma-
chine stops because of depression of the reset key, or
any time the hubs labeled Rese# Sfop on the process
control panel are impulsed.

Control Stop. This light will come on and the ma-
chine will stop when the hubs labeled Stop on the
process control panel are impulsed, when the con-
trol selector switch is placed on SINGLE OPN. or SINGLE

cYcLE, or when the machine stops after a control
stop. Operation may be resumed by depressing the
program start key, “

INSTRUCTION
Fhow AdoRESS
' 2

{of §

ACCUMULATORS SELECTORS FELD

oo
«
oz

0
o~

oo foe ouil
§o§o

.
o
°
4
o
<
S

0-z0-

ol
o8,
5
8

c~

0w

o olo o oxlo o o=

oL

owiow O=|O® O=
3

o loslo 0 lo o oelo o oe
o-lo-3o- o-[o- o~

onfonZon onjan o oefios on o
osloslos oalos 0n

© 0 0 0 0 Ofo

© {o=
on

2
of o

0z 03 Of 03 Oi Oz O% O=
O~ Oe Ow Os Ow O~

Ov O O+ 0s O» Os Ow Om O- O°f
:

e 0= 0+ On Ou Os Ov O O- 00§
s 0» 0+ e 0v 05 O Ov O~ O0f

O% Oa O< On Ov O+ Ow ON O-
05 Oe Os Ov O Ov G» Ow O O-
Of 03 OF Of% OF OF OF o of

0% O» O~ 0o Ow Os

03 o;
Oe 0=

Ficure 55. ERROR INpIcaTiION AND CONTROL LIGHTS



380 CONSOLE 83

Ficure 56. ConNsoLE KEeyBoarp

Keyboard Functions

The keyboard (Figure 56) associated with the
console is similar to that found on a 24 Card Punch.
It is used to make manual inquiries, and to write or
make corrections on the processing drum tracks. It
cannot be directly used to change disk storage records.

Format Keys. There are three format keys: 1, 2,
and 3. When any one of these keys is depressed, it is
a signal to the machine that the operator wishes to
make a manual inquiry to the file. With each key
there is a corresponding control panel hub on the
typewriter control panel. By appropriate wiring, dif-
ferent document formats are possible when making
manual inquiries. For example, depressing format 1
can initiate a typewriter format routine which may
be entirely different from the format called for when
format 2 is depressed. Manual inquiry procedures are
explained in a later section, Inguiries.

Read Key. Depressing this key will condition the

machine so that a record can be typed when the ap-
propriate track is called for. It should not be de-
pressed while the program is running or the machine
1s interlocked.

Alter Key. Depressing this key (if the test lock is
on) will condition the machine so that information
can be recorded on the typewriter track from the key-
board. If the test lock is off, depressing the key will
cause the typewriter to seek invalid characters on
the Q-track and stop for their correction. It should
not be depressed while the machine is processing or
interlocked.

Write Key. Depressing this key will condition the
machine so that data may be transferred from the
typewriter track to some other drum track. If the
test lock is off, data on the typewriter track can only
be returned to the track from which it originated.
When the test lock is on, the operator must depress
a track key (one of the character keys) to send the
Q-track information to the desired track location.
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It is not possible to transfer data directly to disk
storage. The machine should not be interlocked, and
processing should be stopped before depressing this
key.

Clear Key. When this key is depressed, typing will
stop; the carriage will return; and the keyboard cir-
cuitry will be reset to a ready condition.

Character Keys. These keys are used for recording
data on the typewriter track or specifying a track
address.

Dup Key (Duplicate Key). Depressing this key will
automatically cause the typewriter to type the con-

tents of the Q-track if the test lock is on and the
alter key has been previously depressed. This is a
write condition. This key has no function if the test
lock is off.

CR. Depressing this key will cause the carriage to
return.

Space Bar. This key writes spaces on the Q-track. If
the test lock is on, it can be used to write space bits
on the typewriter track either one at a time if the
alter switch has been previously depressed, or it will
clear the entire typewriter track if the read key was
depressed just prior to using the space bar.



EXAMPLES OF CONSOLE OPERATION

THE following examples of the use of the console
are presented as an aid to the operator. The examples
include start and stop procedures, inquiries, error
correction, drum track alterations, and testing pro-
cedures.

START-STOP PROCEDURES

Starting the Machine After a Power-off
Condition

The following procedure may be used to start the
machine after the power has been turned off:

1. Depress the power-on key at the console to de-
liver power to all units (printer and punch power
switches may be left on). Then depress the console
reset key.

2. Depress the printer start key. Check to see that
the printer ready light comes on to indicate that the
printer is in a ready condition.

3. Hold the punch start key down until cards stop
feeding and the ready light glows.

4. Depress any control impulse buttons that are
pertinent to the program.

5. Place the control selector to the desired mode
of operation.

6. Place the desired data or program load cards in
the reader hopper.

7. If a new program is being loaded, depress the
program load button. This will initiate card feeding,
and the first program card will be automatically
copied on program track I. An impulse will be emit-
ted from the copy-out hub on the process control
panel which may be wired to start the beginning
program step.

If the program is already in the machine, depress
the reader start key. This will feed cards and cause
the starT hub on the process control panel to emit,
and the beginning program step may be selected
through control panel wiring.

Restarting the Same Job

It is only necessary to depress the reader start key
to restart the same job. This will feed cards and start
processing provided the machine is in a reset condi-
tion. The machine will be reset if the last card routine
was terminated by impulsing the RESET sTor hub on
the process control panel, or the reset key was de-
pressed.

85

Starting or Stopping at a Specific Program
Step

To start

1. Set the program selector switches to the desired
program number.

2. Set the control selector switch to the desired
mode of operation—run, single operation, etc.

3. Depress the program set key.

4. Depress program start.

To stop

1. Set the program selector switch to the desired
program number.

2. Set the control selector switch to coNTROL sTOP.
The program will stop before executing the From
cycle, that is, the program step will be set up, but will
not have been executed.

INQUIRIES

Manual Inquiry — File Information

To make a manual inquiry requesting file infor-
mation:

1. The test lock is off (locked).

2. Control selector switch is set on RUN.

3. Depress the desired format key.

4. After the inquiry light on the indicator panel
comes on, key in the appropriate file address. This
will cause the machine to type the record automati-
cally.

Manvual Inquiry — Drum Information

To investigate the information on one of the drum
tracks:

1. The test lock may be either on or off.

2. Control selector switch is set on RUN.

3. The machine must not be processing or inter-
locked.

4. Depress the read key.

5. Depress one of the character keys on the key-
board. Character key A would call out track A; nu-
meric key 2 would call out track 2; hyphen (-) would
call out the core buffer, etc.

ERROR CORRECTION
Parity Check

An improper character transfer within the process-
ing uvnit will cause a parity check stop. The operator
should investigate the following:
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1. If the parity check occurred on the iNsTRUC-
TION cycle the machine will stop with the iNsTRUC-
TIoN cycle light on. The operator may attempt the
transfer again by depressing check reset and then pro-
gram start. This is possible because no information
has actually transferred, and the records in the ma-
chine have not been affected.

2. If the parity check occurred on the From cycle,
the machine will stop with the From cycle light on.
Depressing check reset and program start may be all
that is necessary unless an accumulator read-out and
reset instruction is involved. If read-out and reset
have occurred, the accumulator has been reset to zero;
however, the accumulator data is retained in the core
buffer. This data should be saved immediately: De-
press check reset, and make an inquiry of the core
buffer using the track address hyphen (-). After-in-
vestigation of the core buffer—if it is decided that
the contents of the accumulator cannot be recon-
structed—it may be necessary to restart the program
at some previous instruction so that the accumula-
tion can be built up again.

If an error persists on a track to track transfer, it
is an indication that the source data is incorrect. A
method for correcting invalid characters on the drum
is given in a later section.

3. If the parity check occurred on the To cycle,
the machine will stop with the To cycle light on. De-
pressing check reset and program start is all that is
necessary unless a read-in to an accumulator is in-
volved. If a read-in has occurred, the data should be
saved immediately. Depress check reset, and make an
inquiry of the core buffer using the track address
hyphen (-). It may be possible to correct the error
by comparing the accumulator data with the buffer
information and the source record. However, if this
is not possible, the program should be restarted at
some previous program step where the accumulator
is reset and the accumulation can be started over
again.

Clock Error

If any phase of the machine timing gets out of
step, a clock error will occur. To restart:

1. Make a note of the program step and cycle in-
volved.

2. Depress the reset key, not the check-reset key.
3. If the error occurred on the INsTRUCTION cycle,

f

set the program selector switches to the program in-
volved, depress program set, and then restart by
depressing program start.

4. If the error occurred on the FrRoM cycle, it may
be possible to use the same procedure as just outlined.
However, if a read-out and reset of an accumulator
is involved, the program should be restarted at some
previous instruction so that the accumulator may be
reconstructed.

5. If the error occurred on the To cycle, it is pos-
sible that data was written in the wrong location of
the receiving track. This should be investigated. If no
damage occurred, the program step can be repeated
by a program set and then depressing the program
start key. However, if a read-in to an accumulator is
involved, the program should be restarted at a point
where the accumulator is reset and the accumulation
can begin again.

File Check

When a file check light appears, it is an indication
that the record that has just been stored on the disk
does not agree with the source information on the
drum. The operator may attempt the transfer again
by depressing the check reset key and then the pro-
gram start key. An accumulator read-out and reset to
the file is an invalid instruction and will always cause

a file check.

Read Check Stop

This stop indicates an error in reading or recoding
of the input card.

To restart

1. Depress reader stop.

2. Remove the cards from the feed hopper.

3. Depress non-process runout to clear the feed
stations.

4. The last three cards to run out of the machine
were not processed; therefore, place these three cards
in front of the remaining cards that are to be proc-
essed. Then depress the reader start key to run cards
into the reader. '

Feed Check Stop

This stop signifies a misfeed in the card reader. A
check is made as the cards leave and arrive at each
feed station. Therefore, any jam should affect only
one card that has not been processed.
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To restart

1. Depress reader stop.

2. Remove the cards from the feed hopper.

3. Remove any jammed cards from the feed.

4. Run the remaining cards out by depressing the
non-process runout key.

5. Restart by placing the last three cards (two
cards if the card failed to feed from the feed hopper
into the feed unit) in front of the remaining cards
that are to be processed. Then depress the reader start
key to run the cards in.

Investigating an Interlocked Track
(Input or Output)

1. Determine if the interlock is due to running out
of cards or paper. If so, replenish and depress the
corresponding input or output start key.

2. If the interlock is due to an input or output
crror condition;

a. Depress the console check reset key to drop
out the interlocked instruction.

b. Proceed through a normal track investigation
procedure.

c. Depress the check reset key on the interlocked
input or output device.

d. Depress the console program start key to re-
sume operation.

Correcting Invalid Characters

If a parity check persists on the FrRoM cycle, it may
indicate an invalid character on the drum or file. To
correct this condition:

1. The test lock should be off.

2. Depress check reset. This places the keyboard in
the proper mode for making a track investigation.

3. Depress the read key.

4. Depress the character key that corresponds to the
desired track; character key R will call out the file.
This will initiate the typing of the track and cause
the source track address to be remembered. Any in-
valid character will be automatically underlined as it
is typed.

5. After the full track has been typed and the car-
riage has returned, depress the alter key. This will
cause the typewriter to space across and stop under
the first invalid character.

6. Manually type the correct character.

7. After the last correction has been made, de-
press the clear key.

8. Depress the write key. This will cause transfer
circuits to refer to the track address stored in step 4
and cause corrected data to be transferred back to
the specific source track.

ALTERATIONS TO DRUM TRACKS

Altering Part of the Information on a
Drum Track

To alter part of a drum track:

1. The test lock must be on.

2. Depress the read key,

3. Select the proper track by depressing the cor-
responding character key, The machine will auto-
matically type out the entire track,

4. Depress the alter key to place the keyboard in
a condition to type on the Q-track..

5. Duplicate the track information onto the type-
writer track by holding down the pup key. Duplicate
up to the position to be changed:

6. Manually type the new informatien:

7. Depress the clear key after all corrections have
been completed.

8. Depress the write key.

9. Depress any desired track key except R (file
record). This will transfer the information that has
been typed to the selected drum track.

Altering a Complete Drum Track

To alter a complete drum track, proceed as follows:

1. The test lock must be on.

2. Clear the Q-track. This may be accomplished
by depressing the read key, the space bar, and the
clear key in this order.

3. Depress the alter key to place the keyboard ina
condition to type on the Q-track.

4. Type the desired information.

5. Depress the clear key if you are typing less than
100 characters..

6. Depress the write key.

7. Select the desired track by depressing the cor-
responding character key. This will transfer the rec-
ord to the selected track.
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TESTING PROCEDURES

Testing Typewriter Control Panel Formats

Either manual inquiry or document printing for-
mats may be tested one step at a time. The format 1,
2, and 3 control panel hubs initiate the starting im-
pulse for manual inquiries, while document printing
programs are started by the type hub impulse which
signals that the process unit has requested a typing
operation.

To test

1. Manual-inquiry format

a. The machine must be in a reset condition.

b. Place the selector control switch on ForMAT
TEST.

c. Depress the appropriate format key (1, 2,
or 3).

d. Key in the desired file address.

e. Depress the program start key one time for
each cycle of operation on the typewriter control
panel program. This will initiate typed characters,
spaces, tabulations, carriage returns, etc., depend-
ing upon the wired program.

2. Document-printing format

a. Reset the process unit.

b. The test record must be on the typewriter
track.

c. Place the selector control switch on FoRMAT
TEST.

d. Depress the program start key one time for
each cycle of operation on the typewriter control
panel program.

Program Testing

The following procedures may be useful when test-
ing a new program. Method 1 will execute a program

one step at a time; method 2 will execute several pro-

gram steps or a complete routine before stopping. .

MeTHOD 1

1. The test lock should be off.

2. The file interlock switch on the process con-
trol panel should not be plugged. By leaving this
switch unplugged, it is impossible to destroy a file
record.

3. Place the program selector switches so that they
correspond to the first program that is to be executed,
and place the control selector on coNTROL sTOP.

4. Place program load cards in the machine, and
proceed through a normal program load routine.

5. After the processing unit has stopped on the
desired program, turn the control selector switch to
SINGLE OPERATION.

6. When the program start key is depressed, the
machine will perform one program step at a time.

7. If the operator wishes to examine a track at any
time, it is only necessary to depress the keyboard read
key, and then call out the desired track by depress-
ing the corresponding character key.

Note: Because the file interlock switch is not
jackplugged during this procedure, each time the pro-
gram attempts to write onto the disk storage, the
machine will stop and the file check light will glow.
Operation may be resumed by depressing check re-
set, setting the program selector switches to the next
program step, depress program set, and then pro-
gram start.

MeTHOD 2

1. The test lock should be off.

2. The file interlock switch on the process con-
trol panel should not be plugged. By leaving this
switch unplugged, it is impossible to destroy a file
record.

3. Place the program selector switches so that they
correspond to the first program that is to be executed,
and place the control selector on cONTROL STOP.

4. After the processing unit has stopped on the
initial step of the first routine, place the program
selector to the first step of the second routine. When
the program start key is depressed, the machine will
perform the first routine and stop before executing
the second routine.

5. At this point the operator can investigate the
tracks that have been affected to determine if every-
thing is in order. This may be accomplished by de-
pressing the keyboard read key and sclecting the
proper track.

Note: Because the file interlock switch is not
jackplugged during this procedure, each time the pro-
gram attempts to write onto the disk storage the ma-
chine will stop and the file light will glow. Operation
may be resumed by depressing check reset, setting the
program selector switches to the next program step,
depress program set, and then program start.
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A modified IBM Electric Typewriter located on The standard typewriter is equipped with a 16-inch
the console unit is used as an output device for the carriage. Vertical spacing is six lines to the inch.
RAMAC system. It may be used for output of man- Either a solid or pin feed platen may be specified. As-
ual inquiries, or as a supplementary printer under the sociated with the typewriter is a control panel that
control of the stored program. provides the flexibility necessary for format control.
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Column Control Exits. When the typewriter is being used
for inquiries or for printing an auxiliary document, these
hubs sequentially emit impulses that coincide with the
reading of the corresponding position of the typewriter
Q-track. These impulses control the format of the in-
formation being typed.

The first Q-track position to be read is controlled by
wiring the COLUMN CONTROL ENTRY. Subsequently, the

FORMAT machine reads succeeding positions until the control is

transferred elsewhere. This arrangement allows the type-

I’ Iz 13 writer to type fields from the typewriter track in any

F-G, 13-15

TYPEWRITER CONTROL PANEL

THE FoLLoWING hubs are located on the type-
writer control panel (Figure 57):

order.

If at any time the program unit or the cOLUMN coN-
TROL DELAY is turned on, the COLUMN CONTROL EXITS
stop emitting; but the same sequential position is held,
unless the COLUMN CONTROL ENTRY is impulsed to trans-
fer control to another position. When the PROGRAM ON

Format. These hubs emit an impulse when the correspond-
ing format (1, 2, or 3) key is depressed on the keyboard.

The impulse from these hubs may be used to set selectors
to establish format control for three different types of
inquiries, and to establish the starting point of the type-
writer control panel program. The impulse is not available

hubs are impulsed, column control is automatically
turned off until cOLUMN CONTROL oN is impulsed. When
COLUMN CONTROL DELAY is impulsed, an impulse is emit-
ted from the ccp hub on the following cycle; then, col-

until after the desired record has been transferred to the

. umn control is turned on again automatically.
typewriter track.

TYPE

1

F-G, 16

Type. When the TypeE hubs are impulsed on the process
control panel, the hubs labelled T'ype on the typewriter
control panel emit an impulse that may be used to
establish the starting point of the typewriter control

—TENS'—O COL.CTRL. ENTRYO- UNITS —
panel program, and to pick up selectors to establish for- o—o0—0—0 | 0—0—0—0
mat control for lines typed out under stored program
control. o—oto—0 | o0—0to—0

2 2
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40 90 o R AA-AK, 3-10
o o o (@] . ..
° © Column Control Entry. To establish the beginning of a
45 49 95 99 g '
B 6 o0 o & S o o o B sequence of column control, one TENs and one unrTs hub

are impulsed in the same manner that the pPRoGRAM EN-
TRIEs are impulsed on the process control panel. Column
control is turned on automatically by impulsing coLuMN
CONTROL ENTRY, without impulsing coL cTrRL ON.

AK, 3-7
A-K, 18-22



380 CONSOLE TYPEWRITER N
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A-E, 8-12

Program Exits. When PROGRAM ON is impulsed, these hubs
sequentially emit impulses when the typewriter is being
used for inquiries or for printing an auxiliary’ document.
These impulses are used for typewriter control and to
type constants, legends, and special characters not on
the typewriter track. Until the program is turned off by
impulsing cOL CTRL ON 0r COLUMN CONTROL ENTRY, the
program advances through steps 0-4 in levels A-E. When
the program is first turned on after the final dropout of
the previous operation, PRoGrRAM ExIT A0 will emit, fol-
lowed by A1, A2, A3, A4, B0, B1, B2, etc. The program
impulses may be started at another point by impulsing
program entries.

rLEVELA—- PRG. ENTRY—E STEP —
0—0—0——0 | 0—0—0—0

B !
o—0—0—0 oO—0—0—0
c 2
o—O0—-O0——O0 oO—O0—CO0—0

v-Z, 3-10

Program Entry. To establish the beginning of a sequence
of program impulses, one LEVEL hub and one sTep hub
are impulsed in the same manner that the pRoGRAM EN-
TRIES are impulsed on the process control panel. The pro-
gram unit is turned on automatically by impulsing
PROGRAM ENTRY, without impulsing PROGRAM ON.

DISTRIBUTORS
OINCINO O O O O ©OINO O <« INO

ouT e
o < 0 o-0 O O o o o <« o}
! 10 15 20

o < o O o o O o O o <« (¢]

o 4 o o O o o O o o <« o

DISTRIBUTORS
OINO o o0 O OINo < INOo

ouT —_
0O o o o o o o ¢ o
21 25
0O 0 0O 0 0o o0 o <« o
v-X, 11-22

Distributors. Impulses that are used to initiate several
functions are wired through distributors that serve the
same function as split wires but prevent possible back
circuits. An impulse wired into the v hub of a distrib-
utor is available as the associated ouT hubs, but impulses
cannot travel between ouT hubs, or from an ouT hub to
the 1N hub. Any impulse except that from the our hub
of another distributor may be wired through a distribu-
tor.

— — SELECTORS — ———
[¢]
010-0 C o—0 o—<C )‘D—O
| 5 6 10

oOTO C o O o ¢ >»ToO

ONO C o o O C >NO

oColc¢ o olo ¢ >¢Co
L-Q, 3-22

Selectors. Ten 2-position selectors are provided to facilitate
format control. Normally, a connection exists between
each ¢ hub and the N hub above it. When an impulse is
wired to the PU hub, this connection is broken and the
¢ hub is connected to the T hub. This connection re-
mains until po (drop out) hub is impulsed.

I-—-CLEAR -———‘

Y, 19-22

Clear. Impulsing these hubs causes the typing to stop and
the carriage to return. All devices that have been picked
up, such as selectors and zero suppression, will be dropped
out. The column control and program units will be re-
stored to zero and A0, respectively.

When cLEAR is impulsed from a COLUMN CONTROL
exiT while typing, the corresponding column will type;
then the typewriter will clear.
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COL.CTRL.
|— L ON-—I

Z, 19-22

Column Control On. These hubs are impulsed to place the
typewriter under column control. Program control is
automatically turned off. Column control is turned on
automatically if a COLUMN CONTROL ENTRY is made.

When impulsed from a PROGRAM EXIT, column control
becomes active one cycle later, and will restart with the
next column control position if column control has
been previously used. If column control has not been
previously used during the typewriter control panel pro-
gram, column control will start at position zero.

PROGRAM ON
plitiadary

AA, 19-22

Program On. These hubs are impulsed to place the type-
writer under program control. Column control is auto-
matically turned off. Program control is turned on auto-
matically when a PROGRAM ENTRY is made.

When impulsed from a coLuMN coNTRoL exIT while
typing, the corresponding column will type; then, the
machine will be placed under program control. If pro-
gram control has been previously used, the next program
in sequence will emit. If program control has not been
previously used during the typewriter control panel pro-
gram, program control will start with A0.

r—CAR. RET.—I'

AB, 19-22

Carriage Return. Impulsing these hubs causes the type-
writer carriage to return to the left margin.
When impulsed from a coLUMN cONTROL EXIT, the
corresponding column will type; then the carriage will
return.

Wiring (Figure 58)

Type a record that has been transferred to the
Q-track. The format is a three-line address as indi-
cated. /

1. An impulse is available at the TYpE hub after
the record has been transferred to the Q-track. This
impulse is wired to turn column control on. CoLumn
coNTROL Wwill start in position zero. Therefore, typing

will begin at position zero of the Q-track and proceed
to position 1, 2, 3, etc. This will continue until the
sequence is altered by control panel wiring.

2. The character in position 20 of the Q-track will
type; then, the carriage will return. Typing will then
resume.

3. Position 35 of the Q-track will type; then, the
carriage will return.

4. Position 50 of the Q-track will type; then, the
machine will clear.

I TAB
0—0——0—0

AC, 19-22

Tabulate. Impulsing these hubs causes the carriage to .tabu-
late to the next tab stop. It may be impulsed by a type-
writer PROGRAM EXIT Of CCD to initiate immediate tabu-
lation, or it may be impulsed from a coLUMN cCONTROL
EXIT to cause tabulation after the corresponding Q-track
character has been typed.

I——SPACE—|

AD, 19-22

Space. Impulsing these hubs causes the typewriter to space
one space. It can be impulsed by a typewriter PROGRAM
EXIT, CCD, or the coLUMN spLiT X- or NX-impulses.

COL.CTRL.
l— RL DELAY-I

AE, 19-22

Column Control Delay. When these hubs are impulsed, col-
umn control is suspended for one cycle, during which an
impulse is emitted from the ccp hub. Column control re-
sumes immediately after this cycle, continuing from the
step after the step that was wired to impulse the delay.

CCD

[

B-C, 13

CCD. Whenever coLUMN CONTROL DELAY is impulsed, the
ccp hubs emit an impulse on the following cycle that may
be used for spacing or other functions. Column control
is suspended for the cycle on which these hubs emit. After
one cycle, the column control resumes from the step
after that on which the control was impulsed.
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Wiring necessary to print the following disk record inserting
one space between each column,

Disk Record
Item P . . . . Old On | On | Min.|Avail-|
No. Description Price| Price | Price | Price Bal. Rec, | Req Hand |Order| Inv. | able
0 4i5 30131 35 41 47 53 58| 63 68 73 78 83 88

FiGurRe 59. SPREADING A REcorD
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Wiring (Figure 59)

Assume a manual inquiry of a disk record is to be
made. The disk record is stored as one continuous
record. The format is in the same sequence; however,
one space is inserted between each column heading
when the record is typed.

1. The units position of each field is wired to the
bus.

2. When the format 1 key is depressed, an impulse
will become available as soon as the machine will
allow a manual inquiry. This impulse, wired through
a distributor, initiates column control and picks up
selector 9. In this example, it is not necessary to pick
up the selector; however, this would be desirable if
another format were to be wired on the same control
panel. Conflicting instructions could then be selected.

3. The bus is wired through selector 9 to column
control delay. As the Q-track is typed (when posi-
tions 4, 30, 35, 41, etc., are reached), coLuMN con-
TROL DELAY is impulsed. Column control delay will
suspend column control for one cycle, and the ccp
hub will emit.

4. Ccp is wired to SPACE.
5. Column control exit 88 is wired to cLear. This

will drop out selector 9 and restore column control
to zero.

ZERO SUP.
[ by

AF, 19-22

Zero Suppression On. When this hub is impulsed, a zero
read from the typewriter track will not be typed. In-
stead, an impulse will be emitted from the O0Tr hubs,
which may be wired to cause spacing or some other func-
tion. The printing of zeros is resumed when the zero
sup OFF hub is impulsed, or when a character other than
zero is read from the track. This arrangement allows the
zeros in the high-order positions of fields to be suppressed.

ZERO SUP. OFF
[o—o—o—0]

AG, 19-22

Zero Suppression Off. These hubs are impulsed to turn the
zero suppression feature off when it is desired to print
zeros to the left of significant digits, and the feature has
been turned on by previous wiring.

(OTR

I

8-C, 16

O0TR. Whenever the zero transfer feature is turned on by
impulsing ZERO sUP ON, a zero read from a typewriter
track is not printed. Instead, an impulse is emitted from
these hubs and may be wired to sPAcE to maintain verti-
cal column alignment,

100

I

D-E, 16

100 (Type 100). Impulsing this hub causes all 100 char-
acters to be typed from the typewriter track, in position
sequence, without format control.

rCOL. SPLIT——I

AH, 19-22

Column Split. Impulsing these hubs causes the column split
device to analyze the character being typed for the
presence or absence of an X-bit. On the next cycle, col-
umn control will be suspended, and an impulse will be
available out of either the coLumn seriT X- or NX-hubs
located adjacent to the digit selector.

When column split is impulsed from a cOoLUMN coN-
TROL EXIT, the corresponding Q-track position will type
only the numeric portion of the character; that is, the
zone portion of any character A through R and some
special characters would not print.

C sPLIT
N

B-C, 14-15

Column Split (X-NX). When column split is impulsed,
any character containing an X-bit (A-R and some spe-
cial characters) will type as a numeric digit only. In
addition, on the next cycle, column control is suspended
and the X- or NX-hub will emit. If the character con-
tained an X-bit, an impulse will be available out of the
corLuMN spLIT X-hub. If the character did not contain
an X-bit, an impulse will be available out of the corL-
uMN spLrt NX-hub.
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I-RIBBON SHIFT B —I

AJ, 19-22

Ribbon Shift Black. Impulsing this hub causes the type-
writer to type through the black portion of a two-color
ribbon.

When impulsed from a coLuMN coNTROL EXIT, the
ribbon will shift for the typing of the next character.

RIBBON SHIFT R
l- O———-O——O—O—l

AK, 19-22

Ribbon Shift Red. Impulsing this hub causes the typewriter
to type through the red portion of a two-color ribbon.

When impulsed from a cOLUMN CONTROL EXIT, the
ribbon will shift for the typing of the next character.
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Y-AJ, 11-14

Type Only Entry. When these hubs are impulsed from
PROGRAM EXITS, the corresponding characters are typed.
These hubs should not be wired from coLuMN coNTROL
EXITS.

Wiring (Figure 60)

Figure 60 illustrates one method of typing a minus
sign following an amount field. The units position of
the amount field (position 48) contains a negative X
over the digit,

1. Column control exit 48 is wired to cOLUMN
SPLIT.

2. One cycle later the X-hub will emit if the field
is negative. This can be wired to type a minus sign
=)-

3. If the amount was not negative, the NX-hub
will emit one cycle later. This is wired to spACE.

Wiring (Figure 61)

Figure 61 shows one method of typing a record
in a rearranged sequence. The record is stored with
field 1 in track position 0-30, field 2 in 31-50, and
field 3 in 51-90. The desired sequence of printing is
field 2, then field 1, and then field 3.

1. Format 1 is wired through a distributor to cor-
UMN CONTROL ENTRY so that the typing of the Q-
track begins with position 31. This will start typing
field 2.

2. COLUMN CONTROL EXIT 50 is wired through a
distributor to start typing field 1 after track position
50 has been typed.

3. COLUMN CONTROL EXIT 30 is wired through a
distributor to start typing field 3 after track position
30 has been typed.

4. COLUMN CONTROL EXIT 90 is wired to CLEAR.

DIGIT SELECTOR
PU 12 11
[ oo & 4

A, 13-17
B-K, 17

00 O® O~ O® Ow; O Ow ON O— ooJ

Digit Selector. It is sometimes desirable to know the con-
tents of a certain typewriter track position so that format
control may be altered on the basis of the character
coding. When the pu hub is impulsed from a coLumn
CONTROL EXIT, the character in that position is analyzed
and emitted in IBM code from the hubs labelled 712-9.
While this is taking place, the printing of the character
is suppressed,
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FiGURE 62. ALTERATION oF ForMaT CONTROL

Wiring (Figure 62)

In this example, either PROGRAM ENTRY OF COLUMN
coNTROL ENTRY will be initiated. The selection is
based upon a code located in Q-track position 5.

1. Format 1 is wired through a distributor to start
column control at position 5.

2. Track position 5 is wired to the digit selector
PICKUP. ‘

3. If track position 5 contained a digit 1, program
control will be initiated one cycle later beginning at
B2.

4. If track position 5 contained a digit 2, column
control will be initiated starting with position 21.



IBM 305 RAMAC

DISK PREVIOUS | PRESENT
ADD CUSTOMER NAME BALANCE | BALANCE
I I
0 4'5 25'26 30'31 35
\J
j
Customer Name Previous Present
Blclonce Balance Desired Document Format.
g ¥ indicates tab setting.
MASON R D 742.15 | 795.45 Two spaces are allowed be-
tween the two amount fields.
Col. Control -
Position Program Description
05 F3 impulse starts program. Start typing name.
Type name.
25 Type last character of name. Program on.
A0 Tab and column control on.
26 Type first digit of previous balance. Zero sup. on.
"0" TR wired to space.
28 Column control delay.
CCD type decimal.
29 Type tens position of previous balance.
30 Type units position, Zero sup. off, Program on.
Al Space between fields.
A2 Space and column control on.
31 Type first digit of present balance, Zero sup. on.
"0" TR wired to space.
33 Column control delay.
CCD type decimal.
34 Type tens position of present balance.
35 Type units position, clear.

Ficure 63.

Wiring (Figure 63)

Figure 63 shows the program for typing a disk

Part 1

record. The desired document format calls for one
tab setting, and two spaces between the two balance
columns. Decimals are inserted by programming.
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370 PRINTER

THE 370 output printer (Figure 64) prepares a
printed document while transactions are being posted
in the machine. The printer is a serial printing de-
vice that prints from a single, octagonal printing
stick. Information to be printed is available from the
output track. Special format control is provided on
the printer to allow any character stored on the out-

put track to be printed in any printing position.

Stick Printing

A single, octagonal printing stick (Figure 65) is
used to print the complete alphabet, the numbers 0-9,
and eleven special -characters. Horizontal spacing is
10 characters per inch, and a total of 80 characters
per line may be printed. Vertical spacing is six lines
per inch. To print an 80-character line and return the
carriage requires approximately two seconds. Shorter
lines are printed in less time.

Ficure 64.

370 PRINTER
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Ficure 65. PriNT STicK AND PLATEN

The print stick is positioned by a combination of
horizontal and rotary motion before printing each
character. The stick contains seven characters along
the length of each octagonal plane. Because the over-

all length of the print stick is approximately one inch, wowE
. \ . e|9o]8]5]4[1a A
and the horizontal spacing between each printed char- -
acter is one-tenth of an inch, the stick may, in some ! V| 7]6(3]2 3
cases, rotate and move several positions to the left in %|Z|IY|VIU|/ 0 =
. . . . § -
order to align certain char.acters for printing. How- 15T Ixiwlt Is S
ever, because the entire print mechanism spaces one- %
. . .. ~ #IRJOINIM I |-
tenth of an inch to the right before printing each 5
character, the over-all movement of printing is left S PIO|L |K %
. . . [
to right across the page to print 80 characters. : HIIHIE|DJA|& =
To print each character, a hammer platen, which -1 . 1clelcls

is located in back of the paper and which is one char-
acter in width, strikes the paper frem the back, thus
forcing the paper against the print stick to form the
character impression.

Figure 66 illustrates the arrangement of the print
stick. When the diagram is folded, the print stick is
obtained.

FiGURe 66. PRINT STICK ARRANGEMENT
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Ficure 67. 370 PRINTER OPERATING KEYs AND LIGHTS

OPERATING KEYS AND LIGHTS
(Figure 67)

THE following operating keys and lights are located
on the 370 Printer.

Keys
Start

When the start key is depressed, the printer is
placed in a ready condition. The ready light will
come on, and the printer will be put under the con-
trol of the processing unit. This key is inactive if a
check or form light is on.

Stop

Depressing this key during a print cycle will stop
the printer after it has completed the cycle, and re-
move it from a ready condition. The process unit will
stop as soon as the program refers to the output track.

Check Reset

Depressing this key restores the printer error de-
tecting circuits, turns off the check light, and breaks
the output track interlock. It is used after a printer
parity or setup check error:™

Reset

When this key is depressed, all printing and error
detecting circuits are restored.. All selectors are
dropped out. Zero suppression, MLP, etc., are reset.
Because it will reset all printer circuits, it should not
be used after a simple parity or setup check error.

Main Line Power

This switch is used to turn the ac and dc power
either on or off.

Lights
Ready Light

When this light is glowing, the printer is ready to
accept information from the processing unit.

Check Light

This light will come on for either a parity or print
setup error:

Form Light

This light will come on and the printer will stop
when the last form is approximately 175 inches from
the print stick. The operator must insert a new form
to turn the light off.

Power On

This light will glow when the printer has been
supplied with ac and dc power.

Print Cycle

The basic print cycle (Figure 68) may be divided
into two sections, analysis and printing. Because it
will usually be desirable to vary the document format
(headings, body, totals, etc.), an analysis or decision
period is provided before the actual printing begins.

During the analysis portion of the cycle, any char-
acter on the output track may be directed to the con-
trol panel and analyzed. Selectors may be transferred,
or other devices on the control panel may be set up.
In this way, all of the desired controls are established
prior to the printing of the first character.

After the analysis period is completed, printing
will begin. Printing will continue until line end is
impulsed on the printer control panel, or all 80 char-
acters have been printed.

ANALYSIS PERIOD PRINT

r 175 MILLISECONDS

Ficure 68. PrINT CYCLE

{
V“ —

20 MILLISECONDS PER CHARACTER
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PRINTER CONTROL PANEL
(Figure 69)

THE printer control panel analyzes and directs the
flow of information from the output track so that
data may be printed in any desired format.

There are two types of hubs on the control panel,
cxits and entries. An exit hub emits an impulse, while
an entry hub will accept an impulse that is wired to
it. To perform any function or control the flow of any
character of information, a connection must always
be made from an exit to an entry.

Two types of exit impulses are available at the
control panel, high level and low level. A high-level
impulse may be wired to the output track, but it
should not be wired to pick up a selector or to ini-
tiate a control function. The machine cannot be dam-
aged by this type of wiring; however, improper
operation would result. High-level impulses are avail-
able at the ANALYZER CONTROL IMPULSE hubs and the
PRINT POSITION EXITS. All other exits emit low-level
impulses. h

To facilitate reference to specific hubs on the con-
trol panel, the rows are numbered 1 through 40, hori-
zontally; and they are lettered A through BR, ver-
tically.

o -15 OUTPUT TRACK ~——————— 25 39
i
a0 -55 60 65 —— 79
[ ¢ L
80 —95 99
1 i
AU- BB, 1-40
BC-BF, 1-20

Output Track. Each of these 100 hubs correspond to a
position of the output track. At each printing position
the output track is read in its entirety; however, only one

character is selected for printing. If an oUTPUT TRACK
position is wired from a PRINT POSITION EXIT, printing
will result.

’—INTLK—I
AB, 33-34

Interlock. These hubs must be jackplugged before any
printing operation can be initiated. The printer will not
operate if these hubs are left unplugged.

25 ——

! 5— -1 PRINT POSITION EXIT3
l o ©o o o [~} © o o O o o o 0o o o o o o o 9
AT, 1-40
BR, 1-40

Print Position Exits. These hubs are wired to the output
track to cause the corresponding positions to be set up for
printing. An impulse is emitted from each PRINT POSI-
TIoN EXrT hub as soon as the print head is located for
printing at each of the 80 print positions. If PrINT POSI-
TION EXIT 20 is wired to OUTPUT TRACK position 15, as
soon as the print head arrives at print position 20, the
character located at track position 15 will be printed.

Print position exits emit a high-level impulse that
may be directed to the output track through selectors;
however, they should not be wired to pick up selectors
to a distributor, or to any function hub such as prINT
START, LINE END, X-ELIMINATE, etc.

PRINT SPACE

]

(e

AJ-AK, 1-40
BG-BH, 1-40

Print Space. When a line is printed on a form, a single char-
acter is selected for printing at each print position. The
machine automatically performs a print setup check on
the character that is to be printed. If the print head
arrives at a position where the corresponding PRINT POSsI-
TiIoN ExIT hub has not been wired, a print setup error
will occur. Therefore, all PRINT PosITION EXITs that are
not wired to an output track position should be wired
to PRINT sPACE. This wiring indicates to the machine that
the corresponding print position should be spaced over
without printing.

It is not necessary to wire PRINT sPack if the printer
is in a print-off condition. The printer will be in a print
off condition if PRINT sToP has been impulsed. Print
Stop is described in a later section.
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Wiring

Figure 70 illustrates the principle used to transfer
data from the output track to print 80 characters. All
PRINT POSITION EXITS not wired to an output track
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FIGURE

70. OutpuT PRINTING AND PRINT SpACE

position must be wired to PRINT-SPACE if the printer
is in a print-on condition. The printer will be in a

section.

print-on condition if PRINT sTART has been previ-
ously impulsed. PriNT sTarT is described in a later
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Analyzers. When a record has been transferred to the out-
put track, and PRINT (on the process control panel)
has been impulsed by a program exit, the printer. pre-
pares to print a line. However, before the print mech-
anism moves from the home position, predetermined
positions of the output track may be analyzed for the
presence of certain character codes which will signify
specific selector and format controls.

A——AC]———D
l_o—oo—oo—ocw—m

BF, 21-28

— A— ANALYZER EXITS —D—
ol20 | 0205 | 020 | ol2o

<rpm

S-AE, 1-8

An ANALYZER CONTROL IMPULSE hub (ACI) is wired
to the output track position that contains the control
code. The ACI hub will emit an impulse (high level)
which will cause the analysis of the corresponding ouT-
PUT TRACK position. If the output track contained a digit
six, the six exit of the associated analyzer will emit; if
the output track contained a digit two, the Two exit will
emit, etc. Alphabetic characters are set up in standard
IBM code; that is, if an A is analyzed, the 12 and 1 exits
will emit. These impulses are normally wired to pick up
selectors or to initiate an MLP (multiple line printing)
operation.

The analyzer exit labelled BL (blank) will emit dur-
ing the analysis portion of every print cycle unless a
digit or character appears on the output track in the
position being analyzed.

The ANALYZER CONTROL tMPULSE (ACI) hubs A, B, C,
and D emit sequentially and cause the corresponding
-analyzers to set up in the same sequence. ANALYZER EXITS
A and B are classified as early exits, and emit at the same
time~—just after setting up analyzer B. ANALYZER EXITS
C and D are late exits, and emit at the same time—just
after setting up analyzer D.

The early exits must be used to pick up selectors as-
sociated with the selection of triple spacing and may
also be used to control selectors through which late exit
impulses may be wired.

SEL. PU 7
l 6 olo olo oto

»

2 — SELECTORS — 3
oToO [} [+ o oTo (o] o] © oTo [e] o o oToO o o (<)

ONO o ©° o oNO © o O |ONO o o () oNO [ o =]

o¢o o o o ocCo o o oloco o o © ocCo o o o

AC, 13-20
AF-AH, 1-20

Selectors, These selectors may be used independently, or to

supplement the line program selectors. Each selector has
five positions, and each position has a coMMON, 2 NOR-
MAL, and a TRANSFERRED hub. Normally a connection
exists between the comMoN and the NorMmAaL hub; how-
ever, when the selector pickup is impulsed, this connec-
tion is broken and a connection is made between the
coMmMoN and the TRANSFERRED hub. The selector should
be picked up during the analysis portion of the print
cycle. It will remain transferred for the entire line.

LINE PROG. SEL. PU,
LI an oLo ODD

LINE PROGRAM SELECTORS —— C —
© 0o o o o|lo o o o o010

020 0 0 o o|o o o o o020
©30 0o o o o|©6 © o o o030
040 o o o olo o o o odo
050 0 0o 0o o]0 © o O o050

oNo o o o o|o o o 0 ONO

oco o o o olo o o o ocCo
AL-AS, 1-40
BJ-BQ, 1-40
K-R, 33-40

Line Program Selectors. The line program selectors are pro-

vided to allow format control of the information being
printed from the output track. Each selector has eleven
positions; ten of these are grouped near the output track,
and an eleventh position of each selector is near the con-
trol section. Each position has a comMon hub, a Nor-
MAL hub, and five TRANSFERRED hubs. The comMmonN hub
is connected to the NormaL hub until one of the five
pickup hubs is impulsed (during the analysis portion of
the print cycle). The coMmmon hub is then connected
to the corresponding TRANSFERRED hub above it. The line
program selectors remain transferred until the line is
printed and drop out as the print head returns to the
home position.
Figure 71 illustrates line program selection.
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Ficure 71.

Print Control Exits. These hubs emit control impulses as
the printer is positioned to print the corresponding posi-
tions of the print line. The emitted impulse may be
thought of as an early impulse; therefore, functions can
be controlled before the actual printing of each char-
acter.

Each hub emits one impulse per line printed; for ex-
ample, hub number five emits an early impulse each time
print position five is being set up. These impulses are
wired to initiate functions, such as print start and stop,
zero suppresson, X-elimination, etc. They may also be

o o
LINE PROGRAM SELECTOR
ojo o o

o o o o

LiNE ProGRAM SELECTION

wired to print symbols, provided the corresponding
print position exit is not connected to the output track
or to print space.

111

- 15
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PRINT CONTROL EXITS
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25-

TR T

45 55

€60

A-D, 1-40
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DISTRIBUTORS
OINO © © OINO O ©O OINO

PLTTRTT B
PLLLET T I

E~J, 31-40

Distributors. Impulses that are used to initiate several func-
tions are wired through distributors, which serve the
same function as split wires but prevent possible back
circuits. An impulse wired into the v hub of a distribu-
tor is available at the associated out hub; however, an
impulse cannot travel between ouT hubs, or from an ouT
hub to an v hub. Distributors should not be wired so
that an impulse from the out hub of one distributor is
available at the N hub of another distributor. High-
level impulses should not be wired to a distributor.

Print Control Functional Hubs

The following hubs are wired from pPRINT CONTROL
ExITs to perform such print control functions as
starting and stopping printing, controlling zero sup-
pression, and X-elimination: ‘

!——— PRINT STARTﬁ

S, 33-40

Print Start. These entry hubs are impulsed from PRINT cON-
TROL EXITS to start printing at any desired column as the
print head moves across the paper. Once printing is
started, the machine will continue to print until printing
is turned off by impulsing pRINT sTOP. In this way, print-
ing can be turned on and off several times in the course
of printing a line to give added flexibility in format con-
trol. The prINT conTROL EXIT for the first column of
each field to be printed is wired to these hubs. If the hub
at the extreme right-hand position of PRINT START is
plugged to an adjacent pRINT sTART hub, all printing will
begin in print position one.

‘—‘— PRINT STOP——]

T, 33-40

Print Stop. These entry hubs are impulsed from the pPrRINT
coNTROL EXIT of the first position not to be printed.
When information is to be omitted, impulsing these hubs
causes printing and print setup checking to be suppressed
until PRINT START is impulsed.

!

LINE END
I 0—0—0—0—0—0—0—0 |

U, 33-40

Line End. These entry hubs are wired from the pRINT coN-

TrROL EXIT of the position after the last position to be
printed on a line to cause the printing to stop and the
print head to return to the home position. This allows
the length of the printing line to be controlled. Variable
printing lengths are possible by wiring LiNe END through
selectors. LINE END need not be wired when printing 80
characters.

[——ZERO SUPP. START———-]

Vv, 33-40

Zero Suppression Start. These entry hubs are wired from

the PRINT coNTROL exXIT of the high-order position of a
field to eliminate the printing of zeros to the left of
significant digits. When these hubs have been impulsed,
the print unit spaces over positions containing zeros until
a significant digit (any character other than zero, comma,
or diagonal) is encountered. The significant digit is then
printed and all zeros to the right of the significant digit
are printed.

'——ZERO SUPP. STOP——)

W, 33-40

Zero Suppression Stop. Once ZERO SUPPRESSION START has

been impulsed, zero suppression will continue until a sig-
nificant digit (not zero) is encountered and printed or
until it is ended by impulsing these entry hubs from the
PRINT CONTROL EXIT of the first position not to be sup-
pressed.

Figure 72 illustrates print controls.

X ELIM.
l

X, 33-40

X-Eliminate. Negative numbers are recorded on the out-

put track (as on all other processing tracks) by an X-bit
over the low-order position. For example, the amount
125 stands on the output track as 12N. The X-grLimi-
NATE and NX-eLiMINATE hubs allow the printer to read
the X-punch or the digit punch from an output track
position to separate the signed character into its sign and
digit components. The X-ELIMINATE hubs are impulsed
from PRINT CONTROL EXITS to cause only the digit por-
tion of the character being set up to be printed.
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Ficure 72. PrinT CONTROLS

r—f—————NX EUMﬁ——————W

Y, 33-40

N X-Eliminate. A negative number on the output track con-
tains an X-bit over its low-order position. For example,
the amount 125 stands on the output track as 12N. By
impulsing these hubs from a prINT coNTROL EXIT, only
the sign portion of the low-order digit will print,

Figure 73 illustrates printing a minus sign after an
amount field.

Other Control Panel Hubs

A (Delta). When the two hubs labeled A Stop are jack-
plugged (if a print setup error occurs), the machine will
print a2 A in the left-hand margin opposite the line in
error, and the machine will stop.

{ Iy s“{rop
O—=0
AN.STOP
Z, 33-34
AA, 33-34

When the two hubs labeled A N. Sfop are jackplugged,
the machine will print a A, but will not stop when a
print setup error occurs.

If neither A sTop or A N. sTop are plugged, the ma-
chine will stop, but a A will not be printed if a print
setup error occurs.

SYMBOLS

* 7 - |- I8 b

Z-AB, 35-40

Symbols. These entry hubs are wired from PRINT CONTROL

EXITS to cause the corresponding symbol to be printed.
These symbols may be selected through the line program
selector. NoTe: The comma and diagonal is inoperative
if zero suppression is on.

YT

U-v, 25-32

Communication. These hubs connect to the correspond-

ingly numbered hubs on the 305 process control panel to
allow a signal communication between the processing
unit and the printer:
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FiGure 74. TaPE-CoNTROLLED CARRIAGE

TAPE-CONTROLLED CARRIAGE

THE tape-controlled carriage ‘(Figure 74) controls
feeding, spacing, and skipping while documents are
being printed. The carriage is controlled by punched
holes in a paper tape that exactly corresponds to the
length of one or more forms. Wiring on the printer
control panel allows the selection of single, double,
or triple spacing between printing lines, as well as
skipping between forms or within the same form.
Line spacing and skipping occur at the rate of 25
lines per second, or 4.17 inches per second.

Control Tape

The control tape (Figure 75) has 12 columnar
positions indicated by vertical lines. These positions
are called channels. A maximum of 17 inches can be
used for control of a form on the 370 Printer, al-
though, for convenience, the tape blanks are longer.
Horizontal lines are spaced six to the inch for the
entire length of the tape.

Round holes in the center ofs the tape are pre-
punched for a pin-feed drive in a tape-sensing mech-
anism that controls the carriage. The tape is held in
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Figure 75. ConNTROL TAPE

position at one end by the pin-feed device, and at
the other end by the weight of a metal spool placed
upon the tape.

Seven star wheels, one for each channel, are posi-
tioned over the tape for sensing the holes that are
punched in the various channels. As viewed from the
front of the machine, the number 12 channel is at
the far left. Wheel one rests on channel one, wheel
two on channel two, etc. A hole in the channel allows
the star wheel to drop and cause the setup of the
necessary circuits that are used to stop skipping.

Tape Inserting

To insert the tape, open the cover located adjacent
to the platen knob. Release the star-wheel assembly
by moving the release lever forward (located directly
above the star-wheel holder). Insert the tape and
lower the assembly. Place the metal spool over the
opposite end of the tape. The tape may now be re-
stored to place it at channel one (the home position)

by depressing the restore key.
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Ficure 76. Tare PuncH

Tape Punching

A small, compact punch (Figure 76) is provided
for punching the tape. The tape is first marked in
the channels in which the holes are to be punched.
This can be done easily by laying the tape beside the
left edge of the form which it is to control with the
top line (immediately under the glue portion) even
with the top edge of the form. A mark is then made
in the first channel on the line which corresponds to
the first printing line of the form. Additional marks
are made in the appropriate channels for each of the
other skip stops and the overflow signal required for
the form.

The marking for one form should be repeated as
many times as the useable length of the tape will al-
low. With the tape thus serving to control several
forms in one revolution through the sensing mech-
anism, the life of the tape is increased. Finally, the
line corresponding to the bottom edge of the last form
should be marked for cutting after the tape is
punched.

The tape is inserted in the punch by placing the
line to be punched over a guide line on the base of
the punch and placing the center feed holes of the
tape over the pins projecting from the base. The dial
is then turned until the arrow points at the number

of the channel to be punched. Pressing on the top of
the punch, toward the back, cuts a rectangular hole
at the intersection of a vertical and horizontal line
in the required channel of the tape.
After the tape is punched, it is cut and looped into

a belt. The bottom line is glued to the top line by
the section marked Glue, after the glaze has been re-
moved by an ink eraser. If the glaze is not removed,
the tape ends may come apart. The center feed holes
should coincide when the two ends of the tape are
glued together.

The last hole punched in the tape should not be
less than four lines from the cut edge, because the
last half inch (approximately) of the tape overlaps
the glue section when the two ends are spliced. If it
is necessary to punch a hole lower than four lines
from the bottom of the form, the tape should be
placed with the top line (immediately under the glue
portion) four lines lower than the top edge of the
form before marking the channels. To compensate
for the loss, the tape should then be cut four lines
lower than the bottom edge of the form.

Form Sizes

A double forms tractor is adjustable horizontally
to accommodate forms of up to 16 inches in width

.ncluding feeding strips. The maximum length of a

form that may be used is approximately 17 inches.

The length of the printing line has a limit of eight
inches. When a form 16 inches wide is used, the eight-
inch printing area is centered in the form area, pro-
viding a2 maximum margin of four inches on either
side. Forms of smaller width may be shifted (limited
by the width of the form) to effect a shift of the
eight-inch printing area on the form. For example,
a twelve-inch form may be positioned so that the
eight-inch printing area will start at the left-hand
side leaving a four-inch margin on the right, or the
form could be positioned to leave a four-inch margin
on the left. Larger margins can, however, be obtained
if the printing starts to the right of position one,
or stops before position 80.

Forms with marginal punched holes on both sides
must be used. Printing nearer the perforation than
one-half inch on horizontal or vertical dimensions
may cause the perforation to become detached when
single part forms are used.
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Ficure 77. Forms TracTror PosiTioNiNG KNos

OPERATING FEATURES

Forms Tractor Clutch (Figure 77)

The forms tractor may be disengaged to synchro-
nize the control tape with the form by pushing in
the forms tractor positioning knob. To move the
form up one space at a time, turn the forms tractor
positioning knob with the clutch engaged. To move
the form less than one space, disengage the forms
tractor clutch and rotate the forms tractor position-
ing knob.

Restore (Figure 78)

Depressing this key will cause the form to feed
if the forms tractor clutch is engaged. To set the
carriage at the home position (channel one) before
starting a print operation, press in on the forms
tractor positioning knob to disengage the forms trac-
tor clutch, and depress the restore key.

RESTORE

Ficure 78. Carriagce ConTrOL KEYS

Stop Key (Figure 78)

When this key is depressed, carriage and printer
operations are stopped immediately. Normally, it stops
the flow of paper after the restore key has been de-
pressed. It also stops runaway skipping which can
result from improper insertion of tape, wrong tape,
impulsing a skip-To for which no channel is punched,
etc.

Inserting a New Form

To insert a new form, lift the top cover and open
the left-hand front door. Paper may be inserted by
sliding it up between the form feed guide plates. To
lock the paper in position, move the pressure plates
away from the tractor pins, position the form, and
lower the pressure plates. After positioning the form
for the first printing line, the forms tractor may be
restored to the home position (channel one) by dis-
engaging the forms tractor clutch and depressing the
restore key.

Form Thickness Adjustment Device
(Figure 79)

To compensate for various thicknesses of paper
stock or for varying numbers of copies, a form thick-
ness adjustment - device is provided. This device is
located behind the print head. Six notches are pro-
vided. For heavier impressions, engage the movable
lever in one of the lower notches.
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I'tGure 79. Form THICKNESS ADJUSTMENT DEVICE

FORM CONTROL

SKIPPING is initiated by wiring on the control panel
and stopped by holes in the tape. The following ex-
amples show operating principles only. Form design
will dictate each individual arrangement.

TEFEEH

S-T, 21-26 -

Skip-To. These entry hubs are impulsed from ANALYZER

ExaFs-or from 305 control impulses wired through com-
munication channels to cause the tractor to feed the
paper in the printer to the corresponding hole in the con-
trol tape. Tape channels 1-6 stop the corresponding skips.

To skip before printing, skip-To on the printer control
panel must be impulsed before the prinT hub on the
process control panel is impulsed. If skip-To is impulsed
after the print cycle has started, skipping will occur
after printing. When skipping is initiated during the
analysis portion of the print cycle, the skip will occur
after printing.

Figure 80 illustrates skipping before printing.

it

S-T, 32

OF (overflow). Channel 12 on the tape is reserved for over-

flow control. It is punched to identify the last printing
line on the form. When it is sensed—during the analysis
portion of the cycle—an impulse is available out of the
oF hub. This impulse may be wired to cause the paper to
be skipped to the first line of the following form by im-
pulsing one of the skip-To hubs, and placing a hole in
the control tape in that channel to stop the form at
the proper place.

The or impulse may also be wired through communi-
cation channels to the processing control panel, where
it may pick up a selector that is tested in the course
of the program to determine if the overflow condition
exists; then steps in the program can decide whether to
complete the form or start the following form.

Variable line spacing within the body of a form will
require multiple 12 punches in the carriage tape for
overflow so that the overflow position will not be by-
passed during a double or triple spacing operation.
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PROCESS
HEADING

TRANSFER

OVERFLOW ROUTINE:

Heading = Channel 1

First body line = Channel 2

Predetermined total = Channel 3

Overflow indicative information = Channel 1

TO OUTPUT

PRINT
SKIP TO 2
DO SEL (OF)

'

'

PROCESS
LINE ITEM

TRANSFER
TO OUTPUT

y

PROCESS
TOTAL

N | suipe
PRINT ROUT.
] L
SKIP
O 1 #

'

TRANSFER | PRINT
1O OUTPUT ? SKIP TO 1
PROCESS
OVERFLOW
INFORMATION
\
TRANSFER PRINT
i E SKIP TO 2
DO SEL (OF)

Ficure 81. PrRINTING OVERFLOW INDICATIVE INFORMATION

Printing Indicative Information (Figure 81)

Figure 81 illustrates in block form one method of
printing indicative information at the beginning of
each new overflow sheet of an invoice. In this example,
the stored program is controlled by a selector on the
process control panel. The selector is picked up by
wiring the overflow impulse through one of the com-
munication channels.

Because spacing occurs after the print cycle has
already been initiated—during the analysis portion of
the cycle—the last line on the sheet, which corre-
sponds to the overflow line, will have already been
set up for printing before the overflow impulse is
available. Therefore, the last line on the form will
print, but the selector that is picked up by the over-
flow impulse will be transferred the next time the
program reaches that point.
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When the overflow selector is tested the next time,
the program will be directed to the overflow routine.
The form is skipped to the heading location; .the
overflow indicative information is transferred to the
output replacing the body line information; printing
is initiated; the overflow selector is dropped out; and
the form is skipped to the first body line of the next
sheet.

The program is then directed back to a point where
the previous body line information is again trans-
ferred to the output. The program will then proceed
through the path taken when the overflow selector is
normal.

The slide routine referred to is included for a typi-
cal spread-card and blank-field-check routine.

U-v, 21-23

Line Space. The line space hubs 1, 2, and 3 (exit hubs) are
jackplugged to the common hubs located directly above
them to cause single, double, or triple spacing between
lines on a form. If line space 1 is wired, single spacing
will occur; if line space 2 is wired, double spacing will
occur, etc.

Selective spacing and space suppression may be per-
formed. The ANALYZER EXITS are used to control the se-
lection; however, the selection of triple spacing must be
controlled by the early analyzers.

Figure 82 illustrates selective spacing.
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Ficure 83.

MULTIPLE LINE PRINTING

PrinTING multiple lines of information from the out-
put track may be accomplished by proper wiring of
the MLP unit. The number of lines to be printed
are controlled by an MLP code, which may be placed
in any convenient output track position as long as that
position remains consistent.

To prepare an invoice heading (Figure 83) the
output track is normally assembled in several different
steps. After it is assembled, a print instruction is
initiated. During the analysis portion of the print
cycle, the MLP code is analyzed and controls are set
for the printing of from one to four lines. The num-
ber of lines to be printed is determined by the code.
For example, a I code may cause one line to print; a 2
may cause two lines to print; a 3 may cause three
lines to print; etc.
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S-v, 9-12

MLP. The MLP unit controls the printing of multiple lines
from a single output track. The starT hub is impulsed
from an ANALYZER ExIT. Then, the MLP impulse, (MLP
I) hubs emit an impulse which may be wired to pick up
line program selectors.

The impulse wired to the sTarT hub will usually cor-
respond to the desired number of lines of printing;
that is, a I will initiate a single line of printing, a 2 for
two lines, a 3 for three lines, etc. This type of coding is
convenient; however, it is not imperative. For example,
a seven could cause two lines of printing.
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Once the sTarT hub has been impulsed the MLP I hubs
will emit in sequence. If the THREE sTART hub is im-
pulsed, the number one MLP I hub will emit on the first
line; then the two hub on the second line; and last, the
three hub on the third line. If the number Two sTART
hub is impulsed, the number oNE and Two MLP I hubs
will emit in sequence.

Figure 84 shows the wiring necessary to prepare the
three-line invoice heading shown in Figure 83. In this
example, it is assumed that all invoice headings will con-
tain three lines.

Wiring (Figure 84)

First line print control

1. Printing begins in print position 3 (wire 1).

2. Printing is stopped before printing position 27
(wire 2).

3. ZERO SUPPRESSION START is impulsed from
PRINT CONTROL EXIT 52 so that it will be on for cus-
tomer number (wire 4).

4. Printing of customer number begins with print
position 53 (wire 3).

5. Line END is impulsed from position 59 {wire 6).

Second line print control

1. Printing begins in print position 3 (wire 1).
2. LiNe END is impulsed from position 25 (wire
7).

T bird line print control

1. Printing begins in print position 3 (wire 1).

2. Printing is stopped before printing position 27
by wiring from PRINT CONTROL EXIT 27 to 50, and
then through the line program selectors to PRINT sTOP
(wire 8 and 9).

3. Printing is started in position 46 (wire 10) to
start printing date.

4. Printing is stopped before printing position 51
(wire 9).

5. ZERO SUPPRESSION is impulsed from PRINT cON-
TROL EXIT 52 so that it will be on for invoice num-
ber (wire 4).

6. Printing of invoice number begins with print
position 53 (wire 3).

7. LINE END is impulsed from position 59 (wire
11).

Analyzer Wiring

1. ANALYZER CONTROL IMPULSE for analyzer C
is wired to OUTPUT TRACK POSITION 6 (wire 12).
Position 6 contains the MLP code.

2. In this example it is assumed that all invoice
headings contain three lines. Therefore, it is only nec-
essary to impulse MLP 3 sTART (wire 13).

3. Line program selectors A, B, and C for line 1,
2, and 3 are picked up from the mLP mMprULSE hubs
(wire 14).

4. After printing the third line of MLP, the form
will be skipped to the position corresponding to chan-
nel 2 of the tape (wire 15).

5. Selector 3 is picked up to expand the third line
of printing (wire 16).

Line Program Selection

1. On the first line of printing, PRINT POSITION
EXITS 3-26 are wired through the first line of the
LINE PROGRAM SELECTORS tO OUTPUT TRACK POSI-
TIONS 7-30. On the second line of printing, PRINT
POSITION EXITS 3-24 are wired to POSITIONS 31-52.
On the third line, PRINT POSITION EXITS 3-25 are
wired to posITioNs 53-75 (wire 17).

2. Printing is turned off after printing position
26 on both the first and third lines (wire 2). Because,
on the third line, an output track position is not wired
from print position exit 26, PRINT SPACE must be
wired (wire 18).

3. Customer number is directed to print through
line one of the line program selectors (wiring 18).

4. Date is directed through selector 3 to print on
the third line of MLP (wire 19).

5. Invoice number is directed to print through line
three of the line program selectors (wire 20).

l» LINE PROG. IMP. —|
W-X, 9-12

Line Program Impulse. This impulse is available during the
analysis portion of the print cycle. It is, however, in-
active if MLP sTART has been previously impulsed. Dur-
ing an MLP operation, the MLP mMpPULSE hubs emit, and
the LINE PROGRAM IMPULSE hubs are inactive.

The LINE PROGRAM IMPULSE occurs after the C and D
ANALYZER EXIT impulses. This arrangement allows the
type of selector wiring shown in Figure 85.
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Ficure 85.
TIMING CHARTS

THE TIMING cHART and control panel entry sum-
mary assist in determining whether doubtful control
panel wiring will function without damaging the
machine internally. A good working knowledge of
the machine is necessary before timing charts can be
used effectively. The timing chart should be used in
conjunction with the control panel entry summary.

All impulses shown on the timing chart with the
exception of the PRINT CONTROL EXITS and PRINT PO-
SITION EXITs happen only once during the over-all
print cycle. These impulses which happen only once
occur during the analysis portion of the cycle. The
analysis portion of the print cycle is completed at

PRINT SPAGE

SERIES WIRING TO ILLUSTRATE TIMINGS

17.5. The first character prints at 19.5. At 32 on the
index, the print shaft latches; however, the prinT
CONTROL EXITS and the PRINT POSITION EXITS con-
tinue to emit until all 80 characters have been printed
or until LINE END on the printer control panel is im-
pulsed.

It requires 320 milliseconds to complete the 32-
point cycle, or 10 milliseconds per cycle point. This
timing relationship may be used as a guide for picking
up selectors or directing impulses through the trans-
ferred points of the selectors. In general, once a se-
lector has been picked up, seven milliseconds should
be allowed before directing an impulse through the
transferred points of the selector. Impulses that are
active during pickup time should not be selected.
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Control Panel Hubs

Cycle

Note

ANALYSIS PRINT

0
S
)
e
-
©
3
N
£
e
8

Analyzer Control Impulse (A)

Analyzer Control Impulse (B)

—T

Analyzer Control Impulse (C)

Analyzer Control Impulse (D)

Analyzer Exits (A & B)

Analyzer Exits (C & D)

Line Program Impulse

Line Space 1

Line Space 2

11

Line Space 3

MLP Impulse

OF (overflow)

> 1> |[>1> > >I>]>]>> >

Print Control Exits

w

Print Position Exits

1/‘\/-—-\//\«—-/\//\*—’_‘

Machine Cycle Code:

Notes:
A. Emit only during analysis portion of cycle. 1.
B. Impulses continue for all 80 print positions.

2,
3.
4.

5.

*

Emit if Analyzer Control Impulse hub has been wired to an output track
position.

If MLP START has been impulsed, LINE PROGRAM IMPULSE is
inactive.

To select double spacing, selectors must be transferred in time to accept
the first impulse.

To select triple spacing, selectors must be transferred in time to accept
the first impulse.

Under control of the carriage.

High Level Impulses.

Ficure 86. 370 PrINTER TimMING CHART

370 PrINTER ConTROL PANEL ENTRIES

CONTROL PANEL HUBS

Communication
Distributors
Line End

Line Prog. Sel. Pickup

Line Prog. Sel

. (Transfer)

Line Space Common Hubs

NX-Eliminate
Output Track
Print Space
Print Start
Print Stop

Selector Pickup
Selector (Transfer)

Skip-To
Symbols
X-Eliminate

Zero Supp. Start
Zero Supp. Stop

ENTRY DESCRIPTION
Accepts whatever is entered.
Accepts any low level impulse.
Wire from any print control exit.
Accepts any low level impulse.

Transfer immediately; drop out with line end.

Will accept only line space 1, 2, or 3.
Wire from any print control exit.

Wire from ACI or print position exit only.
Wire from any print position exit.

Wire from any print control exit.

Wire from any print control exit.

Accepts any low level impulse.

Transfer immediately; drop out with line end.

Accepts any low level impulse.-

Wire from any print control exit.
Wire from any print control exit.
Wire from any print control exit.
Wire from any print control exit.
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323 CARD PUNCH

THE IBM 323 Card Punch (Figure 87) may be used
as an output device for the RAMAC system, or as
an independent gangpunch. Information from the
output track is directed by the control panel to punch
cards in any desired format.

During continuous operation, up to 100 cards per

minute may be punched. Each card requires six hun-
dred milliseconds.

It is possible to perform gangpunching, double-
punch and blank-column detection, column splitting,
etc. However, because X-control is not provided, it
is not possible to perform operations such as inter-
spersed gangpunching.

Ficure 87. 323 PunNcH
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Punch Station
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Ficure 88. PuncH FEED ScHEMATIC

FEED AND PUNCH UNIT

THE feed is illustrated in Figure 88. Up to 80 char-
acters of information may be punched into each
card as it passes the punch station. Gangpunching and
double-punch and blank-column detection are per-
formed at the punch brush station.

The initial run-in of cards into the machine—
face down, twelve edge first—may be accomplished
by holding the start key down until the ready light
comes on. However, if the run-in is performed one
cycle at a time, a single depression of the start key
will feed the first card partially out of the hopper;
the second depression of the start key feeds the card
past the punch station; on the third depression, the
ready light will come one, but the cards do not move.
Because one card passes the punch station during run-
in before any processing actually takes place, there
will always be one blank card preceding each new
group of cards.

During continuous operation, the output track is
read in its entirety when the card is positioned for
punching at each of the zone and numeric portions
of the card. For example, when the card is in position
to punch all 12 zones, all 100 positions of the out-
put are read; however, only those positions that con-
tain a 12 are selected for punching. This same se-
quence is repeated when the card is in position for
punching the 11 zones, 0 zones, 1, 2, etc.

OPERATING KEYS AND LIGHTS

The following operating keys and lights are lo-
cated on the punch unit (Figure 89):

Keys

Start

The start key will feed cards into or out of the
punch feed. It is also depressed to place the punch
in a ready condition if cards are at each station.

Stop

Depressing this key during a punch cycle will stop
the punch at the completion of that cycle and remove
it from a ready condition. The program or process
unit will stop as soon as the program refers to the
output track. '

Check Reset

Depression of this key will restore the punch-error-
detecting circuits. It is used to reset parity, and dou-
ble-punch and blank-column error indications.

Main Line Power

This switch is used in conjunction with the console
power-on key to supply or remove power from the
punch.

Lights

Ready

This light will glow when the punch is ready for
use by the processing unit. It is turned on by de-
pressing the start key if the card stations are full, and
all error-detecting devices have been reset.

Ficure 89. 323 PunNcH OreraTING KEYs AND LiGHTs



128 IBM 305 RAMAC

Feed Check

This light indicates a misfeed in the punch feed.
If a card failed to feed from the hopper into the ma-
chine, remove the cards from the hopper, and run
the remaining cards out of the machine. Then pro-
ceed through a normal run-in procedure. Misfeeds
at the other stations will require individual correction
procedures.

Parity

Each of the 100 positions of the output track is
parity checked before punching occurs. If any posi-
tion fails to pass this parity check (including those
positions not being punched), the parity light will
glow, and the punch will stop at the completion of
the punch cycle.

DP & BC

The punch control panel may be wired to stop the
machine and turn this light on when either a double-
punch or a blank-column error is detected.

Power-On

When ac and dc power have been supplied to the
punch, this light will glow.

323 CONTROL PANEL

THE following hubs are located on the punch con-
trol panel (Figure 90):

25—

o] 15 OUTPUT TRACK 39

TR
Trr Trrnfokent i

A-D, 1-40
E-F, 1-20

Output Track. Each of these 100 hubs correspond to a
position of the output track. The hubs emit information
in the standard IBM punched-card code form. These exits
are wired to the PUNCH MAGNETS to cause punching. This
allows any of the 100 output track positions to be punched
into any of the 80 card columns.

' 15 20-PUNCH MAGNETS —— 40
o o o ¢ o 0o o o o o0 o o [N|] o o o « o o o
4 55 60 €5 a0
o o « 0 0 o o o o o o Pl o o o «¢ o o o

N-P,1-40

Punch Magnets. These hubs are entries to the 80 punch
magnets that punch the correspondingly numbered col-
umns of the card. These magnets are wired from the
OUTPUT TRACK positions that are to be punched.

—— SIGN CONVERSION IN
o o (o) o o o (o] o
out
o (e} o o o e} o o
E-F, 21-30

Sign Conversion. Within the RAMAC system the 12 card
code is recoded by a combination of X- and 0-bits. Also,
sign control on negative fields is maintained by carrying
an X-bit over the low-order position. If the low-order
position of a field is zero and the field is negative, a 12-
hole would be punched if this position’ were wired di-
rectly to a punch magnet. The sign conversion hubs are
provided so that the 12-impulse available from the output
track may be converted to the X/0 code desired for
these positions. :

In use, the low-order position of any numerical field that
may be negative is wired from the output track to an 1IN
hub and from the corrésponding out hub to the punch
magnet. If a 12-code is emitted from this position of the
output track, it is punched as X /0. Any other negative
number is overpunched with an X. Positive numbers pass
through without conversion.

Figure 91 illustrates the type of wiring necessary to
punch output information. If there is a possibility of the
output track containing a negative figure, the units posi-
tion should be wired through sign conversion.

I 15 20 - PUNCH BRUSHES —— 40
o o o < o o o o0 o o o o© T o o o C o o o
4l 55 60 €5 80
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T-U, 1-40

Punch Brushes. On the punch cycle after it is punched, a
card passes a set of 80 reading brushes that read back the
information that has been punched so that it may be
given the double-punch blank-column check. These hubs
are the exits for the reading on this cycle. The informa-
tion may also be gangpunched back into the following
card.
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i2-11 COLUMN SPLITS 12 - 11
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G-J, 31-40

Column Splits. This is a 10-position selector that is auto-
matically controlled to transfer between X and 0 time
as each card is punched. This allows the separation of
the digits 0-9 from the 12- and X-zones. For example,
if the character A were wired to the common of a cor-
UMN SPLIT position, the numeric digit 1 would emerge
from the 0-9 hub, and the 12-zone would be available at
the 12-11 hub.

Figure 92 illustrates a method of using the coLumn
spLIT device to punch an X over the high-order position
of a field.

Double-Punch and Blank-Column Detection

The 323 Card Punch is equipped with 20 positions

of DPBC detection as a standard feature. By appro-
priate control panel wiring, it is possible to detect the
presence of either multiple punches in any single

column or the absence of any punch in a column or

both.

BC OFF
O—»0

AH, 43-44

BC OFF (blank column off). When this switch is wired,

blank columns will not be detected by the DPBC device.
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directed to column 70.

The output track is wired through sign conversion to

° 1.
R convert a negative zero.

]2. The column split directs the numerical portion of output
track position 75 to punch in column 75. The X is

FiGure 92.

Puncx Necative X overR Hicu-Orper PosiTion
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Vv, 1-20

DP & BC Det Entry (double-punch and blank-column
detection entry) Figure 93. These hubs are entries for the
digit impulses from the punch brushes. They are used
to detect double-punched or blank columns in the output
cards.
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Twenty positions are checked for double punches and blank columns.l
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Ficure 93. DPBC DEeTEcTION
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W, 1-20

BC Det Entry or GP Exit (blank-column detection entry
or gangpunch exit) Figure 94. These hubs may be
cither entries or exits. As entries, they are used to detect
blank columns in the output cards without double-punch
detection. v

As exits, they are wired to the punch magnets for
gangpunching. When used as gangpunch exits, only the
first digit of any column wired to 2 DP or BC DET ENTRY
hub will be available at the associated Gp Exit hub.

_— 10 15
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1 5 BC DET. CONTROL 1S
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X, 1-20

BC Det Control (blank-column detection control) Fig-

ure 95. These hubs provide a means for control of blank
column detection. All positions of DPBC are internally
connected for blank-column detection. It is possible to
bypass any particular position or positions that are not
to be checked for blanks by control panel wiring in the
following manner: The BLANK-COLUMN DETECTION
coNTROL hub for the last position, in which blanks are
to be checked, is connected by a control panel wire to
the BLANK-COLUMN DETECTION CONTROL hub preceding
the next position which is to be checked for blanks.

If it is necessary to bypass checking for blanks in the
last position (position 20 for standard machine), the
BC DET cONTROL hub for the last position in which
blanks are to be checked must be connected by a control
panel wire to the BLANK-COLUMN DETECTION CONTROL
hub of the last DPBC position.

) 5 10 15 20
© 0% O 0o O 0 o 0 o ¢ o o o o0 o o O o o
Ell a5 50 55 60

Columns 10-13 are checked for double punches only. The remaining
columns are checked for both double punches and blank columns.

2¢
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the same columns are also gangpunched.

2. Positions 11-20 are checked for blank columns only.

Positions 1-10 are checked for double punches and blank columns; |
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Ficure 94. DPBC anp BC-Onry DETECTION
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Ficure 95. DPBC anp DP-OnLY DETECTION

~ STOP:

~Omwo

AG, 43-44

DPBC Stop (Figure 96). When this switch is plugged,

either (or both) a blank-column or a double-punch er-
ror will stop the machine. The DPBC light on the punch
will be turned on. In addition, the interlock and punch
select light will be turned on at the 380 console.
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I The first three positions of blank-column detection are by-passed.

2. The machine is stopped if o DPBC error occurs.
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Ficure 96. DousLE-PuncH AND BLANK-CorLuMN DETEcTION

Other Control Panel Functions

COMMUN.
Ol 02 03 04

05 06 07 o8

AC-AD, 41-44

Communication. These hubs are connected to the corre-
spondingly numbered hubs labeled Punch Communica-
tion on the process control panel.

G. PCH:
O—»O

AK, 41-42

G. Punch (gangpunch). When this control-panel switch is
jackplugged, the 323 punch is removed from the con-
trol of the processing unit and may be used as an inde-
pendent gangpunch.

— T
N _l
AK, 43-44
Int. (interlock). Whenever the punch is to be used to punch
output cards for the processing unit, this control-panel

switch must be jackplugged. It is not plugged if the
punch is to be used for independent operation.

[T
A, 41-42

DI (digit impulse). This hub emits all digit impulses (12
through 9) every punch feed cycle.
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B-P, 41-42

Digit Selector. One digit selector is standard with the 323
punch. It may be used to separate or combine multiple
digits. In addition, it may be used to select specific digits
from the output track or punch brushes.

When the DI impulse is connected to the common of
the digit selector, it becomes a punch digit emitter with
a 12 impulse available out of the 12 hub, 11 impulse at
the 11 hub, etc.

Figure 97 illustrates using the digit selector as a digit
emitter.
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2. The digits 2 and 5 are punched each punch cycle.

I. Punch digit impulses are made available to the digit selector.
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Ficure 97. Dicit EMITTING

ERROR-CORRECTION PROCEDURES

THE following error-correction procedures are pre-
sented as an aid to the operator. They include feed
check, parity errors, DPBC errors and a punch inter-
lock condition. In addition, a run-out and run-in pro-
cedure is included.

Feed Check

This stop indicates a full stacker, an empty hopper,
or a feed failure. If the condition is caused by a full
stacker or an empty hopper, operation may be re-
sumed by removing the cards from the stacker or
placing cards in the hopper. Then the punch start key
is depressed. A feed failure can be either a failure to
feed from the hopper, or a failure to feed from the
punch station to the punch brush station. The follow-
ing procedures can be used if a feed failure occurs:

Misreep FroM HoPPER

1. Remove cards from hopper.
2. Depress start key to clear feed.
3. Remove the last punched card.

4. Replace the unpunched cards in the hopper.
If necessary, a gangpunch master card precedes these
cards. '

5. Depress the start key. The last punched card
which was removed (step 3) will be repunched, be-
cause the information concerning this card is retained
on the output track.

FarLure Tto FEED INTO PUNCH BrUsSH StaTION

1. Remove cards from hopper.

2. Remove any damaged cards and clear the feed.

3. Remove the last punched card.

4. Replace the cards in the hopper. If necessary, a
gangpunch master card precedes these cards.

5. Depress the start key. The last punched card
which was removed (step 3) will be repunched be-
cause the information concerning this card is retained
on the output track.
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Parity Error

Each of the 100 positions of the output track is
parity-checked before punching occurs. If any posi-
tion fails to pass this parity check (including those
positions not being punched), the parity light will
be turned on and the punch will stop at the conclu-
sion of the punch cycle. In general, the operator
should examine the output track and then restart the
punch. Either of the following procedures may be
used.

REestarRT WiTHOUT CLEARING THE FEED —
CorrecT LATER

1. Depress the 380 console check reset key.

2. Read the output track. All 100 characters on
the S track are typed, and, if the track contains an
error, it will be automatically underlined.

3. Depress program start.

4. Remove the cards from the punch stacker, and
depress the punch check reset and start keys. The sec-
ond card to reach the stacker is the card in error, and
it may be corrected manually.

CoRrRRECT THE ERROR, THEN RESTART

1. Depress the 380 console check reset key.

2. Read the output track. All 100 characters on
the S track are typed, and if the track contains an
error, it will be automatically underlined.

3. After the full track has been typed, depress the
alter key. This will cause the typewriter to space
across the page and stop under the first invalid char-
acter.

4. Type any corrections that are required.

5. Depress the clear key after the last correction
has been completed.

6. Depress the write key.

7. Depress program start.

8. Remove the cards from the 323 punch hopper,
and depress the punch check reset key. Then run
the remaining cards out of the machine.

9. Remove the last punched card.

10. If necessary, a gangpunch master card precedes
these cards. Proceed through a normal run-in. The
last punched card which was removed in step 9 will
be repunched, because the information concerning
this card is retained on the output track.

DPBC (Double Punch Blank Column)

The punch control panel may be wired to stop
the machine and turn the DPBC light on when either
(or both) a double-punch or a blank-column error
occurs. When this type of error is signaled, the card
in error has passed the punch brush station. The er-
ror can indicate that either the output punching is
incorrect, or that an error occurred in a gangpunched
field. If the output punching is at fault, it may be
necessary to reconstruct the output, because the in-
formation in error has been replaced with the fol-
lowing record. This can usually be accomplished by
investigating the file or processing drum tracks or by
checking the printed document. In some cases it may
be desirable to carry duplicate tracks containing out-
put information so that one track will always con-
tain information identical to the preceding output
record. Then the operator can investigate the process-
ing unit and correct the card manually.

If the DPBC stop was caused by gangpunching,
the feed must be cleared and the operation restarted.
Two methods for restarting the punch after a DPBC
stop are:

MeTHOD 1

1. Depress the punch check reset key.

2. Depress the punch start key. Continuous opera-
tion will be resumed unless the error occurred in a
gangpunched field. The first card to reach the stacker
after depressing the start key is the card in error. It
must be corrected manually.

MetHOD 2

1. Remove the cards from the hopper.

2. Depress the punch check reset key.

3. Depress the start key to clear the feed. The first
card to reach the stacker after depressing the start
key is the card in error. It must be corrected manu-
ally.

4. Remove the last punched card. The information
concerning this card will be retained on the output
and will be repunched after restarting.

5. If necessary, a gangpunch master card precedes
the remaining unpunched cards. Depress the start key
to resume operation.
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Punch Interlock

A punch interlock condition is indicated when the
machine has stopped, and the interlock and punch
select lights at the 380 console are on. No error indi-
cation lights will be on at the punch. This condition
can arise if the punch control circuits should fail to
operate properly. It is recommended that the follow-
ing procedure be used:

1. Depress the punch start key. If the punch re-
sumes operation, this procedure is all that is necessary.

2. Depress the punch start key. If the punch does
not resume operation, proceed as follows:

a. Remove the cards from the hopper.

b. Clear the feed.

¢. Remove the last punched card. The informa-
tion concerning this card is retained on the out-

put track, and will be repunched after operation
is resumed.

d. Replace any gangpunch master card if neces-
sary, and run cards back into the machine by de-
pressing the start key.

Clear Feed and Restart — No Error

If the operator wishes to clear the cards out of the
punch feed and then restart, the following procedure
may be used:

1. Remove the cards from the hopper.
2. Depress the start key to clear the feed.
3. Replace cards in the hopper.

4. Depress the start key. In this case the output
record will not be repunched on run-in.
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CONTROL PANEL SUMMARY

EACH section of the control panels is assigned a2 num-

ber under which the hubs are briefly described.

Process Control Panel (Figure 98)

1. Program Exits. These hubs emit an impulse whenever
the corresponding control code occurs in an instruction.
The impulse is used to make tests on the control panel, and
to transfer the program control to the first step of a new
sequence of instructions. When one of these hubs emits,
the program sequence is halted, and must be restarted by
impulsing PROGRAM ADVANCE or by impulsing PrOGRAM
ENTRIES,

2. Accumulator Sign. Each accumulator has an associ-
ated sclector that shows its sign. By using a PROGRAM EXIT
impulse, a test may be made to determine if an accumulator
is positive, stands at zero, or is negative.

3. Accumulator Overflow. Whenever an accumulator
overflows (tries to accumulate a number beyond its capac-
ity), a path is established between each i~ hub and its vEs
hub. These paths remain set up until the accumulator over-
flow selector is dropped out by impulsing po. A normal
path is established between the v hub and the correspond-
ing No hubs when the selector is dropped out or when no
overflow has occurred.

4. Character Selectors. The character selector provides a
way of analyzing any character on a drum track. The posi-
tion to be analyzed is entered into this unit by an instruc-
tion with the hyphen (-) as the To address. Any character
thus entered establishes test paths between each v hub and
the exit hubs corresponding to the character entered.

Four distinct paths are set up on the basic machine.
Three of the paths are arranged so that a test impulse en-
tered into the 1N hub emerges from the hubs corresponding
to the IBM card code of the character being tested. In the
fourth path, an impulse wired into the ix hub emerges from
one of the 48 exit hubs representing the specific letters,
numbers, and special characters (including blank). The
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test paths remain set up until another character is ad-
dressed to the unit.

S. Blank Transmission. This device monitors every in-
formation transfer and establishes a path between each i~
hub and the vEs hub beneath it if no significant informa-
tion is transferred. If significant characters are transferred,
paths are established between the in hubs and the no hubs.
Non-significant characters are zero and coded blanks only.
The selector must be tested immediately after the transfer,
using 2 PROGRAM EXIT impulse, because the next transfer
sets up a new reading in the indicator.

6. Last Card. This selector is used to control machine
operation on the run-out. Normally, a path exists between
each v hub and the No hub beneath it. When the cards
have run out of the card reader hopper, and the last card
has passed the second reading brushes; if no more cards are
to be entered, the operator may depress the reader start key,
and feed the last cards to the stacker. After the start key
has been depressed, the last card selector transfers. The pro-
gram control may be wired through this selector to control
the run-out.

7. Compare, This selector stores the result of the last

_programmed comparison. A path is set up between each v

hub and the — (equal) hub beneath it whenever the two
fields are exactly equal, and between the N hubs and their
- (not equal) hubs when the two fields fail to compare.
These paths remain set up until another programmed com-
parison is made.

8. Field Compare. The field compare device is provided
to allow, with one instruction, from one to ten fields on
the track specified by the From address to be individually
compared with the fields of a track specified by the To ad-
dress. The FromM address may refer to a process drum track,
a disk track, or the core unit. The To address may specify
any process drum track other than the accumulator track.
Neither the core unit nor the disk file may be used as
the To address. A 2 code is placed in the tenth position of
the instruction to cause automatic field comparing. The
results of a field comparison will be indicated in the ten
selectors associated with the field compare device.
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9. Communication. These hubs are connected to the
correspondingly numbered hubs of the communication sec-
tion on the printer and punch control panels. They allow for
signal communication between the machine units.

10. Skip-To Record. When one of the numbered hubs
associated with skip-to record is impulsed, the access arm

remains on the same disk and track, but the disk address

register is advanced so that the units position of the disk
address corresponds to the number of the hub impulsed.

After the corresponding address has been set up in the
address register, the out hub emits. This impulse may be
used in the same manner as a PROGRAM EXIT impulse to
transfer the program to any desired step, or to restart the
program. Normally, this device will be used in conjunc-
tion with FIELD COMPARE.

11. Record Advance. These standard hubs advance the
address in the address register one sector per impulse. This
feature is used mainly to obtain additional sectors where
a record is spread over more than one sector. When the ix
hubs are impulsed, the address in the address register is ad-
vanced one sector on the same track. When the advance is
completed, the ouT hubs emit an impulse that may be used
in the same manner as a PROGRAM EXIT impulse to transfer
the program to any desired step, or to restart the program.

12. Alteration. A row of switches on the operator’s
panel at the console is provided to allow various changes
to be made in the program setup by changing the settings
of the switches. On the control panel, these switches are
wired in a manner similar to selectors. Program exit im-
pulses wired into the in hubs emerge from the N (normal)
hub of the same vertical row if the corresponding toggle
switch is in the normal position. They emerge from the T
(transferred) hub if the toggle switch is transferred.

13...Cycle Delay. These units provide a delayed impulse
that may be used for control functions, such as the pickup
and dropout of selectors. An impulse wired into the cycle
delay v hub emerges from the out hub thirty milliseconds
later, where it may pick up or drop out selectors after the
control impulse has ended.

14. Selectors. Latch-type selectors are furnished to pro-
vide for storage and for analysis of control. Each selector
position has 2 COMMON, a NORMAL and a TRANSFERRED hub.
The common hub is connected to the NormaL hub until
the selector is picked up by impulsing the pickup hub.
Then the common hub is connected to the TRANSFERRED
hub until the pror-ouT hub is impulsed.

15. Start. When the first input card after any runout
except non-process runout has been read and checked, an
impulse is emitted from this hub. This impulse is used in
the same manner as the PRoGraM ExIT impulse to start the
stored program at the desired instruction.

16. Copy. When the cory v hub is impulsed, the ma-
chine automatically transfers the available input track to
track T of the program storage tracks. If the input card is
punched with instructions, this records instructions 190-
197 on track I. The ix hub is usually impulsed from the
sTART hub.

When the transfer to track I is completed, the out hub
emits an impulse that may be wired to start the stored
program at any step. Usually it is wired to start the pro-
gram at step 190.

17. CI (Control Impulse). Two buttons are provided
on the operator’s panel at the console to allow a control
impulse to be emitted on the control panel, This allows
the operator to pick up or drop out selectors, or initiate
other functions from the console. These impulses are emitted
from the correspondingly numbered CI hubs on the con-
trol panel.

18. Reset. When impulsed, this hub causes the group
of ten selectors to be dropped out.

19. Distributors. Impulses that are used to initiate several
functions are wired through distributors that serve the
same function as split wires but prevent possible back cir-
cuits. An impulse wired into the ix hub of a distributor
is available at the associated out hubs, but impulses cannot
travel between ouT hubs, or from an out hub to the v
hub. Any impulse except that from the out hub of another
distributor may be wired through a distributor.

20. Program Advance. The stored program sequence is
halted when the control is brought to the control panel as
an electrical impulse. To restart the program at the next
higher step, the PRoGrRAM ExIT impulse is wired to impulse
PROGRAM ADVANCE.

21. Program Entry. When the program control has been
brought to the control panel on 2 PROGRAM EXIT, 2 new
program sequence may be started by impulsing the appro-
priate program entries,

The hundreds program entry is impulsed only when it
is desired to change program steps from steps below num-
ber 100 to steps above 100, or vice versa.

The new program step is set up by impulsing the tens
and units hubs that correspond to the number of the pro-
gram step desired. Distributors should be used.

22. Feed Card. Impulsing these hubs causes the card
reader to feed a card past each station. The card passing
first reading is automatically coded and recorded on one
input track, while the card passing second reading is
checked against the recording on the other input track
that was recorded from that card on the previous card-feed
cycle. When the card passing second reading has been
checked, its input track is made available to the processing
unit.
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23. Print. Impulsing these hubs causes the printer to
start and print from the output track. Format control on
the printer determines the arrangement of the printing.

24. Stop. When these hubs are impulsed, the program
will stop. It may be restarted by depressing the program
start key.

25. Punch. Impulsing these hubs causes the 323 Punch to
punch from the output track. Wiring on the punch control
panel determines which columns are punched.

26. Type. When the typewriter at the console prints an
auxiliary document, impulsing these hubs causes the type-
writer to print the information recorded on the Q-track.
Format control on the typewriter control panel determines
the arrangement in which this information is typed.

27. Reset Stop. These hubs may be impulsed from a
storcd PROGRAM EXIT impulse when processing is to be tem-
porarily halted. Impulsing these hubs resets the processing
unit and places the machine in an inquiry-only mode of
operation so that manual inquiries may be made Restart by
depressing the start key.

28. Inquire. The pair of hubs marked Oz form a switch
that is jackplugged if manual inquiries to the disk records
are to be allowed.

The iNn-ouT hubs form an interlock that is wired to allow
the console to take control of the access arm at a time when
it will not countermand the stored program instructions.
The inQUIRE interlock. is wired in the program at a point
where the access arm has completed its use of the record,
and is ready to move the access arm to some other record.
If the arm is about to be moved by the program, no harm
will be done if the operator moves the access arm to some
other record to make an inquiry. When the record has been
obtained for the operator, the stored program resumes con-
trol and moves the arm to the next record required,

A control impulse wired into the v hub emerges imme-
diately from the ourt hub if no inquiry has been set up at
the console. The impulse from the out hub is wired to
initiate the next program step.

The operator initiates an inquiry by depressing one of
the three keys, format 1, 2, or 3 on the keyboard at the
consolc. The next time the program reaches the point where
the control impulse enters the v hub, it does not emerge
from the out hub to continue the program, but instead
lights the inquire light on the console. Now the operator
keys the s-digit disk address; the access arm moves to the
desired record and reads this record to the typewriter Q-
track automatically. When this has been done, the machine
emits an impulse from the INQUIRY oUT hub to restart the
stored program. The program proceeds while the requested
record is typed from the Q-track by the typewriter,

29. ITI (Inguiry-Type Interlock). The typewriter may
be used to make manual inquiries to the disk records as
described in item 28. The typewriter may also be used as a
secondary output printer by addressing the output record
to Q-track and impulsing TYPE on the control panel (see
item 26). If both of these uses occur in the same program,
the inquiry-type interlock must be jackplugged to prevent
either of them from writing on the Q-track while the
track is being used by the other.

30. File Interlock. This interlock is provided so that new
programs may be tested without changing the information
on the disks. When a program has been checked out, this
switch is wired to allow the disk records to be changed. -
All operations except writing on the disks may be per-
formed with the interlock off.

31. ALC (Automatic Last Card). If the ALC switch is
not plugged (when the cards have run out of the card
reader hopper, and the last card has passed the second read-
ing brushes), the card reader will stop. The operator may
depress the reader start key, and feed the last cards to the
stacker. Just after the operator depresses the start key, the
last card selector transfers.

If the ALC switch is plugged, the card reader will feed
cards for one additional cycle before stopping. During this
additional cycle the last card selector transfers, and any
last-card routines that have been programmed utilizing the
last card selector can be completed. The cards may then
be fed into the stacker by depressing the reader start key.

Printer Control Panel (Figure 99)

1. Print Control Exits. These hubs emit control impulses
as the printer is positioned to print the corresponding posi-
tions of the print line. Each hub emits one impulse per
line printed; for example, hub five emits an impulse every
time print position five is being set up. These 1mpulses are
wired to initiate functions such as zero suppression, X-
elimination, etc.

2. Distributors. Impulses that are used to initiate several
functions are wired through distributors that serve the
same function as split wires but prevent possible back cir-
cuits. An impulse wired into the ix hub of a distributor is
available at the associated out hubs, but impulses cannot
travel between ouTt hubs, or from an our hub to the mv
hub. Any impulse except that from the out hub of another
distributor may be wired through a distributor.
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3. Analyzers. When a record has been transferred to the

output track, and PRINT on the process control panel
has been impulsed by a control code, the printer prepares
to print a line. However, before the print mechanism moves
from the home position, the output track may be analyzed.

By wiring from the ACI hubs of an analyzer to an out-
put track position the digit or character that is present
on the output track will condition the analyzer so that the
ANALYZER EXITs will emit in IBM code. The 2 exit emits
for a 2, the 12 and 1 exits emit for an A, etc.

4. MLP (Multiple-Line Print). The MLP unit controls
the printing of multiple lines from a single output track.
The sTART hub that corresponds to the number of lines
desired is impulsed from an aNALYzER EXIT. ‘The MLP 1
hubs emit an impulse at the beginning of the corresponding
MLP line, in sequence 1, 2, 3, 4, up to the number of lines
desired. These exit impulses are wired to pick up line pro-
gram sclectors to control the format on the corresponding
print line.

$. Line Program Impulse. This impulse is available dur-
ing the analysis portion of the print cycle. It is, however,
inactive if MLP sTART has been previously impulsed. Dur-
ing an MLP operation, the MLp mMPULSE hubs emit, and
the LiNE PROGRAM IMPULSE hubs are inactive.

6. Line Program Selectors. The line program selectors
are provided to allow format control of the information
being printed from the output track. Each selector has
eleven positions; ten of these are grouped near the output
track and an eleventh position of each selector is near the
control section. Each position has 2 common hub, a Nor-
Mar1. hub, and five TRANSFERRED hubs. The commMon hub
is connected to the NormaL hub until one of the five pick-
up hubs is impulsed, usually from the MLP I hubs. Then
the contamon hub is connected to the correspondingly num-
bered TraNSFERRED hub above it. The selectors remain
transferred until the line is printed and drop out as the
print head returns to the home position.

7. Skip-To. These hubs are impulsed from anaLyzEr
ExITs or from 305 control impulses wired through commun-
ication channels to cause the tractor to feed the paper in the

printer to the corresponding hole in the control tape. In -

the carriage control tape, channels 1-6 stop the correspond-
ing skips. Channel 12 in the control tape causes an impulse
to be emitted from the or (Overflow hub) that may be
wired to advance the paper to the first printing line on
the following form.

8. OF (Owverflow). When a hole is sensed in the 12 chan-
nel of the carriage control tape, it causes an impulse to be
emitted from these hubs. The impulse may be wired to cause
the paper to be skipped to the first line of the following
form by impulsing one of the skip-To hubs, and placing a
hole in the control tape in that channel to stop the tape
at the proper place. The oF impulse may also be wired
through communication channels to the processing control
panel, where it may pick up a selector that is tested in the
course of the program to determine if the overflow condi-
tion exists. Then steps in the program can decide whether

to complete the form or start the following form. If the
printing is to overflow to the next form, the processing
unit can, by control codes wired through communication
channels, control the overflow skip.

9. Line Space. To allow variable spacing, the space con-
trol impulses are wired on the control panel. A jackplug
may be inserted between one of the numbered hubs and the
space hub above it to cause single, double, or triple spacing.
Alternatively, the space control wiring may be selected to
allow variable spacing.

10. Communication. These hubs connect to the corre-
spondingly numbered hubs on the 305 process control panel
to allow signal communication between the processing unit
and the printer.

11. Print Start. These hubs are impulsed from prINT
CONTROL EXITS to start printing at any desired column as
the print head moves across the paper. Once the printing
is started, the machine will continue to print until printing
is turned off by impulsing prINT sTOP. In this way, printing
can be turned on and off several times in the course of
printing a line to give added flexibility in format control.
The pPRINT coNTROL EXIT for the first column of each field
to be printed is wired to these hubs.

12. Print Stop. These hubs are impulsed from the prINT
CONTROL EXIT of the first position not to be printed, to turn
printing off, when other information is to be printed later
on the same line. Impulsing these hubs causes printing to
be suppressed until PRINT sTART is impulsed.

13. Line End. These hubs are wired from the prRINT coN-
TROL EXIT of the position after the last position to be printed
on a line to cause the printing to stop and the print head
to return to the home position. This allows the length of
the printing line to be controlled. Variable printing lengths
are possible by wiring LINE END through selectors.

14. Zero Suppression Start. These hubs are wired from
the PRINT coNTROL ExiT of the high-order position of a
field to eliminate the printing of zeros to the left of sig-
nificant digits. When these hubs have been impulsed, the

“print unit spaces over positions containing zeros until a

significant digit (1-9) is encountered and printed; then all
zeros to the right of the significant digit are printed.

15. Zero Suppression Stop. Once ZERO SUPPRESSION START
has been impulsed, zero suppression will continue until a
significant digit .(not zero) is encountered and printed or
until it is ended by impulsing these hubs from the prINT
coNTROL EXIT of the first position not to be suppressed.

16. X-Eliminate. Negative numbers are recorded on the
output track (as on all other processing tracks) by an X-bit
over the low-order position. For example, the amount 125
stands on the output track as 12N. The X-ELIMINATE and
NX-eLIMINATE hubs allow the printer to read the X-punch
or the digit punch from an output track position to sepa-
rate the signed character into its sign and digit components.
These hub are impulsed from PRINT CONTROL EXITS to cause
only the digit portion of the character being set up to be
printed.
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17. NX-Eliminate. These hubs are impulsed from the
PRINT CONTROL EXITs to allow only the sign portion of a
character to be printed (item 16).

18. A (Delta). When the two hubs labeled A Stop are
jackplugged, if a print setup error occurs, the machine will
print a A in the left-hand margin opposite the line in error
and the machine will stop.

When the two hubs labeled A N. Stop are jackplugged,
the machine will print a A, but will not stop when a
print setup error occurs.

If neither A sToP nor A N. sTop are plugged, the ma-
chine will stop, but a A will not be printed if a print setup
error occurs.

19. INTLK. (Interlock). These hubs must be jack-
plugged before any printing operation can be initiated. The
printer will not operate if these hubs are left unplugged.

20. Symbols. These hubs are wired from the pRINT coN-
TROL EXITS to cause the corresponding symbol to be printed.
These symbols may be selected through the line program
selector. ~

21. Selectors. These selectors may be used to supplement
the line program selectors. Each selector has five positions,
and each position has a coMmMoON, 2 NORMAL and a TRANS-
FERRED hub. Normally, a connection exists between the
coMMON and the NorMAL hub, but when the pickup hub is
impulsed, this connection is broken and a connection is
made between the comMon and the TRaANSFERRED hub in
the samie vertical column. The selectors may be picked up in
the same manner as the LINE program selectors, and they re-
main transferred for the entire print line.

22. Qutput Track. At each printing position, the out-
put track is read in its entirety, but only one character is
selected for printing. This selection is made by wiring the
hub corresponding to the output track position desired to
the PRINT POSITION EXIT corresponding to the printing po-
sition where the character is to print.

23. Print Position Exits. These hubs are wired from the
output track (item 22) to cause the corresponding posi-
tions to be set up to print information on the output
track. For example, to print position ten of the output
track in print position 50, OUTPUT TRACK ten is wired from
PRINT POSITION EXIT §0.

24. Print Space. All print positions that are not wired
from the output track should be wired to these hubs. This
indicates to the checking circuits that the printer is not
to prmt in the corresponding column, and allows the check-
ing circuits to detect any position that was wired to print
and failed to set up correctly.

Punch Control Panel (Figure 100)

1. Output Track. These hubs emit the IBM codes of
the information on the output track. These exits may be
wired to the punch magnets to cause punching. This al-
lows any of the 100 output track positions to be punched
into any of the 80 card columns.

2. Digit Selector. The p1 hub at the top of the panel
emits a series of impulses which are timed for punching
the digits 12 through 9. If the p1 hub is wired to the ¢ hub
beneath it, the digit selector becomes a digit emitter with
a 12 impulse available at the 12 hub, and 11 impulse avail-
able at the 11 hub, etc. If an output track position is wired
to the ¢ hub, whatever digit or character appears at that
output track position will be made available in IBM code
at the numbered hubs of the digit selector. '

3. Sign Conversion. Within the system, the 12 holes are
coded by a combination of X- and 0-bits. Also, sign
control on negative fields is maintained by carrying an
X-bit over the low-order position. If the low-order posi-
tion of a field is zero and the field is negative, a 12-hole
would be punched if this position were wired directly to a
punch magnet. The sign conversion hubs are provided so
that the 12-impulse available from the output track may
be converted to the X /0 code desired for these positions.

In use, the low-order position of any numerical field that
may be negative is wired from the output track to an I~
hub and from the correspondmg ouT hub to the punch
magnet. If a 12-code is emitted from this position of the
output track, it is punched as X /0. Any other negative
number is overpunched with an X. Positive numbers pass

- through without conversion.

4. Column Splits. This is a 10-position selector that is
automatically controlled to transfer between X and 0 time
as the card is punched. This allows the 12 and X zones to
be removed from columns and punched into other columns.

S. Punch Magnets. These hubs are entries to the 80
punch magnets that punch the correspondingly numbered
columns of the card. These magnets are wired from the
output track positions that are to be punched.

6. Punch Brushes. On the punch cycle after it is punched
a card passes a set of 80 reading brushes that read back
the information that has been punched so that it may be
given the double-punch blank-column check. These hubs
are the exits for the reading on this cycle. The information
may also be gangpunched back into the following card.
N

7. DP & BC Det Entry. These hubs may be wired from
the punch brushes to check individual columns for double
punching or lack of punching. This is particularly valuable
in numerical fields, where every position must have one and
only one hole. If the machine detects multiple punches or
lack of a hole in any column wired, it will stop the machine

cif the.control is wired to do so. The DPBC light on the

punch unit is turned on to mdlcate the reason the machine
stopped. :
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Ficure 100. 323 PuncH ConTrROL PANEL

8.“BC Det Entry or GP Exit. If the column being
checked is wired into DP & BC DET ENTRY, the first impulse
to enter the Dp & BC DET ENTRY emerges from these hubs,
from which it may be wired to a punch magnet for gang-
punching.

If a column in which double punching is permissible is
to be checked for blanks, these hubs are used as an entry.
The first impulse to enter these hubs emerges from the
DP & BC DET ENTRY hubs.

9. BC Det Control. If no checking for blank columns
is to be done, the BLANK cOLUMN oFF switch (item 11)
must be wired. To check a field for blank columns, wire
the ficld to the ENTRY or ExiT of the DP & BC. If any one
field is to be checked, wire it to the left-hand entry posi-
tions and, in the blank-column detection control row, wire
from the right-hand column of the field to the last position
in the row. Several fields can be entered as.ome field for
checking purposes.

10. DPBC Stop. When these hubs are jackplugged, the
machine will,stop if a DPBC error occurs. This switch may
be selected if co-selectors are used.

11. BC Off (Blank Golumn Off). These hubs must be
jackplugged to turn the blank column detection feature
off when no punched columns are to be checked for blank
columns. .

12. INT. (Interlock). Whenever the punch is to be
used to punch output cards for the processing unit, this
control-panel switch must be jackplugged.

13. Gangpunch. When this control-panel switch is jack-
plugged, the 323 punch is removed from the control of the
processing unit and may be used as an independent gang-
punch.

14. Communication. These hubs are connected to the
correspondingly numbered hubs labeled Punch Communi-
cation on the process control panel.
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Typewriter Control Panel (Figure 101)

1. Column Control Exits. When the typewriter is being
used for inquiries or for printing an auxiliary document,
these hubs sequentially emit impulses that coincide with
the reading of the corresponding position of the typewriter
Q-track. These impulses control the format of the infor-
mation being printed.

The first Q-track position to be read is controlled by wir-
ing the cCOLUMN CONTROL ENTRY (item 13). Subsequently,
the machine reads succeeding positions until the control is
transferred elsewhere. This arrangement allows the type-
writer to type fields from the typewriter track in any order.

If at any time the program unit or the column control
delay are turned on, the COLUMN CONTROL EXITS stop emit-
ting, but the same sequential position is held, unless the
COLUMN CONTROL ENTRY is impulsed' to transfer control
to another position. When the proGraM on hubs are im-
pulsed, column control is turned off until coLumN con-
TROL ON is impulsed. When cOLUMN CONTROL DELAY is
impulsed, on the following cycle an impulse is emttted from
the ccp hub, and then column control is turned on again
automatically.

2. Program Exits. When PROGRAM ON is impulsed, these
hubs sequentially emit impulses when the typewriter is be-
ing used for inquiries or for printing an auxiliary docu-
ment. These impulses are used for typewriter control and
to type constants, legends and special - characters not on
the typewriter track. Until the program is turned off by
impulsing COLUMN CONTROL ON, the program advances
through steps 0-4 in levels A-E. When the program is first
turned on after the final dropout of the previous operation,
PROGRAM EXIT A0 will emit, followed by A1, A2, A3, A4,
B0, Bi, B2, etc. The program impulses may be started at
another point by impulsing PROGRAM ENTRIES (item 12).

3. Digit Selector. It is sometimes desirable to know the
contents of a certain typewriter track position so that
format control may be altered on the basis of the char-
acter coding. When the pu hub is impulsed from a coLumn
CONTROL EXIT, the character in that position is analyzed and
emitted in IBM code from the hubs labelled 12-9. While
this is taking place, the printing of the character is sup-
pressed.

4. CCD (Column Control Delay). Whenever coLumN
CONTROL DELAY is impulsed, the ccp hubs emit an impulse
that may be used for spacing or other functions. Column
control is suspended for the cycle on which these hubs emit.
After one cycle, the column control resumes from the step
after the one on which the control was impulsed (item 21).

5. Column Split (X-NX). When coLUMN spPLIT is im-
pulsed, on the next cycle column control is suspended and
either the X- or NX-hub will emit. The X-hub emits if
the character being analyzed by the column split device
contained an X-bit. If no X-bit was present, the NX-hub
emits (item 24).

6. 0 TR (Zero Transfer). Whenever the zero transfer
feature is turned on by impulsing ZERO SUP ON (item 22)
(if a zero is read from the typewriter track) it is not
printed, but an impulse is emitted from these hubs. This
impulse may be wired to sPAcE (item 20) to maintain ver-
tical column alignment.

7. 100 (Type 100). Impulsing these hubs causes all 100
characters to be typed from the typewriter track, in posi-
tion sequence, without format control.

8. Format. These hubs emit control impulses when the
corresponding ‘format key is depressed on the keyboard.
The impulses from these hubs may be used to set selectors
to establish format control for three different types of in-
quiries and to start the typewriter control panel program.

9. Type. When the TYpe hubs are impulsed on the proc-
ess control panel, they emit an impulse that may be used
to control format for lines typed out under stored pro-
gram control and to start the typewriter control panel
program.

10. Selectors. Ten 2-position selectors are provided to
facilitate format control. Normally a connection exists be-
tween each ¢ hub and the x hub above it. When an im-
pulse is wired to the pu hub this connection is broken and
the ¢ hub is connected to the T hub above it. This connec-
tion remains until the po (dropout) hub is impulsed.

11. Distributors. Impulses that are used to initiate sev-
eral functions are wired through distributors that serve the
same function as split wires but prevent possible back cir-
cuits. An impulse wired into the ix hub of a distributor is
available at the associated ouT hubs, but impulses cannot
travel between ouT hubs, or from an our hub to the mv
hub. Any impulse except that from the out hub of another
distributor may be wired through a distributor.

12. Program Entry (Also item 2). To establish the be-
ginning of a sequence of program impulses, one LEVEL hub
and one sTep hub are impulsed in the same manner that
the PROGRAM ENTRIEs are ithpulsed on the process control
panel. The program unit is :turned on automatically by
impulsing PROGRAM ENTRY without impulsing program on.

13. Column Control Entry. To establish the beginning
of a sequence of column control. (item 1), one TENs and
one UNTTs hub are impulsed in the same manner that the
PROGRAM ENTRIES are impulsed on the process control panel.
Column control is turned on automatically by impulsing
COLUMN CONTROL ENTRY without impulsing corumn
CONTROL ON.

14. Type Only. When these hubs are impulsed from pro-
gram exits br CCD, the corresponding characters are typed.

15. Clear. Impulsing these hubs causes the typing to stop
and the carriage to return.

16. Column Control On. These hubs are impulsed to re-
store the typewriter to column control after program con-
trol has been used, if it is desired to restart from the track
position after the last position used previously. Column con-
trol is turned on automatically if a column control entry is
made. Program control is turned off.

17. Program On. These hubs are impulsed to place the
typewriter under program control. Column control is
turned off. Program control is turned on automatically
when a program entry is made. v

18. Carriage Return. Impulsing these hubs causes the
typewriter carriage to return to the home position.
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19. Tabulate. Impulsing these hubs causes the carriage
to tabulate to the next tab stop,

20. Space. Impulsing these hubs causes the typewriter
to space one space.

21. Column Control Delay (Item 4). When these hubs
are impulsed, column control or program control (which-
ever is in effect) is suspended for one cycle, during which
an impulse is emitted from the ccp hub (item 4). Column
control or program control resumes control immediately

after this cycle, continuing from the step after the step’

that was wired to impulse the delay.

22. Zero Suppression On (Also item 6). When this hub
is impulsed, if a zero is read from the typewriter track it
will not be typed, but an impulse will be emitted from the
0 TR hubs (item 6) which may be wired to cause spacing
or some other function. The printing of zeros is resumed
when the orF hub is impulsed (item 23) or when a charac-
ter other than zero is read from the track. This arrange-

ment allows the zeros in the high-order position of fields
to be suppressed.

23. Zero Suppression Off. These hubs are impulsed to

" turn the zero suppression feature off when it is desired to

print zeros to the left of significant digits, and the feature
has been turned on by previous wiring.

24. Column Split. Impulsing these hubs causes the col-
umn split device to analyze the character being typed for
the presence or absence of an X-bit. On the next cycle,
column control is automatically suspended and the coLumN
spLIT X- or NX-hub will emit. When coLuMN spLIT is im-
pulsed from a coLUMN coNTROL EXIT, thé corresponding
Q-track character will type only as a numeric digit.

25. Ribbon Shift Black. Impulsing this hub causes the
typewriter to type through the black portion of a two-
color ribbon.

26. Ribbon Shift Red. Impulsing this hub causes the
typewriter to type through the red portion of a two-color
ribbon.
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Stored Program Coding

The stored program codes are repeated here for

reference:
FROM TO
W w
Processing Storage J X X
Tracks Y Y
Z Z
( 0 0
1 1
2 2
3 3
4 4
5 5
6 6
7 7
8 8
Program and 9 9
General Storage Tracks j & &
A A
B B
C C
D D
E E
F F
G G
H H
L 1 1
Accumulator
Add L
Subtract M
Read out and reset M
Read out L
Multiplicand \% \Y%
Multiplier - N
Input Track K K
Output Track S S
Disk Memory R R
Address Register ‘ J
Character Selector —_(hyphen)
Inquiry Track Q
Magnetic Core Unit -(hyphen)

Control Operation Codes

These codes, in the ninth position of the instruc-
tion, cause the program to be brought to the control
panel on the corresponding hubs.

A-Z,0-9,.0&$*-/,% # @ (47 characters)

147

Comparison Control

These codes, in the tenth position of the instruc-
tion, operate as follows:

1. Compare the information in the To and rroM
locations — 1 to 100 columns.

2. Field compare from one to ten 10-position fields
of a track specified by the rrom address with the
fields of a track specified by the To address.

3. Combined compare causes both the regular com-
pare and field compare devices to compare informa-
tion.

5. Cause an accumulator to reset and then add or
subtract.

Approximate Operating Times

Note: All operating times included in this manual
~are approximate at the time of publication,
and are subject to change. They are in-
cluded to assist in programming.

Seek Access Time. Figure 102 shows graphically the
access time when the arm is moved between tracks on
the same disk. For example, if the arm is moved from
track 05 to track 55, a distance of 50 tracks, the ac-
cess time will be from 200-250 milliseconds.

TRACKS
100

75

50

25

50 100 150 200 250 300
MILLISECONDS

Ficure 102. Seek TIME FOR AccEiss ARM MoOVING FROM
Track To TrRAaCK ON SaMmEe Disk
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Figure 103 shows the access time when the arm is
moved from one disk to another disk. For example, if
the arm is moved from disk 15 to disk 40, a distance
of 25 disks, the access time will be from 550-650
milliseconds. These timings are approximate and ten-
tative.

DISKS
50

200 )
MILLISECONDS

Ficure 103. SEex TiME FOrR Access ARM MOVING FROM
Track oN ONE Disk To TRACK ON ANOTHER Disk

Card Feed Input (125 cpm maximum) 480

ms/card
Printer Output
80 positions (30 lpm) 2000 ms/line
60 positions (38 lpm) 1580 ms/line
40 positions (54.5 lpm) 1100 ms/line
20 positions (80 lpm)- 750 ms/line
Punch Output (100 cpm max.) 600 ms/card
Processing Control Unit
Transfer between drum tracks 30 ms/step

Transfer disk to drum track:
80 ms max., 55 ms avg., 30 ms min.
Transfer drum to disk:
130 ms max., 105.ms avg., 80 ms min.

'
§

. \
Complete Machine Schematic

Figure 104 summarizes the control codes on a sche-
matic diagram of the system.

:&%".’s‘?ﬁi <« INPUT CARD
, MAGNETIC CORE UNIT READER
]
' R
. 1 kel
) : r S
M
_ j H ¥ y VY
\MAGNETIC ] A
\ DISK / H R
MEMORY ) ) STORED ! |
! z PROGRAM | WORKING } 7 N
=—Hed| 2Z | wAcks | STORAGE | P
6 2 0-9, TRACKS M U
\___/ g A-l’ IT
7 C
¥ : v ] : 2 v
- CONTROL CONTROL CONTROL
CHARACTER| [CONTROL PANEL PANEL PANEL PANEL
SELECTOR STARTING Sed FORMAT FORMAT FORMAT.
ADDRESS DECISIONS cccs v N l ‘
- BRANCHING ) /
TYPEWRITER
(HYPHEN) ENDING TYPEWRITER -}
KEYBOARD | INQUIRY — | {323 PUNCHED] |00 o)\ v
CORRECTIONS| |CARD OUTPUT] | ol
DOCUMENTS

FiGURE 104. ADDRESS SUMMARY OF THE 305 SYSTEM
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Accumulator Lights (380) 80
Accumulator Overflow Light (380) 80
Accumulator Overflow Selectors 34
Accumulators 37
Accumulator Sign Selectors 39
ACI Hubs (370) 108
Address Register

Advantages (RAMAC Approach) 8
ALC Hubs 48
Alterations to Drum Tracks (Console) 87
Alter Key (Keyboard) ... 83
Alteration Switches (380) .. . 76
Alteration Switch Selectors 48
Analyzer Control Impulse Hubs (380) 108
Analyzer Exit Hubs (370) 108
Analyzers (370) .. 108
Approximate Operating Times 147
Arithmetic Operations 37
Automatic Last Card Hubs oo 48
Availability Editing 40
BC Dect Control Hubs (323) 131
BC Det Entry or GP Exit Hubs (323) 131
BC OFF Hubs (323) 130
Blank Transmission Light

Blank Transmission Selectors 47
Card Punch 12
Card Reader 11
Carriage 11, 113
Carriage Return Hubs (380) 92
CCD Hubs (380) 92
Character Coding System 70
Character Keys (Keyboard) 84
Character Selector 47
Character Selector Lights (380) 80
Check Light (370) 104
Cheek Reset Key (323) 127
Check Reset Key (370) - 104
Check Reset Key (380) 76
Clear Fubs (380) 91
Clear Key (Keyboard) 84
Clock - 73
Clock Light (380) 82
Coding .. 147
Column Control Delay Hubs (380) 92
Column Control Entry Hubs (380) 90
Column Control Exit Hubs (380) 90
Column Control On Hubs (380) 92
Column Split Hubs (323) 130
Column Split Hubs (380) 95
Column Split X-NX Hubs (380) 95
‘Combined Compare 31
Communication Hubs (305) 49
Communication Hubs (323) 132
Communication Hubs (370) 111
Compare Hubs 29
Compare Light (380) 80
Comparing ) 28
Complete Machine Schematic 148
Console 13, 74
Console Operation Examples 85
Constants and Legends 17
Control Buttons (380) 77
Control Codes 19
Control Impulse (380) 77
Control Impulse Hubs 48
Control Keys (380) 74
Control Panel (Process) 14
Control Panel Summary 137
Control Panel Summary (305) 137
Control Panel Summary (323) 142
Control Panel Summary (380) 145
Control Panel Summary (370) 139
Control Selector Switch (380) 76
Control Stop Light (380) 82
Control Switches (380) 76
Control Tape 113
Copy Hubs 24
Core Unit 18
CR (Keyboard) 84
Cycle Delay Hubs 48
Cycle Lights (380) 80
Cycle (Print) 104
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DC Off Key (380)

DC On (380 Light)
Delta (370)

Digit Selector (323)

Digit Selector (380)

DI Hubs (323)
Disk Storage

Disk Storage Loading -

Disk Storage Organization
Disk Storage Unloading

Distributors (305)

Distributors (370)

Distributors (380)

Double Punch and Blank Column Detection .

DP & BC Det Entry Hubs (323)

DP and BC Light (323)
DPBC Stop Hubs (323)

Drum

Dup Key (Keyboard)

Error Correction (Console)
Error Correction Procedures (323)

Examples of Console Operation

Feed and Punch Unit

Feed Card
Feed Check

Feed Check (380)

Feed Check Light (323)
Field Compare

Field Compare Hubs

Field Compare Lights (380)
File Check Light (380)

File Error Check

File Interlock Hubs

File Loading
File Unloading

Format Hubs (380) ...

Format Keys (Keyboard)
Form Control (370)

Form Inserting (370)

Form Light (370)

Form Sizes (370)
Forms Tractor Clutch

Form Thickness Adjustment Device (370)

Gangpunch Hubs (323)

Half Adjustment

Index Record

Indicative Information

Indicator Lights (380)

In-Line Processing

Input Track

Inquire Hubs

Inquiries (Console)

Inquiry Light (380)
Inquiry-Type Interlock Hubs

Inserting a New Form (370)

Inserting the Tape
[nstruction Lights (380)

Interlock Hubs (323)

Interlock Hubs (370)

Interlock Light (380)
Internal Checking

ITI Hubs

Keyboard Functions

Keys and Lights (323)
Keys and Lights (370)

Last Card Selectors
LC Light (380)

Line End Hubs (370)

Line Program Impulse Hubs (370)
Line Program Selectors (370)

Line Space Hubs (370)

Loading the Disk Storage

Loading the Program
Locating the Record During Processing
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Machine Components 10
Machine Schematic 148
Magnetic Core Unit 18
Magnetic Disk Storage 12
Magnetic Disk Storage (Programming) 27
Main Line Power Switch (323) 127
Main Line Power Switch (370) 104
Master Power-Off 74
MLP Hubs (370) 121
Multiple Line Printing 121
Multiplication 43
Non-Process Runout Key (380) 75
NX-Eliminate Hubs (370) 111
OF Hubs (370) 117
100 (Type 100) (380) 95
Operating Features (Carriage) 116
Operating Keys and Lights (323) 104
Operating Keys and Lights (370) 127
Operating Speeds 10
Operating Times (Approximate) 147
Other Logic Elements 47
Output Printer 11
Output Track : 22
Output Track Hubs (323) 105
Output Track Hubs (370) 128
Overflow Indicative Information 119
Parity Check 72
Parity Light (323) 82
Parity Light (380) 128
Power Off (380) 74
Power On (380 Light) 78
Power-On Key (380) 74
Power-On Light (323) 104
Power-On Light (370) . 128
Print Check 73
Print Control Exit Hubs (370) 109
Print Control Functional Hubs 110
Printer 11, 102
Print Cycle 104
Print Hubs 22
Printing Overflow Indicative Information : 119
Print Position Exit Hubs (370) . 105
Print Space Hubs (370) 105
_ Print Start Hubs (370) 110
Print Stop Hubs (370) 110
Process Control Panel 14, 15
Processing Drum 16
Processing Unit 10
Program Advance 20
Program Entries 20
Program Entry Hubs (380) 91
Program Exits 19
Program Exit Hubs (380) 91
Program Load (380) 77
Program Loading 24
Programmed Addressing . 62
Programmed Division 45
Programming 15
Program-On Hubs (380) 92
Program Selector Switches (380) 77
Program Set Key (380) i 76
Program Start Key (380) 76
Program Step Indicators (380) 79
Program Stop Key (380) 76
Program Testing (Console) 88
Punch Brush Hubs (323) 128
Punch Check 73
Punched Card Approach (Inventory, Billing, and A/R Application) 6
Punch Hubs 22
Punching the Tape 115
Punch-Magnet Hubs (323) 128
Punch Unit 12
RAMAC 4
RAMAC Approach (Inventory, Billing and A/R Application) .. 8
Random Access Method of Accounting and Control e §
Randomizing 62
Read Check 71, 79
Reader 11
Reader Power (380) 78
Reader Ready (380) 78

Reader Start Key (380)
Reader Stop Key (380)

Read Key (Keyboard)

Ready Light (323)

Ready Light (370)
Record Advance Hubs

Record Layout

Record Skip

Reset Key (370)
Reset Key (380)

Reset Light (380)

Reset Stop Hubs

Restore Key (Carriage)
Ribbon Shift Black Hubs (380)

Ribbon Shift Red Hubs (380)

Sample Program

Schematic of the Complete Machine
Select Lights (380)

Selector Lights (380)

Selectors (305)

Selectors (370)

Sefectors (380)
Sign Conversion Hubs (323)

Skip-to Hubs (370)

Skip-to Record Hubs

Space Bar (Keyboard)
Space Hubs (380)

Speeds of Operations (Approximate)
Start Hub

Start Key (323)
Start Key (370)

Start-Stop Procedures (Console)

Stick Printing

Stop Hubs
Stop Key (Carriage)

Stop Key (323)

Stop Key (370)

Stop Light (380)
Stored Program

Symbols Hubs (370)

System Organization

Tabulate Hubs (380)
Tape (Control)

Tape-Controlled Carriage
Tape Inserting :

11, 113

Tape Punching

Test Light (380)
Test Lock

Testing a Program (Console)

Testing Procedures (Console)

323 Card Punch
323 Control Panel

323 Punch Check

370 Printer

370 Printer Control Panel
370 Printer Output Check

105, 106

370 Printer Timing Chart

380 Console

380 Console Typewriter

305 RAMAC Approach (Inventory, Billing, and A/R Application) 8

Time Required (Sample Program)

Timing Chart (370)

To Insert 2 New Form (370)
Type Hubs

Type Hubs (380)

Type 100 (380)

Type Only Entry (380)
Typewriter Control Panel

Typewriter Column Lights (380)

Typewriter Output

Unequal Compare Light (380)
Unloading the Disk Storage

Write Key (Keyboard)

X-Eliminate Hubs (370)

Zero Suppression Off Hubs (380)

Zero Suppression On Hubs (380)
Zero Suppression Start Hubs (370)
Zero Suppression Stop Hubs (370)

Zero Transfer (0Tr) Hubs (380)
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