


































































































































































































































































































































































































. Check the FiLE proTECT lights. They should be

oN when records are to be read from tape, and
oFF when records are to be written on tape. If this
is not the case, demount the tape reel and check
the file-protection ring.

. Press RESET, LOAD REWIND on the 729 (or low

spp REWIND on the 7330), and sTART on each tape
unit. The reapyY light should be on.

. Set up the 1402.

. Auxiliary mode switch OFF.

c. The pisk writE switch on (up) when data is to

be written on disk records. If data must not be
written on disk, set this switch orr. This setting
is used primarily in debugging operations when
good records must not be destroyed.

. The TaPE DENsITY switch as specified in the op-

erating instructions, if an 1M 729-V Magnetic
Tape Unit is used.

a. The rowen light should be on. . Check the 1403.
b. Press both READER ON and PUNCH ON. a. The praNT READY light should be on.
c. Press both noN pPrOC RUN ouT keys.

[=F

o

. Press CHECK RESET on the 1402.

If any error-indication lights are on, follow the
procedure required to turn orFF the particular
light (see 18BM 1402 Card Read-Punch: Lights).
If cards are to be punched, place blank cards in
the punch-feed hopper (face down, 12-edge first).

. Place the program cards, followed by data cards

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

6. Press cHECK RESET and START RESET on the 1401

console.

7. Press cHECK RESET and LoAD on the 1402, The pro-

gram is loaded, and processing of data starts auto-
matically.

8. If a stop key is pressed at any time while the pro-

gram is being loaded, press sTART (not LoAD) to
continue the loading operation.

C.

d.

a.

o o o0 T

. If any other lights are oN, press CHECK RESET on

the 1403. If any lights remain on, follow the pro-
cedure required for the particular light (see M
1403 Printer: Lights).

Insert the proper forms and carriage tape.

Press carriAGE RESTORE and engage the carriage.

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

The rower light should be on.

. Press READER ON and PUNCH ON.

. Press both no~ proOC RUN oUT keys.

. Press cHECK RESET on the 1402,

. If any error-indication lights are on, follow the

procedure required to turn orr the particular
light (see 1BM 1402 Card Read-Punch: Lights).

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

. If cards are to be read, place them in the reader

file feed (face down, 9-edge first).

. Set up the tape unit(s).
a.

Mount the program tape, and set the address se-

Loadi P f Tape
cacing a Frogram from "dp lection dial of that unit to 1.

. Mount any other tapes that are required, and set
the address selection dials as specified in the op-
erating instructions.

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

1. Set the switches on the 1401 console.

a.
b.

d

a.
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Mode switch to rRun.

The 1/0 cHECK sTop switch oN (up), unless input/
output checking is to be performed by program-
ming and the operating instructions specify that
the switch is to be set oFF.

Sense switches as specified in the operating in-
structions. Sense switch A must be set oN (up) if
last-card detection is required by the program.
Tape select switch to N (normal).

2. Set the switches on the 1401 auxiliary console.

The cueck stop switch oN (up), unless the oper-
ating instructions specify that it is to be set oFF.

BM 1401 Operator's Guide

. Check the density lights to make sure each tape

unit is set for the density specified in the operat-
ing instructions. If the density setting must be
changed, press CHANGE DENsITY on the 729, or
turn the density switch on the 7330.

. Check the FiLE proTECT lights. They should be

oN when records are to be read from tape, and
ofFF when records are to be written on tape. If
this is not the case, demount the tape reel and
check the file-protection ring.

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

REWIND on the 7330), and sTART on each tape unit,
The reADY light should be on.



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

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

Printing Out Core Storage (Program Control)

Portions of core storage can be printed out by using
switches on the 1401 console and auxiliary console
(see 1M 1401 Processing Unit: Printing Out an Area
of Core Storage), or by using a program written spe-
cifically for that purpose. The type of listing and the
exact method for taking a core-storage print-out vary
with the particular program that is used. However,
the print-out programs usually provide a labeled list
for easy reference, and they generally require these
operations:

1. Use the 1401 switches to print the first 200 positions,
because the print-out program requires these posi-
tions.

a. Set the 1401 mode switch to STORAGE PRINT OUT.
b. Set the 1401 auxiliary mode switch oFF.

c. Set up storage address V0Oxx in the manuaL
ADDRESS dials.

d. Press sTarT. The first 100 positions are printed.

e. Set up storage address Olxx in the mMaNvAL
ADDRESS dials.

f. Press start. The second 100 positions are printed.
2. Set the mode switch to ruN.

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

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

5. When printing stops, press the reader NoN Proc
RUN ouT and CHECK RESET keys on the 1402,

Backspacing Tape

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

1. Stop systems operation.

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

3. Press the BackspACE key on the 1401 console once.
4. Set the tape select switch to N.

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

6. Press START.
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Restart Procedures

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

Card Read-Punch

An error detected in a card in the read feed turns on
the READER CHECK, READER STOP, and/or vALDITY light,
depending on the type of error.

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

Reader Check Light

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

1. Remove cards from the read-feed hopper.

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

3. Press the cueck RESET key on the 1402 to reset error
indicators in the reader-punch. If the process-check

light is also on, press the cHEck ReSET key on the
1401 also.

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

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

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

7. Press START to resume operation.
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Reader Stop Light

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

1. Remove cards from the read-feed hopper.
2. Remove any jammed cards from the read feed.

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

4. Press CHECK RESET on the 1402.
5. Duplicate any damaged cards.

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

7. Press sTART to resume operation.

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

last card correctly processed. All following cards must
be re-fed.)

1. Remove cards from the read-feed hopper.
2. Remove any jammed cards from the read feed.

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

4. Press CHECK RESET on the 1402.
5. Duplicate any damaged cards.

6. Replace cards in the read-feed hopper in this order:
a. The last card stacked in the NR pocket.

b. The cards removed or run out from the read
feed, in their original order.

c. The cards removed from the hopper.

7. Press START to resume operation.



Validity Light

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

Punch Feed Read

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

1. Remove cards from the punch-feed hopper.

. Run out the three cards in the punch feed.

. Press cHECK RESET on the 1402.

. Remove the last three cards from the NP stacker.

. Visually check the first of these three cards. It had
been punched but not checked when the error oc-

Ou i L D

curred. Replace this card in the stacker (after cor- °

recting it, if necessary).

6. Correct the validity error in the second card (the
error card).

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

8. Press sTART RESET on the 1401 console.

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

10. Set the mode switch to rRuN and press START to re-
sume operation.

If both the variprry and puncH curck lights are on,
two or more error conditions have been detected in the
punch feed. Follow the restart procedure described for
an error indicated by the punca cueck light with a
punch-feed-read operation. Correct the invalid charac-
ter in the card just read by the punch-feed read
brushes (third card removed from the NP stacker in
step 4 of the following Punch Check Light procedure).

Punch Check Light

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

follow these steps to correct the error and resume opet-
ations:

1. Remove cards from the punch-feed hopper.

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

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

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

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

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

6. The third and fourth cards are blank.

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

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

Punch Feed Read

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

1. Remove cards from the punch-feed hopper.
. Run out the three cards in the punch feed.
. Press cHECK RESET on the 1402,

. Remove the last four cards from the NP stacker.

U = 0 O

. Duplicate the prepunched data in the first two
cards, into two blank cards.
If the B-light on the 1401 console is ox (indicating
a B-register parity error), perform a storage scan
operation starting at position 101 to determine and
correct the position (101-180) that contains the
parity error. (See Scanning Storage.) Note the I-
address for restarting after the scan.

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

7. Press sTART RESET on the 1401 console.

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

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

Punch Stop Light

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

1. Remove cards from the punch-feed hopper.

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

3. Press cHECK RESET on the 1402.

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

5. Duplicate any damaged cards.

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

7. Press START to resume operation.

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

Punch Feed Read

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

1. Remove cards from the punch-feed hopper.

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

3. Press cuneck ReSeT on the 1402,

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

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

6. Replace the cards removed from the hopper (in
step 1).
7. Press sTART RESET on the 1401 console.

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

9. Set the mode switch to RuN and press sTART to re-
sume operation.

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

Printer

Various conditions of continuous forms in the 1BM
1403 Printer (such as an end-of-forms condition, or
forms that have separated or come off the forms trac-
tors) turn oN the END OF FORMS or FORMS CHECK light
(see 1BM 1403 Printer: Lights). After the forms are
properly repositioned, the 1403 check reset key must
be pressed to turn oFr the light.

An error condition in a 1403 printing operation turns
oN the syNc cHECK or PRINT cHECK light, depending on
the type of error. The sync cueck light turns on if the
print chain is out of synchronism with the printer cir-
cuitry in the 1401 at any time during the print opera-
tion. The timing is corrected automatically, and this
error light can be turned orr by pressing the 1403
check reset key.



Print Check Light

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

1. Press cueEck RESET on the 1403 or 1/0 CHECK RESET
on the 1401 auxiliary console,

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

3. When scanning stops at an error position, make a
note of the address displayed in STORAGE ADDRESS
and the character displayed in the B-register block.

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

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

6. If all positions were printed correctly:

a. Press cHECK RESET on the 1403 or 1/0 CHECK RESET
on the 1401 auxiliary console.

b. Press sTART RESET on the 1401 console.

c. Set the mode switch so that processing will stop
after the next line prints. For this, set the switch
to ADDRESS sTOP and set up the proper stop ad-
dress (See Stopping at a Predetermined Address),
or set the switch to 1/ex and cycle through the
next print operation.

d. Check this printed line in the error positions
found (in steps 2-5) for the previous line. This is
necessary because the errors signaled for the pre-
vious line may have been detected after the print-
ing occurred and, in some cases, the same condi-
tion is not signaled a second time. If this line is
correct, and no further error was detected, set the
mode switch to RUN and press sTaRT. If this line
contains errors, call the 1BM customer engineer.

7. If any of the positions (step 5) were printed incor-
rectly, try printing this same line of data again:
a. Press CHECK RESET-on the 1403 or 1/0 CHECK RESET
on the 1401 auxiliary console.
b. Press stART RESET on the 1401 console.

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

d. Set the mode switch to 1/ex and press sTART
twice.

e. Check the printing. If it is correct, set the mode
switch to Run and press start. If it is not correct,
call the 1BM customer engineer.

Print Storage

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

1. Check the B-register light. If it is oN, a parity error
was detected while data was serially transferring
from storage positions 201-332 to print storage. The
address displayed in sTORAGE ADDRESS is the storage
position (201-332) that contains the error. The char-
acter displayed in the B-register block shows the
incorrect parity.

a. Enter the correct character.
b. Alter-in the I-address of the print instruction.

c. Press curck RESET and START RESET on the 1401
console.

d. Press cuEck RESET on the 1403 or 1/0 CHECK RESET
on the 1401 auxiliary console.

e. Set the mode switch to ruN and press START to
resume operation.

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

a. Set the mode switch on the 1401 console to sTOR-
AGE SCAN,

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

c. Press cHECKk RESET on the 1403 or 1/0 CHECK RESET
on the 1401 auxiliary console.

d. Hold staRT pressed until the error position is lo-
cated. Scanning automatically starts in position
201 and in the first position of print storage.
When the error is located, PRINT CHECK turns oN
again.

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

4. Press 1/0 CHECK RESET to turn ofF the PRINT CHECK
light, which turned o~ again in step 2d.

5. If the A-register does contain a parity error, note
the address displayed in sToraGE appress. This is
the address of main storage (201-332) that corre-
sponds to the special print storage position that con-
tains the parity error. Visually compare the printed
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line with the main storage positions 201-332 to de-

termine if the printed data is still in main storage.

If it is:

a. Scan the remainder of the special print storage
positions.

b. Note all parity errors.

c. Alter-in the I-address of the print instruction.

d. Press cHECK RESET and START RESET on the 1401
console.

e. Press cHECk RESET on the 1403 or 1/0 CHECK RESET
on the 1401 auxiliary console.

f. Set the mode switch to RUN and press START to
print the line again and resume operation.

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

. If the A-register does not contain a parity error

when scanning stops (step 2d), a printing error oc-
curred. To locate the error, follow a procedure simi-
lar to that outlined for the prINT crEck light when
the print-storage special feature is not installed:

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

b. If all positions printed correctly, press START
ReseT and set the system to stop after the next line
prints. For this, use the ADDRESS STOP or 1/EX set-
ting of the mode switch. Check the printed line
in the error positions indicated for the previous
line. If this line is correct, continue processing.

c¢. If any positions printed incorrectly, call an 1BM
customer engineer.



The 1M 1401 Data Processing System reads data,
processes it to obtain desired results, and makes these
results available for future use. The data can be ob-
tained through various types of input components,
such as a card reader, magnetic tape unit, or disk stor-
age (Figure 112). It is processed in a central processing
unit, and the results are supplied to the user through
output components. The results can be punched,
printed, or written on magnetic tape or disk.

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

Tape
Output

Tape
Input

Card Input

Card Output

IBM 1401 System Logic

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

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

Printed
Output

"

Disk
Input/Output

Figure 112. Schematic of Input/Output Components

Typed
Output

Keyboard
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Variable Word Length

Stored programming involves the concept of words. A
1401 word can be a single character, or a group of
characters that represent a complete unit of informa-
tion. Because 1M 1401 words are not limited to a spe-
cific number of storage positions, and because each
position of core storage is numbered and addressable,
each word occupies only the number of core-storage
locations actually needed for that program instruction
or data field.

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

The word mark serves several functions:

1. It indicates the beginning of an instruction.
2. It defines the size of a data field.

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

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

Stored Program Instructions

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

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

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

X XXX XXX X
NUMBER OF
pOSITION | OPERATION INSTRUCTION FORMAT
1 No Operation | Op Code
N
2 Select Stacker | Op Code d=Character
K 2
4 Unconditional | Op Code  I-Address
Branch B 400
5 Write Mark Tape [ Op Code | =Address  d-Character
u %U2 M
7 Add Op Code A=Address B=Address
A 075 423
8 Write Tape Op Code A~Address B~Address d-Character
L %U1 731 w

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

A-Address. This always consists of three characters. It
can identify the units position of the A-field (the
first of two possible fields in core storage to be af-
fected by the operation), or it can select a special
unit or feature (such as tape unit, disk-storage unit,
or 1BM 1419 Magnetic Character Reader).

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

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

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

Sample Instruction

Op Code A-Address B-Address
A 542 560

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

Addressing

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

® An instruction — to tell the system what function to
perform,

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



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

An example of stored instruction and data fields
(Figure 114) illustrates this addressing. The instruction
stored in core storage positions 400-406 is read starting
with position 400. The reading stops when the word
mark in position 407 is read. This App instruction speci-
fies that the data in the A-field (address 542) is to be
added to the data in the B-field (address 560). To per-
form the addition, the A-field is read starting with po-
sition 542, and the B-field starting with position 560.
The word mark in position 536 defines the high-order
position of the 7-position A-field, and the word mark
in position 553 identifies the high-order position of the
8-position B-field. The amount 0,025,347 is added to
04,601,231. After the operation is completed, the B-field
contains 04,626,578.

Instruction addressed by high-order position (Op Code)

fe— A-Address —=f+— B-Address ——1
STORAGE
ADDRESS 400 | 401 ] 402 | 403 | 404 | 405 | 406 | 407 (NSI)
o Op code
INSTRUCTION | A 5 4 2 5 6 0 WM
\ J
v—
Instruction

The word mark associated with the next sequential in-
struction (NSI) stops the reading of this instruction.

Data-fields addressed by units positions. A-address

STORAGE ADDRESS | 536 | 537 | 538 | 539 | 540 | 541 | 542 | 543

DATA oo |2 513 ]4]7]|s8
1 _J
h'd
A-field
Word mark identifies high-order position of A-field.
B-address
STORAGE ADDRESS 553|554|555|5561557| 558 |559 |560561
DATA 0460|112 3|14
N J

Y
B-field
Word mark identifies high-order position of B-field.

Figure 114. Examples of Instruction and Data Addressing

Input/Output Storage Assignments

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

Storage

Positions Reserved for Correspond to
001-080 Card-read input area 80 card columns
101-180 Card-Punch output area 80 card columns
201-300 Printer output area 100 (or 132)

(or 332) print positions
334-363 Card-read input area 30 card columns

for 1M 1404 Printer
(special feature)

All other storage positions, except 000 and 100, can
be used for processing or instructions. If the read-
compare special feature for the 1sMm 1404 Printer is in-
stalled, location 333 is used for internal programming,.

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

Address Coding Structure

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

When these address locations are used as part of a
program instruction (referred to as A-address and B-
address, A-operand and B-operand, or A-field and B-
field), they occupy a major portion of the area required
to store the instruction. To reduce, as much as possible,
the amount of storage required for an entire program,
each address is converted to a 3-character machine-
language code (Figure 115).

1. Addresses 00000-00999 use the digits 000-999.

2. Addresses 01000-03999 are coded by including a
bit(s) with the hundreds position of the address.
An A-bit (zero zone) is used for addresses 01000-
01999, a B-bit (11-zone) for addresses 02000-02999,
and AB-bits (12-zone) for addresses 03000-03999
(see the first column of Figure 115). The tens and
units positions of the 3-character machine-language
code are the same as those in the 4-character core-
storage address.

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

ADDRESSES 4000-7999
A-Bit (0-Zone)
over Units Position

ADDRESSES 8000-11999
B-Bit (11-Zone)
over Units Position

ADDRESSES 12000-15999

AB-Bits (12-Zone)
over Units Position

Addresses Codes Addresses Codes Addresses Codes Addresses Codes
0000-0099 000-099 4000-4099 00 4-09Z 8000-8099 001-09R 12000-12099 00?-091
0100-0199 100-199 4100-4199 10+-19Z 8100-8199 101-19R 12100-12199 102-191
0200-0299 200-299 4200-4299 20 +.29Z 8200-8299 201-29R 12200-12299 207-291
0300-0399 300-399 4300-4399 30+-39Z 8300-8399 301-39R 12300-12399 307391
0400-0499 400-499 4400-4499 404--49Z 8400-8499 401-49R 12400-12499 407-491
0500-0599 500-599 4500-4599 50 +-59Z 8500-8599 501-59R 12500-12599 50?-591
0600-0699 600-699 4600-4699 60+ -69Z 8600-8699 601-69R 12600-12699 607-691
0700-0799 700-799 4700-4799 70 +-79Z 8700-8799 701-79R 12700-12799 702-791
0800-0899 800-899 4800-4899 80 +-89Z 8800-8899 80!-89R 1280012899 802-891
0900-0999 900-999 4900-4999 90+ -99Z 8900-8999 901-99R 12900-12999 907-991
1000-1099 400-+99 5000-5099  +0+-+9Z 9000-9099 +01-4 9R 13000-13099 +07-491
1100-1199 /00-/99 5100-5199 /0%-/9Z 9100-9199 /01-/9R 13100-13199 /0?-/91
1200-1299 500-599 5200-5299 $0+.59Z 9200-9299 SO01-S9R 13200-13299 50?-591
A-Bit (0-Zone) 1300-1399 T00-T99 5300-5399 T0+-19Z 9300-9399 TOI-T9R 13300-13399 T0?-T91
over Hundreds | 1400-1499 U00-U99 5400-5499  U0+-U9Z 9400-9499 UOI-U9R 13400-13499 Uo?-U9I
L 1500-1599 V00-V99 5500-5599  VO=+-V9Z 9500-9599 VOI-V9R 13500-13599 V0?-V9!
Position 1600-1699 WO00-W99 5600-5699  WO+.W9Z 9600-9699 WO!I-W9R 13600-13699 WO0?2-W9l
1700-1799 X00-X99 5700-5799 X0+ -X9Z 9700-9799 X01-X9R 13700-13799 X0?-X9!
1800-1899 Y00-Y99 5800-5899 YO+-Y9Z 9800-9899 YOI-YSR 13800-13899 Y0?-Y9
1900-1999 Z00-299 5900-5999 20+-29Z 9900-9999 Z01-Z9R 13900-13999 20?-29}
2000-2099 100-199 6000-6099 104-19Z 10000-10099 101-19R 14000-14099 102-191
2100-2199 J00-J99 6100-6199 J0+-)9Z 10100-10199 JOI-J9R 14100-14199 J0?-J91
2200-2299 K00-K99 6200-6299 KO=+-K9Z 10200-10299 KOI-K9R 14200-14299 K0?-K91
B-Bit (11-Zone) | 2300-2399 100-199 6300-6399 10==-19Z 10300-10399 L0I-L9R 14300-14399 L0?-L9i
Hundred 2400-2499 MO0-M99 6400-6499  MO=-M9Z 10400-10499 MOI-M9R 14400-14499 MO?-M9I
over Hundreds | 2500.2599 NOO-N99 6500-6599  NO=-N9Z 1050010599 NOI-N9R 14500-14599 NO?-N9I
Position 2600-2699 000-099 6600-6699  004-09Z 10600-10699 00!-O9R 14600-14699 0072-091
2700-2799 POO-P99 6700-6799 PO==-P9Z 10700-10799 PO!-P9R 14700-14799 PO?-P9I
2800-2899 Q00-Q99 6800-6899  QO=--Q9Z 10800-10899 QOI-Q9R 14800-14899 Q0?-Q9I
2900-2999 ROO-R99 6900-6999 RO+ -R9Z 10900-10999 RO!-R9R 14900-14999 RO?-R9I
3000-3099 200-799 7000-7099 20-29Z 11000-11099 201-?9R 15000-15099 202-291
3100-3199 A00-A99 7100-7199  A0+-A9Z 11100-11199 AOI-A9R 15100-15199 A0?-A9I
3200-3299 B0O-B99 7200-7299 BO+-B9Z 11200-11299 BOI-BSR 15200-15299 B0?-B9I
AB-Bits (12-Zone) | 3300-3399 €00-C99 7300-7399 C0--C9Z 11300-11399 COI-C9R 15300-15399 C0?-C9t
3400-3499 D00-D99 7400-7499 DO=-D9Z 11400-11499 DO!-D9R 15400-15499 D0?-D9I
over Hundreds | 3504 3509 E00-E99 7500-7599 EO==-E9Z 11500-11599 EO!-E9R 15500-15599 E0?-E9I
Position 3600-3699 F0O-F99 7600-7699 FO+-F9Z 11600-11699 FOI-F9R 15600-15699 FO?-F9I
3700-3799 G00-G99 7700-7799  GO+-G9Z 11700-11799 GOI-G9R 15700-15799 G0?-G9I
3800-3899 HO0-H99 7800-7899 HO==-H9Z 11800-11899 HOI-H9R 15800-15899 HO?-H9I
3900-3999 100-199 7900-7999 10192 11900-11999 101-19R 15900-15999 107-191
Units Position: Units Position: Units Position:
Address Address Address
Digit Code Digit Code Digit Code
0 7= 0 1 0 ?
1 1 ] 1 A
2 [ 2 K 2 B
3 T 3 L 3 C
4 u 4 M 4 D
5 v 5 N 5 E
6 w 6 o 6 F
7 X 7 P 7 G
8 Y 8 Q 8 H
9 z 9 R 9 |

Figure 115. Machine Language Codes for Core-Storage Addresses

140 1BM 1401 Operator’s Guide




in items 1 and 2, in order to distinguish between
04000-04999 (no bit), 05000-05999 (A-bit), 06000-
06999 (B-bit), and 07000-07999 (AB-bits). For ex-
ample, address 5346 contains an A-bit over the units
position (between 04000 and 07999) and an A-bit
over the hundreds position (the second thousands
group within the range). It is thus coded T4W
(T =38 + A-bit and W =6 - A-bit).

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

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

Phases of Operation

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

Registers

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

A
B A
Reg- Reg-
ister ister
Op
Storage Reg-
Address ister
Register
3
I-Address A-Address B-Address
Register Register Register
)
|

Figure 118. Address and Single-Character Registers
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available. Each performs its own unique function. Four
are 3-position address registers and three are single-
character registers. The four address registers are:

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

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

9
B-address. Normally contains a storage address of
data for the B-field portion of a stored-program in-
struction.

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

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

The three characterregisters are single-position reg-
isters:

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

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

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

I-Phase

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

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

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

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

On the second I-cycle (I-1), the character transfers
to the B-register, to the A-register, to the hundreds
position of both the A-address and B-address registers,
and back to core storage. This procedure continues
until the A-address portion of the instruction is com-
pletely transferred to the A-address register.

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

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

E-Phase

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

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



the cycle for all instructions. The B-address register is reset to
blanks during the first part of the cycle for all operations
except Move, Load, Store A- and Store B-address Register opera-
tion. During the I-1 cycle, the second instruction character (first
character of the A-address) enters the hundreds positions of
the A- and B-address registers, and the A-register by the way
of the B-register.

1-Address Register

Op Register

B-Register

(5]

A-Address Register

CYCLE OPERATION Instruction | A5 J6 |7 | T |V [2]S
Location 197|198 |199{200| 201} 202 203 {204
1-Op | The operation code enters the B-register and the Op register. | I-Address Register B-Register A-Register
Because this is the first l-cycle, the A-register is undisturbed. 0111917 Cycle 1
Op Register ~A-Address Register ~B-Address Register
21717 ?0?]?]?
I-1 | The A-address register is reset to blanks during the first part of

A-Register

[s]

B-~Address Register

Cycle 2

The third character of the instruction enters the tens posi-
tion of the A- and B-address registers, and the A-register
through the B-register.

I-Address Register

Op Register v

B-Register

[e]

A-Address Register

A-Register

L]

B-Address Register

Cycle 3

The fourth instruction character enters the units position of
the A- and B-address registers, and the A-register through
the B-register.

{-Address Register

Op Register

B-Register

A—-Address Register

A-Register

[

B-Address Register

Cycle 4

The B-address register is reset at the beginning of this cycle.
The fifth instruction character (first character of the B-
address) enters the hundreds position of the B-address
register, and the A-register through the B-register. (The
letter T is in the B-address register but “13" is displayed on
the console.)

I-Address Register

Op Register

B-Register

A-Address Register

A-Register

B-Address Register

Cycle 5

The sixth instruction character goes to the tens position of
the B-address register, ancl the A-register through the B-
register.

1-Address Register

Op Register

B-Register

KN

A-Address Register

A-Register

n

B-Address Register

Cycle 6

The seventh character of the instruction (last character of
the B-address) enters the units position of the B-address
register and the A-register through the B-register.

I-Address Register

Op Register

B-Register

[2]

A-Address Register

A-Register

2]

B-Address Register

[eoe]

Cycle 7

The first character of the next instruction enters the B-
ragister only. Because this is the last l-cycle for this instruc-
tion, the A-register and the Op register, the A- and
B-address registers are undisturbed. The detection of a
word mark associated with this character signals the ma-
chine that this is the Op code for the next instruction. The
loading operations stops, and the instruction that was just
loaded is executed. Note that the l-address register con-
tains the address of the high-order position of the next
sequential instruction.

I-Address Register

Op Register

B-Register

B

A-Address Register

A-Register

[2]

B-~Address Register

[repz]

Cycle 8

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

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

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

field.

Internal Checking

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

Parity Checking

The 1M 1401 checks data and/or instruction charac-
ters in various registers, and at various times during
processing, for odd-bit configurations. Each character
handled by the processing unit must consist of an odd
number of bits. For this, a check bit is included, when
necessary, with the 6-bit BCD code (binary-coded-
decimal) used by the 1401 for all characters (see BCD
Codes). The check bit is added to any character that
would otherwise have an even number of bits. For
example, the character P has a BCD code of B421l.
The check bit is added to give this character an odd
number of bits (C B421).

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

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

Validity Checking

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

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

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

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

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

Hole-Count Check

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

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



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

BCD Codes

In the punched card area of data processing, charac-
ters are represented by a card code that is punched in
the cards and used by the various 1BM unit-record ma-
chines, In the computer area of data processing the
basic card coding remains the same but a faster, more
flexible, machine language is used for internal proc-
essing.

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

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

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

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

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

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

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

To illustrate the use of the seven planes to store a
BCD character, the letter J is placed in storage (Fig-
ure 121). The BCD coding for the letter J is composed
of a B-bit and a 1-bit. Since this is an even number of
bits, a check bit is included to obtain odd parity. Thus
the BCD code for the letter J is represented by the
binary configuration 1100001, reading from top to
bottom in the core-stack position in which J is stored.
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CHARAC]  DEFINITION/ ARRT,:?;TE;&ENT CcARD BCD CODE OPERATION CHARAC-{  DEFINITION/ Akkiﬁzzzw CARD | Bep coE OPERATION
TER NOTE A H CODE WHEN USED AS OP CODE TER NOTE A H CODE WHEN USED AS OP CODE
BLANK G G 6 |127 | [BAl 42
. . 12-3-8 BA|8 21 |Halt H 2 H H 12-8 B A8 Store B-Address Register
i} 0 ) 12-4-8 | CiBA[B 4 Clear Word Mark 1 1 1 12-9 C|B A8 1
[ 12-5-8 BAB4 1 1 (Minus Zero) - — 11-0 B (8 2 |Zero and Subtract
< |Less Than 1268 [BAlg42 J J TEERED 1 '
== |Group Mark/ 1 12-7-8] CBA|8421 X K K 11-2 ClB 2 | Select Stacker (Card)
& & + 12 ClBA L L L 11-3 B 2 1| Load Characters to Word Mark
$ $ 11-3-8|CB 8 21 M M M 11-4 CiB 4 Move Characters to Word Mark
* * * 11-4-8 B |84 N N N 1-5 B 4 1| No Operation
] 11-5-8| CB {84 1 o] o] o 11-6 B 42
f 11-6-8|ClB |842 P 2 P P 11-7 ()] 42 1] Move Characters to Record or Group Mark
A |Delta (Mode Change) 11-7-8| B (8421 Q 2 Q Q |18 |[c[B |8 Store A-Address Register
- -_ - n B R R R 11-9 B |8 1
/ / / 0-1 A 1 |Clear Storage == Record Mark =+ == 0-2-8 A8 2
. N N 0-3-8 A8 21 |Set Word Mark S S S 0-2 C} Al 2 |Subtract
% 2 % ( 0-4-8 Al8 4 Divide T T T 0-3 Al 21
\' Word Separator 0-58| § A84 1 1] U u 0-4 C| Al 4 Control Unif (Tape)
\ Left Oblique 0-6-8 Ai842 v v v 0-5 Al 4 1| Branch if Word Mark and/or Zone
H# |Tape Segment Mark 0-7-8 AlB421 w 2 w w 0-6 A} 42 | Branch if Bit Equal
b |3 + + A X 2 X X |07 [c| Al 421|Moveand Insert Zeros
-4 4 F = 3.8 8 21 |Modify Address Y Y Y 0-8 Al8 Move Zone (Bits)
@ |2 @ ‘ 4-8 C 8 4 Multiply z z z 09 Al8 1| Move Characters and Suppress Zeros
5-8 84 1 0 [} 0 o Cl 8 2
>  |Greater Than 6-8 842 1 1 1 1 1| Read a Card
Tape Mark 78 |C 8421 2 2 2 2 2 | Write a Line
? (Plus Zero) & & 12-0 CIBA{8 2 {Zeroand Add 3 3 3 3 C 21| Write and Read
A A A 121 BA 1 {Add 4 4 4 4 4 Punch a Card
B B B 12-2 BA 2 |Branch 5 5 5 5 4 1|Read and Punch
C C C 12-3 | ClBA| 21 |Compare 6 6 [ 6 42 | Write and Punch
D D D 12-4 BA| 4 Move Numerical (Bits) 7 7 7 7 4 21| Write, Read, and Punch
E E E 12-5 C[BA| 4 1 |Move Characters and Edit 8 2 8 8 8 8 Start Read Feed
F F F 12-6 C[BA| 42 ]Control Carriage (Printer) 9 2 9 14 9 (o} 8 1| Start Punch Feed

+ Print arrangement H is required for both FORTRAN and COBOL Programming Systems. Otherwise,
arr Ais led. Other printing arr (B-K) are ilabl

** The 1401 does not accept the 8-9 portion of 402 MLP codes. Nor does it generate 402 MLP codes
for punching.

1 If specified, this code can be made compatible with 705 Group Mark Code (12-5-8).
2 This character can be used as an Op code if the iated special f is installed

3 The A-bit coding for this character (Substitute Blank) must be program-generated in the 1401 (it
cannot be read from a card; it con be punched as a zero). It is used in conjunction with the C-bit
to indicate a blank position on fape that was wriiten in even-bit parity.

4 This character can be used as an Op code in systems with more than 4,000 positions of core storage.
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