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New, more efficient programming techniques for the
1BM 1401 Data Processing System are being developed
as the programming knowledge and the experience
level on the system increases. This manual presents a
semi-detailed data flow explanation of every 1401 oper-
ation. This approach should assist both the new, and
the more experienced, programmer with his 1401 pro-
gramming effort.

Each operation is presented in the form of a data-
flow diagram. The path that the data takes during an
operation is graphically presented along with a written
explanation of the steps involved. The internal-parity
and validity-checking operations are also presented,
along with a list of the console lights that will be o~ in
the event of a parity or validity check condition.

Data Flow

The data flow of an 1BM 1401 Data Processing System
is schematically shown in Figure 1. The flow paths used
are initially specified by the stored program instruc-
tions. These instructions tell the system what areas to
read out of, and what areas to read into. The internal
circuitry of the system then carries out the specified
data movement. The various component areas of the
system are:

CORE STORAGE

The 18M 1401 Data Processing System uses magnetic-
core storage for storing instructions and data. All the
data in core storage is readily available, and the design
of the core-storage area makes each position individu-
ally addressable. All data received from input units is
stored in the core storage, and all data sent to the out-
put units is sent from core storage.

Information is always read out of core storage dur-
ing the early half of a cycle. The read-out is actually
accomplished by setting all the cores, at the specified

location, to zero. A core originally set at one will, when .

flipped from one to zero during read-out, induce a volt-
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age on one of the wires running through the center of
the core. This voltage is recognized as a bit.

Information is always read into core storage during
the late half of a cycle. If the information that was read
out of a storage location is to be retained in the same
location, it is read back into that location from one of
the registers during the late half of the read-out cycle.
The 1401 system also makes use of this core-storage
operation to perform the system’s arithmetic opera-
tions. Two areas are alternately read out a position at a
time, added together, and the sum stored in the last
position read out. This is called add-to-storage logic,
and it eliminates the need for special-purpose accumu-
lators or counters. Because any group of storage posi-
tions can be used as an accumulating field, the capacity
for arithmetic functions is not limited by a predeter-
mined number of counter positions.

DATA LINES AND INHIBIT DRIVE

The data-flow paths shown in Figure 1 as single lines
are actually eight lines (4 digit, 2 zone, 1 word mark,
and 1 check). The lines leading to the inhibit drive are
called inhibit lines because they inhibit, or prevent, the
setting of cores unless activated by the presence of a
bit of information. Information being sent into core
storage goes through the inhibit-drive area, while in-
formation being sent from core storage goes through
the B-register.

B-REGISTER

Each character leaving 1401 core storage enters the
B-register and is stored in an 8-bit code (BCD code,
word mark, check bit). The register is reset and filled
with a character from core storage during the read-out
portion of every storage cycle. The character can be
entered back into core storage from the output of the
B-register during the storage read-in portion of a stor-
age cycle. This is necessary when an instruction is being
read and will be needed another time, because the
cores of a position are all set to zero when that position
is read out.
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A-REGISTER

The A-register is reset and filled with the character
from the B-register during each cycle that involves an
A-address, and during all instruction cycles, except the
first and last cycle of each instruction. The character is
stored in an 8-bit code. The character can be entered
back into core storage from the output of the A-register
during the storage read-in portion of a storage cycle.

OP-REGISTER

The Op- (operation) register is reset and filled with a
7-bit character output from the B-register (word mark
is dropped), whenever the character is an operation-
code character. The Op-register stores the operation
code of the instruction in process for the duration of
the operation.

LOGIC AREA.

The logic area is made up of the circuitry that executes
the adding, subtracting, and comparing of the A- and
B-register outputs. Depending on the operation, the re-
sultant logic-area output may be entered back into stor-
age and/or may indicate the next step to be taken.

I-ADDRESS REGISTER

The I-(Instruction) address register (I-Add. Reg.) is a
3-position register, and always contains the core storage
location of the next instruction character to be read out.
(This 3-digit core-storage location is converted to its 4-
or 5-digit number when it is displayed in the storage-
address register.) The location number is increased by
one as the instruction is read out of core storage, lower-
order core-storage position to higher-order core-storage
position.

A~ADDRESS REGISTER

The A-address register (A-Add. Reg.) is a 3-position
register, and normally contains the core-storage loca-
tion specified in the A-address portion of an instruction.
(This 3-digit core-storage location is converted to its 4-
or 5-digit number when it is displayed in the storage-
address register.) Normally, this core-storage location is
the units position of the A-field. As the instruction is
executed, the number in this register is decreased by
one during each storage cycle that involves the A-ad-
dress. During several operations, the A-Add. Reg. oper-
ation differs. These differences are discussed as they
are encountered. Note: If the A-address portion of the
instruction does not contain a 1401 storage address
(%Ux, for example), the numeric portion of the A-Add.
Reg. contents is not disturbed as the instruction is exe-
cuted.

B-ADDRESS REGISTER
The B-address register (B-Add. Reg.) is a 3-position

register, and normally contains the core-storage loca-
tion specified in the B-address portion of an instruction.
(This 3-digit core-storage location is converted to its 4-
or 5-digit number when it is displayed in the storage-
address register.) Normally, this core-storage location
is the units position of the B-field. As the instruction is
executed, the number in this register is decreased by
one during each storage cycle that involves the B-
address. During several operations, the B-Add. Reg.
operation differs. These differences are discussed as
they are encountered.

STORAGE-ADDRESS REGISTER

The storage-address register (STAR) is a 3-position reg-
ister, and contains the address of the core-storage loca-
tion that is being read out and/or read into on any par-
ticular storage cycle. (This 3-digit core-storage location
is converted to its 4- or 5-digit number when it is
displayed.) This address is received from one of the
address registers. As the STAR addresses core storage,
the address is also modified and read back into the ap-
propriate address register.

ADDRESS-MODIFICATION AREA

Because each character in core storage has a different
address, the circuitry that specifies the address must be
constantly changing. Instructions are placed in storage
with the Op code occupying the lowest-numbered lo-
cation and the rest of the instruction occupying the ad-
jacent higher-numbered locations. To read out the Op
code and then the rest of the instruction, in sequence,
the lowest-numbered location must be addressed first,
and then each succeeding location must be addressed.
Therefore, during the read out of instructions, the ad-
dress must be modified -1 each time so that the adja-
cent higher-numbered location is read out.

The data fields, however, are placed in core storage
the opposite way. The units position of the field occu-
pies the highest-numbered core-storage location, and
the rest of the field occupies the adjacent lower-num-
bered core-storage locations. To perform the arithmetic
functions correctly, the units digit of a field must be
worked on first, followed by the tens digit, etc. There-
fore, the address must now be modified by —1 each
time so that the adjacent lower-numbered location is
read out.

Operations involving the printer require that the ad-
dress must be increased by three each storage cycle,
and still other operations require no address modifica-
tion.

INSTRUCTION-LENGTH LIGHTS

These lights indicate which position of an instruction
is being read out of core storage.



MANUAL-ADDRESS SWITCHES

The four manual-address switches select the address
entered in the storage-address register. These switches
are effective only with these sclected positions of the
mode switch:

Character display
Alter .
Address stop
Storage print-out
Storage scan.

GUk o O =

INPUT-OUTFPUT UNITS

The various input units send data into the 1401 system
where each character is converted to its BCD form and
then stored in a specified core-storage location. Core

storage supplies each character for the various output
units that can be attached to a 1401 system. The char-
acter is converted from its BCD form to a form that is
acceptable by the output unit.

PARITY AND VALIDITY CHECKING

The internal self-checking features within the process
unit consist of parity and validity checking. Each char-
acter is checked, at various locations in the process unit,
to be sure it has an odd number of bits, and that it is a
valid 1401 character. An even number of bits initiates
a parity-check condition, and an incorrect bit configura-
tion initiates a validity-check condition. Refer to Figure
2 for a list of the process-unit check conditions.
Additional checking of the input-output units is
done. Refer to the appropriate sections for more detail.

MACHINE STOPS STORAGE-ADDRESS
UNIT | YFE OF | CHECK STOP SWITCH | REGISTER (STAR) RS ON D RESET BY REMARKS
g ON CE PANEL ON | CONTAINS
. PROCESS
) END OF NEXT CHECK RESET | A-REGISTER CONTENTS IN ERROR STILL
A-REG | PARITY CYCLE A-REGISTER ON DISPLAY ORD
Crics neser | KEY N DISPLAY ORDINARILY
END OF CYCLE IN | ADDRESS LOCATION|  PROCESS
B-REG | PARITY | WHICH CHECK IS | THAT WAS READ B-REGISTER K T | LAY (o oreGiantr T OR STILL
DETECTED INTOTHE B-REGISTER| ~ CHECK RESET
B-ADDRESS REGISTER IND ICATES
ONE LESS THAN THE LOCATION THAT
THE RESULT READ INTO EXCEPT:
1. WHEN THE CHECK IS DETECTED IN
THE LAST CYCLE OF THE FIRST
FORWARD SCAN DURING A RECOM-
PLEMENT OPERATION. INDICATED
PROCESS LOCATION IS THE ERROR LOCATION
Locic  [vaupiry | END OF FOLLOWING | ey a-apDRESS LOGIC CHECK RESET
CHECK RESET 2. DURING A REVERSE SCAN OPERATION
INDICATED LOCATION 1S ONE MORE
THAN THE LOCATION THAT THE
RESULT READ INTO
THE BIT COMBINATION THAT CAUSES THE
CHECK 15 IN THE STORAGE UNIT AND
IS NOT ON DISPLAY IN THE LOGIC AREA.
DEPENDS UPON THE
INHIBIT | 0 [END OF FOLLOWING eRroinan A | TROCESS CHECK RESET |A CHECK INDICATES THAT AN EVEN-BIT
DRIVE CYCLE THEPHASE( OR B |  Check meser | KEY COMBINATION WAS READ INTO STORAGE
THE SYSTEM IS IN
DEPENDS UPON THE
PERATION BE
OoP- Ty O Y L | PERFORMED AMD | Pnea CHECK RESET | CHECK WILL NOT BE DETECTED
REGISTER |VALIDITY | is DETECTED THE PHASE (L ORE) |  check ReseT | KEY DURING AN I-OP CYCLE
THE SYSTEM IS IN
R
PARITY BIT COMBINATION | PROCESS CHECK RESET | THE CHECK IS MADE AFTER THE FULL
AND THAT CAUSED THE | STORAGE-ADDRESs | CHE THE CHECK IS MADE AFTER T
STORAGE~ | VALIDITY ESSVSIEE\EC;EECK ERROR CHECK RESET
ADDRESS IS DETECTED | DEPENDS UPON THE [ oo
REGISTER | WRAP- OPERATION BEING CHECK RESET
AROUND PERFORMED AND | STORAGE-ADDRESS | gy CAN BE MODIFIED BY +1 OR BY -1
THE MODIFICATION
NOTE: IF ANY OF THE ABOVE CHECKS
OCCUR DURING AN INPUT-OUTPUT
OPERATION, THAT OPERATION IS
COMPLETED BEFORE THE SYSTEM
STOPS.

Figure 2. Process Unit Check Conditions
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Data Flow Diagrams

The positive logic approach is used in the data-low
diagrams. For example, all register modification is
shown. If register modification is bypassed for any rea-
son, it will not be shown (rather than show it as not
happening). If a latch or trigger is shown turned on, it
remains on until shown turned off or until it is automa-
tically reset on during the next I-Op cycle. For example,
if all A-cycles are eliminated, it will remain that way
until the next I-Op cycle, or until the system is in-
structed to start an A-cycle.

Abbreviations and Symbols

The abbreviations and symbols used in the data-flow
diagrams are shown in Figure 3.

MACHINE OPERATION

)
INPUT
OUTPUT
MACHINE INTERROGATION
INPUT l
l ‘_j o
MACHINE CYCLE INDICATION
INPUT
OUTPUT
A-REG A-register
A-ADD REG A-address register
B-REG B-register
B-ADD REG B-address register
CB Circuit breaker(s)
CHAR Character; all bits, including zone bits,
digit bits, word mark bit, and check bit.
CHK Check

CL Console Light(s)
DIGIT The 1, 2, 4, and 8 bits and C-bit as
required.

E-PHASE The machine cycles required to execute
an instruction.

HUND Hundred

I-ADD REG Instruction-address register

I-OP The portion of the |-phase when the
operation code is handled by the system.
I-PHASE The machine cycles required to read out
an instruction from core storage.

NSI Next Sequential Instruction
PAR Parity
POS Position

R B Read back into core storage from the B-
register. The entire character is placed
in the core storage location specified by
the Storage Address Register. This is the
location it was originally read out of.

RS Reverse Scan. Data is read out of core
storage starting at the high-order position
(lower address) and ending at the low-
order position (higher address). This is
the reverse of a forward scan operation
where data is read out of core storage
starting at the low~order position and end~
ing at the high-order position. When a
reverse scan is initiated after a forward
scan, the high-order position is re-
addressed by keeping the previous core
storage location in the Storage Address
Register.

STAR Storage Address Register

S F Standard Form -- applies fo sign indica-
tion. Any field is considered plus if it
has any zone bit combination other than
a B-bit alone, Standard form for a plus
sign is an A- and a B-bit combination.

THOU Thousand

TRIG Trigger
VAL Validity
WM Word Mark
‘WO Without

ZSs Zero Suppress

Figure 3. Abbreviations and Symbols

Instruction Reading (I-Phase)

All operations executed by an 18m 1401 Data Processing
System are initiated by a stored-program instruction.
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The instruction is read first, and then the operation
specified by the instruction is executed. The system
operating time used to read one complete instruction
from core storage is called the instruction (I) phase of
the instruction. The time used to execute the specified
operation is called the execute (E) phase.

I-Phase

The I-phase is divided into 11.5 us storage cycles, called
I-cycles. A total of nine I-cycles (I-Op, I-1, through 1-8)
is indicated, but the exact number of I-cycles taken dur-
ing any I-phase depends on the instruction length.
Each instruction character reads out of storage on a
separate I-cycle. An additional I-cycle is needed to rec-
ognize the end of the instruction (the first word mark
encountered after an I-Op cycle).

Two exceptions to this rule are the SET WORD MARK
(two addresses) and the UNCONDITIONAL BRANCH in-
structions. The I-phase portion of the operation is auto-
matically ended after the I-7 cycle on the SET WORD
MARK operation and after the I-4 cycle on the uncondi-
tional branch operation.

As each character is read out of core storage and
placed in its proper register, it is also transferred back
into core storage for later use.

Active Components

There are four components that both receive and trans-
mit data during an I-phase. These components are the
I-address register, the storage-address register, the
core-storage area, and the B-register.

I-ADDRESS REGISTER

During I-phase, the I-address register (I-Add. Reg.)
specifies the core-storage position that is read out next,
with one exception. This is during branch operations
when the A-Add. Reg. specifies the core-storage posi-
tion that reads out next. This address is transferred to
the storage-address register, which does the actual core-
storage addressing. The address in the I-Add. Reg. is
modified by 41 so that another instruction character
can be read out on the following storage cycle.

STORAGE-ADDRESS REGISTER

The storage-address register (STAR) sets up the core-
storage selection circuitry so that the requested core-
storage position contents read out to the B-register.
CORE STORAGE

The core-storage area reads out the contents of the
specified core-storage position to the B-register.
B-REGISTER

The B-register accepts the core-storage read-out and,
depending on the I-cycle involved, transmits it to other
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registers. It also sends the instruction character back
into core storage where it is stored in the same position
from which it came.

There are other registers that receive certain instruc-
tion-word characters. For the most part, however, these
are stored in the registers for use during the E-phase.
These registers and their contents are pointed out when
they receive the data.

The various I-cycle operations are shown as they ap-
pear during a single-cycle operation.

1-Op Cycle (Figure 4)

The I-phase is started when the last execute cycle com-
pletion signals the system to end the E-phase and start
the I-phase. The first I-phase trigger (I-Op) is turned
on and the op instruction-length light on the 1401 con-
sole panel turns on.

The controlling circuitry now determines the starting
address of the instruction that will be read out of core
storage during this I-phase. If the next sequential in-
struction (NSI) in the stored program is used, the
I-Add. Reg. already contains the core-storage address
of its first character. This address was established dur-
ing the previous I-phase. The address in the I-Add. Reg.
is transferred to the STAR and the I-Add. Reg. key-
light on the 1401 console panel turns on, The STAR
lights on the console panel display the core-storage
position being addressed (in BCD bit form).

NoOTE: If the previous instruction was a branch in-
struction, and a branch was initiated, the core-storage
address in the A-Add. Reg. is used. The A-Add. Reg.
obtained this address (the I-address of a branch in-
struction) during the previous I-phase when the branch
instruction was read out of core storage.

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. This core-storage position contains the operation
code of the instruction. From the B-register, the Op-
code character:

1. is transferred back into core storage where it is
stored in the same position it came from

2. is transferred into the Op-register. During the trans-
fer, the character is stripped of the word mark, and

a C-bit is added or deleted (depends on original bit

configuration) for parity purposes.

The core-storage position specified in the I-Add. Reg.
is changed by adding one to it. This is accomplished
by reading out the contents of the STAR and adding
one to it before reading it back into the I-Add. Reg.
The I-Add. Reg. now contains the address of the char-
acter that follows the Op-code character.

The parity and validity checks are made. Any check
condition stops the system and turns on the appropriate
check lights on the console panel. (An Op-register par-
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Figure 4. I-Op Cycle

ity or validity check will not show up during an I-Op
cycle, however.)

If no check condition occurs, the I-Op trigger is
turned off. This turns off the op instruction length light
on the console panel and turns on the I-1 trigger. The

I-1 instruction length light on the console panel is then
turned on.

I-1 Cycle (Figure 5)
The I-1 trigger and its associated I-1 instruction-length

light turn on when the I-Op trigger turns off. The

I-Add. Reg. already contains the core-storage location
of the second instruction character. (Actually, the STAR
already contains the core-storage location of the second
instruction character. This address was transferred
from the I-Add. Reg. to the STAR in the last part of the
previous I-cycle, but this is not evident during a single-
cycle operation.) This address is transferred to the
STAR, which then addresses core storage. The charac-
ter is read out of storage and into the B-register. From
the B-register it is read back into core storage, and is
also checked to see if the character has a word mark
associated with it (signifying another Op code).

" ]-CHARACTER INSTRUCTION

Normally, the second character of an instruction is the
hundreds-thousands position of an A-field address. If
the character does have a word mark, it means that this
character is the Op code for the next instruction. Only
one character has been read out of core storage (Op
code) so the previous addresses in the A- and B-address
registers will be used in the execution of this instruc-
tion if this is a chaining type of operation.

The previous Op code (read out during the I-Op
cycle) is checked to see if it is one of the Op codes that
has to set up the alteration of some of the normal E-
phase operations before the actual instruction execu-
tion begins. If E-phase alteration is not needed, the
Op-register and all other appropriate parity and valid-
ity 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
I-phase ends and the E-phase begins.

2-CHARACTER INSTRUCTION

If this second character does not have a word mark, it
means that the instruction is at least two characters
long. It may be only two characters long, but this can-
not be established until I-2 cycle time. Because of this
possibility, the character is transferred from the B-reg-
ister to the A-register. The A-register normally stores
the operation modifier character and, in a 2-character
instruction, the second character would be the modifier.

OTHER LENGTH INSTRUCTION

Because this might be a longer-length instruction, the
character must be stored in the hundreds-thousands
position of the A- and B-Add. Reg. However, for cer-
tain operations, the character should be placed in the
hundreds-thousands position of the A-Add. Reg. only.
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Figure 5. 1-1 Cycle

The Op code is checked, and if it is an L, M, Q, or H
Op code, the character enters the A-Add. Reg. only.
If it is not one of these codes, it is placed in the hun-
dreds-thousands position of the A-Add. Reg. and B-
Add. Reg.

The address in the I-Add. Reg. is increased by one,
and the Op-register and all other 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 I-1 trigger and its associated console light are
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turned off, This turns on the I-2 trigger and its associ-
ated console light.

I-2 Cycle (Figure 6)

The 1-2 trigger and its associated instruction-length
light are turned on when the I-1 trigger is turned off.
The I-Add. Reg. already contains the core-storage loca-
tion of the third instruction character. (Actually, the
STAR already contains the core-storage location of the
third instruction character. This address was trans-
ferred from the I-Add. Reg. to the STAR in the last part
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of the previous I-cycle, but this is not evident during a
single-cycle operation.) This address is transferred to
the STAR which then addresses core storage. The char-
acter is read out of storage and into the B-register.
From the B-register it is read back into core storage
and is also checked to see if the character has a word
mark associated with it (signifying another Op code).

Figure 6. I-2 Cycle

2-CHARACTER INSTRUCTION

Normally, the third character of an instruction is the
tens-position character of an A-field address. If the
character does have a word mark, it means that this
character is the Op code for the next instruction. The
two characters read out of core storage make up the
complete instruction.

SYSTEM STOPS
CLON*

t  CLEAR STORAGE
COMPARE
BRANCH
NOC OPERATION
HALT
READ
PUNCH
PRINT

* REFER TO FIGURE 2 FOR APPROPRIATE LIGHTS

The previous Op code (read out during the I-Op
cycle) is checked to see if it is one of the Op codes that
has to set up the alteration of the normal E-phase oper-
ations before the actual instruction execution begins.
If E-phase alteration is not needed, the appropriate
parity and validity checks are made. Any check condi-
tion stops the system and turns on the appropriate
check lights on the console panel. If no check condition
occurs, the I-phase ends and the E-phase begins.

OTHER LENGTH INSTRUCTION

If this third character does not have a word mark, it
means that the instruction is at least four characters
long (Op code plus one 3-character address). It may be
longer, but this cannot be established now.



The character is transferred from the B-register to
the A-register, where it replaces the character that was
stored there during the I-1 cycle. This character could
not be an operation modifier character, but it is still
stored in the A-register.

Also, the character must be stored in the tens posi-
tion of the A- and B-Add. Reg. However, for certain
operations, the character should be placed in the tens
position of the A-Add. Reg. only. The Op code is
checked, and if itis an L, M, Q, or H Op code, the char-
acter enters the A-Add. Reg. only. If it is not one of
these codes, it is placed in the tens position of the A-
Add. Reg. and B-Add. Reg.

The address in the I-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 I-2 trigger and its as-
sociated console light are turned off. This turns on the
I-3 trigger and its associated console light.

I-3 Cycle (Figure 7)

The I-3 trigger and its associated instruction-length
light are turned on when the I-2 trigger is turned off.
The I-Add. Reg. already contains the core-storage loca-
tion of the fourth instruction character. (Actually, the
STAR already contains the core-storage location of the
fourth instruction character. This address was trans-
ferred from the I-Add. Reg. to the STAR in the last part
of the previous I-cycle, but this is not evident during a
single-cycle operation.) This address is transferred to
the STAR, which then addresses core storage. The
character is read out of storage and into the B-register.
From the B-register it is read back into core storage
and read into the A-register.

It is possible that this may be the last character of
the instruction, but this cannot be established before
the next I-cycle. Regardless of the final length, this
fourth character must be stored in the units position of
the A-Add. Reg. and B-Add. Reg. However, the same
conditions present during the I-1 and I-2 cycles are still
valid here. The Op code is checked, and if itis an L, M,
Q, or H Op code, the character enters the units posmon
of the A-Add. Reg. only. If it is not one of these Op
codes, it is placed in the units position of the A-Add.
Reg. and B-Add. Reg.

The address in the I-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 I-3 trigger and its as-
sociated console light are turned off. This turns on the
I-4 trigger and its associated console light.
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Figure 7. 1-3 Cycle

1-4 Cycle (Figure 8)

The I-4 trigger and its associated instruction-length
light are turned on when the I-3 trigger is turned off.
The I-Add. Reg. already contains the core-storage loca-
tion of the fifth instruction character. (Actually, the
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STAR already contains the core-storage location of the
fifth instruction character. This address was trans-
ferred from the I-Add. Reg. to the STAR in the last
part of the previous I-cycle, but this is not evident dur-
ing a single-cycle operation.) This address is trans-
ferred to the STAR, which then addresses core storage.
The character is read out of storage and into the B-reg-
ister. From the B-register it is read back into core
storage.

t CLEAR STORAGE
COMPARE
BRANCH
NO OPERATION
HALT
READ
PUNCH
PRINT

*REFER TO FIGURE 2 FOR
APPROPRIATE LIGHTS

BRANCH INSTRUCTION
The Op code stored in the Op-register is checked to see -
if it is a B. If it is a B, then the B-register contents are
checked to see if it is a blank character (C-bit only), or
whether the character has a word mark associated with
it. If either of these conditions are present, it signifies
a BRANCH instruction (unconditional). Refer to the
BRANCH instruction for the remainder of the operation.

If it is still a B Op code, but the B-register contains

11



something else, it signifies a BRANCH IF INDICATOR ON
instruction or a BRANCH IF CHARACTER EQUAL instruc-
tion. The B-register then sends this fifth instruction
character (the operation-modifier character) to the A-
register and the hundreds-thousands position of the
B-Add. Reg. (B-Add. Reg. previously reset to blanks).

The address in the I-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.

I-ADD REG TO
STAR
I~ADD REG C L
ON

i

If no check condition occurs, the I-4 trigger and its as-
sociated console light are turned off. This turns on the
I-5 trigger and its associated console light.

OTHER INSTRUCTION

If the Op code stored in the Op-register is not a B, then
the character in the B-register is checked for an asso-
ciated word mark. If there is no word mark, then the
B-register contents are sent to the A-register and the
hundreds-thousands position of the B-Add. Reg. (B-
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Figure 9. I-5 Cycle
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Add. Reg. previously reset to blanks). The I-Add. Reg.
modification, the parity and validity checking, and the
I-cycle progression previously described now occur.

If there is a word mark in the B-register (signifying a
new Op code), then the Op code read out during the
I-Op cycle 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 be-
gins. If E-phase alteration is not needed, the appropri-
ate 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 I-phase ends and the E-phase begins.

1-5 Cycle (Figure 9)

The 1-5 trigger and its associated instruction-length
light are turned on when the I-4 trigger is turned off.
The I-Add. Reg. already contains the core-storage loca-
tion of the sixth instruction character. (Actually, the
STAR already contains the core-storage location of the
sixth instruction character. This address was transferred
from the I-Add. Reg. to the STAR in the last part of the
previous I-cycle, but this is not evident during a single-
cycle operation.) This address is transferred to the
STAR, which then addresses core storage. The charac-
ter is read out of storage and into the B-register. From
the B-register it is read back into core storage, and the
character is also checked to see if it has a word mark
associated with it (signifying another Op code).

5-CHARACTER INSTRUCTION

If the character has a word mark associated with it,
then the five preceding characters constitute a com-
plete instruction (Op code, a 3-character address, and
an operation-modifier character). The Op code read out
during the I-Op cycle 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 execu-
tion begins. If E-phase alteration is not needed, the
appropriate parity and validity checks are made. Any
check condition stops the system and turns on the ap-
propriate check lights on the console panel. If no check
condition occurs, the I-phase ends and the E-phase
begins.

OTHER INSTRUCTION

If the character does not have a word mark associated
with it, then the B-register contents are sent to the
A-register and the tens position of the B-Add. Reg.

The address in the I-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 I-5 trigger and its as-
sociated console light are turned off. This turns on the
I-6 trigger and its associated console light.

1-6 Cycle (Figure 10)

The I-6 trigger and its associated instruction-length
light are turned on when the I-5 trigger is turned off.
The I-Add. Reg. already contains the core-storage lo-
cation of the seventh instruction character. (Actually,
the STAR already contains the core-storage location of
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Figure 10. I-6 Cycle
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the seventh instruction character. This address was
transferred from the I-Add. Reg. to the STAR in the
last part of the previous I-cycle, but this is not evident
during a single-cycle operation.) This address is trans-
ferred to the STAR, which then addresses core storage.
The character is read out of storage and into the B-reg-
ister. From the B-register it is read back into core stor-
age, and read into the A-register, and read into the
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The address in the I-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 I-6 trigger and its associ-
ated console light are turned off. This turns on the I-7
trigger and its associated console light.
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1-7 Cycle (Figure 11)

The I-7 trigger and its associated instruction-length
light are turned on when the I-6 trigger is turned off.
The I-Add. Reg. already contains the core-storage loca-
tion of the eighth instruction character. (Actually, the
STAR already contains the core-storage location of the
eighth instruction character. The address was trans-
ferred from the I-Add. Reg. to the STAR in the last
part of the previous I-cycle, but this is not evident dur-
ing a single-cycle operation.) This address is trans-
ferred to the STAR, which then addresses core storage.
The character is read out of storage and into the B-reg-
ister. From the B-register it is read back into core
storage.

SET WORD MARK INSTRUCTION

The Op code stored in the Op-register is checked to see
if it is a set word mark Op code. If it is, the I-phase
ends and the E-phase begins. This is done so that word
marks can be set in specified core-storage locations dur-
ing the program-loading routine.

If the Op code stored in the Op-register is not a set
word mark Op code, then the B-register character is
checked to see if it has a word mark associated with it
(signifying another Op code).

7-CHARACTER INSTRUCTION

If the character has a word mark associated with it,
then the seven preceding characters constitute a com-
plete instruction (Op code and two 3-character ad-
dresses). The Op code read out during the I-Op cycle is
checked to see if it is one of the Op codes that has to set
up alteration of some of the normal E-phase operations
before the actual instruction execution begins. If E-
phase alteration is not needed, 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 conditions
occur, the I-phase ends and the E-phase begins.

OTHER INSTRUCTION

If the character does not have a word mark associated
with it, then the character must be an operation-modi-
fier character, and the B-register contents are sent to
the A-register.

The address in the I-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 I-7 trigger and its associ-
ated console light are turned off. This turns on the 1-8
trigger and its associated console light.

1-8 Cycle (Figure 12)

The I-8 trigger and its associated instruction-length
light are turned on when the I-7 trigger is turned off.

The I-Add. Reg. already contains the core-storage loca-
tion of the next character, which should be the Op-code
character of the next instruction. (Actually, the STAR
already contains this core-storage location. The address
was transferred from the I-Add. Reg. to the STAR in
the last part of the previous I-cycle, but this is not evi-
dent during a single-cycle operation.) This address is
transferred to the STAR, which then addresses core
storage. The character is read out of storage and into
the B-register. From the B-register it is read back into
core storage. The character is also checked to see if it
has a word mark associated with it (signifying another
Op code).

8-CHARACTER INSTRUCTION

If the character has a word mark associated with it,
then the eight preceding characters institute a complete
instruction (Op code, two 3-character addresses, and an
operation-modifier character). The Op code read out
during the I-Op cycle is checked to see if it is one of
the Op codes that has to set up alteration of some of the
normal E-phase operations before the actual instruc-
tion execution begins. If E-phase alteration is not
needed, 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. 1f
no check conditions occur, the I-phase ends and the
E-phase begins.

PROGRAMMING ERROR

If the character does not have a word mark associated
with it, then the B-register contents are sent to the A-
register. The address in the I-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, then the I-8 cycle is repeated
until a character with a word mark is read out of core
storage. This condition signifies poor programming
technique because the program has gaps between se-
quential instructions.

Instruction Execution (E-Phase)

Normally, the word mark associated with the Op code
of the next instruction signals the end of the I-phase.
Ending the I-phase automatically starts the E-(execute)
phase.

The E-phase is the system operating time necessary to
perform the operation specified by the instruction read
out during I-phase. The E-phase is made up of A-cycles
and/or B-cycles. During an A-cycle, one position of
data from the previously-specified A-field is read out of
core storage. During a B-cycle, one position of data
from the previously-specified B-field is read out of core
storage.
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A-Cycle (Figure 13)

The first cycle during any E-phase is usually an A-cycle
(some instructions have no A-cycles). The A-cycle illus-
trated in Figure 13 is an A-cycle operation that is com-
mon to many 1401 instructions. When discussing in-
structions that use the common A-cycle, reference is
made to Figure 13. A-cycles that are different are cov-
ered in that instruction writeup.

The A-Add. Reg. contains the core-storage location
specified in the A-address portion of the previously-
read instruction. This core-storage location is, normally,
the units position of the A-field. The address in the A-
Add. Reg. is transferred to the STAR, and the A-Add.
Reg. key-light on the 1401 console panel is turned on.
The STAR lights on the console panel display the core-
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storage position being addressed (in BCD bit 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.
From the B-register, it is normally read back into the
core-storage position it came from, and it is also trans-
ferred to the A-register where it is displayed in BCD
form.

The core-storage position specified in the A-Add.
Reg. is changed by subtracting one from it. This is done
because the units position of a data field occupies the
highest-numbered core-storage location and the rest of
the field occupies the adjacent lower-numbered core-
storage locations. To perform the arithmetic functions
correctly, the units digit of a field must be worked on
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first, followed by the tens digit, etc. Therefore, the ad-
dress in the A-Add. Reg. must be modified by —1 each
time so that the adjacent lower-numbered location is
read out. This —1 modification is accomplished by
reading out the contents of the STAR and subtracting
one from it before reading it back into the A-Add. Reg.

The 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-cycle ends and
the B-cycle begins (the STORE ADDRESS REGISTER instruc-
tions are exceptions).

B-Cycle

It is during the B-cycle that the instruction execution
usually takes place. In an add operation, for instance,
the actual addition of the A- and B-field characters
takes place during the B-cycle and the result is stored

in the B-field position. Therefore, all instructions dis-
cussed in this publication normally show the system’s
method of operation during a B-cycle. However, when
the A-cycles differ from the common A-cycle, this dif-
ference is discussed along with any other forms of in-
struction execution that may be used.

E-Phase Termination

The E-phase portion of an instruction is usually ended
when a word mark is sensed in the B-register. The
word mark signifies that the end of that word in core
storage has been reached. However, there are opera-
tions that stop only when an A-field word mark is
sensed. Other operations stop only when a B-field word
mark is sensed, and still other operations stop when
either an A-field or a B-field word mark is sensed. These
different conditions are all included in the system’s in-
ternal circuitry and the actual operation termination is
done automatically.

17



Logic Operations

Branch (B 1lI)

The BraNcH (unconditional) instruction (B III) always
causes the program to branch to the specified I-address.
This address contains the Op code of some instruction.
This branch operation is used to interrupt normal pro-
gram sequence, and to continue the program at some
other desired point, without testing for any specific
conditions.

I-Phase Operation (Figures 8 and 14)

During I-4 time of an I-phase, the Op-register is
checked to see if it contains a B Op code. When a B Op
code is established, the B-register is checked to see if it
contains a blank character or a word mark (the Op-code
position of the next sequential instruction). When one
of these two conditions is established, the circuitry to
eliminate the E-phase portion of this instruction is ac-
tivated.
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B-REG WM OR BLANK?
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E-PHASE

|
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1-OP TIME

I
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Figure 14. Branch Instruction I-Phase Operation

18

Also, circuitry is activated that blocks the I-Add. Reg.
read-out, and allows the A-Add. Reg. read-out during
the next I-Op cycle. (The A-Add. Reg. contains the
I-address as specified by the instruction.)

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 I-4 trigger and its associated
console light are turned off. This turns on the I-Op
trigger and its associated console light. During the I-Op
cycle, the core-storage position specified by the I-ad-
dress (in the A-Add. Reg.) is read out of core storage,
followed by a normal I-phase operation.

Branch if Indicator On (B Il d)

The BRANCH IF INDICATOR ON instruction (B III d) causes
the program to branch to the specified I-address if the
specified indicator, when tested, is on. If the indicator
is off, the next sequential instruction is read.

I-Phase Operation (Figures 9 and 15)

During I-5 time of an I-phase, the B-register is checked
to see if it contains a word mark. If the B-register does
contain a word mark (the Op-code position of the next
sequential instruction), the Op-register is checked to
see if it contains a B.

When the presence of a B Op code is established, the
circuitry to eliminate the E-phase portion of this in-
struction is activated.

The indicator specified by the operation-modifier
character (d-character) is tested to see if it is on. If the
indicator is on, circuitry is activated that blocks the
I-Add. Reg. read-out, and allows the A-Add. Reg. read-
out during the next I-Op cycle. (The A-Add. Reg. con-
tains the I-address as specified by the instruction.) If
the indicator is not on, the normal I-Add. Reg. read-out
is active during the next I-cycle.

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 I-4 trigger and its associated
console light are turned off. This turns on the I-Op trig-
ger and its associated console light. During the I-Op
cycle, the core-storage position specified by either the
I-address (in the A-Add. Reg.) or the I-Add. Reg. is
read out of core storage.



B-REG WM
B OP CODE?

Y YES

ELIMINATE
E-PHASE

I
SPECIFIED  \ NO

INDICATOR ON?  /
Y YES

BLOCK I-ADD

REG RO DURING
1-OP TIME

A

ALLOW A-ADD
REG RO DURING
1-OP TIME

I-ADD REG
READS OUT
DURING 1-OP TIME

1y
ALL

PAR & VAL
CHK OK?

e

TURN OFF
I-5 TRIG
AND 1-5C L

{

TURN ON
I-OP TRIG
AND OPCL

NO SYSTEM STOPS
CLON*

START
i-OP

*
CYCLE REFER TO FIGURE 2 FOR

APPROPRIATE LIGHTS

Figure 15. Branch if Indicator On Instruction: I-Phase
Operation

Branch if Character Equal (B 11l BBB d)
Branch if Word Mark and/or Zone (V 11l BBB d)

Both the BRANCH IF CHARACTER EQUAL instruction (B IIT
BBB d) and the BRANCH IF WORD MARK AND/OR ZONE
instruction (V III BBB d) cause the program to branch
to the specified I-address if the condition specified by
the operation-modifier character (d-character) is met
by the character located in the specified B-address. The
BRANCH IF CHARACTER EQUAL instruction tests the char-
acter at the B-address for the same bit configuration as
the d-character, and branches if the bit configuration is

d~character Condition

Word mark

No zone (No-A, No-B-bif)
12-zone (AB-bits)

11-zone (B, No-A-bit)
Zero-zone (A, No=-B-bif)

Either a word mark, or no zone
Either a word mark, or 12-zone
Either a word mark, or 11-zone
Either a word mark, or zero-zone

HrFAWOn R TN —

Figure 16. Branch if Word Mark and/or Zone d-Characters and
Conditions

the same. The BRANCH IF WORD MARK AND/OR ZONE in-
struction tests the character at the B-address for the
condition specified by the d-character, and branches if
the condition is met. The d-characters and the condi-
tions they represent are shown in Figure 16.

I-Phase Set-Up Operations (Figure 17)

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. As soon as the word
mark is sensed in the B-register, either a B or V Op
code sets up the circuitry to eliminate A-cycles and exe-
cute one B-cycle. The appropriate parity and validity
checks are made. Any check condition stops the system
and turns on the appropriate check lights on the con-
sole panel. If no check condition occurs, the I-phase
ends and the E-phase begins.

Single B-Cycle (Figure 17)

The core-storage position containing the character that
is checked by the d-character during this single 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 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 character in the B-register is read back into the
core-storage position it came from. The Op code is then
checked to see if itis a B or a V Op code.

B OP CODE

If it is a B Op code, then the A-register contents (the
d-character) are compared against the B-register con-
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Figure 17. Branch if Character Equal and Branch if Word Mark
and/or Zone Instructions: I- and E-Phase Operations

tents (the B-field character). If the bit configurations
are the same, the branch to the specified I-address oc-
curs. The circuitry is activated that blocks the I-Add.
Reg. read-out, and allows the A-Add. Reg. read-out
during the next I-Op cycle. (The A-Add. Reg. contains
the I-address as specified by the instruction.) If the bit
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configurations are not the same, the normal I-Add. Reg.
read-out is active during the next I-Op cycle.

Y OP CODE

If the Op code is a V Op code, then the B-register con-
tents (the B-field character) is checked to see if the bits
specified by the A-register contents (the d-character)
are present. If the specified bits are present, the branch
to the specified I-address occurs. The circuitry is acti-
vated that blocks the I-Add. Reg. read-out, and allows
the A-Add. Reg. read-out during the next I-Op cycle.
(The A-Add. Reg. contains the I-address as specified by
the instruction.)

If the specified bits are not present, the normal I-Add.
Reg. read-out is active during the next I-Op cycle.

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 I-phase
begins.

No Operation (N)

An instruction with an N Op code performs no opera-
tion. It can be substituted for the operation code of any
instruction to make that instruction ineffective. It is
commonly used in program modification to cause the
program to skip over a specific instruction. This in-
struction skipping is accomplished by eliminating the
E-phase. The instruction reading continues until the
word mark of the next instruction is sensed. If charac-
ters without word marks follow an N Op code, these
characters enter the A- and B-address registers.

I-Phase Operation (Figure 18)

During I-phase, a word mark in the B-register signals
the end of I-phase and the beginning of E-phase. Dur-
ing certain I-cycles, the Op code is checked to see if
any special operations must be performed before 1-
phase ends.

If the Op code is an N, circuitry is set up to eliminate
the E-phase portion of the operations. Then the appro-
priate 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 I-trigger and the associated console light
that are on are turned off. The I-Op trigger and its asso-
ciated console light are turned on and an I-Op cycle
begins.

Compare (C AAA BBB)

The coMPARE instruction compares the data in the A-
field to an equal number of characters in the B-field.
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The bit configuration.of each character in the two fields
is compared and the comparison lets the equal-compare
latch stay on, or it turns the latch off. The latch setting
can be tested by a BRANCH IF INDICATOR ON instruction.
This latch is initially set on during I-2 time (not shown
in Figure 6).

I-Phase Set-Up Operations (Figure 19)

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. As soon as a word

mark is sensed in the B-register, 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 I-phase ends and the E-phase begins. The first
cycle executed during the E-phase is an 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 suc-
cessfully completed, the B-cycle begins.

B-Cycle (Figure 19)

The core-storage position containing the B-field char-
acter compared by the A-field character during this 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 character in the B-register is read back into the
core-storage position from which it came. The address
in the B-Add. Reg. is decreased by one, and the appro-
priate 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-field character bit configuration is com-
pared against the B-field character bit configuration.

If the character comparison results in an unequal
condition, the equal-compare latch, which was turned
on during the I-phase, is turned off. The latch remains
on if the characters are equal.

The B-register is then checked to see if it contains a
word mark. If a word mark is present, the E-phase ends
and the I-phase for the next instruction begins.

If no word mark is present in the B-register, then the
A-register is checked to see if it contains a word mark.
If no word mark is present in the A-register, then the
compare operation is continued and another A-cycle is
started. If a word mark is present in the A-register, it
signifies the presence of a B-field that is longer than the
A-field and it results in an unequal condition. The
equal-compare latch is turned off, followed by the end-
ing of the E-phase and the starting of the I-phase for
the next instruction.

Halt(e)
Halt and Branch (e 11l)

Both the HALT instruction (2) and the HALT AND BRANCH
instruction (2 III) cause a system stop, and turn on the
stop key-light on the 1401 console panel.

If the instruction is a HALT instruction only, operat-
ing the start key causes the program to start at the next
instruction in sequence.

If the instruction is a HALT AND BRANCH instruction,
operating the start key causes the program to start at
the specified I-address.
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Figure 19. Compare Instruction: I- and E-Phase Operation

I-Phase Operation (Figure 20)

During the I-phase cycle that has a word mark in the
B-register, the Op-register is checked to see if it con-
tains a decimal. When the presence of a decimal Op
code is established, the circuitry that eliminates the E-
phase portion of this instruction is activated.

The present I-phase cycle must be determined. If the
I-phase cycle is I-4, circuitry is activated that blocks
the I-Add. Reg. read-out, and allows the A-Add. Reg.
read-out during the next I-Op cycle. (The A-Add. Reg.
contains the I-address as specified by the instruction.)
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YES
B-REG N\ NO
WM? /
YES A-REG NO
YES WM?
TURN OFF EQUAL
COMPARE LATCH
START
I-PHASE

If the I-phase cycle is not I-4, the normal I-Add. Reg.
read-out is active during the next I-cycle.

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 circuitry that stops the sys-
tem is activated and the stop key-light on the 1401 con-
sole panel turns on.

Operating the start key on the console panel turns off
the stop key-light and turns on the I-Op trigger and its
associated console light. Depending on the operation,
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Arithmetic Operations

The add, subtract, zero and add, and zero and subtract
operation codes are used to perform the system’s arith-
metic operations. The use of add-to-storage logic in the
1M 1401 eliminates the need for special-purpose accu-
mulators or counters in the system. Because any group
of storage positions can be used as an accumulating
field, the capacity for arithmetic functions is not limited
by a predetermined number of counter positions.

SIGN BCD CODE BIT CARD CODE
CONFIGURATION CONFIGURATION

Plus No A- or-B-bit No-Zone

Plus A- and B-bits 12-Zone

Minus B-bit only 11-Zone

Plus A-bit only 0-Zone

Figure 21. Sign Bit Equivalents

All arithmetic operations are performed under com-
plete algebraic sign control. Figure 21 shows the four
possible combinations of zone bits and the values of the
signs they represent. When the system signs a field, it is
done in the standard form. A positive factor is indicated
with an A- and a B-bit, and a negative factor is indi-
cated with a B-bit. The sign of the resultant field is
determined by the type of operation and the signs and
values of the data fields as shown in Figure 22.

T | A-FLb. | B-FLD. | TYPE OF ADD SIGN OF
OPER SIGN SIGN CYCLE RESULT
+ True add +
A ' - Compl. add Sign of greater
D + value
D * Compl. odd (Standard Form)
- True add -
a - True add -
+ N
'? + Compl. add Sign of greater
R~ value
é - Compl, add (Standard Form)
T + True add +

Figure 22. Types of Add Cycles and Sign of Result for Add and
Subtract Operation

Add (A AAA BBB) and Subtract (S AAA BBB)

The add and subtract operations in the M 1401 Data
Processing System are performed by using one of the
two types of add operations incorporated in the system:
1. true add :

2. complement add
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The type of add operation that will be taken is deter-
mined during the first E-phase B-cycle.

First A-Cycle

The first cycle during any E-phase is always an A-cycle.
The A-Add. Reg. contains the core-storage location
specified in the A-address portion of the previously-
read instruction. In this instance, it is the units position
of the A-field. The address in the A-Add. Reg. is trans-
ferred to the STAR, and the A-Add. Reg. key-light on
the 1401 console panel turns 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 then read back
into the core-storage position they came from, and are
also transferred to the A-register. The address in the
STAR is transferred back into the A-Add. Reg. without
modification. The A-cycle ends and the B-cycle begins.

First B-Cycle (Figure 23)

The core-storage position that is the units position of
the B-field 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 con-
sole 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 digit portion of the B-register contents is read
back into the core-storage position from which it came.
Also, a C-bit is added or removed to maintain odd-bit
parity. The address in the STAR is transferred back
into the B-Add. Reg. without modification, and the ap-
propriate parity and validity checks are made. Any
check condition stops the system and turns on the ap-
propriate check lights on the console panel. If no check
condition occurs the A-register sign is compared against
the B-register sign. The result of this comparison, in

. conjunction with the specified operation, determines

the type of add operation performed, and determines
the initial sign of the result field.

EQUAL SIGNS

If the A-register sign is equal to the B-register sign,
and the Op Code is A (add), then the B-register zone
bits are read back into the core-storage position they
came from, and a C-bit is added or removed to main-
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tain odd-bit parity. In this instance, the sign returned
to storage is the sign of the resultant B-field (refer to
Figure 22). The circuitry used to execute true-add oper-
ations is also activated, and the first A-cycle of the true-
add operation starts when the B-cycle ends.

If the A-register sign is equal to the B-register sign,
and the Op code is S (subtract), then the B-register
sign is read back in standard form into the core-storage
position it came from and a C-bit is added or removed
to maintain odd-bit parity. Depending on the value of
the fields involved, this sign may, or may not, be the
sign of the resultant B-field (refer to Figure 22). The
circuitry used for executing complement-add opera-
tions is also activated, and the first A-cycle of the com-
plement-add operation starts when the B-cycle ends.

UNEQUAL SIGNS

If the A-register sign is not equal to the B-register sign,
and the Op code is S (subtract), then the B-register
zone bits are read back into the core-storage position
they came from, and a C-bit is added or removed to
maintain odd-bit parity. In this instance, the sign re-
turned to storage is the sign of the resultant B-field
(refer to Figure 22). The circuitry used for executing
true-add operations is also activated and the first A-
cycle of the true-add operation starts when the B-cycle
ends.

If the A-register sign is not equal to the B-register
sign, and the Op code is A (add), then the B-register
sign is read back in standard form into the core-storage
position it came from and a C-bit is added or removed
to maintain odd-bit parity. Depending on the value of
the fields involved, this sign may, or may not, be the
sign of the resultant B-field (refer to Figure 22). The
circuitry used to execute complement-add operations
is also activated, and the first A-cycle of the comple-
ment-add operation starts when the B-cycle ends.

No addition takes place during the first A- and B-
cycles of an add operation (true or complement). These
cycles are used to determine the type of add operation
performed, and to activate the necessary circuitry.

True-Add Operation

The decision to execute a true-add operation is arrived
at in the system by an A- and B-register sign compari-
son in conjunction with the specific operation (addition
or subtraction) to be performed. This decision is made
during the first B-cycle of an add or subtract operation.
The various groups of conditions that can result in a
true-add operation are shown in Figure 24. Notice that
the original sign of the B-field is always the sign of the
resultant B-field.
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(+A) + (+B) =+R
Field A Field B
0017+ 0065+
1 0017
0082 + Result
(-A) + (-B) =-R
Field A Field B
0009~ 0016~
L 0009
0025 - Result
(+A) - (-B) = R
Field A Field B
0011+ 0025-
L 0011
0036 ~ Result
(-A) - (+B) =+R
Field A Field B
0062~ 0036+
L 0062
0098 + Result

Figure 24. True-Add Cycle Examples

A-CYCLE

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

B-CYCLE (FIGURE 25)

The core-storage position that receives the result of the
A- and B-field digit addition during the B-cycle was
previously specified by the instruction, and the address
was placed in the B-Add. Reg. during I-phase. This is
the units position of the B-field, and is the same posi-
tion previously read out during the first B-cycle when
the type of add operation was decided. During that
B-cycle, there was no B-Add. Reg. modification so the
B-Add. Reg. still contains the original address (see Fig-
ure 23). (This was also true for the A-Add. Reg. during
its first cycle.) The address in the B-Add. Reg. is trans-
ferred to the STAR, and the B-Add. Reg. key-light on
the 1401 console panel turns on. The STAR lights on
the console panel display the core-storage position
being addressed (in BCD form).

The operation is checked to see if this B-cycle is the
first true-add B-cycle. If it is the first true-add B-cycle,
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the zone portion of the B-register is read back into the
core-storage position from which it came. The digit
portion of the A-register is added to the digit portion
of the B-register next, and then the addition result is
read back into the specified core-storage location (in
this case, the units position of the B-field).

If this B-cycle is not the first true-add B-cycle, then
the carry latch is checked to see if it was turned on dur-
ing the previous B-cycle. If the carry latch is not on,
then the digit portion of the A-register is added to the
digit portion of the B-register, and the addition result
is read back into the specified core-storage location. If
the carry latch is on, then the digit portion of the A-
register is added to the digit portion of the B-register
and this result is increased by one (the carry). The carry

latch is turned off, and the addition result is then read
back into the specified core-storage location.

A check is made to see if a carry resulted from this
addition. If no carry occurred, the address in the B-
Add. Reg. is decreased by one. If a carry occurred, then
the carry latch is turned on and the B-Add. Reg. is de-
creased by one.

The appropriate parity and validity checks are made
next. 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 it contains a word mark.

If the B-register contains a word mark, it is trans-
ferred to the specified core-storage position. A check is
made to see if this B-cycle is the first true-add B-cycle.
If it is the first true-add B-cycle, then a C-bit is added
or removed to maintain odd-bit parity in that core-stor-
age position, Then, the E-phase ends and the I-phase of
the next instruction begins. If this B-cycle is not the
first true-add B-cycle, then the carry latch is checked
to see if it is on. If it is not on, the overflow indica-
tions (zone bits) in the A-register are added to the
overflow indications (zone bits) in the B-register. The
resultant addition of overflow indications are trans-
ferred into the specified core-storage location, and a
C-bit is added or removed to maintain odd-bit parity
in that core-storage position. (Refer to Figure 26 for
zone-bit configurations of overflow indications.) The
E-phase ends and the I-phase of the next instruction
begins.

OVERFLOW ZONE-BIT
INDICATION CONFIGURATION
First overflow A-bit
Second overflow B-bit
Third overflow A= and B-bijts
Fourth overfiow No A- or B-bits
Overflow Indications 1-4 Repeated for Subsequent Overflows

Figure 26. Zone-Bit Configuration of Overflow Indications

If the carry latch is on, the overflow indications in the
A-register are added to the overflow indications in the
B-register, and this result is increased by one (the
carry). The carry latch is turned off and the resultant
addition of overflow indications are transferred into the
specified core-storage location. A C-bit is added or re-
moved to maintain odd-bit parity in that core-storage
position. The E-phase ends and the I-phase of the next
instruction begins.

If the B-register does not contain a word mark, then
a check is made to see if the previous A-cycle was elim-
inated. The A-cycle would have been eliminated if an
A-field word mark had been encountered before a B-
field word mark. (If the A-field is the same length as the
B-field, an A-field word mark is not needed.) If the pre-
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vious A-cycle was eliminated, then a zero is generated
and transferred into the A-register. Then, the circuitry
is set up to eliminate the next A-cycle and another B-
cycle starts.

If the previous A-cycle was not eliminated, then the
A-register is checked to see if it contains a word mark.
If the A-register does not contain a word mark, then
the next A-cycle begins. If the A-register does contain
a word mark, it signifies that the end of the A-field has
been reached before the end of the B-field. A zero is
generated and transferred into the A-register. Then, the
circuitry is set up to eliminate the next A-cycle and an-
other B-cycle starts.

Complement-Add Operation

The decision to execute a complement-add operation is
arrived at in the system by an A- and B-register sign
comparison in conjunction with the specific operation
(addition or subtraction) to be performed. This decision

(+A) + (-B) = -R
Field A Field B
0017+ 0036~
L 9983 9983
Carry ] 0019 = Result
(Recomplementing unnecessary)
(-A) + (+B) =R
Field A Field B
0034~ 0055+
L 9966 9966
Carry | 0021 + Result
(Recomplementing unnecessary)
(+A) - (+B) =+R T
Field A Field B
0073+ 0085+
L 9927 - 9927
Carry | 0012 - Result
(Recomplementing unnecessary)
L - —— e ———
(-A) - (-B) =R
Field A Field B
0056~ 0078~
L 9944 9944
_ Carry § 0022 - Result
(Recomplementing unnecessary)

Figure 27. Complement-Add Cycle Examples
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is made during the first B-cycle of an add or subtract
operation. The various groups of conditions that can
result in a complement-add operation are shown in
Figures 27 and 28.

The system converts the A-field factor to its nines
complement figure and adds it to the B-field factor
(plus one initial carry). When the addition is over, the
system initiates a carry test to determine whether a
carry occurred from the high-order position of the B-
field. The presence of a carry indicates that the result
in the B-field is a true figure (Figure 27). The original
sign of the B-field is the sign of the result (in standard
form).

If there was no carry from the high-order position of
the B-field, then the result in the B-field is not a true
figure (Figure 28). A recomplement cycle is performed

(+A) + (-B) =+R

Field A Field B
0036+ 0017~
L 9964 —> 9964
No_Carry ] 9981 - Result
(Recomplement) Sign of
greater value 9981+

Conversion 0019 + Result
(-A) + (+B) = -R
Field A Field B
0055~ 0034+
L 9945 9945
No Carry | 9979 + Result
(Recomplement) Sign of

greater value 9979~
¥
%— Conversion 0021 - Result
(+A) - (+B) =+R
Field A Field B
0085+ 0073+
L 9915 9915
No Carry ] 9988 + Result
(Recomplement) Sign of

greater value 9988+

Conversion 0012 + Result
e — e — e — o —
(-4) - (-B) =R
Field A Field B
0078- 0056-
L 9922 9922
No Carry | 9978 - Result
(Recomplement) Sign of
greater value 9978~

¥
Conversion 0022 - Result

Figure 28. Complement-Add (with Recomplementing) Cycle
Examples



to convert the result to a true figure. In an add or sub-
tract operation that results in a negative figure, the sign
of the result is also changed during the recomplement
operation. The system generates this new sign auto-
matically.

A-CYCLE

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

B-CYCLE (FIGURE 29)

The core-storage position that receives the result of the
A- and B-field digit addition during the B-cycle was
previously specified by the instruction, and the address
was placed in the B-Add. Reg. during I-phase. This is
the units position of the B-field and is the same position
that was previously read out during the first B-cycle
when the type of add operation was decided. During
that B-cycle, there was no B-Add. Reg. modification, so
the B-Add. Reg. still contains the original address (see
Figure 23). (This was also true for the A-Add. Reg. dur-
ing its first cycle.) The address 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 display the core-storage
position being addressed (in BCD form).

The operation is checked to see if this B-cycle is the
first complement-add B-cycle. If it is the first comple-
ment-add B-cycle, the zone portion of the B-register is
read back into the core-storage position from which it
came (in standard form). The digit portion of the A-
register is complement added to the digit portion of
the B-register, and this result is increased by one (initial
carry). The addition result is then read back into the
specified core-storage position (in this case, the units
position of the B-field).

If this B-cycle is not the first complement-add B-
cycle, then the carry latch is checked to see if it was
turned on during the previous B-cycle. 1f the carry
latch is not on, then the digit portion of the A-register
is complement added to the digit portion of the B-reg-
ister, and the addition result is read back into the spec-
ified core-storage position. If the carry latch is on, then
the digit portion of the A-register is complement added
to the digit portion of the B-register and this result is
increased by one (the carry). The carry latch is turned
off, and the addition result is read back into the speci-
fied core-storage position.

A C-bit is added or removed to maintain odd-bit par-
ity in the core-storage position that received the addi-
tion result.
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Figure 29. Complement Add B-Cycle Operation

A check is made to see if a carry resulted from this
addition. If a carry occurred, then the carry latch is
turned on. The address in the B-Add. Reg. is decreased
by one.

The appropriate parity and validity checks are made
next. 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 it contains a word mark.

If the B-register contains a word mark, it is trans-
ferred to the specified core-storage position, and a C-bit
is added or removed to maintain odd-bit parity in that
core-storage position. The carry latch is checked to see
if it is on. If it is on, it indicates that the result in the
B-field is a true figure. The E-phase ends and the I-
phase of the next instruction begins. If the carry latch
is not on, it indicates that the result in the B-field is not
a true figure. The reverse-scan circuitry and the cir-
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cuitry to climinate A-cycles are turned on, and a re-
complement-add B-cycle begins. If the B-register does
not contain a word mark, then a check is made to see if
the previous A-cycle was eliminated. The A-cycle
would have been eliminated if an A-field word mark
had been encountered before a B-field word mark. (If
the A-field is the same length as the B-field, an A-field
word mark is not needed.) If the previous A-cycle was
eliminated, then a zero is generated and transferred
into the A-register. Then, the circuitry is set up to elim-
inate the next A-cycle and another B-cycle starts.

If the previous A-cycle was not eliminated, then the
A-register is checked to see if it contains a word mark.
If the A-register does not contain a word mark, then
the next A-cycle begins. If the A-register does contain
a word mark, it signifies that the end of the A-field has
been reached before the end of the B-field. A zero is
generated and transferred into the A-register. Then the
circuitry is set up to eliminate the next A-cycle and an-
other B-cycle starts.

Recomplement Operation

At the end of a complement-add operation, a no-carry
indication from the high-order position of the B-field
indicates that the B-field figure is not a true figure and
a recomplement operation must be performed. During
the recomplement operation, the B-field sign is also
reversed.

The conditions used to signal a recomplement opera-
tion are shown in Figure 28. The circuitry during a re-
verse-scan operation is activated and the A-cycles are
eliminated.

REVERSE-SCAN OPERATION (FIGURE 30)

The reverse-scan operation is made up of a series of
repetitive B-cycles that continue until the B-field units
position is reached. The first reverse-scan B-cycle dur-
ing a recomplement operation reads out the same core-
storage position that was involved in the last comple-
ment-add B-cycle. The address of this core-storage
position is no longer in the B-Add. Reg., because the
B-Add. Reg. address was already modified. The STAR
still does have this address, which 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 all other reverse scan
cycles, the B-Add. Reg. address 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). Then 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.
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The B-register is checked to see if it contains a B-bit.
The sign in the units position of the B-field always con-
tains a B-bit because the B-field sign was stored in its
standard form during a complement-add operation.
Because the zone bits were removed from every B-field
position, except the units position, the B-bit can be
used to signal the end of a reverse-scan operation.

If the B-register does not contain a B-bit (this signi-
fies that the B-field units position has not been reached),
the character in the B-register is read back into the
core-storage position from which it came. The address
in the B-Add. Reg. is increased by one and the appro-
priate 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 circuitry to eliminate A-cycles is activated
and another B-cycle begins.

When a B-bit is found in the B-register, the B-regis-
ter character is read into the A-register, but not back
into the core-storage position from which it came. A
zero is generated instead, and it replaces the B-register
character in the specified core-storage position. The A-
register input is then blocked so that it cannot accept a
character during the next cycle.

The reverse-scan circuitry is turned off, and the carry
latch is turned on because an additional one must be
added during the first recomplement-add (forward-
scan) cycle to obtain the correct total. Sign control is
turned on, and the appropriate parity and validity
checks are made. Any check condition stops the system
and turns on the appropriate check lights on the con-
sole panel. If no check condition occurs, the circuitry
that eliminates A-cycles is activated and another B-
cycle begins.

This B-cycle operation during the last reverse-scan
cycle is actually the first B-cycle of the two B-cycles
needed to recomplement the units position of the field.
The B-field recomplementing is done one position at a
time, and each position requires two B-cycles. During
the first recomplement B-cycle, the core-storage posi-
tion is read out to the A- and B-registers. The B-register
output to core storage is blocked and a zero is inserted
in the specified core-storage position. During the sec-
ond recomplement B-cycle, the zero is read back into
the B-register and the A-register digit is complement
added to the B-register digit. The resultant addition is
stored in the specified core-storage position.

FIRST FORWARD SCAN B-CYCLE (FIGURE 30)

The first forward-scan cycle (second recomplement
cycle for the B-field units position) reads out the same
core-storage position that was involved in the last re-
verse-scan B-cycle (the B-field units position). The ad-
dress of this core-storage position is no longer in the
B-Add. Reg., because the B-Add. Reg. address was al-
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ready modified. The STAR still 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 displayed in BCD form (a zero).
This is possible, as shown in Figure 30, because this
B-cycle is not a reverse-scan cycle, and the A-register
cannot accept data.

Sign control is checked to see if it is on. It is on when
the units position of the field is addressed. It is off dur-
ing the rest of the operation. When it is on, it activates
the circuitry that reverses the B-register sign, and sends
it back to the specified core-storage position. Then the
sign control is turned off.

The carry latch is checked next to see if it is on. It is
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always on when the units position of the field is ad-
dressed. At other times, it may be on or off, depending
on the previous addition result. If the carry latch is on,
the digit portion of the A-register is complement added
to the digit portion of the B-register, and this result is
increased by one (the carry). The carry latch is turned
off and the addition result is read back into the specified
core-storage position. If the carry latch is not on, the
digit portion of the A-register is complement added to
the digit portion of the B-register, and the addition re-
sult is read back into the specified core-storage position.

A C-bitis added or removed to maintain odd-bit par-
ity in the core-storage position that received the addi-
tion result.
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A check is made to see if a carry resulted from this
addition. If a carry did occur, the carry latch is set on
and the appropriate parity and validity checks are
made. If no carry occurred, 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 it contains a word mark.

If the B-register contains a word mark, it is trans-
ferred to the specified core-storage position, and a C-bit
is added or removed to maintain odd-bit parity in that
core-storage position. The E-phase ends and the I-
phase of the next instruction begins.

If the B-register does not contain a word mark, the
A-register is conditioned so that it will be able to accept
a character during the next cycle. This will be a B-cycle,
as all recomplement forward-scan B-cycles are, because
the circuitry to eliminate A-cycles is activated at this
time.

OTHER FORWARD SCAN B-CYCLES

The two recomplement B-cycles per field position for-
ward-scan operation continue until a B-register word
mark is sensed during the second recomplement B-cycle
operation on that particular field position.

1-Field Operation

Both the add and the subtract operation can be per-
formed with only the A-field specified.

ADD OPERATION (A AAA)

An add operation with only the A-field specified
(A AAA) adds the A-field data to itself. The add opera-
tion is always a true-add operation, and the operation
results in an amount that is double the original A-field
amount. The resultant A-field sign is the same as the
original A-field sign and has the same form. Any over-
flow bits present are also affected, and the resultant
A-field overflow indication is double the original indi-
cation.

The effective instruction is A AAA AAA, and the
operation is basically the same as a A AAA BBB in-
struction. Alternate A- and B-cycles are used to accom-
plish the operation, and each A-field position is ad-
dressed twice because the A-field address is in both the
A-Add. Reg. and the B-Add. Reg. The high-order posi-
tion of the A-field must have a word mark.

SUBTRACT OPERATION (§ AAA)

A subtract operation with only the A-field specified
(S AAA) subtracts the A-field from itself. The subtract
operation is always a complement-add (no recomple-
ment) operation, and the operation results in an A-field
with an amount of zero. The resultant A-field sign is the
same as the original A-field sign, but it is in standard
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form. Zone bits in all the A-field positions, except the
units position, are dropped.

The effective instruction is S AAA AAA and the oper-
ation is basically the same as a S AAA BBB instruction.
Alternate A- and B-cycles are used to accomplish the
operation, and each A-field position is addressed twice
since the A-field address is in both the A-Add. Reg. and
the B-Add. Reg. The high-order position of the A-field
must have a word mark.

Zero and Add (? AAA BBB)
and Zero and Subtract (! AAA BBB)

Both the zeEro AND ADD instruction and the ZERO AND
SUBTRACT instruction replace the data in the B-field
with the data from the A-field. The data from the A-
field moves directly from the A-register into storage.
Zone bits are stripped from all positions except the units
position, and blanks in the A-field are stored as blanks
in the B-field. The only difference between the two in-
structions is the treatment of the sign.

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 31)

The core-storage position that receives the A-register
digit 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 1401 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 when
the contents of that position are displayed in BCD
form.

The A-register digit contents replace the B-register
contents in the specified core-storage position. If this is
not the first B-cycle, and a C-bit is needed to obtain
odd-bit parity, the C-bit is generated and placed in the
same core-storage position.

If this B-cycle is the first B-cycle, then the operation
code is checked to see if it is a ? (zeEro anp app Op
code) or a ! (zEro aND sUBTRACT Op code). If it is a
ZERO AND ADD Op code, the A-register sign is transferred
to the specified core-storage position in its standard
form. If it is a zERO AND suBTRACT Op code, the reverse
of the A-register sign is transferred to the specified core-
storage position in its standard form. 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 B-register is checked to
see if it contains a word mark.

If the B-register contains a word mark, it is trans-
ferred to the specified core-storage position and a C-bit
is added or removed to maintain odd-bit parity. The
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Figure 31. Zero and Add and Zero and Subtract Instructions:
E-Phase Operation

B-register word mark also terminates the operation by
ending the E-phase and starting the I-phase of the next
instruction.

If the B-register does not contain a word mark, then
a check is made to see if the previous A-cycle was elim-
inated. The A-cycle would have been eliminated if an
A-field word mark had been encountered before a B-
field word mark. (If the A-field is the same length as
the B-field, an A-field word mark is not needed. ) If the

previous A-cycle was eliminated, a zero is generated
and transferred into the A-register. Then, the circuitry
is set up to eliminate the next A-cycle and another B-
cycle starts.

If the previous A-cycle was not eliminated, the A-
register is checked to see if it contains a word mark. If
the A-register does not contain a word mark, the next
A-cycle begins. If the A-register does contain a word
mark, it signifies that the end of the A-field has been
reached before the end of the B-field. A zero is gener-
ated and transferred into the A-register. This zero re-
places the B-register contents in core-storage during
the next B-cycle. Circuitry is set up to eliminate the
next A-cycle and another B-cycle begins.

1-Field Operation
Both the zero and add and the zero and subtract opera-
tions can be performed with only the A-address speci-
fied. However, during I-phase, the A-address enters
both the A-Add. Reg. and the B-Add. Reg.
A zero and add operation, with only the A-address
specified, can accomplish two things:
1. The plus sign in its standard form can be inserted in
the units position of the field.
2. Zone bits are stripped from every position in the
field, except the units position.
Both of these functions, however, can usually be ac-
complished in other ways in less processing time.
A zero and subtract operation, with only the A-ad-
dress specified, can accomplish two things:
1. The sign of the specified field is changed.
2. Zone bits are stripped from every position in the
field, except the units position.
The second function, however, can usually be accom-
plished in other ways in less processing time.
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Clear, Move, Load, and Word Mark
Operations

Clear Storage (/ AAA)

The CLEAR STORAGE instruction clears all data and all
word marks from a specified core-storage area. The
high-numbered core-storage position of the cleared
area is the position specified by the A-address in the
CLEAR STORAGE instruction. The low-numbered core-
storage position of the cleared area is the nearest hun-
dreds position below the core-storage position specified
by the A-address. For example, if the specified core-
storage position is 691, then positions 691 down through
600 are cleared.

I-Phase Set-Up Operations (Figure 32)
Some instructions require alterations of the normal E-

CLEAR STORAGE OP
CODE / & B-REG WM

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. During I-4 time, a
CLEAR STORAGE Op code and a B-Reg. word mark set up
circuitry that eliminates all A-cycles during the next
E-phase. 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 I-phase ends
and the E-phase begins.

B-Cycle (Figure 32)

The execution of a CLEAR STORAGE instruction consists
of successive B-cycles until the operation is ended. The
B-Add. Reg. received the A-address during the I-phase
portion of the operation. The A-Add. Reg. also contains
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Figure 32. Clear Storage and Clear Storage and Branch Instructions: I- and E-Phase Operations
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the A-address, but the A-Add. Reg. contents are ig-
nored. (A-Add. Reg. contents are read out only during
A-cycles.)

The address in the B-Add. Reg. is transferred to the
STAR, and the B-Add. Reg. key-light on the console
panel displays 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 clear storage operation does not let any of the
B-register contents read back into core storage how-
ever. This results in a completely blank core-storage
position. A C-bit is generated and placed in the blank
core-storage position so that the position has odd-bit
parity.

The address in the B-Add. Reg. is decreased by one,
and a check is made to see if the core-storage position
just cleared was the hundreds position of the core-stor-
age block being cleared.

CONTINUE OPERATION

If the hundreds position of the core-storage block being
cleared has not been reached, the appropriate parity
and validity checks are made before another B-cycle is
started. Any check condition, except a B-Reg. parity-
check condition, stops the system and turns on the ap-
propriate check lights on the console panel. If no check
condition occurs, another B-cycle is started.

TERMINATE OPERATION

If the hundreds position of the core-storage block being
cleared has been reached, the appropriate parity and
validity checks are made before the operation is ended.
Any check condition, except a B-Reg. parity-check con-
dition, 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.

Clear Storage and Branch (1 Il BBB)

The CLEAR STORAGE AND BRANCH instruction clears all
data and all word marks from a specified core-storage
area in the same manner as a CLEAR STORAGE instruc-
tion. The difference between the two instructions is
that the CLEAR STORAGE AND BRANCH instruction sets up
circuitry so that the address of the next instruction is
taken from the A-Add. Reg. instead of the I-Add. Reg.
During I-7 time, the cLEAR sTORAGE Op code sets up
the circuitry needed to read the address in the A-Add.
Reg. into the STAR, instead of the address in the
I-Add. Reg. The actual transfer takes place during the
I-phase that follows the CLEAR STORAGE AND BRANCH

E-phase. Once the A-Add. Reg. address is in the STAR,
the address is modified by 41 and transferred into the
I-Add. Reg. The remaining I-cycle addressing is done
in the normal way.

At 1I-7 time, the cLEAR sTORAGE Op code sets up the
circuitry that ends the I-phase, starts the E-phase, and
eliminates all A-cycles during the E-phase.

Set Word Mark (, AAA BBB) (, AAA)

The SET WORD MARK instruction sets word marks in the
core-storage positions specified in the instruction. The
data already in these positions is undisturbed.

A-Cycle (Figure 33)

The core-storage position that receives the word mark
during the A-cycle was previously specified by the in-
struction, and the address was placed in the A-Add.
Reg. during I-phase. The address in the A-Add. Reg. is
transferred to the STAR, and the A-Add. Reg. key-light
on the 1401 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.

An Op-code test establishes the operation as a set
word mark operation. A set word mark operation allows
any A-, B-, 1-, 2-, 4-, or 8-bit in the B-register to read
back into the core-storage position from which they
came. ( The B-register contents also go to the A-register,
but serve no purpose during this operation.) A word
mark is also generated and placed in the core-storage
position with the bits just read back.

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 A-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-cycle ends and the B-
cycle begins. (See Figure 34 and the accompanying
text for the B-cycle operation. )

Clear Word Mark (1 AAA BBB) (HAAA)

The CLEAR WORD MARK instruction clears the word
marks from the core-storage position specified in the
instruction. The data already in these positions is un-

disturbed.
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A-Cycle (See Figure 33)

The core-storage position that loses its word mark dur-
ing A-cycle was previously specified by the instruction,
and the address was placed in the A-Add. Reg. during
I-phase. The address in the A-Add. Reg. is transferred
to the STAR and the A-Add. Reg. key-light on the 1401
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CLON*

*REFER TO FIGURE 2
FOR APPROPRIATE LIGHTS
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console panel is turned on. The STAR lights on the con-
sole panel display the core-storage position being ad-
dressed (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 clear
word mark operation. A clear word mark operation al-
lows any A-, B-, 1-, 2-, 4-, or 8-bit in the B-register to
read back into the core-storage position from which
they came. In this manner, the word mark, if previously
present, is eliminated.

If a C-bit is needed to obtain odd-bit parity, it is also
generated and placed in the core-storage position with
the bits just read back.

The address in the A-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-cycle ends and the B-
cycle begins. (See Figure 34 and the accompanying
text for the B-cycle operation.)

Set Word Mark B-Cycle (See Figure 34)

TWO FIELDS

The two core-storage positions that receive the word
marks were previously specified by the instruction, and
their addresses were placed in the A-Add. Reg. and the
B-Add. Reg. during I-phase. The address in the A-Add.
Reg. was used during the A-cycle. During the B-cycle,
the B-Add. Reg. specifies the core-storage position that
will receive the word mark. The address 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 display the core-stor-
age 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 Op code test done during the A-cycle estab-
lished the operation as a set word mark operation. A set
word mark operation allows any A-, B-, 1-, 2-, 4-, or
8-bit in the B-register to read back into the core-storage
position from which they came. A word mark is also
generated and placed in the core-storage position with
the bits just read back.

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.



B-ADD REG TO
B-ADD REG C L
ON :

¥

STORAGE
TO B-REG

¥

A-CYCLE \
OP CODE
TEST

ﬁsET WM J

CLEAR WM

R B RB
STORAGE O

Y

WMTO
STORAGE

¥

C-BIT TO
STORAGE, IF
NEEDED

Y

MODIFY
B-ADD REG

(=N

NO SYST

*REFER TO FIGURE 2
FOR APPROPRIATE LIGHTS

Figure 34. Set Word Mark and Clear Word Mark Instructions:
B-Cycle Operation

If no check condition occurs, the E-phase ends and the
I-phase of the next instruction begins.
ONE FIELD

The core-storage position that receives the word mark
was previously specified by the instruction, and the ad-

dress was placed in both the A-Add. Reg. and the B-
Add. Reg. during the I-phase. The B-cycle occurs, and
the core-storage position that received the word mark
during the A-cycle receives a second word mark during
the B-cycle. The B-cycle operation for a 1-field instruc-
tion is exactly the same as for a 2-field instruction.

Clear Word Mark B-Cycle (See Figure 34)

2-FIELD OPERATION

The two core-storage positions that lose their word
marks were previously specified by the instruction, and
their addresses were placed in the A-Add. Reg. and the
B-Add. Reg. during I-phase. The address in the A-Add.
Reg. was used during the A-cycle. During the B-cycle,
the B-Add. Reg. specifies the core-storage position that
loses its word mark. The address 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 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 Op-code test, done during the A-cycle, estab-
lished the operation as a clear word mark operation. A
clear word mark operation allows any A-, B-, 1-, 2-, 4,
or 8-bit in the B-register to read back into the core-
storage position from which they came. In this manner,
the word mark, if previously present, is eliminated.

If a C-bit is needed to obtain odd-bit parity, it is also
generated and placed in the core-storage position with
the bits just read back.

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 of the next instruction begins.

1-FIELD OPERATION

The core-storage position that loses its word mark was
previously specified by the instruction, and the address
was placed in both the A-Add. Reg. and the B-Add.
Reg. during I-phase. The B-cycle occurs, and the core-
storage position that lost its word mark during the A-
cycle attempts to lose a word mark again during the
B-cycle. The B-cycle operation for a 1-field instruction
is exactly the same as for a 2-field instruction.

Move (M AAA BBB)

The MovE instruction moves the data in the A-ficld to
the B-field. The word-mark status of both fields and the
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data in the A-field remain unchanged during the move
operation.

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 replaces
it with the character in the A-register. This new charac-
ter is then 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 35)

The core-storage position that receives the A-cycle
character 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 MovE operation lets the A-register character,
minus the word-mark bit, replace the B-register charac-
ter in the specified core-storage position.

Both the A- and the B-register characters are checked
to see if either one contains a word mark. If a word
mark is present in either register, the operation is ter-
minated at the end of the B-cycle. If no word mark is
present, it means that more A- and B-cycles must be
taken until a word mark is encountered.

CONTINUE OPERATION

If more A- and B-cycles must be taken, the address in
the B-Add. Reg. is decreased by one and the appropri-
ate parity and validity checks are made. Any check con-
dition stops the system and turns on the appropriate
check lights on the console panel. If no check condition
occurs, the B-cycle ends and the A-cycle begins. Alter-
nate A- and B-cycles take place until an A- or B-register
word mark is encountered during a B-cycle, This con-
dition sets up the circuitry that terminates the operation.

TERMINATE OPERATION

If the word mark encountered is in the B-register, it is
sent into core storage and stored with the last character
moved. (The core-storage position is still being speci-

fied by the B-Add. Reg.)
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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.

1-Field Operation

It is possible to execute a MOVE instruction with only
the A-address specified (M AAA). The B-address that
is used is the resultant B-address from the last opera-
tion. During the I-phase of a move operation, the B-
Add. Reg. read-in is blocked during I-cycles 1, 2, and 3.
This format is particularly useful when sequential stor-
ing of scattered fields is wanted. When this instruction
is used, the scattered fields in an A-area are sequen-
tially stored in the B-area. The A-address specifies the
starting position of an A-field, while the B-address is
automatically taken 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 operation.

Move Characters and Suppress Zeros
(Z AAA BBB)

The MOVE CHARACTERS AND SUPPRESS ZEROS instruction
moves the data in the A-field to the B-field, followed by
a zero-suppression operation. The zero-suppression
operation starts at the high-order position of the data
field and ends at the low-order position of the data
field. Operating on data in this manner is called reverse
scanning. During the zero-suppression operation, any
zeros, commas, or hyphens are changed to blanks if en-
countered before the first significant digit. The first sig-
nificant digit encountered stops the zero-suppression
operation. However, any valid 1401 characters (other
than a zero, comma, hyphen, blank, or significant digit),
encountered after the first significant digit, start zero
suppression again.

The MOVE CHARACTERS AND SUPPRESS ZEROS operation
is made up of two distinct operations. During the first
operation, the data is moved from the A-field to the B-
field. During the second operation, the B-field reverse-
scan operation and its associated zero-suppression oper-
ation take place.

Data-Movement Operation

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
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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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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-

RS ON
(FROM FIGURE 40 ON PAGE 45)
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START
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B-REG
WM

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.

48

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.

17

18

19

20

21

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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23

24

25

26

27

28

29

30

31

32
33

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

10

11-15

16-20

21-23

25

34

35

36
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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

38

39

40
41
42

43

15-23

44

37

45

46

47

48

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.
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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.



10
11

12

13

14
15

16

17

18

19

20

22

23

24

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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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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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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