




























































































































































































































































































Operating Pointers 

This section describes the functional keys and levers 
of the console printer. Instructions describing console 
printer setup are also included. 

Keys and Levers 

IMPRESSION INDICA TOR LEVER 

This lever (Figure 215) can be moved forward and 
backward permitting changes to be made in the 
amount of force with which the type bars strike the 
paper. The higher the indicator is moved, the harder 
the type bars strike. To determine the correct setting 
for each type of work, use the comma and period as 
a test, adjusting the impression indicator so that they 
print distinctly but not heavily. As a general rule, use 
a higher setting for multiple carbon copies. 

MARGIN RELEASE KEY 

To print beyond the right or left hand margin, press 
the margin release key and space beyond that point. 

TAB CLEAR KEY 

To clear a tab stop, space to the point to be cleared 
and press the tab clear key. To clear all stops at once, 
move the carriage to the end of the printing line, press 
the tab clear key, and, while holding it down, press 
the carriage return key. 

TAB SET KEY 

To set a tabulator stop, position the carriage and 
press the tab set key. 

Figure 215. Margin, Tab, and Ribbon Control 
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MARGIN SET KEY 

The margin set key is used to position the left and 
right margin stops. To reset the left or right margin: 
1. Move the carriage to the present margin stop 

position. 
2. Press the margin set key, and, while holding the key 

down, move the carriage to the new location. 
3. Release the margin set key, and the margin stop is 

repositioned. 

Impression and Carriage Control 

LINE POSITION RESET 

This lever (Figure 216) locks out standard line spat:­
ing and provides a free-rolling platen. To return to 
the regular printing line accurately and automaticall y, 
restore the lever to its forward position. The LINE 

POSITION RESET makes it possible to print above or be­
low the line - double underscore, subscript, super­
script, exponent - and then continue with regular 
printing. Follow these steps: push back the reset lever, 
roll the platen to the desired place, print. When the 
reset lever is returned to the forward position, regular 
spacing is resumed. 

CARRIAGE RELEASE BUTTONS 

To move the carriage by hand, press either the left or 
the right carriage release button located on either 
side of the carriage. (As the left margin is approached, 
the air-cushioning action that quiets the electric car­
riage return will be felt. ) 

PLATEN VARIABLE BUTTON 

When the PLATEN VARIABLE is pressed, the platen 
moves freely backward or forward. It should be used 



Figure 216. Impression and Carriage Control 

when re-inserting a printed page, and it is necessary 
to locate the same printed line for corrections or 
additions. 

LINE SPACE LEVER 

To select single, double, or triple line spacing, move 
the line space lever to the positions labeled 1, 2, or 3. 

A - Ribbon Reverse lever 

B - Electric Ribbon Rewind ----" 

F igure 217. Ribbon Reverse 

PAPER SCALE 

Paper 
Release 
Lever 

This scale indicates the position of the carriage and 
assists in setting margins and tabs accurately. 

PAPER RELEASE LEVER 

This lever frees the paper for positioning and removal. 

MULTIPLE COPY CONTROL LEVER 

This lever pennits movement of the platen backward 
or forward to compensate for the thickness of copy 
paper, allowing the type bar to strike the paper evenly. 
The weight of paper and carbon paper used are impor­
tant factors in determining the correct setting. Nor­
mally, the multiple copy control lever should be left at 
A when printing one to four copies. As a general rule, 
the lever should be advanced one position for every 
three extra copies (after the first four). 

To Reverse a Ribbon 

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

A ribbon reverse lever ( Figure 217 ) is located beside 
each ribbon spool. These levers reverse the ribbon auto-
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Figure 218. Console Printer Ribbon 

matically on either side at the end of the ribbon. The 
direction of the ribbon can be changed by pressing 
down on the left-hand lever to wind the ribbon onto 
the right spool and vice versa. 

Press ELEcrRIC RIBBON REWIND (Figure 217), and the 
ribbon is automatically wound onto either spool. (To 
lock, push down and back.) 

To Install a New Ribbon 

Press ELEcrRIC RIBBON REWIND and wind all of the old 
ribbon onto the spool most nearly filled. Hold back 
the ribbon guide located over the spool; press the 
ribbon reverse lever next to the spool; pull out the 
small knob in the center of the spool. Lift out and 
discard the used ribbon and spool, and insert a new 
ribbon making certain the ribbon reverse lever beside 
this spool is down. Spool teeth on top must point to­
ward the platen. Thread the ribbon through the guides 
indicated (Figure 218 ) . Hook the end of the ribbon 
on the hub of the empty spool. 

Figure 219. Removing the Platen 
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Removing the Platen 

1. Center the carriage; raise the paper bail, carriage 
and covers, and copy guide. 

2. Push back and lift up latches (I"igure 219). Lift out 
platen. 

To replace platen, center the groove in the right 
platen shaft on the carriage end plate, and bring 
latches forward and down. 

Check these points for proper console printer op­
eration: 
1. If the motor and console printer are operating 

but type bars will not print, make certain that 
MULTIPLE COpy CONTROL is at A. 

2. If the carriage will not move, turn OFF for several 
seconds, then ON. With switch ON, press the margin 
release key. 

Pin-Feed Platen 

A pin-feed platen is standard on the 1407 Con­
sole Inquiry Station. The pin-feed platen maintains 
proper registration and alignment of continuous forms. 

The platen is available in three degrees of hardness: 
hard, medium, and soft. A hard platen should be used 
whenever forms with five or more parts are used, but 
it should never be used with less than a five-part form. 

Form Feeding 

For the best form feeding operation, place the 
stack of forms directly behind the carriage when if 
is in the right-hand margin. This allows the forms to 
align directly behind the carriage at the time that it 
line spaces. 



Figure 220. Continuous Forms Feeding 

Forms Insertion 

Two types of forms feeding can be used on the 1407. 
One type is roll paper which, attached to the console 
printer, is shown in Figure 219. The other is con­
tinuous forms. 

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 (Figure 
220) and then inserted in the console printer. 

The printed forms, in either type of forms-feeding 
operation, are stacked on the portion of the console 
inquiry station table behind the console printer. 
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IBM 729 and 7330 Magnetic Tape Units 
Operating Keys and Lights 
The operating keys and lights of the IBM 729 and 7330 
magnetic tape units are located at the top of the unit, 
above the tape reels (Figure 221 ). The lights are all on 
the upper row, and the keys are on the lower row. The 
address selection dial is at the left. 

DENSITY SWITCH 

This selects high or low density operation, depending 
on the tape operating mode desired. 

ADDRESS SELEcrION DIAL 

This dial assigns a number, from 1 to 6, to the tape 
unit, to identify it to the stored program. If some other 
number (7, 8, 9, 0, or blank) is set, the tape unit can­
not be used by the stored program. 

The setting should not be changed when a tape 
operation is in progress. 

SELEcr LIGHT 

The select light turns ON automatically, when the ad­
dress selection dial is properly positioned and the unit 
is addressed by the computer, provided that the unit 
is ready. 

READY LIGHT 

This light, when ON, indicates that the tape unit is 
ready for operation. See Start Key for method of turn­
ing this light on. The reel door should never be opened 
when the ready light is ON. 

TAPE INDICATE ON LIGHT 

This indicator is turned ON by: 

1. sensing the end-of-reel marker while writing on tape 

2. sensing the tape mark while reading tape. 

SELE 

LOAD REWIND 

SELECT 

LO SPD 
RWND 

IREADY 

START 

READY 

START 

The indicator may be turned OFF by: 
1. pressing the unload key on the tape unit 
2. executing a REWIND TAPE AND UNLOAD or BRANCH IF 

END OF REEL instruction in the stored program. 

FILE PROTEcrION LIGHT 

This light automatically turns on if the unit is loaded 
with a reel that does not have the file-protection ring 
inserted in the back of the reel. The tape cannot be 
written as long as the file-protection light is ON. This 
light is ON whenever the tape unit is not in ready status. 

FUSE LIGHT 

This light turns on automatically whenever a fuse in 
the unit has blown. 

TAPE DENSITY LIGHTS 

These two lights (high and low) indicate the density 
in which the tape unit is operating. They are con­
trolled by the setting of the density switch. 

LOAD REWIND KEY 

This key is operative only when the reel door is closed 
and the ready light is OFF. Use of this key, after tape 
has been properly mounted in the magnetic tape unit, 
lowers tape into the columns, lowers the head assem­
bly, and moves tape in the rewind direction until the 
load point reflective spot is sensed. If the reflective 
spot is not to the right of the read-write head when 
this key is pressed, the tape will unwind from the 
machine reel. 

Caution: Do not open the reel door during rewind 
or load point searching. 

START KEY 

Use of this key places the tape unit in ready status and 
turns on the ready light, provided that : 
1. the reel door is closed 

FILE 
. PROTECT ' 

HI SPD 
RWND 

Figure 221. IBM 729 and 7330 Magnetic Tape Units Operating Keys and Lights 
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2. tape has been loaded into the columns 

3. the tape unit is not in the process of finding the load 
point (rewind or load-point operation). 

UNLOAD KEY 

This key is operative only when the ready light is OFF, 

tape is in the vacuum columns, and the reel door is 
closed. Use of this key raises the head assembly, and 
removes the tape from the columns, regardless of the 
distribution of tape on the two reels. If the tape is not 
at load point when the operator wishes to change tape 
reels, a load-point search should be initiated first by 
pressing the load-rewind key. Pressing the unload key 
also turns off the tape-indicate-on light. 

RESET KEY 

On a 729 II or IV, this key turns OFF the ready light. 
It also stops any tape operation except load and un­
load. If this key is pressed during a high-speed rewind, 
the operation stops, and then continues as a slow­
speed rewind. If the reset key is pressed during a 
slow-speed rewind, the operation stops. 

On a 7330, this key turns OFF the ready light. It also 
stops any operation being performed. Do not press 
this key while the 7330 is performing a high-speed 
rewind. If the key is pressed while the tape unit is 
performing a high-speed rewind, damage to the mag­
netic tape results. Press the reset key only after the 
high-speed rewind has been completed. 

REEL DOOR INTERLOCK 

When the door is open, the interlock contact prevents 
any normal operation of the tape unit. The reel door 
should never be opened when the ready light is ON, or 
during any load-rewind operation. 

REEL RELEASE KEY 

When this key is pressed, both reels may be turned 
manually for threading tape or removing the file reel. 
To operate the reel release key, open the reel door. 

Operating Pointers 
Consider the following points whenever a tape unit is 
in operation. 

1. Do not change the address of a tape unit by turning 
the address selection dial, during the execution of 
a program that uses other tape units. This applies 
whether the unit is in ready status or not. 

2. Never set two tape units to the same address. 

3. Do not open the door of a tape unit unless the tape 
inside is out of the vacuum columns and the read­
write head is raised. 

4. If the power in the 1401 goes off with tape units in 
ready status, have an IBM customer engineer re­
move the tape from the read-write head and the 
vacuum columns, of every unit in ready status, 
before power is restored. 
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Console Operation 

Starting the Machine 

The power-on key controls the main power supply for 
the entire system. Pressing this key has the following 
results: 

1. ac power is supplied to the entire system 
2. power light on the reader-punch and ready light on 

the printer are lighted 
3. blowers in the cubes and printer are started 
4. dc power is automatically supplied to the system. 

Turning Off the Machine 

Pressing the power-off key removes the power from the 
systems: 

1. dc power goes OFF 

2. ready and power-on lights go out on all units 
3. blower motors are turned OFF 

4. ac power supply goes OFF. 

Entering Information 

Information can be entered into a storage location 
manually as follows: 
1. Set the mode switch to ALTER. 

2. Set the address of the storage location for informa­
tion to be entered in the manual-address switches. 

3. Set the bit switches on the auxiliary console for the 
correct BCD code for the information to be entered 
into the selected storage location. 

4. Press the enter key on the auxiliary console. 
5. Check B-register bit lights to verify information 

entered. 

Notes. The B-register check light should be OFF. If it 
is ON, the information entered is not valid. 

In some cases the B-register check light gives an 
error indication on an enter operation if the previous 
character in the selected area is invalid. Restart with 
step 4 if the character appears valid but a B-register 
check is still found. 

The storage address bit lights should indicate 
the storage position selected. 

To enter the same character into more than one 
position of core storage: 
1. Set mode switch to storage scan. 
2. Set bit switches on the auxiliary console to the de­
sired bit configuration. 

Note: Invalid characters can be entered if the 
check stop switch is off. 
3. Hold enter key on auxiliary console. 
4. Press the start key. 

The process unit continues in the storage scan 
mode until both keys are released. 
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Manual Display 

1. Set mode switch to CHARACTER DISPLAY. 

2. Set manual address switches to desired storage 
location. 

3. Press the start key. 

Notes. The B-register contains bit configuration for 
selected location. 

The storage address lights display' the bit config­
uration for the address set in the manual address 
switches. 

Check Manual Entry of Address Registers 

1. Set mode switch to ALTER. 

2. Set manual address switches to the. desired address 
location. 

3. Press the I-, A-, or B-address register key. 

4. Press the start key. 

Note. The storage-display lights show the bit configu­
ration for the particular address register selected 
in step 3. There should be no error indication. 

Console Inquiry Station Operation 

Entering Information in Alter Mode 

A method of entering data typed on the IBM 1407 
into 1401 core storage is: 
1. Set the mode switch (1401 console) to ALTER. Alter 

light on 1407 turns ON. 

2. Set the manual address switches (1401 console) to 
the high-order position in storage, where the typed 
data is to be placed. 

3. Press the B-address register key-light. 
4. Press the start key (1401 console) to put the ad­

dress, set up by the manual address switches, in 
the B-address register. 

5. Press the ALTER key-light (1407 console). 

6. The operator can now begin typing the data into 
1401 storage beginning at the position specified by 
setting of the manual address switches. Word 
marks are cleared from 1401 storage as each char­
acter enters from the inquiry station. Characters 
typed can have an associated word mark entered 
with them by using the word-mark key. 

7. When the transmission is completed, press the clear 
key (1407 console). 

8. To continue programming in the 1401 turn the 
mode switch to RUN and press the start key (1401 
console). If necessary set the address where pro­
gramming is to begin in the manual address switches 
(1401 console) and enter it as previously explained. 



Read Out of Storage in Alter Mode 

A method of transferring an area of 1401 core storage 
to the 1407 and typing that information is: 

1. Set the mode switch (1401 console) to ALTER. Alter 
light ( 1407) comes ON. 

2. Set the manual address switches (1401 console) 
to the high-order position in storage of the data 
to be typed out. 

3. Press the B-address register key-light. 

4. Press the start key (1401 console) to set the ad­
dress set up by the manual address switches in the 
B-address register. 

5. Press the respond/typeout key-light (1407 console). 
The typeout light comes ON. 

6. The typewriter prints the data from 1401 storage 
beginning at the position specified by the setting of 
the manual address switches. Characters that have a 
word mark in the same position are typed in red. 
Blank positions in core storage are printed as lower­
case b's. 

7. When the transmission is completed, press the clear 
key. 

B. To continue programming in the 1401, turn the 
mode switch (1401 console) to RUN and press the 
start key (1401 console). If necessary, set the ad­
dress of the next program step in the manual address 
switches (1401 console), and enter it as previously 
explained. 

Console Inquiry with IBM 1401 in Run Mode with 
Inquiry Routine 

A method of causing the 1401 program to branch to the 
inquiry routine and to accept data from the 1407, is: 

1. Press the request enter key-light. This turns the 
inquiry request indicator ON. 

2. A BRANCH IF INDICATOR ON instruction in the 1401 
program tests the inquiry request indicator. If the 
indicator is ON, a program branch to the inquiry 
routine is made and the indicator turns OFF when 
a console inquiry instruction is processed. When 
the 1401 is ready to accept data from the 1407, the 
enter key-light is turned ON. 

3. The operator then types the data to be sent to the 
1401. If an error occurs in typing, the clear key is 

pressed, turning ON the inquiry clear indicator that 
can be tested by the 1401 program (see Clear Key). 

4. When the inquiry is completed, press the respond 
key. This causes the request enter key-light to turn 
OFF, a carriage return, and a group-mark with a 
word-mark to be inserted in 1401 storage in the next 
position to the last character typed. The 1401 is re­
leased from the interlock and continues operation 
under stored-program control. 

5. The inquiry routine then processes and assembles 
the data necessary to answer the inquiry, and prints 
the response. 

Console Inquiry with IBM 1401 in Alter Mode with 
Inquiry Routine 

A method of sending an inquiry to the 1401, when an 
inquiry routine is in 1401 core storage and the 1401 
is under operator control, js: 
1. Set the manual address switches (1401 console) 

to the high-order position of the inquiry routine 
in 1401 storage. 

2. Set the mode switch (1401 console) to ALTER. Alter 
light on 1407 comes ON. 

3. Press the I-address register key-light and the start 
key (1401 console) to set the address set up by the 
manual address switches in the I-address register. 

4. Set the mode switch (1401 console) to RUN. The 
alter light on the 1407 turns OFF. Press the start 
reset key (1401 console). 

5. Press the request enter key on 1407, and the request 
light comes ON. Press the start key (1401 console). 

6. The 1401 then starts executing the instruction of the 
inquiry routine. When the move or load instruction 
of the routine is reached, the 1401 halts, the enter 
key-light comes ON, request light goes OFF, and the 
system is ready to receive the inquiry. 

7. The operator types the inquiry on the 1407. When 
the message is completed, press the respond key, 
and a group-mark with a word-mark is inserted in 
1401 storage to the right of the inquiry. 

8. The 1401 then processes the inquiry. A branch op­
eration can be performed if it is not desired to 
proceed with the main program after processing 
the inquiry by the stored program. This operation 
allows the operator to make the decision to con­
tinue processing or take any action necessary. 
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Restart Procedures 

Reader 

When a validity or read check error occurs in the card 
reader, it is necessary to go through the following re­
start procedure to continue 1401 operation: 

1. Open the joggler. 
2. Remove the cards in the hopper. 
3. Close joggler partially (leave open approximately 

45 degrees). 
4. Press the non-process run-out key to clear two cards 

out of the read feed. Cards will not drop from the 
file-feed magazine. 

5. Press the check reset key on the 1402 to reset error 
indicators. 

6. Remove the last three cards from the normal read 
stacker, correct the card causing the error, and 
place the cards in the card feed hopper. 

7. Replace the other cards in the hopper on top of the 
three cards. 

8. Press the start key to restart the program. 

In the case of a read check error, a storage scan op­
eration can be used to determine the position in error. 

In the case of a read stop indication without a read 
check or validity check, cards in the stacker or past the 
second read brushes have been processed properly. 
The cards at the throat and read check brushes have 
not been processed, and must be placed at the front 
of the file when reading begins again. 

Punch 
When a punch check error occurs in the punch unit, 
this procedure can be used to continue 1401 operation: 

1. Lift the cards out of the card punch hopper. 

2. Press the non-process run-out punch key to clear 
three cards out of the punch. 

3. Press the check reset key on the 1402 to reset the 
error indicators. 

4. Remove the last four cards from the stacker. The 
first of these cards is the error card. This card can 
be reconstructed by re-entering the original data 
into the system and re-processing, or by manual 
correction of the data in the card. The second card 
that entered the stacker was punched but it was 
not checked, therefore, it should be discarded. This 
card is re-punched on the run-in cycle of the restart 
operation. The third and fourth cards that enter 
the stacker are blank. 

5. Replace the blank cards in the card punch hopper. 
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6. Press the start key to restart the program. The last 
punch cycle (number 2 card in step 4) is repeated 
and information in the punch storage area is re­
punched. 

When a read check error occurs, a storage scan 
operation can be used to determine the column in 
error. If the error occurred on a punch feed read oper­
ation, the scan should be started in core-storage posi­
tion 101 because the scan stops in each position of 
the read-in area (core-storage locations 001-080). This 
is the area into which data has been read from the 
punch feed read station. 

In case of a punch stop due to a card feed failure or 
card jam, and if there is no punch check indication, 
the punch can !estarted after the punch feed is 
cleared of cards he card that was punched on the 
cycle when the occurred, is repunched. This cor­
responds to card number 2 of step 4. 

PUNCH FEED READ 

The punch check procedure is: 
1. Lift the cards out of the card punch hopper. 
2. Press the non-process run-out key to clear three 

cards out of the punch. 
3. Press the check reset key on the 1402 to reset the 

error indicators. 
4. Remove the last four cards from the stacker. The 

first and second cards should be reconstructed. 
Cards three and four are correct. 

5. Place reconstructed cards one and two and cards 
three and foul' and the card file in the card punch 
hopper. 

6. Press START RESET (1401) and the start key, and re­
start the program (reconstruct internal data if nec­
essary) at the instruction that caused card one to 
be read by the punch feed read brushes. 

The validity check procedure is: 
1. Lift the cards out of the card punch hopper. 
2. Press the non-process run-out key to clear three 

cards out of the punch. 
3. Press the check reset key on the 1402 to reset the 

error indicators. 
4. Remove the last four cards from the stacker. The 

first of these cards is correct. The second card must 
be checked, because it was read and punched but 
not checked. Card three is the error card. This card 
should be reconstructed and placed with card four 
in front of the card file. 

5. Place the card file in the card punch hopper. 
6. Press START RESET (1401) and the start key, and re­

start the program at the instruction that caused card 
three to be read by the punch feed read brushes. 

Note: If validity and punch-check errors occur at the 
same time, use the punch-check restart procedure and 
check card three for the validity error. 
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Printer 

When a print check error occurs in the printer, the 
following restart procedure can be used to continue 
1401 operation: 

WITHOUT PRINT STORAGE 

1. Press the print check reset key to reset the error 
indicators. 

2. Turn the mode switch on the processing unit con­
sole to STORAGE SCAN. 

3. Press the start key. The 14'01 stops at the location 
in storage where the print error occurred and the 
print check light comes ON. 

4. Press the print check reset key to turn off the error 
indication. 

5. Perform a storage scan to determine the position 
or positions in error if the system stopped due to 
a B-register error during printing. A position in 
error can be corrected by entering the correct char­
acter. 

6. Press the start key a second time to re-scan storage 
to ensure that not more than one print error or 
B-register error occurred during the last printed 
line. 

7. Set the core-storage address of the print instruction 
in the I-address register (see Storage Address Dial 
Switches, 1401 Console). 

8. Turn mode switch to RUN. 

9. Press the start reset key and then the start key to 
continue the program. 

WITH PRINT STORAGE 

1. Press the print check reset key to reset the error 
indicators. 

2. Turn the load switch on the 1401 console to STOR­

AGE SCAN and the mode switch on the auxiliary 
console to PRINT STORAGE SCAN. 

3. Press the start key. The 1401 stops at the location 
in storage where the print error occurred, and the 
print check light comes ON. 

4. Press the print check reset key to turn off the 
error indication. 

5. Press the start key a second time to re-scan storage 
to ensure that not more than one print error or 
B-register error occurred during the last printed 
line. 

6. Because the system stops due to the print error at 
the print instruction following the operation that 
was in error, the information to be reprinted must 
be reconstructed in the print area. 

7. If the system stops due to a B-register error during 
a print transfer, the core-storage position in error 
can be corrected by entering the correct character 
after pressing the start reset key (see Alter Mode, 
1401 Console). The B-register and print error indi­
cators are reset by pressing the process check reset 
key and the print check reset key. 

B. Press the start key a second time to re-scan storage 
to ensure that not more than one print error or 
B-register error occurred during the last printed 
line. 

9. Set the core-storage address of the print instruc­
tion in the I-address register (see Storage Address 
Dial Switches, 1401 Console). 

10. Turn the mode switch to RUN. 

11. Press the start reset key and then the start key to 
continue the program. 

Restart Procedures 139 



Timing 

The input, output, and processing abilities of the IBM 

1401 Data Processing System are used to greatest ad­
vantage, if careful timing consideration is given in the 
development of each 1401 program. In a card system, 
computing can usually overlap the input and output 
operations. 

This section includes methods of estimating timing 
requirements for input-output, calc~lation, and total 
job time. Each of these areas is discussed in detail, 
and timing charts are included where necessary. An 

Timing Input and Output Operations 

Card Reader 

The feeding mechanism of the card reader is controlled 
by a single tooth clutch that completes one revolution 
every 75 ms. If a signal to read is received by the 
clutch, the feed reads a card as soon as the tooth is at 
the proper position (clutch point). Clutch points are 
always 75 ms apart. 

The read release special feature permits processing 
during the 21 ms read start time (RST), and makes a 
total of 31 ms, of the 75-ms cycle, available for pro_cess­
ing. The START READ FEED instruction is given during 
the 10 ms normally available for processing. It sends a 

Read Card 1 No Card F d ee 

... -
75 ms - 75 ms 

o Clutch Point 1 4. Clutch Point 2 

_ RST ... J READ I PT 

-21 ms I -1--44 ms 10 
ms 

~ Process time 

I (10 ms + 75 ms) -
Proce$s time with Read Release 

(10 ms + 75 ms + 21 ms) 

Figure 222. Read Timing Chart (Read Release) 
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understanding of this material allows the programmer 
to place efficiently the input-output operation codes. 
This efficient placement can often save valuable proc­
essing time. 

The formulas used for calculating the time required 
to execute an instruction are included. This "enables the 
programmer to figure the time required for the 
processing of data, and, in combination with the input­
output operations, the efficient placement of the vari­
ous operation codes can be achieved. 

signal to engage the clutch for the next read cycle as 
soon as the current cycle is completed. The READ A 

CARD instruction must then be given during the 21 ms 
read start time of the next cycle (see Start Read Feed 
operation code). 

If processing time exceeds the 10 ms allowed, but is 
less than 85 ms and read release is not used, card 
feeding stops for a period of 75 ms (Figure 222). The 
timing chart shows that two card-read cycles (150 ms) 
are required to complete such an operation. Of this 
time, 85 ms are available for processing. If read release 
is used, an additional 21 ms (read start time from the 
third card-read cycle) is also available for processing. 

ea ar R d C d 2 

... -75 ms 

4 ~ Clutch Point 3 Clutch Point 4 4• 

-- RST ... I ... READ PT • -,,. 
21 ms 44 ms 10 

ms 



CARDS LENGTH PROCESSING TIME (ms) 

PER OF WITHOUT WITH 
MINUTE CYCLE (ms) READ RELEASE READ RELEASE 

800 75 10 31 

400 150 85 106 

266 225 160 181 

200 300 235 256 

Figure 223. Card Reading Speeds 

Note: In this case the START READ FEED instruction can 
be given any time after clutch point 2 and before 
clutch point 3. 

Figure 223 is a table showing card reading speeds, 
and the processing time allotted for each. 

The early card read feature provides two additional 
points (clutch points) where the feeding mechanism 
can engage. When processing between cards exceeds 
10 ms, the feed mechanism can engage 50 ms soonel' 
than before. The time between card feeding, is re· 
duced to 100 ms rather than 150 ms. Instead of a 50 
per cent reduction in the rated speed (to 400 cpm), 
there is only a reduction of 25 per cent (to 600 cpm). 
Figure 224 illustrates these timings and rates in de­
tail. 

When early card read is used with read release, 
additional processing time between the reading of two 
cards is provided. This is accomplished by using the 
read start time (21 ms at the beginning of each cycle) 
as processing time. 

The value of both features is realized in those pro­
grams with processing routines that exceed the 10 ms 
allotted for processing during each basic card reading 
cycle. Although they accomplish separate objectives, 
they are complementary. Together, they permit the 
IBM 1401 Data Processing System to operate at speeds 
closer to capacity, thus effecting shorter over-all job 
time. 

Figures 225 and 226 illustrate cycle timings with the 
early card read feature. A read release instruction 
causes the read clutch to engage at the next clutch 
point, which occurs at 25-millisecond intervals. There­
fore, this instruction should not be given more than 
23 milliseconds before the time the clutch is to be 
engaged. 

Card Punch 

The card punch is operated by a 4-tooth clutch that 
completes one revolution every 240 ms. Because the 
clutch has 4 teeth, there are 4 clutch points occurring 

PROCESSING TIME 

TIME WITHOUT WITH CARDS 

BETWEEN CARDS READ RELEASE READ RELEASE PER MINUTE 

75 ms 10 31 800 

100 ms 35 56 600 

125 ms 60 81 480 

150 ms 85 106 400 

175 ms 110 131 342 

200 ms 135 156 300 

225 ms 160 181 266 

250 ms 185 206 240 

Figure 224. 600 CPM with Early Card Read 

at 60-ms intervals in the punch cycle, during which the 
punch feed can be engaged to operate. As soon as the 
PUNCH A CARD instruction is interpreted by. the pro­
gram, a signal is sent to the clutch. When the clutch 
reaches a clutch point, punch start time (PST) begins, 
followed by punch time and processing time. 

The punch release special feature permits processing 
during the 37 ms punch start time, and increases to 59 
ms the total available processing time between suc­
cessive punch cycles. It initiates punch start time for 
the next punch cycle as soon as the current punch 
cycle is completed. See Start Punch Feed operation 
code. 

If processing time exceeds 22 ms and START PUNCH 

FEED is not used, the punch cycle is delayed for 60 ms 
( Figure 227) . 

Figure 228 . shows card punching speeds and the 
processing time available with each. 

Printer 

The IBM 1403 Printer operates at a maximum rated 
speed of 600 lines per minute. The 100 ms print cycle 
allows 16 ms of processing time. 

The 1401 system is interlocked for the 84 ms print 
time. The print storage special feature releases all but 
approximately 2 ms of the entire print cycle, thus mak­
ing 98 ms available for processing (Figure 229). The 
print storage area, however, is interlocked for the 84 
ms during printing. Form movement for single spacing 
is overlapped during the last 20 ms of the cycle. If 
additional forms movement time or additional process­
ing time is required by the application, this time must 
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PT With Read Rei 
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. 

Figure 225. 600 CPM with Early Card Read 
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Figure 226. 480 CPM with Early Card Read 
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CARDS LENGTH PROCESSING TIME 

PUNCHED PER OF WITHOUT WITH 
MINUTE CYCLE (ms) PUNCH RELEASE PUNCH RELEASE 

250 240 22 59 

200 300 82 119 

166 360 142 179 

143 420 202 239 

125 480 262 299 

Figure 228. Card Punching Speeds 

be added to the 100-ms cycle to determine printing 
speed. 

Figure 230 shows the effective printing speeds under 
various processing and forms movement considerations 
with and without the print storage special feature. 

Additional forms-skipping time beyond ,the first 8 
lines is calculated by multiplying the number of lines 
skipped by 2.3 ms. 

Some program instructions cause form movement to 
start immediately. If the printer is printing without 
using print storage when an immediate forms control 
instruction is given, or if the carriage is already in 
motion, the 1401 waits until the previous carriage 
operation is completed before the immediate skip is 
executed. If the system is equipped with the print 
storage special feature, and a CONTROL CARRIAGE in­
struction is given during the 84-ms print time, the 
processing unit is interlocked. In this case, skipping 
takes place when printing and carriage operations are 
completed, if the program calls for an immediate skip, 
or follows the next print operation if a delayed skip 
is indicated. 

Immediate skips require 20 ms for the first space, 
5 ms for each additional space up to 8, and then 2.3 ms 

100 ms 

Print Interlock 

84 ms 

Processing 

98 ms 

Figure 229. Print Timing Chart (with Print Storage) 

LINES LENGTH AVAILABLE PROCESS TIME (ms) MAXIMUM 

PRINTED OF SPACES 

PER CYCLE WITHOUT WITH SKIPPED 

MINUTE (ms) PRINT STORAGE PRINT STORAGE WITHIN CYCLE 

600 100 16 98 1 

572 105 21 103 2 

545 110 26 108 3 

522 115 31 113 4 

500 120 36 118 5 

480 125 41 123 6 

462 130 46 128 7 

444 135 51 133 8 

Figure 230. Effective Printing Speeds 

LINES SKIPPED TIME REQUIRED (ms) 

1 20 

2 25 

3 30 

4 35 

5 40 

6 45 

7 50 

8 55 

Each space over 8 requires an additional 2.3 ms for models S, C, D. 
Model A requires 5 ms for each space after the first. 

Figure 231. Form Movement Time 

Forms 

ms 

Transfer into 
Print Storage 
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46.7 ms 

Print Interlock J 
30.7 ms I 

l 
I 

Figure 232. Print Timing Chart (Numerical) 

for each space thereafter, except Model A, which re­
quires an additional 5 ms for each space after the first. 

Figure 231 shows form movement timing require­
ments for immediate skip instructions. 

With the numerical print feature installed, and the 
1403 operating in the numerical mode, the print cycle 
is 46.7 ms as opposed to the 100 ms cycle in the alpha­
merical mode. Because changing from one mode to 
the other affects neither spacing nor skipping, forms 
movement time remains 20 ms. Interlock time, how­
ever, has been reduced from 84 ms to 30.7 ms (Figure 
232). Therefore, the maximum rated speed in the nu­
merical mode is increased to 1285 lines per minute. 
In either mode the print cycle permits 16 ms of over­
lapped processing time. 

Simultaneous Input-Output Operations 
Total job-time improvements are often made through 
use of combination operation codes, and the read re­
lease, punch release, and print storage special features. 

The first time a simultaneous operation is performed, 
the I/O cycle time may not exactly correspond to the 
cycle shown in the charts; but as the operation is con­
tinuously performed, the cycle time will be the same 
as the time specified in the timing charts. 

.. 150 ms 

4ms 

Print Time 
Overlap ~ 

~ 

84ms 
RST 

21 ms ~ 

I ... 
I 

Figure 233. Print and Read Timing Chart 
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. 

Processing 

16 ms 

Forms Movement 
(1 space) -20 ms 

Combination Print and Read 

If reading and printing are to be done as a combined 
operation (operation code 3) and print storage is not 
installed, the 1401 can print 400 lines per minute and 
read 400 cards per minute. The combined cycle takes 
150 ms; 18 ms are available for processing. 

Figure 233 shows the division of the print cycle, and 
the functions that are performed. 

Note: Read start time extends for four milliseconds 
beyond print time. 

The printer takes priority and operates first. The 
system is interlocked for the first 84 ms of the cycle. 
Forms movement can start 80 ms after printing begins 
and can continue until the end of the cycle. The read 
operation interlocks the processing unit for 44 ms. The 
remaining 18 ms are used for processing. A START-READ­

FEED instruction should not be given preceding a WRITE 

AND READ instruction. 
Note: If the system is equipped with the print stor­

age and read release special features, the use of a 
single PRINT A LINE and READ A CARD instruction per­
mits the same speeds as the combination WRITE AND 

READ instruction - 533 cards and 533 lines per minute. 
In this case, it becomes more practical to use the single 
instruction because more processing time is available 
with the print storage special feature. 

~ Read Time Process Time 
,-.. 

44 ms 18 ms 
~ 

Available Forms Movement Time 
~ 

70 ms 



Figure 234 shows the reading and printing opera­
tions performed under individual instructions. The 225 
ms functional cycle shows the pattern for 2 cards and 
2 lines. Repeating this cycle produces the desired 
speed - 533 cards and 533 lines per minute. 

A read instruction starts the operation. The first 
print instruction is given at point A to initiate print line 
1. The line to be printed is transferred to print storage 
in 2 ms. Eight ms from the first read cycle remain and 
are available for processing. A read release command 
must be given during this 8 ms to release the normal 
21 ms RST interlock for card-cycle 2. Now there is a 
total of 29-ms processing time available between the 
transfer of line 1 to print storage and the READ A CARD 

instruction. The 1401 is interlocked for 44 ms while 
card 2 reads into the input area. Because the print 
storage feature assumes all but 2 ms of the normal 
printer interlock, the actual read operation is com­
pletely overlapped with print time. 

An instruction to print given after the read opera­
tion would cause the 1401 to wait until the print 
storage interlock is released. Another READ A CARD in­
struction would cause the machine to be interlocked 
at. the time print storage is free to receive another 
WRITE A LINE instruction. Therefore, processing can 
take place for 25 ms before the next print instruction 
initiates the printing of the second line. After the 2-ms 
interlock for the transfer to print storage, a START READ 

FEED can be given to release the RST interlock for the 

third read cycle and to make a total of 79 ms available 
for processing before the next read operation. 

At point B the functional cycle (starting at point 
A) can begin. 

A maximum of three spaces between print lines can 
be effected during this operation. 

Combination Read and Punch 

The 1401 can read 250 cards per minute and punch 
250 cards per minute if the READ AND PUNCH instruction 
(operation code 5) is used. The entire read operation 
is overlapped with card punching during the 240-ms 
punch cycle. The 22 ms normally available for proc­
essing during a punch cycle are also available during 
this combination operation. 

The punch release special feature makes it possible 
to extend the available processing time to a total of 
59 ms. If a START PUNCH FEED instruction is given dur­
ing the 22 ms following punching, the PST interlock 
is released. 

Figure 235 is a chart showing the relationship be­
tween the read and punch operations. 

N ate: The position of the punch clutch can cause a 
maximum delay of 60 ms before the first read and punch 
operation is initiated. However, if processing time is 
kept within the prescribed time limits, continued use of 
the READ AND PUNCH instruction permits operation at 
250 cards per minute. 

Read 2 Cards Print 2 lines 
"A" "8" 

Functional Cycle - 225 ms 

Card 

p,Ycle~R_l~~~ _________ c_ar_d_C_y_cl_e_R_2 __________ ~ 
75 ms 

Read 

Process 

29 ms 

~~:~'"te tRead J Ca,d I ,,,,,",UO" 
Start Read Feed 

Instruction 

Interlock 

44 ms 
Print storage 

Interlock 

84 ms 

I 
Write a line 

Instruction 

Figure 234. Read and Print Operation with Print Storage and Read Release 

Card Cycle R 3 

75 ms 
Read 

Interlock 

44 ms 
Print storage 

Interlock 

84 ms 

Process 

81 ms 

r i 
Read A Card 

Instruction 

Start Read Feed 
Instruction 
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Read-Punch Cycle -240 ms 

PST Punch Time 

37 ms 181 ms 

I~ ·I~ Interlock 

·~~I -----
44 ms 

.. y 
Read Cycle··75 ms 

Figure 235. Read and Punch Timing Chart 

Print Punch Cycle 
300 ms 

-:1 ~7ms 

Print Time 

84 ms 

L. PST 

I 37 ms 

Note: Punch start time extends for i ms 
beyond Print Time 

-
I 

... 

Figure 236. Print and Punch Timing Chart 

Figure 237. Print and Punch Timing Chart (with Print Storage) 
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Combination Print and Punch 

The 1401 can execute a combination WRITE AND PUNCH 

instruction (operation code 6) during a 300-ms cycle 
without using the print storage special feature. Maxi­
mum output under these conditions is 200 lines and 200 
cards per minute. 

Figure 236 shows the relationship between printing 
and punching with 28 ms processing time available be­
tween successive combined operations. The printer al­
ways takes priority and operates first. The signal to 
engage the clutch and initiate the punch operation is 
automatically given by the machine during the 84-ms 
print time when operation code 6 is used. 

Note: START PUNCH FEED instruction cannot be given 
preceding a WRITE AND PUNCH combination instruction. 

If the print storage special feature is used, print time 
can be overlapped with punching. This timing is illus­
trated in Figure 237. Single instructions and the punch 
release special feature are used to obtain maximum 
processing time. Output is 400 lines and 200 cards 
per minute. 

Combination Print, Read, and Punch 
Cards can be read and punched at the rate of 200 cards 
per minute and printing can occur at 200 lines per min­
ute if the WRITE, READ, AND PUNCH instruction (opera­
tion code 7) is used. The printer takes priority and 
operates first. Reading time is completely overlapped 
with punching, and processing time available during 
the 300-ms cycle is 28 ms. Because the signals to start 
the reader and the punch are automatic in the combina­
tion instruction, START READ FEED and START PUNCH 

FEED cannot be used. Figure 238 shows the timing for 
the operation. 

N ate: The first WRITE, READ AND PUNCH instruction 
could be extended to a maximum of 360 ms because of 
clutch wait time. Subsequent successive WRITE, READ, 

AND PUNCH instructions require 300 ms each. 
If the print storage special feature is installed in the 

system, the input-output rates can be increased to 250 
cards and 250 lines per minute and the cycle time can 
be reduced to 240 ms. The punch release special.feature 
makes it possible to increase processing time when print 
storage is available. Figure 239 is a card and printer 
summary timing chart. 
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--
Print Time - ... - 84 ms 

I- PST 

37 ms 

Note: Punch start time extends fOI 7 ms 
beyond Print Time 

Print, Read, Punch Cycle "300 ms 

Punch Time -- 181 ms 

+ ---------- I-

Figure 238. Print, Read, and Punch Timing Chart 

OP CODE OPERATION CYCLE RATE 

1 Read 75 ms 800 cpm 
150 ms 400 cpm 
225 ms 266 cpm 

2 Print - Without print storage 
Single space 100 ms 600lpm 
Double space 105 ms 572 Ipm 
Triple space 110 ms 5451pm 

Print - With print storage 
Single space 100 ms 600lpm 
Double space 105 ms 5721pm 
Triple space 110 ms 5451pm 

1 and 2 
Print & Read 

112.5 ms 533 cpm 
With print storage 

3 Print & Read 
Without print storage 

150 ms 400 cpm 

4 Punch 240 ms 250 cpm 
300 ms 200 cpm 
360 ms 166 cpm 

5 Read & Punch 240 ms 250 cpm/rd 
250 cpm/pu 

300 ms 200 cpm/rd 
200 cpm/pu 

6 Print & Punch 
Without print storage 300 ms 200 Ipm/pr 

200 cpm/rd 
With print storage 240 ms 250 Ipm/pr 

250 cpm/rd 

7 Print, Read, & Punch 
Without print storage 300 ms 200lpm/pr 

200 cpm/rd 
200 cpm/pu 

With print storage 240 ms 250lpm/pr 
250 cpm/rd 

Figure 239. Card and Printer Summary Timing Chart 
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PT ... ... 
28 ms 

Read Cycle 

75 ms 

PROCESSING TIME AVAILABLE 

WITHOUT RELEASE WITH RELEASE 
INSTRUCTION INSTRUCTION 

10 ms 31 ms 
85 ms 106 ms 

160 ms 181 ms 

16 ms 
21 ms 
26 ms 

98 ms 
103 ms 
108 ms 

8 ms 

18 ms 

22 ms 59 ms 
82 ms 119 ms 

142 ms 179 ms 

2.8ms 59 ms 

22 ms 59 ms 

28ms 

20 ms 57 ms 

28 ms 

20 ms 57ms 



Processing Time 
To make realistic timing estimates for processing, it is 
necessary to consider the individual instructions used 
and the number of data characters involved in each 
operation. One approach that can be used is: 
1. Develop a general block diagram for the problem 

to be solved. 
2. Define the operation performed in each block. 
3. Determine the number of and type of instructions 

required to accomplish the operations in the block. 
The length of the data fields should be known. 

4. Using the formulas listed in System Timings (Figure 

SYSTEM TIMINGS 

Key to abbreviations used in formulas 
lA = length of the A·field 
la = length of the B·field 
la = length of Multiplicand field 
l[ = length of Instruction 

lH = length of Multiplier field 
I.q = length of Quotient field 

la = length of Divisor field 

ls = Number of significant digits in Divisor (Excludes high. 
order O's and blanks) 

lw = length of A· or B·field, whichever is shorter 

lx = Number of characters to be cleared 
ly = Number of characters back to right·most "0" in control field 

lz = Number of O's inserted in a field 
I/O = Timing for Input or Output cycle 

Fm = Forms movement times. Allow 20 ms for first space, plus 5 ms 
for each additional space 

Tm = Tape movement times 

~ = Number of fields included in an operation 

OP 
OPERATION CODE FORMULA 

240), calculate the time required to perform the 
operations. The timings shown are expressed in 
milliseconds. 

5. Four charts have been included that give approxi­
mate timings for multiplication and division oper­
ations. Two of the charts ( Figure 241 and 243) 
give the time required when the multiply and divide 
special features are included in the system. The 
other charts (Figure 242 and 244) give the timings 
for multiply and divide, based upon the subroutines 
written in actual language in the section, M ultipli­
cation and Division Subroutines. 

SYSTEM TIMINGS 
OP 

OPERATION CODE FORMULA 

Punch a Card 4 .0115 (ll + 1) + I/O 
Read a Card,-·· 1 .0115 (ll + 1) + I/O 
Read and Punch 5 .0115 (ll + 1) + I/O 
Select Stacker K .0115 (ll + 1) 
Set Word Mark , .0115 (ll + 3) 
Start Punch Feed* 9 .0115 (ll + 1) 
Start Read Feed* 8 .0115 (ll + 1) 
Store A·address Register* Q .0115 (ll + 5) 
Store B·address Register* H .0115 (ll + 4) 
Subtract (no recomplement) 5 .0115 (ll + 3 + lA + La) 
Subtract (recomplement) 5 .0115 (ll + 3 + lA + 4 La) 
Write a Line 2 .0115 (ll + 1) + I/O 
Write and Punch 6 .0115 (ll + 1) + I/O 
Write and Read 3 .0115 (ll + 1) + I/O 
Write, Read and Punch 7 .0115 (ll + 1) + I/O 
Zero and Add ? .0115 (ll + 1 + lA + La) 
Zero and Subtract I .0115 (ll + 1 + lA + La) 

TAPE OPERATIONS 

Add (no recomplement) A 
Add (recomplement) A 

.0115 (ll + 3 + lA + La) 

.0115 (ll + 3 + lA + 4 lll) 
Tm - Tape movement can be determined from the following: 

1 = Number of Characters 

Branch B 
Branch if Bit Equal* W 
Branch if Character Equal B 
Branch if Indicator On B 
Branch if Word Mark 
and/or Zone V 
Clear Storage I 
Clear Word Mark D 
Compare C 
Control Carriage F 
Control Unit U 

Divide (aver.)* % 

Halt . 
load Characters to A 
Word Mark L 

Modify Address* # 
Move Characters to A or 
B Word Mark M 

Move Characters and Edit E 
Move Characters to Record 
·or Word Mark* P 
Move Characters ol1d 
Suppress Zeros Z 
Move and Insert Zeros* X 
Move Numeric D 

Move Zone Y 
Multiply (aver.)* @ 
No Operation N 

Figure 240. Systems Timings 

.0115 (ll + 1) 

.0115 (ll + 2) 

.0115 (ll + 2) 
.0115 (ll + 1) 

.0115 (ll + 2) 

.0115 (ll + 1 + Lx) 

.0115 (ll + 3) 

.0115 (ll + 1 + lA + La) 

.0115 (ll + 1) + Fm 

.0115 (ll + 1) + Tm 

.0115 (ll +2 +7 III lQ + 8 lQ) 

.0115 (ll + 1) 

.0115 (ll + 1 + 2 LA) 
.0115 (ll + 9) 

l 

.0115 (ll + 1 + 2 lw) 

.0115 (ll + 1 +lA + la + ly) 

.0115 (ll + 1 + 2 LA) 

.0115 (ll + 1 + 3 LA) 

.0115 (ll + 1 + 2 ~ lA + ~ lz) 

.0115 (ll + 3) 

.0115 (ll + 3) 
.0115 (ll +3 +2 la +5lc lll: +7 lll:) 

.0115 (ll + 1) 

C = Character Rate 
729 II at 200 cpi = .067 ms 

at 556 cpi = .024 ms 
729 IV at 200 cpi = .044 ms 

at 556 cpi = .016 ms 
7330 at 200 cpi = .139 ms 

at 556 cpi = .050 ms 

729 Model II, Read 10.7 + CN ms = TAU interlocked 
10.5 + CN ms = Processing interlocked 

Write 11.7 + CN ms = TAU interlocked 
7.5 + CN ms = Processing interlocked 

729 Model IV, Read 6.8 + CN ms = TAU interlocked 
6.7 + CN ms = Processing interlocked 

Write 7.8 + CN ms = TAU interlocked 
5 + CN rna = Processing interlocked 

7330 Read 20.5 + CN ms = TAU interlocked 
7.7 + CN ms = Processing interlocked 

Write 20.3 + CN ms = TAU interlocked 
5 + CN ms = Processing interlocked 

Rewind 
729 Model II = 1.2 minutes/reel 
729 Model IV = .9 minutes/reel 
7330 (High Speed) = 2.2 minutes/reel 

Skip and Blank Tape 
(add to subsequent write time) 

729 Model II = 40.5 ms 
729 Model IV = 27 ms 
7330 = 103 ms 

Backspace (after Read) 
729 Model II = 46 + CN ms 
729 Model IV = 33 + CN ms 
7330 = 428 + CN ms 

Backspace (after Write) 
729 Model II = 52 + CN ms 
729 Model IV = 37 + CN ms 
7330 = 435 + CN ms 
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1401 DIVIDE TIMES WITH SPECIAL FEATURE 

No. of Pos. in Quotient ~ 1 2 3 4 5 6 7 8 9 10 

No. of Pos. in Divisor 1 .276 .449 .621 .794 .966 1.139 1.311 1.484 1.656 1.829 

1 
2 .357 .610 .863 1.116 1.369 1.622 1.875 2.128 2.381 2.634 
3 .438 .771 1.104 1.437 1.770 2.103 2.436 2.769 3.102 3.435 
4 .518 .932 1.346 1.760 2.174 2.588 3.002 3.416 3.830 4.244 
5 .598 1.093 1.588 2.083 2.578 3.073 3.568 4.063 4.558 5.053 
6 .679 1.254 1.829 2.404 2.979 3.554 4.129 4.704 5.279 5.854 
7 .759 1.415 2.071 2.727 3.383 4.039 4.695 5.351 6.007 6.663 
8 .840 1.576 2.312 3.048 3.784 4.520 5.256 5.992 6.728 7.464 
9 .920 1.737 2.553 3.370 4.186 5.003 5.819 6.636 7.452 8.269 

10 1.001 1.898 2.795 3.692 4.589 5.486 6.383 7.280 8.177 9.074 

Figure 241. IBM 1401 Divide Times (with Special Feature) 

1401 DIVIDE TIMES BASED ON DIVIDE SUBROUTINE 

No. of Pos. in Quotient ~ 1 2 3 4 5 6 7 8 9 10 

No. of Pos. in Divisor 1 11.815 15.468 19.113 22.762 26.411 30.060 33.709 37.358 41.007 44.656 

1 
2 11.446 15.267 19.088 22.909 26.730 30.551 34.372 38.193 42.014 45.835 
3 11.078 15.072 19.066 23.060 27.054 31.048 35.042 39.036 43.030 47.024 

Value of each 4 10.710 14.876 19.042 23.208 27.374 31.540 35.706 39.872 44.038 48.204 
Quotient Digit as- 5 10.342 14.681 19.020 23.359 27.698 32.037 36.376 40.715 45.054 49.393 
sumed to be an 6 9.974 14.485 18.996 23.507 28.018 32.529 37.040 41.551 46.062 50.573 
average of 7 9.606 14.290 18.974 23.658 28.342 33.026 37.710 42.394 47.078 51.762 
"5" 8 9.238 14.094 18.950 23.806 28.662 33.518 38.374 43.230 48.086 52.942 

9 8.870 13.899 18.928 23.957 28.986 34.015 39.044 44.073 49.102 54.131 

10 8.502 13.703 18.904 24.105 29.306 34.507 39.708 44.909 50.110 55.311 

(Add 1 ms to times shown above if signing of quotient is required.) 

Figure 242. IBM 1401 Divide Times (Based on Divide Subroutine) 

1401 MULTIPLY TIMES WITH SPECIAL FEATURE 

No. Pos. Multiplicand ~ 1 2 3 4 5 6 7 8 9 10 11 

Number Positions Multiplier 1 .276 .347 .418 .489 .560 .631 .702 .773 .844 .915 .986 

2 .414 .552 .690 .828 .966 1.104 1.242 1.380 1.518 1.656 1.794 

1 3 .552 .748 .944 1.140 1.336 1.532 1.728 1.924 2.120 2.316 2.512 

4 .690 .943 1.196 1.449 1.703 1.956 2.209 2.462 2.715 2.968 3.221 

5 .828 1.139 1.450 1.761 2.072 2.383 2.694 3.005 3.316 3.627 3.938 

6 .966 1.334 1.702 2.070 2.438 2.806 3.174 3.542 3.910 4.278 4.646 

7 1.104 1.530 1.956 2.382 2.808 3.234 3.660 4.086 4.512 4.938 5.364 

8 1.242 1.725 2.208 2.691 3.174 3.657 4.140 4.623 5.106 5.589 6.072 

9 1.380 1.921 2.462 3.003 3.544 4.085 4.626 5.167 5.708 6.249 6.790 

10 1.518 2.116 2.714 3.312 3.910 4.508 5.106 5.704 6.302 6.900 7.498 

Figure 243. IBM 1401 Multiply Times (with Special Feature) 

150 



1401 MULTIPLY TIMES BASED ON MULTIPLY SUBROUTINE 

No. Pos. Multiplicand ~ 1 2 3 4 5 6 7 8 9 10 11 

Numb., Po.it;on. MuIUpU., 1 1 3.51 3.63 3.74 3.86 3.97 4.08 4.20 4.32 4.43 4.55 4.67 

Value of each 2 7.10 7.33 7.56 7.79 8.02 8.25 8.48 8.71 8.94 9.17 9.40 

Multiplier Digit 3 10.74 11.08 11.43 11.77 12.12 12.46 12.81 13.15 13.50 13.84 14.19 

assumed to be an 4 14.42 14.88 15.34 15.80 16.26 16.72 17.18 17.64 18.10 18.56 19.02 

average of 1/51/ 5 18.15 18.73 19.30 19.88 20.45 21.03 21.60 22.18 22.75 23.33 23.90 

6 21.93 22.62 23.31 24.00 24.69 25.38 26.07 26.76 27.45 28.14 28.83 

7 25.76 26.57 27.37 28.18 28.98 29.79 30.59 31.40 32.20 33.01 33.81 

8 29.63 30.55 31.47 32.39 33.31 34.23 35.15 36.07 36.99 37.91 38.83 

9 33.54 34.58 35.61 36.65 37.68 38.72 39.75 '40.79 41.82 42.86 43.89 

(Add 1 ms to times shown above if it is required to 'sign' the product.) 

Figure 244. IBM 1401 Multiply Times {Based on Multiply Subroutine} 
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Tape Processing Time 

All tape units in a 1401 system are under the control 
of a tape adapter unit (TAU). TAU can control the 
operations of only one tape unit at a time. If one tape 
unit is busy, no other tape unit can be used until all 
operations on the busy one have been completed. 
The execute time of 1401 tape instruction varies ac­
cording to the type and model tape units used in 
the system (Figure 240) . 

C is the character rate in milliseconds based on 
the setting of the tape density switch. 

N is the number of characters in the record. 

CN is record time (number of characters in the 
record, times the character rate). 

Start time is the time necessary for the tape unit 
to accelerate to operating speed. 

Stop time is the time necessary for the tape unit 
to decelerate and stop. 

Record check time is the time it takes to read or 
write the check character. This time is based on the 
read-write head gap (the distance that separates the 

read and write heads) and the time it takes a single 
character written on tape to travel from the write 
head to the read head. 

IBM 729 II Tape Timings 

During a 729 II read operation, the tape adapter unit 
is interlocked for 10.7 + CN ms (Figure 245). This 
includes: 

10.5 ms - start time 
.2 ms - record check time for 

high-density tape (.6 
for low-density tape) 

CN ms - record time 

During the same read operation, the processing unit 
is interlocked for 10.5 + CN ms. This includes: 

10.5 ms - start time 
CN ms - record time 

Therefore, in a tape read operation, processing can 
take place during the 2.1 ms stop time. A tape trans­
mission error condition can be recognized .2 ms after 
the processing interlock is released. If the tape trans­
mission error test instruction is given during this .2 
ms period, the processing unit is interlocked until the 
error indicator can be interrogated. 

READ OPERATION 

Start Record Time Stop 

1~~.-__ T_im_e~~~I~~~ ________________________________ ~f,~(----------------------------------------~l~J~i~m~~1 
10.5 ms CN ms 

2.1 ms 

Tape Adapter Unit Interlocked 
f( 
j; 

10.7 + CN ms 
Record 

I 
d Processing Unit Interlocked Check Time 

~~.-------------------------------------------~~~(----------------------------------------~~I ~ 
10.5+CN ms .2mst 

Can Test Tape J 
Error Indicator 

WRITE OPERATION 

Start 

I Time I Stop I 
~ .• ~----.~.~------------------------------------~J,~(----------~--------------____________ ~~~I~.~T-im~e~ •• 

7.5 ms CN ms 5.1 ms 

I
... Tape Adapter Unit Interlocked 

~.~.--------------------------------------------I/,~/------------------------------------------~~I 
11.7 + CN ms 

Record 
Processing Unit Interlocked Check Time 

1~1IIIII~-------------------------------------4f~~/---------------------------------4~~'4~~~~1 
7.5 + CN ms 4.2 ms 

Figure 245. IBM 729, Model II, Read-Write Tape Timing 
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During a 729 II tape write operation, the tape 
adapter unit is interlocked for 11.7 + eN ms (Figure 
245). This includes: 

7.5 ms - start time 
4.2 ms - record check time for 

high-density tape (4.6 
for low-density tape) 

eN ms - record time 

During the same write operation, the processing 
unit is interlocked for 7.5 + CN ms. This includes: 

7.5 ms - start time 
eN ms - record time 

Therefore, in a tape write operation, processing can 
take place during the 5.1 ms stop time. A tape trans­
mission error condition can be recognized 4.2 ms after 
the processing interlock is released. If the tape trans­
mission error test instruction is given during this 4.2 
ms period, the processing unit is interlocked until the 
error indicator can be interrogated. The difference 
between the .2 ms record check time of reading and 
the 4.2 ms record check time of writing is due to the 
read-write head gap time ( 4.0 ms). 

For job timing estimates of tape read-write opera­
tions, the nominal formula 10.8 + eN ms can be used. 

IBM 129 IV Tape Timings 

During a 729 IV read operation, the tape adapter unit 
is interlocked for 6.8 + eN ms (Figure 246). This 
includes: 

6.7 ms - start time 
.1 ms - record check time for 

high-density tape (.4 
for low-density tape) 

eN ms - record time 

During the same read operation, the processing unit 
is interlocked for 6.7 + CN ms. This includes: 

6.7 ms - start time 
eN ms - record time 

Therefore, in a tape read operation, processing can 
take place during the 2.1 ms stop time. A tape transmis­
sion error condition can be recognized .1 ms after the 
processing interlock is released. If the tape transmis­
sion error test instruction is given during this .1 ms 
period, the processing unit is interlocked until the 
error indicator can be tested. 

During a 729 IV tape write operation, the tape 
adapter unit is interlocked for 7.8 + eN ms (Figure 
246). 

READ OPERATION 

Record Time Stop 
Start Time I 

r~~--~~~.~--------------------~,If-------------------------~'.1~4~Tim_e~'~1 6.7 ms l1li( --- ""'I{ ~ 
CN ms 2.1 ms 

Tape Adapter Unit Interlocked 

I~~~---------------------------------~{fr------------------------------------~~~I 
6.8 + CN ms 

Record 
Processing Unit Interlocked Check Time 

~I·~------------------------~hr!------------------------~·~I~~~~I 
6.7 + CN ms 1 J . ms 

Can Test Tape 
Error Indicator 

WRITE OPERATION 

Start Time Record Time Stop 

~1~~--~.~I~'-------------------------~hr(-----------------------------4.~1~.~~Tim~e~~~1 
5 ms CN ms 3.8 ms 

Tape Adapter Unit Interlocked 

1~4'---------------------------------~~r(-----------------------------------4·~1 
7.8+ eN ms 

Processing Unit Interlocked 

I~~~--------------------------~hrl------------------------~~~I·~~·I 
5 + CN ms 2.8 ms 

Figure 246. IBM 729, Model IV, Read-Write Tape Timing 

Can Test Tape ~ 
Error Indicator 
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This includes: 

5 ms - start time 
2.8 ms - record check time for 

high-density tape (3.0 
for low-density tape) 

eN ms - record time 

During the same write operation, the processing 
unit is interlocked for 5 + CN ms. This includes: 

5 ms - start time 
eN ms - record time 

Therefore, in a tape write operation, processing can 
take place during the 3.8 ms stop time. A tape trans­
mission error condition can be recognized 2.8 ms after 
the processing interlock is released. If the tape trans­
mission error test instruction is given during this 2.8 
ms period, the processing unit is interlocked until the . 
error indicator can be interrogated. The difference be­
tween the .1 ms record check time of reading and the 
2.8 record check time of writing is due to the read­
write head gap time (2.7 ms ) . 

For job timing estimates of tape read-write opera­
tions, the nominal formula 7.3 + CN ms can be used. 

IBM 7330 Tape Timings 

During a 7330 tape read operation, the tape adapter 
unit is interlocked for 20.5 + CNms (Figure 247). This 
includes: 

7.6 ms - start time 
12.5 ms - stop time 

.4 ms - record check time for 
high-density tape (1.0 
ms for low-density tape) 

eN ms - record time 

During the same read operation, the processing unit 
is interlocked for 7.7 + CN ms. This includes: 

7.6 ms - start time 
.4 ms - record check time for 

high-density tape (1.0 
ms for low-density tape) 

eN ms - record time 

Therefore, in a tape read operation, processing can 
take place during 12.8 ms of stop time and record­
check time. A tape transmission error condition can be 
recognized .3 ms after the processing interlock is re­
leased. 

During a 7330 tape write operation, the tape adapter 
unit is interlocked for 20.3 + CN ms (Figure 248). 
This includes: 

5.0 ms - start time 
6.6 ms - stop time 
8.7 ms - record check time for 

high-density tape (9.3 
ms for low-density tape) 

eN ms - record time 
During the same write operation; the processing 

unit is interlocked for 5 + CN ms. This includes: 

5.0 ms - start time 
eN ms - record time 

Therefore, in a tape write openition, processing can 
take place during the 15.3 ms stop time. A tape trans­
mission error condition can be recognized 8.7 ms after 
the processing interlock is released. If the tape trans­
mission test instruction is given during this 8.7 ms 
period, the processing unit is interlocked until· the 
error indicator can be interrogated. The difference be­
tween the .4 ms record check time of reading and the 
8.7 ms record check time of writing is due to the read­
write head gap time (8.3 ms) . 

For job timing estimates of read operations in either 
high- or low-density, use the formula 20.1 + C (N 
+ 7) ms, where the factor C (7) is the record check 
time. 

For job timing estimates of write operations in either 
high- or' low-density, use the formula 19.9 + C (N 
+ 7) ms, where the factor C (7) is the record check 
time, and 8.3 ms 0,£ the 19.9 ms is the read-write head 
gap time. 

Record Record Time Start Check Time Stop 

I Time L I Time 
~·'-------~·~1·4_~----------------------~f,r(----------------------~.~[~~.~~~~--------------~~I 

7.6 ms CN ms .4 ms 12.5 ms 

Tape Adapter Unit Interlocked 

I~~'-------------------------------------~flr(----------------------------------------------~.~I 20.5 + CN ms 

I~ 

Figure 247. IBM 7330 Read Tape Timing 
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Start Record Time Record Stop 

I~ 
Time 

~I· ·I~ 
Check Time 

·I~ 
Time 

·1 It 
5 ms )) 

8.7ms 6.6 ms 
CN ms 

Ie 
Tape Adapter Unit Interlocked 

ft;. ·1 )/ 
20.3 + CN ms 

Processing Unit Interlocked 

Ie t! ·I~ ... 1 ») 
8.7 ms 

5 + eN ms L Can Test Tape 
Error Indicator 

Figure 248. IBM 7330 Write Tape Timing 
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Processing Overlap Timing 
The addition of the processing overlap special feature 
can provide great reductions in over-all job times. To 
use the overlap feature to the greatest advantage, care­
ful timing consideration should be given in the de­
velopment of each 1401 program and to the operations 
that are to be overlapped. 

Charts on the increase in processing time through 
the use of the overlap feature are included to aid in 
efficient placement of overlapped instruction (Fig­
ure 249). 

A careful analysis of these charts allows the pro­
grammer to place efficiently the input-output opera-

tions codes. This efficient placing of I/O operations can 
reduce over-all job time by the overlapping of I/O op­
erations and processing (Figure 250). 

Magnetic Tape Operations 

The factors that are added to the overlapped tape 
start and stop times have been derived by subtracting 
one storage cycle from the character rate of the tape 
unit and compensating for tape unit timing. The char­
acter rate and tape timings for each tape unit can be 
found in the section on Processing Time. 

PROCESSING TIME AVAILABLE 

OPERATION 1402 CYCLE STANDARD WITH READ WITH PROCESSING 

ms ms RELEASE ms OVERLAP ms 

Read 75 10 31 63 

Read Column Binary 75 10 31 52 

Punch 240 22 59 224 

Punch Column Binary 240 22 59 212 

Read and Punch 240 22 56 213 

Read·Punch Feed 240 22 56 209 

Figure 249. Summary of Overlapped Card Operation Timing 

PUNCH A CARD 
II1II1 .. 1------------------Processing Time with Overlap, Note 1 -----------------t~~ 

37 ms 
Punch Start Time 

READ A CARD 

21 ms 
Read Start Time 

READ TAPE (7330) 

Normal 
Processing 
Time 

\.. --I Processing Time with Overlap, Note 3 

11111111111111111111111 

7.6 ms 
Start Time 

20 ms 
For Reading 
400 Characters 

WRITE TAPE (7330) 

I" .\ Processing Time with Overlap, Note 4 

111111111111111111111 
5 ms 25 ms 
Start Time For Writing 

500 Characters 

181 ms 
Punch Scan Time 

Figure 250. Comparison of Standard and Overlapped Processing Times . 
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II 
22 ms 
Normal Processing Time 

21 ms 

Note 1. Minus 16 ms for scan time. 
Note 2. Minus 12 ms for scan time. 

44 ms 

Note 3. Minus 4.6 ms for character transfer time. 
Note 4. Minus 7.0 ms for character transfer time. 

10 ms 



Figure 251 can be used to help in determining the 
amount of processing time available for overlapped 
tape read and write operations. 

Reading a thousand-character tape record written 
in low-density on an IBM 729 II tape unit, without the 
processing overlap feature, interlocks the 1401 process­
ing unit for: 

10.5 + CN 
10.5 + (.067 x 1000) 
10.5 + 67 
77.5 ms 

U sing the processing overlap feature, 66.1 ms are 
available for processing during tape-movement time. 

11.1 + (.055 x 1000) 
11.1 + 55 
66.1 ms 

This means that the IBM 1401 Processing Unit is inter­
locked for only 12 ms. Therefore, the resulting effect 
is that the processing unit is interlocked only for the 

time it takes to transfer characters from magnetic tape 
to core-storage. 

The time used for tape movement (T M) remains the 
same for an overlap or non-overlap operation. Tape 
movement time for the same read operation regardless 
of processing overlap is: 

TM = 11.1 + CN 
TM = 11.1 + (.067 x 1000) 
TM = 11.1 + 67 
TM = 78.1 ms 

With the processing overlap feature 66.1 ms are avail­
able for processing during the reading of a thousand­
character tape record. If the 1401 system does not 
have the processing overlap feature, only 0.6 ms of 
the total tape-movement time are available for process­
ing. Thus, the processing overlap feature results in a 
saving of 65.5 ms of what would normally be process­
ing-unit interlock time. 

APPROXIMATE PROCESSING TIME AVAILABLE 

TAPE UNIT TAPE DENSITY OPERATION TAPE ADAPTER UNIT WITHOUT OVERLAP MS WITH OVERLAP MS APPROXIMATE GAIN IN 
INTERLOCKED MS PROCESSING TIME MS 

High 
Read 10.7 + CN 0.2 6.8 6.6 

Write 11.7 + CN 4.2 11.5 7.3 
72911 

Read 11.1 + CN 0.6 11.1 + .055N 10.5 + .055N 
Low 

Write 12;1 + CN 4.6 12.1 + .055N 7.5 + .055N 

High 
Read 6.8 + CN 0.1 4.5 4.4 

Write 7.8 + CN 2.8 7.7 4.9 
729 IV 

Read 7.1 + CN 0.4 7.1 + .031N 6.7 + .031N 
Low 

Write S.l + CN 3.1 8.1 + .033N 5.0 + .033N 

High Read 10.7 + CN 0.2 6.8 6.6 

729V 
(556 or SOO) Write 11.7 + CN 4.2 11.5 7.3 

Low Read 11.1 + CN 0.6 11.1 + .055N 10.5 + .05SN 
(200) Write 12.1 + CN 4.6 12.1 + .05SN 7.5 + .05SN 

High 
Read 20.5 + CN 12.8 20.5 + .036N 7.7 + .036N 

7330 
Write 20.3 + CN 15.3 20.3 + .03SN 5.0 + .03SN 

Low 
Read 21.1 + CN 13.2 21.1 + .127N 7.9 + .127N 

Write 20.9 + CN 15.9 20.9 + .127N 5.0 + .127N 

Figure 251. Summary of Available Processing Time 
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Disk Storage Access Time 
To calculate timing for magnetic disk operations, it is 
necessary to estimate the average time it takes to seek 
the records needed for a particular application. If input 
to the operation is in sequence, the average access time 
is less than if the input data is unsorted. This can be 
explained by the fact that the duration of the seek de­
pends on how far the access arm must travel. 

To seek a track on another disk, the access arm 
moves horizontally, vertically, and horizontally again. 
The minimum time to move from the outside track of 

DISKS 
TRACK TO TRACK MOTION TIME 

DIFFERENT DISKS 

50 r---------~-----------T----------~--

25 

400 500 600 

MILLISECONDS 

Figure 252. Track-to-Track Motion Time-Different Disk 

TRACK TO TRACK MOTION TIME 
TRACKS SAME DISK 

250 

200 

150 

100 

50 

o 50 100 

MILLISECONDS 

Figure 253. Track-to-Track Motion Time-Same Disk 
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one disk to the outside track of an adjacent disk is 
415 milliseconds. The maximum length of a seek opera­
tion is from the inside track of the top disk to the inside 
track of the bottom disk and takes 800 milliseconds. 
Figure 252 shows track-to-track access times. 

To seek a different-track on the same disk (top or 
bottom face), the arm moves horizontally only. In this 
case, minimum seek time is 90 milliseconds and maxi­
mum seek time is 250 milliseconds (Figure 253 ) . 

Disk-to-disk access time ranges from 100 to 315 milli­
seconds. Figure 254 shows timing for these operations. 

700 800 

I 

200 250 



DISKS 
DISK TO DISK (NO TRACK TRAVEL) 

50 r-----------T-----------~----------~~--------~----------~ 

25 ~----------r-----------4_~~------~----------_4----------~ 

o 100 200 300 

MIUISECONDS 

Figure 254. Disk-to-Disk Travel (No Track Travel) 

Total Job Time 
It is important to esti~ate the total time required to 
complete the processing of each job considered for a 
data processing system application. One suggested ap­
proach that can be used to calculate total 1401 time is 
outlined here: 
1. Design a general flow-chart of the machine opera­

tion. 
2. Analyze the operation and determine where input­

output operations can be combined effectively. For 
example, a combination read and punch instruction 
can sometimes be used to save time if a card is to be 
punched for each card read. 

3. Determine the amount of processing time required. 
This can be done by drawing a block diagram and 
estimClting the type and number of program steps in 
each block. In most cases, an average instruction 

400 soo 

time of .25 ms can produce a rough timing estimate. 
In some special cases it may be necessary to program 
portions of the program and determine actual timing 
from the formulas provided. 

4. After processing time is calculated, the proper plac­
ing of input-output instructions in the program must 
be determined to insure that enough processing 
time is available between input-output interlocks. 

Note: If magnetic tape operations are performed, 
tape timing must also be calculated to determine 
overlapping with print operations if print storage 
is installed. 

5. After all cycle lengths and overlapping have been 
established, calculate the total 1401 time for each 
type of record including input, processing, and 'out~ 
put, for each transaction and multiply by the job 
volume. . 
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Appendix 

Form Design 
Some of the customary rules for designing forms should 
be reconsidered in the light of the many new features 
introduced by the IBM 1403 Printer. 

1. The print unit contains 100 print positions in a 10.0-
inch width or a maximum of 132 print positions 
(special feature) in a 13.2-inch width. Each print 
position can print any character. 

2. Editing, high-speed skipping and other features are 
included in the system. 

One of the basic tools used in designing forms is the 
spacing chart shown in Figure 255. The numbers across 
the top from 0 to 13 represent the tens and hundreds 
positions of the print-position number, and the num­
bers directly beneath represent the units position of the 
print-position number. Print-position 42 can be located 
by referring first to the 4 column and then to the digit 

2 within the 4 column. Print-position 9 can be located 
by referring to the 0 column and then to the digit 9 
within that column. 

A facsimile of the carriage-control tape is shown at 
the left (in Figure 255) for marking the control punch­
ing for a specific form. Notations have been included 
relative to standard form-widths and form-depths, lat­
eral movement of the carriage, and instructions to 
forms manufacturers. 

The IBM 1403 Printer carriage is designed to feed 
marginally-punched continuous forms satisfactorily 
under the conditions and specifications outlined in 
Figure 256. These specifications, if followed, give 
maximum operating efficiency when the 1403 carriage 
is used. They are not intended to be restrictive, but 
rather they are intended to permit customers to pur­
chase their continuous forms from the manufacturer of 
their choice. 

IBJ.1 IBM 1403 AND 1404 PRINTER SPACING CHART 
6 Lines r Inch 

G L.U E 0 1 2 3 4 5 6 7 8 9 
"" 11-- ~ -~-~.:;,;wNrt~ __ ~~12~3~4 5~6 !.f-1B~9 0,,+,-1~2 3~4~5 6W1B~9J"!!0 1~2 ~34~5 6,¥1J"!!B 9'1"10!.f'1 2+"134~5~6 1'1"16~9-1' 0'!!l12~3P!'4 5~61-'fl B'I19 0,,!-,ln2 3'M4!'j'5 6'!!l1 "f'6 1"/-0 1'1'-21"1'34't"15 ~l-HB 91"0f-'j'1 'J"j34'45'H6 1,-/"Bj-"f9 0"f11 M'2 3rt4 "1"5 6!'f1B'l19M'0 182 3"f'4ff5 6"f11f'1"FB 9 
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3Z 

34 

37 

31 

40 
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Figure 255. Forms Spacing Chart 
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DUAL·SPEED CARRIAGE 
Punch only one channel per line. Hole. In the same channel should 
be punched at least 8 line. apart. 

MEASUREMENTS 
Horizontal spacing 1/10" 
Vertical spacing lit I' 



Form Design as Affected by the Print Unit 

In view of the 100 or 132 print positions and the 13.2-
inch print unit, these factors should be considered 
when designing forms to be used on the IBM 1403 
Printer: 

1. The maximum form width is 183/4 inches, and the 
minimum is 3% inches (see Figure 256). 

2. 'The maximum form length is 22 inches at six­
lines-per-inch spacing, or 16% inches at 8 lines 
per inch. For efficient stacking of forms, the rec­
ommended maximum forms length is 17 inches. 

3. Because all print positions can print all characters, 
form depth can be reduced, and carbon paper 
eliminated, by the use of side-by-side printing. For 

example, sold to and ship to names can be printed 
on the same line, one on the left side of the form 
and the other on the right. 

4. Forms can be designed for printing six or eight 
lines to the inch. Single-space, eight-lines-per-inch 
printing is not recommended when the registration 
between lines is critical. 

5. Forms can be designed for variable line spacing 
within a form by use of single-, double-, or selective­
space control. 

6. It is possible to dispense with many vertical lines, 
because the system can be programmed to print 
commas, decimals, oblique lines, dashes, and other 
symbols. 

7. A vertical line should not be printed between two 

+ I + I SHEET PERFORATION I + +t ---+riL-,~,~ ---------~h~'~:":::~:~:.---\~-t + 
I 

'I' I Vertical printed lines should to center line of pin feed holes. "-.. l--(j + I .-£] zontal lines should be at 90° 90 I + 
+ I be spaced in multiples of ~+ 
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::g~~~ 
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. 
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Centerline of First Print Position 

132 PRINT P~S. MACHINE 

Print unit moved full left (ex­
cluding vernier) with forms 
3~ to 16% inches over-all. 

2.4 inches is fUlIl print unit move­
ment. 
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unit movement, a minimum of % inch must (excluding vernier) with forms ..c <> . ~ -5 § 
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NOTE: 
To determine forms relationship for a Model 
1 Machine Print Position 1 00, add or sub­
tract 3.2 inches from given dimensions. 
Print Position 1 is identical on both models. 

Figure 256. Form with Specifications 

Centerline of Print Position 132 

132 PRINT P~S. MACHINE 

Print unit moved full right (ex­
cluding vernier) for form 18% 
inch over-all. 

1+ :+ 
I 1+ r 2%IIMin.+ 

1+ 
1+ 
1+ 

NOTE: 1+ 
It is recommended that no stoples or other I + 
metal fastener be used any place on form II + 
which must pass between type and ham-
mers. 

\+ 
I 
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adjacent printing positions because there is an 
over-all maximum tolerance of only .013 inch be­
tween adjacent characters. 

8. The number of legible copies that can be produced 
depends on the weight of the paper used for each 
form, and on the carbon coating. 

Because the striking force of the print hammers 
is not adjustable, paper and carbon should be 
tested in conjunction with the print-density control­
lever and the print timing dial. 

9. The CR (credit symbol) prints from two print 
positions and the minus sign prints from one. For 
this reason the minus sign is recommended as a 
credit symbol instead of the CR symbol. 

10. The dollar symbol does not have to be preprinted 
on a check form, because this symbol can be 
programmed to print immediately to the left of 
significant digits. 

Form Specifications and Dimensions 

PAPER CHARACTERISTICS 

The paper used for continuous forms must be of suffi­
cient weight and strength to prevent the holes from 
tearing out during feeding or ejecting of the form. This 
is particularly important when single-part forms are 
being used. 

The paper must not be so stiff as to cause improper 
feeding or excessive bulging, particularly at the outfold. 

Paper must be as free from paper dust or lint as 
possible. 

WEIGHT 

The number of legible copies required is a factor in 
determining the weight of the paper to be used in a 
multiple-part set. 

Best results on multiple-copy forms require a light­
weight paper of 13 pounds or less, except for the last 
copy. Again, the number of copies, as well as the 
distance of the form away from the hammers (this 
distance can be varied by use of the print-density 
control-lever), affects the determination of paper 
weight. 

Feeding and legibility performance can best be de­
termined by making test runs of sample sets of forms. 

FRICTION 

During the feeding operation, friction on marginally­
punched continuous forms should be eliminated by the 
following means: 

1. Place the pack of forms directly beneath the front 
of the printer on the forms stand, in a position that 
eliminates any abnormal drag on the forms. 
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2. Allow sufficient clearance between the hammers 
and the print chain, to permit the forms to be fed 
by the pins freely, and without interference. This 
can be accomplished by properly setting the print­
density control-lever. 

PERFORATED LINES 

The perforations between forms should be sufficiently 
deep to permit easy separation, but not so deep as to 
tear in ordinary handling or feeding through the 
machine. 

The perforated lines at the end of the form should 
always be located at 90 degrees to a vertical center 
line through the marginal holes. 

Cut and uncut portions should be uniformly accurate 
in length and spacing to insure proper and efficient 
tearing. 

Vertical perforations, at the margin for removal of 
the marginally punched strip, can vary, depending 
upon requirements. The distance from the edge of the 
form to the marginal perforations is usually % inch. 

MARGINAL HOLES 

Continuous forms should have holes in both right and 
left margins, %2 inch in diameter, spaced vertically 
1/2 inch apart from center to center, the full length of the 
form. The holes should be located this way on all copies 
of all sets throughout each pack of forms. 

It is possible, however, to use holes of any size, shape, 
and spacing that accomplish the equivalent feeding 
conditions. 

Vertical lines passing through the two vertical rows 
of pin holes must be parallel. It is recommended that 
the edges of the form be % inch from the vertical 
center lines through the holes. 

A horizontal line passing through the center of any 
two marginal holes on the same line should be at a 90-
degree angle to either vertical center lines through the 
marginal holes. 

Spacing between holes, center-to-center, must be 
such that the pins in the forms tractor, 1fs inch in 
diameter and spaced % inch apart, enter and leave 
the holes in the paper, freely without tearing the paper. 

WIDTH OF FORMS 

Although forms of any width within the extremes of 
those shown in Figure 256 can be used, it is recom­
mended that form widths be confined to the standard 
sizes shown in Figure 257. 

LENGTH OF FORMS BETWEEN PERFORATED LINES 

The 1403 accommodates marginally-punched contin­
uous forms up to a maximum length of 22 inches, at 



OVER-ALL WIDTH HOLE-TO-HOLE 
(INCHES) (INCHES) 

4% 4~ 

5% 5~ 

6~ 6 

8 7~ 

8~ 8 

9~ 9 

10% 10Ys 

11 lOX 

11% 11% 

12 11~ 

122%2 12%2 

13% 13Ys 

14% 14% 

15~ 15 

16 15X 

16% 16% 

17~2 111.12 

Figure 257. Standard-Size Forms 

6-lines-per-inch. It is recommended, huwever, that form 
lengths be confined to regular lengths, such as 3, 3%, 
3%, 3%, 4, 4%, 5, 5%, 6, 7, 8, 8%, 10, 11, 12, 14, 16, 
and 17 inches. 

LINE SPACING 

The forms tractor of the IBM 1403 can be set by the 
operator for single-space printing, 6- or 8-lines-per­
inch. For 6-lines-to-the-inch spacing, the length of the 
form must be evenly divisible by % inch for single 
spacing, by % inch for double spacing, and by % 
inch for triple spacing. Similarly, 8-lines-to-the-inch 
spacing requires that the length of the form be evenly 
divisible by 1fs inch for single spacing, by 1f4 inch for 
double spacing, and by 3/8 inch for triple spacing. 

Single-space, 8-lines-per-inch printing on the 1403 
is, not recommended when the registration between 
lines is critical. 
MULTIPLE COPIES 

Multiple-copy forms consisting of more than four parts, 
and forms with the first part made of paper of more 
than 13-pound weight, should be tested under oper­
ating conditions to determine the suitability of feeding 
and legibility. 

If multiple-copy forms are not fastened together, 
the carbon paper must be kept in line with the form 
by an acceptable method. One such method is center 
carbon without pin holes, glued to the set, or full-width 
carbon paper punched with substantially larger mar­
ginal holes that are approximately centered with the 

corresponding holes in the form. Marginal holes in 
the carbon that are substantially larger than the cor­
responding holes in the forms make allowance for 
carbon shrinkage and provide the processing tolerance 
necessary for some of the commonly used form 
structures. 

One-time carbon paper or carbon-backed paper can 
be used. The carbon paper or coating should produce 
the required number of legible copies without exces­
sive smudging. This can be determined best by making 
test runs with sample sets of forms containing different 
qualities of carbon papers. 

FASTENING OF MULTIPLE-COPY FORMS 

The width, length, and number of copies of the form 
determine the fastening requirements for satisfactory 
feeding through the forms tractor. For most efficient 
stacking, however it is recommended that a suitable 
fastening method always be used with multiple copy 
forms. 

H the construction of the form is such that the parts 
are of different widths, the necessity for, and the 
method of, fastening the form should be determined 
by the width of the parts, the depth of the form, and 
weight of paper (shown in Figure 258). 

FORM DEPTH 
MAXIMUM DISTANCE 

BETWEEN FASTENINGS 
(Inches) (Inches) 

1 to 5 5 

5-1/5 to 11 11 

11 to 14 7 

14 to 17 8% 

Figure 258. Fastening Requirements for Multiple-Copy Forms 

Forms of fanfold construction can be used on the 
IBM 1403 Printer. 

When card-tag or rag-content paper stock is used, 
a test of sample sets of forms should be made to de­
termine the exact fastening requirements. The fasten­
ing may consist of any satisfactory method, such as 
stitching or gluing, that prevents the copies from shift­
ing. It is essential, however, that whatever fastening 
medium is used should not impair the feeding or print­
ing alignment of the form. 

REGISTRATION OF FORMS 

The assembly of multiple-copy forms should insure that 
the punching and printing of all copies of the form 
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are in absolute registration with the material printed 
by the 1403. The following tolerances should be main­
tained. 
Vertical Lines: Vertical columns of print positions are 

spaced 1/10 inch apart. There are 50 printing spaces 
in 5 inches. Vertical rules printed on a form should 
be spaced in multiples of 1/10 inch. 

The center line of anyone character, with refer­
ence to any other character on the same line, may 
have a plus or minus tolerance of .0065 inch, or a 
maximum over-all tolerance of .013 inch. From a 
forms viewpoint, it is practically impossible to 
guarantee that the cumulative tolerance of printing­
plate shrinkage, paper shrinkage, and marginal-h01e 
perforations does not exceed .0065 inch. This pre­
cludes the possibility of retaining satisfactory regis­
tration if vertical rules are spaced to split between 
print positions. 

Where vertical lines are required, such rules 
should split the respective print position, thereby 
assigning that particular position for the columnar 
field (dollars and cents, for example) separation. 
However, in view of the fact that the 1403 can print 
special characters such as period and comma in 
every print position, the use of these symbols as 
decimal points, etc., avoids the need for vertical 
lines for such separations. 

Vertical printed lines should parallel a vertical 
center line passing through the marginal holes. 

Horizontal Lines: Horizontal printed lines on the form 
should be at a 90-degree angle to the vertical center 
line passing through the paper-feed pin holes. 

The spacing should conform to the setting of the 
1403 forms tractor-6- or 8-lines-to-the-inch. 

Margins: It is recommended that no staples or other 
metal fasteners be used with multiple-copy forms. If 
unavoidable, it is important that, by careful use of 
printer area of storage (positions 201-332), either the 
left or right margin (whichever has the staples) be 
set outside the print hammer area, so that staples or 
other metal fasteners do not pass between the chain 
and hammer unit. 

Program Loading Routine 
This is a procedure for loading information into the IBM 

. 1401 Data Processing System. It is not the only method 
that can be used, but it is typical of methods used by 
programmers. 

This loading procedure pre-supposes use of an in­
struction card format as shown on the chart in Fig­
ure259. 

The rules to be followed in preparing each of the 6 
types of instruction cards used for loading are: 
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LEADER CARD' I 
DATA 

./ OO! rz IlrlOl 1 
LOCATION · 5 ,. , ,. i' i '60' , , , 65" i ',p' , i , U' , , i .0 

W RD MARK • " ,! , 

DATA 
'1 ~ 1067 rl'XlI 1 

LOCATION · ·'0 '5· ,. "i '00' i' i '65' i "'0' 
W RD MARK • - ,,'!, '...1...J,...... 

DATA 
'107410781110601 

LOCATION · II· , , ,. 
W RD MARK • • - INSTRUCTION CARD 

DATA It' / XXJ< /11060 I~ 1 
LOCATION · I,' , '", ,. 

W RD MARK • • -
DATA 

J yyylxxx hl060 I CODlt_-

CONST ANT CARD 

LOCATION · 5 '0 , ,. 
W RD MARK • • -

DATA 
CLEAR AND BRANCH CARD 

LOCATION · '5' '0 '" 
,. 

WORD MARK • 
Figure 259. Instruction Cards 

Rule 1 

Card formats must follow those shown in the storage­
layout chart. The first three cards are used to set word 
marks necessary for succeeding operations. 

Card 1. Does not need a work mark for location 001. 
The load key automatically sets a program to this 
location. No word mark is necessary for location 
008 for the first card. The 1401 recognizes the end 
of a SET WORD MARK instruction when it has placed 
seven characters into the program registers. The 
card sets word marks in locations 008 and 012, ini­
tiates the reading of card 2, and branches to location 
001. 

Card 2. Sets two word marks for locations 060 and 067, 
initiates the reading of card 3 and branches to lo­
cation 001. 

Card 3. Sets two word marks, for locations 074 and 
078. It causes card 4 to be read, and branches to 
location 060 for the next instruction. 

Instruction Card. A standard load card. The infor­
mation contained in card columns 1-4, 8-11, and 
60-80 is constant, and should be pre-punched. The 
data punched in card columns 5-7 identifies the 
location of the instruction (high-order position) . 
The instruction to be loaded is punched starting 
in card-column 12, and may continue through card­
column 19. 

Constant Load Card. The length of the constant can 
vary from 1 character to 48 characters. The con­
stant load card is a standard card and may be 
pre-punched. The location (XXX) of variable data 



(units position) is in columns 5-7. The constant 
to be loaded is in card columns 12-59, and the 
number of characters (YYY) to be loaded is in 
columns 2-4. 

Note: The information to be pre-punched differs 
from that pre-punched in the instruction load cards. 

Trailer Card. Used to clear input area and to branch 
to the first program step. . 

Rule 2 

Pressing the load key on the reader causes an instruc­
tion card to feed, places the contents of the card into 
locations 001 through 080, and automatically starts exe­
cution of the load program at location 001. This elimi-

IBJ.11401 PROGRAM CHART 

Card I of Z 
Program: CLEAR STORAGE 

nates the need for manual setting of console dials in 
preparation for loading. 

Clear Storage Routine 
This is a procedure that can be used to prepare core 
storage to accept program and data information. This 
is not the only clearing routine that can be used; others 
are left to individual creativity of the programmer. 

The following two-card pt;ogram (Figure 260) can be 
used to clear storage of all characters and word marks. 
The character in column 27 of card 2 is variable accord­
ing to the number of storage positions available. 

T for 1400 positions 
Z for 2000 positions 
I for 4000 positions 

Programmer: Date: 

Step Inst. f.=Or--.:.:.ln:!.:;str:.:::uc:::.;ti=.an!..----/ 

No. Address P I---A-:/-, ....--B----.d 
Remarks 

001 '008 015 Set Word Mark. in Read Area 

008 , OZZ 026 

015 '030 034 

OZZ , 041 

OZ6 , 045 

030 , 053 

034 ,057 073 

041 I OZ6 

IB}.1140 1 PROGRAM CHART 

Program: ~loMB :2IQMQi: 
Card Z of Z 

Programmer: Date: 

Inst. 
Instruction 

~tep 0 Remarks 
No. Address p A/' B d 

001 L on 116 Load rn.tNction. into Punch Area 

008 , lOS 106 Define rn.tNction. in 

015 , 110 117 Punch Area 

OZZ B 101 Branch to Punch Area 

OZ6 I 199 Clear Block of StoraIJe 

030 , OZ1 Mndlfv C:l ..... t ... bn .. tin .. 

034 A 075 OZ9 to Next Lowe.t 

041 1:1 OZ7 Centurv Block 

045 B 001 OZ1 0 Check for Clear Addre .. of nqq 

053 B OZ6 Branch to Clear Block of Storalre 

057 I 099 Clear 099 to 000 

061 I Rea:dCard 

06z , 001 Set Word Mark in 001 

066 I nnl 117 C:l ..... P" .... h A .. -. 

073 100 r.n ........ 

Column Z7 contain. an I for a 

Model 3 1401 a Z for a Model Z 1401 

and a T for a Modell 1401 

Figure 260. Clear Routine 

Effective No. 
of Characters 

Inst. Data Total 

I-

'1INTfD IN U.S.A. I-

I-

1-
Effective No. 
of Characters 1-

Ins!. Data Total 
-
-
.-
-

-

-
.-

-

-
-
-
-
-

--
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Multiplication and Division Subroutines 
These are subroutines for multiplication and division 
operations, discussed here to illustrate programming 
methods and to aid programming for machines not 
equipped with the multiply-divide special feature. 
These are not the only methods of performing these 
operations - they are typical methods. 

Multiplication 

The block diagram in Figure 261 illustrates the logic 
used in developing the two multiply subroutines dis­
cussed here. Both subroutines provide for a maximum 

Shift 
Right 

Branch 
Unconditional 
To Zero Test 

Clear 
Product 

Area 

Load 
Multiplier 

I--
Move 

I Product to 
I Output Area I L_-1-_J 
r- --, 
I Br~~ch I 
I Main Routine I 
L ____ J 

Figure 261. Multiply Flow Chart 
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Multiplicand 
To Product 

Reduce 
Multiplier 

By 1 

Branch 
Unconditional 
To Zero Test 

of a 9-digit multiplier, II-digit multiplicand, and a 20-
digit product. Both routines use positive factors. 

The subroutine written in actual language ,( Figure 
262) occupies the 900 block of storage. A multiplier 
area is provided in storage positions 901-909, and 
the product area is assigned in storage positions 910-
929. The multiplicand can be located anywhere. 

Any program that uses this subroutine must include 
a step that moves the multiplier address (XXX) to 
location 937 and the multiplicand address (YYY) to 
location 952. 

At the completion of the multiply subroutine, the 
program instruction step 12 can use a branch to the 
main program or stop instruction. 

The routine starts in storage position 930. The prod­
uct is found in 929 for a 9-digit multiplier, 928 for 
8-digit, 927 for 7 -digit, 926 for 6-digit, etc. 

The subroutine written using the symbolic pro­
gramming system (Figure 263) parallels the one writ­
ten in actual. In this instance, the 1401 (through the 
processor program) controls the location of the in­
structions, and the data and work areas. 

IB~ 1401 PROGRAM CHART 

Progrom: Multiply Subroutine 

Programmer: Dote: 

Step Inst. 
Instruction Effective No. 

No. Addre .. 
0 Remorks of Characters 
P A/I B d Inst. Data Total 

I 930 I 929 Clear Product Area 4 

2 934 L xxx 909 Load Multiplier 7 

3 941 E 975 909 0 Test 909 for true zero 8 

4 949 IE 975 '109 ? No true zero - test for nlus zero 8 

5 957 I ... YYY 921 No zero - add Multiplicand to Product 7 

6 964 S 994 909 Reduce Multiplier bv I 7 

7 971 I I 941 Branch to zero te st 4 

8 975 h 995 909 I Test 909 for Word Mark 8 

9 983 1 928 929 No Word Mark - Shift Ri"ht 7 

10 990 I 941 Branch to zero te st 4 

11 994 I Constant "}" I 

12 995 E ZZZ Multiplication comnlete - Branch back 

to Prol!:ram 

XXX Location of Multiplier 

yyy Location of Multiplicand 

ZZZ Address of next Prollram Step 

9 dillit Multiulier 

II diJ!it Multiplicand 

20 digit Product 

Figure 262. Multiply Subroutine (Actual) 



IBM 1401 Symbolic Programming System 

Mull-ieJv Svhrauf/n(O Coding Sheet 
Page No.~of Program 

) I I 2 

Programmed by Date Identification I I I I I I 
78 80 

-(A) OPERAND (B) OPERAND 

LINE COUNT LABEL OPERATION I;J CHAR. ~ I~I CHAR. g d COMMENTS 
ADDRESS ADDRESS 

3 5 6 7 II 13 14 16 17 
ADJ. 

27 28 
ADJ. 

39 39 40 511 

L ciA Z £R 0 S I 4f<E.A I I C/...EA r< PRO£) AREA 0 I 0 I I I 

0 2 0 L. CiA M P'- I § RI A R£ A :-:020 lOAO M.PI-I£Rl 
o 3 0 Z R,O T S T 18 I T EST WH: A REA :-:020 OBRANCJ.I T,R.II e Z ER 0 
o 4 0 B I rES TWM: A R £ A :-:0 2 0 ?8RANCJ.I p,- U 5 ZERO 

A I MeAN/) I A REA :-:008 AOD Me' AN 0 o 5 0 I 

o 8 0 S I ONE I A RE A 1-1020 S tJ B J ~ROM. N!PL/£R I 

o 7 0 8 I ZROiS7: I ~RANCH TO ZROTS T I I 

o 8 0 rES TWM tsw1z I..A S T I A REA I -020 i r £S T FO R w~ I 

o 9 0 L. C :04 AREA :- 001 A R G A S41 F'T A Rt A RT i 
I o 0 8 : ZRorST 
I I 0 LAS 7"', B I 0000 
I Z 0 I 

I 3 0 
I 
I 

I 4 0 l 
I II 0 

I 

I 6 0 30 Z £ R 0 S [) C~W!lf 
I 7 0 30 ~,R,EA [) clw,* 
I • 0 ~ MP~ I E'R ()clw * I 9 0 I I Me A N [) D c_~w • 
2 0 0 ION E oclw,* 11. 

Figure 263. Multiply Subroutine (Symbolic) 

Note: The multiplication subroutine results in blanks 
instead of zeros in the low-order position of a product 
when the multiplier contains low-order zeros. To cor­
rect this situation, set the product area to zeros. 

Division 

The restrictions placed on this subroutine (Figures 
264 and 265) are: 
1. The dividend and quotient fields must be of equal 

length. 
2. The dividend and divisor must both be positive. 
3. The divisor must have no zone for its positive indi­

cation. This is necessary only if the divisor could 
be zero. 

4. The divisor cannot contain more than nine leading 
zeros. 

5. All fields must be located completely below ad­
dress 999. 

6. At the completion of the subroutine, the address of 

BRANCJ.I iO ZROTST 
MUl-T C 0 ,NI, P L £ i E 

I 

the units position of the quotient can be found in 
the B-address of the instruction located in 651. 

7. The remainder is left in the dividend field. 

8. A word mark must be located immediately to the 
right of the units position of the dividend. 

9. The quotient area must be preset to zeros or blanks 
to develop the correct quotient. If the area is not 
zeroed or blanked, then the quotient will be added 
to whatever is there. The positions added will de­
pend on the number of leading zeros in the divisor. 

10. The information shown in Data for Division Sub­
routine, except the constant 1 in location 513, must 
be set initially for each desired execution of the 
divide subroutine. The two addresses in locations 
507 and 510, associated with the divisor, are not 
altered. Thus, they do not have to be reinitlalized 
if the divisor is contained in the same area. 
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Find Number of 
Significant Digits 

in Divisor 

Add One 
to 

Quotient 

Division 
Completed 
Branch to 

Main Routine 

Figure 264. Divide Flow Chart 

Quotient Counter 

Adjust Addresses 
One Position 
to the Right 

IBJ.11401 PROGRAM CHART 

Progrom: DIVIDE ROUTINE EXAMPLE Page 1 of 2 

Programmer: Date: 
Instruction 

Step Insl. 0 
No. Address P f-A-:-;"""I:--t--;:---, 

Remarks 
Effective No. 
of Characters 

Inst. Data Tota' 

516 M 507 

523 B 66z 

531 512 

538 iA 515 

545 iA 515 

552 513 

559 513 

566 Y 755 

573 Y 755 

580 1M 501 

587 M 501 

594 ~M 501 

601 M 501 

I.nA 501 

615 1M 504 

62Z ~ 510 

629 1M 510 

636 Is ZZZ 

643 V 692 

651 iA 513 

658 B 636 

662 iA 513 

669 iA 513 

676 C 512 

683 B 5Z3 

688 760 

692 A ZZZ 

699 y 755 

706 A 513 

713 Iv 760 

721 IA 513 

728 I ... 513 

735 I ... 513 

742 I ... 513 

749 I ... 513 

756 I I 636 

760 

529 

yyy 

515 

501 

504 

501 

504 

501 

504 

642 

649 

698 

Store Address of Word Mark Position 
(High Order) of Divisor 

o Branch if Divisor Di...&.it Eauals Zero 

Ad·ust Dividend Address 

Modify Addresses 

Clear zone from low-order position to 
prepare for address assigrunent. 
Clear zone from low-order position to 
prepare for address assigIllTlent. 

Divide 
Set Modified Addresses into Routine 

Location of 

DATA FOR DIVISION SUBROUTINE 

705 Dolo Word Data Word DESCRIPTION OF DATA 

719 

657 

639 Set Divisor Address 

695 

WWW Subtract Divisor from Dividend 

WWW K Branch if Negative Result 

xxx Add One to Ouotient 

ReDeat Subtraction 

529 Add One to YYY Address 

512 Increase Counter by One 

515 If Equal, Divisor Equals Zero 

Branch UneQual 

Halt - cannot Divide by Zero 

WWW Add Divisor to Dividend 

501 WWW Address of word mark position (high 
arder) of dividend 

504 

507 

510 
512 

513 
515 

xxx 

yyy 

zzz 
00 

NN 

Address of word mark position (high 
order) of quotient 

Address of word mark position of 
divisor 

Divisor Address 

Counter for number of zeros in 
divisor 

Constant 

Length of the divisor 

WWW ~oJi';,;~:~ zone to word mark position 

719 

WWW 1 Test far End of Divide 

642 
MoclUy 
Addresses to Develop Next Quotient Digit 

649 

657 

698 

705 

Return to Divide Calculations 

Divide Com..J>lete 

Figure 265. Divide Subroutine 



OPERATION 
FUNCTION MNEMONIC 

BCD CARD OPERATION FUNCTION MNEMONIC 
BCD CARD 

INSTRUCTION FUNCTION MNEMONIC BCD CARD 
CODE CODE CODE CODE CODE CODE CODE CODE 

INPUT -OUTPUT CODES MISCELLANEOUS OPERATION CODES MAGNETIC TAPE %UX TAPE UNIT ADDRESS 
1 Read a Card R 1 1 C Compare C CBA21 12-3 d-modifier, R-Read L(%UX)(B)d Read/Write Tape 
2 Write a Line W 2 2 E Move Characters and Edit MCE CBA41 12-5 with Word Marks LCA Tape 

20 Write Word Marks o is modifier F Control Carriage CC CBA42 12-6 M(%UX)(B)d Read/Write Tape MCW W-Write Tape 

3 Write-Read WR C21 3 H Store B-Address Register* SBR BA8 12-8 

Punch a Card 4 .4 
M(%CX)(B)R Read Compressed Tape* (%CX) is address of tope unit 

4 P K Select Stacker SS CB2 11-2 

4R Read-Punch Feed* R is modifier N No Operation 11-5 
P(A)(B) Move Characters to MCM CB421 11-7 

NOP B41 Record or Group Mark* 
4(I)R Read-Punch Feed and R is modifier Q Store A-Address Register* SAR CB8 11-8 

Branch* 
I Clear Storag~ 

U(%UX)d Control Unit CU CA4 0-4 
CS CAl 0-1 

5 Read-Punch RP C41 5 Halt H BA821 12-3-8 X(A)(B) Move and Insert Zeros* MIZ CA421 0-7 . 
6 Write-Punch WP C42 6 # Modify Address* MA 821 3-B 

6R Write-Read Punch Feed* R is modifier INSTRUCTION FUNCTION REMARKS 

6(I)R Write-Read Punch Feed R is modifier CHARACTER AT d FOR B(I)d BRANCH 
and Branch* COLUMN BINARY 

7 Write-Read-Punch WRP 421 7 d BRANCH ON d BRANCH ON 

8 Start Read Feed* SRF 8 B bl Unconditional R Carriage Busy* lC Read Column Binary C is Modifier 

9 Start Punch Feed* SPF C81 9 9 Carr_ Chan_ #9 T Low Compare B < A* 
4C Punch Column Binary C is Modifier 

A "Last Card" Switch U High Compare B > A* 

ARITHMETIC CODES B Sense Switch B* Z Overflow 
M(A)(B)A Move and Binary Decode A- is Modifier 

A Add A BAI 12-1 C Sense Switch C* 
? 

Reader Error if I/O Check M(A)(B)B Move Binary Code B is Modifier 

0 Sense Switch 0* Stop Switch OFF 
M(%BX)(A)R Read Binary Tape %BX is Address 5 Subtract S CA2 0-2 

Punch Error if I/O Check E Sense Switch E* of tape unit 
? Zero and Add ZA CBAB2 12-0 

, 
Stop Switch OFF 

M(%BX)(A)W Write Binary Tape 
F Sense Switch F* , Zero and Subtract ZS B82 11-0 

~ 
Printer Error if I/O Check W(I)(B)d Branch if Bit Equal BBE is mnemonic 

G Sense Switch G* Stop Switch OFF 
@ Multiply* M C84 4-8 

K End of Reel* @ Carr. Chan. #12 DISK STORAGE %FX DISK OPERATION 
% Divide* 0 AB4 0-4-8 L Tape Error* 

% Processing Check with 

LOGIC OPERATION CODES 5 Equal Compare B = A * Process Check Switch OFF M(%FO)(B)R Seek Disk B is Disk Address 

P Printer Busy* I Unequal Compare B =F A 
M(%FX)(B)R Read Disk X can be 1,2, or 3 

B(I) Branch B BA2 12-2 CHARACTER AT d FOR M(%FX)(B)W Write Disk 1 Specifies Single Record 
B(nd Branch if Indicator ON d is modifier MAGNETIC TAPE DISK STORAGE 2 Specifies Full Track L(%FX)(B)R Read Disk with 
B(I)(B)d Branch if Character is Equal Contents of B compared to d Word Marks 3 Specifies a Write Disk 
V(I)(B)d Branch if WM and/or Zone BWZ Ml 0-5 d OPERATION d BRANCH ON 

Write Disk with Check operation L(%FX)(B)W 
Word Marks M(%F3)(B)W 

MOVE AND LOAD CODES B Backspace Tape N Access Inoperable 
Record 

V Read/Write Parity Check or 1407 INOUIRY %TO ADDRESS 
0 Move Numerical MN BM 12-4 E Skip and Blank Tape Read Back Check Error 

L Load Character to A Word LCA B21 11-3 M Write Tape Mark W Wrong-Length Record M(%TO)(B)R Read Console Printer Data from 1407 transferred 

Mark to B-address 
R Rewind Tape X Unequal Address Compare 

M Move Characters to A or B MCW CB4 11-4 M(%TO)(B)W Write Console Printer Data at B-address 
Word Mark U Rewind Tape and y Any Disk Storage Error transferred to 1407 

y Move Zone MZ CA8 0-8 
Unload Condition 

L(%TO)(B)R Read Console Printer Data from 1407 transferred to 

Z Move Characters and MCS A81 0-9 CHARACTER AT d FOR with Word Marks B-address with Word Marks 

Suppress Zeros 1407 CONSOLE INOUIRY STATION L(%TO)(B)W Write Console Printer Data at B-address transferred , Set Word Mark SW CA821 0-3-8 with Word Marks to 1407 with Word Marks 

0 Clear Word Mark CW CBA84 12-4-8 Q Inquiry Request " Inquiry Clear 
M(%TO)(B)W Line Space B is address of a Group Mark 

with a Word Mark 

* Special Feature 



PRINTS 
DEFINED CHARACTER CARD 

BCD CODE 
PRINTS 

DEFINED CHARACTER AS CODE AS 

BLANK C G G 

. . 12-3-8 BA8 21 H H 

0 0 12-4-8 CBA84 I I 

( Left Parenthesis (Special Character) 12-5-8 BA84 1 - ! (Minus Zero) 

< Less Than (Special Character) 12-6·8 BA842 J J 

=$= Group Mark (Note 1) 12-7-8 CBA8421 K K 

& & 12 CBA L L 

$ $ 11-3-8 CB 8 21 M M 

*' *' 11-4-8 B 84 N N 

) Right Parenthesis (Special Char.) 11-5-8 CB 84 1 0 0 

: Semicolon (Special Character) 11-6-8 CB 842 P P 

!l. Delta (Mode Change) 11-7-8 B 8421 Q Q 

- - 11 B R R 

/ / 0-1 C A 1 9= 9= Record Mark 

, , 0-3-8 C A8 21 S S 

% % 0-4-8 A84 T T 

= Word Separator 0·5-8 C A84 1 U U 
I Apostrophe (Special Character) 0-6·8 C A 842 V V 

" Tape Segment Mark 0-7-8 A 8 421 W W 

9= ¢ Cent (Special Character Note 2) A X X 

# # 3-8 8 21 Y Y 

@ @ 4-8 C 84 Z Z 

: Colon (Special Character) 5-8 84 1 0 0 

> Greater Than (Special Character) 6-8 842 1 1 

V Tape Mark 7-8 C 8421 2 2 

& 1 (Plus Zero) 12-0 CBA8 2 3 3 

A A 12-1 BA 1 4 4 

B B 12-2 BA 2 5 5 

C C 12-3 CBA 21 6 6 

D D 12-4 BA 4 7 7 

E E 12-5 CBA 4 1 8 8 

F F 12-6 CBA 42 9 9 

The 1401 has the ability to read MLP card codes in the read feed only. The 1401 ignores the 8-9 
punches when they appear in the same column. The 1401 does not punch out MLP card codes. 

Note 1. If specified, this code can be made compatible with 705 Group Mark Code (12-5-8). 

Note 2. The A-bit coding 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. 

Note 3. Other special character printing arrangements can be obtained. 

Figure 267. IBM 1401 Character Code Chart in Collating Sequence 
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CARD 
BCD CODE CODE 

12-7 BA 421 

12-8 BA8 

12-9 CBA8 1 

11-0 B 8 2 

11-1 CB 1 

11-2 CB 2 

11-3 B 21 

11-4 CB 4 

11-5 B 4 , 
11-6 B 42 

11-7 CB 421 

11-8 CB 8 

11-9 B 8 1 

0-2-8 AS 2 

0-2 C A 2 

0-3 A 21 

0·4 C A 4 

0-5 A 4 1 

0-6 A 42 

0-7 C A. 421 

0-8 C A8 

0-9 A8 1 

0 C 8 2 

1 1 

2 2 

3 C 21 

4 4 

5 C 4 1 

6 C 42 

7 421 

8 8 

9 C 8 1 
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