

































































































































































































































































































































































Mode Sw Set to Addr Stop X

Mode Sw Set to Run X

Mode Sw Set to | E X

Mode Sw Set to Sy Cy Proc X

Mode Sw Set to St. Pr X

Mode Sw Set to Scan X

Print Buffer Scan Sw On X -

Print Opr XX [X|X

x
x

| Cycle

Gated WM XX

Start XX | X|X

x
x

Delta B 1-0

Not Proc Check Stop XX

Print Xfer Tr l—| X | X g_f_f — —

x
x
x
o
3|
|
I
|
|
[
|

Print Xfer Comp Tr

Set 201 [— | (| Y

Time 000- 030 X

R O Time X

R | Time: X

Pr Scan Comp Tr X gﬁ

Plus 3 Ctrl Mod

ik

(Cause + 1 Modification)

(Cause B Reg Transfer) '—

Buffer Entry —

Transfer

Last Address X | X

Print Scan End [+

Not Pr Buffer Scan le—| X X

Print Initiate r-—

LIE>

Print Ready Tr

Figure 69. Print Storage Transfer and Entry

Print Scans’

Other Times [Entry | Buffer Scan Op WM |St. Pr.

Enter BC D Code (1) Into Buffer No Yes No No No No
Regenerate (1) No No Yes 1-49 |1-49 |1 -49

Set Hammer Fire Cores (1) No No No 1-48 (1-48 [1-48
Regenerate (1) No No No No No No

Set Compare Equal Cores (0) No No No 1-48 |1-48 (1-48
Regenerate (0) No No No No No No

Set PLC Cores (1) No No No 1-49 |1-49 |1-49
Regenerate (1) No No No 2-49 |2-49 |2-49

Set Error Cores (1) No No No 1-49 |1-49 [1-49
Regenerate (1) No No No 2-49 [2-49 (2-49

Figure 70. Set Print Storage Cores
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1401 Clock Drive Print Clock Drive
During Transfer During Print Scans

1-0 Chk Stop Sw On - X

Print Error
Time 000-030 (l401) X| X
Time 030-060 (1401) X
Time 060-090 (1401) X
Time 075-000 (1401) X
Time 090-000 (1401) X
Gate Out B Star X ‘
Storage R O Gate -
Clock Gate Latch - X [X] X|X
Pr Xfer Tr X
Pr Xfer Comp Tr === =
Not Print Stop - | X
Not Print Buffer Scan
Buffer Entry .
Transfer -
RO - |—
R - —
wO |t |t
Inhibit - |

wi - i

x
x

x

x

Not Print Scan Comp Gate
Print Scan IX
Print Ready Tr -
Print Clock Control - X
Ose IRIKIRAEATIRARINAL;
Clock Run Latch -| X

Clock Trigger A -
Clock Trigger B -
Clock Trigger C
Clock Trigger D

off

x
0
!

B3

x

off

4 [x
x

|

|

x

x

]

Clock Trig_ger E -~

Figure 71. Print Storage Drive Pulses

Storage Print Print WM Buffer Display
s

Start Reset X === -1
Print Ready X
PSS X
Print Disp Reset - X
Mode SW-Storage Print X
Mode SW-Storage Scan X
Storage Print Scan SW On X
Print Scan Complete Tr. On -~ 44 4
Print Scan Complete Tr. off -
Print Opr
Not Pr Xfer Comp Tr
A Reg Lozenge
WM Print Tr On -
WM Print Tr Off —
Print Buffer Scan -|X (X
| Latch X
A Reg Set | i
A Reg Reset -~

$Ix[xIx

x
x

x
4
}

Figure 72. Storage Print, WM Print, and Buffer Display
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it is possible to single-cycle through an entry. In I-E
mode the 1401 will stop at the end of I-phase. Next
pressing the start key will complete the entry before
the 1401 stops; then the line will be printed. At the
end of an entry, print-scan-end turns OFf the DELTA
PROCESS (or D-CYCLE) latch. If a combined input-out-
put operation is not set up, all-scans-complete is ac-
tivated. All-scans-complete causes the DELTA PROCESS
latch to turn ox when the Mode Switch is set to rRuN
or ADDRESS sTOP, thereby allowing the 1401 to continue
processing. After information has entered print stor-
age, this information is printed independently of the
1401.

TRANSFER, ENTRY, AND PRINT (FIGURE 69)

The operation of the print storage buffer can be classi-
fied into three phases:

1. Transfer
2. Entry
3. Print

During a transfer the units and tens rings are ad-
vanced from the reset position 132 (T-13, U2) to the
first position 001 (T-0, U-1), and thereafter are ad-
vanced by plus-one until position 132 is again reached.
The transfer ends at this position. A transfer is defined

TURN ON TURN OFF cLOCK
SWITCHES SWITCHES TRIGGERS
NOT TR D \
0sc
PRINT CLOCK CTRL E—— ON,
N
OT_0sC R D R A
o | OFF
CLOCK RUN LATCH
R A \
NOT OsC
/ |0N
NOT TR ‘A oFF R B
CHECK CYCLE "NOT OSC |
-11.1 U S~
0 30 60 90 0
R B \
osc s —ee on
PRINT CLOCK CTRL |
R C
CLOCK RUN LATCH 1 NOTTR B | OFF
osc
TRIGGER A R C \
TRIGGER B [T 11 _NOT os¢ |
/ |ON
TRIGGER C |
R D
TRIGGER D T NOTT C | OFF
NOT OsC
TRIGGER E d
TR D \
0s¢
/ low,
NOT TR D TR E
— OFF
0sC

Figure 73. Print Storage Clock
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as the advance of the print storage units and tens rings
from the 1401 clock. It occurs when the print transfer
complete trigger is oFF. Printing cannot occur during a
transfer. The transfer is used either for buffer entry or
for a print storage scan. During a transfer (except dur-
ing storage print-out) the 1401 storage address register
is set to 201 and is modified by plus-1 to address stor-
age positions 201 through 332, while the rings address
print storage positions 001 through 132.

Buffer entry is defined as entering information into
the print storage buffer from the 1401. Buffer entry
.always occurs during a transfer except when a print
storage scan (for errors) is taking place. Information
enters the buffer from location 201 to 332 in the 1401
except during storage print-out. During storage print,
information enters the buffer from the block of stor-
age selected by the address switches in the 1401. The
B-register output is switched with buffer-entry to
allow information to read into the print storage char-
acter bit latches. Information in the bit latches is
transferred to print storage (write ones) during time
W-1 (090-000). Buffer entry also blocks the output
from the sense amplifier so that previously stored in-
formation cannot read into the character bit latches

and be regenerted. Regeneration is allowed when buf-
fer entry is not active (print storage scan). During
transfer, the equal-check plane is the only check plane
in which one (1) is written (Figure 70).

Printing occurs after information is placed in the
buffer during buffer entry. The print ready trigger is
turned oN to set up the print operation. Print scans
occur when the print ready trigger is turned oFF, caus-
ing the print scan trigger to turn oN. During print
scans, the print clock runs, and the units and tens rings
are advanced in the manner required to address print
storage for printing (Figure 71). The print clock is
stopped between print scans and also at the end of
the last storage cycle in print scan 49. The rings are
left sitting in the last address position 132 (T-13, U-2)
at the end of print scan 49.

PRINT STORAGE SCAN SWITCH

When the mode switch is set to Storage Scan, and
when the print storage scan switch is set to on, press-
ing the start key causes the B-register to display posi-
tions 201 through 332 from 1401 storage and the
A-register to display positions 001 through 132 from

CORE DRIVER

UNITS READ
R1 TIME READ

TENS READ

N

UNITS WRITE

%— (r ]
/ ll’:’Yll’l'l’V :

W1 TIME WRITE [ HamMmerFRe | T PLC PLC
TENS WRITE : T EC EC
S SR N A PEC PEC
PLC »| PRINT LINE COMPLETE |7 _~1 1 1
EC »  EQUAL CHECK e 2 2
PEC PRINT ERROR CHECK P 4 4
1 I e 8 8
2 P2 T A A A
1 1
4 P4 e B B
8 P8 1 T A c C
A P A e WM WM
B T B | P GO (. SENSEAMPLS  BIT LATCHES
C > c ! i &
1 ~ C%
WM WM
v\%" -\SS
INHIBIT DRIVERS 28 READ W2 <
LINES WRITE S W
\)é\ \‘\C
—e  TENS SWITCHES | 5
14 LINES 10 O
LINES o

S 1

{ TENS RING |

DECODE SWITCHING

Figure 74. Print Storage
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Figure 75. Tens-Zero Address Switch
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the print storage buffer. The operation stops at the
end of one transfer scan if no errors are detected. If
an error is detected, the indication can be reset and
the scan continued automatically from the next higher
address.

When the print storage scan switch is set to OFF, a
normal 1401 storage scan takes place when the start
key is pressed.

STORAGE PRINT, PRINT WM, AND BUFFER DISPLAY
(FIGURE 72)

The figure shows the switching used to turn ofF the
print scan complete trigger for the second line of stor-
age print-out. It also shows the operation of the WM
trigger for both storage print and print WM Opr. In
addition, the switching to display the print storage
contents in the A-register lights during a print buffer
scan is shown for a 1-bit. The A-register is continu-
ously reset, the set to the A-register lights the display.

Clock and Timing Pulses (Figure 73)

The print-clock has a 11.1 us cycle. The clock cycle is
divided equally into four times:

1. RO (000-030), Ring Advance

2. R1 (030-060), Read

3. WO (0860-090), Switching or logic

4. W1 (090-000), Write.

Inhibit time is 075-000. The print clock runs only
during the 147 subscans of the 49 print scans asso-
ciated with printing and checking. It does not run
when information is entered in the print storage buffer

from 1401 storage, or when a storage scan (for errors)
is made of the print storage buffer.

The 1401 clock provides the RO, R1, WO, and W1
pulses used by the print storage buffer when informa-
tion is entered into the buffer from 1401 storage, or
when a print storage scan (for errors) is made (Figure
71). A clock gate latch is one condition necessary to
gate-out the 1401 clock pulses. Once turned on, the
latch stays on for one 1401 clock cycle. It is turned onx
by storage-read-out-gate (B-STAR GATE-OUT) and time
000-030.

Core Array (Figures 74 and 75)

Twelve bit planes are used for storage and checking.
Of the 140 storage positions available, 132 are used.

Two read drivers supply current for reading, one
for the ten (U-0 through U-9) units planes, the other
for the fourteen (T-0 through T-13) tens planes. Like-
wise, two write drivers supply current for writing, one
for the units planes, the other for the tens planes. The
read windings and the write windings pass through the
same cores in opposite directions. A position in storage
is selected by conditioning one of the ten units
switches and one of the fourteen tens switches. Selec-
tion of any one position lasts for one clock cycle and
includes read and write time.

All bit-planes and check-planes have a sense am-
plifier (Figure 76), and all bit-planes and check-planes
except the hammer fire check plane have an inhibit
driver. The write lines do not pass through the ham-
mer fire check plane. A one (1) is written in a core

+6V

D
(E)

(:;) (+T) SENSE AMPLIFIER OUTPUT

B
) 7] .00_33I MFD
SENSE
WINDING
INPUT )
Cc
() — B D —
WL
) )
-6V -12v -6V
Figure 76. Print Storage Sense Amplifier
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in this plane when the hammer driver corresponding
to the storage position is fired. The one (1) is written
while the hammer driver is on and results from cur-
rent flow through the hammer-response line and
through the five-turns wound on the associated core
in the hammer fire check plane.

NoTE: The word inhibit, when used with print stor-
age, means prevent the writing of a core (a bit).

BIT LATCHES (FIGURE 74)

Twelve bit latches are used to retain the information
read from print storage. These latches correspond to
the I/O and B-register latches in a machine without
the print storage option.

Print Storage Addressing

The output from the units and tens print storage
rings address the print storage buffer. The buffer can-
not be addressed by any other means (Figure 74). At
the same time that print storage is addressed, the out-
put from the rings addresses the particular hammer
driver that corresponds both to the storage location
and the print position (Figure 77). While it is ad-
dressed, a hammer driver can be selected to fire only
during print scans when a print compare equal occurs.
The tens-drive T-13 used in addressing hammer driver
132 (and also 130 and 131) is the switched output
of tens ring T-13 and Transfer or not-print-scan-com-
plete. Thus, while the rings are reset to position 132,
there is no input to either pin of hammer driver 132.
Tens-drive T-13 is used in developing last-address, a
condition used both during transfer and during print
scans.

PRINT STORAGE ADDRESS RINGS

The print storage feature utilizes a units address ring
of ten positions and a tens address ring of fourteen

UNITS RING U0
(Print Buffer Option)

ADR REG UNITS 2
ADR REG UNITS 8

UNITS DECODE

COMPARE EQUAL SAMPLE

NOT HUND TR

ADR REG SET TENS 1
TENS DRIVET-¢9

ADR REG SET TENS 8

N
)

TENS DRIVE T-9
(Print Buffer Option)

positions. These rings are used to address the print
storage buffer and the hammer matrix during the 49
print scans required for printing and checking. They
are also used to address the print storage buffer dur-
ing the entry of information from 1401 storage into
the buffer. In addition, the rings are used to address
the print storage buffer when it is being scanned for
errors during a print storage scan,

The rings are always reset to T-13 (tens thirteen)
U-2 (units two) and always advance from 132 to 001
(T-0, U-1). Other times, they advance by plus-1 at
time 000-030 (RO) from the 1401 clock during in-
formation entry and during print storage scan; they
advance by plus-3 at time 000-030 (RO) from the
print clock during printing except when they are ad-
vanced from the last position in a subscan to the start-
ing position of the next subscan (Figure 78).

PRINT STORAGE RING DRIVE (FIGURE 78)

The units ring is driven by RO pulses. These pulses are
derived from the 1401 clock when information is being
entered into print storage, and when print storage is
being scanned for errors. These RO pulses are derived
from the print clock during print scans.

The tens ring is driven by a tens drive trigger which
will be on during RO time when the tens ring is to be
advanced. During buffer entry and print storage scan
for errors, this trigger is driven by the 1401 clock;
during print scans, by the print clock.

Hammer Control

LATCH TYPE HAMMER DRIVERS (FIGURE 79)

The latch-type hammer drivers and the hammer matrix
are the same regardless of whether or not the print
storage option is installed. When the option is in-
stalled, the matrix is addressed from the units and

HAMMER DRIVE U0 SET

HD 90

HAMMER 90 RESPONSE

HAMMER DRIVE T-9 SET

HAMMER 90 FIRE

HAMMER DRIVE
RESET 69 -132

Figure 77. Decode, Firing, and Response for Latch Type Hammer Drive
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Figure 78. Print Storage Tens Drive and Units Sign Advance
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Figure 79. Latch Type Hammer Driver
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Other Times|Entry | Buffer Scan Print Scans

Op WM |St, Pr.
Print Check Latch No Yes Yes 1-49 11-49 [1-49
Parity Error No Yes Yes 1-49 |1-49 [1-49
PLC Check No No No 1-49 [1-49 [1-49
Hammer Fire Check No No No 2-49 |2-49 {2-49
Home Error Trigger Yes Yes Yes 1-49 [1-49 |1-49
Ring Check No No No 1-49 [1-49 |1-49
Hammer Drive Lines No No No 1-49 [1-49 |1-49

Figure 80. Print Storage Checks

tens rings rather than from the decoded output of the
storage address register. A hammer driver is selected
to fire when a compare equal anps with the units de-
code.

HAMMER MATRIX DECODE ( FIGURE 77)

As with the switch-core type of driver, to cause print-
ing, the latch-type driver must be reset, and it must
be selected. When the driver is selected the latch is
turned oN, causing current flow in the hammer mag-
net and in the hammer-fire check plane core. When
the latch is reset, current flow stops.

Hammer drivers 1 through 66 (in three groups —
one per subscan) are reset during tens drive T-9 and
T-10 time. Hammer drivers 67 through 132 (in three
groups — one per subscan) are reset during tens drive
T-3 and T-4 time. Moreover, during printing, the reset
for the drivers occurs within the half a subscan just
previous to the time the drivers are optioned to print.
(The drivers optioned to print in the last half of sub-
scan-one are reset in the first half of subscan-one. The
drivers optioned to print in the first half of subscan-
one are reset in the last half of subscan-three.)

WM Print XI=Il—i— |~ X |—

WM Latch X

1 Latch X

2 Latch X

4 Latch X

8 Latch X

A Latch X -

B Latch X =

Pr Buffer 1 -~ |- -

Pr Buffer 2 - -

Pr Buffer 4 - —

Pr Buffer 8 - -

Pr Buffer A -

Pr Buffer B -

Pr Buffer 4.8

Not Buffer Zone - -

Not Buffer Digit -~

Print Compare

Print Scan

X Ix
x
x
x
x
X |IX [x |x
x
x
x

Not PLC Inhibit

PLC Latch

Secan 1

Scan 49

Block Compare

Not Scan 1 Print

PLC Check

Figure 81. PLC Inhibit and Check
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Pr Err Check Latch Reset -
Not Reset (for) Pr Chk Latch ( Branch ) X [ XX |X X
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Figure 82. Print Storage Check (Logic)

Not Pr Scan Comp -| X X X X| X| X XXX XX
Not First Scan X
Not Run Tr X
Tens Drive T-3 X
Tens Drive T-4 {
Tens Drive T-5 X
Tens Drive T-9 X .
Tens Drive T - 10 ‘
Tens Drive T-11 X
Tens Ring T-13 Tr -
Not Gated T-13 | X
PSS Set
H.D. Reset 1-64 }
H.D. Reset 2-65 }
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H.D. Reset 67-130 4
H.D. Reset 68-131 {
H.D. Reset 69-132 ) }
Start Reset -1 1= = -T 1= X
Check Reset - - - - - X
H.D. Reset Check Tr off el . -
Tens Drive Check Tr :_E.l ;_fj Wt | =
Ring Check Tr -] X off [ off
Reset Check Latch - — <t — off| off
Reset Check 1 -~ 66 -t

Reset Check 67-132 <=
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—

S

X
X
—

Figure 83. Hammer Drive Reset Checks
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TENS DRIVE CHECK TR

CHECK FOR ERROR (Tr On)

CHECK FOR ERROR (Tr Off)

HAMMER RESET CHECK TR

CHECK FOR ERROR (Tr On)

CHECK FOR ERROR (Tr Off)

HUNDREDTHS TRIGGER L
TENS TIME 1/2|3|4|5/6{7|8[9|0|1(2|3
TENS DRIVE 1/2(3(4(5(6|7|8]|9(10]11]12]13

Figure 84. Check of Drive Lines for Hammer Reset

The hammer drivers are reset at the end of printing
by print-scans-complete. They are also reset if the
RESET CHECK latch comes on (error conditions to be
discussed later). The reseT cueck latch can be turned
ofF only by the start reset key or the check reset key.

In machines using the latch-type driver, 132 posi-
tions of storage are scanned regardless of the print
positions (100-132) available in the 1403. For a 100
print position 1403, a block compare trigger is turned
oN at 090 when the hundreds trigger is oN during
subscan one. It comes oN with the hundreds trigger
during subscan two and three. For a 132 print posi-
tion 1403, the block compare trigger is not installed.

The hundreds trigger, used with the latch-type
drivers, is turned on when tens drive T-9 goes oFF and
the print scan trigger is oN. The hundreds trigger
is reset OFF by not-print scan.

Checking Circuits
PRINT STORAGE CHECKS ( FIGURE 80)

The print error checks in a 1401 with the print storage
feature have been expanded. They now include a
parity check of the print storage bit latches which is
made during transfer and during printing. They also
include the printing of word-marks which affects the
print line complete check (Figure 81). Moreover,
with storage print, a hammer fire check plane core is
now set to one (1) instead of zero (0) when a ham-
mer driver fires. Consequently, the compare equal
check plane core is now set to zero (0) instead of one
(1) when the hammer driver is signalled to fire
(Figure 82).
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HAMMER DRIVER RESET CHECKS (FIGURE 83)

All of the hammer driver reset checks are incorporated
into a 1401 with the print buffer feature. However, to
replace the Star error check, a ring check trigger is
used. If the tens ring is not sitting at T-13 at the end
of a print scan while scans are not complete, all ham-
mer drivers are continuously reset for the rest of the
print operation.

A check is made of storage and hammer selection
during printing. The detection of an error turns o~ the
RESET CHECK latch. These error conditions are ( Figure
84):

1. Ring check Trigger on.
2. T-11 AND (hammer reset check trigger on).
3. T-5 AND (hammer reset check trigger orr) AND

Not-print-scan-complete.

4. T-3 AND (tens drive check trigger on).
5. T-9 AND (tens drive check trigger orr) AND

Not-print-scan-complete.

The hammer reset check trigger is turned on at the
start of tens drive T-3 time; OFF, at the start of tens
drive T-9 time. The binary input to the trigger are
the six hammer drive reset lines (for the early and
late resets in the three subscans). Therefore, this trig-
ger will be turned ox and orFr during each subscan.
The tens drive check trigger is turned on at the start
of T-5 time; oFF, at the start of T-11 time. The AC
Inputs are Tens Drive T-5 and T-11. The hammer
reset check trigger and the tens drive check trigger
are reset OFF by print-scan-complete.

The tens drive lines T-3, T-4, T-9, and T-10 are used
to reset the hammer drivers. The T-3 and T-9 drive
lines also operate the hammer reset check trigger. The
T-5 and T-11 drive lines also operate the tens drive
check trigger. Correct operation of these triggers in
conjunction with the ring check trigger indicates that
the drive lines are activated correctly.

Interlocks

PRINT STORAGE READER-PUNCH INTERLOCKS

The reader and the punch cannot start a feed cycle
until transfer is completed during a combined opera-
tion.

1401 iNTERLOCKS (FIGURES 85 AND 86)

The 1401 clock is stopped if the printer is not ready
to operate because of:

the run trigger being off.

a home error.

. carriage out of forms.

. print operation called for before last print operation
is completed.

N N



The clock is allowed to start when the run trigger
comes oN or when a home error is reset. The clock is
allowed to start if forms are placed in the carriage.
However, when forms have run out and the single-
cycle key on the printer is pressed, the clock will be
allowed to run until a line of information is entered
in print storage. After entry, the line is printed. The
single-cycle key on the printer will be effective as
described until a hole in channel one is sensed by the
carriage stop brushes.

If a print operation is set up before the previous
print operation is completed, the clock will start as
soon as all-scans-complete becomes active.

The peLTa PROCESS latch is turned oFF if:
1. a process occurs during transfer and the process
check stop switch is on.

2. a print error occurs during transfer and the I-O
check stop switch is on.

3. a STAR error occurs.

Print Xfer Tr X

Run Tr -

Home Error X

Form Ctrl (Forms) X

Not Print Scan Comp X X

(Not) Not Print Ready (Stop 1401 Clock) |« |« |« |=

Print Error X

1-0 Chk Stop Sw ON X

AReg A NotB X

A Reg Not A Not B X [X

A Reg 84 X

A Reg 8 Not 4

A Reg 2 Not 1 X

A Reg 1 Not 2 X

A Reg Not 2 Not 1 X

x

Branch X | X

Carriage Inlk XX

Last Address X

Print Xfer Comp Tr —

Print Scan End - | || e

Pr Stor Single Cycle Ctrl -

1 Ring 1

x

Form Ctrl Opr

Single Cycle Proc

Star Error

I1-E Change

I-E Mode

Time 060-075

Time 075-090

Time 075=105

Opr Check

Proc Check Sw On

Proc Check

x| X
x

Storage Scan

Delta Proc Control

Delta Proc Reset

Delta Proc Latch

D Cycle Latch

off | off

Figure 85. Deactivate 1401 Storage
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4. a branch on printer error occurs while the printer
is busy.

5. a branch on channel nine or twelve occurs while the
carriage is busy.

6. a form control operation occurs while the printer
or carriage is busy.

If a process check or print check occurs during
transfer, the error condition can be reset. The 1401
can then be restarted by pressing the start key (if this
action is desired). The 1401 will automatically restart
when the interlocks listed above that involve a branch
or form control operation have been deactivated.
These interlocks will be deactivated as soon as the
printer or carriage or both (for a form control opera-
tion) are no longer busy.

When the mode switch is set to STORAGE PRINT and
the I-O check stop switch is oN, a print error occurring
during transfer causes the p-cycrE latch to turn OFF.
The 1401 can be restarted by pressing the start key
after the I-O check reset key has been pressed to reset
the error, but the transfer will start over at location
201 (Figure 69). To keep the units and tens rings
synchronized with 1401 addressing, the start reset key
must be pressed before the start key. The best pro-
cedure would be to turn the I-O check stop switch
orFF. Then print errors will not stop this operation,

When the mode switch is set to STORAGE SCAN, a
print error causes a PROCESS CHECK. If a PROCESS CHECK
occurs during transfer, the p-cycLe latch is turned orF.
The 1401 can be restarted by pressing the start key
after the I-O check reset key has been pressed to
reset the error.

Mode Switch-Run

Mode Switch-1-E

Mode Switch-Sngly Proc

Mode Switch-Addr Stop

Mode Switch-Stor Print

Mode Switch-Stor Scan

(Reset for D Cycle Latch)

Proc Check Stop Sw Off

Not Proc Check

Not Proc Check Stop

Pt Xfer Tr

Pr Xfer Comp Tr

Plus 3 Ctrl Mod

Print Start

Print Scan Complete

Not Carr Inlk

x

Branch

Form Ctrl Opr

Start

Time 060-075

Time 060-090

Time 090-000

A Reg A Not B

A Reg Not A Not B

x

A Reg 8 4

A Reg 8 Not 4

A Reg 2 Not 1

A Reg 1 Not 2

A Reg Not 2 Not 1

Mode Select

Delta Process on (Signal)

Delta Process Latch

D Cycle Latch

Figure 86. Activate 1401 Storage
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Figure 87. 18M Card — Column Binary

Column Binary

This optional feature provides for the conversion of
1BM cards punched in a column binary form, Figure
87, to a binary tape form, Figure 88. The reverse
process may also be accomplished. The feature may
also be used in the 1401 to handle multiple significant
digit coding from a single card column. The follow-
ing operation codes are used in the conversion of
column binary cards to binary tape, and in the con-
version of binary tape to column binary cards.

Read Column Binary—1C

Operation Read Column Binary: The first objective
to be accomplished in the conversion of binary cards
to tape is to read an image of the binary card into the
1401 core storage. A feed cyle is taken which reads
the information into the row bit cores as on a normal
feed cycle. The scan of the row bit cores results in
cores being set in storage as indicated by Figure 89.
In addition to the storage locations shown in Figure
89, a BCD coded image of the card is read into the
normal storage locations 001 to 080. If the punched

112 1718 29 30

S 5 6 23 24 35
f001001]001110[111010]000111]101010[111101]

N

Check Bits—{ 1 0 1 0 0
sO 60 121 180 241 30l
0o 0 1 0o 0 1
Databits— < 1 1. 1 0 1 1
0 1 0o 1 0 1
0 1 1 1 1 0

sl 110 170 231 290 asl

Figure 88. Magnetic Tape — Binary System

column contains column binary data, locations 001 to
080 will contain hash. If the punched column contains
BCD coded information, the contents of the 001-080
area may be used as input to the 1401. Conversely, any
alphamerical character read into locations 401-480 or
501-580 will appear as hash.

Validity-check is suspended for the read column
binary operation since all characters read are con-
sidered valid. The normal overlapping of the opera-
tion of the reader and punch is not possible when
column binary information is being read because addi-
tional scan operations are necessary to read the data

Column 1
Card Column 2
Digit
Time Memory Cores
12 @ ®
_ o~
n 0 A% ®| %
g g
0 8 ] 8 5
2 L = Etc To Address 480
1 4 % 4 %
8 ]
2 2 S 2 3
3 1 J 1
4 0 B ®
— o~
5 A8 ARS8
8 g
6| [ 5 8Ll s
2 { = Etc To Address 580
7 4 % 4 %
s | OO @ § @ §
1) ()
9 ] oJ .

Circled cores are set to read in
column binary card image

Figure 89. Column Binary Card to Core Format
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from each card column into two different storage lo-  the same row bit core being scanned into two loca-
cations. The time left is not sufficient to allow for scan  tions, one for the BCD code (if required) and one for
of both read and punch data. the column binary image.

DTl,le rgac}ll oper}a:t;on lfl star(tied ;n thfhgof;gil manrg:lr. At 3-12 card reader time the process described
uring v through  card reader time 5eans 1€ bove is continued except that the storage address

row bit cores 1 to 80 once for each card digit time. For .
t 001-401-002-402 . .. ... 479-080-480.
example, if row bit core #1 is set at 9 time, the 1401 register advances

wil scan a BCD coded 9 into location 001. During the Data Flow for Read Column Binary: Each row bit
next following B-cycle, the 1-bit core in location 501  core is sampled twice; first, in normal mode (see the
will be set. This process proceeds with the storage  following section, paragraph 2, for an explanation of
address register contents advancing as follows 001-  normal and col bin mode) to enter the BCD code in
501-002-502-003-503-004-504 . .. ........ 579-080-580.  location 0XX, and second, in column binary mode to
Thus, 160 scans are needed for each card digit, with  enter the card image in location 5XX (or 4XX after
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4 card time). The coL BN rp 2 latch accomplishes
the delay of the sense rp 2 signal to the end of the
column binary mode B-cycle, see ILD 67.

During the normal mode B-cycle, the A-reg digit
and zone inhibit lines are brought up in the usual
manner if a SENSE Rp 2 signal is present. This causes
the BCD code in the A-register to be stored in the
location 0XX.

In the next following Col Bin mode B-cycle, the
ADDRESS REGISTER HUNDREDS POSITION 4 latch (ARHP 4)
is forced on so that either location 4XX or 5XX may be
addressed depending upon what cycle point digit
time the card reader is at. The sTAR hundreds position
4 signal switches with sensg Rp 2 to turn onN the coL
BIN Rp 2 latch. This remains on during the Col Bin
mode B-cycle until the areP 4 line drops. Thus, the
4XX or 5XX location is addressed while the coL BIN
RD 2 latch is on. The coL BIN Rp 2 signal is switched
with coL BN MoDE and with the output of the A-regis-
ter to provide inhibit storage impulses.

During the following example, refer to Figure 89
and ILD 67. Assume that the card reader is at 4 digit
time and that the address register contains 502. If
punching exists as shown in Figure 89, the B-core must
be set in location 302. At 4 card time, the A-register
contains a decimal 4 and the coL BN Rp 2 latch is on.
A-Reg-12 or -4 switches with a gated RD 2 signal to
provide an INHIBIT COL BIN-B signal. Similarly, at 12
card digit time, the coL BIN RD 2 signal is up, the
A-register is set to decimal 4 and the iNHIBIT COL BIN-B
line comes up to enter a B-bit in location 402.

Circuits for Read Column Binary, Figure 90 and
ILD 67: The following objectives are accomplished in
addition to those normally required on a read opera-
tion:

1. Identify the Column Binary operation at 12 time. The C-
character in the d-position of the instruction causes the turn
ON of the COL BIN OPR latch. READ OPR comes ON in
the usual manner.

2. Signal Normal Mode and Column Binary Mode. On alter-
nate B-cycles the sTAR must change from 0XX to a 4XX or
5XX address depending upon whether the card is at 9-4
time or 3-12 time. This is accomplished by means of a
column binary mode trigger which is flipped on alternate
B-cycles. ILD 67 shows how the address register hundreds
position 4 (ARHP 4) impulse flips the trigger to the COL
BIN MODE position.

3. Generate Hundreds Position 5 or 4 to Address Register.
When the column binary mode trigger is in the normal
position and the card is at 9-4 time, 060-090 impulses are
OR’d to the modifier output to cause the turn ON of the
4, 1 and C B STAR latches and subsequently the STAR
latches. The COL BIN 4, 1 and C-gates shown on ILD 67
accomplish this on each normal cycle when the card is at
9-4 time. COL BIN 4 is generated similarly from 3-12
card time.

4. Generate Hundreds Position 0 to Address Register. When
the column binary mode trigger is in the column binary
position, 060-090 impulses are OR’d to the modifier output
to turn on the 8, 2 and C B STAR latches, and subsequently
the STAR latches. The COL BIN 8, 2 and C gates, ILD 67,
accomplish this on each column binary mode cycle.

5. Modify Units Position of STAR. During COL BIN mode
the COL BIN MODE PLUS-1 signal occurs on each B-
cycle as long as the COL BIN OPR latch is ON. This con-
ditions one input to the MOD CTRL PLUS-1 switching.
Recall that the units position of the storage address register
is modified at 000-030 time. Note from ILD 67 that the
COL BIN TRANSFER STAR signal is OR’d to become
MOD CTRL TRANSFER, and then inverted to hold MOD
CTRL PLUS-1 OFF. COL BIN TRANSFER STAR is con-
trolled during normal mode B-cycles only, as shown in
ILD 67. Thus, during column binary mode cycles MOD
CTRL TRANSFER is down and a MOD CTRL PLUS-1
is up. This results in the units position of the address regis-
ter contents being increased by one in preparation for the
next following 0XX address.

6. Control Generation of STAR Hundreds Position 4 or 5. A
study of the BCD code shows that digits 9 through 4 are
coded in the A-register using either a 4- or an 8-bit. Digits
3 through 12 use neither 4- or 8-bits. ILD 67 shows how
the A-REG NOT 84 signal is switched with a time 060-090
gate to cause a COL BIN 4 to be OR’d to the modifier out-
put. This causes the 4XX addresses to be generated during
3-12 card time. Similarly, the (NOT) A-REG NOT 84 signal
is inverted at 9-4 time to cause a 5 to be OR’d to the modi-
fier output. Note that both COL BIN 4 and COL BIN 5
signals occur during normal mode time in preparation for

the next following COL BIN MODE B-CYCLE.

Punch Column Binary—4C

Operation Punch Column Binary: The image of the
column binary card placed in 1401 storage from either
a tape or a card read operation may be punched out in
a column binary format. Figure 89 indicates the objec-
tive which must be accomplished. For example, the A-
core set in address 402 must be punched out as an 11
in column 2 of the card. To accomplish this, 160 scans
are made at each punch digit time. The storage address
register contents must be altered so that the 1401 stor-
age is addressed in the following order during each
card digit time.

At 12-3 card time:

401-101, 402-102, 403-103 . . . 479-179, 480-180
At 4-9 card time:
501-101, 502-102, 503-103 . . . 579-179, 580-180

Addresses 101 to 180 are developed so that the check
planes may be addressed for the hole bit check count.
The normal comparison of the card digit time in the
A-register with the BCD code from storage is sus-
pended for the punch column binary operation. When
the addresses 401-480 and 501-580 are being scanned,
the punch magnets are set up comparing the BCD rep-
resentation of the card digit time with the storage out-
put (B-register) using the circuit illustrated in ILD 67.
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All validity checking is suspended during the punch
column binary operation since all characters are con-
sidered valid. The overlapping of reader and punch
operations is not possible when column binary informa-
tion is being punched because 160 scan operations are
needed to address and set the check plane cores, and
to address the binary data and read it out into the
punch magnets. Sufficient time does not remain for the
scan of both read and punch data.

Data Flow for Punch Column Binary: The scan of
core storage during each card digit time takes place in
a manner similar to the read operation. The CB mode
trigger alternates between column binary and normal
mode on every other B-cycle. During normal mode the
check planes are addressed (101 to 180), and during
column binary mode the locations 401-480 and 501-580
are addressed. In normal mode the hole count check
planes are operated in the usual manner. In column
binary mode, the value of the A-register is changed
with each change in punch cycle point timing in the
order 12,11, 0, 1. .. 8, 9. This occurs in the same man-
ner as on a punch operation. An examination of Figure
89 shows that a B-core set in any of the addresses 401-
480 must result in the punching of a 12-hole. Also, any
B-core set in any of the addresses 501 to 580 must result
in the punching of a 4-hole. The circuit shown in ILD
67 accomplishes this punching. At either 12 (A-Reg
AB) or 4 (A-Reg 8421) card time, a B-bit from storage
(B-Reg-B) results in a COL BIN PCH DECODE sig-
nal. This switches with the decoded units and tens po-
sition of the address register to select a punch magnet
driver in the usual manner.

Circuits for Punch Column Binary, Figure 91 and
ILD 67: The following objectives are accomplished in
addition to those normally required on a punch opera-
tion:

1. Identify the column binary operation at 12 time. The C-
character in the d-position of the instruction causes the
COL BIN OPR latch to turn ON. The PUNCH OPR signal
is developed in the usual manner.

2. Signal Normal Mode and Column Binary Mode. The loca-
tion addressed in storage changes from 4XX to 1XX or from
5XX to 1XX on alternate B-cycles as previously discussed.
The column binary mode trigger controls the generation of
the hundreds position 4, 5, or 1. The column binary mode
trigger is flipped to the column binary mode on alternate
B-cycles by hundreds position 4-bit address register output.
The hundreds position 4-bit is turned on when the column
binary mode trigger is in the normal position.

8. Generate Hundreds Position 4 or 5 to Address Register.
When the column binary mode trigger is in the normal po-
sition and the card at 12-3 time, 060-090 impulses are OR’d
to the modifier output to cause the turn ON of the 4-bit
B-STAR latches and subsequently the STAR latches. The
COL BIN-4 gate is shown in ILD 67. COL BIN-4 and -1
are generated similarly during 4-9 time.

4. Generate Hundreds Position-1 to Address Register. When
the column binary mode trigger is in the column binary
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mode position, 060-090 impulses are OR’d to the modifier
output to turn ON the 1-bit B-STAR latch and subsequently
the 1-STAR latch. The COL BIN-1 gate does this on each
column binary mode cycle, ILD 67.

5. Modify the Units Position of STAR During Normal Mode.

The COL BIN MODE PLUS-1 signal occurs on each B-
cycle as long as the COL BIN OPR latch is ON. This con-
ditions one input to the MOD CTRL PLUS-1 switching as
shown on ILD 67. Recall that the units position of the
storage address register is modified at 000-030 time. ILD 67
shows that the COL BIN TRANSFER STAR signal is OR'd
to become MOD CTRL TRANSFER and then inverted to
hold MOD CTRL PLUS-1 OFF. COL BIN TRANS STAR
is controlled during column binary mode only on a punch
operation. This holds MOD CTRL PLUS-1 OFF during
column binary mode B-cycles, and allows the modification
of the units position of the STAR during normal mode B-
cycles. Thus on each normal mode cycle, the STAR units
digit is increased by one in preparation for the next follow-
ing column binary mode cycle. -

6. Control Generation of STAR Hundreds Position 4 or 5. A
study of the BCD code shows that digits 9 through 4 are
coded in the A-register using either a 4- or an 8-bit. Digits
3 through 12 use neither 4- or 8-bits. ILD 67 shows how
the A-REG NOT 84 signal is switched with a time 060-090
gate to cause a COL BIN 4 to be OR’d to the modifier out-
put. This causes the 4XX addresses to be generated during
3-12 card time. Similarly, the (NOT) A-REG NOT 84 signal
is inverted at 9-4 time to cause the 5 to be OR’d to the
modifier output. Note that both COL BIN 4 and COL BIN
5 signals occur during normal mode time in preparation for
the next following column binary mode B-cycle.

Read Column Binary and Transfer Program—1 (AAA) C
Punch Column Binary and Transfer Program—4 (AAA) C

These operation codes function in the same manner as
punch and read column binary except that at the end
of the operation, the next instruction is taken from the
location (AAA) instead of from the next instruction
address in sequence.

A COLUMN BINARY PROGRAM sKIP signal is developed
(ILD 67) by switching coL BIN oPr with gated wwm
and 1-RING-5. This turns oN PROGRAM skip which turns
on I-A STAR GATE AND SET I-0P (ILD 14). At the end of
the read or punch operation, when pELTA I-CYCLE
comes back on, the 1-rRiNG op latch is turned on and
the 1-a sTAR GATE causes the address (AAA) to be
transferred into the star for the I-Op cycle.

Write Tape Binary—M (% B 1) (AAA) W
Read Tape Binary—M (% B 1) (AAA) R

The column binary information must be written on
tape or read from tape with an odd-redundancy parity
bit. This is accomplished by using a modified tape con-
trol instruction with a B-character in the third position
of the instruction. This causes the 1401 to read or write
tape in an odd-redundancy mode even though the man-
ual switch setting is in the normal even-redundancy
mode position.
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Figure 91. Column Binary Punch Sequence

The forcing of odd-redundancy takes place on
ILD 80 where A-Reg-B is switched with I-Ring-2,
Unit Select and time 075-105 to turn the REDUNDANCY
latch to the odd position.

Move and Unscramble Column Binary—M(AAA)(BBB)A

This instruction causes the data in the A-field to be
stored in the B-field as with a normal move operation.
Address (AAA) must be between 501 and 580, how-
ever (AAA) will normally contain either 572 or 580 de-
pending upon whether the card held 72 or 80 columns
of column binary information. Address (BBB) can be
any storage address.

The unscramble column binary operation code
causes the column binary information arranged in card

image format, Figure 89, to be rearranged in storage in
binary tape format, Figure 88. To accomplish this, a
series of alternate A- and B-cycles are performed. The
A-field characters are brought to the A-register on A-
cycles and stored in the B-field on B-cycles. If the
(AAA) field of the instruction is (503), the following
addresses are generated for use in the star during A-
cycles: 503-403-502-402-501-401. If the (BBB) field of
the instruction is 909, the following addresses are gen-
erated for use in the star during B-cycles: 909-908-907-
906-905-904. See Figure 92.

In addition to the objectives accomplished on a nor-
mal move operation, the following modifications must
be made to the storage address register (Figure 92):

1st, 3rd, 5th ... A-Cycles
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1. The hundreds position 5 of the sTar is reduced by
one by the modifier circuits and transferred to the
A-STAR.

2. The units and tens positions of the address register
are transferred to the aA-sTar without modification.

1st and Succeeding B-Cycles

1. No modification of the hundreds position takes place
(except by the borrow/carry circuits ).

2. The units position of the star is reduced by one in
the usual manner.

2nd, 4th, 6th . .. A-Cycles

1. The hundreds position 4 of the star is increased by
one by the modifier circuits and transferred to the
A-STAR in preparation for the next A-cycle.

2. The units position of the star is decreased by one by
the modifier in preparation for the next A-cycle.

The pattern outlined above is repeated until a word-
mark (usually in 401) is sensed. The operation ends
and a new instruction is read into the Op register.

Circuits for Move and Unscramble Column Binary,
Figure 92: The con BIN MoOVE trigger (ILD 68) is
turned on just before the 1st, 3rd, 5th . . . A-cycles and
turned oFF just before the 2nd, 4th, 6th . . . A-cycles.
During the A-cycle in which the coL BIN MoVE trigger
is oN, the hundreds position of the star is reduced by
one, and the tens and units positions are transferred to
the a-star without modification. The following gates
are developed under control of the Move trigger to ac-
complish this:

1. Col Bin Minus-1 at 060-090 during A-cycles 1, 3, 5, 7, etc.
causes the reduction of the hundreds position of STAR by
one.

2. Col Bin Transfer STAR at 000-030 during A-cycles 1, 3, 5,
7, etc. causes the transfer of the units position of the STAR
without modification.

During the A-cycle in which the coL BIN MovVE trigger

is oFF, the hundreds position of the star is increased by

one, and the units position is decreased by one. The
following gates are developed during the 2nd, 4th, 6th,
etc, A-cycles:

1. Col Bin Plus-1 at 060-090 ‘during A-cycles 2, 4, 6, 8 etc.

causes the increase of the hundreds position of STAR by
one.

2. Mod Ctrl Minus-1 at 000-030 causes the reduction of the
units position of the STAR by one.

During each B-cycle, the units position of the STAR is

reduced by one at 000-030 by the Mod Ctrl Minus-1

signal. The tens and hundreds position may also be

modified in the usual manner under control of the

borrow /carry circuits,

Move and Scramble Column Binary — M (AAA) (BBB) B

The move and scramble instruction causes the data in
the (AAA) field to be moved to the B-field as with a
normal move operation. Address (AAA) may be any
storage address, Address (BBB) must be between 501
and 580. However, (BBB) will normally contain either
572 or 580 depending upon whether the card held 72

or 80 columns of column binary information.

The scramble column operation causes the binary in-
formation arranged in tape image format, Figure 88, to
be arranged in storage in column binary card format,
Figure 89. A series of alternate A- and B-cycles are per-
formed as in a normal move operation. The A-field
characters are brought to the A-register on A-cycles
and stored in the B-field on B-cycles. If the (BBB)
field of the instruction is 503, the following addresses
are generated for use in the star during B-cycles: 503-
403-502-402-501-401, assuming a word-mark in 401. If
the (AAA) field of the instruction is (909), the ad-
dresses 909, 908, 907, 906, 905, 904 are generated for
use in the star during A-cycles (see Figure 93).

The usual move operation objectives are accom-
plished with a scramble column binary instruction. In
addition, the following modifications are made to the
storage address register (see Figure 93):

Ist and Succeeding A-cycles
1. No modification of the hundreds position takes place

except by the borrow/carry circuits.

2. The units position of the star is reduced by one in
the usual manner.

1st, 8rd, 5th . . . B-cycles

1. The hundreds position 5 of the star is reduced by
one by the modifier circuits and transferred to the
B-STAR.

2. The units and tens positions of the address register
are transferred to the B-sTArR without modification.

2nd, 4th, 6th . . . B-cycles

1. The hundreds position 4 of the star is increased by
one by the modifier circuits, and transferred to the
B-STAR in preparation for the next B-cycle.

2. The units position of the star is decreased by one by
the modifier in preparation for the next B-cycle.

The pattern outlined above is repeated until a word-
mark (usually in 401) is sensed.

Circuits for Move and Scramble Column Binary: The
COL BIN MOVE trigger is turned oN at 090 time before
the 1st, 3rd, 5th . . . B-cycles (ILD 68). While it is on
during these B-cycles, it controls the objectives listed
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Figure 94. Relay Switching for Punch Feed Read

above for the odd-numbered B-cycles. The following
gates are developed under the control of the move
trigger to accomplish this:

1. Col Bin Minus-1 at 060-090 during B-cycles 1, 3, 5, 7, etc.
causes the reduction of the hundreds position of the STAR
by one.

2. Col Bin Transfer STAR at 000-030 during B-cycles 1, 3, 5,
7 causes the transfer of the units position of the STAR
without modification.

During the B-cycle in which the cor BIN MovE trig-
ger is oFF, the hundreds position of the star is in-
creased by one and the units position is decreased by
one. The following gates are developed during the 2nd,
4th, 6th . . . B-cycles.

1. Col Bin Plus-1 at 060-099 during B-cycles 2, 4, 6, 8, etc.
causes the increase of the hundreds position of the sTtar by
one.

2. Mod Ctrl Minus-1 at 000-030 causes the reduction of the
units position by one.

Under Control of
59 PFR Op Code

¢——<RC179

M330, B290 (after 9 time)
59-3

Note that the tens and hundreds positions may also
be modified in the usual manner under control of the
borrow/carry circuits.

Punch Feed Read (PFR)

The punch feed read optional feature adds an addi-
tional set of 80 read brushes to the blank station ahead
of the punches in the punch feed. With this feature,
data may read from a card, and the results of a calcu-
lation may be punched into the same card on the
following 1402 punch cycle. Normal operation of the
1401 machine is retained with PFR operation. The only
restriction is that no combination operation code in-
volving the use of the read feed may be programmed
in conjunction with PFR Op code, 4R. For example,
the instruction 5R will result in a read and punch (5)
operation. The R, identifying a PFR operation, will be
ignored.
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Punch Feed Read Operation—4R

The PFR Op trigger sets with gated WM of I-cycles
as shown on ILD 64. It remains on to control the
entire operation, and is switched oFr at the next I-Op
time.

PFR DATA FLOW

The 80 PFR brushes are switched through relay points,
as shown in Figure 94, so that data read at the punch
read brushes enters the read area of main storage in
the same manner as data from the 2nd read brushes on
a read operation. The punch clutch is energized in the
normal manner as on an ordinary punch operation.
When the cam impulse picking the punch clutch
breaks, NOT PROCESs PUNCH comes ON and causes a
transfer read brush signal. This picks relay 59 in the
1402. Relay 59 holds along with 13 other 6-position
relays. The points of these relays transfer common
brushes and the 80 punch read brushes to the 2nd read
row bit cores. Also, the punch brush impulse CB’s are
transferred to feed the punch read brush common.

PFR SCAN SEQUENCE

The circuitry required to control the scans on a PFR
operation is the same as that used on a normal read
and punch operation, with some changes to force the
correct sequence of read and punch scans. The first
make of the punch scan CB is during the cycle point
prior to 12-punch and read time. During the following
cycle point the 12-holes are read at the PFR brushes,

140

—ff

and the 12-holes are punched in the preceding card.
Just after the row bit cores, set from 12 holes, are
scanned during 12-punch time, a punch scan must take
place to set the punch magnets for 11-punch time. Fig-
ure 95 shows this sequence of operation.

The punch scan CB starts the sequence by timing on
the impulse CB trigger instead of the usual punch
scan CB trigger. This causes a read scan even though
the PFR brushes have not made for 12-time. When the
read scan gate goes off, the punch scan CB trigger is
turned oN. This results in a punch scan which operates
in a normal manner, scanning the punch area of main
storage out to the punch magnet drivers. The sequence
of read scan followed by punch scan continues at each
make of the punch scan CB or the after 9-cam.

Recall that the A-register is used to indicate cycle
point timing, and that the scan for specific punch read
row bits takes place one cycle point apart from the
scan for the same characters in the punch area of stor-
age. Thus, the A-register must be set to 12 (AB) for the
punch scan just before 12 cycle point time and must
also be set to 12 for the read scan during 12 cycle point
time. Figure 95 shows how the A-register is set at the
beginning of each punch scan, remains the same for the
next read scan, and is changed to the next cycle point
indication for the following punch scan. The A-register
is controlled with the usual A-register setup circuitry
by blocking the A-register setup by read scan, setting it
only with punch scan and retaining the character until
the next punch scan.



PFR READ ENCODER

Since the card is being fed 12-edge first instead of 9-
edge first, the read encoder normally used is bypassed
by a special PFR encoder shown on ILD 64.

When an output signal arrives from the 2nd read
core row buffer (RD 2), the A-register and B-register
digit and zone inhibit lines are brought up under the
restrictions listed below:

1. At Punch-Scan-Before-11 time the A-register AB line
prevents the B-register digit and zone inhibit gates so
that old data is not regenerated. The FORCE C-pIGIT
c-ZoNE line is brought up to substitute C for the old
data.

2. With card code 12-0 and card code 11-0, the rp
pcH FORCE 82 line is brought up at 0 time to com-
plete the BCD coding. Because the A-register con-
tains A not B at this time, the 82 must be forced.
In addition, the A-bit in the A-register is prevented
from entering read storage by holding down the A-
register zone inhibit line.

3. When a 0-only is read at 9 cycle point time, assum-
ing no 9 read, the encode 82 line is brought up to
force in a BCD ZERO RD-PCH FORCE 82. At the same
time, the B-register zone and digit inhibit lines are
held down to prevent the A in the B-register from
entering read storage.

PFR Checking

The information read at the punch read brushes is en-
tered in the read area of storage. The hole count for
each column read is entered in a set of two check
planes above the read area (for example: XU and XL).
When the same card is punched, the punch check de-
code signal causes setting of the hole count for the
holes punched in the corresponding check planes
above the punch area of general storage (XU and XL).
If the card is to be checked after punching, the hole
count made at the punch read brushes and entered
over the read area must be transferred to the corre-
sponding set of check planes (XU and XL) above the
punch area. This is accomplished just after the last scan
as the card passes the read brushes.

A transfer scan operation controls the movement of
check data from the set of check planes above the read
area to the corresponding set of planes above the
punch area. This special scan is initiated after the end
of the last punch scan and during after-9-cam time. The
operation is controlled by the transfer scan trigger
shown on Figure 96. The B-star is controlled during the
transfer scan to address first the read area of storage
and then the punch area in the sequence 001, 101, 002,

102 . . . 080, 180. During each storage cycle in which
the read area is addressed, all four check planes and
the read area are read out.

The check planes to be transferred are also read into
the PFR check plane register one position at a time.
One pair of the four check plane registers may be set
during a cycle in which the read location is addressed.
The check plane register retains the bit until the end
of the next storage cycle in which the punch area is

addressed. During the punch area addressed storage
cycle, the presence of a bit in one of the check plane
registers gates with the plane select line to transfer the
core setting to the corresponding plane over the punch
area. The punch cycle trigger determines the check
planes selected over the punch area.

Modifier Controls: As noted above, the sTAR must be
controlled so that the addresses 001, 101, 002, 102 . . .
080, 180 are generated. This is accomplished as follows
(see Figure 96):

1. The address set trigger is turned o~ by transfer scan, re-
mains oN for one cycle, and is turned orf. This signal is

sent to the auto scan setup circuits as PFR Gen 001 to set
the sTAR to 001.

2. The alternate cycle trigger is flipped to its opposite state on
every storage cycle. The trigger outputs (address read area
and address punch area on alternate cycles) control the
modification of the sTar.

3. The pPFR FORCE-1 signal, during each read addressed cycle,
sets the hundreds position of the B-sTAR to 1 in preparation
for the next following punch addressed cycle.

4. The PFR FORCE HUNDREDS 2, 8, c signals, during each punch
addressed cycle, sets the hundreds position of the B-sTAR to
0 in preparation for the next following read addressed cycle.

5. The pFR TRANs sTAR signal, during each read addressed
cycle, causes the units and tens position of the sTAR to be
transferred to the B-sTAR without modification.

6. Mop cTRL PLUS-1 is on at 000-030 time of each punch area
addressed cycle to modify the units position of the sTar by
1 in preparation for the next following read addressed B-
cycle.

The normal regeneration path is blocked during the
storage cycle in which the punch area is addressed to
prevent the regeneration of bits from previous data.
When the punch cycle trigger is orr, Figure 97 indi-
cates that the Y planes are used. Not punch cycle,
transfer scan and address punch area are switched to-
gether (ILD 64), and then inverted to hold down the
normal regeneration path for the Y planes. A similar
blocking of regeneration is accomplished at 12-time
when reading into the read area.

Plane Selection: The plane entered from the PFR
brushes is always the one which was last entered from
the 2nd read brushes. This is accomplished since the
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Figure 96. Punch Feed Read Sequence
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PUNCH PUNCH

PFR READ 1ST READ 2ND READ
CHECK CHECK
BRUSHES DECODE BRUSHES BRUSHES BRUSHES
Read Cycle Trigger On (Y Gate) (Ov:r il:::sArea) | Y Planes X Planes
Read Cycle Trigger Off (X Gate) Y Planes X Planes Y Planes
Punch Cycle Trigger On (Y Gate) Y Planes X Planes
Punch Cycle Trigger Off (X Gate) X Planes Y Planes
Check Check
Cycle Cycle
Upper Single Bit 0-1 0-1 1-0 0-1 1-0
One Punch Lower Binary Bit 0-1 0-1 1-0 0-1 1-0
h Upper Single Bit 0-1 0-1 1-0 0-1 1-0
Two Punches | wer Binary Bit 0-1-0 0-1-0 0-1-0 0-1-0 0-1-0
o Punch Upper Single Bit 0-1 0-1 1-0 0-1 1-0
ree Funenes | ower Binary Bit 0-1-0-1 0-1-0-1 1-0-1-0 0-1-0-1 1-0-1-0

Figure 97. Reader Punch Brush-Check Plane Selection

Position of cards at beginning of cycle A Check Position of cards at beginning of cycle B
PFR ec
Q o, L Q
L A L H a. <4 N\ = H £\
H — O H — O
CYCLEA CYCLEB
1 Read card c at PFR, enter check planes X over read area. 1 Punch card ¢, enter check planes X over punch area. All
check cover now set from both PFR read brushes and punch
2 Punch card b, enter check planes Y over punch area. check decode.
3 Check read card a Into check planes X above punch area. 2 Check read card b into check planes Y over punch area.
4 After (3) Is complete, transfer scan moves X over read 3 Read card d at PFR, enter check planes X over read area.

d c) to X h.
(card <) over punc After 2 is complete, transfer scan moves X over read (card d)

to Y over punch.

Circuit Outline for Data Flow. See Figure 7.7-2 Circult Outline for Data Flow. See Figure 7.7-2
Assume: Read Cycle Trigger On Assume: Read Cycle Trigger On
Punch Cycle Trigger On Punch Cycle Trigger Off
1 2 3 4 1 2 3 4

Y Gate Y Gate Y Gate X Gate X Gate Y Gate B Reg Ch PI XU 11

RD 2 Signal  Pch Check Decode Pch Signal B Reg Ch Pl XU 11 Pch Check Decode  Punch RD 2 Signal Tran Scan On

Row bit X Row bit Y Row bit X  Tran Scan On Row bit X Row bit Y Row bit X  PFR Ch Pl Reg

Rd Scan Gate Regen YU Regen XU  PFR Ch Pl Reg Regen XU Regen YU Rd Scan Gt Upper Tran Reg

Regen XU Regen XU Regen XL Upper Tran Reg Regen XL Regen YL Regen XU  Pch Cy Trig Off

Regen XL Pch Cycle Trig On : Addr Pch Area
Address Pch Area Regen XL Inhibit YU 12

Inhibit XU 11
Figure 98. Example of PFR Plane Selection
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read trigger remains in the position in which it was
last used and is not changed until the next read opera-
tion.

The plane over the punch storage to which data is
transferred is always the plane which was last used by
the punch check brushes. Recall that checking is com-
pleted for the previous card before the transfer scan
takes place. The condition of the punch cycle trigger,
ON or OFF, causes the selection of the plane to be used
by the punch check brushes, On the same card feed
cycle, the punch cycle trigger also selects the plane to
which data is transferred. The punch cycle trigger is
flipped to its opposite condition at the beginning of
each punch cycle. Figure 97 shows the planes selected
for entry from each set of brushes in the 1402 for vari-
ous positions of the read and punch cycle. For exam-
ple, if the read cycle trigger is oN from the last read
cycle, the RD-2 plane will be set from the PFR read
brushes; the Y gate will be up and the signals coming
from the second row bit plane will be gated to the XU
and XL check planes over the read area, as indicated
by Figure 97. If the punch cycle trigger is also on, the
punch check decode output is entered in the YU and
YL planes, and the punch check brush row bit output
is entered in the XU and XL planes. Recall that the
XU and XL check planes over the read area are trans-
ferred to the corresponding planes over the punch area
after the check is completed.

A specific example of the selection of planes, using
two 1402 machine cycles, is shown in Figure 98. The
data flow to cause the inhibiting of the cores in the XU,
XL or YU, YL is also shown,
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Error Operation

If the I/0 check stop switch is on, any error sensed
during after-9-punch scan time will cause the TRANSFER
scan latch to be held orF, the PFR Op trigger will be
turned oFF, and the machine will come to a stop. Cir-
cuitry to accomplish this is shown on ILD 64. The op-
erator must rerun the card because the sense error de-
tection is too late to prevent processing. Also, the origi-
nal data is not available, and the next read card hole
count cannot be transferred.

If the I1/0 check stop switch is orr the machine con-
tinues to run, and normal error interrogation and
stacker select procedure may be followed.

A validity error stops the machine in the same man-
ner except that the validity condition is checked simul-
taneously with reading. Therefore, the invalid bits will
still be present in the read area of storage when the
machine stops. The operator may either correct the
error with the bit switches or rerun the card.

End-of-File Operation

There are no provisions for end-of-file run-out on the
punch feed when the customer has the punch feed read
option. If an end-of-file procedure is required, the cus-
tomer may program a branch instruction on an X-
punch in a digit-only column. The card containing the
last read information must be followed by at least three
trailer cards to complete the checking of the data.
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