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Figure 35. Move Instruction: B-Cycle Operation
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A-register. The following B-cycle brings a character
out of the other specified core-storage location and re-
places it with the character in the A-register. This new
character is then stored in the core-storage location
specified by the B-Add. Reg.

A-CYCLE

YES

B-CYCLE (FIGURE 36)

The core-storage position that receives the character in
the A-register during the B-cycle was previously speci-
fied by the instruction and the address was placed in
the B-Add. Reg. during I-phase. Because this is the data
movement operation, and not the first reverse-scan
cycle of a zero suppression operation, the address in
the B-Add. Reg. is transferred to the STAR and the B-
Add. Reg. light on the console panel is turned on. The
STAR lights on the console panel display the core-stor-
age position being addressed (in BCD form).
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cycle portion of the E-phase. As soon as the A-cycle is
G
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< ATA MOVE
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MODIFY
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PAR & VAL
CHK OK?
¥
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SYSTEM STOPS
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A

The common A-cycle previously described (see Figure
13 and the accompanying text) is used during the A-
successfully completed, the B-cycle begins.
@
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Figure 36. Move Characters and Zero Suppress Instruction: B-Cycle Operation
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The STAR activates the lines that cause the specified
core-storage position to read out to the B-register,
where the contents of that position are displayed in
BCD form.

During the first data movement B-cycle, a word mark
is placed in the core-storage position specified by the
B-Add. Reg. Also, circuitry is set up so that a reverse
scan and its associated zero-suppression operation fol-
low the data-movement operation. During this first
data movement B-cycle, only the A-register digit bits
and any associated C-bit are transferred into the core-
storage position specified by the B-Add. Reg. On subse-
quent data movement B-cycles, the entire A-register
character is transferred.

The address in the B-Add. Reg. is decreased by one
and the appropriate parity and validity checks are
made. Any check condition stops the system and turns
on the appropriate check lights on the console panel.
If no check condition occurs, the A-register is checked
to see if it contains a word mark. A word mark in the
high-order position of the A-field stops the data-move-
ment operation. If no word mark is present, the B-cycle
ends and another A-cycle begins.

A word mark in the A-register signals the end of the

data-movement operation and the beginning of the re-
verse-scan operation. This reverse scan operates on the
B-field from its high-order position to its low-order
position. In addition to setting up the reverse-scanning
circuitry, a word mark in the A-register also sets up the
circuitry to eliminate all A-cycles. This is done because
the field to be operated on is located in the B-field area.

Reverse-Scan Operation

The reverse-scan operation is made up of a series of
B-cycles, and is terminated when the word mark previ-
ously set in the field’s low-order position is sensed. The
first reverse-scan B-cycle reads out the same core-stor-
age position that was involved in the last data-move-
ment B-cycle.

The address of this core-storage position is no longer
in the B-Add. Reg., however, because the B-Add. Reg.
address was already modified. The STAR still has this
address, so it is used to activate the lines that cause the
specified core-storage position to read out to the B-reg-
ister, where the contents are displayed in BCD form.

During a reverse-scan operation, zero suppression
may be active or inactive. During the first reverse-scan
B-cycle, zero suppression is always on.

The character read back into core storage depends
on the B-register contents. If the B-register contains a
significant digit, the zero-suppression circuitry is turned
off and the significant digit in the B-register is read
back into the core-storage position from which it came,
If zero suppression is oN and the B-register does not
contain a significant digit, but does contain a comma,

hyphen, blank, or zero, then this character is kept from
entering core storage. A C-bit is generated and read
into storage in place of the character. If zero suppres-
sion is ofFF and the B-register does not contain a signifi-
cant digit, a comma, hyphen, blank, or zero, then the
character is read back into the core-storage position it
came from, and zero suppression is turned on again.

When zero suppression is inactive, the B-register
character is read back into the core-storage position
from which it came. Some characters are also capable
of activating the zero-suppression circuitry after it has
been turned off. Any valid 1401 character, other than a
zero, comma, hyphen, blank, or significant digit, can
activate the zero-suppression circuitry after it has been
turned off.

After the B-register character is read back into core
storage, or is suppressed, the address in the B-Add.
Reg. is increased by one and the appropriate parity and
validity checks are made. Any check condition stops the
system and turns on the appropriate check lights on
the console panel. If no check condition occurs, the B-
register is checked to see if a word mark is present.
There is only one word mark present in the B-field and
it is in the units position of the field. If the word mark
is not present, the circuitry to eliminate the A-cycles is
activated and another B-cycle is started. If the word
mark is present, the reverse-scan circuitry, and the zero-
suppression circuitry if on, are turned off. The E-phase
is ended and the I-phase for the next instruction begins.

Move Digit (D AAA BBB)

The MoVE picIT instruction moves the numerical por-
tion (8-, 4-, 2-, 1-bits) of the single character in the spec-
ified A-address position to the specified B-address posi-
tion. These addresses were placed in their respective
address registers during the I-phase. The zone portions
(A-, B-bits) and any word marks are undisturbed at
both addresses.

A-Cycle

The common A-cycle previously described (see Figure
13 and the accompanying text) is used during the A-
cycle portion of the E-phase. As soon as the A-cycle is
successfully completed, the B-cycle begins.

B-Cycle (Figure 37)

The core-storage position that receives the numerical
portion of the A-address character during the B-cycle
was previously specified by the instruction, and the ad-
dress was placed in the B-Add. Reg. during I-phase.
The address in the B-Add. Reg. is transferred to the
STAR and the B-Add. Reg. key-light on the 1401 con-
sole panel is turned on. The STAR lights on the console
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panel display the core-storage position being addressed
(in BCD form).

The STAR activates the lines that cause the specified
core-storage position to read out to the B-register,
where the contents of that position are displayed in
BCD form.

An Op-code test establishes the operation as a move
digit operation. A move digit operation allows any A-,
B-, and word-mark bits in the B-register to read back
into the core-storage position from which they came. In
addition, any 8-, 4-, 2-, and 1-bits in the A-register are
read into the same core-storage position. (These digits
bits, along with the rest of the character, were placed in
the A-register during the A-cycle.)

If a C-bit is needed to-obtain odd-bit parity, it is also
generated and placed in the same core-storage position.

The address in the B-Add. Reg. is decreased by one
and the appropriate parity and validity checks are
made. Any check condition stops the system and turns
on the appropriate check lights on the console panel.
If no check condition occurs, the E-phase ends and the
I-phase for the next instruction begins.

Move Zone (Y AAA BBB)

The MOVE ZONE instruction moves the zone portion (A-,
B-bits) of the single character in the specified A-address
position to the specified B-address position. These ad-
dresses were placed in their respective address registers
during the I-phase. The digit portions (8-, 4-, 2-, 1-bits)
are undisturbed at both addresses.

A-Cycle

The common A-cycle previously described (see Figure
13 and the accompanying text) is used during the A-
cycle portion of the E-phase. As soon as the A-cycle is
successfully completed, the B-cycle begins.

B-Cycle (Figure 37)

The core-storage position that receives the zone portion
of the A-address character during the B-cycle was pre-
viously specified by the instruction, and the address
was placed in the B-Add. Reg. during I-phase. The ad-
dress in the B-Add. Reg. is transferred to the STAR and
the B-Add. Reg. key-light on the 1401 console panel is
turned on. The STAR lights on the console panel dis-
play the core-storage positions being addressed (in
BCD form).

The STAR activates the lines that cause the specified
core-storage position to read out to the B-register,
where the contents of that position are displayed in
BCD form.

An Op-code test establishes the operation as a move
zone operation. A move zone operation allows any §-,
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Figure 37. Move Digit and Move Zone Instructions: B-Cycle
Operation

4-, 2-, or 1-bit (and word mark, if present) in the B-reg-
ister to read back into the core-storage position from
which they came. Also, any A- or B-bits in the A-regis-
ter are read into the same core-storage position. (These
bits, along with the rest of the character, were placed
in the A-register during the A-cycle.)

If a C-bit is needed to obtain odd-parity, it is also
generated and placed in the same core-storage position.
The address in the B-Add. Reg. is decreased by one



and the appropriate parity and validity checks are
made. Any check condition stops the system and turns
on the appropriate check lights on the console panel.
If no check condition occurs, the E-phase ends and the
I-phase for the next instruction begins.

Load (L AAA BBB)

The LoAD instruction moves the data and word mark
from the A-field to the B-field. All data and word marks
in the affected B-field are cleared.

This data movement is done by executing alternate
A- and B-cycles. The A-cycle occurs first and brings the
character from the specified core-storage location to
the A-register. The following B-cycle brings a character
out of the other specified core-storage location and re-
places it with the character in the A-register. This new
character is stored in the core-storage location specified
by the B-Add. Reg.

A-Cycle

The common A-cycle previously described (see Figure
13 and the accompanying text) is used during the A-
cycle portion of the E-phase. As soon as the A-cycle is
successfully completed, the B-cycle begins.

B-Cycle (Figure 38)

The core-storage position that receives the A-cycle
data during the B-cycle was previously specified by the
instruction and the address was placed in the B-Add.
Reg. during I-phase. The address in the B-Add. Reg. is
transferred to the STAR and the B-Add. Reg. key-light
on the console panel is turned on. The STAR lights on
the console panel display the core-storage position
being addressed (in BCD form).

The STAR activates the lines that cause the specified
core-storage position to read out to the B-register,
where the contents of that position are displayed in
BCD form.

The load operation lets the A-register character (and
word mark, if present) replace the B-register character
(and word mark, if present) in the core-storage position
specified by the B-Add. Reg. The address in the B-Add.
Reg. is decreased by one, and the appropriate parity
and validity checks are made. Any check condition
stops the system and turns on the appropriate check
lights on the console panel. If no check condition oc-
curs, the A-register character is checked to see if it con-
tains a word mark. If a word mark is present in the
A-register, it signifies the end of the data field, and the
operation is terminated by ending the E-phase and
starting the I-phase of the next instruction.

If there is no word mark present, then more alternate
A- and B-cycles must be taken until an A-register word
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Figure 38. Load Instruction: B-Cycle Operation

mark is encountered. Therefore, the B-cycle ends, and
the next A-cycle begins.

1-Field Operation

1t is possible to execute a LOAD instruction with only the
A-address specified (L. AAA). The B-address used is the
resultant B-address from the last operation. During the
I-phase of a load operation, the B-Add. Reg. read-in
is blocked during I-cycles 1, 2, and 3. This format is
particularly useful when sequential storing of scattered
fields is wanted. When this instruction is used, the scat-
tered fields in the A-area are sequentially stored in the
B-area. The A-address specifies the starting position of
the A-field, while the B-address is automatically taken
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from the B-Add. Reg. The A- and B-cycle execution for
a 1-field instruction is exactly the same as for a 2-field
instruction.

Note: This instruction cannot be used when the pre-
ceding operation was a branch operation, because the
B-Add. Reg. is reset to blanks during a branch opera-
tion.

Move Characters and Edit (E AAA BBB)

A MOVE CHARACTERS AND EDIT instruction moves the A-
field data into the B-field area. During the move, how-
ever, the A-field data is modified by the contents of the
B-field, which is the edit control field. This edit control
field specifies the punctuation of the edited data, the
insertion of identifying symbols, and indicates where
zero suppression will occur.

The MOVE CHARACTERS AND EDIT operation may be
made up of two distinct operations, depending on
whether zero suppression is specified. During the first
operation, the data in the A-field is moved, and modi-
fied under control of the B-field, into the B-field. Dur-
ing the second operation, a B-field reverse scan and its
associated zero-suppression operation takes place, if it
is specified during the first operation.

Data Movement and Modification Operation

The data movement and modification is accomplished
by executing A- and B-cycles as specified by the edit
control word. The first cycle of an E-phase is always an
A-cycle, followed by a B-cycle. From then on, the spe-
cific cycle execution is under control of the edit control
word. All numeric, alphabetic, and special characters
can be used in the edit control word. Some of these
characters have special uses, and each of these uses is
covered in the text.

The various operations that take place during the
E-phase of an edit operation are illustrated in Figures
40 and 41. A sample edit operation is performed (refer
to edit operation example, Figure 39), and the various
operations performed are listed by number with any
necessary clarification also included. (The various in-
terrogations performed are listed.)

A-Field (Data Word) 9]45;)
B-Field Before Edit (Control Word) $b,bOb ,bb&CR*
B~Field After Modification $b,014.05bCR*
B-Field After Zero Suppression $bbb14,05bCR*

Figure 39. Move Characters and Edit Operation Example
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ALL A-CYCLES

The common A-cycle previously described (see Figure
13 and the accompanying text) is used during all the
A-cycle portions of the E-phase. As soon as the A-cycle
is successfully completed, the B-cycle begins.

FORWARD SCAN OPERATION (SEE FIGURE 40)

A-Cycle 1. Common A-cycle transfers a five and a
minus sign from the specified core-storage position into
the A-register.

B-Cycle 1 (Figure 40). conDITIONS: A-register con-
tains a five and a minus sign after a common A-cycle
completion.

B-cycle 1 executes these operations (refer to Figure
40).

1

2 This is a B-cycle executed during a forward-scan cycle.

3 Specified core-storage position contains an asterisk (*),
which is read into the B-register.

4 The * is part of the identifying symbols used with the
number, so it is placed back in the storage position
from which it came,

6 The next character in the B-field must be brought out
s0 it can control the A-register contents, if necessary.

7

B-cycle 2 executes these operations (refer to Figure
40).

1

2 This is a B-cycle executed during a forward-scan cycle.

3 Specified core-storage position contains an R, which is
read into the B-register.

4 Because the A-register contains a minus sign, the R
portion of a CR notation is placed back in the storage
position from which it came.

5

6 The next character in the B-field must be brought out
so it can control the A-register contents, if necessary.

7

B-cycle 3 executes these operations (refer to Figure
40).

1

2 This is a B-cycle executed during a forward-scan cycle.

3 Specified core-storage position contains a C, which is
read into the B-register.

4 Because the A-register contains a minus sign, the C
portion of a CR notation is placed back in the storage
position from which it came.

5

6 The next character in the B-field must be brought out
so it can control the A-register contents if necessary.

7
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B-cycle 4 executes these operations (refer to Figure
40). conprrioNs: A-register still contains a five and a
minus sign.

1

2 This is a B-cycle executed during a forward-scan cycle.

3 Specified core-storage position contains an ampersand
(&), which is read into the B-register.

8 An ampersand sensed in the B-register results in a
blank space in the edited B-field. A C-bit replaces the
ampersand in the specified core-storage position.

5

6 The next character in the B-field must be brought out
so it can control the A-register contents, if necessary.

7

B-cycle 5 executes these operations (refer to Figure
40). conprTiONs: A-register still contains a five and a
minus sign.

1

2 This is a B-cycle executed during a forward-scan cycle.

3 Specified core-storage position contains a blank, which
is read into the B-register.

9 The five in the A-register enters the specified core-

storage position. The zone portion of the A-register
does not enter core-storage during the first cycle that
transfers data from the A-register into core storage.

10 A C-bit is added to the transferred digit if it is needed
to obtain odd-bit parity.

11 The body trigger is set on. There are two parts to
every edit control word: the body portion (which punc-
tuates the A-field), and the status portion (which con-
tains the dollar sign, sign-symbols, and class of total
asterisks). A blank or zero in the B-register, coupled
with the body trigger turned orF, signifies the first
body position of the edit control word. The body trig-
ger remains oN to the end of the A-field, if sensed.

12
13

A-Cycle 2. conprtions: Body trigger oN. Common A-
cycle transfers a zero from the specified core-storage
position into the A-register.

B-cycle 6 executes these operations (refer to Figure
40). conpITIONS: A-register contains a zero, and the
body trigger is on.

1

2 This is a B-cycle executed during a forward-scan cycle.

3 Specified core-storage position contains a blank, which
is read into the B-register.

14 Character in the A-register (a zero) replaces the B-reg-
ister blank in the specified core-storage position.

12

13

A-Cycle 3. conprtions: Body trigger is oN. Common
A-cycle transfers a four from the specified core-storage
position into the A-register.
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B-cycle 7 executes these operations (refer to Figure
40). conNDITIONS: A-register contains a four, and the

body trigger is on.

1

2 This is a B-cycle executed during a forward-scan cycle.

3 Specified core-storage position contains a decimal (s),
which is read into the B-register.

4 The decimal in the B-register is placed back in the
storage position from which it came.

5

6 The next character in the B-field must be brought out
so it can control the A-register contents, if necessary.

7

B-cycle 8 executes these operations (refer to Figure
40). conprTioNs: A-register still contains a four, and the
body trigger is on.

1

2 This is a B-cycle executed during a forward-scan cycle.

3 Specified core-storage position contains a blank, which
is read into the B-register.

14 Character in the A-register (a four) replaces the B-reg-
ister blank in the specified core-storage position.

12

13

A-Cycle 4. conprtioN: Body trigger is oN. Common
A-cycle transfers a one from the specified core-storage
position into the A-register.

B-cycle 9 executes these operations (refer to Figure
40). conpITIONS: A-register still contains a one and the
body trigger is ow.

1

2 This is a B-cycle executed during a forward-scan cycle.

3 Specified core-storage position contains a zero, which
is read into the B-register.

14 Character in the A-register (a one) replaces the B-reg-
ister zero in the specified core-storage position.

15 A B-register zero condition also generates a word mark
that is placed in the specified core-storage position with
the A-register character that replaced the zero. This
word mark ends the reverse scan and its associated
zero-suppression operation.

16 A zero in the B-register also sets up the circuitry neces-
sary for executing a zero-suppression operation after
the data movement and modification operation ends.

12

13

A-Cycle 5. conprtions: Zero suppression and the
body trigger are oN.-Common A-cycle transfers a zero
and a word mark from the specified core-storage posi-
tion into the A-register.

B-cycle 10 executes these operations (refer to Figure
40). conpITIONS: A-register contains a zero and a word
mark; zero suppression and the body trigger are on.

1

2 This is a B-cycle executed during a forward-scan cycle.



3 Specified core-storage position contains a blank, which
is read into the B-register.

14 Character in the A-register (a zero) replaces the B-reg-
ister blank in the specified core-storage position (no
word mark transferred).

12

17 An A-register word mark indicates the end of the data
(A) field. This indication is used to turn off the body
trigger.

18 The B-field forward-scan operation must continue until
a B-register word mark is sensed.

19

B-cycle 11 executes these operations (refer to Figure
40). conprTIONS: A-register still contains a zero and a
word mark; zero suppression is oN, but body trigger
is OFF.

1

2 This is a B-cycle executed during a forward-scan cycle.

3 Specified core-storage position contains a comma,
which is read into the B-register.

8 With the body trigger orF, a C-bit is generated and it
replaces the comma in the specified core-storage posi-
tion.

5

6 The B-field forward scan operation must continue until
a B-register word mark is sensed.

7

B-cycle 12 executes these operations (refer to Figure
40). conprrioNs: A-register still contains a zero and a
word mark; zero suppression is on, body trigger is OFF.

1
2 This is a B-cycle executed during a forward-scan cycle.

3 Specified core-storage position contains a blank, which
is read into the B-register.
20 A C-bit, denoting a blank position, is generated and

placed in the specified core-storage position. (This same
thing would happen if the B-register contained a zero.)

12

18 The B-field forward-scan operation must continue until
a B-register word mark is sensed.

19

B-cycle 13 executes these operations (refer to Figure
40). conprTIONS: A-register still contains a zero and a
word mark; zero suppression is oN, body trigger is orF.

1

2 This is a B-cycle executed during a forward-scan cycle.

3 Specified core-storage position contains a dollar sign ($)
and a word mark, which are read into the B-register.

4 The dollar sign in the B-register is placed back in the
core-storage position from which it came (no word
mark transferred).

5

21 With zero suppression on, a B-register word mark sig-
nals the reverse-scan operation and its associated zero-
suppression operation.

6

7

END OPERATION WITHOUT ZERO SUPPRESSION

With no zero-suppression specified, a B-register word
mark ends the E-phase and begins the I-phase of the
next instruction.

Reverse-Scan Operation (Figure 41)

The reverse-scan operation, and its associated zero-
suppression operation, is made up of a series of B-
cycles. The operation is terminated when the word
mark set in the edited word is sensed. The first reverse-
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(FROM FIGURE 40 ON PAGE 45)
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Figure 41. Move Characters and Edit Instruction: Reversc-Scan
Operation

scan B-cycle reads out the same core-storage position
that was involved in the last data movement and modi-
fication B-cycle. The address of this core-storage posi-
tion is no longer in the B-Add. Reg., however, because
the B-Add. Reg. address was already modified. The
STAR does have this address, so it is used to activate
the lines that cause the specified core-storage position
to read out to the B-register, where the contents are dis-
played in BCD form,

During a reverse-scan operation, zero suppression
may be active or inactive, During the first reverse-scan
B-cycle, zero suppression is always on.

The character read back into core storage depends
on the B-register contents. If the B-register contains a
significant digit, the zero-suppression circuitry is turned
off, and the significant digit in the B-register is read
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back into the core-storage position from which it came.

If zero suppression is on, and the B-register does not
contain a significant digit (but does contain a zero, deci-
mal, or hyphen) then this character is kept from enter-
ing core storage. A C-bit is generated and read into
storage in place of the character. If zero suppression is
off, then the character is read back into the core-storage

position from which it came.
If zero suppression is off and the B-register does not

contain a significant digit, zero, decimal, or hyphen,
then the character is read back into the core-storage
position it came from, and zero suppression is turned
on again.
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After the B-register character is read back into core
storage, or is suppressed, the address in the B-Add.
Reg. is increased by one and the appropriate parity and
validity checks are made. Any check condition stops
the system and turns on the appropriate check light on
the console panel. If no check condition occurs, the B-
register is checked to see if a word mark is present.
There is only one word mark present in the edited
word, and that was set to mark the limit of zero sup-
pression. If the word mark is not present, the circuitry
to eliminate the A-cycles is activated and another B-
cycle is started. If the word mark is present, the reverse-
scan circuit, and the zero-suppression circuitry if on,
are turned off. The E-phase ends and the I-phase for
the next instruction begins.



Input-Output Operations
This section describes the data movement between the

1401 and the various input-output units that can be at-
tached to an 18M 1401 Data Processing System.

Card Read Operations

It is possible to attach the 1BM 1402 Card Read-Punch
to the 1401, The read section has a maximum rated
reading speed of 800 cards per minute. The actual card
speed realized is governed by the stored-program in-
structions.

Read (1) or Read and Branch (1 111)

The stored-program instruction that initiates the data
transfer between the 1402 and the 1401 is the reap (1)

instruction. To execute an instruction other than the
instruction that is next in sequence to the READ instruc-
tion, a READ AND BRANCH instruction is given. The regu-
lar read operation takes place, but the address of the

OP CODE 1

WHIICH -4
CYCLE?

B-REG
WM?

Y YES

-1 j
!

ELIMINATE
A~CYCLES
DURING E=-PHASE

T

ALL NO

SYSTEM STOPS
PAR & VAL JEMSTC

CHK OK?

§ ves

START CARD
READER

*REFER TO FIGURE 2
FOR APPROPRIATE LIGHTS

Figure 42. Read or Read and Branch Instruction: I-Phase Set-up
Operations

next instruction is taken from the A-Add. Reg. instead
of the I-Add. Reg. The circuitry that accomplishes this
is set up before the I-phase of the read operation ends.

I-PHASE SET-UP OPERATIONS (FIGURE 42)

Some instructions require alterations of the normal E-
phase operations for correct execution of the instruc-
tion, These alterations are set up before the I-phase
ends. During certain I-cycles the Op code is checked
to see if it is one of the Op codes that has to set up the
alteration of the normal E-phase operations before the
actual instruction execution begins.

When the B-register word mark is sensed during the
I-phase of a read operation, the specific I-cycle must be
established. If the I-cycle is I-1, the instruction is a READ
instruction and the next sequential instruction is exe-
cuted after the read operation E-phase. If the I-cycle is
I-4, the address of the next instruction is the address in
the A-Add. Reg. The address in the I-Add. Reg,. is
ignored.

The circuitry is also set-up to eliminate A-cycles dur-
ing the E-phase portion of the operation. The appro-
priate parity and validity checks are made. Any check
condition stops the system and turns on the appropriate
check light on the console panel. If no check condition
occurs, the card reader is started. The I-phase ends and
the E-phase begins.

E-PHASE OPERATION (FIGURE 43: 1 AND 2 OF TWO)

Once the card reader is started, it remains operating
long enough to feed one card past the second read
brushes and another card past the first read brushes.
The first read brushes read the card and establish a
hole count for checking purposes. The second read
brushes read the card, prove the hole count established
by the first read brushes, and direct the data into
storage.

The hole-count check and the data transfer are ac-
complished by using two separate 80-core extensions
of the main core-storage area. These extensions of the
core-storage area are called row-bit cores. The first set
of 80 brushes are connected to one 80-core extension,
called the read one row-bit core area. The second set of
80 brushes are connected to the other 80-core extension,
called the read two row-bit core area.

The card moves through the 1402 read section 9-edge
first, face down. Therefore, nine is the first digit read by
the first and second sets of brushes. The digit nine is fol-
lowed by the digit eight, and so forth, through the 12-
zone portion of the card. Between each digit reading
time, the read two row-bit core information is trans-
ferred into the read area of core storage (positions 1
through 80) in BCD form.

The various operations that take place during the E-
phase of a read operation are numbered in the text and
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illustrated in Figure 43 (1 and 2 of two). A card read
and data transfer operation is performed, and the se-
quence of operations is listed by number with any nec-
essary clarification included. (The various interroga-
tions performed are not listed.)

9-Digit Time.

1 The card reader contains a set of circuit breakers that
emit an impulse for each digit time of a card (9 through
12). Before the setting of its read two row-bit core, the
set of circuit breakers must emit an impulse for that
particular digit time.

2 Nine is the first digit read. With the CBs emitting an
impulse at 9-digit time, every card column that con-
tains a 9-punch will flip its associated row-bit core.
(To flip a row-bit core is to change its status—from on
to off, or vise-versa. The status change is the informa-
tion that is transferred to core storage.)

3 The 9-time CB impulse breaks. No other digit time CB
impulses make until 8-digit time.
4 During the read-scan operation, the status information

of the read two row-bit cores must be transferred into

10

11

12
13

14

15
16
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the read areas of core storage. Every read two row-bit
core that changed status during 9-digit time must be
recorded by inserting a nine in the associated read area
core-storage position. This operation must be com-
pleted before 8-digit time.

Each read scan is made up of a series of B-cycles.
Depending on the read scan, there are either two or
three B-cycles necessary to set up the information
transfer from the read two row-bit cores into core stor-
age. The objective of each B-cycle is described as it
occurs.

The address in the STAR is set to 000, and the B-Add.
Reg. key-light on the console panel is turned on.

If the read-scan operation being performed is a 9-digit
time read-scan operation, B-cycle A is started. During
B-cycle A, a zero is inserted in core-storage position 000.

The contents of core-storage position 000 are read into
the B-register, where they are displayed in BCD form.

A zero is generated and read back into core-storage
position 000, replacing the B-register contents.

A C-bit is added to maintain odd-bit parity.

Another B-cycle (B) is started. The objective of this
B-cycle is to place the digit that corresponds to the
card-reading time in core-storage position 000. This is
done by adding nine to the previous contents of core-
storage position 000. During 9-digit time, the result is
nine. During 8-digit time, the result is eight. (Previous
contents of location 000 is nine; add nine to this and
the result (units portion only) is eight.)

The zero just inserted into core-storage position 000 is
read into the B-register, where it is displayed in BC
form. :
The A-register is set to blank.

The digit portion of the A-register (a blank) is comple-
ment-added (2 nine) to the digit portion of the B-regis-
ter (a zero).

The addition result (9) is read back into the specified
core-storage position (000).

A C-bit is added or removed to maintain odd-bit parity.
Another B-cycle (C) is started. The objective of B-cycle
C is to transfer the digit located in core-storage posi-
tion 000 into the A-register, and then get ready to
translate the read two row-bit information and enter it
into core-storage positions 001-080.
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19

20
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22

o

Figure 43 (1 of 2). Read or Read and Branch Instruction:

The addition result (9) just inserted into core-storage
position 000 is read into the B-register, where it is dis-
played in BCD form.

The B-register contents are read back into the core-
storage position from which they came (000).

At this time, the B-register contents are also trans-
ferred into the A-register.

The address in the B-Add. Reg. is increased by one
(001). »

Another B-cycle (D) is started. The objective of B-cycle
D is to transfer the BCD-translated read two row-bit
information into the specified core-storage position.

The address in the B-Add. Reg. is transferred to the
STAR and the B-Add. Reg. key-light on the console
panel is turned on. The STAR lights on the console
panel display the core-storage position being addressed

(in BCD form).
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Figure 43 (2 of 2). Read or Read and Branch Instruction: E-Phase Operation
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The STAR activates the lines that cause the specified
core-storage position to read out to the B-register,
where the contents of that position are displayed in
BCD form.

As each specified core-storage position is addressed,
the corresponding read two row-bit core position is
also addressed.

If the addressed row-bit core changed status, during
9-digit time, then the A-register contents (9) are trans-
ferred into the specified core-storage position. With the
exception of a word mark, the B-register contents are
ignored.

1f the addressed row-bit core did not change status, a
C-bit replaces the B-register contents in the specified
core-storage position. The read area of core storage is
cleared of all previous information, except word marks,
during 9-digit time read-scan operation.

If the B-register contains a word mark, it is transferred
to the specified core-storage position.

A C-bit is added or removed, as needed.

The appropriate parity checks are made and the indi-
cators, if any, are set on. The system will not stop,
however, until all 12 scans have been made.

If the STAR address is not 080, then the address in the
B-Add. Reg. is increased by one.

This B-cycle D ends and another B-cycle D begins.
All 80 read two row-bit cores are tested sequentially.

As soon as all the read two row-bit cores are tested
(STAR address is 080), the address in the B-Add. Reg.
is increased by one.

The 9-digit read-scan operation ends.
The next digit read-scan operation can now take place.

8- Through 1-Digit Scan Time.

1-5
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16-20

21-23
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34
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These steps are exactly the same as during 9-digit scan
time.

A B-cycle (B) is started. The B-cycle A is used only
during 9-digit time.
The B-cycle B operates the same as during 9-digit scan
time. During this B-cycle, the previous contents of
core-storage position 000 are brought out to the B-reg-
ister and nine is added to it, resulting in a character
that is one less than the previous character.

The new character is read back into core-storage
position 000.

The B-cycle C operates the same as during 9-digit scan
time.

Steps 21, 22, and 23 of B-cycle D operate the same as
during 9-digit scan time.

If the addressed row-bit core changes status during
8-digit time, and the B-register contains a nine, this
MLP coding is rejected and a C-bit is placed in the
specified core-storage position.

If the addressed row-bit core changes status, and the
valid card code is not an MLP code, the A- and B-reg-
ister contents are combined and placed in the specified
core-storage position.

If the addressed row-bit core changes status, and the
card code is not an MLP code, but is invalid, then the
1402 validity-check light is turned on.

Under these conditions, the character sent back to
core storage depends on the 170 check-stop switch
setting. If the switch is set ow, step 34 occurs. If the
switch is set oFF, step 36 occurs.

The B-register contents are transferred back into the
core-storage position from which they came.

37

28-33

If the addressed row-bit core does not change status
during 8- through 1-digit time, then the B-register con-
tents are transferred back into the core-storage posi-
tion from which they came.

These steps are exactly the same as during 9-digit scan
time.

0-, 11-, and 12-Digit Scan Time.

1-5
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These steps are exactly the same as during 9-digit scan
time.

If it is 0-, 11-, or 12-digit scan time, a B-cycle E is
started. The objective of this B-cycle is to place the
BCD equivalent of a 0-, 11-, or 12-digit in core-storage
position 000.

The contents of core-storage position 000 are moved
into the B-register, where they are displayed in BCD
form.

The A-register is set to blank (a C-bit).
The circuitry to set up a zone carry is activated.

The A-register zone contents (C-bit ignored) is added
to the B-register zone contents plus a carry.

The addition result is stored in core-storage position 000,
During 0-, 11- or 12-digit time, this addition opera-
tion results in the correct BCD equivalent.

These steps operate the same as during 9-digit scan
time.

If the addressed row-bit core changes status during
0-digit time, and the B-register does not contain any
other digit (signifying a numeric zero rather than a
zone zero), an 8-, 2-, and C-bit combination (a numeric
zero) are transferred into the specified core-storage
position. (A zone zero would be added to the B-register
contents in step 34.) )

If the addressed row-bit core does not change status
during 0-, 11-, or 12-digit time, and the card code is
valid (11- and 12-digit time only), the B-register con-
tents are transferred back into the core-storage position
from which they came. An invalid card code initiates
step 45.

If an invalid card code is detected during 11- or 12-
digit time (B-register contains an 8-bit, a 2-bit, no
4-bit, and no 1-bit), the 1402 validity check light is
turned on.

Steps 34, 35, 36, 26-33 are exactly the same as dur-
ing 8- through 1-digit scan time.

A special CB in the 1402 read section signals 12-digit
time. When the STAR address is 080 at 12-digit time,
and the 170 check-stop switch is oFr, the read opera-
tion ends. The E-phase ends and the I-phase of the
next instruction begins unless a parity check occurred
during the operation.

If the 1/0 check-stop switch was on, but no validity
checks occurred during the operation, the read opera-
tion also ends.

If a parity check did occur during the operation, the
system stops and the appropriate lights on the 1402
and the 1401 console panel, if not already on, are
turned on.

If the 170 check-stop switch was oN, and either a hole-
count or a validity check is detected during the opera-
tion, the system stops and the appropriate lights on the
1402 and the 1401 console panel, if not already on, are
turned on. Under these circumstances, a non-process
run-out will run the cards out. The cards can then be
placed back in the read hopper, and the operation can
be repeated by pressing the 1402 start key.



.Card Read Check Conditions (Figure 44)

These are certain check conditions that can occur dur-
ing a 1402 read operation. These check conditions are:
1. Hole-count check

2. A-Register contents check

3. Validity

4. Feeding failure.

HOLE-COUNT CHECK

The read hole-count check detects reading errors that
occur in the read section of the 1M 1402 Card Read-
Punch.

The read hole-count check is a comparison of the
punched holes read, in each card column, at the first set
of read brushes against the punched holes read from
each card column, of the same card, at the second set of
brushes. An unequal comparison stops the system and
turns on the read check light on the 1402 and the read
light on the 1401 console panel.

The hole-count check is performed by two sets of
two check planes. Each plane contains 80 cores. The
check for any one card makes use of one set of these
check planes.

The hole-count check for any one card starts with
the card being read at the first reading station. The
punched holes in the card are recorded by the read one
row-bit cores. The information is then transferred from
the read one row-bit cores into the assigned set of two
check planes. Each plane accepts certain information,
and the two planes together check for every probable
reading error.

The punched holes in the card are then read at the
second reading station and are recorded by the read
two row-bit cores. As this information is transferred
from the read two row-bit cores into the read area of

core storage, it is also transferred into the previously-
specified set of check planes. Each plane accepts the
same information that it accepted from the read one
row-bit cores.

All cores in a specified check plane are at 0 when a
check operation starts. Any check-plane core that is
flipped a certain number of times by the read one row-
bit core output, should be flipped the same number of
times by the read two row-bit core output. Because of
this, all cores in the specified check planes should be
set to 0 at the end of the card-feed cycle. If any of the
cores are set to one, it means that the card was incor-
rectly read at one of the reading stations.

A-REGISTER CONTENTS CHECK

During 12-digit time, the A-register is checked to see if
it contains a B- and an A-bit (BCD bit code for 12). If
the A-register does not contain these bits, the system
stops. The 1402 read-check light and the read light on
the 1401 console panel are turned on.

VALIDITY

As the information from the card reader is transferred
into core storage and the characters are formed, each
character is checked to see if it is a valid character.

At certain card-read times, when punched holes are
sensed, the B-register contents are checked. Depending
on the B-register contents, the character can be valid or
invalid. An invalid character stops the system at the
end of that read-feed cycle, provided the I/0 check-
stop switch is on. The validity light on the 1402 and the
reader light on the 1401 console panel are turned on.

If the I/0 check-stop switch is on, the invalid char-
acter may also cause a parity error. In this instance, the
storage light, the check-reset key-light, the process

MACHINE STOPS
Tg:gc?f (1/O CHECK STOP SWITCH W#'EiHSTTSOOP;D RESET BY REMARKS
ON CONSOLE PANEL ON) -
Hole=Count
Check
——————— Read Check (1402) Check Reset Cards must be run out before the
—Regi At end of feed |
} éoﬁfegr:ls-:er end of feed cycle Read (1401) Key (1402) check reset key is effective.
Check
Validity (1402)
Read (1401 Check Reset
ead (1400 Key (1402)
Validity At end of feed cycle If the invalid combinationcauses incorrect Cards must be run out before the check
parity reset key is effective.
Storage (1401) Check Reset
Process (1401) Key (1407)
Check Reset (1401)
Feeding Reader Stop (1402) Check Resef Cards must be run out before the check
Failure At end of feed cycle Read (1407) Key (1402) reset key is effective.

Figure 44. Card Read Check Conditions
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light, and, in some instances, the B-Reg. light on the
1401 console panel are turned on.

FEEDING FAILURE

Card feeding failures are checked in the 1402. Any type
of feeding failure in the read section stops card feeding
at the end of that cycle, and turns on the reader stop
light on the 1402 and the reader light on the 1401 con-
sole panel.

Card Punch Operations

The punch section of the 18m 1402 Card Read-Punch
has a rated speed of 250 cards per minute. Cards feed
through the punch section 12-edge first, face down, and
pass a blank station, a punch station, and a punch-check
station in that order.

Punch (4) or Punch and Branch (4 111)

The stored program that initiates the data transfer be-
tween the 1401 and the punch section of the 1402 is the
PUNCH (4) instruction. To execute an instruction other
than the instruction that is next in sequence to the
PUNCH instruction, a PUNCH AND BRANCH (4 III) instruc-
tion is given. The regular punch operation takes place,
but the address of the next instruction is taken from the
A-Add. Reg. instead of the I-Add. Reg. The circuitry
that accomplishes this is set up before the I-phase of
the punch operation ends.

I-PHASE SET-UP OPERATIONS (FIGURE 45)

Some instructions require alterations of the normal E-
phase operations for correct execution of the instruc-
tion. These alterations are set up before the I-phase
ends. During certain I-cycles the Op code is checked to
see if it is one of the Op codes that has to set up the
alteration of the normal E-phase operations before the
actual instruction execution begins.

When the B-register word mark is sensed during the
I-phase of a punch operation, the specific I-cycle must
be established. If the I-cycle is I-1, then the instruction
is a PuNcH instruction and the next sequential instruc-
tion will be executed after the punch operation E-
phase. If the I-cycle is I-4, then the address of the next
instruction will be the address in the A-Add. Reg. The
address in the I-Add. Reg. will be ignored.

The circuitry is also set up to eliminate A-cycles dur-
ing the E-phase portion of the operation. The appro-
priate parity and validity checks are made. Any check
condition stops the system and turns on the appropriate
check light on the console panel. If no check condition
occurs, the card punch is started. The I-phase ends and
the E-phase begins.

54

OP CODE 4

i

B-REG
WM?

Yy YES
a NSI NOT USED
WHICH ADDRESS IN A-ADD
I-CYCLE? REG USED DURING
i NEXT |-PHASE
I-1 |
ELIMINATE
A-CYCLES DURING
E-PHASE
ALL NO SYSTEM STOPS
PAR & VAL CLON®
CHK OK?
Y YES
START
CARD
PUNCH
START
E-PHASE * REFER TO FIGURE 2 FOR

APPROPRIATE LIGHTS

Figure 45. Punch or Punch and Branch Instruction: I-Phase
Set-up Operations

E-PHASE OPERATION (FIGURE 46: 1 AND 2 OF TWO)

Once the card punch is started, it remains operating
long enough to feed a card, previously located between
the blank station and the punch station, past the punch
station.

The card passes through the punch station 12-edge
first. Therefore, the first holes punched will be the 12-
zone holes. Previous to the punching of the 12-zone
holes, and prior to the punching of all the other holes,
certain preparatory operations must be performed.
These operations are numbered in the text and are illus-
trated in Figure 46 (1 and 2 of two). A card-punch oper-
ation is performed and the sequence of operations are
listed by number with any necessary clarification. (The
various interrogations performed are not listed.)

12-Digit Time.

1 The card-punch feed mechanism is energized and starts
moving the card through the punch station. However,
all necessary set-up operations are completed before
the card is in position for 12-digit punching.
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The punch-scan circuitry is energized. This, in turn,
energizes the other controlling circuitry.

The address in the STAR is set to 100.

When the punch-scan operation being performed is a
12-digit time punch-scan operation, a B-cycle A is
executed. The objective of B-cycle A is to place a digit
zero in the core-storage position 100.

The contents of core-storage position 100 are read into
the B-register, where they are displayed in BCD form.

A zero is generated and read back into core-storage
position 100, replacing the B-register contents.

A C-bit is added to maintain odd-bit parity.

Another B-cycle (B) is started. The objective of this
B-cycle is to place the BCD equivalent of a 12-digit in
core-storage position 100.

The contents of core-storage position 100 (a zero) are
moved into the B-register, where they are displayed
in BCD form,

A B-bit is generated and placed in the A-register.

The circuitry needed to set up a zone carry condition
is activated.

The A-register contents (a B-bit) is added to the B-reg-
ister contents (a zero) plus a carry.

The addition result (a B- and an A-bit) is stored in
core-storage position 100.

A C-bit is added to maintain odd-bit parity.

Another B-cycle (C) is started. The objective of this
B-cycle is to transfer the contents of core-storage posi-
tion 100 into the A-register and then get ready to
transfer the 12-digit information located in the core-
storage punch area to the card punch.

The contents of core-storage position 100 (C-, B-, and
an A-bit) are moved into the B-register, where they are
displayed in BCD form.

The B-register contents are read back into the core-
storage position from which they came (100).

At this time, the B-register contents are also trans-
ferred into the A-register.

The address in the B-Add. Reg. is increased by one
aou). ,

Another B-cycle (D) is started. The objective of this
B-cycle is to check each punch-area core position for a
BCD-coded 12-zone, and then transferring the infor-
mation (when one is found) so that a 12-zone digit can
be punched in the corresponding card column.

The address in the B-Add. Reg. is transferred to the
STAR and the B-Add. Reg. key-light on the console
panel is turned on. The STAR lights on the console
panel display the core-storage position being addressed
(in BCD form).

The STAR activates the lines that cause the specified
core-storage position to read out to the B-register,
where the contents of that position are displayed in
BCD form.

The B-register contents are read back into the core-
storage position from which they came. This is done so
that the character will be available during the follow-
ing punch-scan operations.

The A-register contents (only the A- and the B-bits)
are compared against the B-register contents. If the
B-register contains an A- and a B-bit, the punch posi-
tion in the card punch corresponding to the core-stor-
age punch-area position is set up so that a 12-zone hole

25

26

27

28

29

30
31

32

33

is punched in that column. An A- and a B-bit in core-
storage position 108 (eighth position of the punch area)
sets up the punching of a 12-zone hole in column 8 of
the card. (No action is taken when the comparison is
unequal.)

If the STAR address is not 180, the address in the B-
Add. Reg. is increased by one.
The appropriate parity checks are made. Any check

condition turns on the appropriate check lights on the
1402 and on the 1401 console panel.

This B-cycle D ends and another B-cycle D begins. All
80 positions of the punch area (core-storage positions
101 through 180) are tested sequentially.

As soon as all 80 positions of the punch area have been

tested (STAR address is 180), the address in the B-Add.
Reg. is increased by one.

The appropriate parity checks are made. Any check
condition turns on the appropriate check lights on the
1402 and on the 1401 console panel.

The 12-digit time punch-scan operation ends.

The 12-zone holes are now punched in the card. Every
punch position that was set up to punch will now have
a 12-zone hole in that card column.

The punch-position circuitry and the punch mechanics
are restored to their normal state.

The 11-digit punch-scan operation can now take place.

11-Digit Time.

2 The punch-scan circuitry for an 11-digit punch-scan
operation is energized.

3 The address in the STAR is set to 100.

8 Because this is an 11-digit punch-scan operation, a
B-cycle B is started. The objective of this B-cycle is to
place the BCD equivalent of an 11-digit in core-storage
position 100.

9 The contents of core-storage position 100 (a C-, B-,
and an A-bit) are moved into the B-register, where they
are displayed in BCD form.

10 A B-bit is generated and placed in the A-register.

11 The circuitry needed to set up a zone-carry condition
is activated.

12 The A-register zone contents (a B-bit) are added to the
B-register zone contents (an A- and a B-bit; C-bit is
ignored) plus a carry.

13 The addition result (a B-bit) is stored in core-storage
position 100.

14 No C-bit is needed to maintain odd-bit parity.

15-33  The rest of the 11-digit punch-scan operation occurs
exactly as described in the 12-digit punch-scan opera-
tion.

0-Digit Time.

2 The punch-scan circuitry for a 0-digit punch-scan
operation is energized.

3 The address in the STAR is set to 100.

8 Because this is a 0-digit punch-scan operation, a B-
cycle B is started. The objective of this B-cycle is to
place the BCD equivalent of the 0-digit in core-storage
position 100.

9 The contents of core-storage position 100 (a B-bit) are

moved into the B-register, where they are displayed in
BCD form.
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10
11

12

13

14
15-33

A B-bit is generated and placed in the A-register.

The circuitry needed to set up a zone-carry condition
is activated.

The A-register zone contents (a B-bit) are added to the
B-register zone contents (a B-bit) plus a carry.

The addition result (an A-bit) is stored in core-storage
position 100.

No C-bit is needed to maintain odd-bit parity.

The rest of the 0-digit punch-scan operation occurs ex-
actly as described in the 12-digit punch-scan operation.
(A numeric zero with a BCD code of an 8- and a 2-bit
is forced to compare as cqual with the A-bit in the
A-register. )

1- Through 9-Digit Time.

2

3
34

35
36
37

38

14
15-32

The punch-scan circuitry for the specific digit punch-
scan operation is energized.

The address in the STAR is set to 100.

During 1- through 9-digit time, the contents of core-
storage position 100 (an A-bit during 1-digit time) are
moved into the B-register, where they arc displayed in
BCD form.

The A-register is set to blank (a C-bit).
The circuitry to set up a digit carry is activated.

During 1-digit time, the A-register numeric contents
(blank; C-bit is ignored) is added to the B-register
numeric contents (blank; A-bit is ignored) plus a digit
carry.

The addition result (a 1-bit during 1-digit time) is read
back into core-storage position 100, During each fol-
lowing digit time, an additional one is added.

During 1-digit time, a C-bit is not needed.

The rest of digits 1 through 9 punch-scan opcrations
occur exactly as described in the 12-digit punch-scan
operation.

Punch Scan Following 9-Digit Time Punch Scan. An
additional punch scan is executed following the 9-digit
time punch scan. This additional punch scan is used to
complete the checking operation on the card that has
just been read by the punch-check brushes.

This punch scan occurs exactly as described in the
1- through 9-digit time punch-scan operation. The re-
sult of steps 37, 38, 14-18 place a zero (8-, 2-, and C-bit)
in the A-register. This zero blocks the further setting
up of the punching circuitry.

28

29

39

40
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As soon as the STAR address is 180, the address in
B-Add. Reg. is increased by one.

The appropriate parity checks are made. Any check
condition turns on the appropriate check lights on the
coasole panel.

If no parity check condition occurred during the punch
operation, and this is the punch-scan following the 9-
digit time punch-scan, the punch operation ends. The
E-phase ends and the I-phase of the next instruction
begins.

If a parity check condition occurred during the punch
operation, and this is the punch-scan following the 9-
digit time punch-scan, the punch-check light on the
1402 and the punch light on the 1401 console panel are
turned on. (Any B-register parity check occurring dur-
ing the punch operation forces a punch-check condi-
tion.)
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Figure 46 (1 of 2). Punch or Punch and Branch Instruction:
E-Phase Operation
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Figure 46 (2 of 2). Punch or Punch and Branch Instruction: E-Phase Operation
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At this point, the completion of the operation de-
pends on the I/0 check-stop switch setting. If the I/O
check-stop switch is orr, the punch operation ends
(step 38). The E-phase ends and the I-phasc of the
next instruction begins. If the 170 check stop switch
is oN, step 41 is initiated.

41 With the I70 check-stop switch set on, the system
“stops (punch operation incomplete). The card that was
punched during this operation can be removed from
the 1402 punch section by a non-process run-out oper-
ation. The card can be repunched by placing it, and
the other cards, back in the punch hopper and pressing
the check-reset key and the start key.

No provision is made, however, for repunching or
rechecking the card that was punched during the pre-
ceding punch operation and checked during this punch
opetration.

Card Punch Check Conditions (Figure 47)

There are certain check conditions that can occur dur-
ing a 1402 punch operation. These check conditions are:
1. Hole-count check

2. A-register contents check

3. Punch parity

4. Feeding failure

HOLE-COUNT CHECK

The punch hole-count check detects punching errors
that occur in the punch section of the 1M 1402 Card
Read-Punch.

The punch hole-count check is a comparison of the
holes set up to punch in each card column at the punch
station against the punched holes read from each card
column, of the same card, at the punch-check station.
An unequal comparison stops the system and turns on
the punch-check light on the 1402 and the punch light
on the 1401 console panel.

The hole-count check is performed by two sets of
two check planes. Each plane contains 80 cores. The
check for any one card makes use of one set of these
check planes.

The hole-count check for any one card starts with the
12-digit time punch-scan at the punch station, and is
based on the number of holes that should be punched
for each character stored in the core-storage punch
area. The check cores, corresponding to each card col-
umn that should be punched with a zone punch, are
flipped during the 12-digit punch-scan operation. The
check cores, corresponding to each card column that
should be punched with a digit (1-9) punch, are flipped
during the 11-digit punch-scan operation. The check
cores, corresponding to each card column that should
be punched with a 3-hole character, are flipped during
the 0-digit punch-scan operation. This hole-count check
does not depend on the functioning of the punch oper-
ation comparison circuits in any way, and the check is
completed at the end of the 0-digit punch-scan opera-
tion.

The holes punched in the card at the punching sta-
tion are now read by a set of brushes at the punch-
check station. This information is sent to the previously-
specified set of check planes, and each plane accepts
the same information that it accepted when the card
was at the punch station.

All cores in a specified check plane are at zero when
a check operation starts. Any check-plane core that is
flipped a certain number of times when the card is at
the punch station, should be flipped the same number
of times when the card is at the punch-check station.
Because of this, all cores in the specified check planes
should be set to zero at the end of a card-punch cycle.
If any of the cores are set to one, it means that the card
was incorrectly punched at the punch station.

A-REGISTER CONTENTS CHECK

During the punch-scan that follows the 9-digit punch-
scan, the A-register is checked to see if it contains an
8-, and a 2-bit (BCD bit code for a zero; C-bit is not

MACHINE $TOPS
TYPE OF (1/O CHECK STOP SWITCH LIGHTS ON
RESET BY REMARK S
CHECK ON CONSOLE PANEL ON) WHEN STOPPED
Hole-Count
Check Card in the NP stacker is in error
A, R — Punch Check (1402 Check Reset .
A-Register At end of feed cycle Pz:Zh (]4%{:1) ( ) Kef/c(Mg;; Cards must be run out before the check
Contents reset key is effective.
Check
Card in the NP stacker may be in
) Eunch (](‘]12(;)]) Check R error, Next card in the punch feed
Parity At end of feed cycle Br_%ceSS(Mm) K EC(MS;;" (card just punched) may be in error.
h ei R 401 ey Cards must be run out before the check
eck Reset (1401) reset key is effective.
Feeding Punch Stop (1402) Check Reset Cards must be run out before the check
Failure At end of feed cycle Punch (1401) Key (1402) reset key is effective.

Figure 47. Card Punch Check Conditions
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checked). If the A-register does not contain these bits,
the system stops and the 1402 punch-check light and
the 1401 console panel punch light are turned on.

PUNCH PARITY

The information to be punched is parity-checked in the
B-register. An even-bit configuration turns on the punch
light, the process light, the B-register light, and the
check-reset key-light on the 1401 console panel. Also,
the 1402 is stopped at the end of that punch cycle.

FEEDING FAILURE

Card feeding failures are checked in the 1402. Any type
of feeding failure in the punch section stops card feed-
ing at the end of that cycle, and turns on the punch-
stop light on the 1402 and the punch light on the 1401
console panel.

Printer Operations

It is possible to attach either model of the 1M 1403
Printer to the 1401. Model 1 has 100 print positions and
model 2 has 132 print positions. Either model can print
up to 600 lines per minute. The actual printing speed
realized is governed by the stored-program instructions.

Print (2) or Print and Branch (2 111)

The stored program that initiates the data transfer be-
tween the 1401 and the 1403 is the pRINT (2) instruc-
tion. To execute an instruction other than the instruction

that is next in sequence to the prRINT instruction, a PRINT'

AND BRaNcH (2 III) instruction is given. The regular
print operation takes place, but the address of the next
instruction is taken from the A-Add. Reg. instead of the
I-Add. Reg. The circuitry that accomplishes this is set
up before the I-phase of the print operation ends.

I-PHASE SET-UP OPERATIONS (FIGURE 48)

Some instructions require alterations of the normal E-
phase operations for correct execution of the instruc-
tion. These alterations are set up before the I-phase
ends. During certain I-cycles the Op code is checked to
see if it is one of the Op codes that has to set up the
alteration of the normal E-phase operations before the
actual instruction execution begins.

When the B-register word mark is sensed during the
I-phase of a print operation, the specific I-cycle must
be established. If the I-cycle is I-1, the instruction is a
PRINT instruction and the next sequential instruction is
executed after the print operation E-phase. If the I-
cycle is I-4, the address of the next instruction is the
address in the A-Add. Reg. The address in the I-Add.
Reg. is ignored.

OP CODE 2

|

B-REG
WM?

Yy YES
NSI NOT USED,
WHICH 1-4 ADDRESS IN A-ADD
1-CYCLE? REG USED DURING
NEXT {-PHASE

= |
[
ELIMINATE
A-CYCLES
Y YES

ALL NO
PAR & VAL
CHK OK?

Yy YES

ACTIVATE
CONTROLLING PRINTER
CIRCUITRY

SYSTEM STOPS
CLON=*

START

E-PHASE * REFER TO FIGURE 2

FOR APPROPRIATE LIGHTS

Figure 48. Print or Print and Branch Instruction. I-Phase Sct-up
Operations

The circuitry is also set-up to eliminate A-cycles dur-
ing the E-phase portion of the operation. The appro-
priate parity and validity checks are made. Any check
condition stops the system and turns on the appropriate
check light on the console panel. If no check condition
occurs, some of the printer’s controlling circuitry is ac-
tivated. The I-phase ends and the E-phase begins.

E-PHASE OPERATION

During E-phase, cach one of the 132 print positions
(Model 2) is given an option to print each one of the
48 characters that make up the alphabet on the chain.
This is accomplished by executing a series of 48 print-
scan operations. During each scan operation, each print
position is given an option to print a character. As soon
as one print-scan ends, another print-scan begins. Dur-
ing each print-scan, each print position is given an
option to print some other character. These print-scans
continue until each print position has been given the
option to print each one of the 48 characters that make
up the alphabet on the chain.
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Each print-scan is divided into three minor divisions,
called print subscans. During print subscan (PSS) 1, the
print positions that have an option to print are position
one, followed by every third position (4, 7, — 127, 130).
During PSS 2, the print positions that have an option
to print are position two, followed by every third posi-
tion (5, 8, — 128, 131). During PSS 3, the print posi-
tions that have an option to print are position three, fol-
lowed by every third position (6, 9, — 129, 132). This
sequence of three print subscans is repeated 48 times.

The mechanical units required to do the actual print-
ing are the hammer unit and a chain, or type, array.
There is one hammer for each print position, and the
printing is accomplished when the hammer forces the
paper and the ribbon against the type array.

The type array spans the entire length of the print
line and contains five identical alphabets of 48 charac-
ters each, including numbers and special characters.
Within each alphabet, the characters are grouped in se-
quence by a modified BCD character bit value. This
arrangement simplifies character identification as the
type becomes aligned with the various print positions.

The operations that take place during print-scan 1
and subsequent print-scans are numbered in the text
and are illustrated in Figure 49. (The various interroga-
tions performed are not listed.)

Print-Scan 1. During print-scan 1, every print posi-
tion has an option to print one character. Print subscan
1 is executed first, followed by print subscans 2 and 3.

Print Subscan 1

1 The address in the STAR is set to 201. This is the first
position of the specified printer output area in core
storage. This output area starts at core-storage position
201, and extends 100 positions to corc-storage position
300 or 132 positions to core-storage position 332.

2 The chain is checked to see if it is in synchronism with
the 1401 and all the controlling circuitry. If it is not in
synchronism, the system stops and the appropriate
check lights turn on.

3 If the chain is in synchronism, the total in the print-
scan counter is increased by one. The print-scan coun-
ter is used to keep count of the print-scans. There will
be 49 print-scans. The additional print-scan is neces-
sary to complete checks made during the printing
operation.

4 The print subscan (PSS) ring is advanced to print sub-
scan 1. The PSS ring is a closed 3-position ring that
specifies which one of the three print subscans is active.
Print-scan 1 always starts out with PSS 1.

5 The PSS counter generates the character that will be
opposite print-position 1 when that print position has
an option to print.

6 The PSS counter character (actually the modified BCD

bit value of the character) is transferred to the com-
pare counter.

7 A B-cycle is started. The objective of this and the fol-
lowing B-cycles is to read out the printer output core-
storage positions for printing.
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8 The STAR activates the lines that cause the specified
core-storage position (201 set up in step 1) to read out
to the B-register, where the contents of that position
are displayed in BCD form.

9 The B-register contents are read back into the core-
storage position from which they came. This is done so
that the character is present when the right print option
occeurs.

10 If the B-register character is the same as the compare-
counter character, the hammer opposite print-position
1 is activated, and a character is printed in print-posi-
tion 1. If the characters are not equal, no printing
takes place.

11 A STAR to B-Add. Reg. address transfer takes place.
The address in the STAR is modified by plus three and
transferred into the B-Add. Reg.

12 The compare-counter character is modified so that it
represents the character that can be printed at print-
position 4. The alphabets on the type array are sequen-
tially arranged so that a compare-counter modification
of plus two results in the character that can be printed
at print-position 4.

13 A parity and validity check of the STAR is made. Any
check condition stops the system and turns on the ap-
propriate check lights on the 1401 console panel.

14 If no check condition occurs, the STAR is checked to
see if the address in it is 330, 331, or 332. If the STAR
address is not 330, 331, or 332, this B-cycle ends. The
address in the B-Add. Reg. is transferred to the STAR
and the B-Add. Reg. key-light on the console remains
on. The STAR lights on the console panel display the
core-storage position being addressed (in BCD form).

15 Another B-cycle is started. During these 11.5 us B-
cycles, every third core-storage position in the printer
output area is compared against the character posi-
tioned to print at the corresponding print position. If
core-storage position 207 contains the character K, and
a K is positioned to print in print-position 7 (when
core-storage position 207 is addressed), the K will print.

The B-cycles continue until the address in the STAR
is 330. This signifies that all the print positions con-
trolled by PSS 1 have had one option to print and that
PSS 2 will be next.

16 The address in the STAR is set to 202. During print
subscan 2, core-storage position 202 and every third
position following it in the printer output area are
read out to the B-register.

17 The PSS ring is advanced to PSS 2.

Print Subscan 2
18 Print subscan 2 starts (start at step 5).

5 The PSS counter generates the character that will be
opposite print-position 2 when that print position has
an option to print.

6-15 During PSS 2, steps 6 through 15 occur exactly as
described in PSS 1.

The PSS 2 B-cycles continue until the address in the
STAR is 331. This signifies that all the print positions
controlled by PSS 2 have had an option to print and
that PSS 3 will be next.

19 The address in the STAR is set to 203. During print
subscan 3, core-storage position 203 and every third
position following it in the printer output area will be
read out to the B-register.

20 The PSS ring is advanced to PSS 3.
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Figure 49. Print or Print and Branch Instruction: E-Phase Operation
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Print Subscan 3
18 Print subscan 3 starts (start at step 5).

5 The PSS counter generates the character that will be
opposite print-position 3 when that print position has
an option to print.

6-15 During PSS 3, steps 6 through 15 occur exactly as de-
scribed in PSS 1.

21 The PSS 3 B-cycles continue until the address in the
STAR is 332. This signifies that all the print positions
controlled by PSS 3 have had an option to print, and
that this print-scan operation should end. If this is not
print-scan 49, then another print-scan is initiated.

Print-Scan 2 Through 48. Print-scans 2 through 48
and their associated print subscans are executed exactly

as described in print-scan 1.

Print-Scan 49. Print-scan 49, steps 1 through 20, occur
exactly as described in print scan 1.

22 When the address in the STAR becomes 332 during
print-scan 49, the print operation and the E-phase end.

23 The chain is checked to see if it is in synchronism with
the 1401 and all the controlling circuitry. If it is not in
synchronism, the system stops and the appropriate
check lights turn on.

The appropriate parity and validity checks are made.
Any check condition stops the system and turns on the
appropriate check lights on the 1403 and on the 1401
console panel.

If no check condition occurs, the I-phase of the next
instruction begins.

Print Word Marks

When a lozenge () is used as an operation modifier
character (d-character) in any type of print instruction,
only word marks are printed. The word marks associ-
ated with the core-storage positions in the printer out-
put area print as ones in the corresponding print posi-
tions. This type of print operation is executed exactly
the same as a normal print operation.

Printer Check Conditions (Figure 50)

There are certain check conditions that can occur dur-
ing a 1403 print operation. These check conditions are:
1. Print parity

2. Type synchronization

3. Hammer fire—print compare

4. Print-line complete

PRINT PARITY

The information to be printed is parity-checked in the
B-register. An even-bit configuration turns on the proc-
ess light, the B-register light, and the check-reset key-
light on the 1401 console panel. Also, the 1403 is stopped
at the end of the print operation if the check-stop
switch on the auxiliary console is set on.

TYPE SYNCHRONIZATION

This check operation insures that the 1401 is in syn-
chronism with the- 1403 chain. Circuitry is activated
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when a character 1 on the print chain is in position to be
printed in print-position one. This circuitry is checked
against the PSS ring and other controlling circuitry to
be certain that everything is in synchronism. Any dis-
crepancy during a print operation stops the machine at
the end of the print operation and turns on the syNc
cuick light on the 1403 and the printer light on the
1401 console panel. If the discrepancy is detected be-
fore the first print subscan, the machine stops before
the printing starts. This check operation is effective
only during an actual print operation. :

HAMMER FIRE—PRINT COMPARE

This circuit is designed to detect two conditions:
1. Hammer fails to fire after being energized.
2. Hammer fires without being energized.

Either of these conditions stops the machine at the end
of that print operation if the check-stop switch on the
auxiliary console is set on. The printer light on the 1401
console panel and the print-check light on the 1403 are
turned on.

The two conditions are detected by using two addi-
tional core-storage areas of 100 or 132 positions (de-
pends on the 1403 model). One area is called the ham-
mer-fire area and the other is called the print-compare
area. The individual cores are addressed at the same
time the corresponding cores in the printer output area
are addressed.

The hammer-fire core is set to 1 each time the corre-
sponding core-storage position in the printer output
area is addressed. If the hammer fires the core, it is set
back to zero.

The print-compare core setting depends on the result
of the comparison between the B-register character and
the compare-counter character. If there is no equal
comparison, the print-compare core that corresponds to
the addressed printer output core-storage position is set
to zero. If there is an equal comparison, the core is set
tol.

The individual core settings are checked during the
following print-scan as each printer output area core-
storage position is addressed. If the core settings are
both the same, an error is indicated. A zero setting in
both cores indicates that the hammer received an erro-
neous fire impulse. A 1 setting in both cores indicates
that the hammer failed to fire.

Also, either one of these conditions sets a core in a
separate core-storage area called print-error storage.

-~ The core that is set corresponds to the addressed core-

storage position being printed. In effect, this core stores
the core-storage position that caused the check condi-
tion, and indicates that location on a storage-scan
operation.
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Figure 50. Printer Check Conditions

PRINT-LINE COMPLETE

Another separate core-storage area, called print-line
complete, is provided to determine whether each
printer output area core-storage position that contained
printable information actually had an opportunity to
print. A printer output area core-storage position that
contains information to be printed, but does not get an
opportunity to print it (no B-register—compare-counter
equal comparison), initiates a check condition. This
check condition stops the machine at the end of the
print operation if the check-stop switch on the auxiliary
console is set oN and turns on the 1401 console panel
printer light and the 1403 print check light.

Each individual print-line-complete core corresponds
to a core-storage position in the printer output area,
and is set to zero at the beginning of a print operation.
During the print operation the cores are set to 1:

1. when the corresponding core-storage position does
not have a printable character (This is accomplished
during the first print-scan and the 1 setting is regen-
erated until test time, print-scan 49.)

2. when the corresponding core-storage position that
contains a printable character has an opportunity to
print (a B-register—compare-counter equal compar-
ison).

Any core that is not set to 1 by print-scan 49 test time
indicates that the corresponding core-storage position
had a printable character, but did not have an oppor-
tunity to print it.

Also, this condition sets a core in a separate core-
storage area called print-error storage. The core that is
set corresponds to the addressed core-storage position
that did not have an opportunity to print its character.

Print-Error Storage Area

The print-error storage cores store the printer output
core-storage position address that caused a check con-
dition when it printed. These cores correspond to, and
are addressed simultaneously with, the printer output
area core-storage positions. The print-error storage
cores can be set to 1 during any print-scan, except print-
scan 1. The check conditions that can set the core to 1
are:

1. sensing a hammer-fire core setting at 1 and the corre-
sponding print-compare core, also set at 1

2. sensing a hammer-fire core setting at 0 and the corre-
sponding print-compare core, also set at 0

3. sensing a print-line-complete check condition

4. sensing a print-compare condition in combination
with a 1 from the corresponding print-line-complete
core.

The print-error storage cores are reset to zero during
print-scan 1, and they can be set to 1 during any of the
remaining 48 print-scans. Once the core is set to 1, the
1 setting is regenerated for the remaining print-scans.
It is not reset to 0 until the first print-scan of the next
print operation, or until a storage-scan operation is
executed.

During a storage-scan operation, any core that is set
to 1 stops the system at that location. This provides the
location of the core-storage position that caused a check
condition when it printed. -
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