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1.0.00 SYSTEM FUNDAMENTALS

1.1.00 STORAGE PRINCIPLES

Magnetic core storage is used in the IBM 1411 Central Processing Unit. Charac~
ters are stored in the core-storage unit in binary-coded decimal (BCD) form. This
requires seven bit locations, or core planes (C, B, A, 8, 4, 2, 1) for each char-
acter position. An eighth core plane provides for the storage of word marks (see
the section 1.1.04 Word Mark).

1.1.01 Addressing

Core-storage units are available in 10, 000-, 20, 000-, or 40, 000-character position
capacities. The arrays are arranged so that each character position can be indi-
vidually addressed.

Each core-storage address is five character positions. Valid addresses for a
machine with 10, 000 characters of storage are 00000 to 09999. Valid addresses
for a machine with 20, 000 characters of storage are 00000 to 19999. Valid ad-
dresses for the maximum machine with 40, 000 characters of storage are 00000 to

39999.

An attempt to use an invalid address results in an error. The numerical portion
of the five-character address must consist only of valid numerical numbers from
zero to nine. An attempt to use 8-3, 8-4, 8-5, 8-6, 8-7 or blank codes in ad-
dresses results in an error-stop (address validity). The zone bits over the tens
and hundreds positions are reserved for index tags as explained under 2.7.00
Indexing. The units-, thousands-, and ten-thousands-positions must contain a no-
zone indication, or an error-stop results.

Core-storage addressing is as follows:

1. To address an instruction in core storage, specify the location of the high-
order character {operation code).

2. Fields to be transferred within the core storage, or fields to be operated on
arithmetically, are addressed by specifying the location of the low-order
character of the field or record. Characters are transferred or operated on
arithmetically in a low- to high-order sequence.

3. For all data movements that originate or terminate outside the core storage,
and for record moves within core storage, the data is addressed by specifying
the location of the high-order character. Therefore, data addresses of all
input-output operations, including the file, specify the location of the high-
order character. On an I/O operation, characters are moved from high to
low order.

1.1.02 Data Word

A data word is one complete unit of information that is comparable to a field in a
card, such as an account number.



1.1.03 Variable Word Length

A data word may be a single character, or a group of characters. Words are
not limited to any fixed number of character positions in the storage unit.

1.1.04 Word Mark

To define the length of a word, a word mark is stored as a single bit in the eighth
core plane of storage in the high-order position of that word. This word-mark
core-plane is in all storage positions. Thus, the high-order position of a word
can be placed at any storage address.

1.1.05 Scanning

The core-storage unit can only read out one character at a time. To read out a
whole word, it is necessary to read out character by character. The order that
these characters are read out is determined by the needs of the machine. For
example, when two fields are added together, the units positions of the fields must
be read out first to determine the signs of the fields. Information read out to an
output machine is read out high order to low order.

The treatment of these words, character by character, is known as scanning.
Reverse scanning is when the word is read out from high order to low order as in
reading out to I/O machines. Forward scanning is the reading out of the low order
position first.

1.2.00 STORED PROGRAMMING

The IBM 1410 system is controlled entirely by stored programming. A sequence
or program routine of operations is stored or loaded in the core-storage unit be-
fore the system processes data. The processing unit then proceeds, step by step,
through the stored-program routine, analyzing each instruction and performing
the function called for before proceeding to the next instruction.

Just as program routines, or jobs in the machines using control panels can be
changed by changing control panels, a stored-program routine can be changed by

loading a new routine into the storage unit via some input machine.

1.2.01 Instruction Word

The instructions in core storage consist of a variable number of alphamerical
characters that combine to make up an instruction word. Valid instruction words
vary in length from one to twelve characters, depending on the amount of informa-
tion that the operation requires.



Valid instruction formats are:

XXX BBBBB d
AAAAA BBBBB
AAAAA BBBBB d

©)

O d

0O XXXd

O AAAAA

O AAAAAd
O

o

0]

O signifies the single-character operation code, AAAAA is the five-character
address of the A field. BBBBB is the five-character address of the B field. XXX
is, the I/O unit and control field, and d is the operation modifier.

The instruction words are arranged in core storage in sequence. Successive
instructions are located in higher-numbered storage positions. Each instruction
word must have a word mark with its operation code. It must not have any other
word marks when executing the instruction, or a machine-stop results. There
must also be a word mark in the location immediately to the right of the low-order
character of the instruction word that ordinarily is the operation code for the next
instruction.

The address of an instruction for execution purposes is the location of its op-
eration code. No operation code has two valid lengths that differ by only one char-
acter. Instruction-length checking assures that the instruction length as read out
of storage is one of the valid lengths for the particular operation code.

1.3.00 CONTROL

The central processing unit (CPU) is made up of four major areas: a storage unit,
an address unit, an operational unit, and a control unit.

1. The storage unit is the center of all data flow in the IBM 1410. Information

' reads into storage from the assembly channel and reads out through a B-data
register to the B-channel. A five-position address is fed to the storage unit,
to control the position of storage to be used.

2. The address unit is used to store and to modify the five-position addresses
that are used to locate the position of storage to be used.

3. The operational unit contains all the units necessary to edit, compare, move
or add data.

4. The control unit contains registers, cycle controls, and a clock that are neces-
sary to perform the various functions of the CPU.

The operation of the IBM 1410 system is controlled by the program routine
stored in the core-storage unit. The completion of each program step requires
two phases called instruction (I) phase and execute (E) phase.



1. 3. 01 Instruction Phase

I-phase is the first portion of the program step that is required to read the instruc-
tion word out of storage. The instruction word is made up of addresses, Op code,
Op modifier, and control characters for I/O operations. As the characters read
out during I-phase, they are stored in registers in the control or address units. A
storage cycle is required to read each character out onto the B-channel. Because
the length of the instruction words is variable,the number of cycles in I Phase is
variable.

I-phase is further divided into I-cycles. To identify which character of the
instruction word is reading out of storage during an I-cycle, an I-ring counts the
characters or cycles. The I-ring consists of 13 triggers labelled I-ring Op, and

I-ring 1 through I-ring 12.

As the first I-cycle of I-phase is taken, the I-ring is set to I-ring Op-time to
identify this character as the Op code. The I-ring then advances to I-ring 1-time
to identify the next character that reads out as either a modifier, or a ten-thousands
position of an address, or the channel-select character, depending on the Op code
character that has already been read out and recognized.

An example of I-phase is the data move instruction word which can consist of
the Op code, followed by an A- and B-field address and a d-modifier character:

\4 A\
D AAAAA BBBBB d O AAAAA BBBBB d

At I-ring Op time, the Op code reads out of the storage unit and is set into the
Op register in the control unit. The Op register is decoded to identify the next
five characters as the A-field address.

I-rings 1 through 5 gate the characters into the proper positions of the A-
address register that is located in the address unit.

I-rings 6 through 10 gate the next five characters to the B-address register in
the address unit. The character read out at I-ring 11-time is the d-modifier. It
is stored in the Op-modifier (Op-Mod) register in the control unit. During I-ring
12-time, the next character is read out to make sure that a word mark is located
in the next position of storage.

I-Phase

@]
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S
>
>
>
tw
t
t
t
t
o8
O<|—

Op AAR BAR Op
Reg. Mod.
Reg.



1. 3. 02 Execute Phase

At the completion of I-phase, the machine is ready to perform the actual operation.
This portion of the program step is called execute phase (E-phase). The length
and complexity of E-phase depends on the type of Op code. E-phase can consist of
A, B, C, D, E, or F-cycles, with storage either forward or reverse-scanned. The
length of each cycle varies from 4.5 to 7.5 microseconds. At the completion of
E-phase the machine normally returns to I-phase to initiate the next instruction.

1.4.00 DATA FLOW
In processing data with the IBM 1410, three major operations are necessary:

1. Data must be fed into the IBM 1411 Central Processing Unit (CPU) from an
input machine.

2. The CPU processes the data as controlled by the stored program.
3. When the processing is complete the result is fed to an output machine.

The center of data flow in the 1411 CPU is the core-storage unit that receives
data from the IBM 1405 Disk Storage Unit, the IBM 1415 Console, or the IBM 1414
Input-Output (I/O) Synchronizer (Figure 1. 4-1). When processing is complete,
the data can be sent to the 1405, 1415, or 1414.

The 1414 I/O Synchronizer synchronizes and controls the various input-output
units that are used in conjunction with the 1410 system. The 1414 includes the
integrated synchronizer, print storage, and tape adapter units.

The integrated synchronizer is an input-output control unit that contains up to
eight 80-character magnetic-core registers. These registers provide independent
buffering for all associated I/O units. A data transfer between the CPU and the
card read-punch or paper tape reader takes place through the integrated synchroni-
zer. Processing time is saved because the CPU does not have to wait for a mechan-~
ical unit to pick up speed, etc.

The print storage unit contains a 132-position core-storage unit that is an in-
termediate storage device between the CPU and the IBM 1403 Printer. Included in
the Print Storage is the circuitry necessary to control the carriage for forms
handling.

The tape adapter units provide a control system for the various tape units that
may be used with the 1410 System.

1.4.01 Central Processing Unit Data Flow

Every operation in the CPU requires a storage cycle. At the beginning of every
storage cycle a five-position address is set in the storage address register (STAR),
where the output is decoded to select the desired position of core storage (Figure
1.4-2). Depending on the size of storage, two or four characters are read out of
core storage into the B-data registers. The ten-thousand position of STAR selects
which register is to read out on the B channel. If the storage cycle is taken only to

9
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Figure 1.4-1 Data Flow
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read out a character, all four B-data registers are read back into storage (regen-
erated). If the storage cycle is taken to write a new character into storage, the
B-data registers that are not selected are gated back into storage, while the se-
lected character is read in from the assembly channel.

When the character is on the B-channel, it is available to most of the units
throughout the machine. For example, when a character is read out during an I-
cycle at I ring Op-time, it is gated from the B-channel to the Op register. At
Op-modifier character time, the character is gated to the Op-mod register.

During E-phase, if the character is a B-field character, it can be gated to
the B-side of the compare matrix, of the adder, of the edit unit, or of the assem-
bly unit. If the character is an A-field character, itis usually stored in the A-
data register where it can be gated to the A-channel to be available to the A side
of the compare matrix, of the adder, and of the assembly unit. The character is
stored in the A-data register until the corresponding character of the B-field is
available on the B-channel so that the two characters can be compared or added.
The assembly area combines the desired portions of characters from the A-chan-
nel, the B-channel, the adder, and/or special character generator, and gates the
character that results to either the core-storage unit or an output machine.

For example, when two characters are added together in the adder, only the
digit portions of the characters are combined. Any zones or word marks that
appear over the B-field character are read back into storage unaltered. The as-
sembly unit combines the adder output with the B-channel zones and word mark,
and gates the new B-field character back to storage.

During I-phase every instruction word character that is read out of storage is
gated from the B-channel to the A-data register,then to the A-channel. The as-
sembly gates the A-channel zones,numerical bits, and the word mark onto the as-
sembly channel. When the control unit identifies a character as an address, the
assembly channel is gated to the address channel, where the character is set into
the desired position of an address register.

For input operations, characters are gated into the E- or F-data registers
from the input machine. The character on the E- or F-channel is gated to core
storage via the A-channel, and the assembly unit. For output operations, charac-
ters that come from storage on the B-channel are gated through the assembly to
set the E- or F-data registers. The E- or F-channel is gated to the output machine
that is selected by the instruction word.

12



2.0.00 CENTRAL PROCESSING UNIT

2.1.00 CORE STORAGE

Magnetic ferrite cores are used as the high-speed storage medium because of
their low access time. The core-storage unit has a basic cycle of 4.5 micro-
seconds. This cycle is divided into read and write time. Read time makes a
character that is contained in the storage unit available to the CPU. Write time
allows characters to be entered into storage from other units. All information in
storage is in BCD form. It is checked for parity upon entering or leaving storage.

2.1.01 Ferrite Cores

Information storage is achieved by using the magnetic properties of the ferrite
core. Each core can store a single bit of information, either a 1 or a 0.

Physical Properties

A ferrite core is a ceramic material with ferromagnetic properties. It is pre-
pared from oxides of iron and other elements, particularly zinc, manganese and
nickel. The materials are ground to a fine powder, carefully mixed together with
a binder and then pressed into shape. After baking, the core is hard and brittle.
It is in the form of a short, hollow cylinder that measures 50 mils outside diame-
ter, 30 mils inside diameter, and 12 mils height,

Magnetic Properties

The ferromagnetic properties of the core permit it to be magnetized by applying an
external magnetizing force. It can be magnetized in either of two direction, north-
to-south, or south-to-north. After the core is magnetized in either direction, it
remains magnetized until another force is applied that is enough to change the di-
rection. The core is stable in either of these two directions and is called a bistable
storage device.

The magnetic force necessary to flip (change the direction of) a core is pro-
vided by the magnetic field that surrounds a wire with current passing through it.
This wire passes through the hole in the core. When the magnetic field is great
enough in a direction opposite to that of the core, the core flips. If a core is set
in one direction, and the current through the wire produces a field to set the core
in the same direction, a very small change takes place in the core. If a core is
set in one direction, and the current through the wire produces a field to set the
core in the other direction, and the field is not large enough, the state of the core
is not changed significantly. The amount of current necessary to flip a core is
called full-select current. When a core flips,there is a rapid breakdown and buildup
of the magnetic field around a core. This changing field induces a voltage in another
wire in the core. This sets a latch and indicates that the core is set. This wire
is called the sense winding.

2.1.02 Core Plane

To make use of a large number of cores, it is necessary to control which cores
13



are set or not set. Consider two parallel wires going through a core, each carry-
ing half-select current in the same direction. The resulting magnetic force from
each current is additive, and equals the effect of full-select current. Now, shift
one wire 90 degrees. With the same half-select current flowing, the effect is still
additive, and produces enough field to switch the core. The wires are called X
and Y drive lines. Figure 2.1-1 shows a core plane. To interrogate the white
core in Figure 2. 1-1, impulse the appropriate X- and Y-drive lines with half-
select current. Only the white core experiences the effects of both half currents.
If the core contains a 1, it is switched, and a pulse is induced in the sense winding.
This pulse is amplified and is used to set a latch. If the addressed core contains
a zero, there is no pulse to set a latch. Note that the state of flux in the other
cores along the two drive lines is not changed by the half-select current. There-
fore, they induce no pulses in the sense winding.

2.1.03 Core Array

There are eight cores used to store one character in BCD form. Each core stands
for one of the eight bits (1, 2, 4, 8, A, B, C, WM).

The core array has 8 planes corresponding to the 8 bits. Each plane has a
sense winding that goes through every core on that plane (Figure 2. 1-2). The
number of cores on each plane determines the number of characters that can be
stored.

Read

To read a character out of storage, the appropriate X- and Y-lines are each im-
pulsed with half-select current (called read current). Every core that is set at
the intersection of these two lines is reset. The pulse is sensed on the corre-
sponding sense winding where it is amplified and used to set a data register latch.

Write

To write into a position, the same X- and Y-drive lines (as in read) are used to
select the proper location. However, to write, the current through the lines is

in the opposite direction (called write current). Because both of these are half-
select currents, they would, unless modified, set all cores in a position. To con-
trol which cores are set, another wire (inhibit line) is passed through every core
on a plane (Figure 2.1-2). To prevent setting a core, half-select current is fed
on the inhibit line in a direction opposite to the X- and Y-currents. This cancels
out half the magnetic force created by the X- and Y-lines and only half-select cur-
rent passes through a core. In setting a core, no current is applied to the inhibit
winding. This permits full-select current to set the core.

Physical Arrangement

The physical arrangement of the cores and the X- and Y-, inhibit, and sense wind-
ings of a plane are shown in Figure 2.1-3.

Each X- and Y-drive line goes only through the cores in one row or column.
The inhibit winding goes through all cores in an electrical plane, and parallels the
X-drive lines. The sense winding is threaded in parallel with the Y-drive lines,
14
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and goes through all cores in an electrical plane. Also the sense winding crosses
over at the middle of the plane to cancel the effect of mutual coupling between the
lines. In the 1411 core storage, there are actually two inhibit and two sense wind-
ings per plane. Thus, for the inhibit and sense functions, the 100-by-100 array

is actually two 50-by-100 core planes.

The essential concern is the voltage that is induced in the sense winding as the
result of the flux change in the addressed core that is set. The sense winding is
crossed at the midpoint of the plane so the Y-drive pulse does not induce enough
voltage to be interpreted as a 1, even though the core contains a 0.

For simplicity, Figure 2.1-4 shows the sense winding in electrical plane 1
and the inhibit winding in electrical plane 2. The sense winding of electrical
plane 2 is a mirror image of the sense winding in electrical plane 1. The inhibit
winding in electrical plane 2 is amirror image of the inhibit winding in electrical
plane 1.

2.1.04 Data Flow Components (Figure 2.1-5)

The data-flow components are:

1. data-register latches

2. inhibit drivers and sense amplifiers
3. logical switching networks.

Because the induced-voltage pulse on the sense line is of low amplitude, a
sense amplifier amplifies the pulse to the logic circuit level. It is then used to
set a data register latch.

To select the induced pulse from the noise impulses on the sense winding, a
short pulse (strobe) gates the sense amplifiers just as the ferrite core reads out.

The data-register latch holds information that is to be again written into the
cores. This rewriting of information back into the cores is called regeneration.
The time that regeneration occurs is controlled by the inhibit gate and a control
line called Storage Regen. This specifies that original information is to be written
back into the cores. The data register latch causes the inhibit drivers either to
suppress or to allow half-currents to flow in a direction opposing the write cur-
rents. Because the write current is in a direction that is opposite to the read cur-
rent, all cores of an address are set to 1 during the write cycle. The inhibit
driver prevents the writing of a 1 by an opposing half current that is under the con-
trol of every data-register bit-position that contains a 0.

Storage Cycles
A core-storage unit has two basic types of cycles.
A read-out cycle occurs when information reads out of the ferrite cores and

passes on to other units of the system. The information read-out is regenerated
(written back into the same cores) during the write portion of the operation.
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A read-in cycle occurs when new information from another unit of the system
is to be written into the cores.

The information that is already in the cores reads out to the data register the
same as during the read cycle. The write portion of the cycle then writes the new
information into the cores. Both read-out and read-in cycles are discussed in
the sections entitled Read Out and Read In.

Read Out

To read out of core storage, these steps are necessary:

1. Read the cores in order to set the information in the data latches.
2. Write the information from the data latches back into the cores.

Read. During the first half of any machine cycle (Figure 2. 1-5)that uses core
storage, the same relative core in each plane is pulsed with X- and Y-current
in the read direction. This sets all cores at a given address to 0. Any l's
present are picked up on the sense lines, amplified by the sense amplifiers,
and used to set the data latches. Cores that contain 0's do not activate any
sense lines. The latches associated with these cores remain at 0.

Write. During the last part of any storage cycle (Figure 2. 1-5) the same X- and
Y-drive lines are always impulsed in the opposite, or write, direction. This
current pulse is in the direction to place a 1 in the addressed cores. However,
if the data-register latches are OFF (0), the inhibit gate pulses the inhibit
winding during write time. Because this inhibit pulse is in the direction opposed
to the write pulse in the X-winding, the addressed core is pulsed with half-
select current that leaves it in the O-state.

Read-In
To read new information into core storage, three steps are necessary:

1. Read the cores in order to gate information that is already in the cores into
the data register.

2. Activate the inhibit drivers (Figure 2. 1-5) with the new information from some
other unit of the system.

3. Write the new information into the cores during the write cycle.

Read. As with every storage cycle, an X- and Y-drive line is pulsed with read
current. The sense amplifiers are strobed and the information in the cores
is gated to the data latches. The read portion of the cycle thus sets all cores
in the addressed location to 0, and also sends the information that was in the
cores to the data register.

The new information to be written into storage is gated into the inhibit
driver by the storage load signal.
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The rest of the storage read-in cycle is the same as the write cycle of a
read-out operation.

2.1.05 Matrix Switching

To read out a position of storage, the proper X- and Y-lines must be addressed
(selected). The device used to address these lines is called a matrix switch. Ma-
trix switches are used to simplify X- and Y-~addressing. The outputs of the matrix
switch drive the X- and Y-lines that drive the ferrite cores. The matrix switch
makes it possible to address any one of 100 X-drive lines (in a 10K core array)
with 16 drive circuits plus one of 10 switch-selector gates. The determination of
1 of 100 Y-drive lines proceeds in exactly the same way. Both reading X-Y drive
currents and reversed writing X-Y drive currents are obtainable by the matrix
switch.

Physical Properties

A matrix switch has ten special pulse transformers that are housed in rectangular-
shaped, heat-dissipating plastic (Figure 2. 1-6).

The core of each transformer is made up of 12 rings of powdered iron, stacked
in two parallel 6-ring cylinders. Each transformer has 16 primary windings and
one secondary winding. The 16 primary windings are interconnected, with end
windings that are connected to matrix-switch drivers. Secondary windings are
connected to the X- or Y-drive windings.

Magnetic Properties

The-ecorematerial 18 SIMIlET 1 Magnetic propertiesto the Territe cores. THere
is»a*ee::t.a.i.n»ameunt—ofrurrentaece~mry-to»ope»rat'e»-the= switch,~and any less cur-
rent has little or no effect on the-switch:

Matrix-Switch Operation

Matrix-switch operation is made possible by the addition and cancellation of fluxes
from eight primary winding currents.

For simplicity, consider a matrix switch with two outputs and four inputs
(Figure 2.1-7). With both cores reset, if current passes in the same direction in
lines 1 and 2, the flux from each line adds at core 1 to set the core. This causes
an impulse to be induced in the output winding. As the currents pass through core
2 in opposite directions,there is a cancellation of flux, thus no output. When lines
3 and 4 are impulsed in that same direction, core 1 is reset. This induces an
impulse into the output winding in the opposite direction. Again there is no output
from core 2. In core 1, lines 1 and 2 are used for forward (read) output. Lines
3 and 4 are used for a reverse (write) output. In considering core 2, lines 1 and
3 are used for a read output; and lines 2 and 4, for a write output.

Now consider a ten-position matrix switch. The matrix switch requires eight
simultaneous currents for an output. There are 16 input lines as illustrated in
Figure 2.1-8. This shows the input lines required to obtain a read and write out-
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put for a ten-position matrix switch. In core 1, for example, lines 1, 3, 6, 8, 11,
12, 13 and 15 must be conducting in order to give a read (forward) output; lines

2, 4, 5, 7, 9, 10, 14 and 16 must be conducting to give a write (reverse) output.
Note: during a basic memory cycle, the read currents come during the first half
of the memory cycle, and the write currents come in the latter half of the memory
cycle. Also, by combinations of selected input lines, any one of the ten outputs
can be selected. To use matrix switch selection fully, it is necessary to operate
several matrix switches in parallel and to select the output of the desired matrix
switch. Figure 2.1-9 shows two 3-position matrix switches operating in parallel
with switch selection.

In Figure 2. 1-9,if matrix-switch drivers 1 and 2 are positive and matrix
switch drivers 3 and 4 are negative, cores 1 and 4 are conditioned. Because
switch selector gate 1 is negative, adding currents flow to matrix-switch drivers
1 and 2 from switch-selector gate 1. Cores 2 and 3 have cancelling currents
flowing. Cores 4, 5 and 6 have no current flowing to the positive matrix-switch
drivers 1 and 2, because switch selector gate 2 is positive. No current flows
from negative matrix-switch drivers 3 and 4 through cores 1, 2 and 3, because
switch selector gate 1 is negative. Diodes 7 and 8 prevent reverse currents from
flowing through cores 4, 5 and 6 from matrix-switch drivers 3 and 4 to gate 2.
The result is that only core 1 has the necessary currents to produce a read output.
A reverse (write) output is obtained if matrix-switch drivers 3 and 4 are made
positive and matrix switch drivers 1 and 2 are made negative, and no change is
made on the switch-selector gates.

A truth table for read currents appears in Figure 2.1-10.

By reversing the plus and minus signs under the heading of Matrix-Switch
Drivers Only (Figure 2.1-10), the truth table for writing is obtained.

The IBM 1410 uses ten 10-position matrix switches and ten switch-selector
gates to select one of 100 X-drive lines. Ten matrix switches and ten switch-
selector gates provide Y-line selection on a 20K or 40K machine. A 10K machine
uses only five 10-position matrix switches with five switch-selector gates.

2.1.06 Noise Problems

Unwanted noise from many sources occurs throughout any core-storage unit. The
larger the unit, the worse the noise problem becomes.

There is an unavoidable amount of mutual coupling between parallel lines, even
with careful spacing and shielding. The cores themselves provide another major
source of noise. No core remains completely saturated and the half-select current
tends to move the flux state slightly. The change of the flux state is either toward
or away from saturation,

Noise in the sense winding occurs when a core is on the impulsed drive line but
is not at the intersection of two drive lines. If all the induced voltages from the
half-selected cores were added together, the effect would be troublesome.

One feature that reduces the half-select noise problem is the staggering of read
pulses. By energizing one drive line (Y-drive line) in advance of the other (X-
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drive line), the number of half-selected cores at a given time is reduced. This
reduces noise. Later in the cycle, when the X-drive line energizes, and the
sense-winding output is used, the noise from the half-selected cores on the
earlier Y-drive line has subsided. This delayed read pulse reduces the noise
problem,.

A second method of noise reduction results from physical arrangement of the
windings of the core plane. Cores, drive windings, and sense windings are so
arranged that one-half of the half-selected cores tend to cancel the noise induced
by the other half of the half-selected cores of a plane.

2.1.07 1411 Core-Storage Unit

The 1411 core storage unit reads in or reads out a single character during a
4, 5-microsecond cycle. Reliability is insured by parity checking all information
read into or out of the core-storage unit.

2.1.08 Core-Storage Addressing

The 40K core array requires 40, 000 valid five-position addresses from 0, 000 to
39,999, The address is read from the CPU into the storage address register
(STAR). The STAR stores the address while its output is encoded in order to
select the proper character to read out.

Operation

Figure 2.1-11 shows the locations of the addresses in storage and the encoding
that is necessary to select the X~ and Y-lines. When the address is read into the
STAR, the units and tens positions are encoded to drive and to gate the ten load-
sharing matrix switches (LSMS) that select the X-line. The hundreds and thou-
sands positions of STAR are encoded to drive and to gate the ten matrix switches
that select the Y-line. The coincidence of these two lines causes four characters
to be read out of cores into the four B-data registers. The ten-thousands position
of STAR is fed to the character-selection circuits that determine the character

to be addressed. The output of character selection is fed to Character Regen or
Load where is combines with either Memory Regen (read operations) or Memory
Load (write operations) to control which characters are regenerated, read out of
storage, or loaded into cores from the assembly area. 1f Memory Regen is up,
all character regen lines are brought up to reread the characters into cores. Also
a character-select line is brought up to gate the desired B-data register onto the
B-channel. When Memory Load is up the character that is position-selected is
loaded from the assembly area, while the other three characters are regenerated.

10K Core Array

Figure 2.1-12 shows the locations of the addresses in a 10K storage unit and the
encoding that is required to select the proper character. When the address is
read into STAR, the units and tens position of STAR are encoded to drive and to
gate the ten matrix switches which select the X-line. The hundreds and thousands
positions of STAR select the Y-line. The coincidence of the X- and Y-lines causes
two characters to be read out into the two B-data registers. The thousands posi-
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tion of STAR is fed to the character select where it combines with Load Memory
or Memory Regen to gate the character into or out of storage.

2.1.09 Memory Clock

Every storage cycle, regardless of CPU operation, has a read and write time.
On a read-out operation, the write time is used to regenerate the data into the
cores. On a write operation, the cores are read out to clear the position where
the new character is to be read in.

The memory clock provides the read and write pulses that are required by the
storage unit.

Read

The CPU initiates a storage cycle with a read call that, along with Start Memory
Clock, resets the B-data registers, activates the X- and Y-power-gate controls,
and initiates a . 425 nus delay (Figure 2. 1-13),

The X- and Y-power-gate control lines combine with the output of the X- and
Y-power gates encoder to drive the X- and Y-LSMS gates. After the . 425 us delay,
the Y Rd line gates the hundreds position of STAR to the Y -matrix-switch driver
encoder that, along with the matrix-switch gates, drives the selected Y-line.

Y Rd also activates a . 280 ps delay that initiates the X Rd to gate the X-line-
drive.

The X Rd line impulses two more delays. One delay, of .725 us, initiates
Strobe that controls the sense amplifiers. The other delay of 1.100 us, drops the
X Rd and Y Rd lines to complete the read-out of cores.

Strobe also initiates a . 350 us delay to drop itself. Figure 2.1-14 is a timing
chart for a storage cycle. The delays include time lost through transistor delays.
The dotted lines indicate the worst possible conditions.

Write

A write call from the CPU initiates the write portion of the storage cycle. When
the memory clock receives a write call, it combines with Start Memory Clock to
impulse a . 15 us delay. The .15 us delay initiates a Z-pulse that gates the inhibit
drivers. The .15 us delay also brings up Y Wr. This again gates the hundreds
position of STAR to the Y-matrix-switch encoder to control the selection of the
proper Y-line. Y Wr also impulses a . 280ps delay that initiates X Wr to select
the proper X- line.

All the conditions are now present either to regenerate or to write a new
character into the cores.

X Wr also impulses a 1.2 us delay which drops the X- and Y-write lines.
When Y-write drops, it turns off the Z-pulse. This in turn drops the X- and Y-
power gate controls. )
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Length of Storage Cycles

A storage cycle in which all characters are to be regenerated can be completed in
4.5 us or six logic-gate pulses. In this case, the write portion of the storage
cycle starts at logic-gate D with the write call from the CPU.

On operations where a character is read out of storage to be combined with
another character before it is read back into cores, the storage cycle is increased
in length in order to allow the CPU time to construct the new character. In this
case the write call is delayed to a later logic gate pulse.

B-Data Register Set Check

The B-data register set check insures that the correct core-storage operation
occurs. The circuit makes certain that on every storage cycle the B-data register
receives an impulse to reset it.

Some of the failures this check recognizes are:
1. Failure to start the storage clock.

a. If the memory clock does not start, the last character that was read out of
the B-data register again reads out. Without this check, the error would not
be caught. It is caught because the memory clock must start to develop the
reset pulse.

2. Failure to receive X- or Y-line current or strobe pulse.

a. If the B-data register is reset and no new data is read in, the B-channel
validity-check circuit detects the error.

The circuit for the check is on logic 18.14.06. Both triggers are reset OFF.
One trigger changes status on the fifth logic gate pulse of every storage cycle. The
other trigger changes status on every B-data register reset pulse. As long as
both triggers remain in the same condition (ON or OFF), no error is indicated. If
the one trigger fails to receive a B-data register reset pulse, the triggers become
opposite in status. The outputs of the triggers then cause a B-data register reset
error. This stops the machine and lights the B-data register set-check indicator.

2.1.10 Character Gating

On a 20K or 40K core-storage unit, the ten-thousands position of STAR is fed to
character selection (35.10.01) where the bit configuration brings up either RO
character 0, 1, 2, or 3. RO character 0, 1, 2, or 3 combines with load or regen-
erate memory to select, or load that character (35.10.02). All characters are
controlled to regenerate except a character that is to be loaded from the assembly
area.

On a 10K machine, the thousands position of STAR is fed to character selection

where the bit configuration for characters 0 through 4 brings up RO character 0,
and 5 through 9 bring up RO character I.
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B-Character Select Check

The addition of a B-character select check circuit increases the reliability of the
core-storage unit. This circuit insures that one, and only one, character is
either gated out to the B-channel or read in from the assembly unit.

Operation

On a 40K storage unit there are eight character-control lines: four character-
select, and four character-load. These eight lines combine (35. 10. 03) to bring

up one of the two character-select error-check lines. If more than one character-
control line is up, both of these character-select error check-lines are brought

up to indicate an error condition. If none of the character control lines are up,
both of the character-select error-check lines are down. This is also recognized
as an error condition.

This operation check detects errors in pProgramming that cause invalid ad-
dresses, Examples: 40, 000-and-above on a 40K core array; 20, 000~and-above on
a 20K core array. On a 10K core array, invalid addresses are detected by the
address-bus validity check.

2.2.00 ADDRESS UNIT

The address unit is used to store and modify the five-position addresses that lo-
cate the position of storage to be used. The address unit contains eight address
registers. One of these, the storage address register (STAR) is used as the out-
put of the address unit that is fed to the core-storage unit. The STAR is read into
either from one of the seven other address registers (labeled A through F and I),
or from the address generator (used for indexing). The address unit also contains
an address modifier that is used to add one or subtract one from the address in
STAR in order to obtain the address of the next position of storage.

2.2.01 Address Registers

An address register (AR) is a storage unit capable of reading in or out the five-
digit addresses that are required to locate information in core storage. Charac-
ters are stored in the address registers in the two-out-of-five code.

The two-out-of-five code is a strictly numerical code. Numerical values are ex-
pressed in combinations of two-out-of-the-five bits (0, 1, 2, 4, 8) that are used

to make up the code.

The following chart shows the numerical values and the corresponding two-out-
of-five (2/5) code.

33



0 1 2 4 8
0 X X
1 X | X
2 X X
3 X | X
4 X X
5 X X
6 X1 X
7 X | X
8 X X
9 X X

Each position of the address register has five latches corresponding to the

0, 1, 2, 4 and 8 bits used in the 2/5 code. The IBM 1410 utilizes seven address
registers.
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The functions of these address registers are:

Instruction address register (IAR). This is used to locate and scan the instruc-
tion words.

A-address register (AAR). This locates the data word to be used as the A-field
of an instruction.

B-address register (BAR). This locates the data word to be used as the B-field
of an instruction. The A- and B-field addresses are read into the AAR and
BAR respectively, when an instruction word is read out of storage.

C-address register (CAR). This usually contains the same address as the
AAR at the beginning of the execute phase (E-phase).

D-address register (DAR). This usually contains the same address as the BAR
at the beginning of the E-phase. The CAR and DAR are used in multiply, di-
vide, recomplement, table search, and other operations.

E-address register, F-address register. These two registers contain the
storage locations for characters going to or coming from I/O machines during
overlapped operations. Overlapping is an optional feature and is covered
elsewhere in this manual.



Read-Out of Address Registers

The circuits for all address registers are very similar. For explanation purposes
the 8-bit latch in the hundreds position of the BAR is used (Figure 2. 2-1).

When the CPU requires the next character of the B-field, the RO BAR gates
the output of every latch in the BAR, to the AR bus. All positions of the BAR read
out at the same time. Set STAR sets the storage address register with the bits
received on the AR bus. This causes the addressed character to be read out of
storage.

Read into Address Register

Before BAR is read into, the BAR reset line resets all the latches OFF. If the
Addr Ch 8B line is up, the top leg of the AND circuits to all 8B latches is up.

Set AR HP is up on the second leg of all hundred-position latches of all address
registers. Set BAR is up to complete the coincidence necessary to set this latch.

The other line in Figure 2.2-1, STAR to IAR HP 8B, is only on the IAR latches
and is used in instruction read-out.

2.2.02 Address Modification

Address modification is adding or subtracting one from the address in the STAR
in order to develop the address of the next position of the word that is being read
out of storage.

At the beginning of a storage cycle, the address of a position in storage is set
into the STAR. During the storage cycle, this address is gated from the STAR
through the address-modify unit one position at a time, starting with the units
position (Figure 1.4-2). From the address modifier, the characters are gated on
the address channel to an address register.

Operation (Figure 2. 2-2)

Address modification must be completed during the shortest storage cycle (4.5
microseconds). This storage cycle consists of six parts, called logic gates A
through F. Each logic gate has a first and second clock pulse. During storage
cycles longer than 4.5 microseconds, address modification is still completed
from load gates A through F.

Consider a cycle where the A-address register (AAR) is used to read out a
data word. The address in the AAR is set into STAR (Figure 2. 2-3) on the second
clock pulse of logic gate A. The AAR resets on the first clock pulse of logic gate
B, while the units position of STAR is gated to the address modifier.

The address modifier controls are set to Modify By Minus One by First Scan
Control. There are four scan-control latches in the CPU. The first and third
scan latches are ON when scanning storage from units to the high-order positions.

The second scan latch is ON when scanning from high- to low-order positions. No
scan latch is ON when the address of the character is not to be changed.
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Modify by Minus One and the 0 from STAR (Figure 2.2-3) combine to bring up
8-bit and 1-bit lines that are gated into the units position of the AAR on the second
clock pulse of logic gate B.

When the address modifier subtracts one from zero, it keeps the Mod by Minus
One latch ON in order to borrow one from the next position. The 2 in the tens po-
sition of STAR is gated to the address modifier at logic gate C, and it combines
with modify-by-minus-one to send a 1 to the tens position of the AAR.

The modifier controls are set to Modify by Zero. This passes the rest of the
address through the modifier unaltered.

2.2.03 Address Exit-Channel Validity Check

The CPU utilizes two validity check (VC) circuits to validate the characters in the
core-storage addresses. One VC circuit insures the validity of the characters
when they are read in on the address channel. The other VC circuit checks the
characters when they are gated from the address bus to the address exit channel.

Operation

Every valid character that is gated on the address exit channel falls into one of the
two VC groups (Figure 2.2-4). If the character is invalid because a bit was
dropped neither of the VC groups are conditioned. If the character has an extra
bit both VC groups are conditioned at the same time. The VC groups gate on the
error trigger when they are either both down or up. If the trigger is ON at the end
of the cycle (error sample time) Addr Exit Error is gated to stop the CPU with this
error (master error).

The input to the VC circuit must be a valid character on every storage cycle.
When the exit channel is not being used, zeros are inserted on the channel to
satisfy the circuit.

The check test lines in Figure 2. 2-4 are controlled by three momentary switches
on the console CE panel. These switches, labeled first, second, and third check
test, are used to force error conditions to insure that the transistors in the check
circuits are working properly.

Check the circuits by pressing a check test switch and the start key. The CPU
takes a cycle and should stop with every check-indicator light ON.

The first check test conditions both VC groups to cause an error. The second
check test blocks the zero inserted on the exit channel to cause both VC groups
to be down. The third check test gates the error trigger ON. Every transistor in
the check circuit must operate correctly or the error light will not come on.

2.2.04 Address-Channel Validity Check

The circuit for this VC is similar to the exit-channel circuit except that a new
character is gated on the channel every logic gate instead of one character each
cycle. An error must be stored until the end of the storage cycle.
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Operation

Each character falls into one of two VC groups. If both or neither group is up, an
error must be detected. Because there is a new character on each logic gate, the
circuit must allow time for the character to arrive on the channel and to be de-
coded into one of the two groups before the VC group lines can be sampled. The
circuit allows time by controlling a trigger with collector pullover.

The AND circuit (Figure 2. 2-5) shares a common load resistor with the OFF
side of the error trigger. Before the trigger can be set ON the transistor in the
AND circuit must be cut off. Once the trigger is set ON, the OFF side goes minus
to satisfy the NOR circuits and to keep the AND circuit transistor cut off. Regard-
less of the validity of the remaining characters that are gated onto the address
channel, the trigger remains ON, and at the end of the cycle Address Channel
Error is gated to stop the CPU.

On storage cycles longer than 4.5 microseconds, a zero is inserted on the
address channel to satisfy the VC circuit. The second check test blocks the zero
to force both VC groups down in order to cause a VC error.

2.3.00 CONTROL UNIT

2.3.01 Cycle Control

Storage cycles are identified by cycle latches that are labeled A- through F-, I-,
or X-cycle. Type of cycle and operation determine the length of the cycle. The
cycle latch is on from logic gate B to logic gate B. Cycle latches are used to con-
trol different areas of the CPU. For example, the I-cycle latch identifies the
character that is being read out of storage as part of an instruction word. I-cycle
also gates the modified address into the IAR.

Each cycle latch has a control latch that is usually set at the next-to-last logic
gate of the previous cycle. For example, at the end of the I-cycle at I-ring Op-
time the I-Cycle Ctrl latch is set to keep the I-cycle latch ON for the next storage
cycle.

The A-cycle latch usually identifies the character that is being read out of
storage as an A-field character. The B-cycle usually identifies the character as
a B-field character. E- and F-cycles are used for input-output operations. C-,
D-, and X-cycles are used for special operations.

There are four more control latches that assist in identifying characters as
they are read out of storage. They are called units, body, extension, and MQ.

For example, consider an add operation where the contents of the A-field are
added, a digit at a time, units position first, to the contents of the B-field. The
first cycle after I-phase is an A-cycle during which the units position of the A-field
is set into the A-data register. The next cycle is a B-cycle during which the units
position of the B-field is read out onto the B-channel. The units latch is set for
the first A- and B-cycles to identify the characters as units-position characters
because the signs of the fields are located there.
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The body latch is set after the units position is set, and stays ON until the end
of the A-field. The extension latch identifies the remaining B-~field characters
that have no corresponding A-field characters.

E [B U

X O N

T D I

Y T

S

+

A-Field 01290
+

B-Field 0 2|1 9 8 7|0
+

021211 6|0

The MQ latch is used in multiplication and division to identify a character as a
position of the multiplier or quotient. The MQ latch is also used in edit and Zero
suppress Op codes.

2.3.02 Logic Clock

The logic clock uses a crystal-controlled oscillator and a ten-trigger ring to
develop the number of logic gate pulses required for each storage cycle.

The oscillator drives a binary input trigger called the clock pulse trigger.
The outputs of the clock pulse trigger are called first clock pulse and second clock
pulse. The clock is normally stopped with the stop latch that, by collector pull-
over, holds the clock pulse trigger at first clock pulse. Logic gate A-trigger is
also ON. When the stop latch is reset,the clock pulse trigger is advanced by the
oscillator. At the end of second clock pulse (2 cp), the ring is advanced from
logic gate A (LGA) to logic gate B (LGB). (See Figure 2.3-1.) Since the clock
pulses are . 375 microseconds long, the ring advances every .75 microseconds.

Type of cycle and of operation control the length of the cycle by conditioning
the stop at F, G, H, J, or K-line. This line combines with the corresponding
logic gate pulse to bring up Last Logic Gate. Last Logic Gate sets the logic gate
F-latch that gates the ring back to LGA. To stop the clock at the end of a cycle,
the stop latch is set on the 2 cp of the last logic gate (LLG). The stop latch com-
bines with 1 cp to hold the clock pulse trigger at 1 cp, LGA. All I/O commands
(except F or K) can be executed in either of two fashions: unoverlapped or over-
lapped. An unoverlapped command causes the CPU to take E- or F-cycles, as
they are required, to read out or to store each I/O character. Because the CPU
can store or read out characters at a faster rate than any I/O machine, the CPU

must wait between each E- or F-cycle.

During E-phase of an unoverlapped I/O instruction, Disable Compute Cycle
comes up to stop the clock by preventing (by collector pullover) the LGA trigger
from coming on. The clock pulse trigger continues to advance. When an I/O
cycle is needed,E- or F-Cycle Required blocks Disable Compute Cycle to allow the
ring to advance through the cycle. Logic gate Z that gates LGA ON, is reset by
LGA. As long as Disable Compute Cycle prevents LGA from setting, LGZ re-
mains ON (Figure 2. 3-2).
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When an I/0O instruction overlaps, it allows the CPU to use the time between
E- or F-cycles for compute cycles.

Eight triggers are added to the clock circuits to form a logic gate extension
ring. These triggers are called LGR through LGY. When an overlapped cycle
is taken, the extension ring is used instead of the normal logic-clock ring.

Logic gate Z gates ON both LGA and LGR. When E-Cycle Required or F-
Cycle Required is up in overlapped operation, it conditions the Disable Compute
Czcle to hold LGA OFF, while LGR is allowed to set (Figure 2.3-3). When the
I/O cycles are not needed, LGR is held OFF and LGA is allowed to set.

2.4.00 OPERATIONAL UNIT

2.4.01 A-Data Register

The A-data register is a single-character storage register capable of storing
any valid BCD coded character with or without word marks.

Characters are read into the A-data register from storage via the B-channel,
or from an address register via the AR Exit Channel (Figure 2.4-1). The A-data
register is gated out onto the A-channel to the adder, compare, and assembly
units. The A-data register is reset (all OFF, except the C-bit to maintain proper
parity) before it can be read in.

A-Character-Set Check

The A-register-set check insures that the A-data register receives a reset im-
pulse whenever it is read in.

Two binary input triggers (18. 14. 07) must both be OFF or ON at the end of
every cycle, or an error is indicated. One trigger is impulsed whenever Sw B Ch
to A-reg or Sw AR Exit Ch to A-reg are up. The other trigger must receive the
Reset A-Data Reg impulse before the end of the cycle or the error stops the ma-
chine.

2.4,02 B-Channel Validity Check

Every character read out of storage is available on the B-channel. The B-channel
validity-check (Figure 2.4-2) circuit insures that each character has an odd num-
ber of bits. The numerical bits are combined to bring up numerics odd or numerics
even line. The zones, WM, and C-bits are combined to bring up odd of even.
Numerics odd or numerics even combines with zones WM C-odd or WM C-even to
bring up character-odd. An error is indicated if the character is either even or
not odd.

The errors detected by character-even are:

1. Bit configuration even.
Any bit with bit and not bit lines both up or both down.

3. Any transistor failure in the check circuit which brings a character-
even line up.
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The errors detected by character-not-odd are:

1. Any transistor failure that prevents the digits-odd or digits-even lines
from coming up.

2. Any transistor failure that prevents the zone, WM, C-bit-even, or C-bit-odd
lines from coming up.

Any of the last seven transistors (Figure 2. 4-2) could fail without being de-
tected. These transistor failures are detected by three check tests.

1. 1st Check Test blocks both numerics odd and numerics even. Without numerics
odd or even neither character-odd nor character-even can come up.

2. 2nd Check Test conditions both numerics odd and numerics even. These com-
bine with zones WM C-odd or WM C-even (depending on the character on the
channel) to bring up both character-odd and character-even.

3. The third check test conditions both zones WM C-odd and WM C-even to com-
bine with numerics odd or numerics even to again bring up both character-odd
and character-even.

2.4.03 A-Channel

Information is gated to the A-channel from one of four registers: A-, E- or F-data
registers, or Op Mod Register. The A-channel feeds data to the A-side of the ad-
der, compare and assembly units.

A-Character-Select Check

The A-character-select check (18.14.01) insures that only one of the four regis-
ters at a time is gated to the A-channel.

A-Channel Validity Check

The A-channel validity check circuit is similar in operation to the B-channel
validity check. The logic circuits are different (Figure 2. 4-3).

2.4.04 Assembly

The assembly unit receives data from five areas of the CPU and combines the
data as determined by the operation. The five inputs to the assembly are the A-
and B-channels, the adder, the special-character generator, and the zone adder
used for 1401 compatibility.

In the assembly, each character has three parts: the numerical part (1, 2, 4,
and 8-bits), the zones (A and B-bits), and the word mark. To gate a character
through the assembly requires three controls: numerical, zones, and word mark
For example: assume an input operation where the data enters the CPU as an 80-
character record. The storage locations into which the record is to be placed,
contain word marks that define the fields of the record. The assembly is con-
troiled to Use A Ch Num, Use A Ch Zones, and Use B Ch WM. When a word mark
from storage is placed on the B-channel, the assembly unit combines it with the
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input character on the A-channel. The A-channel character with a word mark is
put on the assembly channel where it is read into storage.

During an arithmetic operation, a character can be the combination of the
adder (Use Adder Nu), the sign stored in the sign latches (Use Sign Latches), and
a word mark from the B-channel.

To maintain the proper parity of the new character, the assembly must generate
a C-bit depending on the number of bits in the three parts of the new character.
To assist in determining whether a C-bit is required, the numerical and zone por-
tions, at the inputs to the assembly, contain other bits called the numerical C-bit
and zone C-bit. These C-bits retain odd parity for their respective portions of
the character. For example, the adder output generates a numerical C-bit along
with the 1- and 8-bits for a nine. The numerical and zone C-bits for the A- and
B-channels are developed in their respective validity-check circuits (Figures
2.4-2 and 2. 4-3). As assembly controls select the portions of characters to be
gated through the assembly, they also select the numerical and zone C-bits that
are to be combined with the WM-bit to develop an assembly-channel C-bit.

Example:

Adder

1, 2, Z, 8, Numerical C-Bit

B Ch WM Assm. A-Ch A,B, Zone C-Bit
_— —a

o Zone C-Bit (Even Zones)
1, 2, 4, 8, A, B, WM and Num C-Bit (Even Num) = C-Bit
WM

Other assembly controls are:

Use B Ch WM
Use B Ch Zones
Use B Ch Nu
Use A Ch WM
Use A Ch Zones
Use A Ch Nu
Use No WM
Use No Zones
Use No Nu

Use Adder Nu

Use Sign Latch

Use A Ch Sign
Use B Ch Sign These generate the sign in the standard form,

Invert A Ch Sign that is, a BA-bit for minus and AB for plus.
Invert B Ch Sign
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[ Set Carry Latch l— - - -( Carry Lat Combines )

l with Bit of Next Pos

L
BO+ |/ o ot BO + 1 or B2 + Aeeim

MX Q2
MX Q4

Figure 2.4~4 Adder Operation
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Add Op Code

Start True Add
A Channel Not AB q : - >
o = A Channel Minus ’—I Add Minus A
l

Start Compl Add
m A Channel Plus ' \, Add Plus A

! Subtract Minus A

A Channel AB > Start Compl Add
Start True Add
btract Plus A L
Subtract Op Code _NSU ract Plus

A Channel BB

B Ch I Not AB
L\ B Channel Minus

B Channel BB JI: E]

B Channel AB

B Channel Plus

Figure 2.4=5 True Complement Controls

Card Code  BCD True Add Complement Add
0 8-2 B0 QO Bl Q8
1 1 Bl QO BO Q8
2 2 B0 Q2 Bl Q6
3 1.2 Bl Q2 B0 Q6
4 4 B0 Q4 Bl Q4
5 1.4 Bl Q4 BO Q4
6 2.4 B0 Q6 B1 Q2
7 1.2.4 Bl Q6 B0 Q2
8 8 BO Q8 Bl QO
9 1.8 Bl Q8 B0 QO

Figure 2.4-6 Qui-Binary Code
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Set WM

Use Assm O Insert (This generates 8, 2, and numerical C-bits.)

Generate Num One (This generates 1 not-numerical C-bit.)

Generate A-bit (This generates A not-zone C-bit.)

Generate Dollar Sign

Generate Asterisk These require no other assembly controls.
Generate Group Mark WM

Assembly Channel Validity Check

This check circuit is the same as the A-channel validity-check circuit (Figure
2. 4-3).

2.4.05 Adder

The IBM 1411 Central Processing Unit uses a single-digit adder to perform all arith-
metic operations. The adder receives digits from the A- and B-channels and
combines them algebraically. The results of the addition are routed through the
assembly area back to the storage unit.

Operation (Figure 2. 4-4)

When two fields are added together, they are fed to the adder units position first,
because that is the position that contains the sign of the field.

The sign is indicated by the zone bits over the units position. The four possible
combinations of these zones are:

12 zone A- and B-bits positive sign
11 zone B-bit only negative sign
0 zone A-bit only positive sign
No zones Neither A- nor B-bits positive sign

When both the A- and B-channels contain the units-position characters, the
signs of the fields are analyzed along with the type of operation in order to deter-
mine whether a true or complement (T/C) add is required (Figure 2. 4-5).

The digits from the A- and B-channels are translated from the BCD code
to the qui-binary code in either true or complement form as determined by the
T/C add controls (Figure 2. 4-6).

The adder matrix combines the binary portion of the digits along with a carry,
if required. The quinary portions of the digits are also combined. The result is
translated, along with the binary output, to the BCD code in the adder-output
translator.
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Example:
v +
A-field 0925

v
B-field + 0178

1403
C::u"_lz-y_-ﬁ Carry Carry Carry
A-field QO BO Q8 Bl Q2 BO Q4 Bl
B-field QO Bfy Q8p Bl Q6 Bl Q8 BO
MX Q0 B1 Shift| Q8 B3 Shift| MX Q8 B2 Shift MX Q2 B1 Shift
VY 2

8421 C8421

O
[eoN]
Ny
N
Y

BCDout G8421

2.4.06 Compare

The compare unit receives information from the A- and B-channels. The two
characters are compared to determine whether the B-channel character is
greater than ( > ), equal to ( =), or smaller than ( <) the A-channel character.
Figure 2.4-7 shows the characters and codes in the collating sequence from low
to high character. The result of the compare sets either a high, low, or equal
latch that can be tested by later program instruction.

Operation

The two characters are fed to both the compare and adder units. In the compare
unit, the characters are translated into one of three groups: alphameric (AN),
special character (SC), or non-numerical (NN) (Figure 2.4-7). Also in the com-
pare unit, the zones are compared. In the adder, the digits are combined to
determine whether the B-channel digit is greater than, equal to, or smaller than
the A-channel digit.

The compare unit first analyzes the groups that the two characters fall into.
For example, if one character is AN and the other is either NN or SC, the AN
character is high regardless of the zones or digits involved.

If the groups alone do not reveal the relationship of the two characters, the
comparison of the zones is analyzed.

If the relationship of the character is still unknown,the result of the adder com-
parison must be considered.

The adder compares the two digits by subtracting the A-channel digit from the
B-channel digit.

A carry or no-carry is developed when the quinary portions of the A- and B-
channel characters are combined, except when the result is a quinary8. If a
carry is called for, it signals that the B-channel character is larger than the A-

character.
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- x| [x | x| |x x| < < x| x| [
o~ > x> x| x| x| x x|
R x| x| x| < x| x| %] x| % x| x| x| > <
o
2w x| x| > > x| x| x| x| x| x| x| x| = x x x| x
9}
D 4 X x| x| x| X X x| x| x| X< x x X x| X X
ol x| | > x| < x| > x| x X
o x| |x x| x b x x| x|x x x| X
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- o
o 5| | | | 0| oo| ool cof | o
(@] n. [ABEA A U IR 0| 00| 0O} 00| CO o]
™ | 10| 0| PN ™| WO 0| IR AN O —| N[ O O[Njo| OO —| O 2 OO N o| O] 1
0 DUv...__ of ey vl345678888800.__________.______._22 ™) <t ~O| | 0| O~
= 22222211‘]]]._._m___.__.2222222222111111111‘1._ L [RPLABLRLI
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: S 2
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> T ~ &)
B
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O
z Z 7 Zz z Z
FARNR z & 7 A z 2 < <

Figure 2,4-7 Collating Sequence
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Example: (B-character, 5. A-character, 3. )

B Q4 Bl

A Q6 BO (9's complement)
carry (lst cycle of CA forces a carry)

carry Qo0 B2

signifies B > A

If no-carry is brought up, the B-channel character is smaller than the A-
character. Example: (B-character, 3. A-character, 7.)

B= Q2 Bl

A= Q2 BO
carry

no-carry Q4 B2

signifies B < A

When the quinary result is a Q8, the combined binary portion of the character

determines the result of the compare.

Example: (B-character, 6. A-character, 6.)

B = Q6 BO
A= Q2 Bl
carry
Q8 B2 signifies A = B

Example: (B-character, 8. A-character, 9.)

B = Q8 BO
A= Qo0 BO
carry
Q8 Bl signifies B < A

Example: (B-character, 5. A-character, 4.)

B = Q4 Bl
A= Q4 Bl
carry
Q8 B3 signifies B > A

Special characters 8-3 through 8-7 are added as a 3 through 7 respectively.

To determine whether the compare unit operates correctly, select two charac-
ters and follow them through the flow chart (Figure 2.4-8). The translation of the
A-field character into the three groups is the same as shown for the B-channel

character.
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9¢

uoppiadgy ytun aipdwod g-*z7 ainbig

IS THE A CH
ABORABBITS?

IS EITHER

CH WITHOUT ZONES?

1S THE B CH
AB ORA B BITS?

ARE THE ZONES THE
SAME ON EACH CH?

1S THERE AN

8-4, 8-2-1 OR
BASZZIRIT

CONFIGURATION?,

YES (SC)

15 THE B
CH AN?

IS THE A
CH AN?

IS THE A CH
NN OR 5C?

IS THE A CH
AN?

IS THE 8 CH ZONE
HIGHER THAN A CH?

NO iS THE 8 CH ZONE

LOWER THAN A CH?

IS THE B CH
A BBITS?

THE A CH CHAR |S COM-
PLEMENT ADDED TO THE
B CH CHAR ON A COM-
PARE OPERATION .

WHEN Q 8, THE BIN
MIX MUST BE CON-
SIDERED .

IS THE RESULT OF THE
QUINARY MIX A Q8?

IS THE RESULT OF THE
BINIARY MIX A B1?

WAS THERE A CARRY
FROM THE QINARY?

1S BINARY MIX
B2 OR B3?

IS THE A CH NN

SC OR NN?

IS EITHER
CH WITHOUT ZONES?

ARE THE ZONES THE
SAME ON EACH CH ?,

IS THE B CH

A B BITS?

_ ISTHEB CH
A B ORABBITS?

ARE THE A AND 8 Cix NO.
ZONES THE SAME? /

ARE THERE ANY 8 CH

ZONE 8ITS? i

ARE THERE ANY A CH
ZONE BITS? /

YES IS THE B CH AN
AB 8IT?

8A / 1S THE B CH AN
AB CR BA BIT?

1STHEACH A \_ry,o
B-A ZONE BITS? /




2.5.00 RESETS
Start Reset

The start-reset pulse resets the master controls to allow the operator to proceed
through a program, if a master error stops the operation. Start reset is initiated
by the start-key pulse. The start-key pulse is only available when the start key is
pressed when in the run mode, I/E mode, or storage scan mode (after the address
set routine).

The various latches and triggers that are reset by the start reset are:

Control Status Logic

Address check latch Off 18.14.11
Error sample latch Off 18.14. 08
Address ch error trigger Off 18.14.03
Address exit error trigger Off 18.14.02

Program Reset

Pressing the program reset key causes the following operations to take place.
1. The cycle control, scan control,and scan latches are reset.

2. The I- and A-ring triggers are reset.

3. The Op register, Op Mod Register, and the A-data register are reset to con-
tain C-Bits.

4. The branch to 00001 latch is set.

5. The storage address register is reset.

6. The set check circuits are reset.

7. The 1401 control latches are reset.

8. The arithmetic control latches are reset.
9. The logic clocks are reset.

10. Program reset causes a start reset.

The program reset is developed as follows:

Signal Control Logic
Program Reset Prog Rst Key 12. 65. 04

(Logic clock)stoppedatA 57



Following is a listing of the various latches and triggers that are reset by the
program reset.

Program Reset 1 (12.65.04)

Control Status Logic
X-cycle latch Off 12.12.05
A-cycle ctrl latch Off 12.12.20
C-cycle ctrl latch Off 12.12.20
B-cycle ctrl latch Off 12, 21.21
D-cycle ctrl latch Off 12.12.21
I-cycle ctrl latch On 12.12.23
X-cycle ctrl latch Off 12.12.23
No-scan latch Off 12.30.01
1st-scan latch Off 12.30.01
2nd-scan latch Off 12. 30. 02
Spl adv ctrl latch Off 12.13.01
I-ring ctrl latch On 12.13.01
No-scan ctrl latch Off 12.30.03
1st-scan ctrl latch Off 12.30.03
2nd-scan ctrl latch Off 12.30.04
3rd-scan ctrl latch Off 12.30.04
1-ring triggers Off 11.20.01-07
A-ring triggers Off 14.70.01-06
Console WM input latch Off 15. 60. 09

* Op reg C-bit latch On 13.10.01

* Opreg A, B, 8, 4, 2, Off 13.10.01

and 1 bit latches
Binary reg bit latches Off 14.18.01-02
Memory addr reg latches Off 14.17.01-15
Index tag latches Off 14.50.01-02
A-data reg latches (A, B, Off 15, 39.01-08
8, 4,2, 1 bits and WM)

A-data reg C-bit latch On 15.39.07
Op mod C-bit latch On 13.12.01
Op mod A, B, 8, 4,2, Off 13.12.01-03

and 1 bit latches

* The Op register is reset by gating the Set Op Reg Pulse. No character is gated to the B-channel because neither Memory
Load nor Regen is conditioned. Because no bits are on the B-channel, the Set Op Reg Pulse resets all of the Op regis-
ter latches except the C-bit latch that is set ON by inverting the Not B-Ch C-Bit line.
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Program Reset 2 (12. 65. 06)

Control

I/0 percent latch

1/O coml AT latch

I/O lozenge latch

1401 print error latch

1401 file validity-check latch
1401 wrong-length record latch
1402 file address compare latch
1401 end-of-reel latch

1401 tape error latch

1401 process check latch

1401 inquiry error latch

1401 punch trigger

1401 I/0O end

1401 print trigger

1401 read trigger

1st I/O cycle control trigger
E-cycle latch

F-cycle latch

Program Reset 3 (12, 65, 05)

Status

Off
Off
Off
Off
Off
Off
Off
Off

Off
Off
Off
Off
Off
Off
Off
Off
Off

Control

Logic gate triggers (A-U)
Console set start cnd latch
Process routine latch
No-branch latch

Branch to A-AR latch
Branch to 00001 addr latch
Set op reg trigger

Check op reg trigger
Reset mem data reg trigger
1st trigger check

Set A-data reg trigger
Reset A-data reg trigger

Status

Off
Off
Off
Off
Off
On
Off
Off
Off
Off
Off
Off

Logic

13.50. 01
13.50.01
13.50.02
13.65.01
13.65. 02
13.65. 02
13.65. 02
13.65.03
13.65.03
13.65.03
13.65.08
13.70. 02
13.70. 02
13,70.01
13,70. 01
13.70.03
12.12.66
12.12.67

11,10, 11-23
12,15.03
12.15.03
12.60. 14
12.60. 14
12.60. 14
18. 14. 04
18.14. 04
18. 14.06
18.14. 06
18.14.07
18. 14. 07
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Program Reset 4 (12.65.05)

Control Status
Console reset-start condition latch Off
Address set-routine latch Off
Display routine latch Off
Storage scan latch Off
WM cnd alter latch Off
Full-line cnd alter latch Off
Console stop condition latch Off
Console stop print latch Off
Console clock trigger Off
Console cycle matrix triggers Off
Console cycle latch Off

Cnd res console printer not busy latch On

Console check strobe trigger Off
Console printer strobe trigger Off
Reset console printer not busy latch Off
Solenoid driver strobe latch Off
Console WM input reset latch Off
Console char control latch Off
Console output error latch Off
WM period latch Off
Console error control Off
Console backspace control Off
Console function control Off
Console printer last column Off
Matrix gate latch Off

Program Reset 5 (12.65.06)

Control

True latch

Complement latch

Carry latch

No-carry latch

Units ctrl latch

Body ctrl latch

Extension ctrl latch

Mplr quot ctrl latch

Mult div latch
Even-hundreds address latch
Reset address mod latch
Logic gate special A
Logic gate triggers (V-Y)

Status

Off
Off
Off
Off
Off
Off
Off
Off
Off
Off
Off
On
Off

Logic

41,10, 01
41, 10. 02
41.10.03
41. 10, 03
41. 20. 01
41, 20. 01
44.10.01
44,10, 02
45.10.01
45. 20.01
45.50, 01
45.50, 01
45.50. 01
45.50. 02
45.50. 03
45.50. 03
45.50. 02
45.50. 10
45,50. 11
45.50. 11
45.50, 12
45.50.13
45.50. 14
45.50. 15
45. 20. 06

Logic

16. 20. 14
16. 20. 15
16. 20. 21
16. 20. 22
16. 30. 02
16. 30. 04
16. 30. 06
16. 30. 07
16. 62. 01
14.71. 40
14.71. 40
11. 30. 02
11, 10. 24-27



Computer Reset
The computer reset key initiates the following operations:

. Program reset and start reset

Resets all check circuits

Resets all timing clocks

Resets all machine indicators, overflow latches and compare triggers.
Inquiry latches are not reset.

The tape density latches are never reset.

O Ut WV -

If the logic clock is not stopped at A when computer reset is pressed, the
clock is stored and allowed to advance to logic gate A. After enough time to reset
the clock has elapsed, the computer and pProgram resets are initiated.

Signal Control Logic
Pwr on + cpr reset Co Cpr Rst (Key) 12.65. 01
(or)
CE Cpr Rst (Key)
Early computer reset (SS) Pwr on + Cpr Resets 12.65.01
Cpr Rst clock start (SS) Early computer reset 12, 65.01
Stop latch (off) Cpr Rst clock start 12, 15. 04

The clock is stopped at A or R.

Signal Control Logic
Stop latch (on) Early computer reset 12, 15. 04

Logic gate A or R

After the Cpr Rst Clock St single shot has timed out, computer and program
resets are initiated.

Signal Control Logic
Computer reset Pwr On + Cpr Resets 12.65. 03
Comp Rst Clock St (timed
out)
All power on .+ Cpr resets Pwr On + Cpr Resets 12.65.03
Comp Rst Clock St (timed
out)
Program reset All power on . Cpr Resets 12, 65.04
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The control, status and logic location of computer reset are:

Computer Reset 1 (12.65.03)

Control Status Logic

Logic gate A-trigger Off 11. 10. 10
Logic gate early B-latch Off 11.30.01
Logic gate early F-latch Off 11.30.01
B to last latch Off 11.30. 02
Stop latch On 12.15.04
F1 reg not word sep On 13.64.02
F2 reg not word sep latch On 13.64. 02
F ch clear latch On 13. 66. 06
F ch tape call latch Off 13.66. 07
Select and R B C on latch Off 13.72.03
F-ch R B C latch Off 13.73.03
E-ch clear latch On 13.63.03
E-ch tape-call latch Off 13.71.04
File ring 7 latch Off 13.74. 02
E-ch out mode latch Off 15.62.01
E-ch in mode latch Off 15, 62.01
E-ch move mode latch Off 15.62. 02
E-ch load mode latch Off 15.62. 02
F-ch move latch Off 15, 63. 02
F-ch interlock Off 15.63.02
Not zero bal latch On 16.14. 11
Zero bal latch Off 16. 14, 12
No overflow latch On 16. 45. 02
Overflow latch Off 16. 45. 02
Not div overflow latch On 16.45.01
Div overflow latch Off 16. 45. 01
High latch Off 17.14.01
Low latch On 17. 14. 02
Equal latch Off 17. 14, 03

Computer Reset 2 (12, 65. 03)

Control Status Logic

B-data reg reset trigger Off 39.10. 01
Y -rd trigger Off 39. 10. 01
X-rd trigger Off 39.10.01
Z-pulse trigger Off 39. 10. 02
Y -WR trigger Off 39. 10. 02
X-WR trigger Off 39.10. 02
X-PWR gt ctrl trigger Off 39.10. 03
Y-PWR gt ctrl trigger Off 39.10. 03
Y -sense strobe trigger Off 39.10. 03
Computer reset to tape E-ch  On 12.65.03
TAU reset On 60.58. 31
In process reset On 12.65.03
E-ch comp reset to file On 12.65.03
Computer reset to tape On 12.65.03

F-chan
F-ch comp reset to File On 12.65.03

Computer reset to buffer On 12.65.03



Power-On Reset

The power-on reset is developed through the normally closed points of relay 7
(Section 10.0.00). This causes a power-on reset whenever power sequence is up
or down. Program reset, start reset, and computer reset are initiated. The
clock is reset to A in the same manner as under Computer Reset. In addition, a
system reset is initiated to reset the address registers and the inquiry-request
control latch. The system reset is developed as follows:

Signal Control Logic
System reset Pwr Out Cpr Resets 12. 65. 02

Pwr On Reset
Comp Rst Clock Start
(Timed out)

The following latches are reset with the system reset:

Control Status Logi

Inquiry request control Off 41. 30.01
Reset CAR (all latches off) On 14.71, 22
Reset BAR (all latches off) On 14.71. 21
Reset AAR (all latches off) On 14.71.20
Reset DAR (all latches off) On 14.71. 23
Reset IAR (all latches off) On 14.71. 24
Reset EAR (all latches off) On 14.71.25
Reset FAR (all latches off) On 14,71, 26

2.6.00 INSTRUCTION READ-OUT

Instruction read-out is an operation that reads an instruction word out of core
storage and places it into the proper registers to control the execution of the Op
code.

Some of the items considered during instruction read-out are:

1. The first character brought out of storage must have a word mark (WM)
since this character should be an Op code.

2. The Op code character must be a 1410 Op code or an instruction check stops
the operation (1401 Op codes are covered later in the manual).

3. If the Op code is an input-output Op code, the X-field characters must be
gated to I/O registers.

4. The Op code determines whether the A-field address is read into the A, B
C and D-AR's; the A and C-AR's only; or the C-AR only.

5. There must not be any zones over the units, thousands or ten-thousands
positions of an address.

6. Each instruction word must be the correct length.
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If an instruction word is ended by a WM at other than an acceptable length, or

if there is no WM immediately to the right of the instruction word, an instruction
check stops the CPU.

2.6.01 Operation (Figure 2. 6-1)

The instruction read-out operation is initiated by setting the I-ring control and
I-cycle control latches. The I-ring control latch sets the I-ring to I-ring Op
time to identify the character (read out during the first I-cycle) as the Op code.

I-cycle control and I-ring control are set ON by:

1. Program Reset. When the stop latch is reset by the start key the operation
starts.

2. Cons Set Start Condition. This initiates the operation when the start key is
pressed to start I/E or run mode following a manual operation, such as
address set, display and alter. (The process routine latch OFF signifies that
the last operation was a manual operation. The latch is ON during I/E or
run mode operation. )

3. Last Execute Cycle. This initiates the operation at the completion of the
previous instruction.

During the first I-cycle, the address in the IAR is set into the STAR to read
out the Op code of the instruction word. (When this operation is initiated immedi-
ately after a program reset, the branch-to-00001-latch (reset ON) blocks the
IAR from reading out, and generates the address 00001 that is set into the STAR.)
When the Op code character is gated onto the B-channel, it must have a WM to
set the character into the Op register. The Op register is decoded to control the
rest of instruction read-out.

The decoding of the Op register brings up lines called Common Op Code
Grouping lines. A Common Op Code Grouping line is a control line for more than
one Op code. For example, the 2 Addr Plus Mod Op Codes line identifies the
maximum length of the Op codes in that group and is used to control the instruction
check circuit.

The Common Op Code Grouping lines consist of three groups: (Figure 2. 6-2)
instruction read-out, operational, and control.

The instruction read-out group controls the remainder of the I-phase.
The operational and control groups control the E-phase.

If the Op decode is a No OP_, the I-ring is not advanced and I-cycle control
causes the storage to continue to read out characters until another Op code (WM)
is detected. The B-channel WM over the next Op code sets the Op code into the
Op register. The instruction read-out operation continues by advancing the I-ring
to I-ring 1 time, and the next character is read out of storage.
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‘ ) I I — |
\ N
\ S Set A & CARs Set CAR Set B & DARs
\ S 14.71.10 & 12 14.71.12 -,
\ B S \ r "
L N \ l, Py
~o N\ \
-~ ~ \ 1
S~o ~ \
~ e - ~
-o Ay
-

L4
L d
’I
Ld
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12 Set Th Pos
S~ 13 Set Hun Pos
14 Set Tens Pos
15 Set Units Pos,

Figure 2.6-1B Instruction Read-Out Operation



1410 OP CODES

=
x

x

x

COMMON OP CODE ?|1|A|S|a%|E|z|c|w|v|/
GROUPING
Instruction Percent Type Op Codes
Read-~Out Not Percent Type Op Codes XXX X|XIX[X[X]|X|X|X]X
Addr Dbl Op Codes X | X|X]|X X
Not Addr Dbl Op Codes X[ X[ X[ X|X]|X[X
1 Addr Plus Mod Op Codes
2 Addr No Mod Op Codes XXX X[X[X|X|X]|X X
2 Addr Plus Mod Op Codes X|X
2 Address Op Codes XXX X[ X[ X]|X]| X[ X]|X|X]|X
Addr Type Op Codes XXX IX[X| X[ X]X[X[X]|X]|X
2 Char Only Op Codes
C Cycle Op Codes XX
No C or D Cy Op Codes XXX |[X{X|X
No D Cy at | Ring 6 Ops X[ X[X|X X| X[ X | XXX
No Index On 1st Addr Ops
Operational | Reset Type Op Codes XX
Add or Subt Op Codes X| X
Mpy or Div Op Codes XX
Add Type Op Codes X[ X|X|X
Arith Type Op Codes X[X]X]|XIX|X
E or Z Op Codes X| X
Compare Type Op Codes X
Branch Type Op Codes XX | X
No Branch Op Codes XXX XX | X]|X] X[ X
Word Mark Op Codes
Mor L Op Codes
Control Ist Scan First Op Codes XIXIX]X|X[X] X[ X]X|[X|X]|X
A Cy First Op Codes XXX XX [ X] X] X| X
Std A Cycle Op Codes XXX XX | X|X]| X]X
B Cy First Op Codes XX | X
A Reg to A Ch On B Cy Ops XXX X[X|[X|X]|X]|X X
Op Mod to A Ch On B Cy Ops XX
Load Mem On B Cy Op Codes {X | X [X| X|X | X| X| X
Rgen Mem On B Cy Op Codes X [ XX
Stop at F on B Cy Op Codes X
Stop at H on B Cy Ops X (X
Stop at J on B Cy Op Codes X[ X X[ X[X] X
RO B AR On Scan B Cy Ops X XX |X|X][X
RO A AR On A Cy Ops X | X|X| X X| X| X

Figure 2.6-2 1BM 1410 Common Op-Code Grouping



If the Op decode is neither an N or G, one of three common Op-code grouping
lines must come up. They are percent type, not-percent type, or two-character-
only Op codes.

Two-Character-Only Op Codes

For both two-character-only Op codes, the character at I-Ring 1 Time must be
the Op modifier, and it cannot have a word mark over it or an instruction check
results. The Op modifier character is stored in the Op modifier register and
the I-ring is advanced to I-Ring 2 Time where the next character is read out to
insure that there is a word mark over it.

Not Percent Type Op Codes

All of these Op codes (except R and X) are the only Op codes that can be chained.
Three more common Op-code grouping lines identify the maximum length of

these Op codes. The lines are: One Address Plus Mod Op codes, 2 Addr No Mod
O_p_codes, and 2 Addr Plus Mod Op codes. They insure that there are word marks
at 17, I11, and I12 time. I-ring 1-5 Times identify the A-field address and 16-8
identify the B-field address for Two Address Type Op codes.

Percent-Type Op Codes

All move and load Op codes and the unit control Op code fall into this group. Move
and load Op codes also bring up 2 Addr Plus Mod Op code while the U-Op code
conditions One Address Plus Mod Op codes.

When the percent-type Op-code line comes up, it causes two quick advance
pulses that advance the I-ring to I3 during the second I-cycle.

Icy Icy Icy Icy Icy Icy

Iop|IljI2|I3 14 I5 16 17

The character at I3 time is the I/O channel-select character. It is set into
the I/O channel-select register. The character at I3 is the unit-select character,
and it is set into either the E- or F-units select register depending on the 1/O Ch
Set Register. At I5 the character is set into the E- or F-unit number register.
The character at 16 is set into the Op modifier register for the One Address Plus
Mod OE codes, or it is set into the ten-thousands position of the B- and D-AR's
for the 2 Addr Plus Mod Op codes. (When the command is overlapped, the B-field
address is also set into the E- or F-AR depending on the channel-select register.)

I-Cycle

The storage cycles during instruction read-out are 4.5 microseconds long (stop
at F). As each character is read out into the B-data register, it is regenerated.

The STAR is set on 2nd CP of LGA. From LGB to LGF the address in STAR
is modified by plus one (controlled by I-cycle control) and read back into the I-AR.
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I-Cycle Ctrl | T

I-cycle ] B"C D E F Al

Set STAR [2]

Modify address 1B ' C D E F

Data on B-Ch | D E F |

Set AR Pos |2|

Last I-cycle | D E FL__
Last I-Cy Only{ Reset I-AR 1] [1]

Set Storage AR to I-AR [ F|

The character is available on the B-channel around LGD. The I-cycle latch
gates the character to the A-data register and to the A-channel. I-cycle also con-
trols the assembly to Use A-Ch WM, zones, and Num.

On the last I-cycle of any instruction read-out operation, there must be a WM,
if the instruction is of correct length. Because this character is usually the Op
code of the next instruction, it must be read out again. As this character is read
out, the address in STAR is being modified by plus-one to be read into the IAR.
When the WM identifies the cycle as the last I-cycle (around LGD), the gate to set
the IAR from the address channel is dropped, and the IAR is reset (lst CP, LGF).
Set Mem AR to IAR is brought up at LGF to gate the address of the next Op code,
still in STAR, to the IAR.

In order to satisfy the address-channel validity check during I-phase, zeros
must be inserted on the channel at LGA of I Op, Op Mod character, and last instruc-
tion read-out cycle. All address characters and X-control-field characters are
gated onto the address channel. The %, @ , and * characters (8-4 Bits) are
translated to a four.

2.6.02 Chaining

There are two items that effect an Op code, when the Op code is chained. They
are:

1. Some two-address-type Op codes, when chained to use a single address, use
this address as both the A and B-field addresses. These Op codes are called
address double-type Op codes. Not-Address Double-Type Op code uses the
contents remaining in the BAR at the completion of the previous E-phase for
the B-field address.

2. Some Op codes require the A and C, or B and D-address registers to contain
the same address before E-phase can start.

Address Double-Type Op Codes

The A-field of an address double type Op code is read into the A, B, C, and D-ARs
so that if a WM is read out at I Ring 6 Time the single address is used as both the
A- and B-field addresses.
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The A-field of not-address double-type Op codes is read into the A- and C-
ARs only.

Arithmetic Type Op Codes

If an arithmetic type Op code is chained at I Ring 1 Time, the CPU takes a D-Cycle
during which the address in the BAR is set into STAR, modified by zero, and read
into the D-AR (the B- and D-AR's must contain the same address). Chaining mul-
tiply, divide, and T Op codes at I Ring 1 Time initiates a C-cycle to update the
C-AR.

2.6.03 Op Register Set Check

The Op register set check insures that the Op register receives a set impulse
during I-Op time. The conditions that cause Set Op Reg also bring up check Op
register set (Figure 2.6-3). Set Op Reg and Check Op Register Set impulse two
triggers that must be both ON or both OFF at error sample time, or an Op register
set error strops the CPU.

2.6.04 Op-Modifier Register Check

The Op-modifier register check insures that the Op modifier register receives a
set impulse at Op-modifier character time for Op codes with modifiers. The con-
ditions that cause Set Op Mod Reg also bring up Check Op Mod Set (Figure 2. 6-4).
Set Op Mod Reg and Check Op Mod Set impulse two triggers that must be both ON
or both OFF at error sample time or an Op Mod Reg Error stops the CPU.

2.6.05 Instruction Check

The instruction check circuit detects the following programming errors:

1. Addressing an Op code without a word mark.
Using an undefined Op code or a 1401 Op code when not in the 1401 mode.
3. Using an instruction word that is not a proper length (proper lengths are
shown in Figure 2. 6-5).
4. Failure to have a word mark immediately to the right of the instruction word.
5. A table search Op with 8, A, or B-bits in the d modifier.

The circuit also detects these system failures:

1. Failure to set a cycle-control latch for the next cycle.
Failure to control the length of the storage cycle.

Operation (Figure 2. 6-6)

During every cycle, conditions must be met to set the cycle-control latch for the
next cycle. If none of the cycle-control latches are set, the instruction check gate
is conditioned, and at error sample time the CPU is stopped. During every I-cycle
the WM bit on the B-channel is used to condition Last Insn RO cycle or the cycle-
control latch for the next cycle. (Last Insn RO cycle is usually used to condition
the cycle-control latch for the first cycle of E-phase.)
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| Ring Op Time
I Cycle L

—_—— ]
Logic Gate E —

B Ch WM Bit
Set Op Reg
2nd Trigger Check D—C Trigger

Ist Trigger Check

Check Op Reg Set

) —

Error Sample —{\Op Reg Set Error

Bt

*_|

I Trigger

L/

| Ring Op Time
I Cycle

Prog Reset

>~

—_—
Logic Gate F —

B Ch W M Bit

Figure 2,6~3 Op Register Set Check
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I Ring 1 Time

2 Char Only Op

1 Ring 6 Time

1 Addr Plus Mod Op

| Ring 11 Time

N

2 Addr Plus Mod Op

I Ring 1 Time

2 Char Only Op Code

| Ring 6 Time

1 Addr Plus Mod Op

Logic Gate F ——

I Cycle [
B Ch Not WM l

I Cycle
Logic Gate F

B Ch Not WM Bitl

Set Op Mod Reg

2nd Trigger Test
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Check Op Mod Set
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Error Sample
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I Ring 11 Time
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OP CODE/INSTR

A (A) (B)
5 (A) (8)
? (A) (B)
1 (A) (B)
@(A) (B)
% (A) (B)
J(hd
R()d
X (N d
B (D) (B) d
w (D ()d
V(D (B) d
D (A) (B} d
Z(A) (B)
E(A) (B
C(A) (B)
T(A) (B) d
G(Qd
+ (A) (B)
(A) (B)
/() (B)
- (0

N
M &) (8) RW
L &) (8) R/W
uXd

K d

Fd

FUNCTION

Add

Subtract

Zero and Add

Zero and Subtract

Multiply

Divide

Branch if Internal Ind On
Branch if I/O Status Ind On (Ch 1)
Branch if 1/0O Status Ind On (Ch 2
Branch if Char Equal
Branch if Bit Equal

Branch on WM and/or Zone
Move Data

Move Char and Suppr Zeros
Move Char and Edit
Compare

Table Lookup

Store Addr Reg

Set Word Mark

Clear Word Mark

Clear Storage and Branch
Halt and Branch

No Op

Read or Write without WM
Read or Write with WM
Control Unit

Stacker Sel and Feed
Control Carriage

ACCEPTABLE LENGTHS

— ot bt — —

— et ot i o — — —

1 ot ot ot

FOCOOONOCOROOCOOOONNNOOOOOO

Figure 2.6=5 Op Code Lengths
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v

Set | Cycle Control (12.13.02

Last Insn RO Cycle (12,13.05)

B Ch WM 1 Op Not 1401 Mode
Set | Cy Ctrl No Op
ARS No Op- | Cycle
Op Mod Time - Not 1401
B Ch Not WM {1 1+ 2+3+4|lCy| Address Type Op Codes
i5 C Cy
B Ch Not WM || 5+ 10 Index Not Required
B Ch Not WM |16+7+8+9|l Cy| Two Address Type Op Codes
110 Cyl

Op Mod Reg 8 Bit

Op Mod Reg A Bit

N

Op Mod Reg B Bit

Iypl CoRD I /A/f’

i PRECESS
Not | Cycle Cirl

o

Not X Cycle Ctrl

Not A Cycle Ctrl

Not B Cycle Ctrl

Not C Cycle Ctrl

Not D Cycle Ctrl

Not E Ch Unovlp In Process

Not F Ch Unovlp In Process

Process Routine

2nd CP

Not Any Last Gate

Table Search Op Code

I Ic Cy| C Cycle Op Codes ]
n D Cy| Add Type Op Codes
B ChWM| 11 No C or D Cycle Op Codes
B Ch WM| 12 2 Char Only Op Codes
16 D Cy| Mult + Divide Op Codes
BChWM| 16 No D Cy at 16 Op Codes
BChWM| 17 I Addr Plus Mod Op Codes
B ChWM| I 11 2 Addr No Mod Op Codes
BChWM| 112 2 Addr Plus Mod Op Codes

Last Insn RO Cycle

¢
y(
o

\ ¥
i
I

v

Error Sample

Instruction Check Gate

Instruction Check

No Lost Gate

Logic Gate K +Y

Figure 2.6-6 Instruction Check
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For example, there must be a B-Ch WM at I-ring Op time to set the I-Cycle
Ctrl latch for the next character.

If the programmer uses an undefined Op code, the Op-register decode does
not condition any common Op-code grouping lines, that are necessary to set the
cycle-control latch for the I-cycle at I-ring 1 time.

Since I/O commands can be overlapped the E- and F-cycle-control latches
cannot be used in the check circ