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Federal Communications Commission (FCC) Statement

Warning: This equipment generates, uses, and can radiate radio-
frequency energy and, if not installed and used in accordance with the
instructions manual, may cause interference to radio communications.

It has been tested and found to comply with the limits for a Class A
computing device pursuant to Subpart J of Part 15 of FCC Rules, which
are designed to provide reasonable protection against such interference
when operated in a commercial environment. Operation of this equip-
ment in a residential area is likely to cause interference. In which case,
the user, at his own expense, is required to take whatever measures may
be necessary to correct the interference.

The FCC statement above refers to machines manufactured or
reconditioned since 1 January 1981. ’

PREFACE

This reference publication for system planners, programmers, and
operators presents a description of input/output operations controlled
through the IBM 2821 Control Unit. The IBM 2540 Card Read-Punch
and the IBM 1403 and 1404 Printers controlled by the IBM 2821 Control
Unit are briefly described. Commands, status and sense information
pertaining to the attached input/output units is presented. Programming
timing considerations for control unit, card reader, card punch, and
printers are also presented.

For further information about the attached input/output units, refer
to: IBM 2540 Card-Read Punch, Order No. GA21-9033,
IBM 1403 Printer, GA24-3073, and IBM 1404 Printer, GA24-1446.
For further information about input/output and channel operations,
refer to: IBM System/360 Principles of Operation, GA22-6821,
and IBM System/370 Principles of Operation, GA22-7000.
Other related literature is listed in the System/360 and System/370
Bibliography, GA22-6822.

Tenth Edition (October 1982)

This is a reprint of GA24-3073-8, incorporating changes released in Technical
Newsletter GN24-0898 (31 December 1980).

Information in this publication is subject to change. Before using this
publication be sure you have the latest edition and any Technical
Newsletters.

Copies of this and other IBM publications can be obtained through IBM branch
offices. This manual has been prepared by the IBM General Technology
Division, Product Publications, Dept. K10, P.O. Box 6, Endicott, N.Y.

13760.
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Figure 1. IBM 2821 Control Unit



This publication describes the IBM 2821 Control Unit,
which provides controlling circuitry for the IBM 2540
Card Read-Punch, and the IBM 1403 and 1404
Printers that can be used as input or output devices
with various models of processing units. Control
information and data transferred between the pro-
cessing unit and 2821-controlled input/output (1/0)
devices pass through the IBM 2821 Control Unit.

The movement of data between input/output
devices and the processing unit of a data processing
system is shown in Figure 2. The flow of job data
and control information between the processing unit
and an input or output device is shown in Figure 3.
The input/output devices are attached directly to
control units. (Note that the control units for some
1/0 devices are contained in the I/0 devices them-
selves. This is not the case, however, for I/O
devices attached to the 2821.) The control units are
attached to the channel through a standard 1/0
interface. This interface is a group of connecting
lines that carries data and control information
between the control units and the channel.

The 2821 contains areas of storage (buffers) that
permit high-speed transfer of information between
the processing unit and the input/output devices.

This arrangement permits maximum use of the
processing-unit in arithmetic and logic operations
because the processing unit is not restricted to the
slower-speed operation of input/output devices. For
example, in a card-read operation the information
from the card is loaded into a buffer in the IBM 2821
Control Unit. This loading proceeds at card-reader
speed. When the processing unit is ready to accept
the data, it is transferred from the buffer to the
processing unit at a rate that does not depend upon
reading time in the card reader.

While the next card is being read, the processing
unit can proceed with other operations; the processing
unit is not restricted to card-reading speed during
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Figure 2. Basic Data Processing System
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this input operation. When the processing unit is
again ready for card data, that data can be trans-
ferred from the buffer to the processing unit.

Consider what generally occurs during an input/
output operation. Arithmetic- and logic-decision
operations are performed while the processing unit
is in the problem state. For an input/output opera-
tion to be started, the processing unit must be placed
in the supervisor state. The transition from problem
state to supervisor state (to initiate an I/O opera-
tion) is normally effected when a Supervisor Call
instruction is encountered in the program.

The input/output operation is a part of the over-
all job performed by the system. A way must be
provided to return to the right place in the program
to resume operations in the problem state as soon
as the functions performed in the supervisor state
are completed. Therefore, when the system state
is changed from problem to supervisor, the place in
the program that is to be used, after the operation
performed in the supervisor state has been completed,
must be known. This information is contained in the
appropriate Program Status Word (PSW). When the
Supervisor Call instruction is executed, the PSW
relating to the problem state just interrupted is
stored. At this time, a new PSW is used that con-
tains information related to the operation to be per-
formed in the supervisor state. After supervisor-
state operations are completed, the PSW that was
used in the supervisor state is stored for possible
subsequent use. Conditions returned-to after the
supervisor-state operations have been completed are
indicated by the next PSW used. For instance, the
next PSW used indicates the location in main storage
of the next instruction to be performed.

As soon as the transition to the supervisor state
is effected, the supervisor program takes over con-
trol of the system. The program routines of the
supervisor program are provided by IBM (though they

To Input/Output Device
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Figure 3. Input/Output Data Flow
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may be written by the user). Specifications such as
device-designation (related to the input/output opera-
tion to be performed) are written by the user and
entered into the system as part of the user's original
source program. These specifications are entered
into the supervisor program during generation of the
object program that controls the system during job
runs.

The supervisor program contains a Start I/O in-
struction. This instruction indicates the channel,
and the input or output device on that channel, that is
to be used. Assume that the channel and device are
free to perform the operation specified. At this time,
a Channel Address Word (CAW) is referenced from
main storage. The particular CAW is determined
by the supervisor program. The CAW contains the
main-storage address of the first Channel Command
Word (CCW) to be used in the operation. The CCW
specifies:

1. The operation to be executed by the input/output
device.

2. The area of main storage (if any) to be used in
the operation.

3. The amount of data (number of bytes), if any, to
be transferred in the operation.

Assume that the operation requested is transfer-
ring the information read from one card into main
storage, and that this information is already in the
internal storage area (read buffer) of the 2821. The
information was read into that buffer during a previ-
ous card-read cycle in the card reader. A CCW
directs that the data be transferred from the control-
unit buffer to the processing unit.

As soon as the information in the buffer of the
control unit is sent to the processing unit, a card-
read cycle takes place in the card reader to refill the
control-unit buffer with new information (if a read
and feed command was given). Because the card
reader is busy during the card-read cycle, no other
operations with the card reader are permitted. How-
ever, the processing unit is free to carry out other
operations while the card-read operation is taking
place.

Termination of the input/output operation with the
channel is signaled by channel-end, which indicates
that the channel is free to transfer information be-
tween other attached devices and the processing unit.
(Note, however, that a channel may service more
than one device at a time,) Device-end signals that
the device is no longer busy with an operation. In the
case of the card reader in this example, device-end
occurs after the mechanical portion of the card-read
cycle is completed. Also, at the end of the operation,
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a Channel Status Word (CSW) is stored in main stor-
age to indicate the status of the input/output device.
For instance, an error may have occurred in the
reader during the operation. This fact is reflected
in the CSW.

In summary, to initalize an input/output (I/0)
operation requires execution of a Start I/O instruction.
During processing of the Start I/0, the first CCW,
whose location is specified in the CAW, is accessed.
The I/O unit is selected and directed to perform the
operation specified in the CCW. The channel then
takes over and controls the input/output operation as
defined by the CCW. The CCW contains the neces-
sary information for completing the operation. After
the operation is completed, the input/output device
initiates an input/output interruption to signal the
processing unit. The processing unit, in accepting
the interruption, stores a Channel Status Word (CSW)
into a fixed storage location. This CSW contains the
status for the input/output operation that caused the
interruption. The CSW is available in its fixed stor-
age location until another CSW is stored later for
another I/0 operation. Data or command chaining,
or unusual conditions detected at the I/0 unit or in
the channel, can cause the operation to proceed in
various ways. For specific details concerning Sys-
tem/360 I/O programming considerations, refer to
IBM System/360 Principles of Operation, GA22-6821.

CHANNELS

A channel is a device used to complete control of I/0
units attached to the processing unit. It controls the
transmission of data between the processing unit and
the I/0 units and from there to main storage.

The two types of channels are the multiplexer
channel and the selector channel., (Note that the
types and number of channels depend upon the
system model used.) Both perform the same type
of function, the control of attached input/output
devices, but each employs a different method to
accomplish this. The high speed of the processing
unit and the relatively slow speed of many I/0 devices
makes it desirable to have a channel that can operate
several I/0 devices at one time. The multiplexer
channel was designed for this purpose. By having
many subchannels (each capable of sustaining a single
1/0 operation), the multiplexer channel can read or
write from several low-speed I/O devices at one
time (in overlap fashion). As each I/0 device
requests to send or receive data, the multiplexer
channel selects the correct subchannel for the
requesting input/output device and sends or receives
data to or from that device, under control of the
subchannel.



Processing-unit circuitry, depending upon the
system model, may be shared by both the proc-
essing unit and the multiplexer channel. If the cir-
cuitry is shared, whenever the multiplexer channel
is operating the processing-unit program in progress
is stopped. The correct subchannel address is then
developed from the device address, the subchannel
data is loaded into the processing-unit circuitry, and
the input/output operation is performed. After the
portion of the input/output operation that requires use
of the processing unit circuitry is completed, the up-
dated subchannel data is stored, and the processing-
unit circuitry is reloaded from the stored processing-
unit information. The next processing-unit program
step can then take place. ‘

A selector channel allows simultaneous processing-
unit and channel operations with high-speed input/
output devices. When the selector channel is ready
either to store or fetch data from main storage, it
stops the processing unit (or multiplexer channel
operations) while it takes a storage cycle. This
operation is called a selector-share cycle. This
operation is automatic in that, at its completion, con-
trol is returned to the operation that was in progress.

Initial selection of the 1/0 device and CCW chain-
ing cause the first or next CCW to be fetched from
storage by microprogramming (method may differ
according to central processing unit model, but the
result is compatible) and stored in the selector-
channel circuitry. Because the selector channel
has its own registers, processing-unit registers are
not stored or restored in a selector channel data
cycle as would be the case in a multiplexer channel
microprogram operation.

Selector channels have only one subchannel,
which means they can operate only in burst mode (no
data interleaving) with one 1/O device at.any one time.
The system is designed to use up to six selector
channels and only one multiplexer channel. Note that
the number of channels used depends upon the specific
system model and the particular configuration of that
model used.

UNITS CONTROLLED

Several models of the 2821 are available. These
models provide system 1/0 interface adaptation,
control circuitry, and record buffering for the:

e IBM 2540 Card Read-Punch,
e IBM 1403 Printer, Model, 2, 3, 7, or N1,
e IBM 1404 Printer, Model 2.

The IBM 2540 Card Read-Punch reads at a maxi-
mum rate of 1000 cards per minute and punches at a
maximum rate of 300 cards per minute.

The printers that can be used with the IBM 2821
have the following characteristics:

Print Maximum Print Speed*
Position in Lines per Minute

IBM 1403 Model 2 132 600
IBM 1403 Model 3 132 1100
IBM 1403 Model N1 132 1100
IBM 1403 Model 7 120 600
IBM 1404 Model 2 132 600

*Without the Universal Character Set feature installed.

The 1404 can also print on card documents at a
maximum rate of 800 cards per minute in a two-up
manner (two cards, side by side). IBM 1404 printers
can be attached to a 2821 on models 30, 40, and 50
only. The basic configurations of the IBM 2821
models and the units controlled are:

Model 1 controls and buffers one 2540 and one
1403 printer. ’

Model 2 controls and buffers one 1403 printer.

Model 3 controls and buffers two 1403 printers.

Model 4 controls and buffers a 2540 and a 1404,
Model 2 printer. ‘

Model 5 controls and buffers a 2540 and two 1403
printers.

Model 6 controls and buffers one 2540

Attachment of any 1403 printer to the IBM 2821
Control Unit Models 1, 2, 3, or 5 requires that the
appropriate prerequisite be on the 2821. A third
printer can be attached to the IBM 2821 Control
Unit Model 3 or 5 only. For this attachment, a third
printer control is required on the 2821. iAlso, an
1100 LPM Adapter is required on any 2821 connection
to which an IBM 1403 Printer Model 3 or N1 is to be
attached. Refer to your IBM Sales Represéntat}i\ve
for information on ordering specific configurations.

Placement of I/0 units on a channel determines
priority of device operation. Printers attached to a
2821 can be considered a subgroup within a channel
priority scheme. When simultaneous requests for
1/0 service occur, the requestiné unit of highest
priority obtains channel service before any other
units of lower priority. Within a subgroup of 1403
printers attached to a 2821, one of these printers
has the highest priority in relation to the one or two
other 1403 printers attached to the same 2821.
Therefore, when ordering a 2821 and attached
printers, the desired channel priority of the printers
must be specified. For example, suppose that an
IBM 2821 Control Unit Model 5 and two attached
printers are ordered. Assume that the printers are

IBM 2821 Control Unit 7



a 1403 Model 2, a 1403 Model 7, and a 1403 Model 3,
and the desired priority of printer service is:

Pirst Priority 1403-3
Second Priority 1403-2
Third Priority 1403-7

Then ordering should reflect the priority as follows:

First Priority Printer Control Number 1  1403-3
Second Priority Printer Control Number 2  1403-2
Third Priority Printer Control Number 3  1403-7

(Note that the attached 2540 reader and punch nor-
mally take priority over any attached printers.)

Once priority sequence has been established, any
special features must be indicated for the appropriate
printer. If, for example, the 1403 Model 3 in the
preceding example is to have the Selective Tape
Listing feature, then that feature must be ordered
to accompanying Printer Control Number 1 because
each Selective Tape Listing feature requires a
Selective Tape Listing Control on the 2821.

Similarly, a Universal Character Set Adapter
must be specified for each printer (1403-2, 1403-3,
or 1403-N1) that is to have the Universal Character
Set feature.

A 2540 compatibility attachment is required on
IBM 2821 Models 1,4,5, and 6 if the card read-punch
attached to these models is to function with a
Model 30 or 40 that is operating in the 1401, 1460
compatibility or 1620 compatibility mode.

DATA MOVEMENT

Data is transmitted to the IBM 2821 Control Unit from
the processing unit for punching or printing, and from
the control unit to the processing unit when cards are
read. The data is buffered on a record basis. A rec-
ord is considered to be a complete line of print or
one complete card record. However, a card record
need not be a full eighty columns or a line of print
need not be the full capacity of the printer,

The length of any record is determined by the
byte count in the Channel Command Word (CCW) of
the channel. This record length always begins with
column 1 of the card (in reading and punching) or the
leftmost print position of the printer when printing.

CONCURRENT OPERATION
The IBM 2821 Models 1, 3, 4 and 5 can control and

handle the data-flow requirements of the attached
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I/0 units concurrently. Each of these input/output
units may be activated or terminated by the proper
channel-command or unit-status condition regardless
of the progress of operation of the other units.

The 2821 contains separate, unshared control
units for each attached device but uses only one
adapter position on a channel.

ATTACHMENT METHOD

Connection of the control unit to the channel is
through the standard I/O interface. The control unit
is controlled from the processing-unit channel to
which it is connected, by the sequence of signals and
rules of operation specified for that channel. Card
read-punches and printers are connected directly to
the control unit, which in turn connects them via the
standard I/0 interface to either the selector or multi-
plexer channel.

Even though the card read-punches and printers
are connected by a common control unit to the inter-
face, these input/output devices operate logically as.
separate units. That is, they are selected by unique
addresses and controlled by individual commands as
though they were each uniquely connected to the
channel.

When the control unit and the attached input/
output units are connected to the multiplexer channel,
they operate in multiplex (data interleave) mode or in
burst mode, depending on the setting of a switch on
the CE panel of the 2821. When connected to a selec~
tor channel, they always operate in burst mode. In
multiplex mode, two bytes are transmitted for each
channel cycle for the reader or the punch. Four
bytes per cycle are sent for the printer.

When addressed through the interface, the
three units appear to be in the order: first the
reader, second the punch, and third the printer.
That is, the reader should have highest priority,
the punch next, and the printer(s) next, (This is
the priority of the 2821-controlled I/0 units
considered as a subgroup on the channel.)

When a control unit is addressed by the channel, up
to 1. 8 us.delay occurs in propagating the interface
sequence while the 2821 determines if the address
applies to a device connected to it,

2821 SWITCHES

Control Panel Meter Switch

The meter switch, when turned on, allows the control
unit to function with its attached input/output devices
and with the channel.



Use Meter (2821)

The 2821 meter runs with the coincidence of the
following:

1. The presence of the metering-out signal from the
CPU. The channel transmits the metering-out
signal to each control unit when the CPU meter
is recording processing unit time. Metering-out
provides for use-meters to register time in each
control unit that is not in the disabled state.

2. The presence of an interlocked condition that
occurs when the 2821 meter switch is in the on
position and the clock-out signal from the CPU
is down. The clock-out signal down indicates
that the CPU is in either a stop or wait condition,

The interlocked condition is lost with the coincidence
of the following:

1. The 2821 meter switch is in the off position.

2. Absence of the clock-out signal from the CPU.

3. All devices controlled by the 2821 are in a not
busy state.

When the interlocked condition is lost, the 2821 and
attached devices cannot operate with the CPU.

CE Panel Mode Switch

This switch determines which mode of operation is to
be used by the 2821 and all attached units. If the
switch is placed in the ""burst'" position, all devices
transfer data in burst mode. If the switch is placed
in the "1 byte' position, all devices attached to the
2821 transfer data in multiplex mode. If the switch
is placed in the "2-4 byte" position, all devices
transfer data in multiplex mode, but the 2540 trans-
fers 2 bytes each time it is selected and the printer
4 bytes each time it is selected. The "2-4 byte"
position normally allows faster operation of the
attached units than is possible in ''1 byte" mode.

In some programming situations, this mode may
cause overrun errors to occur, because the 2821
occupies the channel while transferring the extra
bytes. Note that when the 2821 control unit is
attached to a selector channel, the channel forces
ithe burst mode regardless of the position of this
mode switch.

DATA CODES

The data codes used are discussed with each input/
output unit description in this publication. All nec-
essary translations of bit-patterns to or from the
processing-unit bit-patterns required by any input/
output unit are performed in the control unit.

BUFFERING

Enough control-unit buffering is available to contain
two complete card images (80 columns of 12 bits
each) and one maximum print line for the attachable
printer. The maximum record sizes handled for the
input/output units are:

e Card reader 80 columns, 12 bits each plus
parity
80 columns, 12 bits each plus
parity
132 positions, 7 bits each (basic)
including parity.

e Card punch

e Printers

The 6 data bits (plus 1 additional for parity) for
the printer is the bit pattern translated from the
processing-unit storage byte.

A 9-bit byte received from processing-unit stor-
age for punching is translated into EBCD (Extended
Binary Coded Decimal) Card Code and stored in the
control-unit punch buffer. In reading from cards,
the image of each card column is read into the buffer.
This EBCD Card Code is then translated to the 9-bit
EBCD CPU Code (when reading out of the buffer) and
sent to the processing unit.

The only restriction placed on hole patterns in
any card column is that no more than one punch may
occur in rows 1 through 7 of any card column (for an
exception refer to the Data Mode 2 section of this
publication). All other punch combinations are valid
(Figure 4).

SYSTEM RESET

A system reset is initiated when the system-reset
button (on the processing-unit console) is pressed.
Basically, this reset is the same as the one that
occurs when the system power-on key is pressed (for
example, all CPU hardware registers are reset to
off), However, the 2540 ready and end-of-file lights
are not reset by pressing the system reset button.
Note, however, that they are set to off during the
system reset that occurs when the system power-on
key is pressed.

A sy'stem reset applies only to devices that are
on-line. This reset should be given only when the
devices are not in mechanical motion. If devices are
in mechanical motion when system reset is given,
the results are unpredictable and a system reset
could cause errors that might not be detected.

If there is any doubt about the status of the
devices at the time the reset is given, operations
with the 2821 should be terminated. The program
should then revert to the last checkpoint applicable to
to the devices controlled by the 2821.

IBM 2821 Control Unit 9



Bit Positions

T 0 1 o 7T - 1T 1 7
’_————b
L4567 00 o1 |10 | n 00 | O 10 | 11 00 | 01 10 | 11 00 o1 | 10 {11
{05~ TE9 | E0F | TEOD T E [ TEO TO | TE | E0 | TEO T0 B0 0 | 0
0000 | X\ 18 | 18 | 18 18 |18 | 18 | 18 28
o1 | 0 9 | 09 9 To9 | TE9 | 0 |TEO9 0 | TE | EO | TEO T E | E09
1 1 1 1 1 ] 1 1 1 1 1 1 1 1 ] 1
ooto | T2 9 | 09 9 109 | TE9 |EO9 [TEO9 T0 | TE E0 | TEO T E 0
2 2] 2 2 2 2 | 2 2 2 2 2 |2 2 2 2 2
o1 | T2 9 | o9 9 109 | TE9 | EO9 [TEO9 10 | TE EO |TEO T E| o
3 3| 3 3 3 3 | 3 3 3 3 3 |3 3 3 | 3 3
oo | T 9 oo | @ 109 | TE9 |EO9 |TEO® 10 TE | E0 |TEO T E 0
4 4] 4 4 4 4 | 4 4 4 4 4 | 4 4 4| 4 4
o1 | T2 9 | o9 9 109 | TE |EO09 |TEO® T0 TE { EO |TEO T E 0
5 51 5 5 5 5 | 5 5 5 5 5 | 5 5 5 | 5 5
19 9 | 09 9 109 | TE9 | EO9 |TEO® T0 TE | EO |TEO T E 0
o110 | 4 6| 6 6 6 6 | 6 6 6 6 6 | 6 6 6 | 6 | 6
T9 9 | o9 9 109 | TE9 | E09 |TEO9 10 TE | EO |[TEO T E 0
om iz 77| 7 7 |7 |7 |7 7 |7 717 7 L7 7|7
9 B9 | o 9| {v09 |T1E9 | EO9 {TEO® T0 TE | EO |TEO T E 0
1000 | g 8| 8 8 8 8 s | 8 8 8 8 | 8 8 8 g | 8
9 9 | 09 9 T E 0 T0 TE | EO |TEO T 3 0
1001 | g 18| 18 | 18 18 | 18 18 | 18 9 9 9 | 9 9 9 9 9
19 £9 | 09 9 T E TE T0 TE | EO |TEO T09 |TE9 | E09 |TEO9
1010 | o 28 | 28 28 28 | 28 28 28 28 | 28 | 28 28 |28 | 28 | 28
19 9 | 09 9 T E 0 T0 TE | E0 | TEO 109 [TE9 | EO9 |TEO9
1011 {59 38 | 38 38 38 |38 38 | 38 38 38 | 38 | 38 38 |38 | 38 | 38
9 9 | 09 9 T E 0 10 TE | EO |TEO 109 |TE9 | E09 |TEO9
1100 | 48 48 | 48 48 48 | 48 48 | 48 48 48 | 48 | 48 48 |48 | 48 | 48
9 E9 | 09 9 T E 0 10 TE | EO |TEO 109 |TE9 | E09 |TEO9
1101 | 58 58 | 58 58 58 | 58 58 | 58 58 58 | 58 | 58 58 | 58 | 58 | 58
9 E9 | 09 9 T E 0 T0 TE | E0 | TEO 109 |TE® | E09 |TEO9
1110 | 48 68 | 68 68 68 | 68 68 | 68 68 68 | 68 | 68 68 68 68 | 68
9 E9 | 09 9 T E 0 TO TE | EO | TEO 109 |TE® | EO® [TEO9
mi | 78 78 | 78 78 78 |78 78| 7 78 78 | 78 | 78 78 | 78| 78 | 78

Notes: T = Twelve Zone
E = Eleven Zone

Figure 4. Extended Binary Coded Decimal Card Code to Extended Binary Coded Decimal Interchange Code

MALFUNCTION RESET (SELECTIVE RESET)

Malfunction reset is initiated by the channel. There-
fore, the problem programmer need not be concerned
with malfunction reset. Malfunction reset is used to
disconnect the I/0 device from an active working
condition with the channel.
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If the device is not in mechanical motion when
malfunction reset is given, all command and sense
and status information are reset,

If, however, the device is in mechanical motion
at the time malfunction reset is given, all sense and
status information except I_)EEX are reset. When the
device has arrived at a normal stopping point, device-
end is turned on. Upon acceptance of this device-end
by the channel, busy is reset and the device is free
to accept another command.



INTERFACE DISCONNECT

Interface disconnect is initiated by the Halt I/0O in-
struction. When the Halt 1/0 is given, the device is
disconnected from the channel.

If Halt I/0 is given after initial selection but
before the normal channel-end, channel-end is turned
on. However, if Halt I/O is given between channel-
end and device-end, no additional status is generated
and the device remains busy until device-end status
is accepted. (Any chaining is, however, terminated.)

If a Halt I/O is issued when the device is not
busy, no status is generated and the device remains
not busy.

PREFERRED ADDRESSES

IBM 2821 Control Units are now shipped with the
following preferred addresses prewired:

Device Hexadecimal Address
2540 Reader 0C
2540 Punch 0D
First 1403 OE
Second 1403 OF
Third 1403 10

If two 2540's are on the same channel (two 2821's

are used), the preferred address is 12 for the second
2540 Reader and 13 for the second 2540 Punch.

These addresses may be altered at installation, if
necessary, by the customer engineer. However, if
possible, the preferred addresses should be used.

SPECIAL FEATURES CONTROLLED

Special featlires, which are described in other sec-
tions of this publication, are:

1. 2540

a. Compatibility Attachment

b. Punch-Feed Read

c. Column Binary (Data Mode 2)
d. 51-Column Card Handling.

2, 1403
a. Universal Character Set
b. Selective Tape Listing Features
¢. Interchangeable Chain Cartridge Adapter
d. Auxiliary Ribbon Device Feature
e. .079-Inch High Type.

3. 1404

-a. Interchangeable Chain Cartridge Adapter
b. Read Compare.

4. 2821 — Two Channel Switch.

Note that these features do not necessarily apply
to all models of the device for which they are listed.
Refer to the descriptions for operational and model-
dependent restriction considerations.

CUSTOMER ENGINEERING CONTROL PANEL
A connector is provided for attaching a portable
customer engineering control panel to the control

unit. This panel helps the Customer Engineer to
service the control unit.

IBM 2821 Control Unit 11



IBM 2540 CARD READ-PUNCH

The IBM 2540 Card Read-Punch (Figure 5) is used
with the IBM 2821 Control Unit.

The 2540 has a maximum reading speed of 1000
cards per minute, and a maximum punching speed of
300 cards per minute. The read and punch feeds are
completely separate and operate independently.,

The 2540 has five stackers each with a capacity
of 1350 cards. Cards are program-directed into the
appropriate stacker. Two stackers (R1 and R2) are
reserved exclusively for the reader, two (P1 and
P2) are used for the punch only, and one stacker
RP3 can be used by either the reader or the punch,
All punched cards that show an error on hole-
checking after punching are automatically selected
into the P1 stacker.

Note: Refer to the IBM 2540 Card Read-Punch,
GA21-9033, for 2540 restart procedures.

Addressing

Prior to any command or control operation, the chan-
nel selects the reader or the punch by sending the
appropriate address to the control unit.

The address bytes received by the control unit
for the reader or the punch (there is a separate ad-
dress for each) consist of eight bits plus a parity
bit. The bit configurations of these addresses are
set in the control unit by the Customer Engineer at
installation by modifying a pluggable circuit card for
each device. (See the Preferred Addresses section.)

IBM 2540 READER — METHOD OF OPERATION

Operation of the reader Start key initiates three
card-feed cycles if all of the following conditions
exist:

1. No cards are in the read feed.

2. No cover interlock is open.

3. No stacker-full switch is operated (either punch
or reader),

4, Cards are in the reader file-feed or hopper, and
the reader-hopper joggler plate is in its operated
position,

The three cards are fed in so that the first card

stops at the pre-stacker position. Also, the reader
Ready light turns on.

12 IBM 2821

As the card passes the second read brushes,
data read from the card enters the control-unit
buffer in card-image form. That is, the bits set
into the buffer correspond to the hole-patterns read
from the card. Translation to the appropriate bit-
pattern occurs when the data is transferred to the
channel. A not-read-to-ready device-end is set on
in the 2821 for the reader. The 2821 attempts to
present this device-end to the channel. If the device-
end is cleared by an I/O interruption or Test I/O
instruction, commands can then be directed (via a
Start I/0) to the reader. If this device-end is not
cleared by the CPU before a Start I/0O is initiated
for the reader, the 2821 returns device-end plus
busy-status to the channel during the Start I/0
selection sequence. This clears the device-end
status. Another Start I/O must then be processed
to initiate any command operation for the reader.

A read command can now be acted upon. If the
read command is sent, the card data from the buffer
is sent to the processing unit. A stop may be sent

from the channel before the buffer is empty, in
which case transmission of data stops. (The stop
referred to is implemented by the CCW data count
going to zero before the end of buffer is reached.
That is, the initial CCW count is less than 80.)

Figure 5. IBM 2540 Card Read-Punch



Channel-end is sent from the control unit in
response to the CCW data count going to zero (when
data chaining is not indicated) or when the transfer
reaches the end of the buffer, which ever occurs
first. For example, column one of the card might
be read to determine in what mode (Data Mode 1 or
Data Mode 2) the card should be read. A stop is
sent after only one column is read. (The count of
the first CCW is 1 in this case.) Programming
determines, from the column-one data, the mode
to be used. Programming could dictate reading
the entire card in the appropriate mode; the opera-
tion would normally then be stopped at the end of
buffer,

In the case of a read command without a feed
and stacker-select, device-end is sent to the channel

along with channel-end. If the read command includes

a feed, device-end occurs when the feed is completed
(at which time the buffer contains the new data).

A control command is used after a read com-
mand (which did not contain a feed and stacker se-
lect) to read the next card into the buffer, This com-
mand enables the programmer to stacker-select a
card according to the information read from that
card. In this particular operation, channel-end is
sent to the channel immediately following the
acceptance of the command byte., All necessary
information, however, is contained in the modifier
bits of the command. A device-end is presented to
the channel when the feed is complete. (The buffer
then contains the new data.)

During a feed and stacker-select operation, the
card stacked is the one containing the last data
transferred to the processing unit.

A read following a read with no intervening feed
can be executed, but a unit-check is sent to the chan-
nel with channel-end. The unusual-command-
sequence sense bit is set for this condition.

Hole-count information for each of the eighty
brushes is generated and stored as the card feeds
through the first read station. The hole count ob-
tained at the second read station during the next
card cycle is compared to that stored on the pre-
vious cycle. Failure to compare in any column
causes an error indication and stores this error
indication in the check planes. A unit-check accom-
panies the channel-end of the next read command to
indicate this error condition.

IBM 2540 PUNCH — METHOD OF OPERATION

Operation of the punch Start key initiates two card-
feed cycles if all of the following conditions exist:

1. No cards are in the punch feed.
2. No cover interlock is open.

3. No stacker-full switch is operated (either punch
or reader).
4, Cards are in the punch hopper.

The two cards are fed in so that the first card is at
the prepunch station. A not-ready-to-ready device-
end is set on in the 2821 for the punch, The 2821
attempts to present this device-end to the channel,
If the device-end is cleared by an I/O interruption
or Test I/0 instruction, commands can then be
directed (via a Start I/0) to the punch, If this
device-end is not cleared by the processing unit
before a Start I/0 is initiated for the punch, the
2821 returns device-end plus busy-status to the
channel during the Start I/O selection sequence.
This clears the device-end status. Another Start
I/0 must then be processed to initiate any command
operation for the punch.

After initial run-in, a write command allows
the channel to transmit bytes and fill the buffer. A
stop can be sent before the buffer is full to punch
partial cards. (The stop referred to is implemented
by the CCW data count going to zero before the end
of buffer is reached. That is, the initial CCW count
is less than 80.) The following columns are then
blank. Channel-end is presented to the channel
after the CCW count goes to zero (and data chaining
is not indicated) or when the punch buffer is full,
The contents of the buffer are now punched into the
card at the punch station, and the preceding card is
fed through the punch~check station and stacked in
the pocket indicated by the modifier bits of the pre-
vious write command. After punching is completed,
a device-end is presented to the channel.

As the card is punched, hole-count information
for each of the eighty columns is generated and
stored. On the next card cycle, the hole counts
obtained at the punch-check-brush station are com-
pared with those stored from the previous cycle.
Failure to compare in any column indicates an error
and causes this error indication to be stored in the
check planes. Both the card in error and the card
after it are stacked automatically in the P1 pocket
for any equipment check (except those that occur on
a PFR read command). A unit-check (caused by an
equipment-check sense bit) accompanies the device-
end to indicate this error condition.

IBM 2540 Punch-Feed-Read — Method of Operation

The PFR (Punch-Feed-Read) special feature on the
punch can be used for card reading, with or without
card punching, concurrently with card reading in

the read feed. Data read from the punch-feed-read
and data sent to the punch both pass through a com-
mon buffer. Therefore, when it is desired to read

IBM 2540 Card Read-Punch 13



in-the punch feed, a read must be given to the punch
unit before a punch cycle is initated by a write
command in order to avoid loss of the read data.

Operation of the start key makes the machine
ready if conditions warrant (see preceding section)
and causes a run-in of the first card past the PFR
read station. A device-end interruption is initiated.
As the card passes the PFR read station, data is
read into the buffer. The card then comes to rest
in the prepunch station. A read command causes
the buffer data to transfer to main storage. As a
result of a CCW data count going to zero (no data
chaining indicated) or a buffer being empty, channel-
end and device-end are sent to the channel. A PFR
write, feed and stacker-select command then causes
the buffer to be filled by bytes transmitted from the
channel across the interface. Again, a partial
transfer is possible by a stop (from the CCW count
going to zero when data chaining is not indicated)
responded to in turn with channel-end. All the cards
in the punch feed are then fed and an interleave
operation of buffer unloading to the punch, and buffer
loading from the read station, occurs. Thus, after
the first card is completely punched, the second card
is read concurrently and the buffer holds the infor-
mation from the second card at completion of the
operation. A device-end signal is transmitted to the
channel, ending that cycle, and a new read command
can then be given to repeat the process.

A read command following a read command, with
no intervening write command, is executed, but a
unit-check is sent to the channel with channel-end.
The unusual-command-sequence sense bit is set as
a result of this action.

A hole count is generated and stored from the
punch-feed-read brushes and is combined with the
hole count generated while punching the card. This
total hole count is compared with the hole count read
at the punch-check~brush station. The hole count
generated at the punch-feed-read brushes is com-
bined with the hole count generated at the punch
station only if a write command is given causing the
punch-feed-read data to be transferred from the card
to the PFR buffer,

TERMINATION OPERATIONS

If the end-of-file key is operated (for the card
reader), cards continue to feed after the hopper
empties. After the last card has been read from the
buffer and stacked in the selected stacker, unit-
exception status is given at initial selection of the
next read command. H the unit is equipped with the
2540 compatibility attachment feature and the last
card is read with a compatibility command, unit-
exception is given at channel-end of that command,
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The reader is then in a not-ready condition after
status has been accepted by the channel. It must be
returned to a ready condition before further com-
mands can be accepted.

If the end-of-file key (provided for the punch
only, if the PFR feature is used) for the punch is
pressed, the next valid read command (following the
command used to read last-card data from the buffer)
causes a unit-exception status indication at initial
selection. If additional read commands are given
without an intervening write, feed, and stacker-
select command, unit-exception status continues to
be given at each initial selection.

When unit~exception status is indicated for a
read command (with PFR), a card is still at the pre~
check station. Here, a write command (either for
PFR or a normal write command) must be given
(codes to be sent can be blank codes) so that the last
card is check-read and stacked, The device-end,
given after this last write command, is accompanied
by unit-check status if a check condition occurred
during execution of this last write command. The
punch is then in a not-ready condition. It must be
made ready to respond to subsequent commands.

If the end-of-file key has not been operated and
the last card if fed from the hopper:

1. The ready light on the affected unit (reader or
punch) goes out.

2. Place cards in the empty hopper.

3. Press the start key.

4, The ready light should turn on.

Whenever either the reader or punch is made
ready, a not-ready-to-ready device-end is presented,
for the affected device, to the channel. This device-
end must be cleared (by an I/0 interruption or a
Test I /0 or Start I/O instruction) before an operation
with that device can be initiated.

OPERATION COMMANDS

To save channel time and main-storage space,
setting up specific data modes is accomplished by
modifier bits in the eight-bit command byte of the
CCW rather than by separate control codes.

In the following descriptions, the type-letters
for each command establish sequences for the com-
mands that can be given. The first letter of a com-
mand type-code must match the last letter of the
type-code of the preceding command. Otherwise,
the sequence is invalid. For instance, the sequenee:

Type AA
Type AB
Type BA



is valid, while

Type AA
Type BA

is invalid, This sequence rule has two exceptions:

1. The succession of two read and no stacker-select
commands (type AB), and

2. A read and no stacker-select command (type AB)
followed by a read, feed, and select-stacker
(type AA) command,

In either of these two cases the commands are exe-
cuted, but the unit-check status (bit 6) and the
unusual~command-sequence sense (bit 6) bits are set
on,

Also, the first command to the reader, after ini-
tial run-in, should be a read. (However, a sense,
test I/0, or no-op command can be given.) If a feed
and stacker-select command is given just after ini-
tial run-in, it is rejected.

To stack a card as a result of the data read from
that card, first give a read and no feed or stacker-
select command. The information can then be proc-
essed and the decision as to where to stack the card
can be made, Then a feed and stacker-select com~
mand should be given to send the card to the appro-
priate stacker.

Note that in the following command descriptions,
the C in the 2-bit position indicates Data Mode 1 if a
0, and Data Mode 2 if a 1. Reading is done only in
Data Mode 1 for any punch-feed-read read operation
(the 2-bit position is ignored). If the column binary
(feature is not installed, operation is in Data Mode 1
regardless of the bit-3 value.

Incorrect-Length Record Considerations

A maximum of 80 bytes can be transferred for any
command specifying Data Mode 1. For Data Mode 2
commands, however, two bytes are transferred for
each card column, but only if the column-binary fea-
ture is installed. Therefore, a maximum of 160
bytes (specified by the CCW data count of 160) can be
transferred for a column-binary operation.

The first byte for a column-binary data transfer
pertains to the top half (punch positions 12 through 3)
of card column one; the second byte pertains to the
bottom half (punch positions 4 through 9) of card
column one; the third byte pertains to the top half of
card column 2; and so on. Therefore, when an odd
number of bytes is to be transferred in a column-
binary operation, the last byte pertains to the top half
of the last card column used.

If less than 160 byte-transfers are required, the
SLI (Suppress Length Indication) flag should be on in
the command being executed (whose data count is ini-
tially less than 160) to avoid an incorrect-length indi-
cation. (The comparable CCW data count in Data
Mode 1 is 80,) If data chaining is used, the last CCW
in the chain should have its SLI flag on, to avoid an
incorrect length indication, if the total number of
bytes transferred to or from the 2540 for the chain is
less than the maximum record size (i.e., 80 bytes in
Data Mode 1, 160 bytes in Data Mode 2).

If Data Mode 2 is specified in a read command
and the column-binary feature is not installed, the
command is accepted and executed in Data Mode 1.
However, if column binary cards (with more than one
punch in card rows 1 through 7 of any single card
column) are then read:

1. TUnit-check status is indicated with channel-end,
and
2. Sense bit 4 (data check) is set on.

If Data Mode 2 is specified in a write command
and the column-binary feature is not installed, punch-
ing occurs in Data Mode 1. Note also that if the data
count in any CCW is greater than 80, an incorrect-
length indication is in the channel status stored in the
CSW for:

1. Any command specifying Data Mode 1, and
2, Any command speeifying Data Mode 2 when the
column-binary feature is not installed.

A CCW data count greater than 160 causes the
incorrect-length indication for a Data Mode 2
operation.

The incorrect-length indication is not given if the
SLI flag is on in the CCW specifying a count greater
than 80 (or 160 in Data Mode 2). However, if a CCW
(with its data chain flag on) specifies a count greater
than the maximum record size (80 or 160, depending
upon mode), the incorrect-length indication is given
regardless of the setting of the SLI bit.

Read Feed and Select Stacker ( Type AA)

Stacker Command Byte *
R1 00C0 0010
R2 01C0 0010
RP3 10C0 0010

*C = 0, Data Mode 1; C = 1, Data Mode 2
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Validity

1. Valid for reader.
2. Invalid for punch with or without PFR.

Sequence

1. Should follow a type—-AA or a type-BA command.

2. Can follow a read and no feed or stacker-select
(type AB) command, In this case, unit-check
accompanies channel-end of the read, feed, and
select-stacker (type AA) command. Unusual com-
mand sequence (sense bit 6) is indicated on a sub-
sequent sense operation.

Action

1. Read-buffer data is sent to the channel.

2. The card, whose data is sent to main storage, is
fed to the specified stacker.

3. The next-card data is read into the read buiffer.

Normal Ending Status

1. Channel-end is presented to the channel after the
end of data transfer (i.e., CCW data count goes
to zero, or end-of-buffer is reached).

2. Device-end is presented to the channel after the
end of the card-feed cycle,

Unusual Status
1. Unit exception (bit 7) at initial selection if:

a. End-of-file is on, and
b. The last card has been stacked by the pre-
ceding command.

2. Unit-check (bit 6) alone at initial selection for:

a. Intervention required (sense bit 1), or
b. Bus-out check (sense bit 2). (The command
byte received at the 2821 has even parity.)

3. Unit-check (bit 6) with channel-end for:

a. Equipment check (sense bit 3), or

b. Data check (sense bit 4). This check does
not occur if column binary is installed and
the operation is in Data Mode 2,

c. Unusual command sequence (sense bit 6).
(See item 2 under Sequence.)
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Read and No Feed or Stacker Select (Type AB)

Command Byte*

11C0 0010
*C = 0, Data Mode 1; C = 1, Data Mode 2

Validity

Valid to reader or punch (with or without PFR).

Sequence

1. Should follow a type-AA or a type-BA command.

2, This command can follow itself. In this case,
both commands are executed, but unit-check
accompanies channel-end of the second command.
Unusual command sequence (sense bit 6) is re-
turned on a subsequent sense operation. Assume
the following sequence of commands to the punch:

a. Write, feed, and select-stacker (type BB)
b. Read and no feed or stacker-select (type AB).

These commands are executed and no unit-check indi-
cation is given. However, the result is to write data
into the punch buffer, punch and stack a card on the
write command, and read that same data back to the
processing unit on the read command,

Action

1, Buffer data (read or PFR) is sent to channel.

2. No card is fed.

Normal Ending Status

Channel-end and device-end are presented to the chan-
nel together after the end of data transfer to the
channel.

Unusual Status

1. TUnit exception (bit 7) for the reader at inital
selection if:

a. End-of-file is on, and
b. Last card has been stacked by the preceding
command.



2. Unit exception (bit 7) for PFR at initial selection
if:

a, End-of-file is on, and
b. The last card's read data has been sent to
the channel by a preceding read command.

(Note: In this case, a card is still at the pre-
check station. This card can be stacked by a
write, feed, and select-stacker command, Blank-
data codes can be sent for this command. This
operation checks and stacks the last card., Note
that unit exception is given at each initial selec-
tion for read commands until the last card is
stacked, After that card is stacked, the punch
becomes not-ready.)

3. Unit-check (bit 6) alone at initial selection for:

a. Intervention required (sense bit 1), or
b. Bus-out check (sense bit 2) . The command
byte received at the 2821 has even parity.)

4, Unit-check (bit 6) with channel-end and device-
end (they occur together) for:

a, Equipment check (sense bit 3), or

b. Data check (sense bit 4). This check does
not occur for the reader if column binary is
installed and the operation is in Data Mode 2.
(PFR always operates in Data Mode 1.)

c. Unusual command sequence (sense bit 6).

(See item 2 under Sequence.)

Read, Feed, and No Stacker-Select (Compatibility)

Command Byte *

11C1 0010
*C = 0, Data Mode 1; C = 1, Data Mode 2

Validity

Valid for reader or punch (with or without PFR), but
should be used for reader compatibility operation only.

Sequence

A read command must precede the next feed command
after the automatic feed initiated by this command has
been completed. If the automatic feed is followed by
a feed and select-stacker command, unit-check (due
to command reject, sense bit 0) is returned at initial
selection for the feed and select-stacker command,

Action

1. Read-buffer data is sent to the channel,

2. A 6-millisecond timeout starts at the beginning
of data transfer to the channel,

3, Channel-end and device~end are presented to-
gether to the channel after data transfer.

4. After channel-end and device-end are accepted,
but before the 6-millisecond timeout is
terminated:

a. Attention status (bit 0) is returned at initial
selection for a sense command. (A normal
sense operation is not performed; the 2821
does not send a sense byte to the channel.)

b. A feed and select-stacker instruction can be
issued to specify into which stacker the card
(whose data is sent to the channel) should be
fed.

5, After the 6-millisecond timeout but before device-
end for the automatic feed of this compatibility
command, the 2821 responds with busy-status
(bit 3) alone to any command,

6. Device-end is returned to the channel after:

a. The automatic feed, or

b. The feed initiated by a feed and select-
stacker command. (Channel-end is sent to
the channel at initial selection for the feed
and select-stacker command if it is sent to
the 2821 before the 6-millisecond timeout is
terminated.)

7. The card is selected into stacker R1 if a feed and
select-stacker command has been neither issued
nor accepted.

(Note: Any valid command to the reader can be
issued between channel-end/device-end, at the end of
data transfer, and before the end of the 6-millisecond
timeout. For example, assume that column binary
is installed, and that the compatibility cornmand is
issued to read the card in Data Mode 1, After chan-
nel-end/device-end for the end of data transfer, a
read, feed, and select-stacker command can be issued
to read in Data Mode 2. Channel-end occurs after the
second data transfer. Device-end then occurs after
the feed.)

Normal Ending Status

See the preceding Action description.
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Unusual Status
1. Unit exception (bit 7) at channel-end if:

a. End-of-file is on, and ;
b. The last card is read by this command.

2. Unit-check (bit 6) at initial selection for:
a. Intervention required (sense bit 1), or

b. Bus-out check (sense bit 2). (The command
byte received by the 2821 has even parity.)

3. Unit-check (bit 6) at channel-end/device-end (end

of data transfer) for:

a. Equipment check (sense bit 3), or

b. Data check (sense bit 4). This check does
not occur if column binary is installed and
operation is in Data Mode 2,

Feed and Select Stacker (Type BA)

Stacker Command Byte
R1 0010 0011
R2 0110 0011
RP3 1010 0011
Validity

1. Valid for reader.
2. Invalid for punch (with or without PFR).

Sequence

1. Should follow a type-AB or a type-BB command,

2. Cannot be the first command to the reader after
initial run-in,

Action

1. The card stacked is the one whose data was sent
to the channel on the preceding read command.

2. The data from the card passing the read station
is read into the read buffer.

Normal Ending Status

1. Channel-end is presented to the channel at initial
selection (command immediate),
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2. Device-end is presented to the channel after card
reading (into the read buffer) is completed.

Unusual Status
1. Unit-check (bit 6) at initial selection for:

a. Intervention required (sense bit 1), or

b. Bus-out check (sense bit 2). (The command
byte received by the 2821 has even parity),
or

c. Command reject (sense bit 0). The command
is issued to the punch (with or without PFR);
the command is the first to the reader after
initial run-in; or, this command does not fol-
low a type-AB or a type-BB command,

2, Unit-check (bit 6) does not occur with channel -
end or device-end for this command,

PFR Write, Feed, and Select-Stacker (Type BA)

Stacker Command Byte *
P1 00C0 1001
b2 01C0 1001
RP3 10C0 1001

C =0, Data Mode 1; C =1, Data Mode 2

Validity

1. Valid for the punch (with or without PFR).
2. Invalid for the reader.

Sequence

Should follow a type-AB or a type~BB command.

Action

A. Not compatibility mode

1. First command after initial run-in:

a. Data is sent from the channel to the
punch buffer.

b. The data sent from the channel is
punched (from the buffer) into the card
at the punch station.



B.

c. Stacker selection specified by this com-
mand pertains to the card that is being
punched. This stacker-select informa-
tion is retained so that, on the next feed
cycle, the card is stacked in the selected
stacker,

2. Other than first command after initial run-in:

a. Data is sent from the channel to the
punch buffer.

b. This data sent from the channel is
punched in the card at the punch station.

c. Stacker selection specified by this com-
mand pertains to the card that is being
punched.

d. The card punched by the preceding com-
mand is stacked as specified by that pre-
ceding command. If, however, the data
read at the punch-check station does not
compare with the total hole count from
the data punched and the data read at the
PFR brushes, that card is stacked in P1.

Compatibility mode

Operation is the same as in non-compatibility
mode except that the stacker selection specified
by the command pertains to the card punched
during the preceding command.

If PFR is installed, an interleaving operation
occurs: data to be punched is read out of the
punch buffer to the punch circuitry to cause
punching; data is read from the next card by
the PFR brushes into the punch buffer. At
completion of punching, the punch buffer con-
tains the card data read by the PFR brushes.
The card read by these brushes stops at the
punch station.

Operation in Data Mode 2 (if column binary
is installed) pertains only to the card being punch-
ed. The card read by the PFR brushes is always
read in Data Mode 1. I column binary is not in-
stalled, the card is punched in Data Mode 1 re~
gardless of the setting of bit 2 in the command
byte.

If PFR is not installed, this command func-
tions in the same manner as the write, feed, and
select-stacker (type-BB) command.

Normal Ending Status

1. Channel-end is presented to the channel after the
end of data transfer from the channel to the punch
buffer.

2. Device-end occurs after card punching is
completed.

Unusual Status
1. Unit-check (bit 6) alone at initial selection for:

a. Intervention required (sense bit 1), or

b. Bus-out check (sense bit 2). (The command
byte received at the 2821 has even parity),
or

c. Command reject (sense bit 0). This com-
mand is sent to the reader, or this com-
mand follows a type-BA or a type-AA
command.

2. Unit-check (bit 6), channel-end, and device-end
are presented together for:

a. Bus-out check (sense bit 2). Punch data
sent from the channel to the 2821 has even
parity. Punching does not occur and cards
are not fed.

3. Unit-check (bit 6) is presented with device-end
for equipment check (sense bit 3).

This indication specifies that the number of
holes punched in the preceding card does not
match the number of holes that should have been
punched. Therefore, this check applies to the
card punched on the preceding command. (Hole-
count data from the PFR read and from the punch
station are combined and compared with the
punch-check-brush hole count, if PFR is
installed.)

Write, Feed, and Select Stacker (Type BB)

Stacker Command Byte *
P1 00C0 0001
P2 01C0 0001
RP3 10C0 0001

*C =0, Data Mode 1; C =1, Data Mode 2
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Validity

1. Valid for the punch (with or without PFR).
2. Invalid for the reader.

Sequence

Should follow a type-AB or a type-BB command.

Action

This command functions in the same manner as the
PFR write, feed, and select-stacker (type-BA)
command except that card data is not read by the
PFR brushes.

Normal Ending Status

The same as for the PFR write, feed, and select-
stacker (type-BA) command.

Unusual Status

The same as for the PFR write, feed, and select-
stacker (type-BA) command.

Sense, and No-Op

The bit structures for these commands are:

Operation Code Bits

01234567
Sense 0000 0100
No-Op 0000 0011

The sense command should have an initial data
count of 1 because the 2821 returns only one sense
byte for any attached device addressed for a sense
operation. Channel-end and device-end status are
presented to the channel by the 2821 after the sense
byte is accepted by the channel. Therefore, a sense
operation is not an immediate operation.

The no-op command is an immediate command.
Channel-end and device-end are presented to the
channel during the selection sequence for a no-op
command.
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Test I/O

The programmer can use the Test I/O instruction
as described in IBM System/360 Principles of
Operation, GA22-6821. The channel, however,
sends the Test I/O command to a device to obtain
status. The bit structure for the Test I/O command
is 00000000. Note that this command can be sent to
a device whenever the channel requires status (i.e.,
such as stacked status) from that device and, hence,
the Test I /O command does not depend upon execu-
tion of a Test I /O instruction. An important point
to note is that you cannot use the Test I/O command
byte (0000 0000) as an operation code in a CCW.
Program-check channel status results if an attempt
is made to execute a CCW whose command byte bits
4-7 =0000. This command, then, is an internal
channel function.

DATA CODES

Data Mode 1 and Data Mode 2 are under control of
modifier bits in the command byte (part of the CCW).
Data Mode 1

Data Mode 1 is used when translating the Extended

BCD Card Code to and from the 8-bit EBCD Inter-
change Code (see Figures 4 and 14).

Data Mode 2 (Special Feature)

In this mode the 12 bits from each card column are
expressed as two 8-bit bytes. These bytes are

composed of two zeros (bit positions 0 and 1) and 6
bits from the card-image buffer column as follows:

Card Row Bit Interface Bit
12 2 odd byte
11 3 odd byte

0 4 odd byte
1 5 odd byte
2 6 odd byte
3 7 odd byte
4 2 even byte
5 3 even byte
6 4 even byte
7 5 even byte
8 6 even byte
9 7 even byte



This mode allows for transmitting any punched hole
appearing in the card.

For punching in column binary, the bytes sent
from main storage are acted upon in the following
manner:

1. Bits 0 and 1 are ignored. (These two bits do
participate in the parity check made on the byte,
however.)

2. Bits 2 through 7 are translated to the appropriate
punch combination.

Assume that reading or punching in column
binary starts at column one of the card. The fol-
lowing relationships between punch positions and
bytes transferred exists:

Byte To/From From/To

Main Storage Card Column Punch Positions

12-3 4-9

1st 1 -

2nd - 1

3rd 2 -

4th - 2

159th 80 _

160th - 80

However, byte transfer can be started at any column
desired. For example, if reading is to start at byte
18 and end after the 27th byte transfer of the reader

record:

1. Byte 18 corresponds to punch positions 4-9 of
card column 9; byte 27 corresponds to punch
positions 12-3 of card column 14.

2. A read command with its data chain and skip
flags and its data count equal to 17 is executed
for the reader. When the data count goes to
zero, the next CCW is executed by the channel.

3. This second CCW, because it is data chained,
performs the same read operation, but its skip
flag is off. Buffer transfer starts at byte 18.
This CCW has a data count of 10. The data
chain and skip flags of this CCW are off; the
SLI flag is on so that an incorrect-length
indication can be avoided.

4. When the data count goes to zero, the channel
specifies to the 2821 that data transfer should
stop.

5. The 2821 presents channel-end to the channel.

Note that the operation cannot be performed in
the same way for the punch, because the CCW skip
flag pertains to input operations only. The same
operation could be performed for the punch in the
following manner.

1. A write command executed for the punch has:

a. The SLI flag on.
b. A data count of 27.

2, The punch record in main storage has:

a. bytes 0 through 17 all set to zero.
b. Dbytes 18 through 27 set to the desired bit
combinations.

3. After the CCW data count goes to zero, the chan-
nel specifies to the 2821 that data transfer should
be stopped.

4. The 2821 presents channel-end to the channel,
signifying completion of data transfer.

STATUS BYTE

The status byte indicates to the channel the condition
or status of the input/output device involved (i.e.,
2540 reader or 2540 punch). With the exception of
busy and unit-check (caused by an intervention-
required), these bits are reset in the control unit
when they have been accepted by the channel. The
unit-check caused by intervention-required is reset
only after the intervention-required condition has
been corrected.

Busy is reset only after device-end for an opera-
tion is cleared. If the device-end is cleared by a
Start I/O, busy accompanies device-end in the CSW
stored for the Start I/O operation. Busy is not indi-
cated in the CSW stored as a result of executing a
Test I/O to a device with outstanding status. If the
device is busy performing an operation (device-end
for the operation has not yet occurred) when it is
addressed for execution of the Test I/0 instruction,
the condition code is set to 2 and a CSW is not stored.

Busy status is in the CSW, stored as a result of
execution of a Test I/0 instruction for the reader (or
the punch) only if:

1. Channel-end for the current operation at the de-
vice has already been cleared at the channel (via
an I/0 interruption or previous Test I/0),

2. The reader (or punch) is finishing the mechanical
portion of the operation, and

3. Device-end has not yet been set on in the 2821
for the operation.
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Bit 0 — Attention

This bit is not used except when the 2540 Compati-
bility Attachment is used. Refer to the Read, Feed,
and No-Stacker-Select Command description.

Bit 1 —~ Status Modifier

Bit 2 — Control Unit End

Bits 1 and 2 are not used except in two-channel switch
operations. (See the Two-Channel-Switch Special
Feature section.)

Bit 3 — Busy

Busy status is given only at initial selection and indi-
cates that the device cannot execute the command
because a previously initiated operation is being exe-
cuted or because an interruption condition exists.
An operation is being executed from the time that
status (at initial selection) is accepted until device-
end is accepted.

The interruption condition is caused by an out-
standing channel-end, device-end, or any status
being stacked at the 2821 for the addressed unit.

If the device is in the busy condition, no status
bits, other than busy, are presented to the channel
unless the interruption condition is present.

Bit 4 — Channel-End

This bit indicates that data transfer, if any, over the
interface has been completed. The data transfer is
completed at the end of the maximum record size for
the operation (80 bytes normal record, 160 bytes in
column binary), or when the chamnel specifies that
the operation should be stopped (CCW data count has
gone to zero.

Bit 5 — Device-End

This bit indicates that either the reader or the punch
has either completed the previous command or has
just been placed in ready state. The device is free
to accept a new command.

The 2821 attempts to present device-end (for the
appropriate unit) to the channel, when the reader or
the punch is made ready. This status must be ac-
cepted by the channel before an operation for the
2540 can be initiated.
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Bit 6 — Unit Check

This bit indicates that the reader or punch requires
program or operator intervention. It is a summary
of sense bits 0, 1, 2, 3, 4, and 6.

Bit 7 — Unit Exception ( End-of-File)

This bit pertains to the reader or PFR and indicates
that the last card has been read and stacked in the
reader, or read but not stacked in the punch. This
can occur only if end-of-file is on.

SENSE BYTE

Except for intervention required, all bits for a device
are reset by acceptance of any new command to that
device other than Sense, Test I/0, or No-Op. In
Model 6, any command addressed to the reader or
punch (other than Sense, Test I/O, or No-Op) resets
the sense bits.

Bit 0 — Command Rejeet

For the reader, this bit indicates that a read-
backward or write command was received. For the
punch, it indicates that a read-backward, control
(other than no-op), or read and stacker-select com-
mand has been received by the punch.

The sequence of commands must follow the
sequence rule to be valid. (See the specific command
descriptions for details concerning when command
reject is set for sequence-rule violations.)

If the column-binary feature is not installed,
commands with bit 2 on in the command byte are
executed in Data Mode 1.

A PFR write, feed, and select-stacker command
is valid for the punch whether or not the PFR feature
is installed.

The two-channel switch commands are not valid
and cause a command-reject indication if the two-
channel switch feature is not installed. (This feature
is for 2821's attached to the System/360 Model 67
or multiprocessor Model 65 only. See the Two-
Channel Switch section for further details.)

Except for the deviations just described, any
operation-command bit structure not defined in this
publication causes the command-reject indication if
that command is sent to the 2821 for the reader or
the punch.



Bit 1 — Intervention Required

This bit indicates that some type of operator inter-
vention is required. That is, a stacker has become
full, the chip box has become full or is missing in
the punch, a card jam has occurred, the unit has not
been placed in the ready condition, or an empty-
hopper condition exists. This bit, when on, does not
cause a unit-check status response to a sense com-
mand. It is reset when the causing condition is
corrected.

Bit 2 — Bus-Out Check

This bit indicates that a parity error has occurred on
bus-out on a command or data byte (bus-out is a data
transfer from the processing unit to the control unit).
This includes parity errors detected when data is
transmitted across the standard I/0 interface during
a write command to a buffer, If such parity errors
are detected, punching does not occur and channel-
end is then indicated with device-end and unit-check.
In this case, card feeding does not occur.

Bit 3 — Equipment Check
This bit indicates:

1. A translate check. This occurs if the translation
from punched-card code to processing-unit code
(or processing-unit code to punched-card code)
has not been performed correctly in the 2821.

2. A buffer-address check. This occurs if the cir-
cuitry that addresses the punch or reader buffer
operates incorrectly.

3. A data-register parity error. This parity check
can occur for any data byte read from or written
into either the punch or reader buffer in the
2821,

4. Hole-count error. This is indicated if the holes
actually punched in a card (or read from a card)
do not match the number of holes that should have
been punched (or should have been read at the
read brushes).

In the reader, unit-check for this indication is
sent only at channel-end for a read command, and
applies only to the card for which data is transmitted
on the read. In punching, the unit-check indication
is sent only with device-end on a write command, and
applies to the previous card punched. Also, when
punching, the unit-check may be sent with channel-end
if channel-end status has not been accepted within

170 milliseconds after completion of data transfer.
If this occurs, the unit-check indication is also sent
with device-end.

- For PFR only, a translate check or data-register
parity check affecting the data transmitted is indi-
cated by unit-check with channel-end on the read com-
mand; the hole-count check is indicated by unit-check
with device-end on the second write command.

Bit 4 — Data Check

This bit indicates that an invalid card code has been
detected in the reader or in the punch (if the PFR
feature is installed). This indication occurs with
channel-end on a read command for both the reader
and the punch (with PFR) and pertains to the card for
which the data wae sent. It indicates that more than
one punch exists in rows 1 through 7 of a card column.
This check is not operative when Data Mode 2 is used.
Data Mode 2, however, is not used for PFR read
operations.

Bit 5 — Overrun (Not Used)

Bit 6 — Unusual Command Sequence

On the reader or PFR this indicates a read following

a read with no intervening feed. Both read commands,
however, are executed. (Unit-check is presented
with channel-end of the second read command.)

STATUS BYTE BIT COMBINATIONS

Bit positions shown for status combinations are in the
following order:

0123 4567

Note that these are status combinations that are pre-
sented to the channel from the 2821, For further
information as to how status is placed in the CSW
(channel ‘status word), refer to IBM System/360
Principles of Operation, GA22-6821.

1. 0000 0000
Normal response to a valid command with odd parity

when the device is ready but not busy. This response
indicates that the command was accepted.

Note: Even if the device is.not ready, a sense
command is accepted and this status is given.
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2. 0000 0100
Indicates that:

a. An operation involving mechanical motion
has been completed, or

b. The device has gone from the not-ready to
ready state.

This combination is given only in response to a
Test I/0, or when presenting status in a sequence
initiated by the 2821.

3. 0000 0010

Occurs only at initial selection (if this status is not
stacked on a previous sequence). This combination
indicates that the device could not accept the command
because of sense bits 0, 1, or 2.

Note: This same status could be presented in a
sequence initiated by the 2821, or in response to a
Test I/0 if the status is first stacked by .the channel
during initial selection.

4. 00000001

Occurs first at initial selection in response to a read
command to the reader or punch (with PFR), and indi-
cates that the last card in the hopper has been read
(data sent from buffer) and stacked in the reader, or
read but not stacked in the punch. This same status
could be presented in a sequence initiated by the 2821,
or in response to a Test 1/0, if it had first been
stacked by the channel during initial selection.

This combination should never occur when
operating in 1400 compatibility mode.

5 0000 0110
Indicates that:

a. A punch operation has been completed and
that sense bit 3 is on, or

b. The device has gone from the not-ready to
ready state and then reverted to the not-
ready state prior to the 5-bit being accepted,
or

c. TUnit-check status (due to sense bit 0 or 2)
was stacked by the channel, and the device
went from the not-ready to the ready state
prior to the 6-bit being accepted.

This combination is given only in response to a
Test 1/0, or when presenting status in a sequence
initiated by the 2821.
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6. 00000101
Should not occur.

7. 0000 0111
Should not occur.

8. 0000 0011

Should not occur.

9. 0001 1000

Indicates that the device is in mechanical motion but

channel-end has not yet been accepted by the channel.
This combination occurs only during initial

selection, when the command byte is not a Test I/0.

10. 0001 1100

Indicates that the device has completed an operation
but channel-end and device-end status has not yet
been accepted by the channel.

This combination occurs only during initial
selection, when the command byte is not a Test I/0.

11. 0001 1010
Indicates that:

a. Data transfer has been completed for a read,
feed, and SS command.

b. The reader is taking a feed, and

c. Any one or more of sense bits 3, 4, and 6 is
on.

This combination may also occur while punching
if channel-end status had not been accepted within
170 ms after completion of the data transfer. In this
case, sense bit 3 would be on.

This combination occurs only:

a. During initial selection, and
b. For a command other than a Test 1I/0,

12, 0001 1001
Should not occur.
13. 0001 1110
Same as 10 except that:
a. One or more of sense bits 3, 4, and 6 is on

for a read, or
b. Either sense bit 2 or 3 is on for a write.



14. 0001 1101

This combination should not occur, except possibly
in 1400 compatibility mode, where it would indicate
that data transfer had been completed for a 1400
reader read command, and the last card in the hopper
had been read (data sent from buffer) and stacked., If
this combination occurs for the punch in compatibility
mode, it indicates that the last card has been fed from
the punch hopper, punched, and stacked.

This combination would be presented only at
initial selection, where the command is not a Test
1/0.

15. 0001 1111

Same as 14, except that one or more of sense bits 3,
4, and 6 is on.

16. 0001 1011

Should not occur.

17. 0000 1000

18. 0000 1100

17 and 18 are the same as 9 and 10, respectively,
except that 17 and 18 are given only during initial
selection for a Test I/O or control command, or when
presenting status in a sequence initiated by the 2821.
19. 0000 1010

Same as 11 except that this combination is given only
in response to a Test I/0 or when presenting status
in a sequence initiated by the 2821.

20. 0000 1001

Should not occur.

21. 0000 1110

22, 0000 1101

23. 0000 1111

Combinations 21 through 23 are the same as 13
through 15, respectively, except that 21 through 23
are given only in response to a Test I/O, or when

presenting status in a sequence initiated by the 2821,

24, 0000 1011

Should not occur.

25. 0001 0000

Normal response given to any command issued to the
device when that device is between channel-end and
device-end.

26. 0001 0100

Same as 2 except that this combination occurs only:

a. During initial selection, and
b. For a command other than a Test I/0.

27. 0001 0010
Occurs only:

a. During initial selection, and
b. For a command other than a Test I/0.

This combination is caused by combination-3
status being stacked by the channel.

28. 0001 0001

Occurs only during initial selection when the com-
mand byte is not a Test I/0. This combination is
caused by combination-4 status being stacked by the
channel.

29. 0001 0110
Same as 5 except that this combination occurs only:

a. During initial selection, and
b. For a command other than a Test 1/0.

30. 0001 0101

Should not occur.

31. 0001 0111

Should not occur.

32. 0001 0011

Should not occur.
Note that:

1. There should never be a combination that includes
a 1 in bit positions 1 or 2. (For an exception,
see the Two~-Channel Switch section.)

2. There should never be a 1 in bit position 0 except
as defined for 1401, 1460 compatibility mode.
(Refer to the Read, Feed, and No Stacker Selec-
tion command description.)
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Those combinations that should not occur do
occur only as a result of a machine malfunction.

POSSIBLE COMBINATIONS OF SENSE BITS IN A
SENSE BYTE

Assume, for these descriptions, that the previous
command had been executed, and that the unit-check
status was given with channel-end or device-end,
except where noted.

Previous Command Sense Bits

Read (reader or punch
with PFR)

Any one or more of the
following:
B3—equipment check
B4—data check
B6—unusual command
(and possibly B1—
intervention required).

Possibly Bl—intervention
required (the operator
might have pressed the
stop key).

Feed and Stacker
Select

Note: There is no unit-
check indication with
channel-end or device-end
for this command.

B3—equipment check (and
possibly Bl—intervention
required).

Write (assuming card
had been punched,
i.e., no bus-out
check).

B2—bus-out check (and
possibly Bl1—intervention
required).

Write (card was not
punched due to bus-
out check during
data transfer).

DIAGNOSTIC COMMANDS FOR THE 2540 CONTROLS

There are three diagnostic commands for checking
the 2540 controls. These commands are described
here but their use is intended primarily for field
engineering diagnostic tests.

Diagnostic Write (10 0101)

This command transmits 6 bits per byte, the same as
for a column binary write. The punch translator is
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bypassed and the data is stored in the read portion of
the read-punch buffer. This command is addressed
to the punch. However, the data is transferred to the
reader buffer. Therefore, neither device should be
busy executing a previous command when this com-
mand is given. No mechanical motion is associated
with this command, and ending status includes both
channel-end and device-end.

Bit positions 0 and 1 of the command byte must
be a combination that is valid for a normal punch-
write command. A normal read command allows the
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