




























































































































































































Figure 82. Continuous-Forms Feeding 

Operations 

Inserting Forms 

Either roll paper or continuous forms can be fed in the 
1407 typewriter. A roll of paper is mounted on a rod 
above and in back of the platen (see Figure 84). To 
insert continuous forms (Figure 82), follow these steps: 

1. Place the stack of forms on the forms platform at 
the rear of the 1407. For the best form-feeding 
operation, place the forms so that they line up with 
the typewriter carriage when it is positioned at the 
right-hand margin stop. This allows the forms to 
align directly behind the carriage at the time it 
Hne spaces. 

Figure 83. Ribbon Threading 

2. Feed the forms, from the stack, up through the slot 
in the console table at the back of the typewriter. 

3. Insert the first form in the typewriter carriage. 

After forms are printed, they stack on the console 
table in back of the typewriter" 

Changing Ribbons 

1. Open the cover over the typebars by grasping the 
cover at the center and pulling it up and toward 
you. 

2. Wind all the used ribbon onto one spool by pressing 
the ribbon rewind lever (Figure 83). When all the 
usable portion is on the spool, winding stops auto­
matically and the ribbon-reverse lever next to the 
full spool goes down. 

3. While holding back the ribbon guide located over 
the spool, pull out the small knob at the center of 
the spool (on the side toward the typebars) and re­
move the spool. 

, 4. Loosen the end of the ribbon from the empty spool. 
Pull the ribbon from the ribbon guides, and discard 
the used ribbon and spool. 

5. Insert a spool of new ribbon, while holding back 
the ribbon guide over the spool. The spool must be 
held so that the teeth at the top of the spool point 
toward the platen. Be sure the spool is properly 
mounted on the hub and that the knob is in place 
at the center of the spool. 

6. If the ribbon-reverse lever next to the full spool is 
up, press it down. 
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7. Feed the ribbon through the six ribbon guides and 
hook it onto the empty spool. Be sure the ribbon is 
positioned so that the red portion is the lower half 
as the ribbon feeds in front of the platen. 

8. Close the cover, pressing it lightly until it snaps 
shut. 

Changing Platens 

1. Center the carriage. 

2. Raise the paper bail, rod, and left- and right-hand 
carriage end covers (Figure 84). 

3. Push back and lift up the left- and right-hand 
platen latches. 

4. Lift out the platen. 

5. Insert the new platen, positioning it so that the 
groove in the right end of the platen shaft centers 
over the carriage end plate. 

6. Lock the platen into position by moving the platen 
latches forward and down. 

7. Close the carriage end covers, pressing them lightly 
until they snap shut. 

8. Lower the rod and paper bail. 

Processing an Inquiry (with Programmed Interrupt) 

If a program in process contains instructions that pro­
vide for its being interrupted, operation (in the run 
mode) can be stopped and an inquiry can be keyed-in 
and processed. An inquiry routine must have been 
stored in core storage. 

To handle an inquiry, follow these steps: 

.. 

1. Press the REQUEST/ENTER key. The REQUEST light 
and an internal indicator turn ON. When the pro­
gram tests and finds that this indicator is ON, and 

Figure 84. Platen Removal 
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when the 1401 is ready to accept the inquiry from 
the 1407, the REQUEST light turns OFF and the ENTER 

light on the 1407 turns ON. (The internal indicator 
turns OFF.) 

2. Type the inquiry on the 1407 keyboard. This must 
be one of a group of preplanned questions. If pro­
gramming has provided for reading-in word marks, 
press the WORD MARK key immediately before each 
character with which a word mark must be asso­
ciated. 

3. If an error occurs during typing, press the CLEAR 

key. This turns OFF the ENTER light and locks the 
keyboard temporarily. When the 1401 :is ready to 
receive a re-keyed question, the ENTER light turns 
ON again and the keyboard is unlocked. Re-key the 
question starting from the beginning. 

4. After typing the inquiry, press the RESPOND/TYPE­

OUT key. This causes the 1401 system to start proc­
essing the inquiry. 

5. When the processing is completed, the response is 
typed automatically on the 1407. During this typing, 
the RESPOND/TYPEOUT light is ON. After the response 
has been typed, this light turns OFF and automatic 
processing is resumed. If typing should be stopped 
and automatic processing resumed before the com­
plete response has been typed, press the CLEAR key. 

Processing an Inquiry (with Manual Interrupt) 

If a program in process does not provide programmed 
interruption to process an inquiry, the operator must 
stop operation and transfer to the inquiry routine. The 
inquiry routine must have been previously stored in 
core storage. After the inquiry has been handled, the 
operator must transfer back to the program, if proc­
essing is to be resumed. The function allows the oper­
ator to decide, on the basis of the response to the 
inquiry, whether or not processing should continue. 

One method of stopping an operation to process 
an inquiry uses a list of addresses at which the pro­
gram can readily be interrupted. These addresses are 
planned by the programmer and listed in the operating 
instructions. To stop automatic processing at one of 
these addresses and to handle an inquiry, follow these 
steps: 

1. Press STOP on the 1401 console and note the I­
address displayed in STORAGE ADDRESS. 

2. Pick the next higher address from the list of ad­
dresses in the operating instructions, and set up 
the system to stop at this address: 
a. Set the 1401 mode switch to ADDRESS STOP. 

b. Set up the address in the MANUAL ADDRESS dials . 
c. Press START. 



3. When processing stops at this address, alter into 
the I-·address register the high-order storage ad­
dress of the inquiry routine: 

a. Set the 1401 mode switch to ALTER. 

b. Set up the address in the MANUAL ADDRESS dials. 

c. Press I ADD REG and START on the 1401 console. 

4. Set the mode switch to RUN and press START RESET 

on the 1401. 

5. Press REQUEST/ENTER on the 1407 and START on the 
1401. The REQUEST light turns ON. 

6. The 1401 system starts processing the inquiry rou­
tine.When the system is ready to receive a keyed 
inquiry, the REQUEST light turns OFF, and the ENTER 

light on the 1407 turns ON. 

7. Type the inquiry on the 1407 keyboard. This must 
be one of a group of preplanned questions. If the 
inquiry routine has provided for reading-in word 
marks, press the WORD MARK key immediately be­
fore each character with which a word mark must 
be associated. 

8. After completely keying the inquiry, press the 
RESPOND/TYPEOUT key. This causes the 1401 system 
to start processing the keyed-in inquiry. 

9. When the processing is completed, the response is 
typed automatically on the 1407. During this typ­
ing the RESPOND/TYPEOUT light is ON. If typing 
should be stopped before the complete response 
has been typed, press the CLEAR key. 

10. Examine the message and proceed according to 
the directions in the operating instructions. If a 
return to the original program is required, alter-in 
the I -address originally selected from the list of 
stopping addresses (step 2), set the mode switch 
to RUN, and press START. If a branch to a different 
address is required, alter-in that address and start 
processing. 

Entering Information into 
Core Storage (Alter Mode) 

Data or program insh'uctions can be entered into a 
selected area of 1401 core storage from the 1407 key­
board by following these steps: 

1. Alter into the B-address register the high-order ad­
dress of the core-storage area that is to receive the 
keyed information: 
a. Set the 1401 mode switch to ALTER. 

b. Set up the address in the MANUAL ADDRESS dials. 
c. Press B ADD REG and START on the 1401 console. 
d. Press START RESET on the 1401 console. 

2. Press the lighted ALTER DATA key on the 1407. 
3. Type the desired information. As the characters 

enter core storage, word marks are cleared from 
these positions, if any had previously been stored. 
If a word mark is to be entered with any character 
at this time, press the WORD MARK key before typing 
that character. 

4. After all the information has been keyed-in, press 
the CLEAR key. 

Reading Information out of 
Core Storage (Alter Mode) 

Information can be read out from a selected area of 
core storage and typed on the 1407 by following these 
steps: 

1. Alter into the B-address register the high-order ad­
dress of the core-storage area that is to be read out: 
a. Set the mode switch to ALTER. 

b. Set up the address in the MANUAL ADDRESS dials. 
c. Press B ADD REG and START on the 1401 console. 
d. Press START RESET on the 1401 console. 

2. Press RESPOND/TYPEOUT on the 1407. This key-light 
turns ON and typing starts .. Each character that has 
a word mark is typed in red, and each blank posi­
tion is indicated by the letter h. 

3. When all the required information has been typed, 
press the CLEAR key. 
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IBM 1447 Console Model 3 

The IBM 1447 Console, Model 3 (Figure 85), provides 
the 1401 system user with a fast means of communica­
tion. All the advantages of the IBM 1407 Console In­
quiry Station, plus the increased printout speed of 
14.8 characters per second, provides the console opera­
tor with an efficient and time-saving method of inquiry 
and reply. 

Before the 1447, Model 3, can be attached to a 1401 
system, the IBM 1409 Console Auxiliary (Figure 86) 
and the 1409 adapter special feature must be installed. 

The indicator and operator panels are located on the 
1401 processing unit. Several additional keys and 
lights, located on the printer keyboard, are used dur­
ing I/O printer operations. 

IBM 1447 Keys, Lights and Switches 

Proceed Light 

The proceed light glows when the console I/O printer 
is selected to operate. 

Check Light 

The check light glows when the inquiry-clear indicator 
is turned on. 

Reset Key 

The reset key is used with the type key, on a 1447 
Model 3 having buffer storage. The reset key is not 
required on the unbuffered model. 

Figure 85. IBM 1447 Console Model 3 
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Alter Type-In Key 

When the CPU mode switch is set to ALTER, this key 
must be pressed to allow storage entry of keyboard 
information. Characters enter storage starting at the 
address indicated by the B-storage address register. 

Type Stop Key 

This key is used to terminate a character-display type­
out operation. 

Type Key 

During manual operation, the type key initiates a stor­
age type-out operation, beginning with the address 
indicated by the CPU B-storage address register. The 
CPU mode switch must be in alter mode. 

During programmed operation, the type key is used 
to perform the following functions. 

Buffer: The type key initiates request to the buffer. 
CPU selection of the 1447 permits keyboard entry 

Figure 86. IBM 1409 Console Auxiliary 



into the buffer. Press the release key to turn on the 
inquiry-request (Q) latch. 

Buffer and Polling: The type key initiates a request 
to the buffer. Subsequent CPU selection of the 1447 
being polled allows keyboard information to enter 
buffer storage. 

Unbuffered: The type key turns on the inquiry-request 
(Q) latch. CPU selection (by a branch on Q and a 
read Op) allows the operator to enter information 
from the keyboard. 

Unbuffered and PolUng: This initiates the turn-on of 
the Q-Iatch when the 1447 :is polled. 

IBM 1401 Mode Switch 

When a 1447 is attached (through an IBM 1409 Console 
Auxiliary) to the 1401 system, the I/EX position of the 
1401 mode switch is affected as follows: When per­
forming at programmed type operation, the system will 
stop at the end of the next I-phase instead of the end 
of the 1- or E-phase of the type operation. 

Meter Switch, IBM 1447 

If the use-meter switch is not set to ON before an in­
struction calls on this unit, the system interlocks and 
the following comments and procedures apply: 

• Stop the system, turn the meter switch on, press 
start reset, and restart the program at the instruction 
that initiated the operation that could not be com­
pleted. 

Meter Time, IBM 1447 

The meter starts when the first instruction is issued in­
volving the 1447. 

ConsolEe I/O Printer 

The console I/O printer combines a keyboard of 64 
characters and a pin-feed platen (special feature) with 
the advantages of a carriageless printer. The single 
printing element moves horizontally when printing, no 
longer subjecting forms to horizontal carriage move­
ment. This printing method results in an output rate 
of 14.8 characters per second. 

Margins, tab stops, and ribbon shift (color) are set 
manually by the operator. When the printing element 
reaches the right-hand margin, an automatic carrier­
return and line-feed operation is executed. Printing is 
suspended during this operation and during any tabu­
lation operation. This printer can print up to 130 

characters per line without the pin-feed platen, and up 
to 128 characters per line with the pin-feed platen 
feature (10 characters per inch). 

The printing of either ten or twelve characters per 
inch must be specified by the eustomer. Vertical spac­
ing of six or eight lines per inch must also be specified 
by the customer. This vertical spacing then can be 
manually altered with a double-space setting, resulting 
in either three-instead-of-six or four-instead-of-eight 
lines per inch. 

Printer Forms 

The console I/O printer can: 

1. Print on cut forms 

2. Feed and stack continuous pin-feed forms 

3. Feed continuous-roll single··thickness paper. 

With the pin-feed special feature installed, form 
width (pin to pin) can be 6, 7X, 8, 9, 10, 10Ya, 11~, 
11X or 13Ya inches. The form width must be specified 
for each pin-feed platen. 

The maximum form width is 15 inches. The maxi­
mum length of a printer line is 13 inches. 

When using continuous forms:, the forms are placed 
on the forms platform. The form is then inserted in a 
slot between the console printer and the table, and 
then inserted in the console printer. 

The printed forms are stacked on the portion of the 
console inquiry station table behind the console printer. 

Keyboard 

The console I/O printer keyboard (Figure 87) is not 
mechanically connected to the printer mechanism. 
Seven keys on the keyboard are function keys ini­
tiating space, cancel, release, carrier return and line 
feed, tab, shift, and shift lock. 

Some of these function keys also transmit specific 
characters when they are pressed. The function keys 
and the characters they transmit are: 

Function Key 

Space 
Carrier Return 

Line Feed 
Tabulate 

Character 

no character 

Functional-Control Characters 

BCD Coding 

C 

C B 841 
A B 841 

Besides being able to print 64 characters, the console 
printer can execute various printer functions when the 
specific functional-control characters are sent from the 
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system in the move mode. The characters designated 
as functional-control characters and the printing func­
tions they initiate are: 

Character BCD Coding Printer Function 

blank C Space 
] C B 841 Carrier Return 

Line Feed 
AB841 Tabulate 

These characters can be printed when they are trans­
mitted in the load mode, but the printer function is 
not executed. 

Five keys on the 1447 keyboard offer a choice of 
two special characters each (Figure 87). The 1447 is 
equipped with two interchangeable print elements, one 
containing print-arrangement A and the other print­
arrangement H. The operator can change the print 
element to provide the special-character printing re­
quired by the program. Internal coding is not affected 
when the print element is changed. 

Word-Mark Key 

When the period ( . ) key is pressed in upper shift, a 
word mark (inverted circumflex) is printed. Transmis­
sion of the word mark with its associated character 
depends upon the operation being performed. 

Cancel Key 

The cancel key is used to inform the system that the 
message should be disregarded. The key operation: 

1. Sets the INQumY-CLEAR (*) latch ON in the system. 

2. Turns on the red type light on the console. 

3. Inserts a C-bit in core storage. 

4. Initiates a carrier-return and line-feed operation. 

5. Disconnects the printer from the system. 

Release Key 

The release key is used to end a printer-to-system 
operation. When in normal shift status, the key opera­
tion: 

1. Inserts a group-mark with word-mark in core stor-
age. 

2. Initiates a carrier-return and line-feed operation. 

3. Disconnects the printer from the system. 

(When the release key is pressed during an alter op­
eration, the group-mark with word-mark is not sent 
to the system.) 

Shift and Shift-Lock Keys 

The shift and shift-lock keys are used to enter upper­
case characters. The shift status must be restored to 
normal (lower case) before the release key is pressed. 

Console I/O Printer Keys and Levers 

Tab Control (Clear and Set) 

To clear tab settings, tab to each stop and press the 
CLR (or top) of the tab control (Figure 88). To set a 
tab stop, position the carriage to the desired point on 
the writing line and press the SET (or bottom) of the 
tab control. 

I PROCEED II CHECK I 

D n CJGJ DIT] ~w [TI [J GJ[J[J~B8 
~GJ~[J8D0w[]wCJm EJ 
~0[Jm[][I]0D8D[JO RETURN 

~ 
~ 

SHIFT I [J IT] 8 [J 8 [J [] D [J [J I SHIFT 

I SPACE I 
NOTE: Characters on left side of key are the H arrangement; 

characters on right side of key are the A arrangement. 

Figure 87. Console Printer Keyboard 
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Figure 88. Margin Stops 

Margin Stop 

The margin stops limit the length of the line to be 
typed. To set the margin stops: 

1. Lift the I/O printer cover. 

2. Space until the position indicator is at desired loca­
tion of new margin. 

3. Push the margin stop toward the typewriter, and 
align the red mark on the margin stop with the 
typing position indicator. 

To set the left margin stop, push in the left margin 
stop and slide it to the desired position on the margin 
guide. 

Multiple-Copy Control Lever 

To compensate for additional copies, move the mul­
tiple-copy control lever toward the rear of the printer 
(Figure 89). This adjusts the platen so that the printing 
element will strike squarely on the form. Paper weight 
and number of copies will determine the setting of 

Figure 89. Impression and Form Controls 

this control. Normally, set the multiple-copy control 
lever on the second marking for one original with 
three carbon copies, and on the third marking for one 
original with five carbon copies. 

Line-Space Lever 

This lever controls the line-space movement of the 
platen (Figure 8). The line-space lever can be set for 
either single or double space. 

Paper-Release Lever 

Move the paper-release lever (Figure 89) forward to 
position or remove forms. 

Platen Variable 

This control, operated by pressing in on the left end 
of the platen, allows the platen to rotate freely. The 
platen variable is useful after reinserting a page for 
correction or addition. 
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Ribbon and Platen Procedures 

Platen Removal and Replacement (Figure 89) 

1. Move the paper-release lever forward. 

2. Move the paper bail forward. 

3. Lift the cover. 

4. Press the platen spring and lift the platen. 

The feed rolls are now accessible. Clean the platen, 
feed rolls and bail rolls periodically to assure proper 
paper feeding and to prevent roll marking. There is no 
need to remove the metal deflector. 

To replace the platen, position it with the ratchet 
teeth to your right. Center the end plate in the groove 
in the platen shaft, and press down until it clicks into 
place. 

Ribbon Reversal 

Open the top cover of the console printer by grasping 
the center of the cover and pulling up and away from 
the printer. To close the cover, lower it and press 
lightly. The cover will snap shut. 

Reverse the ribbon direction by moving the ribbon­
reverse lever (Figure 90) to the opposite side of the 
ribbon cartridge. 

Ribbon Installation (Figure 90) 

1. Open the cover over the print element. 

2. Position the carrier near the center of the carrier 
rod. 

3. Shift the ribbon-change lever to the right, and 
raise the ribbon guide. 

4. Lift the ribbon cartridge vertically off the carrier 
ribbon posts. 
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5. Ease the ribbon through the slots in the ribbon 
guides. 

6. Insert a pencil in the cartridge hole, and turn the 
cartridge in the direction of the arrow. Rewind any 
excess ribbon. 

7. Hold the new ribbon cartridge with the exposed 
length of ribbon toward the platen. 

8. Slide the ribbon down through the slots in the 
ribbon guides. 

9. Position the cartridge on the cartridge posts, and 
press down firmly. 

10. Rewind any excess ribbon by turning either car­
tridge post in the direction of the arrow. 

11. Move the ribbon-change lever to the left to lower 
the ribbon guide into the typing position. 

Figure 90. Console Printer Ribbon 



The IBM 1009 Data Transmission Unit (Figure 91) 
provides an economical combination of data process­
ing and data transmission. This Tele-processing unit 
permits high-speed, 2-way communication between 
two IBM 1401 Data Processing Systems, two 1410 Data 
Processing Systems, a 1401 system and a 1410 system, 
or between a 1401 or 1410 system and an IBM 7701 
Magnetic Tape Transmission Terminal. 

The IBM 1009 Data Transmission Unit controls the 
movement of data, a chara.cter at a time, from the 
storage area of a processing system, and the transmis­
sion of this data to another system over toll or leased 
wire circuits. With this unit, commercial and scientific 
data can be transmitted at up to 300 characters per 
second. This data can be sent short distances between 
local plants, or long distances across the country - all 
under sltored program control. 

Console Panel 

Indicator lights and functional keys and switches are 
located on the console panel (Figure 92) on the top 
portion of the IBM 1009 Data Transmission Unit. They 

Figure 91. roM 1009 Data Transmission Unit 

IBM 1009 Data Transmission Unit 

are used by the terminal attendant in operating the 
1009 during either a transmitting or receiving opera­
tion. 

Indicator Lights 

Power 

This light indicates that the power was turned on by 
pressing the power-on key. It goes off when the power 
is turned off. 

Ready 

This light is on when there is a line for data trans­
mission established between two IBM 1009 Data Trans­
mission Units, and the two units are in synchronism. 
The test-normal switch on both 1009's must be set at 
NORMAL. Also, the data key on both telephones must 
be operated, and both connected data processing sys­
tems must have power on. 

Run 

When the 1009 is in an operative status (after the 1009 
start key is pressed, and before the attached system 
starts data transmission), the run light is on. It stays 
on while the 1009 is in operation. The run light goes 
out under any of these conditions: 
1. The stop key is pressed. 
2. The power-off key is pressed. 
3. The end-of-file light comes on. 
4. The telephone light comes on. 
5. An error condition causes the alarm to sound (see 

Audible Alarm). 

Figure 92. roM 1009 Console Panel 
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End-ol-File 

When either attendant presses the end-of-file key of 
the 1009, the end-of-file light on the other 1009 is 
turned on, and the alarm sounds. The signal is re­
turned immediately to the originating 1009, causing 
the EOF light to come on, and the alarm to sound. 
Pressing the stop key on each 1009 turns these signals 
off. 

Telephone 

If a line for data transmission is established, and either 
terminal attendant presses the telephone key of the 
1009; the TEL light turns on, and an alarm sounds on 
the other 1009 console. The signal is returned imme­
diately to the originating 1009, causing the TEL light 
to come on, and the alarm to sound. Pressing the stop 
key on each 1009 turns these signals off. 

Other Console Lights 

These are the lights in the upper section of the 1009 
console. They are used primarily by the IBM customer 
engineer for diagnostic purposes. 

Clear to Send 

This light is under control of the communications­
company data set. It indicates that transmission can 
take place. 

Data Cond (Transmit) 

This light indicates that the message is being trans­
mitted. 

Line (Transmit) 

This light indicates that the data set is receiving infor­
mation from the 1009. 

Data Avail 

This light indicates that a message is ready for trans­
mission. 

Awaiting Reply 

This light indicates that the transmitting 1009 is wait­
ing for an accepted record, or a repeat-record indica­
tion from the receiving 1009. 
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Odd (Transmit) 

This light is on during the transmission of every other 
message. 

Accepted Record 

This light indicates that a correct message transmission 
acknowledgment was transmitted from the receiving 
1009. 

Send EOTR 

This light indicates the end of each message. 

Repeat Record 

This light indicates that an incorrect message trans­
mission acknowledgement was transmitted from the 
receiving 1009. 

Sending Reply 

This light indicates that the end of the message was 
detected and the receiving 1009 is ready to send a 
message transmission acknowledgement to the trans­
mitting 1009. 

Data Cond (Receive) 

This light indicates that the message is being received. 

Line (Receive) 

This light indicates that the 1009 is receiving infor­
mation from the data set. 

Ready lor Data 

This light indicates that the receiving 1009 is ready 
to receive data. 

Test Pattern 

This light indicates that the test-normal switch on the 
other 1009 is set to TEST and is sending test signals. 

Odd (Receive) 

This light is on during the reception of every other 
message. 

Rec'v EOTR 

This light indicates the end of each message. 



Full Duplex 

This light indicates that the 1009 is conditioned for 
full duplex (four-wire) communications facilities. 

Output VCllidity 

This light indicates 

1. that the data processing system has received an 
invalid character (even parity), or 

2. that the data processing system has failed to re­
ceive a character from the 1009, or 

3. the loss of a message between 1009's. 

Character 

This light indicates that the receIvmg 1009 has re­
ceived an invalid character or an invalid parity check 
character. 

Timing 

This light indicates that the two 1009's are out of 
synchronism. This condition is also indicated by the 
audible alarm if the 1009 is operative or in the RUN 

status. 

Input Validity 

This light indicates that two or three consecutive error 
messages have been detected. If the third message is 
correct, the light is turned off; if the following mes­
sage is also incorrect, the light is turned off by pressing 
the 100H start key, and transmission continues. 

Record 

This light indicates that a message was lost in the 
transmission between 1009's. 

Interlock 

This light indicates: 

1. that the 1009 is in a receive-run condition, and the 
attached system is operating under transmit pro­
gram control, or 

2. that the 1009 is in a transmit-run condition and the 
attached system is operating under receive program 
control, or 

3. that the stored program has addressed the 1009 for 
some reason, but the 1009 is not in RUN condition, 
and is unable to respond. 

Processor 

This light indicates: 

1. that the transmitting 1009 has not received the next 
character from the attached system within the three­
second interval that follows the transmission of the 
preceding character, or 

2. that the system has not started the transmission of 
the next message within the three-second interval 
that follows the previous message acknowledge­
ment, or 

3. that the system was not ready to accept the charac­
ter available from the 1009, or 

4. that the system did not generate a message trans­
mission acknowledgement within the three-second 
interval that follows the end-·of-message indication. 

Data Set Ready 

This light indicates that the data key on the telephone 
has been operated. 

Keys 

Power-On 

Pressing this key turns on the power in the 1009. Be­
cause the power goes on immediately, it is not neces­
sary to hold the key down. 

Power-Off 

Pressing this key turns off the power in the 1009. 

Start 

If the IBM data processing system and the IBM 1009 
Data Transmission U nit have been conditioned to 
transmit or receive, the terminal attendant presses the 
start key on the 1009. This causes the run light to 
come on. 

End-of-File 

When all messages of a group have been transmitted, 
the attendant at the sending station presses the stop 
key and then the end-of-file key. This signals the at­
tendant at the receiving station by turning on the end­
of-file light and the audible alarm on the receiving 
1009. Pressing the stop key on the receiving unit turns 
off both signals. 

The transmitting station end-of-file light also turns 
on and the audible alarm sounds. Pressing the stop key 
at each terminal turns off both signals. 
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Telephone 

If a line for data transmission has been established and 
either terminal attendant wants to talk to the other, 
he presses the telephone key. This allows the message 
being transmitted to be completed. The telephone key 
signals the other station by turning on the telephone 
light and causing the alarm to sound. Pressing the stop 
key on the 1009 being signaled, turns oH both signals. 

Reset 

If both the reset key and the stop key are pressed 
simultaneously, or if the reset key is pressed following 
the operation of the stop key; an immediate stop in 
transmission is eHected. 

Stop 

This key is pressed to stop either the transmit or the 
receive function. If it is pressed while a message is 
being transmitted or received, the function will stop 
when the message is complete. If both the stop key 
and the reset key are pressed simultaneously, an imme­
diate stop is eHected. If both keys are pressed simul­
taneously during the transmission of a message, that 
message will be sent again. Also, a stop key operation 
turns oH: 

1. the end-of-file light and the associated audible alarm 
2. the telephone light and the associated audible alarm 
3. the audible alarm caused by the three successive 

errors in the transmission of the same record 
4. the audible alarm caused by one 1009 getting out 

of synchronization with the other. 

Switches 

BCD/Binary 

This switch specifies the coding of blank characters 
for data transmission. Both 1009 switch settings must 
be the same. When set to BCD, the character set is 55 
characters (IBM 705 character set). When set to BINARY, 

the character set is 64 characters (IBM 1401-1410 char­
acter set). 

Test-Normal 

When this switch is set at TEST, test signals are sent to 
the remote terminal. The 1009 that receives the test 
signals acknowledges it by turning on the test-pattern 
light located in the upper portion ·of the console panel. 

When the test-normal switch is set at NORMAL, the 
1009 can execute its normal transmit and receive func­
tions. 
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Transmit-Receive 

This switch sets the mode of operation. If the 1009 
is to work in conjunction with an IBM data processing 
system as a transmitting station, this switch is set at 
TRANSMIT. If the 1009 is to work with an IBM data 
processing system as a receiving station, the switch is 
set at RECEIVE. 

Speed-Selector Switch 

This switch determines the transmission speed of the 
IBM 1009. The speed must be compatible with the 
communication-channel terminal equipment used with 
the 1009. The setting of this switch on the receiving 
1009 must agree with the switch setting on the trans­
mitting 1009. 

The 1009 operates in half-duplex or full-duplex mode 
using the fixed-speed settings of the speed-selector 
switch. 

The following list shows some of the speed-selection 
settings, and the associated character rates. 

600-600 bits (75 characters) per second. 
1200 -1200 bits (150 characters) per second. 
Ext-up to 2400 bits (300 characters) per second. 

At this setting, transmission speed is determined 
strictly by the frequency of the data set. 

Meter Switch, IBM 1009 

If the use-meter switch is not on when the first instruc­
tion calls on the 1009, the ready and run lights will not 
come on. Depending on the program, the system can 
branch on Transfer 1 and loop, or print out a message 
that the 1009 is not ready. 

To restart the system and functions of the 1009 if the 
1009 meter switch was not on: 
• Stop the system, turn the meter switch on, press the 

1009 start key, and restart the program step that ini­
tiated the 1009 function that could not be completed. 

Meter Time, IBM 1009 

The usage meter on the 1009 records time when all of 
the following conditions are satisfied. 

• The 1009 power is on. 
• The 1009 is in normal operate mode (on CE panel). 
• The 1009 is in character phase (connected by tele­

phone line to another line speed device). 

• The 1009 is in run condition. 
• The 3-second alarm is oH, or if it is on, the processing 

unit meter is recording time (buHered machines only). 

Refer to IBM 1009 Data Transmission Unit, Form 
A24-1039, for further information. 



Audible Alarm 

The audible alarm is a loudspeaker designed to signal 
the terminal attendant under these conditions: 

1. When the transmitting-station attendant presses 
the end-of-file key, the audible alarm and the end­
of-file light of the receiving 1009 turn on. Pressing 
the s:top key on the receiving 1009 turns both sig­
nals off. 

2. When one terminal attendant presses the telephone 
key, the audi.ble alarm and the telephone light 
turn on in the 1009 being called. Pressing the stop 
key of the 1009 being called turns both signals off. 

3. Errors in three successive transmissions of the same 
message cause the alarm to sound in the transmit­
ting and/or receiving 1009. Pressing the 1009 stop 
key turns the associated alarm off. 

4. If one 1009 gets out of synchronization with the 
other, the alarm sounds at both terminals. Pressing 
the stop key on each 1009 turns the alarm off. 

5. If the 1009 is in a RECEIVE-RUN condition and the 
attached system is operating under a transmit pro­
gram, the alarm sounds. The alarm turns off when 
the . transmit-receive switch is set to the correct 
setti.ng and the 1009 start key is operated. 

6. If the 1009 is in a TRANSMIT-RUN condition and the 
attached system is operating under a receive pro­
gram, the alarm sounds. The alarm turns off when 
the transmit-receive switch is set to the correct 
setting, and the 1009 start key is operated. 

7. If the program addresses the 1009 for any reason 
and the 1009 is not in a RUN condition, the alarm 
sounds. The alarm turns off when the RUN condi­
tion is established in the 1009. 

8. If tlhe receiving data processing system, operating 
under the control of a receive program, fails to take 
a character from the receiving 1009; the alarm 
sounds. Pressing the stop key on the 1009 turns 
the alarm off. 

9. If the transmitting 100B has not received the next 
character within the three-second interval that fol­
lows the transmission of the preceding character, 
the alarm sounds. 

10. If the transmitting system has not started the 
transmission of the next message within the three­
second interval that follows the previous message 
acknowledgement, the alaJ.!m sounds. 

11. If the receiving system did not generate a message 
transmission acknowledgement within the three­
second interval that follows the end-of-message 
indication, the alarm sounds. 

Operating Principles 
Before data is sent, the terminal attendants should 
complete certain housekeeping operations, such as 
loading the transmit and receive programs, loading 
the data to be sent, and readying the data processing 
system and the 1009. The completion of operations 
such as these before the scheduled time of transmis~ 
sion or reception of data minimizes any delays after 
making the connection for data transmission. 

Making the Connection 

Any terminal attendant can establish a line for data 
transmission by dialing the telephone number of an­
other terminal. If the call is routed through operators, 
advise them that the call is to be a data transmission 
call, and that the transmission should not be moni­
tored. Monitoring will degrade the transmission. The 
transmitting equipment is ready to transmit if: 

1. The transmit program has been loaded in the data 
processing unit. 

2. The input (card or magnetic tape) equipment is 
ready. 

3. The 1009 is in a ready condition (power on, BI­

NARY/BCD switch set to des:ired mode, test-normal 
switch set to NORMAL, transmit-receive switch set 
to TRANSMIT). 

When the telephone rings at the terminal being 
called, the attendant answers the telephone and tells 
the caller whether or not the equipment is ready to 
accept data. The receiving equipment is ready to re­
ceive if: 

1. The receive program has been loaded in the data 
processing system. 

2. The output (card or magnetic tape) facilities are 
ready. 

3. The 1009 is in a ready condition (power on, BI­

NARY/BCD switch set to the desired mode, test­
normal switch set to NORMAL, transmit-receive 
switch set to RECEIVE). 

If the equipment is ready, each terminal attendant 
presses the data key on his tellephone and cradles the 
telephone handset. When the ready light on the 1009 
glows, each terminal attendant presses the start but­
ton on the 1009 console. When the run light glows, 
he presses the start button on the 1401 to begin the 
transmission of data. 
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Ending the Operation 

When the last record has been sent and received cor­
rectly, 

1. The attendant at the transmitting terminal: 
a. presses the end-of-file key on the 1009 to turn on 

the EOF light and the audible alarm on the re­
ceiving 1009. 

b. presses the stop key to turn off the EOF light and 
the audible alarm on the transmitting 1009. 

c. presses the TALK key on the telephone to discon­
nect the line for data transmission. 

2. The attendant at the receiving terminal: 
a. presses the stop key on the 1009 to turn off the 

EOF light and audible alarm. 
b. presses the TALK key on the telephone to discon­

nect the line for data transmission. 

3. After pressing the TALK key, both terminal attend­
ants should listen for a dial tone to be sure the line 
is disconnected. 

Operator Calls 

If the attendant at either terminal wants to talk to the 
attendant at the other terminal, he presses the tele­
phone key on the IBM 1009 Data Transmission Unit. 
The TEL light and audible alarm signal the attendant 
at the remote terminal. If a message is being trans­
mitted when the telephone key is pressed, that message 
will be completed before the 1009 stops. 
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When the 1009 stops, 

1. The attendant being called: 
a. presses the stop key on the 1009 to turn off the 

TEL light and the audible alarm. 
b. presses the TALK key on the telephone. 
c. picks up the telephone receiver, and answers the 

call. 

2. The calling attendant: 
a. presses the TALK key on the telephone. 
b. picks up the telephone receiver, and begins the 

conversation. 

When the conversation is ended, 

1. The attendant called: 
a. presses the data key on the telephone. 
b. cradles the telephone receiver so that the trans­

mission of data can continue. 

2. The calling attendant: 
a. presses the data key on the telephone. 
b. cradles the telephone receiver so that the trans­

mission of data can continue. 
c. presses the start key on the 1009 to resume data 

transmission. 

IBM J009 Error Conditions and 
Checking Procedures 
Figure 93 shows the various error conditions that can 
occur during a transmit or receive operation with the 
1009. 



Terminal Signals* Type Error Recommended Procedure 

Audible alarm The processor has failed to initiate a new mes- Investigate the processor console I ights to determine the 
Processor light sage,or, in transmitting a message, has cause of interruption, and take corrective action. 

failed to continue to transfer characters to 
the 1009. 

Audible alarm The 1009 is not in a transm it-run cond ition. If the system is a 140 I, press the s tart-reset key on the 
Interlock light 1401. If the 1009 is attached through an IBM 1414-4, 

Transmittil,g the start-reset function is automati c. 
Terminal Set the 1009 transmit/receive switch to TRANSMIT 

Press the 1009 start keY" 
Restart the processor program according to the procedure 
set up for that program. 

Audible alarm Three consecutive error messages have been Press the 1009 start ke}', 
Input Validity light transm i tted • 

Audible alarm The processor has fai led to generate acknow- Investigate the processor console I ights to determine the 
Processor light ledgement of a message transmission within the cause of delay, and take c:orrective action. 

3-second interval following an end-of-message 
indication. 

Audiible alarm The 1009 is not in a receive-run condition. Press the start-reset key on the 140 1 • 
Interlock light Set the transmit-receive switch to receive. 

Press the 1009 start key. 
Restart the processor plrogram according to the procedure 
set up for that program. 

Receiving 
Terminal Audible alarm Three consecutive error messages have been Press the 1009 start ke:7" 

Input Validity light detected. 

Audible alarm The processor failed to accept one or more Investigate the processor console I ights to determine the 
Proc:essor light characters from the 1009. ~ause of interruption, and take corrective action. 
Output Val id ity light 

Audible alarm A message has been lost between the trans- Press the TEL key. When the TEL light comes on, press 
Output Val id ity light mitting and receiving terminals. the TALK button on the telephone handset, lift the re-
Input Validity light ceiver, and begin conversation with the transmitting 
Record light terminal. Tell the attendant there of the possibiHty of a 

lost message. After determining the restart procedure, 
transm iss ion can be resumed. ** 

This procedure is also followed at the trans- { Press the DATA button on the telephone. 
mitting terminal. Press the 1009 start key. 

Transmitl'ing 
or Audible alarm The two terminal subsets are out of synchronism. This type of error should be self-correcting. If trouble 

Receiving Timing light This is usually caused by random line noises or persists, re-establish the line for data transmission. 
Terminal by a poor line connection. 

*Only those lights useful in depicting errors are mentioned. Othe r I ighh mayor may not be on. 

**One or more meSSQges may have been lost. Transmission may have to be restarted at a batch point, or some other suitable method may be used. 

Figure 93. Table of Common Errors and Recommended Checking Procedures 
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IBM 1231 Optical Mark Page Reader 

The IBM optical mark page readers read positional 
marks made by an ordinary lead pencil on paper doc­
uments. The positional marks are converted into a 
machine-usable form by the 1231 and entered directly 
into a data processing system. 

Features 

Documents are read in the 1231 at a maximum rate of 
2,000 sheets per hour. The 1231 throughput depends 
on computer programming, the feed mode (continuous 
or on-demand), and the method of grouping the data 
on the data sheet. (When identification data and detail 
data are interspersed and read into 1231 storage, more 
program steps are needed to separate the data in the 
computer.) 

The 1231 (Figure 94), therefore, acts as an on-line 
input device to data processing systems, such as, IBM 

1401, IBM 1440, and IBM 1460. 
The 1231 is a fully-buffered machine that operates at 

an average document cycle of 1.8 seconds (1800 ms) in 
continuous feed mode. Variations in data-sheet feeding 
can cause a document cycle of as few as 1,772 ms. Be­
cause a maximum time of 7.2 ms can be used for trans­
ferring the buffered information from the 1231 to the 

Figure 94. IBM 1231 Optical Mark Page Reader 
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computer, 1,765 ms of each document cycle can be 
used for computer processing. Thus, 1231 subroutines 
can be inserted into routines of other applications. For 
example, an IBM 1403 Printer could print up to 18 lines 
between 1231 feed instructions. 

Optical mark page readers are ideally suited for 
applications such as: order entry, payroll, accounts 
payable, inventory control, sales analysis, and general 
ledger work. 

By means of stored program controls, the IBM 1231 
and the IBM 1232 can: 

• Control specific data to be stored. 

• Control data that is to be repetitively punched 
into cards. 

• Identify the end of a field. 

A 1231 can be programmed to recognize each part 
(field) of a data sheet on an individual basis. Each 
field can then be checked for the various conditions 
under which a document can be selected. 

A master mark special feature provides group identi­
fication when several data sheets are to be processed as 
a group. 

Data Sheet 

The document used as input to the optical mark page 
readers is an 8~" x 11" sheet of paper called a data 
sheet. The data sheet contains a maximum of 1,000 
mark positions. The mark positions are arranged in as 
many as 50 rows, each row containing a maximum of 
twenty mark positions. 

Each row is divided into two groups of ten mark 
positions each. The ten mark positions are called 
words. Each word is divided into two groups of five 
mark positions called segments. Consequently, each 
data sheet can have a maximum of 50 rows, 100 words, 
and 200 segments. A data sheet normally contains five 
rows per inch, but may have less. 

Timing marks are printed along the right-hand edge 
of each data sheet. These marks are used to synchro­
nize the motion of the document with the various units 
of the reader. Each word on the data sheet has an 
associated timing mark. 

Words within each row of the data sheet are divided 
into two groups: odd-numbered words and even-num-



bered words. Odd words are on the left, even words on 
the right. The timing mark for an odd-numbered word 
is .636" above the mark positions of the word; the 
timing mark for an even-numbered word is .536" above 
the mark positions of the word. 

Data Sheet Terminology 

Timing l\;fark: Rectangular marks preprinted on the 
data sheet in non-reflective ink. The timing mark is 
used to synchronize the moition of the document with 
the various units of the 1231. Timing marks are 
located on the right-hand side of the data sheet 
(Figure 95). 

Mark Positions: Areas printed in reflective ink that 
designate where marks are to be placed. A non­
reflective mark in this area is read as a word or bit. 

Words: Ten mark positions of a row. Words on the 
left half of the data sheet are odd words; words on 
the right half of the data sheet are even words. 

Segments: Mark positions 0 through 4, or 5 through 9 
of any word. 

Non-Reflective Inks: A type of ink that is sensed by the 
1231. Usually, timing marks are the only non-reflec­
tive printing on the data sheet. The recommended 
non-reflective ink is black. See Ink Requirements. 

1 
3 
5 

G:J ... ,....-----Mark Position 

Reflective Inks: A type of ink not sensed by the 1231. 
Reflective inks are used for headings, data sheet in­
structions, mark position outlines and any other data 
that is not to be read. 

Marking the Data Sheet 

Marks that are to be read by an IBM 1231 must be dark 
enough for positive machine-reading, yet erase easily 
and completely. For these reasons, a number 2 pencil 
is recommended. 

Marks made with a number 1 pencil, or an IBM ELEC­

TROGRAPI-IIC@ pencil, are difficult to erase; even after 
an erasure is made, a residue remains that could be 
read as a mark by the machine. 

Erasures should always be made carefully and com­
pletely. Any incomplete erasure could be read as a 
mark. 

When response positions are marked, the mark 
should be made the full length of the mark position, 
and should fill at least two-thi.rds of the space between 
the top and bottom of the guide lines. A mark that ex­
tends no more than K/' past the ends of the response 
position is acceptable in all but the last even-word po­
sition (next to the timing marks). In this position, a 
mark must not extend beyond the right end of the 
guide lines or it could be read as a timing mark. This 
would result in erroneous reading of the rest of the 
data sheet. 

2 
4 
6 

Timing Marks~ 

C:: ----- ::::: ~,,,,,--- Segment One--.... ~'..;;:::.;,;::,;,.: ~~~~~~::.;.:.:::;..JI 
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* ThesE~ six control timing marks are used for counter read out controls in the IBM 1230. 

Figure glS. Data Sheet Format 
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IBM 1231 Principles of Operation 
The IBM optical mark page reader uses sonic delay 
lines for storing controls and data. Controls are marked 
on the regular data sheet and entered into storage dur­
ing the program load cycle. This data sheet is referred 
to as a program control sheet. 

As data sheets are read, data is stored in the delay 
lines according to instructions from the program con­
trol sheet. Each word or segment to be stored must be 
programmed for entry into storage. 

When a data sheet passes under the photo-electric 
read head, each word or segment is tested (according 
to preset switch settings) for conditions, such as; no­
mark, multi-mark, or other-than-one. Any word or seg­
ment that does not pass the requirements of these 
switch settings causes the data sheet to be routed to 
the select stacker. 

Storage data is available for readout to the data 
processing system. 

Document Path 
The data sheet begins its movement through the opti­
cal mark page reader when it is fed from the hopper. 
The document then passes under a read head; is trans­
ported through the transport area, past a selection sta­
tion, and on into one of the two gravity stackers 
(Figure 96). 

Select 
Stacker 

Stacker 
Selector 

Figure 96. IBM 1231 Document Path 

112 IBM 1401 Operator's Guide 

Jam Bar 

Feed Hopper 

Data sheets are placed in the hopper (Figure 97) with 
the side to be read facing up; the top edge of the data 
sheet positioned to feed first. Data sheets feed from the 
top of the stack. The platform on which the documents 
are held raises automatically to maintain proper feed­
ing. Whenever documents are added to the hopper, 
document feeding must be discontinued and the plat­
form lowered to accommodate the additional supply of 
documents. If the stop key is pressed or any emergency 
stop switch activity occurs, the document platform 
drops immediately. The stop key stops only the feeding 
of the documents. An emergency stop (jam, misfeed, 
timing mark check, etc.) halts the feed rolls, as well as 
document feeding. 

The capacity of the hopper is approximately 600 
documents. When documents are processed at the rate 
of 2,000 per hour, the hopper capacity is great enough 
for 18 minutes of continuous operation without opera­
tor attention. If feeding is attempted and for some rea­
son, such as an empty hopper, a document is not fed 
within five seconds, the entire feed unit stops operating 
and the hopper platform drops. 

Feed and Transport Mechanism 

The feed unit of an optical mark page reader contains 
a set of four picker belts, two restraint belts, and a 
separator roll. The transport area contains the feed 
rolls. As the feed rolls move a document through the 

Read Double Separator Picker 
Head Sheet Wheel Belt 

Restraint 
Belts 

Air Cylinder ------.·11 



Figure 9'7. Feed Hopper 

transport area, the document passes a selector station 
and moves on into either the normal or select stacker. 

A pressing of the reset key brings documents up to 
the feeding level and starts feed roll and restraint belt 
activity. When the start key is pressed, picker belt and 
drive roll activity starts. Picker belts and the separator 
roll are operated by the picker belt clutch. The picker 
belts ride on top of the stack of documents in the hop-' 
per, and move documents into the separator station., 

At the separator station, a drive roller acts upon the 
top document to move it forward, while restraint belts 
move the balance of the documents backward. This 
creates a shearing action, causing separation of docu·· 
ments. The top document feeds, and the lower docu·· 
ments are restrained. The restraint belts move at a 
slower speed and have a lesser effect on documents 
than the drive roller. Therefore, whenever both the 
drive roller and the restraint belts act upon the same 
document, the document continues to move forward. 

The :first set of feed rolls is located about one and 
one-half inches ahead of the leading edges of the do cu·· 
ments in the hopper. A document sensing device, just 
under the first top roll, senses the presence of docu­
ments. As documents pass, they are recognized by this 
sensing device, causing the picker belts and drive roll 
to stop. When the trailing edge of the document passes 
the sensing device, circuits are activated which cause 
another feed cycle. Consequently, if the feed mode 
switch is set for continuous feeding, documents feed 
approximately one and one-half inches apart. 

Figure 98. Stacker 

All documents pass the read station as they move 
through the transport mechanism. By the time the lead­
ing edge of a document has reached the drive rolls just 
ahead of the selector station, all reading has been com­
pleted. Drive rolls beyond the read station accelerate 
the document to ensure proper stacking. 

Selector Station and Stackers 

An optical mark page reader has two stackers, normal 
and select, into which it can direct documents (Figure 
98). The normal stacker holds about 600 documents. 
The select stacker, which is just above the normal 
stacker, holds about 50 documents. Both stackers are 
equipped with full-stacker switches that stop docu­
ment feeding when either stacker is filled. 

As soon as a document passes the read station, the 
reader examines its logic and machine controls to de­
termine into which stacker the document will be di­
rected. Documents always enter the normal stacker 
unless controlled to enter the select stacker. If a docu­
ment is to be selected, a selector guide in the selector 
station deflects the document: into the select stacker. 

The processing unit can also control the direction of 
a document into the select stacker. After the document 
has been read, the processing unit has 50 ms in which 
to analyze the data and give the select instruction. 

Mark Recognition and Disc:rimination 

During the reading of data sheets, the optical mark 
page readers categorize marks according to their de­
gree of light reflectance (Figure 99). A mark falls into 
one of the following categories: 

1. Good 
2. Poor 
3. Uncertain 
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WHITE 

A: Good Mark 
B: Light Mark or Poor Erasure 
C: Poor Mark or Good Erasure (Marks in this area' are not read) 

Figure 99. Mark Reflectance Relationship 

A good mark is recognized as a positive indication 
of a mark; a poor mark (or good erasure) is not recog­
nized as a mark, and an uncertain mark (light mark 
or poor erasure) is one whose light reflectance level 
comes somewhere in between a good mark and a poor 
mark, but cannot be positively identified as either. The 
reading or rejection of uncertainties can be customer­
controlled. 

Three read-mode switches, each associated with a set 
of field-checking switches, allow operator-control of 
mark discrimination on a field-by-field basis. Docu­
ments containing uncertainties can be selected for a 
visual check if desired. 

Each of the three read-mode switches has four set­
tings: SING RESP (single response); MULT RESP (multiple 
response); SING RESP SEL UNe (single response select un­
certainties), and MULT RESP SEL UNe (multiple response 
select uncertainties). 

The setting of each read-mode switch affects mark 
discrimination (Figure 99) as follows: 

1. SING RESP: 

a. Marks in area A are accepted. 
b. Marks in area B that are not accompanied by a 

mark in area A of the same word or segment 
are accepted. * 

c. Marks in area B that are accompanied by a mark 
or marks in area A of the same word or segment 
are not accepted. * 
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2. SING RESP SEL UNe: 

a. Marks in area A are accepted. 
b. Marks in area B that are not accompanied by a 

mark in area A of the same word or segment 
cause the data sheet to be selected. * 

c. Marks in area B that are accompanied by a mark 
in area A of the same word or segment are not 
accepted as marks. * 

3. MULT RESP: 

a. Marks in area A are accepted. 
b. Marks in area B are accepted. 

4. MULT RESP SEL UNe: 

a. Marks in area A are accepted. 
b. Marks in area B cause the document to be 

selected. 

Whenever a data sheet is selected by the 1231, stor­
age is cleared and data from that data sheet is not 
transferred to the computer. However, in the 1232, the 
information is transferred to the IBM 534 Card Punch 
and a card is punched. The word or segment in which 
the uncertainty is detected is transferred to the card 
punch as a blank character, and the II-punch in col­
umn 81 is inhibited. 

IBM 123 J Data Flow 

Before the 1231 can act as an input device to a data 
processing system, the controls for the internal func­
tions must be loaded and switches must be set to estab­
lish the conditions required for the particular run. 

Two storage devices (sonic delay lines) are used to 
store and control the data as it is read from the data 
sheets. One of these storage devices, the master line, 
is used to store all the controls from the program con­
trol sheet and, if the 1231 is equipped with the master 
mark special feature, master-mark data and controls 
associated with master-mark data are also stored. 

The other storage line, the data line, is used to store 
information from the data sheet. As the data sheet is 
read, the two storage lines work concurrently and in 
synchronism. The master line, which contains the pro­
gram instructions, determines which information from 
the data sheet is to be retained. 

The following sequence is used for entering data into 
a fully equipped 1231, and for making this information 
available to the processing system (Figure 100): 

*The number of mark positions included in anyone mark dis­
crimination test is determined by the setting (SEGMENT or 
WORD) of the check-length switch. 
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Detail Data 

Master 
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IBM 1231 Data Flow 

Figure 100. IBM 1231 Data Fllow 
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1. Line mark and word mark bits are generated by in­
ternal circuitry to establish the starting point of the 
data on the delay lines. These bits go into the master 
line. 

2. Program control bits are loaded into the 1231 from 
the program control sheet, and go into the master 
line. 

3. Master-mark information (if master mark special 
feature is installed and being used) is entered into 
the first ten positions of the master line. 

4. Detail data reads into positions 12 through III of 
the data line. . 

5. A READ instruction from the processing unit causes 
the data (master and detail) from the master line 
and the data line to read out in sequence into the 
A register. The master data from positions 1 through 
10 of the master line reads out first, followed by 
positions 12 through III of the data line. 

The master and data lines read into the A register 
one segment at a time. Data is transferred from the 
A register to the B register between segments. While 

FIELD I FIELD II FIELD ill 

MULTI SING RESP MULTI SING RESP MULTI SING RESP 
4 

3, I 5 
/ 

"~"'-t):~~::, ~O"'"N< ""O"'"N' "P/' SING_ 0 _MULTI SING_ 0 _MULTI 1- -7 
RESP RESP RI:SP RESP RESP RESP 

SEL SEL SEL 0...... .....8 
UNC UNC UNC 

OF '9 READ MODE 

data is transferring from the B register to the process­
ing system, the A register is receiving data from the 
next segment in storage. As data is transferred from the 
delay lines to the A register, each character is checked 
for odd-parity. 

IBM 1231 Message Format 

Each word transferred from the 1231 to the computer 
reads into two adjacent positions of computer storage. 
Words are transferred one segment at a time; each seg­
ment entering one computer storage position. Words 
with marks in positions 0, 1, 2, 3, or 4 transfer to the 
computer as A, B, 1, 2, or 4 bits. Combinations of these 
bits make up a valid character. Similarly, marks in 
positions 5, 6, 7, 8, or 9 transfer to the computer as 
A, B, 1, 2, or 4 bits. Any or all of the marking positions 
on the data sheet may contain marks, and the data will 
be transferred to the computer as a valid combination 
of bits. Data is read by the 1231 from left to right, top 
to bottom, a row at a time. Information from a data 
sheet is stored in the following sequence: 

1. Segment one of the first word programmed to read. 
2. Segment two of the first word. 
3. Segment one of the second word programmed to 

read. 
4. Segment two of the second word. 

If only one segment of any word is programmed to 
read, only one position of computer storage is used. 

IBM 1231 Controls 

The operator's console (Figure 101) on the optical mark 
page reader contains the keys, lights and switches 
necessary for setup and operation. 
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TIMING MARK CHECK 

"GM''t5'' "~Nb~ 
SEGMENT WORD 

b 
CHECK LENGTH 

NO MULTI NO MULTI NO MULTI 

MAR\ rRK MARK MARK MARK MARK 
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Figure 101. IBM 1231 Operator's Console 
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Keys and Switches 

Start Key 

Pressing the start key feeds the first data sheet and 
establishes continuous running conditions with two ex­
ceptions: (1) If the feed mode switch on the 1231 is set 
to CONTINUOUS, the feed circuits are interlocked with 
the program of the processing system and will not feed 
the first sheet until the processing system is placed in 
an operating status, and (2) if the reader is in a load 
program cycle, the program control sheet feeds and the 
control bits are stored. 

Stop Key 

Pressing the stop key halts document feeding and 
lowers the hopper plate to facilitate the loading of 
more data sheets. 

Reset Key 

Pressing the reset key raises the hopper to the feed 
position and resets the electronic circuitry. Check or 
error conditions should be corrected before pressing 
the reset key. 

Program Load Key 

Pressing the program load key clears the delay line 
storage of previously-stored data, and conditions the 
machine for program loading. This key is lighted dur­
ing the program load cycle. 

Master Mark Switch 

The master mark switch is active only on machines 
equipped with the master mark special feature. This 
switch controls the capability of the optical mark page 
reader to recognize a master mark on the right edge 
of the data sheet. When this switch is on, the recog­
nition of a master mark causes the data in the first 
ten positions of storage to be cleared and new master­
mark data to be accepted. 

Feed-Mode Switch 

The feed mode switch has two settings: CONTINUOUS 

and ON-DEMAND. When the switch is set to CONTINUOUS, 

documents feed continuously. This setting requires the 
processing unit program to give a read instruction 
within 150 ms after buffer full in the 1231. This will 
occur once every 1.8 seconds (1,800 ms). When the 
switch is set to ON-DEMAND, feeding is controlled from 
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the system program. The next document will not feed 
until the contents of the delay line (from previous 
document) is transferred to the computer. 

Check-Length Switch 

Three check-length switches are located on the op­
erator's panel; one for each of three sets of switches 
associated with fields. These switches have two set­
tings: SEGMENT and WORD. The setting defines the 
length of the item as it will be checked for each field. 
The SEGMENT setting will check the five positions of a 
segment; the WORD setting will check all ten positions 
of a word. 

Select-Condition Switches 

Each of the three select switches has four settings: 
OFF, NO MARK, MULTI-MARK, and OTHER-THAN-ONE. 

Each switch is associated with a check length switch 
and one of the three fields. The settings represent the 
conditions in a given field under which a document 
will be directed to the select stacker. 

Read-Mode Switches 

These three switches, each associated with a set of 
field-checking switches, determine the conditions of 
mark discrimination. Each read mode switch has four 
settings: SINGLE RESPONSE, MULTIPLE RESPONSE, SINGLE 

RESPONSE-SELECT UNCERTAINTIES, and MULTIPLE RE­

SPONSE-SELECT UNCERTAINTIES. See Mark Recognition 
and Discrimination in this publication for a detailed 
description of each switch setting. 

Control-Timing-Marks Switch 

This switch enables the 1231 to eliminate the 75ms de­
lay associated with the timing-mark-checking feature. 
The switch has two settings, YES and NO. YES is used 
when the documents to be processed have the six, 
extra, control-timing marks needed for 1231 operation. 
NO is used when no control timing marks are on the 
documents; the 75ms delay is eliminated. 

Timing-Mark-Check Switch 

This switch is an II-position rotary switch with set­
tings numbered 0 through 9 and OFF. The switch is 
preset by the operator to match the units-position count 
of timing marks on the data sheets to be processed. For 
example; if there were 106 timing marks on a docu­
ment to be processed, the switch would be set at 6. 



Lights 

Start Key Ught 

The start key, when lit, indicates that the machine is 
in a ready state. The light goes off when the start key 
is pressed, and the light remains off until the machine 
is again conditioned to the ready state. 

Feed Check Light 

This light indicates a sheet jam, a misfeed, a double­
sheet feed, a full stacker, or an empty hopper. These 
conditions cause the machine to stop, and the condi­
tion must be corrected before the light can be turned 
off by pressing the reset key. 

Process C/Jeck Light 

This light: indicates the following conditions: 

1. A parity error in storage logic. 

2. The count of data-sheet timing marks is not in 
agreement with the setting of the timing-mark 
switch. 

3. Failure of processing unit to take data from the 
B-register before the A-register loaded new data 
into it.. See 1231 Data Flow. 

4. A logic or delay line failure when: 
a. No control bits are loaded into the master line 

during the reading of a program control sheet. 
b. No data bits are loaded during the reading of 

a data sheet. (Blanks normally load a C bit.) 

System Stopped Light 

This light is turned on whenever the processing system 
is stopped while connected to the 1231. 

Refeed Sel Doc Light 

This light comes on whenever lOne or more of the fol­
lowing conditions occurs (the last document in the 
select stacker must be reprocessed): 

1. A multi-mark is detected during the reading of the 
master-mark document. 

2. An uncertainty is detected during the reading of 
the program control sheet. 

3. An uncertainty, without an accompanying dark 
mark, is detected during the reading of the master­
mark sheet. 

4. A READ instruction during continuous mode opera­
tion is received too late. 

5. A process check occurs and a new sheet has started 
to feed (1231 in continuous feed mode only). 

CE Test Switch, IBM 1231 

If this switch is not set to ON·-LINE before the first in­
struction calls on this unit, the system will interlock. 

Meter Time, IBM 1231 

The meter starts when the first read instruction is re­
ceived by the 1231, and runs until the hopper empties 
and the hopper platform drops. 
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IBM 1231 Operating Procedures 
When properly implemented, the optical mark page 
readers provide economical and reliable conversion of 
source data into a machine-usable form. However, to 
achieve the best level of performance, reasonable con­
trols should be used in the following areas: 

1. Documents should be stored under controlled con­
ditions of temperature and humidity. 

2. Documents should be handled carefully to mini­
mize mutilation. 

3. When documents are being marked, proper pro­
cedures should be followed. Marks should be made 
with a black, lead pencil, and should completely fill 
the mark position. (A number 2 pencil is recom­
mended.) Erasures should be made carefully and 
completely. 

4. Prior to processing documents, the machine should 
be properly set up. 

5. Test documents should be run and checked for cor­
rect results. Selected documents should be analyzed 
to determine the reason for selection. 

IBM 1231 Setup 

A fully-loaded 1231 is set up according to the following 
procedure: 

1. Turn the main line switch to POWER ON. 

2. Set the feed mode switch to either CONTINUOUS or 
ON-DEMAND. 

3. Set the timing mark check switch to the units 
position count of the timing marks on the detail 
data sheet. This number should agree with the 
count of the marks on the program-control sheet. 
When master-mark sheets are processed, they are 
not checked for a timing mark count. 

4. Set the control timing marks switch to YES or NO, 

depending on whether or not 1231 processable doc­
uments are being read. 

5. Set the master-mark switch to either ON or OFF, 

depending upon the application. 

6. Set the field-checking switches to their proper set­
tings. The check-length switches should be set 
to either WORD or SEGMENT; the select condition 
switches should be set to OFF, NO-MARK, or OTHER­

THAN-ONE; the read mode switch should be set to 
SING RESP, MULT RESP, SING RESP SEL UNC or MULT 

RESP SEL UNC. See Figure 101. 
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7. Joggle the data sheets and place them in the hop­
per face up, top edge to the left; and place the pro­
gram-control sheet on top. If the master-mark fea­
ture is used, place the master-mark sheet for the 
first group on top of the first group. The documents 
must be well-joggled, prior to insertion in the hop­
per, to keep the edges even and to ensure straight 
feeding. 

8. Press PROGRAM LOAD to clear storage. 

9. Press RESET to raise the hopper to feeding position. 
The front hopper side plate is operator-adjustable. 
This plate should keep the documents against the 
rear hopper side plate without binding. To check 
for binds, depress the hopper platform about % 
inch. The platform should return to normal oper­
ating height without hesitation. 

10. Press START. This will feed the program-control 
sheet and the machine will stop. 

11. Press START. Sheets will feed immediately when 
the feed mode switch is set to CONTINUOUS and the 
system is not in a halt condition. If the system is in 
a halt condition, the start key on the system must 
be pressed before feeding will start. 

When the feed-mode switch is set at ON-DEMAND, 

pressing the start key causes one data sheet to 
feed. Further feeding of documents is under con­
trol of the computer-programmed READ instruction; 
as soon as the buffer has been read out, the next 
data sheet is fed automatically. 

Restart Procedures 

Generally, if a condition occurs which causes the 1231 
hopper to lower, caution must be exercised in restoring 
operation. When the machine is in a stopped condi­
tion, pressing of RESET in the 1231 will destroy data in 
the optical mark page reader's storage. This will pre­
vent transfer of a complete data sheet to the computer. 

Pressing of the stop key on the 1231 causes the 
machine to complete the processing of the data sheet 
being read (or just read), then causes the hopper plat­
form to lower. To return the hopper platform to proper 
feeding level, the reset key must be pressed. Any time 
that RESET is pressed to raise the hopper platform, care 
must be exercised to ensure that the last document read 
has been completely processed. This is accomplished 
by placing the receiving unit (the processing unit) in 
operating condition, and allowing the unit to complete 
the processing before pressing the reset key on the 
optical mark page reader. 



Operator procedures for various stop conditions are: 

Indication Cause Restart Procedure Indication Cause Restart Procedure 
Feed Check Document 1. Press STOP. System Stopped Processing If the processing unit halt con-Light Misfeed 2. Clear document (if Light Unit jis in a dition is not caused by the 

necessary). halt 1231, no 1231 action is re-
a. Place document(s) to be condition quired. If operating in contin-

reprocessed on top of uous feed mode and if REFEED 

documents in hopper. If SEL DOC is also lit, the last 
jammed document had document read must be re-
passed read head it need processed. In this case: 
not be reprocessed. 1. Press STOP. 

4. Press RESET. 2. Remove the top document 
15. Press START from the select stacker and 

place it on top of the docu-
ments in the hopper. 

3 .. Press RESET. 

Feed Check Empty 1231 1. Refill hopper. 4 .. Press START. 

Light hopper 2. Press RESET. 

a. Press START. 
Process Check Parity error 1. Place last data sheet in 
Light (1231) detected. normal stacker back on top 

The error of documents in hopper. 
maybe 2 .. Press RESET. If PROCESS 
caused by a CHECK does not tum out, 

Feed Check Full Stacker 1. Empty stacker. slow- the program control sheet 
Light 1231 2. Press RESET. 

starting must be reloaded and the 
clock in the procedure under 1231 Set-a. Press START. computer, a up must be followed. 
timing-mark 3 .. Press START. 
check, or a 
failur4;) of 

Feed Check More than 1. Press RESET and STOP. Hold 
data to load 
into 1231 

Light one data both keys pressed until storage. 
sheet fed double-feed documents 

have been completely run 
Process Check Parity error Similar to procedure under out. 

0 Place documents to be re-
Light ( 1231 ) detected Process Check Light 1231 

~,. With Refeed too late to except that two documents are 
processed on top of docu- Sel Doc Light stop the reprocessed; one from the 
ments in 1231 hopper. signal to normal stacker and one from 

~t Press RESET to raise hopper feed the the select stacker. 
platform. next 

4L Press START. document. 
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IBM 1285 Optical Reader 

The IBM 1285 Optical Reader, Model 1 (Figure 102), 
serves as an input device for IBM 1401, 1440, 1460, and 
System/360 Model 30 Data Processing Systems. The 
1285 reads printed paper tapes such as those produced 
on cash registers and adding machines. Using ad­
vanced optical-recognition techniques to read directly 
from the source document of many business trans­
actions, the 1285 eliminates the time, expense, and 
errors inherent in a system that requires information to 
be manually punched into cards before being entered 
into the system. 

Features 

The ability to bring the flexibility of stored-program 
processing all the way to the source document means 
corresponding flexibility in the types of data that can 
be handled. In most applications, each entry consists of 
two types of data. The first is descriptive, consisting 
of an identifying field such as an item or invoice num­
ber. The second type is quantitative, indicating the 
count or amount associated with the descriptive field. 

These individual entries are then frequently grouped 
under a higher level of descriptive information, such 
as an account number. When this is the case, a total 
line can be printed for the quantitative field. Even 

Figure 102. ruM 1285 Optical Reader 

120 ruM 1401 Operator's Guide 

higher levels of groupings can be present, indicating 
such information as teller number or department and 
then, above this level, a field indicating the specific 
branch office or store that provided the tape. 

These higher levels of descriptive or control fields 
are not necessarily read from the tape. A keyboard 
provides means for the operator to enter such control 
data for a specific group of tapes. 

The steps taken to process the information, from the 
initial reading of the tape to the final reports or bills 
printed from the updated files, are also widely diverse. 
The steps taken depend on many factors such as the 
specific job, the size of the data processing system, and 
the type of file-storage media (that is: card, magnetic 
tape, magnetic disk). A typical sequence of steps is as 
follows: 

1. Read the printed tape, and write magnetic tape 
records consisting of entries in certain control 
groups. (This magnetic tape is called the detail 
tape.) 

2. Process the detail tape with an audit program (see 
Reject Correction). 

3. Sort the detail tape into the same sequence as the 
master tape. 

4. Process the detail tape against the master-file tape 
to produce the desired output. 

Two or three of these steps often can be performed 
in one system run. In fact, in some cases that do not 
require sorting (input is either in same sequence as 
the master file, or the master file is processed in random 
sequence) the entire job can be performed in one run. 

Character Recognition 

The IBM 1285 Optical Reader, Modell, uses a new 
character-recognition technique with an electronic fly­
ing spot scanner. The principal component of this read­
ing mechanism is a cathode ray tube. An electronic 
beam in this tube scans the document through a scan 
window and, in a 3-step operation, generates signals 
that allow the interpretation of the character. The three 
steps in this scan operation are: 

1. Locating the print line. 

2. Determining the position of a character, and defin­
ing its upper, lower, left, and right extremes. This is 
called the normalizing scan. 



3. Scanning the character to determine the presence 
of predetermined characteristics relative to the 
above extremes. This is called the recognition scan. 

Locating the Print Line 

A portion of the printed tape is exposed to the scanner 
through a window. As the tape moves across the win­
dow, either during the initial load or between subse­
quent frames, the scanner detects the first line of print 
that enters the window and tracks it as it moves to the 
top of the window. When that first line reaches the top 
of the window, the transport mechanism stops. The low­
order or right-hand print position is the one scanned 
to position the tape during the transport operation. 

Once the tape is positioned to read a line, it remains 
stationary until all lines in the window are read. The 
number of lines in the window at a given setting (re­
ferred to as a frame) varies, depending on vertical line 
spacing. J[n practice, this is usually a fixed number with 
constant spacing between lines and, therefore, a con­
stant number of lines in a frame. However, there is no 
maximum limit to the space that can be left between 
lines except as determined by the allowable roll size, 
and there is no requirement that constant spacing be 
maintained. 

When the scanner is searching for the first line of a 
new frame, the paper continues to be transported until 
the scanner detects a low-order character and tracks it 
to the top of the window. The line is then read, from 
low-order to high-order (right to left) for its full length. 
After reading a line, the scanner moves down the low­
order print position, searching for another line. If there 
is another line in the window, it is read at the next read 
command. If not, the transport is started to bring in a 
new frame. 

Normali:dng Scan 

The first step in reading a character is to normalize (de­
termine exactly the position of the character, by defin­
ing its upper, lower, left, and right extremes). Scanning 
starts with a search pattern that "looks" for a character 
on the tape. The flying spot sweeps the tape in an area 
determined by the position of the low-order character 
in the line. As the flying spot scans a character, voltages -
are stored that co:rrespond to the top, bottom, left, and 
right extremes of the character. At this point, the nor­
malizing pattern :is stopped, and signals are generated 
in the beam-control logic to cause the spot to begin 
the recognition scan. 

Recogni,tion Scan 

With the voltages stored by the normalizing operation, 
the flying spot is made to perform a series of scans 

that have a precise relationship to the physical dimen­
sions of the character. The number of scans and the 
exact path of each scan depends on which character 
font is being read. 

Each time the spot crosses a segment of the char­
acter, a signal is sent to the recognition-logic circuitry 
of the 1285. Each character in the set can be uniquely 
defined by the logical combination of these crossover 
points. 

A read operation is completed without a reject indi­
cation when one and only one character logic state­
ment is satisfied for each character in the line. In the 
event that either no statement or more than one state­
ment is satisfied by a character (after an automatic 
rescan), it is considered a reject and handled as deter­
mined by the setting of the correction mode switch. 

Reiect Correction 

A key on the operator's panel selects one of two pro­
cedures to follow in the event of a rejected character. 
When in the off-line mode of reject correction, the 1285 
automatically inserts the special character @ (C-8-4-
bits) in place of a rejected character. When the read 
operation is completed, an indicator is set that can 
direct the program to a correction routine or to a rou­
tine that flags the line for correction during a subse­
quent processing run. There are various ways of pro­
gramming a reject-correction routine. The method used 
depends on several factors concerning the specific ap­
plication. Common techniques for performing reject 
correction include the use of special check codes for 
descriptive fields and frequent total lines (or subtotals) 
for quantitative fields. These can be used by the rou­
tine to regenerate the rejected. character. 

When in the on-line mode of reject correction, the 
1285 automatically stops and displays the rejected 
character on the cathode-ray tube (CRT) display unit 
as it appears on the tape. The operator examines the 
character and either corrects or rejects it. If the oper­
ator recognizes the character, he presses the corre­
sponding key on the keyboard and then presses the 
enter key. The read operation is then completed. If 
the operator does not recognize the displayed charac­
ter he can press the reject key and then the enter key to 
replace the reject character with the reject symbol (@). 
The read operation is then completed. 

Reject Line Marker 

Anytime that a reject symbol (@) is inserted in place 
of an unreadable character, the tape moves until the 
line containing the character is at the top line position 
in the window. The tape is then marked by a dot about 
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Ye" in diameter. This dot is on the printed side of the 
tape, near the edge, on the line containing the rejected 
character. The dot is plainly visible to an operator for 
off-line correction (key punching) purposes. 

The tape is not marked when a character is cor­
rected by the operator at the keyboard. However, an 
instruction is provided that makes it possible to mark 
a line under program control as well as the automatic 
marking of all lines with rejected characters. For ex­
ample, if a program-produced total did not agree with 
a total line read from the tape, that line could be 
moved to the top of the window and marked for sub­
sequent inspection. 

Input Document Considerations 

Readable Character Fonts 

The reading technique employed in the IBM 1285 Op­
tical Reader, Model 1, makes it possible to recognize 
more than one type style. Every 1285 contains the 
circuitry required to read the IDM 1428 type font. As a 
special feature the logic and control circuitry can be 
expanded to read the numeric optical-recognition font 
developed by the National Cash Register Company 
(NCR). This facility is an advantage of cathode ray 
tube scanning and the solid logic technology used by 
the 1285. The IDM 1428 font and the NCR font cannot 
be intermixed. 

The IDM 1285 Optical Reader Model 1 can accept 
input from various printing devices. Some existing 
printers require no modification to produce acceptable 
tapes. Others require only that the typewheels be 
changed to a character style or font that is recognized 
by the 1285. 

IBM 1428 Character Font 

Every IBM 1285 can recognize the character set shown 
in Figure 103 when printed in the character font used 
with the IDM 1428 Alphameric Optical Reader. The 

], 2 3 ~ 5 b 7 lLq [] T 

]'23(Sb78.Q[]N 

], 2 3 L; 5 b 7 8.Cf [] C 

], 2 3 L; 5 b 7 8.Cf [] S 

], 2 3 L; 5 b 7 8 .Cf 0 Z 

], 2 3 L; 5 b 7 6.Cf [] X 

], 2 3 i; 5 b 7 6.Q 0 I 

Figure 103. IBM 1428 Character Font 
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character centerline dimensions of this type style are 
.060" in width, .090" in height, and the characters are 
spaced ten or fewer per inch. 

The setting of the numeric format switch specifies 
that the character in the low-order print position is 
either always numeric or always alphabetic. In the 
alphabetic mode, if an alphabetic character is not used, 
then a special symbol (+) must be printed in the low­
order position. This character, though recognized, is 
not read into core storage. It is used by the reader to 
define the location of a print line. In the numeric mode, 
one of the digits 0-9 must appear in the low-order 
position. 

Note. When alphabetic characters are intermixed with the 
symbol, the second character in the print line (the first numeric 
character) will be either: 

1. In the core-storage position specified by the B-address, if the 
first character is + . 

2. In core-storage position B-1, if the first character is alpha­
betic. 

NCR Optical Character Recognition Font 

Printing devices already equipped with the optical 
character recognition font developed by the National 
Cash Register Company (NCR) can be used to pro­
duce input to the IBM 1285 Optical Reader. With the 
optional font special feature, the 1285 can read the 
character set shown in Figure 104. The centerline di­
mensions of this font are .030" to .060" in width, .129" 
in height, and the characters are horizontally spaced 
ten or fewer per inch. 

The character set recognizable in the NCR font con­
sists of the digits 0 through 9, and six special symbols 
including the alternate styles of the single-print-posi­
tion integers 10 and 11. The reference mark normally 
used in the low-order print position should be removed 
from the printing device. If printed, these reference 
marks must be blanked using the format-blank knobs. 

The NCR font cannot be intermixed with any other 
font. There are no restrictions as to where in the print 
line the NCR special symbols can be used. 

1 2 a q 5 b 1 8.9 0 'II 
1 2 a q 5 b 1 8. 9 0 ~ 

1 2 J ~ S b I 8.9 0 d 
1 2 J q Sol 8.9 0 a 
12 J QS 018.9 om 
1 2 J q S b 1 8.9 0 P 
Printed by permission of National Cash Register Company. 

Figure 104. NCR Optical Character Recognition Font 



Commas and Decimals 

All decimal points and commas must be no larger than 
.030" in their printed horizontal dimension, and .040" 
in their vertical dimension. A space of .020" must exist 
between every part of any two adjacent characters, 
decimals., or commas. The decimal defined in the NCR 
font is small enough (.015" diameter) to be satisfactory. 
However, when the IBM 1428 font is used, decimals 
and commas must be smaller than those defined for 
the font (.020" wide and .045" high). 

Size of Roll 

The 1285 can read printed paper rolls with the fol­
lowing dimensions: 

Width: l~t to 3~" (roll width must be uniform 
within ,,015"). 

Length;, 36" to 200' 

Outside diameter: 4~" maximum 

Center hole diameter: ~"minimum 

Paper 

The paper used must meet the following requirements: 

Basis weight: 10 to 20 pound (weight of 500 17" x 22" sheets). 

Thickness: .0020" to .0045". 

Reflectance: The paper must be white enough to reflect at 
least 55% as much light as would be reflected from a surface 
of magnesium oxide (commonly used as a standard of white­
ness). Marks or imperfections are allowed as long as they do 
not cause the reflectance from a .006" diameter area to vary 
more than 15% from the background reflectance of the paper. 
These percentages are given as those allowable when meas­
ured by using the 1285 reading system. 

Print Q,~ality 

The quality of printing produced by devices that pre­
pare rolls for the 1285 depends on: 

1. The adjustment and maintenance condition of the 
printer. 

2. The condition of the ribbon. 

3. The paper used. 

The operator of the printing device must be able to 
recognize when his output is approaching marginal 
quality, and must take immediate steps to correct it., 
The correction usually means simply changing the rib­
bon. Selection of the proper ribbon is an essential fac­
tor in obtaining satisfactory print quality. The selection 
should be based on the quality of the base fabric and 
the type and quantity of ink. 

:-Averoge edge lines are depicted 
! by dotted lines. Note that It 

follows the Intended outline of 
th,e shape and not the peaks and 
volleys. 

..r:::::!f,----- Volley 

Figure 105. Average Edge 

Character-Stroke Width 

When viewed through a magnifier, the character stroke 
of ribbon printing appears ragged and lacks sharpness 
of edge definition. The stroke-width requirements out­
lined in this section are given as the distances between 
average edges of character strokes. The average edge 
of a character stroke is defined as an imaginary line 
drawn through the peaks and valleys of the printed 
edge. This is illustrated in Figure 105. This average­
edge line averages out the peaks and valleys (Within 
certain limitations given in this section) to show the 
intended shape of the character. In fact, although 
imaginary, this average-edge line is closely analogous 
to the line actually read by the 1285, in that it does 
actually see and ignore extraneous bulges and voids on 
the edge of a character (again, within the limitations 
given in this section). The direction of the line at a 
given point is determined by the average peaks and 
valleys along a .025" increment of the character stroke. 
If the width of a line is relatively uniform, then the 
average edges representing each side of the line are 
parallel. If the line appears tapered, then the average­
edge lines are tapered and not parallel. 

Based on this definition, the minimum and maximum 
dimensions in Figure 106 are: 

A-Average stroke width: .008"-.020". 

B-Maximum height of peaks in excess of average width: 
.008". 
This applies to two peaks directly opposite each other 
on the two edges of a stroke. 

C-Minimum depth of valleys less than average width: .008". 
This applies to two valleys directly opposite each other 
on the two edges of a stroke" D is an exception to this 
allowance. 

D-Minimum actual width of a stroke at a point: .006". 

E-Minimum distance between actual edges of different 
strokes: .004". 
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A 

Figure 106. Stroke Width 

Reflectance 

The light reflected from a printed character must be 
less than 50% as much as that reflected from the sur­
rounding background paper. This reflectance must not 
vary more than 20% in .025" increments of stroke 
length. These percentages are given as those allowable 
when measured by using the 1285 reading system. 

Ink: Voids and Splatter 

V oids (blank areas within a printed character stroke) 
are allowed to the extent that they do not violate the 
character-reflectance requirements. Extraneous ink 
spots cause no problem as long as they are at least 
.004" from a character edge and small enough to fit 
the requirements of background paper reflectance. 

Print Registration 

The reading band for a printed line is established rela­
tive to the character in the low-order print position. 
With this character as center, the band extends across 
the tape in a line perpendicular to the right edge. The 
height of the reading band for a specific character font 
is equal to the character height of the font plus 40%. 
All characters in the line must be entirely within this 
band. Character skew (the angle between the vertical 
center-line of a character and the right edge of the 
paper) must not exceed two degrees. 

Print Format 

The scan technique in the 1285 allows considerable 
flexibility of print format. However, certain limiting 
conditions must be met regarding the position of 
printed lines, spacing, and the use of special characters. 
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Printing Position 

Distance from End of Tape. There must be at least 
10" but not more than 24" of unprinted tape at either 
end of the roll. 

Distance from Edge of Tape. No part of a character 
may be within .1" of either edge of the tape. The en­
tire low-order character in a line to be read must be 
within .3" of the right edge of the tape. If a line is not 
to be read, the low-order character must be at least 
.5" from the edge. 

Character Spacing 

There must be at least .020" between every part of two 
adjacent characters. There must not be more than ten 
characters per inch. A blank space of .200" or greater 
(about two character widths) between two characters 
in a print line is always transferred into core storage 
as a single blank character (C-bit). A space of .150" 
or less is never interpreted as a blank. 

Line Spacing 

Printed lines must be separated by a continuous, clear 
band at least .050" high. There is no maximum limit 
to the space that can be left between lines. 

Blanked Fields 

A single vertical strip can be blanked out of the scan 
area by using the two format-blank knobs on the dis­
play panel. The strip can be anywhere on the tape. 
At least one blank character position must separate 
characters that are to be read from those within the 
blanked vertical strip. 

Splices 

The 1285 can read paper rolls up to 200 feet long. For 
maximum efficiency, short rolls should be spliced to­
gether to form a continuous tape as close to 200 feet 
long as possible. This minimizes the number of times 
the reader must be stopped for a new roll. Those rolls 
that require header information are not spliced to the 
end of another tape since header information can be 
keyed in only when a tape is initially loaded. 

Splices must meet the following specifications: 

1. Splices must be butt splices (not overlapped) and 
there may be no more than .025" between the paper 
ends. 

2. Splicing tape must be pressure sensitive, transpar­
ent tape. It is used only on one side of the paper. 



Figure 10'7. IBM 1285 Supply Spindle 

3. The splicing tape must be within .250" of each edge 
and must not extend beyond the edge. 

4. Total thickness of the splice must not exceed .010." 

5. Two tapes that are spliced together must be the 
same width and their edges must be in alignment 
within .032" in 12 inches. 

6. No part of a printed character can occur within 4" 
of any part of a splice, including the splicing tape. 

Mechanical Characteristics 
The printed paper is transported from the supply spin­
dle across the sCEm window by a flat, high-friction belt. 
Small holes in the belt and a vacuum chamber below 
the scan stati~m enable atmospheric pressure to keep 
the paper tight against the belt. 

The supply spindle can accommodate a maximum 
tape length of about 200 feet. The diameter of the 
input roll (Figure 107) should not be more than 4~ 
inches. After passing the sean window, the paper is 
wound into a tight, easily handled roll by the powered 
take-up spindle (Figure 108). 

Loading the Joulrnal Tape 

The 1285 is designed for quick, easy loading of the 
journal tape. A self-threading mechanism enables an 
operator to load a new tape in about ten seconds. To 
load a tape, follow these steps: 

1. Close the tape guides at the take-up spindle. Figure 108. Take-Up Spindle 
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2. Place the tape on the input (right-hand) spindle 
so that the print face is up when the paper is ex­
tended to the transport area. 

3. Insert the end of the tape approximately two inches 
into the opening of the transport area. 

4. Press the Load key. 

The tape is caught by the first powered feed roller 
and fed through the transport mechanism. Two spring. 
loaded guides direct the paper around the take-up 
spindle. A vacuum holds the tape to the spindle. After 
two turns of the tape around the spindle, the guides 
withdraw. 

NOTE: The tape-threading process may not be completed 
until after several read instructions, depending on the length 
of tape preceding the first print line. The initial loading opera· 
tion moves the tape to this first line. The threading process is 
complete when the tape is drawn around the take-up spindle 
and the guides withdraw. 

IBM 1285 Operating Keys and Lights 

Figure 109 illustrates the operating controls next to the 
keyboard. 

Reader On Key 

Pressing this key turns on the de power throughout 
the reader, and starts the scanning mechanism. 

Reader Off Key 

Pressing this key turns the de power off in the reader. 
Wait at least five seconds after turning this switch off 

before turning the master power switch off. (The 
master power switch is under the operator's table on 
the front panel.) 

Reset Key 

This key is used to reset the transport-check indicator. 

Off·Line Correction Key 

This illuminated key is set or reset when pressed. 
When lit, the reject symbol @ is automatically sub­
stituted for unrecognizable characters. When off, un­
recognizable characters are displayed on the CRT unit 
for operator correction. 

Numeric Format Key 

This illuminated key is set or reset when pressed. It 
is used only when reading the IBM 1428 character font. 
When lit, the 1285 is set to read tapes with only nu­
meric characters in the low-order print position. When 
off, the low-order character in each line in the 1428 
font must be either an alphabetic or the special sym­
bol+. 

Optional Font Key 

This illuminated key is present if the machine has the 
optional-font special feature. It is set or reset when 
pressed. When off, the reader is set to read the stand­
ard IBM 1428 character font. When on, it is set to read 
the optional font. 

a a a a 
OFF LINE OPTIONAL NUMERIC FORMAT 

NON 

~ PROCESS 
ON CORRECTION FONT FORMAT BLANK 

RUNOUT 

B B B G 

Figure 109. IBM 1285 Control Keys and Lights 
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Format Blank Key 

This illuminated key is set or reset when pressed. 
When lit, the format blank feature is in operation. 
When oJ!, the fonnat blank feature is not in operation, 
regardless of the setting of the format blank knobs on 
the displlay panel. 

Load Key 

With the READER ON light 011, pressing this key causes 
the transport mechanism to feed a tape onto the output 
spindle and position the first print line at the top of the 
scan window. When the tape is successfully loaded, the 
reader-ready indicator is turned on, the ENTER light is 
turned on, and the first print line is displayed in the 
display tube. 

Start Ke)1 

With the ENTER light on, pressing this key turns the 
. ready-to-read-a-line indicator on, and allows the pro­
gram to read from the tape. 

Stop Key 

Pressing this key stops the reader (at the completion 
of the read operation, if there is one in process) and 
displays. the next print line. 

Non-Pro1cess Run-Out Key 

When pressed, this key turns the reader-ready indi­
cator off and feeds tape through the transport mecha­
nism. The tape is not read and the end-of-file indicator 
is not turned on by the end of the tape. 

End-of-File Key 

Pressing this key runs the trailing end of the tape 
through the transport mechanism, and turns the end­
of-file indicator on. 

CPU Light 

This light turns on whenever the central processing 
unit is stopped. 

Interlock Light 

This light turns on if any of the interlocks are not 
closed. The start key is inoperative as long as this light 
is on. 

Transpo.rt Light 

This light turns on and the reader-ready indicator is 
turned off if any condition occurs in the transport 

mechanism that requires operator intervention. When 
the end of the tape is sensed, this light comes on, sig­
nalling the operator to press the end-of-file key. 

Skew Light 

This light turns on, the error indicator is turned on 
and the ready-to-read-a-line indicator is turned off, if 
a character is detected that overlaps one of the format­
blank margins. The print line is displayed, allowing the 
operator to adjust the format blank knob to correct 
the margins. 

Enter Light 

This light turns on when the tape is loaded, and re­
mains on until the start key is pressed. It indicates 
header information can be entered from the keyboard. 

Reject Light 

This light comes on each time a reject character is dis­
played in the display tube. It turns off when the char­
acter is keyed in with the enter key on the keyboard. 

IBM J 285 Keyboard 
The keyboard is shown in Figure 110. It is used for two 
distinct functions: 

1. Keying in header information before beginning to 
read a roll. 

2. Keying in characters when on-line reject correction 
is performed. 

N 

I 
s I~ 

x 
I 

7 8 

I J 
z 

I 
4 5 

I l 
f 

I 
2 r~ 

o 

Figure 110. IBM 1285 Keyboard 

I·EJECT I 

I CANCEL I 

ENTER 
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The keyboard includes keys for each of the ten digits 
and the six special characters. In addition to these, the 
following keys are provided. 

Reject Key 

Pressing this key (then the enter key) enters a reject 
symbol (@ ) in core storage in place of the rejected 
character. 

Cancel Key 

If the wrong key is pressed, the character can be 
cleared by pressing this key instead of the enter key. 
The correct character can then be keyed in. 

Enter Key 

All characters entered from the keyboard are trans­
ferred only after pressing this key. This includes header 
information as well as rejected characters. If the reader 
displays a mark as a rejected character, the cancel key, 
followed by the enter key, is used to resume reading 
without entering any character or reject symbol. Either 
a character key, the reject key, or the cancel key must 
be pressed for the enter key to be effective. 

IBM J 285 Display Panel 

Figure III illustrates the display panel above the read 
area on the 1285. The display tube is used to: 

1. Display a full print line, after pressing the load key 
or the stop key. This facilitates alignment of the scan 
area when the position and format knobs are used. 

2. Display rejected characters when performing on­
line reject correction. 

There are five knobs under the display tube. This 
section describes the function of each. 

Intensity 

This knob increases or decreases the intensity of the 
display tube. 
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Focus 

This knob focuses the display tube. 

Position 

This knob positions the displayed character or line in 
the display tube. 

Format A and Format B 

These knobs are used when it is necessary to blank out 
a vertical strip on the tape. The strip being blanked 
can be seen in the display tube when displaying a full 
line. The format-A knob establishes the left edge of 
the vertical strip. The format-B knob adjusts the right 
edge. 

Meter Switch, IBM 1285 

If the use-meter switch is not set to ON before an in­
struction calls on this unit, the system interlocks. 

Meter Time, IBM 1285 

The meter starts when the first program instruction 
selects the 1285. 

INTENSITY fOCUS POSITION ,., .'1 Itt 
Figure 111. Display Panel 



Also refer to the sections of this manual concerning the 
I/O unUs attached to your system. 

Turning the System' On 

1. Set the 1401 mode switch to ALTER. When the power 
is turned ON with the mode switch at this setting: 
a. Information in core storage is retained. 
b. A series of relays is used to prevent blown fuses. 

If power is turned ON repeatedly with the mode 
switch set at RUN, some fuses will eventually be 
bllOwn (especially in the 1403). 

2. Hold the POWER ON key pressed until the lights on 
the console flicker. Then release it. Processing may 
start immediately, unless the system includes an 
IBM 1405 Disk Storage, which requires about two 
minut~s warm-up time. 

The blowers in the 1401 and 1403 start operating, 
and these lights should be ON: 

• POWER on 1402 
• PRlNT READY on 1403 
• POWER ON and READY on 1405 

3. If the power does not come ON after steps 1 and 2, 
the EMERGENCY OFF switch has probably been 
pulled. Call an IBM customer engineer to reset it. 

4. Turn the mode switch to RUN to permit processing. 

TurninSI the System Off 

1. Run any cards out of the 1402, by pressing both 
NON PROC RUN OUT keys, and then press CHECK RESET 

on the 1402. 

2. Set the 1401 mode switch to ALTER. When the power 
is turned OFF with the mode switch at this setting: 
a. Information is retained in core storage until the 

plOwer is turned ON again. 
b. A. series of relays is used to prevent blown fuses. 

If power is turned OFF repeatedly with the mode 
switch left at RUN, some fuses will eventually be 
blown (especially in the 1403). 

3. Unload tape from all tape units that were used. 

4. Press POWER OFF on the 1401 console. This turns 
OFF the main power supply for the entire system. 

System Operations 

Loading a Program from Cards 

After power has been turned ON for the system, set up 
the various units of the system as follows: 

1. Set the switches on the 1401 console. 
a. Mode switch to RUN. 

b. The r/o CHECK STOP switch ON (up), unless input/ 
output checking is to be performed by program. 
ming and the operating instructions specify that 
the switch is to be set OFF'. 

c. Sense switches as specified in the operating in, 
structions. Sense switch A must be set ON (up) if 
last-card detection is required by the program. 

d. Tape select switch to N (normal). 

2. Set the switches on the 1401 auxiliary console. 
a. The CHECK STOP switch ON (up), unless the op­

erating instructions specify that it is to be set OFF. 

b. Auxiliary mode switch OF'F. 

c. The DISK WRITE switch ON (up) when data is to 
be written on disk records. If data must not be 
written on disk, set this switch OFF. This setting is 
used primarily in debugging operations when 
good records must not be destroyed. 

d. The TAPE DENSITY switch as specified in the op­
erating instructions, if an IBM 729-V Magnetic 
Tape Unit is used. 

3. Check the 1403. 
a. The PRINT READY light should be ON. 

b. If any other lights are ON, press CHECK RESET on 
the 1403. If any lights remain ON, follow the pro­
cedure required for the particular light (see IBM 

1403 Printer: Lights). 

c. Insert the proper forms and carriage tape. 
d. Press CARRIAGE RESTORE and engage the carriage. 

4. If tape records are to be processed, set up the tape 
unit(s). 
a. Mount the tapes and set the address selection 

dials as specified in the operating instructions. 
b. Check the density lights to make sure each tape 

unit is set for the density specified in the operat­
ing instructions. If the density setting must be 
changed, press CHANGE DENSITY on the 729, or 
turn the density switch on the 7330. 
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c. Check the FILE PROTECI' lights. They should be 
ON when records are to be read from tape, and 
OFF when records are to be written on tape. If this 
is not the case, demount the tape reel and check 
the file-protection ring. 

d. Press RESET, LOAD REWIND on the 729 (or low 
SPD REWIND on the 7330), and START on each tape 
unit. The READY light should be ON. 

5. Set up the 1402. 
a. The POWER light should be ON. 

b. Press both READER ON and PUNCH ON. 

c. Press both NON PROC RUN OUT keys. 
d. Press CHECK RESET on the 1402. 
e. If any error-indication lights are ON, follow the 

procedure required to turn OFF the particular 
light (see IBM 1402 Card Read-Punch: Lights). 

f. If cards are to be punched, place blank cards in 
the punch-feed hopper (face down, 12-edge first). 

g. Place the program cards, followed by data cards 
if any, in the reader file feed (face down, 9-edge 
first). If the card deck is small enough to permit 
it, place the deck directly in the card hopper. 

6. Press CHECK RESET and START RESET on the 1401 
console. 

7. Press CHECK RESET and LOAD on the 1402. The pro­
gram is loaded, and processing of data starts auto­
matically. 

8. If a STOP key is pressed at any time while the pro­
gram is being loaded, press START (not LOAD) to 
continue the loading operation. 

Loading a Program from Tape 

After power has been turned ON for the system, set up 
the various units of the system as follows: 

1. Set the switches on the 1401 console. 
a. Mode switch to RUN. 

b. The r/o CHECK STOP switch ON (up), unless input/ 
output checking is to be performed by program­
ming and the operating instructions specify that 
the switch is to be set OFF. 

c. Sense switches as specified in the operating in­
structions. Sense switch A must be set ON (up) if 
last-card detection is required by the program. 

d. Tape select switch to N (normal). 

2. Set the switches on the 1401 auxiliary console. 
a. The CHECK STOP switch ON (up), unless the oper­

ating instructions specify that it is to be set OFF. 
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b. Auxiliary mode switch OFF. 

c. The DISK WRITE switch ON (up) when data is to 
be written on disk records. If data must not be 
written on disk, set this switch OFF. This setting 
is used primarily in debugging operations when 
good records must not be destroyed. 

d. The TAPE DENSITY switch as specified in the op­
erating instructions, if an IBM 729-V Magnetic 
Tape Unit is used. 

3. Check the 1403. 

a. The PRINT READY light should be ON. 

b. If any other lights are ON, press CHECK RESET on 
the 1403. If any lights remain ON, follow the pro­
cedure required for the particular light (see mM 

1403 Printer: Lights). 

c. Insert the proper forms and carriage tape. 

d. Press CARRIAGE RESTORE and engage the carriage. 

4. If cards are to be processed, set up the 1402. 

a. The POWER light should be ON. 

b. Press READER ON and PUNCH ON. 

c. Press both NON PROC RUN OUT keys. 

d. Press CHECK RESET on the 1402. 

e. If any error-indication lights are ON, follow the 
procedure required to tum OFF the particular 
light (see IBM 1402 Card Read-Punch: Lights). 

f. If cards are to be punched, place blank cards in 
the punch-feed hopper (face down, 12-edge first). 

g. If cards are to be read, place them in the reader 
file feed (face down, 9-edge first). 

5. Set up the tape unit(s). 
a. Mount the program tape, and set the address se­

lection dial of that unit to 1. 
b. Mount any other tapes that are required, and set 

the address selection dials as specified in the op­
erating instructions. 

c. Check the density lights to make sure each tape 
unit is set for the density specified in the operat­
ing instructions. If the density setting must be 
changed, press CHANGE DENSITY on the 729, or 
turn the density switch on the 7330. 

d. Check the FILE PROTECI' lights. They should be 
ON when records are to be read from tape, and 
OFF when records are to be written on tape. If 
this is not the case, demount the tape reel and 
check the file-protection ring. 

e. Press RESET, LOAD REWIND on the 729 (or LOW SPD 

REWIND on the 7330), and START on each tape unit. 
The READY light should be ON. 



6. Press START RESET and TAPE LOAD on the 1401 con­
sole. The program is loaded, and processing of data 
starts automatically. 

7. If a STOP key is pressed at any time while the pro­
gram is being loaded, press START (not TAPE LOAD) 

to continue the loading operation. 

Printing Out Core Storage (Program Control) 

Portions of core storage can be printed out by using 
switches on the 1401 console and auxiliary console 
(see IBM 1401 Processing Unit: Printing Out an Area 
of Core Storage), or by using a program written spe­
cifically for that purpose. The type of listing and the 
exact method for taking a core-storage print-out vary 
with the particular program that is used. However, 
the print-out programs usually provide a labeled list 
for easy reference, and they generally require these 
operations: 

1. Use the 1401 switches to print the first 200 positions, 
because the print-out program requires these posi­
tions. 
a. Set the 1401 mode swi.tch to STORAGE PRINT OUT. 

b. Set the 1401 auxiliary mode switch OFF. 

c. Set up storage address VOOxx in the MANUAL 

ADDRESS dials. 
d. Press START. The first 100 positions are printed. 

e. Set up storage address 01xx in the MANUAL 

ADDRESS dials. 
f. Press START. The second 100 positions are printed. 

2. Set the mode switch to RUN. 

3. Refer to the operating instructions for the program, 
and set the sense switches to regulate the number 
of positions to be printed. 

4. Load the print-out program (see System Opera­
tions: Loading a Program .from Cards). 

5. When printing stops, press the reader NON PROC 

RUN OUT and CHECK RESET keys on the 1402. 

Backspacing Tape 

Tape in any magnetic tape unit can be backspaced to 
the previous interrecord gap (IRG) by following this 
procedure: 

1. Stop systems operation. 

2. Set the tape select switch on the 1401 console to the 
number of the tape unit concerned. 

3. Press the BACKSPACE key on the 1401 console once. 

4. Set the tape select switch to N. 

5. Alter-in a restart address, if specified in the operat­
ing instructions. (See IBM 1401 Processing Unit: 
Altering an Address in an Address Register.) 

6. Press START. 
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Restart Procedures 

This section describes procedures that can be followed 
if processing stops and a light(s) on the card read­
punch or printer indicates an error condition in that 
unit. 

Card Read-Punch 
An error detected in a card in the read feed turns ON 

the READER CHECK, READER STOP, and/or VALIDITY light, 
depending on the type of error. 

An error detected in a card in the punch feed turns 
ON the PUNCH CHECK and/or PUNCH STOP light, depend­
ing on the type of error. If the punch-feed-read special 
feature is installed and a punch-feed-read operation 
has occurred, the procedure for restarting after either 
a PUNCH CHECK or PUNCH STOP signal differs from the 
restart procedure without this feature. Both procedures 
are described in the section for each light. If the punch­
feed-read special feature is installed and an error is 
detected at that station, the VALIDITY light turns ON. 

Reader Check Light 

When only this light is ON, the last card in the NR 
stacker caused the error signal and has not been 
processed. It should be re-fed. 

1. Remove cards from the read-feed hopper. 

2. Run out the two cards in the read feed, while hold­
ing the joggler gate open at about a 45° angle (to 
prevent feeding cards from the file feed). 

3. Press the CHECK RESET key on the 1402 to reset error 
indicators in the reader-punch. If the process-check 
light is also on, press the CHECK RESET key on the 
1401 also. 

4. Remove the last three cards from the NR stacker. 

5. Check the first card (of the three removed) and 
correct it, if necessary. If a hole-count error oc­
curred, a storage-scan operation can be used to 
determine the position in error (see Scanning Stor­
age). 

6. Place the three cards in the read-feed hopper, and 
replace the cards removed from the hopper in 
step 1. 

7. Press START to resume operation. 
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Reader Stop Light 

When only this light is ON, all cards in the stackers 
have been processed, and none should be re-fed. Also, 
in the case of a card jam, any cards in the read feed 
past the read station have been processed. 

1. Remove cards from the read-feed hopper. 

2. Remove any jammed cards from the read feed. 

3. Run out any undamaged cards, while holding the 
joggler gate open at approximately a 45° angle (to 
prevent feeding cards from the file feed). 

4. Press CHECK RESET on the 1402. 

5. Duplicate any damaged cards. 

6. Place in the read-feed hopper any cards that were 
in the read feed between the read check and read 
stations, and replace the cards removed from the 
hopper in step 1. 

7. Press START to resume operation. 

If any other light is ON with the READER STOP light, the 
last card in the NR stacker caused the error signal and 
has not been processed. It must be re-fed. (In the case 
of a card jam between the read station and the stacker, 
however, the cards must be examined to determine the 
last card correctly processed. All following cards must 
be re-fed.) 

1. Remove cards from the read-feed hopper. 

2. Remove any jammed cards from the read feed. 

3. Run out any undamaged cards, while holding the 
joggler gate open at approximately a 45° angle (to 
prevent feeding cards from the file feed). 

4. Press CHECK RESET on the 1402. 

5. Duplicate any damaged cards. 

6. Replace cards in the read-feed hopper in this order: 
a. The last card stacked in the NR pocket. 
b. The cards removed or run out from the read 

feed, in their original order. 
c. The cards removed from the hopper. 

7. Press START to resume operation. 



Validity Light 

When this light is ON and a feed cycle has occurred in 
the read feed, the last card in the NR stacker contains 
an invalid character. The last card has not been proc­
essed. To correct and refeed the error card, follow the 
procedure described for an error indicated by the 
READER CHECK light (except for the storage scan opera­
tion mentioned in step 5). 

Punch Feed Read 

When only the VALIDITY light is ON and a punch-feed­
read operation (special feature) has occurred in the 
punch feed, the card just read at the punch feed read 
station contains an invalid character. 

l. Remove cards from the punch-feed hopper. 

2. Run out the three cards in the punch feed. 

3. Press CHECK RESET on the 1402. 

4. Remove the last three cards from the NP stacker. 

5. Visually check the first of these three cards. It had 
been punched but not checked when the error oc­
curred. Replace this card in the stacker (after cor­
recting it, if necessary). 

6. Conect the validity error in the second card (the 
errOr card). 

7. Place the second and third cards in the punch-feed 
hopper, and replace the cards removed from the 
hopper (in step 1). 

8. Press START RESET on the 1401 console. 

9. Alter-in a restart address, to start processing at the 
program instruction that had previously caused the 
second card to be read by the punch-feed read 
brushes. (See Altering an Address in an Address 
Register.) 

10. Set the mode switch to RUN and press START to re·' 
sume operation. 

If both the VALIDITY and lPUNCH CHECK lights are ON, 

two or more error conditions have been detected in the 
punch feed. Follow the restart procedure described for 
an error indicated by the PUNCH CHECK light with a 
punch-feed-read operation. Correct the invalid charac·· 
ter in the card just read by the punch-feed read 
brushes (third card removed from the NP stacker in 
step 4 of the following Punch Check Light procedure). 

Punch Check Light 

If this light is ON, the error signal was caused by the 
last card in the NP stacker or by the card just punched. 
If the punch-feed-read special feature is not installed, 

follow these steps to correct the error and resume oper­
ations: 

l. Remove cards from the punch-feed hopper. 

2. Run out the three cards in the punch feed. 

3. Remove the last four cards from the NP stacker. 

4. Visually check the first of these four cards, and 
correct it if necessary. 

5. The second card was punched but not checked. Dis­
card it, because the same data is repunched on the 
run-in cycle when operation is restarted. 

If the B-light on the 1401 console is ON (indicating 
a B-register parity error), perform a storage scan 
operation starting at position 101 to determine and 
correct the position (101-180) that contains the 
parity error. (See Scanning Storage.) Note the 1-
address for restarting after the scan. 

6. The third and fourth cards are blank. 

7. Replace the cards removed from the punch-feed 
hopper (in step 1). 

8. To resume operation, press the 1402 check reset key 
and press START. The last punch cycle repeats and 
information in the punch storage area is repunched. 

Punch Feed Read 

When the PUNCH CHECK light is ON and a punch-feed­
read operation (special feature) has occurred, the last 
card in the NP stacker and the following cards should 
be reprocessed. Follow these steps to correct the error 
and resume operation: 

l. Remove cards from the punch-feed hopper. 

2. Run out the three cards in the punch feed. 

3. Press CHECK RESET on the 1402. 

4. Remove the last four cards from the NP stacker. 

5. Duplicate the prepunched data in the first two 
cards, into two blank cards. 

If the B-light on the 1401 console is ON (indicating 
a B-register parity error), perform a storage scan 
operation starting at position 101 to determine and 
correct the position (101-180) that contains the 
parity error. (See Scannl:ng Storage.) Note the 1-
address for restarting after the scan. 

6. Place the two duplicated cards and the third and 
fourth cards in the punch-feed hopper. Replace the 
cards removed from the hopper in step 1. 

7. Press START RESET on the 1401 console. 

8. Alter-in a restart address (see Altering an Address 
in an Address Register) to start processing at the 
program instruction that had previously caused the 
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first card to be read by the punch feed read brushes. 
(Reconstruct internal data, if necessary.) 

9. Set the mode switch to RUN and press START to re­
sume operation. 

Punch Stop Light 

When only this light is ON (and the punch-feed-read 
special feature is not installed), all cards in the stackers 
have been punched and checked. Also, in the case of a 
card jam, any cards in the punch feed past the punch 
check station have been punched and checked: The 
card between the punch and punch check stations may 
not have been punched correctly. This data is auto­
matically repunched when operation is restarted. 

1. Remove cards from the punch-feed hopper. 

2. Remove any jammed cards from the punch feed, 
and run out any undamaged cards. 

3. Press CHECK RESET on the 1402. 

4. Discard the last card punched, because the data will 
be repunched. 

5. Duplicate any damaged cards. 

6. Replace the cards removed from the punch-feed 
hopper in step 1. 

7. Press START to resume operation. 

If any other light is ON with the PUNCH STOP light, 
visually check the last card in the NP stacker and cor­
rect it if necessary. In the case of a card jam between 
the punch check station and the stacker, check the last 
card read by the punch check brushes and correct it if 
necessary. To resume operation after clearing any card 
jams, follow the procedure described for an error indi­
cated by the PUNCH CHECK light. 

Punch Feed Read 

When only the PUNCH STOP light is ON and a punch­
feed-read operation (special feature) has occurred, all 
cards in the punch feed between the hopper and the 
punch check station should be reprocessed. The cards 
in the stackers and the cards, if any, between the punch 
check station and the stackers have been punched and 
checked. Follow these steps to restart the operation: 

1. Remove cards from the punch-feed hopper. 

2. Remove any jammed cards from the punch feed, 
and run out any undamaged cards. 

3. Press CHECK RESET on the 1402. 

4. Duplicate, into a blank card(s), the prepunched 
data in the card (or cards, in the case of a card 
jam) that was between the punch and punch-check 
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stations when operation stopped. This card was 
punched but not checked, and it must be reproc­
essed. 

5. Place the duplicated card(s) and all following cards 
removed from the punch feed (between the hopper 
and the punch station) in the punch-feed hopper in 
their original sequence (after duplicating damaged 
cards, if any). 

6. Replace the cards removed from the hopper (in 
step 1). 

7. Press START RESET on the 1401 console. 
8. Alter-in a restart address (see Altering an Address in 

an Address Register) to start processing at the pro­
gram instruction that had previously caused the 
first card (duplicated in step 4) to be read by the 
punch-feed read brushes. (Reconstruct internal data, 
if necessary.) 

9. Set the mode switch to RUN and press START to re­
sume operation. 

If any other light is ON with the PUNCH STOP light 
and a punch-feed-read operation has occurred, two or 
more error conditions have been detected in the punch 
feed. To resume operation after clearing any card 
jams, follow the procedure described for an error indi­
cated by the PUNCH CHECK light with a punch-feed­
read operation. If cards have jammed between the 
punch check station and the stacker, the last card read 
by the punch check brushes should be the first card 
reprocessed. Duplicate the prepunched data in that 
card into a blank card. Also duplicate, into blank cards, 
the prepunched data in all following cards that have 
passed the punch station. Place the duplicated cards, 
and the following cards that were removed from the 
punch feed, in the punch-feed hopper in their original 
sequence. 

Printer 
Various conditions of continuous forms in the IBM 

1403 Printer (such as an end-of-forms condition, or 
forms that have separated or come off the forms trac­
tors) turn ON the END OF FORMS or FORMS CHECK light 
(see IBM 1403 Printer: Lights). After the forms are 
properly repositioned, the 1403 check reset key must 
be pressed to turn OFF the light. 

An e:rror condition in a 1403 printing operation turns 
ON the SYNC CHECK or PRINT CHECK light, depending on 
the type of error. The SYNC CHECK light turns ON if the 
print chain is out of synchronism with the printer cir­
cuitry in the 1401 at any time during the print opera­
tion. The timing is corrected automatically, and this 
error light can be turned OFF by pressing the 1403 
check reset key. 



Print Check Light 

When this light is ON (and the print-storage special 
feature is not installed), a printing error was detected 
as the last line was printed. Follow this procedure to 
locate the error: 

1. Press CHECK RESET on the 1403 or I/O CHECK RESET 

on the 1401 auxiliary console. 

2. Perform a storage scan operation (starting at posi­
tion 201) to determine the print position(s) con­
taining the printing error. (See Scanning Storage.) 

3. When scanning stops at an error position, make a 
note of the address displayed in STORAGE ADDRESS 

and the character displayed in the B-register block. 

4. Check the printed line to determine whether the 
character was printed correctly. 

5. Repeat the scan operation (steps 2-4) until all print 
positions (201-332) are checked. 

6. If all positions were printed correctly: 

a. Press CHECK RESET on the 1403 or I/O CHECK RESET 

on the 1401 auxiliary clOnsole. 

b. Press START RESET on the 1401 console. 

c. Set the mode switch so that processing will stop 
after the next line prints. For this, set the switch 
to ADDRESS STOP and set up the proper stop ad­
dress (See Stopping at a Predetermined Address), 
or set the switch to I/EX and cycle through the 
next print operation. 

d. Check this printed line in the error positions 
found (in steps 2-5) for the previous line. This is 
necessary because the errors signaled for the pre­
vious line may have been detected after the print­
ing occurred and, in SQme cases, the same condi­
tion is not signaled a second time. If this line is 
correct, and no further error was detected, set the 
mode switch to RUN and press START. If this line 
contains errors, call the IBM customer engineer. 

7. If any of the positions (step 5) were printed incor­
rectly, try printing this same line of data again: 
a. Press CHECK RESET -on the 1403 or I/O CHECK RESET 

on the 1401 auxiliary console. 

b. Press START RESET on the l401 console. 

c. Set up the I-address of this same print instruc­
tion. 

d. Set the mode switch to I/EX and press START 

twice. 
e. Check the printing. If it is correct, set the mode 

switch to RUN and press START. If it is not correct, 
call the IBM customer engineer. 

Print Storage 

If the print-storage special feature is installed, either a 
printing error or a parity error was detected when the 
1403 PRINT CHECK light is ON. A parity error may have 
been detected when data was transferred from main 
storage positions 201-332 to the special print storage 
positions, or when the data in print storage was 
printed. Follow this procedure to locate the error and 
correct it if possible: 

1. Check the B-register light.. If it is ON, a parity error 
was detected while data was serially transferring 
from storage positions 201-332 to print storage. The 
address displayed in STORAGE ADDRESS is the storage 
position (201-332) that contains the error. The char­
acter displayed in the B-register block shows the 
incorrect parity. 
a. Enter the correct character. 
b. Alter-in the I-address of the print instruction. 
c. Press CHECK RESET and START RESET on the 1401 

console. 
d. Press CHECK RESET on the 1403 or I/O CHECK RESET 

on the 1401 auxiliary console. 
e. Set the mode switch to RUN and press START to 

resume operation. 

2. If the B-register light is not ON, either a printing or 
parity error was detected when the data in print 
storage was printed. Perform the following storage 
scan operation to check the print storage positions: 
a. Set the mode switch on the 1401 console to STOR­

AGE SCAN. 

b. Set the auxiliary mode switch on the 1401 aux­
iliary console to PRINT STORAGE SCAN. 

c. Press CHECK RESET on the 1403 or I/O CHECK RESET 

on the 1401 auxiliary console. 
d. Hold START pressed until the error position is lo­

cated. Scanning automatically starts in position 
201 and in the first position of print storage. 
When the error is located, PRINT CHECK turns ON 

again. 

3. When scanning stops at the error position, check 
the character displayed in the A-register block to 
determine if it contains correct parity. The A-regis­
ter contains the character that is in print storage. 

4. Press I/O CHECK RESET to turn OFF the PRINT CHECK 

light, which turned ON again in step 2d. 

5. If the A-register does contain a parity error, note 
the address displayed in STORAGE ADDRESS. This is 
the address of main storage (201-332) that corre­
sponds to the special print storage position that con­
tains the parity error. Visually compare the printed 
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line with the main storage positions 201-332 to de­
termine if the printed data is still in main storage. 
If it is: 
a. Scan the remainder of the special print storage 

positions. 
b. Note all parity errors. 
c. Alter-in the I-address of the print instruction. 
d. Press CHECK RESET and START RESET on the 1401 

console. 
e. Press CHECK RESET on the 1403 or I/O CHECK RESET 

on the 1401 auxiliary console. 
f. Set the mode switch to RUN and press START to 

print the line again and resume operation. 

If the printed data is not the same as that now in 
storage positions 201-332, other processing has oc­
curred, which may have affected totals, switches, 
and other controls. The program should generally 
be restarted from the beginning, or from a logical 
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restart point such as the beginning of a major con­
trol group or the beginning of a printed page. 

6. If the A-register does not contain a parity error 
when scanning stops (step 2d), a printing error oc­
curred. To locate the error, follow a procedure simi­
lar to that outlined for the PRINT CHECK light when 
the print-storage special feature is not installed: 

a. Scan the entire print storage area, checking the 
character displayed in the A-register each time 
scanning stops. 

b. If all positions printed correctly, press START 

RESET and set the system to stop after the next line 
prints. For this, use the ADDRESS STOP or r/Ex set­
ting of the mode switch. Check the printed line 
in the error positions indicated for the previous 
line. If this line is correct, continue processing. 

c. If any positions printed incorrectly, call an IBM 

customer engineer. 



The IBM 1401 Data Processing System reads data, 
processes it to obtain desired results, and makes these 
results available for future use. The data can be ob­
tained through various types of input components, 
such as a card reader, magnetic tape unit, or disk stor­
age (Figure 112). It is processed in a central processing 
unit, and the results are supplied to the user through 
output components. The results can be punched, 
printed, or written on magnetic tape or disk. 

The 1401 system controls the input, processing, and 
output of data by executing a series of instructions at 
high speed. Such a series of instructions designed to 
solve a specific problem is known as a program. Be­
cause thi.s program is located in core storage when it is 

Card Input 

Cal'd Output 

Figure 112. Schematic of Input/Output Components 

IBM 1401 System Logic 

controlling operations, it is referred to as a stored pro­
gram. 

The 1401 normally executes program instructions 
sequentially, but sometimes it is necessary to skip over 
a particular group of instructions or otherwise change 
the sequence of operations. Branch instructions are 
provided in the system to make it possible to take the 
next instruction from another area of the stored pro­
gram. This feature also makes it possible to repeat an 
instruction, or group of instructions, as often as desired. 
To control the sequence of program-step execution, 
conditions that arise during the processing of data are 
tested at various points in the program. For example, a 
test can be made for a plus or minus condition, or for 
the presence of a particular code in a detail card. 

Keyboard 

Printed 
Output 

Typed 
Output 
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Variable Word Length 

Stored programming involves the concept of words. A 
1401 word can be a single character, or a group of 
characters that represent a complete unit of informa­
tion. Because IBM 1401 words are not limited to a spe­
cifIc number of storage positions, and because each 
position of core storage is numbered and addressable, 
each word occupies only the number of core-storage 
locations actually needed for that program instruction 
or data field. 

The use of variable-length instructions and data re­
quires a method of indicating the actual length of each 
instruction and/or data-word. This identification is 
provided in core storage by a word mark, which is an 
extra bit (see BCD Codes) associated with the high­
order character of a word. 

The word mark serves several functions: 

1. It indicates the beginning of an instruction. 

2. It defines the size of a data field. 

3. It signals the end of execution of an instruction. 

Word marks are generally shown in publications by 
a line under each character that has an associated word 
mark. 

Stored Program Instructions 

All machine functions are started by the program in­
structions in 1401 core storage. Because the 1401 uses 
the variable-word-Iength concept, the length of an in­
struction can vary, depending on the operation to be 
performed. Figure 113 shows examples of the six com­
binations possible in variable-length instructions. 

A 1401 instruction always contains an operation code 
and may contain addresses and/or a d-character, in 
this format: 

Op Code A-Address or I-Address B-Address d-Character 
X XXX XXX X 

NUMBER OF OPERATION INSTRUCTION FORMAT 
POSITION 

I No Operation OpCode 
~ 

2 Select Stacker OpCode d - Character 
~ 2 

4 Unconditional OpCode I-Address 
Branch B M>O 

5 Write Mark Tape OpCode I-Address d - Character 

11. %U2 M 

7 Add OpCode A-Address B -Address 

~ 075 423 

8 Write Tape OpCode A-Address B-Address d - Character 

.L. %UI 731 W 

Figure 113. Examples of Instruction Formats 
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Op Code. The operation code is always a single char­
acter that defines the basic operation to be per­
formed. A word mark is always associated with the 
operation-code position of an instruction. 

A-Address. This always consists of three characters. It 
can identify the units position of the A-field (the 
first of two possible fields in core storage to be af­
fected by the operation), or it can select a special 
unit or feature (such as tape unit, disk-storage unit, 
or IBM 1419 Magnetic Character Reader). 

I-Address (Instruction Address). This is a three-char­
acter storage address. Instructions that cause pro­
gram-branching use the I-address to specify the 
location of the next instruction to be executed if a 
branch occurs. 

B-Address. This is a 3-character storage address that 
identifies the B-field (the second field in core storage 
to be affected by the operation). It usually addresses 
the units position of the B-field, but in some opera­
tions (such as tape read and write) it specifies the 
high-order position of a record-storage area. 

d-Character. The d-character is used to modify an 
operation code. It is a single alphabetic, numerical, 
or special character, positioned as the last character 
of an instruction. 

Sample Instruction 

Op Code A-Address B-Address 
A 542 560 

This is an example of a 7 -position ADD instruction. 
The operation code A causes the field whose units po­
sition is in storage location 542 to add to the field 
whose units position is in location 560. This operation 
continues until a word mark in the high-order position 
of field B (which must have a defining word mark) is 
sensed. The word mark stops the operation being per­
formed and causes the program to advance to the next 
instruction. If field A is shorter than field B, it must 
also have a defining word mark. 

Addressing 
The 1401 core storage unit stores both the program in­
structions and the data to be processed. Each position 
in storage can be addressed. That is, each individual 
instruction or data field can be read: 

• An instruction - to tell the system what function to 
perform. 

• A data-field - to be processed (for example, to be 
added to another field, or moved to another loca­
tion). 



An instruction in core storage is addressed by the 
location of its high-order position, which contains the 
operation code. The machine reads the instruction from 
left to right until it senses the high-order position of 
the next instruction. The high-order position is identi­
fied by a word mark that is set by the program when 
the instruction cards are loaded. In contrast, a data 
field is addressed by its units position and read from 
right to left until a word mark is sensed in its own 
high-order position. 

An example of stored instruction and data fields 
(Figure 114) illusb'ates this addressing. The instruction 
stored in core storage positions 400-406 is read starting 
with position 400. The reading stops when the word 
mark in position 407 is read. This ADD instruction speci­
fies that the data .in the A-field (address 542) is to be 
added to the data in the B-field (address 560). To per­
form the addition, the A-field is read starting with po­
sition 542, and the B-field starting with position 560. 
The word mark in position 536 defines the high-order 
position of the 7-position A-field, and the word mark 
in position 553 identifies the high-order position of the 
8-position B-field. The amount 0,025,347 is added to 
04,601,23,1. After the operation is completed, the B-field 
contains 04,626,578. 

Instruction a dd db h' h d 'f (0 Cd) ressr y Ig -or er POSI Ion poe 

t-A-Address '-r- B-Address ~ 

STORAGE: 400 401 402 403 404 405 406 407 (NSI) 
ADDRESS 

INSTRUCTION A 5 4 2 5 6 0 Op code 
WM 

'--- ) 

t 
V 

Instruction 

The word mark associoted with the next sequential in­
struction (NSI) stops the reading of this instruction, 

Data-fields addressed by units positions. 

STORAGE ADDRESS 

DATA 

l~ y 
B-field 

Word mark identifie·s high-order posh ion of B-field. 

A-address 

B-address 

Figure 114. Examples of Instruction and Data Addressing 

Input/Output Storage Assignments 

Certain areas of core storage are reserved for use by 
input/output devices. In most cases, the assigned stor­
age positions correspond to card columns or print posi­
tions, The reserved storage positions are: 

Storage 
Positions 
001-0BO 
101-1BO 
201-300 
(or 332) 
334-363 

Reserved for 
Card-read input area 
Card-Punch output area 
Printer output area 

Card-read input area 
for IBM 1404 Printer 
(special feature) 

Correspond to 
BO card columns 
BO card columns 
100 (or 132) 
print positions 
30 card columns 

All other storage positions, except 000 and 100, can 
be used for processing or instructions. If the read­
compare special feature for the IBM 1404 Printer is in­
stalled, location 333 is used for internal programming. 

Whenever the reserved areas are not being used as 
specified, they can be used for other storage operations. 

Address Coding Structure 

Core storage units for 1401 systems are available in 
any of six sizes, These sizes (1,400; 2,000; 4,000; 8,000; 
12,000; and 16,000) indicate the number of characters 
that each size can accommodate. Each character-posi­
tion is numbered and addressable. For example, in a 
1,400-position unit the positions are numbered with 
addresses 0000-1399; in a 16,000-position unit the posi­
tions are numbered with addresses 00000-15999. 

When these address locations are used as part of a 
program instruction (referred to as A-address and B­
address, A-operand and B-operand, or A-field and B­
field), they occupy a major portion of the area required 
to store the instruction. To reduce, as much as possible, 
the amount of storage required for an entire program, 
each address is converted to a 3-character machine­
language code (Figure 115). 
1. Addresses 00000-00999 use the digits 000-999. 
2. Addresses 01000-03999 are coded by including a 

bit(s) with the hundreds position of the address. 
An A-bit (zero zone) is used for addresses 01000-
01999, a B-bit (II-zone) for addresses 02000-02999, 
and AB-bits (12-zone) for addresses 03000-03999 
(see the first column of Figure 115). The tens and 
units positions of the 3-character machine-language 
code are the same as those in the 4-character core­
storage address. 

3. Addresses 04000 and above are coded by bits over 
the units position, as well as the bits over the hun­
dreds position. All addresses 04000-07999 contain an 
A-bit over the units position. The hundreds posi­
tions of these addresses follow the pattern described 
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ADDRESSES 0000-3999 ADDRESSES 4000-7999 ADDRESSES 8000-11999 ADDRESSES 12000-15999 

A-Bit (O-Zone) B-Bit (11-Zone) AB-Bits (12-Zone) 
over Units Position over Units Position over Units Position 

Addresses Codes Addresses Codes Addresses Codes Addresses Codes 

0000-0099 000-099 4000-4099 00+-09Z 8000-8099 001-09R 12000-12099 00?-091 
0100-0199 100-199 4100-4199 10+-19Z 8100-8199 101-19R 12100-12199 10?-191 
0200-0299 200-299 4200-4299 20 +-29Z 8200-8299 201-29R 12200-12299 20?-291 
0300-0399 300-399 4300-4399 30+-39Z 8300-8399 301-39R 12300-12399 30?-391 
0400-0499 400-499 4400-4499 40=l=-49Z 8400-8499 401-49R 12400-12499 40?-491 
0500-0599 500-599 4500-4599 50+-59Z 8500-8599 50l-59R 12500-12599 50?-591 
0600-0699 600-699 4600-4699 60+ ·69Z 8600-8699 601-69R 12600-12699 60?-691 
0700-0799 700-799 4700-4799 70 of -79Z 8700-8799 70l-79R 12700-12799 70?-791 
0800-0899 800-899 4800-4899 80 +·89Z 8800-8899 801-89R 12800-12899 80?-891 
0900-0999 900-999 4900-4999 90 to -99Z 8900-8999 901-99R 12900-12999 90?-991 

1000-1099 =1=00-=1= 99 5000-5099 +0+-=I=9Z 9000-9099 =1=01-=1= 9R 13000-13099 =l=0?-=I=91 
1100-1199 /00-/99 5100-5199 /O=l=-/9Z 9100-9199 /01-/9R 13100-13199 /0?-/91 
1200-1299 500-599 5200-5299 SO +-S9Z 9200-9299 SOI-S9R 13200-13299 SO?-S91 

A-Bit (O-Zone) 1300-1399 TOO-T99 5300-5399 TO=l=-T9Z 9300-9399 TOI-T9R 13300-13399 TO?-T91 

over Hundreds 1400-1499 UOO-U99 5400-5499 UO=l=-U9Z 9400-9499 UOI-U9R 13400-13499 UO?-U91 

Position 
1500-1599 VOO-V99 5500-5599 V0=l=-V9Z 9500-9599 VOI-V9R 13500-13599 VO?-V91 
1600-1699 WOO-W99 5600-5699 WO+-W9Z 9600-9699 W.01-W9R 13600-13699 WO?-W91 
1700-1799 XOO-X99 5700-5799 X0=l=-X9Z 9700-9799 XOI-X9R 13700-13799 XO?-X91 
1800-1899 YOO-Y99 5800-5899 Y0=l=-Y9Z 9800-9899 YOI-Y9R 13800-13899 YO?-Y91 
1900-1999 ZOO-Z99 5900-5999 ZO=l=-Z9Z 9900-9999 ZOI-Z9R 13900-13999 ZO?-Z91 

2000-2099 100-199 6000-6099 IO=l=-19Z 10000-10099 10!-19R 14000- 14099 !0?-!91 
2100-2199 JOO-J99 6100-6199 J0=l=-J9Z 10100-10199 JOI-J9R 14100-14199 JO?-J91 
2200-2299 KOO-K99 6200-6299 K0=l=-K9Z 10200-1 0299 KOI-K9R 14200-14299 KO?-K91 

B-Bit (11-Zone) 2300-2399 LOO-L99 6300-6399 LO=l=-L9Z 10300-10399 LO!-L9R 14300-14399 LO?-L91 

over Hundreds 
2400-2499 MOO-M99 6400-6499 MO=l=-M9Z 10400-10499 MOI-M9R 14400-14499 MO?-M91 
2500-2599 NOO-N99 6500-6599 NO=l=-N9Z 10500-10599 NOI-N9R 14500-14599 NO?-N91 

Position 2600-2699 000-099 6600-6699 00=l=-09Z 10600-10699 001-09R 14600-14699 00?-091 
2700-2799 POO-P99 6700-6799 PO=l=-P9Z 10700-10799 P01-P9R 14700-14799 PO?-P91 
2800-2899 QOO-Q99 6800-6899 QO+-Q9Z 10800-10899 QOI-Q9R 14800-14899 QO?-Q91 
2900-2999 ROO-R99 6900-6999 RO=l=-R9Z 10900-1 0999 ROI-R9R 14900-14999 RO?-R91 

3000-3099 ?00-?99 7000-7099 ?O=l=-?9Z 11000-11099 ?01-?9R 15000-15099 ?0?-?91 
3100-3199 AOO-A99 7100-7199 AO=l=-A9Z 111 00- 111 99 A01-A9R 15100-15199 AO?-A91 
3200-3299 BOO-B99 7200-7299 BO=l=-B9Z 11200-11299 B01-B9R 15200-15299 BO?-B91 

AB-Bits (12-Zone) 3300-3399 COO-C99 7300-7399 C0=l=-C9Z 11300-11399 C01-C9R 15300-15399 CO?-C91 

over Hundreds 
3400-3499 000-099 7400-7499 DO+-D9Z 11400-11499 D01-D9R 15400-15499 DO?-D91 
3500-3599 EOO-E99 7500-7599 EO=I=-E9Z 11500-11599 EOI-E9R 15500-15599 EO?-E91 

Position 3600-3699 FOO-F99 7600-7699 FO=l= -F9Z 11600-'11699 F01-F9R 15600-15699 FO?-F91 
3700-3799 GOO-G99 7700-7799 G0=l=-G9Z 11700-11799 GOI-G9R 15700-15799 GO?-G91 
3800-3899 HOO-H99 7800-7899 HO=j=-H9Z 11800-11899 HOI-H9R 15800-15899 HO?-H91 
3900-3999 100-199 7900-7999 IO=l=-19Z 11900-11999 10l-19R 15900-15999 10?-191 

Units Position: Units Position: Units Position: 

Address Address Address 

~ Code ~ Code ~ Code -- -- --
0 t 0 I 0 ? 
1 1 J 1 A 
2 5 2 K 2 B 
3 T 3 L 3 C 
.4 U 4 M 4 0 
5 V 5 N 5 E 
6 W 6 0 6 F 
7 X 7 P 7 G 
8 Y 8 Q 8 H 
9 Z 9 R 9 1 

Figure 115. Machine Language Codes ~or Core-Storage Addresses 
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in items 1 and 2, in order to distinguish between 
04000-04999 (no bit), 05000-05999 (A-bit), 06000-
06999 (B-bit), and 07000-07999 (AB-bits). For ex­
ample, address 5a46 contains an A-bit over the units 
position (between 04000 and 07999) and an A-bit 
over the hundreds position (the second thousands 
group within the range). It is thus coded T4W 
(T = 3 + A-bit and W = 6 + A-bit). 

All addresses 08000-11999 contain a B-bit over the 
units position, and all addresses 12000-15999 con­
tain AB-bits over the units position. In each range, 
the hundreds position is coded to distinguish the 
thousands group, as described above. 

In every case the tens position of the 3-character 
machine-language code is the same as the tens posi­
tion of the 4- or 5-character core-storage address. 
When the indexing special feature is used to modify 
an address, however, the particular register used is 
indicated by a bit over the tens position of the 
machine-language code. Index register 1 is indi­
cated by an A-bit, index register 2 by a B-bit, and 
index register 3 by AB-bits. Thus, if address 5346 
(machine-language code T4W) is modified by index 
register 3, the code is TDW. 

Storage 
Address 
Register 

B 
Reg· 
ister 

Phases of Operation 
The 1401 system processes input data to produce the 
desired output results by proceeding through the series 
of stored program instructions, one by one. Each in­
struction must first be interpreted, and then its function 
performed, or executed. Thus, each instruction requires 
two phases of operation. Interpreting the instruction is 
accomplished during the first phase, known as the in­
struction phase or I -phase. Performing the operation 
called for by the Op code portion of the instruction is 
accomplished during the second phase, known as the 
execution phase or E-phase. Each phase of operation 
consists of several storage cycles. The length of each 
cycle is .0115 milliseconds. 

Registers 

To handle both phases of operation, the 1401 system 
uses registers, which are devices capable of receiving 
an individual instruction from core storage, recognizing 
the operation to be performed, and identifying the data 
position to be processed, as directed by control circuits. 
For these operations, seven registers (Figure 116) are 

A 
Reg· 
ister 

Op 
Reg· 
ister 

I·Address 
Register 

A·Address 
Register 

B·Address 
Register 

Figure 11'6. Address and Single-Character Registers 
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available. Each performs its own unique function. Four 
are 3-position address registers and three are single­
character registers. The four address registers are: 

I-address. During the execution phase of an opera­
tion, this register contains the storage location (ad­
dress) of the high-order position of the next sequen­
tial instruction. During the instruction phase, it 
contains the address of the individual instruction 
character that is transferring from core storage to 
a register (an address register or a single-character 
register). Thus, this I-address register controls pro­
gram sequence. 

A-address. Normally contains a storage address of 
data for the A-field portion of a stored-program in­
struction. 

u 
B-address. Normally contains a storage address of 

data for the B-field portion of a stored-program in­
struction. 

Storage Address. Contains the address of the storage 
location that is being read out (or in) on any par­
ticular storage cycle. 

The A-address, B-address, and storage address reg­
isters control the transfer of data from one storage 
location to another. 

The three character1registers are single-position reg­
isters: 

Op. Stores the operation code of the instruction in 
process for the duration of the operation. 

B. Contains the character that is being read out from 
core storage. This register is reset, and another char­
acter is read in, on every storage cycle. 

A. During the execution of an operation, the A-register 
receives a character from the B-register on each stor­
age cycle that involves the A-address. During the 
instruction phase, the A-register receives a character 
from the B-register on each storage cycle except the 
first and last. 

I·Phase 

During the I-phase of operation for an instruction, the 
entire instruction reads out of core storage and trans­
fers into the proper registers. At the same time it also 
transfers back into its original location in core storage 
for later use. 

The I-phase requires from two to nine storage cycles 
called I-cycles. The exact number of cycles taken de­
pends on the length of the instruction (see Figure 113). 
One cycle is required for each character in the instruc-
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tion, plus one cycle to determine the end of the in­
struction by sensing the word mark in the first position 
of the following instruction. 

Figure 117 shows, schematically, the operation per­
formed on each I-cycle for an instruction. It illustrates 
the transfer of a 7-position instruction, character-by­
character, to the various registers. Eight cycles are 
required. Although the address registers contain 3-
character address codes, 4 characters are shown in this 
schematic because the STORAGE ADDRESS lights on the 
console display 4-digit addresses. The operation is de­
scribed briefly in the following paragraphs. 

When one instruction has been completed and proc­
essing is ready for the next instruction, the first I-cycle 
(I-Op) occurs. At this time the address of the first 
position of the instruction (Op code) is transferred 
from the I -address register to the storage address regis­
ter. This causes the operation code to transfer from 
storage to the B-register, to the Op-register, and back 
to storage. The address in the I -address register and in 
the storage address register is increased by one. Both 
registers now contain the address of the first instruc­
tion character following the Op code. 

On the second I-cycle (I-I), the character transfers 
to the B-register, to the A-register, to the hundreds 
position of both the A -address and B-address registers, 
and back to core storage. This procedure continues 
until the A-address portion of the instruction is com­
pletely transferred to the A-address register. 

Then each character is transferred to the B-register, 
the A-register, the B-address register, and back to core 
storage. It is not transferred to the A-address register. 
This continues until the B-address is completely trans­
ferred to the B-address register (see Cycles 1-4, 1-5, 
and 1-6). Whenever a d-character is part of the instruc­
tion, it is retained in the A-register. 

When a character with a word mark transfers to the 
B-register, it is recognized as the first position of the 
next instruction. This indicates the end of the I-phase, 
and signals the system to start the execution (E-phase) 
of the instruction. 

E·Phase 

During the E-phase of operation for an instruction, the 
operation specified by the Op code is performed using 
the data fields and/or locations specified by the A­
address and/or B-address portions of the instruction. 

The number of cycles required for the E-phase 
varies, depending on the number of characters in the 
A- and B-fields. If the operation code indicates that 
data is to be processed from both the A- and B-fields 
(for example, adding field A to field B), a character is 
read alternately from each field. First a character is 



CYCLE OPERATION Instruction L~L516171T1112JS I 
Location 1197 /198\199\200 \201\2~21203 12041 

I-Op Thtl operation code enters the B-register and the Op register. I-Address Register B-Register A-Register 

Because this is the first I-cycle, the A-register is undisturbed. IOP1 9 17 \ [iJ GJ Cycle 1 

Op Register A-Address Register B-Address Register 

[I] 111111111 111111111 

1-' Thel A-address rlsgister is reset to blanks during the first part of I-Address Register B-Register A-Register the cycle for all instructions. The B-address register is reset to 
blanks during 'the first part of the cycle for all operations IOP1 9 18 \ 0 0 Cycle 2 
except Move, Load, Store A- aild Store B-address Register opera-
tion. During the 1-1 cycle, the second instruction character (first Op Register A-Address Register B-Address Register 
chCllracter of the A-address) enters the hundreds positions of 
the A· and B-address registers, and the A-register by the way [A] 10151 b lbi 10151 blbl 
of the B-reglster. 

1·2 The third character of the instruction enters the tens posi· I·Address Register B-Register A-Register 
tiem of the A· and B·address registers, and the A·register 

1011,91 9 1 0 Gl Cycle a 
through the B-register. 

Op Register A-Address Register B-Address Register 

W 10151 6 1bl 101516 1 b J 

1-3 The fourth instruction character enters the units position of I·Address Register B-Register A-Register 
th,e A· and B-address registers, and the A-register through I 0,21°1° I [2J G Cycle 4 
the B-register. 

Op Register A-Address Register B-Address Register 

W 1 0 15 1617 1 10 15 16 17 1 

I-Address Register B-Register A-Register 
1·4 The B-address register is reset at the beginning of this cycle. 

10,210 11 ) 0 [!] The fifth instruction charader (first character of the B· Cycle 5 

address) enters the hundr,eds position of the B-address 
re'gister, and the A.register through the B-register. (The 

Op Register A-Address Register B-Address Register 

le,tter "T" is in the B-addreSSl register but 1/13" is displayed on ill 10 (51 617 1 11131 bl b] 
the console.) 

I-Address Register B-Register A-Register 

1·5 The sixth instwuction character goes to the tens position of 
1 0 121012 ) ~ EJ Cycle 6 

the B·address register, and the A·register through the B· 

r.'gister. Op Register A-Address Register B-Address Register 

W 1 °1 5 16171 1113111 b I 

The seventh character of the instruction (last character of 
I-Address Register B-Register A-Register 

1-6 
10121°131 ~ 12] the B·addreu) enters the units position of the B-address Cycle 7 

r4tgister and the A.register through the B-register. 
Op Register A-Address Register B-Address Register 

[I] 1°15 16 17 1 11 13 11 12 I 
1·7 1'he first character of the next instruction enters the B· 

r,agister only. Because this HS the last I·cycle for this instruc· I·Address Register B-Register A-Register 
tuon, the A-register and the Op register, the A- and 
8-address registers are undisturbed. The detection of a 10,2,0 141 [I] 0 Cycle 8 
word mark associated with this character signals the ma-
chine that this is the Op code for the next instruction. The Op Register A-Address Register B-Address Register 
Iloading operations stops, Clnd the instruction that was just 
I,oaded is executed. Note that the I·address register con· ~ 101516171 111 3 111 2 1 
tains the address of the high.order position of the next 
s,equential instruction. 

Figure 117. Schematic of I-Cycles to Transfer a 7-Character Instruction 
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read from the A-field (address specified by the A­
address register). Then a character is read from the 
B-field (address specified by the B-address register). 

Each cycle in which an A-field character is addressed 
is called an A-cycle, and each cycle in which a B-field 
character is addressed is called a B-cycle. Because data 
fields are read from the low-order to the high-order 
position of the field, the address in the A-address or 
B-address register is decreased by one on each A-cycle 
or B-cycle, respectively. 

When two data fields are processed and a word 
mark in the high-order position of one of the fields is 
sensed in the B-register, the E-phase of operation ends 
and processing is ready for the next instruction. Some 
operations stop only when the B-field word mark is 
sensed, some only when the A-field word mark is 
sensed, and some when a word mark is sensed in either 
field. 

Internal Checking 

Advanced circuit design is built into the 1401 to assure 
accurate results. Self-checking within components of 
the system consists of parity, validity, and/or hole­
count checks. 

Parity Checking 

The IBM 1401 checks data and/or instruction charac­
ters in various registers, and at various times during 
processing, for odd-bit configurations. Each character 
handled by the processing unit must consist of an odd 
number of bits. For this, a check bit is included, when 
necessary, with the 6-bit BCD code (binary-cod ed­
decimal) used by the 1401 for all characters (see BCD 
Codes). The check bit is added to any character that 
would otherwise have an even number of bits. For 
example, the character P has a BCD code of B421. 
The check bit is added to give this character an odd 
number of bits (C B421). 

If the character has a word mark associated with it, 
the word-mark bit is included in the test for odd-bit 
parity. Thus, if the character P has a word mark, the 
check bit is not added because the bit configuration is 
already odd (WM B421). 

Whenever a parity error (even parity) is detected, a 
console light turns ON to indicate the place where the 
error occurred. 

Validity Checking 

A bit configuration that does not comprise a valid data 
or instruction character causes a validity-error signal 
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in the system component in which the error is de­
tected. For example, a validity check is performed on 
each character as it is read into the 1401 from the card 
reader. An invalid character (such as punches 1-2-5 in 
a card column) can be transferred to core storage, but 
the validity-check circuits on the 1402 can detect it and 
cause processing to stop. The validity light on the card 
read-punch turns on to indicate the error. Similarly, in 
the 1401 processing unit an invalid Op code or an in­
valid address can cause processing to stop. An invalid 
address is detected by one of the following checks: 

Checking for an Address Outside the System C ore­
Storage Capacity. For example, an address of 5600 
specified for a system with 4,000 positions of core 
storage is an invalid address. For this purpose the 
system checks the units and hundreds positions of 
each address to determine whether the address is 
beyond the system capacity. 

Index Checking. This is performed during an index­
ing operation to ensure that modification of an ad­
dress does not give an address in excess of installed 
core-storage capacity. If it does, the modified ad­
dress is invalid. 

Wraparound C hecking. Wraparound describes the 
process of modifying the low-order position of core 
storage by -1, or the high-order position of core 
storage by + 1. If a wraparound is detected at any 
time other than during a CLEAR, STORAGE SCAN, or 
STORAGE PRINT OUT operation, an error is signaled 
and operation stops. 

An accumulator field positioned in the last few 
available core-storage locations (such as units posi­
tion of the field in 3999) will cause a wraparound 
error, if an arithmetic function involving recomple­
mentation is performed. 

Hole-Count Check 

Reliability is further assured in the 1401 system by the 
hole-count checking feature of the IBM 1402 Card 
Read-Punch. With this feature, the total number of 
holes read in each column of a card at the read-check 
station is compared with the total number of holes 
read from the same column of the same card as it 
passes the read station. 

Hole-count checking is also performed in the punch­
feed side. A count of the total number of holes 
punched in each column of the card at the punch sta­
tion is retained internally for one punch-feed cycle. 
Another column-by-column hole count is taken as this 
same card passes the punch-check station, and the two 
counts are compared. 



If a holle-count error (unequal comparison) occurs 
in either the read or punch feed, system operation 
stops, and a signal light on the 1402 indicates the feed 
in which the error occurred. If the error occurred in 
the read feed, the operator can determine where the 
error occurred by setting the 1401 mode switch to 
STORAGE SCAN and pressing the start key. The scan 
stops at the storage address of the column in error. 

BCD Codes 
In the punched card area of data processing, charac­
ters are represented by a card code that is punched in 
the cards and used by the various IBM unit-record ma­
chines. In the computer area of data processing the 
basic card coding remains the same but a faster, more 
flexible, machine language is used for internal proc­
essing. 

Just as each digit, letter of the alphabet, or special 
character is coded into a card as a punched hole, or a 
combination of punched holes, it is coded in the core­
storage unit as a pattern of magnetized cores. The in­
ternal code used in the IBM 1401 Data Processing Sys­
tem is called binary coded decimal (BCD). All data 
and instructions are translated into this code as they 
are stored. No matter how information is introduced 
into the system (from punched cards, magnetic tape, 
or other input sources), the BCD code is used in all 
data flow and processing from that point on, until it 
is either translated into printed output as reports are 
written or converted to punched card code for card 
output. Converting input data to the 1401 internal 
code, and subsequently reconverting, is completely 
automatic. 

The binary-coded-decimal (BCD) code is a 6-bit 
code. The term bit is derived from the first letter of the 
word binary and the last two letters of the word digit. 
Each character is coded by a combination of bits iden­
tified as lB, A, 8, 4, 2, and 1 (Figure 118). For example, 
the digit 3 is represented by a I-bit and a 2-bit, the 
digit 6 by a 4-bit and a 2-bit. Thus each digit 0-9 is 
coded by one or more of the numerical bits numbered 
8, 4, 2, and 1. The A- and B-bits (zone bits) are used 
in conjunction with bits 8, 4, 2, and 1 to code letters. 
For example, the letter A is represented by the com­
bination of a B-bit, an A-bit, and a I-bit. Combinations 
of bits that are not used for digits or letters represent 
special characters. 

The 1401 core-storage unit: (Figure 119), which uses 
this BCD code, is composed of a number of tiny rings 

(cores) that are made of magnetic material and joined 
by multiple wires. The cores can be easily magnetized 
and, unless deliberately changed, retain their mag­
netism indefinitely. They are magnetized by sending 
an electrical impulse through one of the connecting 
wires. The direction of the current determines the 
polarity, or magnetic state, of the core. Reversing the 
current changes the magnetic state (Figure 120). Con­
sequently, the two states can be used to represent 1 
or 0, plus or minus, yes or no, or ON or OFF conditions. 
The first condition (1, plus, yes, or ON) in any of the 
pairs of representations indicates that a bit is present. 
The other condition is referred to as a no-bit condition. 
For 1401 system purposes, this is the basis of the bi­
nary system of storing information in BCD code. 

Cores in the core storage unit are strung on screens 
of wires, called planes. The unit contains several planes 
that are stacked so that each addressable core storage 
position is represented by all the cores at the inter­
section of the same two wires: in each plane. (Figure 
121). An imaginary vertical line could be drawn 
through the cores for a storage position. When a char­
acter is stored, the core in each plane for that storage 
position is magnetized positively if a bit is present 
(represented schematically by a 1), or negatively for a 
no-bit condition (represented schematically by a 0). 

To conform to the BCD character coding, six planes 
are required: two for the zone portion (A- and B-bits) 
and four for the numerical portion (8-, 4-, 2-, and 
I-bits) of characters. In addition, one plane is used for 
the check-bit position of characters. The check bit is 
included with the BCD coding of any character that 
would otherwise have an even number of bits. This 
provides all characters with the odd parity that the 
1401 system requires for correct operation. 

Another plane is for word-mark bits. This bit is used 
with the high-order position of any instruction or data 
field for field definition. Whenever a word-mark bit is 
associated with a character, it is included in the count 
for odd-bit parity, and thus affects the inclusion of the 
check bit. 

To illustrate the use of the seven planes to store a 
BCD character, the letter J is placed in storage (Fig­
ure 121). The BCD coding for the letter J is composed 
of a B-bit and a I-bit. Since this is an even number of 
bits, a check bit is included to obtain odd parity. Thus 
the BCD code for the letter J is represented by the 
binary configuration 1100001, reading from top to 
bottom in the core-stack position in which J is stored. 
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PRINTt ** 
CHARAC· DEFINITION/ ARRANGEMENT CARD BCD CODE 

OPERATION 
TER NOTE A H CODE 

WHEN USED AS OP CODE 

BLANK ( 

12·3·8 8A8 21 Halt 

0 0 ) 12·4·8 CBA 84 Clear Word Mark 

[ 12-5-8 BA 84 1 

< Less Than 12-6-8 BA 842 

*' Group Mark / 1 12-7-8 (BA 8421 

& & + 12 CBA 

$ $ $ 11-3-8 CB 8 21 

* * * 11-4-8 B 84 

] 11-5-8 CB \84 1 

; 11-6-8 CB 842 

Ll Delta (Mode Change) 11-7-8 B 8421 

- - - 11 B 

/ / / 0-1 C A 1 Clear Storage 

, , , 0-3-8 C A8 21 Set Word Mark 

% 2 % ( 0-4-8 A84 Divide 

Y Word Separator 0-5-8 ( A84 1 

\ Left Oblique 0-6-8 ( .1.842 

* Tape Segment Mark 0-7-8 A 8421 

-I) 3 + + A 

# 4 # = 3-8 : 8 21 Modify Address 

@ 2 @ 4-8 C 84 Multiply 

: 5-8 S4 1 

> Greater Than 6-8 842 

y Tape Mark 7-8 C 8421 

? (Plus Zero) & & 12-0 CBAS 2 Zero and Add 

A A A 12·1 BA 1 Add 

B B B 12-2 BA 2 Branch 

C C C 12-3 CBA 21 Compare 

D D D 12·4 BA 4 Move Numerical (Bits) 

E E E 12-5 CBA 4 1 Move Characters ,and Edit 

F F F 12-6 CBA 42 Control Carriage (Printer) 

t Print arrangement H is required for both FORTRAN and COBOL Programming Systems. Otherwise, 
arrangement A is recommended. Other printing arrangements (B·K) are available. 

** The 1401 does not accept the 8-9 portion of 402 MLP codes. Nor does it generate 402 MLP codes 
for punching. 

1 If specified, this code can be made compatible with 705 Group Mark Code (12·5-S). 

2 This character can be used as an Op code if the associated special feature is installed. 

3 The A-bit coding for this character (Substitute Blank) must be program.generated in the 1401 (it 
cannot be read from a card; it can be punched as a zero). It is used in conjunction with the C·bit 
to indicate a blank position on tape that was written in even-bit parity. 

4 This character can be used as an Op code in systems with more than 4,Doa pasitions of core storage. 

PRINTt ,.,. 
CHARAC· DEFINITION/ ARRANGEMENT CARD BCD CODE OPERATION 

TER NOTE 
A H CODE WHEN USED AS OP CODE 

G G G 12·7 BA 421 

H 2 H H 12·8 BA8 Store B·Address Register 

I I I 12·9 CBA8 1 

I (Minus Zero) - - 11-0 B 8 2 Zero and Subtract 

J J J 11-1 CB 1 

K K K 11-2 CB 2 Select Stacker (Card) 

L L L 11-3 B 21 Load Characters to Word Mark 

M M M 11-4 CB 4 Move Characters to Word Mark 

N N N 11-5 B 4 1 No Operation 

0 0 0 11-6 B 42 

P 2 P P 11-7 CB 421 Move Characters to Record or Group Mark 

Q 2 Q Q 11.8 CB 8 Store A-Address Register 

R R R 11-9 B 8 1 

+ Record Mark + + 0-2-8 A8 2 

S S S 0-2 C A 2 Subtract 

T T T 0-3 A 21 

U U U 0-4 C A 4 Control Unit (Tape) 

V V V 0-5 A 4 1 Branch if Word Mark and/or Zone 

W 2 W W 0-6 A 42 Branch if Bit Equal 

X 2 X X 0-7 C A 421 Move and Insert Zeros 

Y y Y 0-8 C A8 Move Zone (Bits) 

Z Z Z 0-9 AI8 1 Move Characters and Suppress Zeros 

0 0 0 0 C IS 2 

1 1 1 1 1 Read a Card 

2 2 2 2 2 Write a Line 

3 3 3 3 C 21 Write and Read 

4 4 4 4 4 Punch a Card 

5 5 5 5 C 4 1 Read and Punch 

6 6 6 6 C 42 Write and Punch 

7 7 7 7 421 Write, Reod, and Punch 

8 2 8 8 8 8 Start Read Feed 

9 2 9 9 9 C 8 1 Start Punch Feed 



Figure 1Jl9. Magnetic Core Storage Unit 

Figure 121. Schematic of Core Storage 

Condition: 1, Plus, Yes, or On 

Condition: 0, Minus, No, or Off 

Figure 1!20. Polarity of Magnetic Cores 
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Alter ........................................................................................ 9 Check Stop (Process) ............................................................ 16 
Alter Data (1407) .................................................................. 93 Check-Length Switch ............................................................ 116 
Alter Type-In Key (1447) ........................................................ 98 Checking for an Address Outside the System 
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Altering The A- or B-Register .......................................... 17 Chips ...................................................................................... 24 
Audible Alarm ...................................................................... 107 Cleaning the Print Chain ..... ......... .......... ........................ ...... 40 
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