























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































BASIC OPERATIONS

The I/0 operation to be executed over the interface is determined
by the eight bit coded command issued to the device during a
channel-initiated selection sequence.

The low-order bit positions of this command byte specify the
type of operation (see command byte format). The high-order bit
positions (modifier code) expand the interpretation of the basic
operation at the control unit or device level.

The basic operations are expressed by the commands Read, Read
Backward, Write, Control, Sense, and Test I/O0. This document
treats Test I/0 as a command on the I/O interface, although it may
originate as either a Test I/0 instruction or a channel-initiated
sequence for the purpose of clearing or stacking interruption
conditions. ' ‘ :

A command with invalid parity is not recognized and hence not
executed.

Read

The read command initiated execution of data transfer from the
control unit to the I/0 channel, and the data are obtained, for
example, from the record source of the particular I/0 device in
operation.

A read command with all modifiers set to zero is a basic
read command that is also used as an initial program loading Read.
This command, if executed on a device after a system reset,
performs the initial-program-loading Read as specified for that
particular device.

. Read Backward

The read-backward command initiates an operation in the same
manner as the read command, except that the data bytes are trans-
ferred to main storage by the channel in the reverse order to that
of Read. The control unit may be designed to cause mechanical
motion in the device in the opposite direction to that of a Read
or may be designed to operate in the device precisely as with a
Read. :

Unless otherwise noted in this document, any description
referring to Read also applies to Read Backward.

Write

The sequence of signals over the I/O interface to perform a write
operation is the same as for Read. In the case of Write, however,
the data are sent from the channel to the control unit for such

operations as recording or comparing by the selected device.



Control

The control operation proceeds similarly as Write, except that the
command modifier bits received by the control unit are decoded to
determine which of several possible functions is to be performed.
The function may be second-level addressing which may require
several bytes of data to complete the control operation. In cases
where the particular control function can be completed without
involving the transfer of data, the channel-end status may be
presented during the initial selection sequence.

The timing in the control unit for the bytes transferred during
a control operation is normally such that the byte for this
operation is no faster than the normal Read or Write for the same
device. Devices may be excepted from this restriction as determined
on an individual basis.

A control command with all-zero modifiers performs no operation
at the I/O0 device, except to satisfy any previously indicated
chain operations and allow certain devices to wait for conditions
of checking (or any synchronizing indications) before releasing
the channel. This variation of the control command is called a
no-operation control.

Sense

Sense proceeds exactly as Read, except that the data are obtained
from status indicators rather than from a record source.

The basic sense command has the modifier bits set to zero.
This command initiates a sense operation on all devices. The
basic sense command must not change the mode or status, or initiate
any operation other than to sense the sense indicators. An operable
control unit should accept basic sense commands even if a device is
in a not-ready condition, mechanically unable to execute certain
other operations. If the control unit detects an error during the
sense operation, Unit Check is sent with the channel-end status.

The timing in the control unit for the bytes transferred during
a sense operation is normally such that the byte rate for this
operation is no faster than the rate for the normal Read or Write
for the same device. Devices may be excepted from this restriction
as determined on an individual basis.

Devices that can provide special diagnostic sense information
or can be instructed to perform other special functions by means of
Sense may define modifier bits for the control of the function.

The special sense operation may be initiated by unique combinations
of modifier bits, or a group of codes may specify the sense function.
Any remaining sense command codes may be considered invalid or may
cause the same action as the basic sense command, depending upon

the particular device.
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Test I/0

The Test I/O is a command that relieves the addressed device path
of pending status information. If no pending status is encountered
along with I/O path being tested, a zero status byte for the
selected device is sent to the channel for processing. If status
is available, all pending status bits for the selected device are
transmitted to the channel,.

Note that the busy condition is defined differently with res-
pect to Test I/0 than for other commands. (See Busy discussion).

The signal sequence to accomplish Test I/O is the same as any
other channel-initiated selection process except that no operation
is initiated.

SEQUENCE CONTROLS

The sequence controls described in this section are determined by
the sequence of the signals over the interface.

Proceed

Whenever Command Out responds to Address In at any time other than
during a channel-initiated selection sequence, it means proceed.

Proceed indicates to the device to continue the normal servicing
sequences on the interface.

Stop

Stop is indicated by a command-out response to a service-in signal
or as a result of an interface disconnect (see Interface Disconnect),
which occurs before the normal Channel End for the operation in
process.

Stop is used to signal the device that the channel is ending
the current operation. Upon receipt of the stop signal, the I/O
device must proceed to its normal ending point without sending any
further service-in signals to the I/O channel. The device remains
busy until the ending status is available, and is presented and
accepted by the channel.

During data operations, Command Out is transmitted in response
to Service In on the cycle after the last byte of data. If Select
Out is down or goes down after this sequence, Operational In must
drop on force-burst-type operations on devices that cannot meet the
time-out requirements as discussed in the Interface Time-Out
Considerations discussion. Also, burst devices that have relatively
long times between stop and ending status and have no time-
dependent chaining requirements must drop Operational In at this
time.



Stack Status

Stack Status is indicated by a command-out response- to Status In.
The sStack-status signal causes the retention of status information
at the control unit or device until that status is accepted . on a
subsequent status cycle with a service-out signal. When Stack-
Status occurs, the control unit disconnects from the interface
after Select Out is down. Command Out remains up until Operational
In falls. An attempt by the control unit to initiate a selection
sequence to present the status again is under control of the
suppress—-out signal (See Suppress Status discussion). Command
Out is not signaled to a zero status byte that has been provided
in response to a command other than Test I/O.

NOTE: Rather than delay completion of an interface sequence, the
channel will either stack or accept status.

Suppress Data

Operations whose rate of data transfer can be adjusted without
overruning are subject to suppression of data by Suppress Out.
Completely buffered devices and start/stop devices fall in this
category. When Suppress Out is up at the control unit and the
operation is in burst mode (whether because Select Out is up or
because the control unit is forcing burst mode) the control unit
must no raise Service In.

Suppress Out must be up at least 250 nsec before Service Out
falls to insure suppression of subsequent data.

Accept Data

Raising Service Out in response to Service In during a read, read
backward, or sense operation indicates that the information placed
on Bus In has been accepted by the channel.

Data Ready

Raising Service Out in response to Service In during a write or
control operation indicates  that the requested information has been
placed on Bus Out and is ready for acceptance by the control unit.

Suppress Status

Whenever the channel is unable to immediately handle interruption- _
causing status, Suppress Out is raised. With this line up, the
control unit must not attempt to initiate a selection sequence to
present suppressable-type status. Suppressable Status includes
stacked status and, at the option of the particular control units,
Device End, or Attention where either of these occurs without
Channel End and with no chaining in process, or Control Unit End.

Suppress Out must be up at least 250 nsec before Select Out
rises ‘at the control unit if suppression of status is to be insured.
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Suppress Out suppresses only the initiation of the selection of
the interface by the control unit and if Suppress Out rises after
a status sequence has started, the status sequence will proceed
normally.

The relationship between Request In and Suppress Out is
discussed in the Request In discussion.

Accept Status

Raising Service Out in response to Status In indicates that the .,
status placed on Bus In has been accepted by the channel.

Command Chaining

If Suppress Out is up when Service Out is raised in response to
Status In, Command Chaining is indicated. Command Chaining means
that another command for the device in operation will immediately
follow the presentation of Device End, provided no unusual
conditions were encountered during execution of the current
operation. The exact time at which the next command is presented
is dependent upon the channel.

When command chaining is indicated at the time device end is
presented, this indication will be valid until reselection is made
or until Suppress Out falls. Minimum down-level to insure break -
250 nanoseconds. Reselection of any device attached to the control
unit will reset the chained-command condition in the control unit.
Status conditions such as Unit Check, Unit Exception, Control Unit
End or Attention will terminate command chaining in the channel.

A multidevice control unit which is to operate on more than
one subchannel must not:

1. Reset the chained-command condition on the address other
than the one being selected.

2.  Present 'control unit end' with a chaining device address.

Depending upon the particular device, the operation, and
configuration, the command-chaining indication requires certain
functional control which depends upon the individual control unit.

If chaining is indicated when Channel End is presented (Device
End not yet generated) from a control unit shared by two or more
devices, the device presenting Channel End must be the next one to
present device-end status, unless the control unit is addressed in
the meantime on the same interface.

If chaining is indicated when 'device end' is presented, the
control unit must ensure that the path to the device remains
available until the chaining operation is initiated or until
chaining is no longer indicated.



If chaining is indicated on a device shared between more than
one control unit or channel, the device must remain available until
"the chaining operation is initiated or until chaining is no longer
indicated.

To assure recognition of Command Chaining by the control unit,
Suppress Out must be up at least 250 nsec before Service Out rises
in response to Status In. On the other hand, if command chaining
is not to be indicated, Suppress Out must be down at least 250
nsec before the rise of Service Out.

Interface Disconnect

The control unit will recognize Interface Disconnect if:

1. Address Out is up and Select Out is down at least 250 nsec
before the completion of any signal sequence, or

2. If Address Out is up at least 250 nsec while Select out
is up and subsequently Select Out drops while Address
Out remains up.

In either case, Address Out may be up concurrently with another \
out-tag. ’

When Operational In drops, the channel may drop Address Out to
complete the interface-disconnect sequence. Address Out must be
down for at least 250 nanoseconds before a new channel-initiated-
selection sequence may be attempted.

The control unit responds to the Interface Disconnect by
removing all signals, with the possible exception of Request In,
from the interface. On an input operation, data on 'bus in' need
not be valid after the rise of 'address out'. On an output
operation, data on 'bus out' must be valid until the fall of either
'service in' or 'operational in'. When it reaches the normal
ending point, the control unit attempts to obtain selection on the
interface to present any generated status to the channel. Any
abnormal device operation should be indicated by Unit Check (refer
Unit Check discussion for additional information) in the status,
and the sense information should provide additional details con-
cerning the operation. If the interface-disconnect sequence is
performed before initial status is accepted or after device-end
status for an operation has been accepted by the channel, the control
unit will not generate any status as a result of the Interface Dis-
connect.

The device path will remain busy after receiving an Interface
Disconnect, while performing an operation, until the device-end
status is accepted by the channel. If Interface Disconnect is
received when the device is not busy no status is generated nor is
the device made busy.

.
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NOTE: If 'address out' is up concurrently with another out-tag, the
information on 'bus out' must remain valid until the associated in
tag drops or until 'operational in' drops.

Selective Reset

Selective Reset is indicated whenever Suppress Out is up and
Operational Out drops. This condition causes Operational In to fall,
and the particular device in operation and its status to be reset.
The operation in process will proceed to a normal stopping point,
is applicable, with no further data transfer. The device operating
over the interface is the only device reset, even on multidevice
control units. The particular device path will be in a busy-state
throughout this procedure. Device end may be returned after the
reset. To be effective, Suppress Out must rise at least 250 nsec
before Operational Out drops and must remain up at least 250 nsec
after Operational Out rises. Operational Out must stay down until
Operational In falls or for at least 6 usec, whichever is greater,
for the selective reset to be effective. The ready or not-ready
state of the control unit is not changed by a selective reset.

Selective Reset is issued only as a result of a malfunction
detected at the channel or a time-out by the channel. The
interpretation of the reset is part of the specifications for the
device.

System Reset

System Reset is indicated whenever the operational out and the
suppress-out lines are down concurrently and the control unit is in
the "on-line" mode. This condition causes Operational In to fall,
and all control units and their attached devices, along with their
status, to be reset. The control units will be in a busy state
throughout this procedure. (See Operational Out for timing
considerations). System Reset prepares a device for an initial
program loading sequence and is performed as a part of the

initial program loading procedure. The ready or not-ready state of
the control unit is not changed by a system reset.

To insure a proper reset, the operational-out and suppress-out
lines must be down concurrently for at least 6 usec.

The interpretation of the reset is part of the specifications
for the device.

STATUS

When the status-in line is up, the information appearing on Bus In
is called the status byte. The conditions reported in the status
byte are called the status conditions.

The status pertains to the device or implied control unit
whose address appeared on 'bus in' (with 'address in') during the



polling or selection portion of the sequence. 1In the case of the
control-unit-busy sequence when no 'address in' occurs, it is
assumed that the status pertains to the addressed device or implied
control unit.

Status Byte
The status byte has the following format:

Bus
Position

Parity
Attention

Status Modifier
Control Unit End
Busy

Channel End
Device End

Unit Check

Unit Exception

NoubdwNpHEoOw

The status byte is transmitted to the channel in six different
situations:

1. During the initial selection process.

2. To present the channel-end status at the termination of
data transfer.

3. To present the device-end signal and any associated
conditicns to the channel. The device remains busy until
the channel accepts the device-end status.

4. To present any externally initiated status to the channel.

5. To present any previously stacked status when-allowed to
do so.

6. To present control-unit-end or device-end status which
signals that the control unit or device that was previously
busy and then interrogated, is now free.

Once accepted by the channel the status byte is not presented again.

Status Conditions

The following status conditions are detected by the I/O device or
control unit and are indicated to the channel over the I/0O
interface. The timing and causes of these conditions for each
type of devices are defined in the specifications for the device.
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When the device is accessible from more than one channel,
status is signaled to the channel initiating the associated I/O
operation. Handling of conditions not associated with I/O
operations depends upon the type of device and conditions, and is
defined in the specifications for the device.

NOTE: Control units must provide interlocks in their design so that
status is not lost, hidden, or included with other status when the
result would cause the program to misinterpret the original meaning
and intent of the status.

Attention

Attention is generated when some asynchronous condition occurs in
the I/0 device. Attention is not associated with the initiation,
execution, or termination of any I/0 operation.

The attention condition cannot be indicated to the channel
while an operation is in progress at the device or control unit.
Otherwise, the handling and presentation of the condition to the
channel depends upon the type of device. A device shared between
more than one channel path must present the attention status to
all channel paths as defined in the individual device specification.
Indication of Attention causes command chaining to be suppressed.
Attention can occur with Device End. Depending upon the device
application, Attention may or may not be presented until command
chaining is no longer indicated.

Status Modifier

The Status Modifier is used by I/O control units in three different
situations:

1. Control units that cannot provide current status in
response to Test I/O present the status-modifier bit
alone during the initial selection procedure.

2. Control units that are busy present the status-modifier
bit with the busy bit during the initial selection
procedure to differentiate Control Unit Busy from Device
Busy.

3. Control units designed to recognize special ending
conditions (e.g., Search Equal on a disk) present the
status-modifier bit with Device End when the special
condition occurs.,

In the first case, provision is made for certain types of
control units that are not capable of providing current status on
a demand basis as required by Test I/O. The presentation of the
status modifier bit in response to Test I/O indicates that the
control unit cannot execute the command, and any existing status
remains unchanged and unavailable to a Test I/O. This type of
control unit provides status only on a control-unit initiated
selection sequence.



In the second case, provision is made for indicating that a
busy condition pertains to a control unit and not necessarily to
the addressed I/0 device. This condition occurs when the control
unit is required to perform a function that does not involve the
I/0 interface (e.g., backspace file on magnetic tape). The condition
may also occur when the control unit has status pending for an I/O
device other than the one addressed.

In the third case, provision is made for control units
designed to recognize special ending or synchronizing conditions.
If the special condition occurs, the status-modifier bit with the
device-end bit is presented during the device-end status cycle.
The channel may use the special status indication to modify the
command chain sequence if no unusual conditions occur.

Control Unit End

The control-unit-end condition is provided only by channel-shared
control units or control units shared by I/O devices, and only
when one or both of the following conditions occurs:

1. The control unit was interrogated while executing an
operation. The control unit is considered to have
been interrogated when during a previous channel-
initiated selection sequence the control unit responded
"with Busy and Status Modifier in the status byte.

2. The control unit detected an unusual condition while
busy, but after Channel End was accepted by the channel.

If the control unit remains busy executing an operation after
signaling Channel End, but is not interrogated by the program and
does not detect an unusual condition, Control Unit End is not
generated.

When the busy state of the control unit is temporary, Control
Unit End is included with Busy and Status Modifier in response to
interrogation, even though the control unit is not yet free. The
busy condition is con51dered temporary if its duration is less
than 2 milliseconds.

The device address associated with Control Unit End is determined
as follows:

1. 1If Control Unit End is to be presented with Channel End
and/or Device End, the address of the selected device
is used.

2. If Control Unit End is generated without Channel End or
Device End and the status is presented during a control-
unit initiated selection sequence, the device address to
be used when presenting this status is allowed to be any
legitimate address associated with the control unit
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(a legitimate address is any address the control unit is
capable of recognizing regardless of whether or not the
device is actually attached).

3. If Control Unit End is to be presented during a channel-
initiated selection sequence, the device address will be
the same as the address issued with Address Out. This
channel-initiated selection sequence may be either a
normal full-length selection sequence or the short,
control-unit-busy sequence.

A pending Control Unit End causes the control unit to appear
busy for initiation of new operations. Control Unit End causes
command chaining to be suppressed.

Busy

Busy can occur only during a channel initiated selection sequence
and indicates that the I/0O device or control unit cannot execute
the command because a previously initiated operation is being
executed or because status conditions exist. An operation is being
executed from the time initial status is accepted until Device End
is accepted. Status conditions for the addressed device, if any,
accompany the busy indication.

If the busy condition applies to the control unit, Busy is
accompanied by Status Modifier. The busy condition causes command
chaining to be suppressed. Busy is indicated to Test I/O only if a
previously initiated operation is still being executed and no end
status is available.

Channel End

Channel End is caused by the completion of the portion of an I/O
operation involving transfer, if any, of data or control information
between the I/0 device and the channel.

Each I/O operation causes only one channel-end signal to be
generated. The channel-end condition is not generated unless the
command is accepted. The exact time during an I/O operation when
Channel End is generated depends upon the operation and the type of
device. For operations such as writing, some devices generate the
channel-end condition when the block has been written. On other
devices that later verify the writing, Channel End may or may not be
delayed until verification is performed, depending upon the device.
On devices such as those equipped with buffers, the channel-end
condition occurs upon completion of data transfer between the channel
and the buffer. During control operations, Channel End is usually
generated after the control information is transferred to the control
unit, although for short operations the Channel End may be delayed
until completion of the operation. Operations that do not cause
data to be transferred can provide the channel-end condition during
the initial selection sequence.



Device End

Device End is caused by the completion of an I/O operation at the
device or, on some devices, by manually changing the device from

the not-ready to the ready state. The device-end condition normally
indicates that the I/0 device has completed the current operation.

Each I/0 operation causes only one device-end condition. The
device-end condition is not generated unless the operatlon is
accepted.

The device-end condition associated with an I/O operation is
generated either simultaneously with the channel-end condition or
later. 1In the case of data-transfer operations on some devices,
the device terminates the operation at the time Channel End is
generated, and both Device End and Channel End occur together.

On buffered devices, the device-end condition may occur upon
completion of the mechanical operation. For control operations,
Device End is generated at the completion of the operation at the
device. The operation may be completed at the time Channel End is
generated or later.

When command chaining is specified, receipt of the device-end
signal, in the absence of any unusual conditions, causes the
channel to initiate a new I/O operation. If an unusual condition is
detected during the initiation of a chained command, the chain is ter-
minated without device end. :

A device shared between more than one channel path and which
has a Device End generated due to the device going from not-ready to
ready state must present a Device End to all channels as defined in
the individual device specifications.

If a device is addressed while in a busy state, a Device End
must be signaled to the path initiating the command when the device
becomes not busy.

NOTE: "Not ready" means that a device requires operator intervention
to become operational. ‘The not-ready condition can occur, for
example, because of any of the following actions: '

1. An unloaded condition on magnetic tape,

2. Card equipment out of, cards or stacker full,

3. Printer out of paper, or

4. Error conditions which need operator intervention.

Unit Check
Unit Check indicates that the I/0 device or control unit requires

programming or manual intervention. Unit Check does not necessarily
indicate an error condition. The conditions causing Unit Check are
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detailed by the information available to a sense command which
should normally follow the acceptance of unit-check status. The
unit-check bit provides a summary indication of the conditions
identified by sense data.

The unit-check condition is generated only when an error is
detected during execution of a command, or during some activity
associated with an I/O operation. Unless the error condition
pertains to the activity initiated by a command and is of immediate
significance to the program, the condition does not cause the
program to be alerted after Device End is cleared. When the device
is not executing an operation and does not have a pending interruption
condition, equipment malfunctioning may cause the device to become
not ready; Unit Check in this event is signaled to the program the
next time the device is selected.

Unit Check may be signaled to indicate a condition in the
control unit that needs to be handled and that additional information
is available in the sense data.

If, during the initial selection sequence, the device detects
that the command cannot be executed, Unit Check is presented to
the channel and appears without Channel End, Control Unit End, or
Device End. Such unit status indicates that no action has been
taken at the device in response to the command. If the condition
precluding proper execution of the operation occurs after execution
has started, Unit Check is accompanied by Channel End, Control Unit
End, or Device End, depending upon when the condition is detected.
On special devices, errors associated with an operation may be
detected after Device End is cleared. These errors are signaled by
sending Unit Check with Attention.

Errors in command-code parity or otherwise invalid command
codes do not cause a Unit Check if the control unit busy working
or holding status at the time of selection. Under these circumstances
the device responds by providing the busy bit and indicating the
pending status, if any. The command-code invalidity is ignored.

When 'unit check' appears with 'channel end' and without
'device end', a shared control unit must preserve the sense data and

an available device path until after the 'device end' is accepted.

When no interruption condition is pending for the addressed
device at the control unit, the control unit signals 'unit check'
when 'test I/0' or the 'no-operation control' command is issued to
a not-ready device. In the case of no operation, the command is
rejected and 'channel end' and 'device end' do not accompany'unit
check.'

Unless the command is designed to cause 'unit check', such as
rewind and unload on magnetic tape, 'unit check' is not indicated
if the command is properly executed even though the device has
become not ready during, or as a result of, the operation.
Similarly, 'unit check' is not indicated if the command can be



executed with the device not ready. Selection of a device in the
not-ready state does not cause a unit-check indication when the
sense command is issued, and whenever an interruption condition is
pending for the addressed device at the control unit.

PROGRAMMING NOTE: If a device becomes not ready on completion of a
command, the ending interruption condition can be cleared by 'test
I/0 without generation of 'unit check' because of the not-ready
state. Any subsequent 'test I/0' issued to the device causes a
unit-check indication.

Unit Check causes command chaining to be suppressed.

Unit Exception

Unit Exception is caused when the I/0 device detects a condition
which usually does not occur. Conditions such as recognition of a
tape mark are included. Unit Exception has only one meaning for any
particular command and type of device. A sense operation is not
required as a response to the acceptance of a unit-exception
condition.

A unit-exception condition can be generated. only when the
device is executing an I/O operation, or when the device is involved
with some activity associated with an I/O operation and the condition
is of immediate significance. If a device detects a unit-exception
condition during the initial selection sequence, Unit Exception is
presented to the channel and appears without Channel End, Control
Unit End or Device End. Such unit status indicates that no action
has been taken at the device in response to the command. If the
condition precluding normal execution of the operation occurs after
the execution is started, Unit Exception is accompanied by Channel
End, Control Unit End, or Device End, depending upon when the
Condition is detected. Any unusual condition associated with an
operation, but detected after Device End is cleared, is indicated by
signaling Unit Exception with Attention.

The Unit Exception causes command chaining to be suppressed.

SENSE INFORMATION

Data transfer during a sense operation provides information concerning
unusual conditions detected in the last operation and concerning the
status of the device. Status information provided by the basic sense
command is more detailed than that supplied by the unit-status byte,
and may describe reasons for the unit-check indication. It may also
indicate, for example, that the device is in the not-ready state, that
a tape drive is in the file-protected state, or that magnetic tape is
positioned beyond the end-of tape mark.

Sense information that results from more than one action at the
unit must not be ORed when this condition would cause the program to
misinterpret the original meaning and intent of the sense information.

\./
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Note that when a group of sense indicators is shared with different
devices the residual control-unit sense data that pertains to the
last command addressed to the control unit may be reset if the
device addressed is different from the device which generated the
sense data.

For most devices the first six bits of the first sense data
byte (Sense Byte 0) are common to all devices having this type of
information. The six bits are independent of each other and are
designated as follows:

BIT DESIGNATION

Command reject
Intervention required
Bus-out check
Equipment check

Data check

Overrun

b WwNHO

Command Reject - The device detected a programming error. A command
was received that either the device is not designed to execute, the
device cannot execute because of its present state, requires use of
an uninstalled optional feature, or contains invalid control data.

Command reject is also indicated when an invalid sequence of
commands is recognized ('write' to a direct-access storage device
without previously designating the data block).

Intervention Required - The last operation could not be executed
because of a condition requiring intervention at the device. This
bit indicates conditions such as an empty hopper in a card punch, or
the printer being out of paper.

Intervention required is also turned on when the addressed
device is in the not-ready state, is in test mode, or is not pro-
vided on the control unit.

Bus~-0Out Check - The device or the control unit received a data byte
or a command code with an invalid parity over the I/0 interface.

During writing, Bus-Out Check indicates that a parity error
was detected and incorrect data may have been recorded at the device,
but the condition does not cause the operation to be terminated
prematurely, unless the operation is such that an error precludes
meaningful continuation of the operation. No operation is initiated
if the command code has a parity error. Parity errors on control
information cause the operation to be terminated.

Equipment Check - The device or the control unit detected equipment
malfunction during the last operation, such as an invalid card hole
count or printer buffer parity error. Normally, data transmission
stops and the operation terminates.




Data Check - The device or the control unit detected a data error
other than those included in Bus Out Check. Data Check identifies
errors associated with the recording medium and includes conditions
such as reading an invalid card code or detecting invalid parity on
data recorded on magnetic tape.

On an input operation, Data Check indicates that incorrect data
may have been placed in main storage. The control unit forces correct
parity on data sent to the channel. On writing, the data-check
condition indicates that incorrect data may have been recorded at
the device. Data errors on reading and writing do not cause the
operation to be terminated prematurely.

Overrun - The channel failed to respond on time to a request for
service from the device. Overrun can occur when data are transferred
to or from a non-buffered control unit operating with a synchronous
medium, and the total activity initiated by the program exceeds the
capability of the channel. On an output operation, Overrun indicates
that data recorded at the device may be invalid. In these cases,

data overrun normally stops data transfer and the operation terminates
as in Stop discussion. The overrun is also turned on when the device
receives the new command too late during command chaining.

All sense information significant to the use of the device
normally is provided in the first two bytes. Any bit position
following those used for programming information contain diagnostic
information, which may extend to as many bytes as needed. The
amount and the meaning of the status information are peculiar to the
type of device, and are defined in the specifications for the device.

The sense information pertaining to the last I/O operation is
reset by the next command addressed to the control unit, other than
Test I/0, Sense (basic), or Control (no-operation), provided that the
busy bit is not included in the initial selection status byte.

A command code with invalid parity will cause the sense infor-
mation to be reset only if Unit Check is turned on as a result of the
invalid parity (See Unit Check discussion).

METERING

Does not apply.

POWER OFF AND OFFLINE

When the power is off on a control unit, the associated logic and
circuitry of the I/0 interface is designed to allow otHer control
units on the same interface to operate with the channel. The
control unit power off provides the following:

l. Electrical bypass for the select-out line.

2. Protection against its line drivers from interfering with
the I/0 interface.’
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The effect of power-on/power-off transitions must not interfere with
the I/0 Interface. This requirement does not apply if the power off
transition is due to a failure in the CU power system or a main

line power failure.

A.control unit in an offline condition or going to or from an
offline condition does not interfere in the operation between the
channel and other control units on the same interface. The control
unit in the offline mode provides the following:

1. Logical bypass for the select signal.

2. Gates off all other line drivers from interfering with
activity on the interface.

INTERFACE TIME-OUT CONSIDERATIONS

Signaling over the I/0 interface is specified to be direct-current
interlocked and thus is not time-dependent, a certain category of

machine malfunctions may cause "hangup" of the system. The timing
considerations involved in determining malfunction cases are dis--
cussed in the following paragraphs.

All references to particular time considerations, in this section,
represent the maximum permissible time in worst—case situations.
All control units are designed for minimum signal sequence response
times within the limitation of the circuit family used and the
sequencing method required for particular devices. A maximum
worst-case interface signal sequence of 32 usec, due to the control
unit, is specified. This means that from the time Select Out rises
at a particular control unit for any signal sequence until the
sequence is completed (Operational In drops), no more than 32 usec,
dut to the control unit circuitry or the sequencing method used,
will be required by the control unit. This applies to all selection
sequences. However, a particular interface signal sequence may
take longer due to other factors:

1. Delays introduced by the channel

2. Delay due to the need for a burst-mode device to capture
the interface prior to reaching record area of media
(not greater than 500 msec).

In addition to delays which may occur within a particular signal
sequence, abnormal delays may exist between data cycles during burst-
mode operation. The maximum delay between data cycles in burst mode
shall not exceed 500 msec. Control units may be excepted from this
restriction as determined on an individual basis.

If a control unit exceeds the specified delays, the channel is
permitted to force an interface disconnect (see Interface Disconnect
discussion) or a selective reset (see Selective Reset discussion)
based on a channel time-out of the signal sequences.



Control units and channels must specify minimum and maximum
response times for all interface signal sequences in their individual
design specification.

Propagation of Select Out

Whenever selection of the interface is not. to be made during an
initial selection or scan sequence the control unit must propagate
the select-out signal within 600 nsec.

This time is measured from the rise of the incoming select-out
signal to the rise of the out going select-out signal.

ELECTRICAL SPECIFICATION, PHYSICAL REQUIREMENTS

Multiple Drivers and Receivers

Up to ten receivers must be able to be driven by one driver. The
driver must be located at one of the extreme ends.

Up to ten drivers must be able to be dot ORed to drive one
receiver. The receiver must be located at one of the extreme ends.

NOTE: = An end-of-line -driver or receiver may be placed beyond the
terminator. 1In this case, the distance between the end-of line
driver or receiver and the terminator must be less than six inches.

Receivers must be spaced at least three feet apart. No i
minimum requirement is set as regards the spacing between drivers.
No minimum requirement is set as regards the spacing between a
terminator and driver or receiver if the terminator is placed on
the outermost end of the line.

The maximum stub length from the line to a driver or receiver
on the circuit card is six inches.

GENERAL ELECTRICAL REQUIREMENTS

Voltage Levels

There are two logical levels. A dc line voltage of +2.25 volts or
more denotes a logical one state, and a dc voltage of +0.1l5 volt or
less denotes a logical zero state. These voltages are relative to
- the driver ground. .

Cable

All lines must have a characteristic impedance of 92 +10 ohms and,
with the exception of 'select out', must be terminated at each
extreme end in their characteristic impedance by a terminating
network (For select out/select in, refer to Select-Out Circuitry
discussion).
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Cable length may be limited by special conditions but is never
to exceed a maximum line resistance of 33 ohms. The 33 ohm
resistance includes all contact resistance, internal cable resistance,
and inter-unit cable resistance.

Terminating Networks

The terminating network must present an impedance of 95 ohms #2.5
percent between the signal line and ground, and must be capable of
dissipating 390 milli-watts.

Ground Shift and Noise

The maximum noise (measured at the receiver input) coupled onto any
signal line must not exceed 400 milli-volts.

The maximum allowed ground shift, between any active driver and
any receiver of the same interface line, is 150 millivolts. There-
fore, the maximum shift, (coupled noise plus ground shift) allowed
on any line is 550 millivolts.

The logical levels defined in the voltage levels discussion and
the receiver threshold levels specified in receivers discussion
allow for this 550 millivolt shift. That is, a negative noise pulse
of 400 millivolts coupled with a positive receiver ground shift of
150 millivolts occurring during a one state (2.25 volts minimum)
guarantees a receiver input of 1.7 volts or more. See Figure D-3A.

Also, a positive noise pulse of 400 millivolts coupled with a
negative receiver ground shift of 150 millivolts occurring during a
zero state (0.15 volt maximum) guarantees a receiver input of 0.7
volt or less. See Figure D-3B.

NOTE: The noise measurements are made at the input to the receiver.
A combination of the dc level and ac noise must not exceed 0.7 volt
for the down level and must not be less than 1.7 volts for the up
level.

NOTE: Noise may be generated by circulating currents in the grounding
network if the proper grounding rules are adhered to. In the 9020
System, the ground lead (green with yellow tracer) in the power

source cable to all elements is connected to the machine (frame)
ground. All signal lead shields are connected to circuit (electronic)
ground. The circuit ground is connected to the frame ground at one

or more points in each unit.



INTERFACE CIRCUIT REQUIRMENTS

Receivers
An input voltage (relative to receiver circuit ground) of 1.7 volts
or more is interpreted as a logical one; an input of 0.70 volt or

less is interpreted as a logical zero. An open circuited input is
interpreted as a logical zero.

The receiver should not be damaged by:

1. A dc input of 7.0 volts with power on in the receiver.

2. A dc input of 6.0 volts with power off in the receiver.

3. A dc input of -0.15 volt with power on or. off.

The receiver input must not requife a positve current (Figure
D-3C) 1arger than +0. 42 milliampere at an input voltage of +3.11
volts.

Negative receiver input current at +0.15 volt must not exceed
-0.24 milliampere. ‘In addition, receiver input impedance must be
larger than 4.0 kilohms and less than 20 kilohms. :

Receivers must - be de51gned to ensure that no spurious noise is
generated on the line during a normal power-up or power-down
sequence. '

Drivers

In the logical zero state:

1. The output voltage must not exceed 0.15 volt at a load of +240
microamperes. (See Figure D-3D for current polarity definition).

In the logical one state:

1. The output voltage must be 3.1l volts or more at a load of
+59.3 milliamperes (two terminators, ten receivers).

2. The output voltage must not exceed 5.85 volts at a load of
+30 microamperes (one receiver, no terminator).

3. The output voltage must not exceed 7.0 volts at a load of
+123.0 milliamperes during an over-voltage internal to the.
drivers. :

Drivers must be designed to ensure that no spurious noise is
generated on the line during a normal power-up or power-down sequence.
For the driver, this may be accomplished by one of the following
methods:

1. Sequencing the power supplies.
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2. Building noise suppression into the circuit.

3. Providing an externally controlled gate. (see Figure D-3E)
For a normal power-down sequence:

1. Logically ensure that the driver is in the zero state.

2. Close contact S82. (See Figure D-3E.)

3. Turn power off.

For a normal power-up sequence:

1. Ensure that contact S2 is closed.

2. Turn on power.

3. Logically ensure that the input level will cause the driver
output to be in the zero state.

4. Open contact S2.

Fault Conditions

A grounded signal line must not damage drivers, receivers, or
terminators.

With one driver transmitting a logical one, loss of power in any
single circuit driver, receiver, or terminator on the line must not

cause damage to other components.

With both terminators connected, line operation must not be
affected by power off in any drivers or receivers on the line.

ELECTRICAL SPECIFICATIONS FOR SELECT-OUT CIRCUITRY
General

The 'select out' line has a single-driver to single-receiver
configuration, with only the receiver end of the line terminated in
the characteristic impedance.

A dc line voltage of 1.85 volts or more denotes a logical one
state, and a dc line voltage of 0.15 volt or less denotes a logical
zero state. These voltages are relative to the driver ground.

NOTE: Because of the nature of the 'select out/select in' line,
negative noise tolerance has been neglected.

All electrical requirements specified in General Electrical
Reqguirements discussion that are not redefined in this section are
also applicable to 'select out'.



Receiver

The'select out' receiver must satisfy all requirements given in the
Interface Circuit Receiver Requirements discussion.

Driver

The select out driver must be capable of withstanding a short-circuit-
to ground output condition, while in either the logical one or zero
state, without damage to the driver circuit.

For the logical zero state:

1. The output voltage of a select out driver must not exceed
0.15 volt at a load of 1 milliampere.

For the logical one state:

-1. Output voltage of a channel driver or the driver of a
control unit contained within a channel frame must exceed
3.9 volts at a load of 41 milliamperes.

2. The output voltage of a control unit driver not contained
within a channel frame must exceed 3.7 volts at a load
of 41 milliamperes.

The output voltage of a select out driver should not exceed:
1. 5.8 volts at a load of 0.3 milliampere.

2. 7.0 volts at a load of 72 milliamperes during an over-
voltage internal to the driver.

Terminator

A 95 ohm %2.5 percent, 390 milliwatt terminator to ground must be
placed at each receiver for each line segment along the 'select out/
select in' path, including the receiver end of 'select in' located
in the channel.

The driver end of each segment of 'select out/select in' must
not be terminated, including the driver end of 'select out' located
in the channel. Also, the jumpered 'select out' or 'select in' and
the bypassed 'select out' or 'select in' path is not terminated.

Circuits

Figures D-3F, D-3G, D-3H show representative circuits used to drive,
receive, and terminate the lines between the channel and attached
control units.

~
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MECHANICAL REQUIREMENTS

Interface cables will use IBM connectors defined for this purpose
or equivalent. See Appendix B of Design Data for further
characteristics of these connectors.

PIN ASSIGNMENTS

Pin assignments for the I/0O interface are shown in Figure D-4. They
are shown as viewed from the connector side of the channel and con-
trol unit tailgates. Two interface cables connect the channel to

the first group of control units. Signals are assigned corresponding
pin numbers on the channel and control unit connectors.

SYSTEM CONSIDERATIONS
ATTACHMENT OF CONTROL UNITS TO THE MULTIPLEXOR CHANNEL

The system considerations in connecting Control Units to the
Multiplexor Channel are complex and inter-related. Among these
considerations are the relative data rates of the various devices
operated by a control unit and the service priority assignment of
these devices, the relative data rates of the various devices
operated by the different control units, the service priority
assignment of the Control Units on the interface, the ability or
inability of the devices to accept service at a varying rate, and
the proportion of data cycles to non-data cycles for interleaved
multi-device operations. A thorough analysis of each system case
should be conducted to determine the proper configuration of control
units and devices to avoid overruns and subsequent data loss caused
by interference conditions.

Within the constraints imposed by system considerations, 256
I/0 devices distributed over a maximum of 8 Control Units may be
attached to the Multiplexor Channel. The maximum possible cable
length (from terminator to terminator), is limited by line resistance
as defined in the General Electrical Requirements, Cable discussion.

A limitation of 200 feet of external interconnecting cable
attached to the 9020 Sysfem Multiplexor Channel is imposed to provide
allowance for proper operation of presently undefined device
combinations and system configurations.

ATTACHMENT OF CONTROL UNITS TO THE SELECTOR CHANNEL

A maximum of 8 Control Units may be attached to a Selector Channel.
Only one CU operates with the channel at any one time, therefore
attachment considerations are primarily concerned with the operation
of a specific CU without regard to the operation characteristics of
the other attached CU's. However, the effects of the attachment of
other Control Units to the transmission line connecting the operating
CU with the Channel must be taken into consideration.
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Maximum Recommended Data Rate

The maximum recommended synchronous data rate which the 9020 System
Selector Channel is designed to sustain without a possible overrun is
400 kilo-bytes per second (KC). Control Units should be designed to

require service at a rate not greater than 400 KC. For further details

of channel data rate refer to Chapter 5 of the IBM 9020 System Design
Data. ’

CABLE CONSIDERATIONS

'Interhal Cabling

The maximum allowable internal resistance, including all contact
resistance contributed by a channel or control unit is specified as
2.0 ohms for every signal line, except 'select out'and 'select in'.
(Extended or high-performance configurations require that internal
resistance be reduced to a minimum.) A total of 3.0 ohm maximum
resistance is specified for the control unit for the combined

" 'select out' and 'select in'. The maximum resistance case for
'select out/select in' in a control unit usually occurs when the
control unit power is off and electrical bypassing is effective.

For control units, the internal resistance is measured between
the incoming and the outgoing pins on the external connectors. For
channels, the measurement is made between the external connector pin
and the corresponding channel driver or receiver.

With the exception of the 'select out/select in' line, the
maximum signal delay measured between the external pins is specified
at 15 nanoseconds. The maximum skew between any two signal lines is
specified at 1 nanosecond.

External Cabling

The cable length available for the interconnection of channel and
control units is primarily limited by the resistance to the interface
lines which is contributed by the channel and the control units.

For specific control units, the signal delays due to cable length
will require that the control unit be relatively close to the channel.
However, the maximum allowable cable length is limited by total series
resistance between drivers and receivers, if signal cable delay
requirements are met for each attached control unit.

The maximum external connector-to-connector cable length for
unrestricted general systems configurations is determined by the
combined internal resistance specification for 'select out/select in'.
The maximum line resistance for the total 'select out/select in' loop
must not be greater than 52.5 ohms for worst-case conditions.

In certain customized installations where'select out' is
redriven at the end of the cable, the maximum cable length will be
determined by the 2.0 ohm internal control unit and channel resistance
specifications for the signal lines other than 'select out' and
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'select in'. In this case, the maximum cable length can be calculated
by using the 33 ohm driver-to-receiver maximum line resistance
specification for worst-case conditions.

IBM Part No. 5353913 cable, or equivalent, containing 20 coax
lines, shall be used for external interconnections. This cable shall
present a resistance of 0.052 ohms per foot. See Appendix B for
further detail characteristics of this cable.

Line Length

The maximum line length from terminator to terminator is limited by
line resistance, defined in the General Electrical Requirements,
Cable discussion.

External Cable Measurement

External cables are measured as the distance between floor access
holes for cables interconnecting IBM designed Channels and Control
Units. For Control Units not designed by IBM, the external cable
measurement must include the distance to the connector on the
Control Unit

Cable Length

The sum of the external cable lengths from the channel to the 1lst CU,
thence to each successive CU is defined as the Cable Length. The
maximum allowable Cable Length as a function of the number of Control
Units is shown below:

No. of CU's Max. Cable Length

438
408
380
351
322
293
264
235

oo WD H

The above values assume that each CU presents the maximum allowable
resistance to the line. The resistance presented by the channel
plus the terminator is assumed to equal 4 ohms. External cable
resistance of 0.052 ohms/foot is assumed.

Signal Cable Length

The sum of the external cable lengths from the channel driver and
receiver circuits to the specific CU under consideration is defined
as the Signal Cable Length. The maximum Sighal Cable Length to
connect a specific CU to the channel is a function of; 1) the data
rate to be maintained, 2) the CU delay/byte cycle, 3) the Signal
Cable delay/byte cycle, 4) the channel delay/byte cycle, and
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5) the number of CU's the Signal Cable must pass through to reach
the specific CU. Since the byte cycle period is equal to the sum
of all byte cycle delays, the formula below represents the maximum
allowable Signal Cable Length for operation of a CU at a particular
data rate. ]

P = Doy = Doy 70D

dCA

Where: L = Signal Cable Length

1
P = Byte Cycle Period in nanoseconds (_________)~
‘ Data Rate
n = Number of CU's signal lines pass
through to reach the CU under
consideration.

D= CU feed through delay per byte cycle in nanoseconds
(a parameter of the design of each CU)

D...= Delay per byte cycle of the operating CU in

cu nanoseconds (a parameter of the CU design)
DCH= Delay per byte cycle of the channel in nanoseconds
(a combination of channel design parameters and
system operating complexity and resultant priorities)
dCA= Delay per byte cycle per foot of external Signal

Cable

When planning connection of Cu's to the 9020 System, both
physical placement and System operational characteristics must be
considered. Figure D-5 is provided as a convenient means of
determining the maximum Signal Cable length allowable for the
attachment of IBM design CU's to a 9020 Selector Channel. The values
used to create the plots shown are for operation of a CU with a
single Selector Channel under the specific assumption that this
Selector encounters no interference from any other channel or system
element. This information is applicable to the continuous data
transfer portion of the operation and excludes chaining operations,
transfers in channel, or other programming or control cycle variables.

Two ordinate scales are provided in Figure D-5. The one at the
extreme right is in terms of Control Unit delay (DCU in microseconds
for a 400 KC data rate over a range of values (0.5 éec) that can |
reasonably be expected in the design of CU's to operate at that rate.
The lefthand ordinate scale is in terms of Adjusted Byte Cycle
Period (P') in nanoseconds where:

~CU
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Figure D-5. Maximum Signal Cable Lengths for Single Selector
Channel Operation

The following constant values were assumed to create the plots:

DCH = 500 nsec/byte cycle
(This value does not include delays caused by
system or programming activities)

DF = 40 nsec/byte cycle
(This value is typical of the feed-through
delay inherent in IBM designed CU's).

dCA = 6 nsec/foot/byte cycle

(This value is the sum of four signal transfers
per byte cycle, each transfer delayed 1.5 nsec/
ft.)

Using the values stated above, P' as a function of L has been plotted

for each value of n from 0 to 7. It should be noted that any point
which falls to the right and below the applicable line as established
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by a known physical arrangement and known operating parameters
indicates that the basic channel operating capability has been

exceeded and that the expected data rate cannot be met. Points falling
on the line or to the left and above the line indicate that the
expected data rate is within the basic channel capability and that
further analysis may be made taking system and programming considera-
tions into account.

OFF-LINE/ON-LINE AND POWER ON/OFF TRANSITIONS
OFF-LINE/ON-LINE

A control unit in an off-line mode must not interfere in the opera-
tion between the channel and other control units on the same inter-
face. The control unit in the off-line mode must provide the follow-
ing:

1. Logical bypass for 'select out'.

2. Gate off all other line drivers from interfering with
activity on the interface.

The control unit transition to or from an off-line/on-line
condition must not cause machine malfunction. The minimum following
conditions must exist concurrently before the on-line-to-off-line
transition can occur:

1. The on-line/off-line switch is set to OFF LINE.

2. No active communication on the interface because of this
control unit, such as 'operational in', or ‘'status in', etc.

3. No stacked or pending status is on this unit. (Stacked
status is that which has been presented to the channel but
which has not been accepted. Pending status is that which
is forthcoming or which has been generated but not presented.)

4. No command chaining is indicated for this unit.

The preceding conditions ensure that no machine malfunctions can
occur because of an operator throwing the switch from ON LINE to
OFF LINE,

POWER EFFECTS

Power Off State

The power-off state of any control unit must not affect any opera-
tions of other control units on the interface. The control unit
whose power is off must provide an electrical bypass for 'select out'
and all of its interface driver and receiver circuits must be pre-
vented from interfering with the interface signals. The incoming
'select out' signal terminator at the receiver must be disconnected
when the signal is electrically bypassed. When power is down on all
units, 'select out' must be propagated back to the channel.
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Power Transitions

Each control unit must be designed so that, if proper procedures are
followed, the process of individually powering up or down does not
cause its interface driver or receiver circuits to generate noise

on the interface signal lines. :

Each control unit must ensure that the process of electrically
bypassing 'select out' prior to power changes does not interfere
with 'select out' propagation, except for possible short discontinu-
ities (less than 1.8 microseconds) because of contact bounce
coincident with signal delay through parallel logic circuits. Also,
each control unit must ensure that 'select out' discontinuities,
which may occur when another control unit on the interface is
powering up or down, do not affect the propagation of 'select out'.
This should be accomplished by the use of a special latch circuit.
The latch is turned on by the AND of 'select out' and 'hold out'
and is reset by the fall of 'hold out'. The circuit is in series
with the remaining selection logic in the control unit and causes a
constant 'select out' signal within the control unit and, therefore,
to all following control units, regardless of variations in the
input 'select out' signal (Figure D-6).

Power Off/On Sequence Reqguirements

The combination of proper procedures and circuitry must provide the
following sequence of events for power off:

1. Logically disconnect the unit from the interface (a panel
indicator comes on). (The control unit can become logically
disconnected when it and all connected devices have com-
pleted all operations, no status is pending, or stacked,
and chaining is not indicated.) This ensures that no
unfinished operations exist that can cause indication of
machine malfunction when power is turned off. ©Note that
when a control unit is logically disconnected from the
interface, all its drivers except 'select out' are
logically gated off. A logical disconnect may be accomplished
as a result of going off-line by use of the on-line/off-
line.

2. Close 'select out' bypass circuit (mechanical contact K1,
Figure D-6). The normal logical electronic bypass of
'select out' is still active when the control unit is
logically disconnected.

3. Open the connection from the line to the 'select out’
receiver terminator (mechanical contact, Sl1, Figure D-6).

4, Clamp interface driver gates to grdund by means of a
mechanical contact, S2, Figure D-6, if gated drivers are
used to avoid transient signals on the interface lines.

5. Turn off power (remote/local power-control switch must be
set to LOCAL if the unit has this switch.

D-53



SELECT OUT Kl

(INCOMING)
s1
R
A
SELECTION :
OR LOGIC b SELECT OUT
(OUTGOING)
T
$2

HOLD OUT R
< A =
POWER-ON RESET |_
D DRIVER A AND FUNCTION
R RECEIVER OR OR FUNCTION

T TERMINATOR

Figure D-6., Representative Select-Out/ Hold-Out Special Latch

For power on, the sequence is reversed:

1. Turn power on (remote/local power-control switch set to
LOCAL). During the power-on sequence, a power-on reset
pulse must automatically reset the control-unit circuitry,
including reset of the special 'select out' latch,
regardless of 'hold out'.

2. Unclamp driver gates. (Open mechanical contact, S2.)
3. Connect 'select out' receiver terminator (S1).
4. Open 'select out' bypass circuit (K1).

5. Logically connect the unit to the interface (panel indicator
turns off).

If some method, such as automatic power sequencing rather than gated
interface driver circuits, is used to eliminate transients on the
signal lines, the steps in the sequence that refer to driver gates
may be eliminated.

NOTE: The 'select out' bypass function (relay transfer) of a
power-off or power-on sequence must be completed in any one control
unit attached to a channel before the 'select out' bypass function
(relay transfer) is started in another control unit. Therefore,

the 'select out' bypass function should be completely automatic.

In any case, the 'select out' bypass function must not be interrupted,
but must be completed once it is started.
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I/0 INTERFACE OPERATION

Timing Chart

Timing considerations for three I/0 interface operations are
summarized in Figure D-7, D-8, and D-9 (selector channel operation,
control unit in forced burst mode on multiplexor channel, and
multiplexing operation on the multiplexor channel).

Flow Charts

I/0 interface operations is summarized in a series of flow charts
shown in Figures D-10 through D-16.
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Figure D-10. Flow Diagram - Start Interface Sequence (Sheet 1 of 3)
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Figure D-10. Flow Diagram - Start Interface Sequence (Sheet 2 of 3)
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APPENDIX E. 9020D/E MALFUNCTION HANDLING

INTRODUCTION

This appendix describes the actions of the 9020D/E System when errors
are detected in a 9020D/E element or unit. The discussion is limited
primarily to a description and explanation of the way in which the
built-in equipment for error-processing functions. It must be under-
stood, however, that the complete system response to an error is of
necessity a combination of reactions by both program and equipment.
Where it is important to the discussion, certain programming function
will be discussed. Considerable flexibility of program action is
permissible, making possible a total system error response as soph-
isticated as desired.

| Errors occurring in the PAM, TCU, DASF, RCU, and DAU are also
treated in this appendix, although most errors which occur in those
elements are communicated to the system via the usual input/output
control programs. Errors which result in an ELC from the PAM, TCU,
| DASF, or RCU units will be handled as an external interruption by
the receiving CE(s). There is no special hardware which causes
unusual action in these elements, such as exist in the CE, IOCE, DE
land SE. The equivalent of logout information in PAM, DAU, RCU, DASF,
and TCU's is obtained as sense data through regular program operation.

GENERAL CONSIDERATIONS

A useful preliminary to a detailed discussion of error processing
will be a summary of the types of errors which affect each of the
elements, and a brief examination of the kind of action which can
result.

Computing Element (CE)

Four broad categories of errors are of concern to a CE:

1. The inability of a CE to obtain, upon request a cycle

from a Storage Element, or Display Element.
2. Errors which the CE detects in its own error detection logic
3. Errors which are signalled to the CE by an SE or DE with

which it is currently communicating or by an IOCE which the
CE is controlling.

4, Errors which are manifested as External, Program, or I/O
interruptions from other elements, or Condition Codes.

If a CE is unable to obtain a cycle from a storage unit, SE or DE,
it will conclude, in general, that either a program error or an



equipment malfunction has occurred. If the circumstances indicate

a program error, a program interruption will occur; otherwise a
machine check interruption will be taken with appropriate inter-
element error signals generated. Where the inability to obtain a
storage cycle occurs on a reference to the PSA, the CE will attempt
to obtain a corresponding location in an alternate PSA.

| After a delay period of approximately 11 ms, errors detected by
the CE in its own error detection equipment will cause a machine
check interruption, logout, and appropriate inter-element error
signals to be generated. If the error detected is OBS, the CE will
set the OBS bit in the DAR register; if the error is an OTC, the
CE will set its CE Own Element Check bit in the DAR. An ELC signal
is not sent to other CE's. '

If an SE or DE detects an error in its own equipment when work-

ing with a CE, this error signal is communicated to the using CE.
JIf allowed (ILOS or IDES bit off), the CE will cause the SE or DE to
stop, ‘and a .CE machine check interruption will occur, followed
(normally) by a programmed logout of the SE or DE. It is necessary
to proceed in this fashion in order to permit the system to obtain
sufficient data for malfunction isolation and subsequent recovery.
An error in the IOCE will be signalled to the CE as a special
Machine . Check interruption.. This mechanism is used to allow the CE
to respond quickly and orderly to IOCE malfunctions. The CE will not
logout, but can immediately enter a program for diagnosis of the
IOCE problem.

The last category of errors with which the CE is concerned
directly are those which .are signalled via the various interruption
facilities. These are external, program, and I/O interruption;
their handling is a programming function and will not be of immediate
concern here since no unusual equipment functions are involved. It
should be pointed out again, however that the processing of these
interruptions must be considered in the overall sense as a sign-
ificant part of the system malfunction handling technigque. The
type of error communicated via an interruption will usually orig-
inate in an element external to the CE. Hence, the programming
response must integrate these into a complete, cohesive malfunction
handling scheme.

Input/Output Control Element (IOCE)

There are three categories of errors in the IOCE which are of con-
cern here: .

1. The inability of an IOCE to obtain, on request, a cycle from
a storage element.

2. Errors which fhe IOCE detects in its own error detection
logic.

3. Errors which are signalled to the IOCE by an SE with which
it is currently communicating.
If an IOCE is unable to obtain a cycle from a storage element, it
will in general conclude that either the address it is using is
invalid, indicating a programming error, or that an equipment
malfunction has occurred. If the circumstances indicate that the
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cause is an invalid address, and an I/O operation was in process,
then the IOCE will notify the using CE via an I/0 interruption with
a program check in the channel status word that this has occurred.
If the cause was an invalid address and an I/0 operation was not in
process, the IOCE will take a program interrupt into its own PSA
area in MACH.

If the invalid address indication occurs during IOCE logout,.
the IOCE will request a new PSA from the CE. If the circumstances
indicate an equipment malfunction, then the IOCE will generate the
necessary inter-element signals and will perform a logout to the
PSA. o

Errors detected by the IOCE in its error detection logic include
those which occur in the common logic area and those which occur in
the channels. An error occurring in the IOCE common logic or multi-
plexor channel will cause the IOCE to request a logout via a special
machine check interruption request to the controlling CE. An error
occurring in the IOCE's selector channels will cause a logout of
that channel via an I/O interruption, unless the selector channel
is performing a Test Channel operation; in this case the logout will
be done via the special machine check interruption. In both cases,
appropriate inter-element error signals are generated.

If an SE working with an IOCE detects an error, it is communi-
cated to the IOCE, which will cause the SE to stop if the ILOS bit is
off. The IOCE will request, via the special machine check inter-
ruption, that the IOCE be allowed to logout. This would then
(normally) be followed by a programmed logout of the SE by the

‘controlling CE.

In each case of IOCE malfunction, every possible effort is made
to reduce its effect on the IOCE's handling of data from channels not
affected. It is assumed that most errors are of a transient, self-
clearing nature, and that continuation is usually possible. In the
case of a channel only logout, IOCE-Processor operation resumes at
the completion of the channel logout. IOCE-Processor operation is
always stopped as a result of a CLU logout, and is resumed only
upon command from the controlling CE.

Storage Element (SE)

Malfunctions in the SE are classified in two groups:

1. Storage Checks - these are malfunctions resulting from
internal storage equipment parity check, address check,
tag mismatch, normal Op check or multi-accept check.
Detection of this type error will cause an ELC to all
CE's plus a storage check signal to the using IOCE
or Data or Address check to the using CE.

2, Others - These including CCR parity check, Double Cycle
Timeout, OBS, OTC, and power failure. CCR parity, OBS
and OTC, cause a pulse ELC to all CE's. Power failure
causes a static (level) ELC to all CE's including normal
Power Off.

E-3



The significance of this grouping is that basic storage .operations
are not directly affected as a result of a malfunction in (2) above.
These malfunctions are considered to be in equipment external to the
basic accessing paths of the SE; thus, the SE does not take any
action insofar as error processing or special procedures on these
malfunctions.

Those malfunctions in (1), i.e., storage checks, could immed-
iately affect the validity of the storage data; thus, a signal is
sent to the using element. When a storage check occurs, the SE
will complete its current cycle and wait 2.5 us before beginning a
new cycle. During this 2.5 us, the using element may issue a logout
stop signal to the SE (Figures E-1 and E-2). This signal will cause
the storage to refuse any further requests for service until it has
been logged out or told to resume action by a CE.

STORAGE ACCESS MALFUNCTIONS

This section describes the actions which occur in the CE and the
IOCE when either of these elements is unable to obtain a requested
storage cycle from an SE.

The diagrams which accompany the explanations in this and all
following sections are intended as functional representations of the
sequence of events. All actions shown are accomplished by 9020D/E
hardware; however, the diagrams do not necessarily reflect the man-
ner in which the functions are implemented.

Por ease of reference, each separate function on a diagram is
enclosed. These enclosures are numbered sequentially on the diagram.
They will all be referred to as "boxes", e.g., box 12, in the text.
The rectangular "boxes" indicate an action or procedure. The diamond
shaped "boxes" indicate decision points in the flow, with exits ref—
lecting the outcome of the decision.

CE Actions

Figure E-3 portrays the sequence of events which will occur when a’
CE requests access to an SE for a cycle, either to read or store a
word. It is assumed that the address of the desired storage location
has been determined in the CE and the CE then checks the selected SE
interface lines. Assuming the SE is not stopped (no exit, box 2) and
is ready (no exit, box 3), the CE will issue a Select to the SE and
enter a 25 millisecond timedown period to await the SE's honoring its
request (box 4). This delay is present to account for situations
where the CE is low on the priority chain, with the possibility that
an extended I/O operation is occurring in the SE. While the CE is in
the 25 ms. timedown period it continues to monitor the SE Stopped

and Not Ready lines (boxes 6 and 7). If the SE accepts the CE re-
quest within this 1nterval (yes exit, box 5), the storage cycle is
used by the CE.

Return to box 2. If the SE Stopped line is active (yes exit
from box 2), then an exception condition has been encountered. The
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program interrupt and SE Stopped bit is set (box 13). Box 15 in-
dicates that a determination is next made as to the reason for the
storage request, i.e., was it a PSA reference or was the request a
normal one. If the reference was not to the PSA (no exit, box 15),
a select is forced to the SE that contains the PSA (box 26). If the
select was to the PSA (yes exit, box 15) a check is made to see if
this is already the alternate PSA (box 16). If it is the alternate
PSA, the CE check stops, turns on the alternate PSBAR Check (box 17)
and issues a static ELC to the other CE's (box 18).

Had it been determined at box 16 that reference was not to the
alternate PSA (yes exit, box 16), then the alternate latch is set
(box 19) and a check made to see if the ILOS bit is on (box 20). If
the ILOS bit is on (yes exit, box 20), a select is forced to the same
PSA SE (box 26). Had the ILOS bit not been set (no exit, box 20),
the PSBAR counter will be advanced to locate an alternate PSA. (An
expansion of the PSBAR advance function is given in Figure E-3).
Having advanced PSBAR, a check is made (box 22) to see if logout was
being performed. If not (no exit, box 22), a select will be forced
to the new PSA Storage Element (box 26).

If the reference to PSA was made during logout (yes exit, box 22)
then the CE will set the 'split logout' bit (box 23) and force a
select to the new PSA Storage Element (box 26). This will result in
a so-called split logout, i.e., the part of the logout which had
‘occurred prior to the access malfunction will be in the primary PSA,
and the logout representing the machine environment at the time of
the access malfunction will be in the alternate PSA. It will be
possible to reconstruct the original environment from the combined
contents of the primary and alternate PSA's.

Return to box 3. If the SE is not configured to the requesting
CE or the SE is not ready (power down or in Test), yes exit from
box 3, another type of exception condition has been encountered.
The program interrupt 'Addressing Exception' would be set (box 14).
The same paths used in the 'SE Stopped' interrupt are then followed
beginning at box 15.

If SE Stopped or Not Ready are encountered during the 25ms.
timedown interval (yes exits from boxes 6 and 7), the above same
procedures for program interrupt are followed and the timedown is
reset. (Boxes 13/14)

Returning to box 8, if no SE Accept signal is received before
the 25ms. timedown (yes exit, box 8), a pulsed Element Check is
issued to all CE's and the CE generates a 'pseudo accept' (box 31).
At box 10 a check is made to determine if the Machine Check Mask is
on. If not on, the CE will continue normal processing (box 12). If
the mask bit is set (yes exit, box 10), a check is made to see if
the SE that contains the PSA was referenced (box 1ll). If normal
reference made (no exit, box 11l) the CE will start a Machine Check
logout (box 25). If the SE that contains the PSA was referenced
(yes exit, box 11) the same paths are followed as for program inter-



rupts beginning at box 16. However, at box 24 the path will exit
from the Timeout leg and the CE will start a Machine Check logout
at box 25.

The right portion of Figure E-3 is an expansion of the PSBAR
Advance function (box 21). At box 27 the PSBAR counter is stepped
to the next configured SE. When the next configured SE is found
(no exit, box 28) entry is made into box 22. If no other SE has
been configured, i.e., the PSBAR counter makes one complete wrap,
finding no other SE in the ATR, the PSBAR configuration check bit
is set (box 29). The CE then check stops and issues a static
Element Check to the other CE's.

CE handling of the Display Element accesses is similar to that
of the Storage Element except that there are no references to PSA
or 'split logout'. Referencing Figure E-3, the flow through boxes
1 through 9 are identical. The yes exits from boxes 2 and 6 (DE
Stopped) would be to box 13, Program Interrupt with DE Stopped
exception. The yes exits from boxes 3 and 7 (DE Not Ready) would
be to box 14, Program Interrupt with addressing exception. *

If a timeout’ was encountered (yes exit, box 8) a pulsed Element
Check would be issued (box 31) and a check made to see if the Mach-
ine Check Mask bit is on (box 10). If not on, the CE continues
processing (box 12). If the bit is on (yes exit, box 10) the CE
will begin a Machine Check logout (box 25).

IOCE Action

Figure E-4 depicts the IOCE actions which occur when an IOCE makes a
request for a storage cycle. It is presumed that the IOCE has dev-
eloped the necessary address and makes the storage request at box 1.

If the IOCE is configured to listen to the selected SE, and the
selected SE is configured to listen to the requesting IOCE, then a
response to this request will be returned to the IOCE, (assuming
power is up on the SE). A period of one usec nominal, referred to
as 1 us timedown, is allowed for this request-response completion.
Box 2 indicates this.

Assuming this response is returned to the IOCE within one us,
(no exit from box 2), then the IOCE will wait for a maximum of 16 us
for the SE to honor its request for a storage cycle. This is re-
ferred to as a 16 us timedown. This period is a convenient interval
which is greater than the time that any TOCE should have to wait for
a storage cycle due to its high place on the priority chain. If the
request is honored within the 16 us interval (no exit from box 3),
then a normal storage access is obtained at box 19.

If no response to the access request is received (yes exit from
box 2), then the IOCE checks to see if a PSBAR reference was being
made at box 4. If the PSA is not being referenced (no exit from
box 4), then the IOCE will ascertain whether or not the SE reference
was made as part of an I/O instruction at box 5. If an I/0 instruc-
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tion is in progress (yes exit from box 5), then the IOCE will set
condition code 1 and set up a CSW with a program check indication
at box 6. It will then return to the wait loop, i.e., revert to
waiting for further instructions or data handling requests at box 8.
If an I/0 instruction is not in process (no exit from box 5), then
the decision is made at box 22 whether an I/O operation was in pro-
cess. If the answer is no, then a program interrupt into MACH

(box 24) will occur. If instead an I/O operation was in process,
then the reference was for a normal data transfer cycle. The IOCE
will cause the usual invalid address indication to be returned to
the channel. At such time, then, as theée channel signals an I/0
interruption because of this (box 7), a program check will be set
in the CSW. The IOCE will go to the wait loop until the occurrence
of the interruption. This is the usual method of operation when a
device presents an invalid address to the IOCE for storage access.,

If the addressed location was a PSBAR reference (yes exit from
box 4), then the IOCE will present a PSA lockout signal (box 9) to
the using CE. This will cause a program interruption in the using
CE, which can respond with a new PSBAR setting, if it desires. If
the IOCE is doing a logout (yes exit from box 10), then it will come
to a stop and issue a static ELC to all CE's (box 12). If the CE
which is controlling the IOCE wishes to have it resume logout, it
must issue a logout to the IOCE presumably after changing PSBAR. In
this event, logout will be restarted from the beginning in the
alternate PSA. There will be, in general, no problem reconstructing
the logout formats since the CE has been notified by the PSA lockout
signal that a 'split logout' is going to take place, and the logout
contents will be available to deduce what has happened in detail.

If no logout is in progress (no exit from box 10), the IOCE
will terminate the instruction or interruption handling on which the
time down occurred (box 11). It returns to the wait loop at box 8.
The I/0O interruption will be lost and is not recoverable. If an I/O
instruction is in progress, the CE will set condition code 3.

If the IOCE is not able to obtain a storage access within 16 us
(yes exit from box 3), it assumes that there has been either an
equipment malfunction or that it has attempted to reference an SE
which was stopped for logout. It determines at box 13 whether or
not the SE was stopped. If not, (no exit from box 13), then it
assumes an error. The logic then goes to the IOCE error handling
procedures on Figure E-2.

If the SE was stopped (yes exit from box 13), then the IOCE
determines whether or not a PSBAR reference was in progress at box
14, 1If so (yes exit from box 14), then the IOCE proceeds to the
logic previously described at box 4. (There will, in this case, be
a yes exit from box 4). If no PSBAR reference (no exit from box 14),
then it is ascertained whether or not an I/0 instruction was being
executed at box 15. If it was, (yes exit from box 15), then it is
ascertained whether or not the channel is busy (box 20). If it was
(ves exit from box 20), then at box 21, condition code 2 is set and
a response is issued to the CE. The IOCE then returns to the wait
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loop: If the channel is not busy (no exit from box 20), then at

box 16 condition code 1 is set, and a CSW is stored with a chaining
check indication. It will then go to the wait loop at box 18. If
no I/0 instruction is in process (no exit from box 15), then the
decision is made at box 23 whether an I/O operation is in process.
In any event, the action is the same as discussed earlier for box 22,
except that if an I/0 interruption takes place (yes exit from box 23)
the CSW will be set with the chalnlng check bit. The IOCE will then
return to the wait loop.

COMPUTING ELEMENT MALFUNCTIONS

The CE's actions in the event it detects an error in its internal
hardware or is notified that the SE with which it is working has a
malfunction are depicted on Figure E-1.

The action on Figure E-1 can be initiated by either the detec-
tion of a CE error (box 1) or the occurrence of a storage check from
an SE (box 17). These signals are recovered in the CE's check reg-
isters (box 2). A decision as to whether or not machine check inter-
ruptions are masked is made at box 3. If machine check is masked off
(no exit from box 3), then a pulse ELC is issued (box 4) and normal

processing is continued. The masked interruption will remain pending.

If machine check is not masked off (yes exit from box 3) then a CE
stop for logout will occur and a pulse ELC is issued (box 6). This
stop is not actually a true stop in the sense that the CE does not
continue to operate. Rather, the stop indicates that execution of
the current stored program is discontinued, and the CE's internal
controls begin the necessary actions required to perform logout and
begin the machine check interruption program.

If a storage, address or data check is present in the check reg-
ister (yes exit from box 7) then the LOS inhibit bit in the CCR is
interrogated at box 8. If it is not set (no exit from box 8), then
LOS is issued to the SE at box 9 and the CE proceeds to determine
at box 10 whether or not the initial logout should be to the primary
or alternate PSA.

At box 10, the CE determines whether the PSA is contained in
the SE causing the check condition, which was (perhaps) stopped. If
the SE which was stopped by this CE contains the PSA (yes exit from
box 10) then the PSBAR is stepped to the alternate PSA (see Figure
E-3 for details) and logout is started at box 12. If the PSA is not
contained in the SE which was stopped by this CE or if the Inhibit
LOS bit was on, (no exit from box 10) then logout begins upon
completion of the delay period (boxes 12 and 20). A logout request
from another CE via Write Direct (box 19), or a signal from the CE
Logout Pushbutton (box 18) also initiate a logout at box 12.

Should the CE be unable to get a storage cycle during logout
(yes exit from box 13), the resultant actions are as shown on Figure
E-3. At box 14 is the schematic indication that a storage check or
log check (errxor in Read Only Storage) during logout (yes exit
from box 14) will cause the CE to stop and and issue a static ELC
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(box 15). When this stop occurs, the CE will respond only to an ex-
ternal start from another CE, a logout signal from another CE, a SCON
instruction, or IPL. If neither of the two types of errors occur (no
exit from box 14), then the CE will proceed to take a machine check
interruption at box 16.

IOCE MALFUNCTIONS

Common Logic Unit

Figure E-2 depicts the action taken by an IOCE upon the detection of -
an error in its own equipment, a storage check from the SE with which
it is working, a selector channel error during the Test channel instr-
uction, or when it is instructed to logout by a CE.

Assume the IOCE detects. an error in its common logic (box 1) or
receives a storage check from the SE with which it is working (box 2).
The necessary bit is set in the check register (box 5) and a pulse
ELC is issued to all CE's at box 6. If a selector channel error dur-
ing the test channel instruction occurs (box 3), it enters the logic
at box 6 by issuing a pulse ELC and executing a checkstop. No check
bit is set since logout data will indicate that the selector channel
error occurred.

At box 7, a determination of whether or not to stop the SE with
which the IOCE is working is begun. If a storage check had occurred
(yves exit from box® 7), then a check is made at box 10 to determine
if the inhibit logout stop bit is set. If not (no exit from box 10),
then a logout stop (LOS) signal is sent to the SE at box 1l.

If there was no storage check (no exit from box 7), then a check
is made to see whether the IOCE was fetching data from the storage
element. This is done to enable the IOCE to stop the SE if the error
occurred at the data input point, since an interface error could have
occurred. If not (no exit from box 8), the IOCE will proceed to
initiate the necessary action for logout at box 12. If a fetch was
in progress (yes exit from box 8), then at box 9 a check is made to
see whether or not the error was a full sum check, which is the mal-
function to be expected if an interface error had occurred. If
there was a full sum check (yes exit from box 9), then the IOCE
checks the LOS inhibit bit at box 10 to determine whether or not it
is permitted to issue a LOS to the SE. If no full sum check had
occurred (no exit from box 9), then the logic proceeds to box 12.

NOTE: If there was no storage check (no exit, box 7), depend-
ing on the subsequent activity in the SE, there is the possibility
that the SE logout information will not be pertinent to the IOCE

getc?lcheck which caused the issuance of logout stop to the SE at
ox .

At box 12, the IOCE begins the sequence of actions which will

result in a logout. The IOCE issues a request for a machine check
interruption to the controlling CE. This machine check interruption
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differs from the normal one in the CE in that the CE will not per-
form a logout, will honor it only at the completion of the current
instruction, and will result in an interruption code in the o0ld PSW
as follows:

0000 0000 0001 IOCE 1
0000 0000 0010 IOCE 2
0000 0000 0011 IOCE 3

This machine check interruption is masked by PSW bit 13 in the CE.

Box 13 indicates that the IOCE will wait until the CE honors its
request before beginning its logout at box 14.

Should an SE response error occur during logout; i.e., the IOCE
cannot obtain a storage cycle (yes exit from box 15), it will proceed
as shown on Figure E-4.

Box 16 indicates that account is taken of errors which could
occur during the logout. These errors are storage check or a log
check (read only storage error). If one of these occurs (yes exit
from box 16), the IOCE will come to a check stop and issue a static
ELC to all CE's. It will not resume operation until an external
signal is received. This could be a signal from a CE requesting the
IOCE to attempt logout again, or a reset as a result of IPL. The
IOCE will respond to SCON instructions while in the check stop.

If no error occurred during the logout, the IOCE will store its
old machine check PSW in MACH and turn off process mode controls,’
and will respond to the CE to clear the interruption hold and return
its normal operation (wait loop).

: Box 4 at the top of Figure E-2 shows that if an IOCE receives a
logout signal from a CE, it will enter the checkstop mode at box 20.
It will set the proper bit in the check register to indicate what has
occurred and will issue a pulse ELC. It then proceeds to box 14 to
initiate the logout sequence.

Selector Channel

Figure E-5 shows the IOCE actions when an error is detected in a
selector channel. This sequence of actions differs from the usual
IOCE logout primarily in that logout is handled via an I/O inter-
ruption and is interleaved with the IOCE's normal operation, causing
no interruption in IOCE service on the non-failing channels.

At box 1, the IOCE detects a selector channel error. At box la,
a check is made to determine if the error was a channel data check.
If it was (yes exit for box la), then the parity is corrected (for
input bytes only), the check condition is recorded and command chain
ing is suppressed (box 15). The IOCE then resumes the I/O Operation
(box 16). 1If the error was not a data check (no exit from box 1la),
then the IOCE terminates the channel operation at box 2. At box 3,
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IOCE Error Handling for Selector Channel Errors

a check is made to see if there is currently an I/0 instruction in

process for that channel (except Test channel).

If there is (yes

exit from box 3), then the CE is waiting for its completion and a

PSBAR setting is already available to the IOCE.

The logic then sus-
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pends IOCE-Processor operation and proceeds directly to the beginning
of logout at box 7. If there is no I/O instruction in progress for
that channel (no exit from box 3), the mask is checked at box 4.

If the channel is masked, the interruption request will wait (yes
exit from box 4). If the channel is not masked (no exit from box 4),
then an I/0 interruption request is made to the CE at box 5. Box 6
indicates that the channel will wait until the CE responds with a
proceed signal, at which time it will suspend IOCE-Processor opera-
tion and will begin the channel logout at box 7. The interleaved
mode indicates that the IOCE will service the selector channel for -
logout along with the other channels' normal requests.

Boxes 8 and 9 indicate that account is taken of the IOCE's fail-
ure to get a storage cycle or an error during logout. If a common
logic unit error or a storage check occur during the logout, the
IOCE will check stop and issue a static ELC to all CE's.

When the logout is complete, the IOCE will take alternate
actions depending on whether or not an I/O instruction was in pro-
gress when the malfunction occurred. If an I/0 instruction was in
progress (yes exit from box 10), a CSW will be stored indicating
logout has occurred, and condition code 1 will be set in the CE and
a response sent to the CE to clear the interruption hold. If no I/O
instruction was in progress (no exit from box 10), the IOCE will set
up a CSW and set the I/O interruption code in the PSW. The response
will be sent to the CE to clear the interruption hold.

At the conclusion of either of these terminal operations, the
IOCE will return to processing if it was in process mode, or return
to the wait loop if it was not in process mode.

STORAGE ELEMENT MALFUNCTIONS

Figure E-6 depicts the SE actions where it detects an error in its
internal logic or parity or address error. This type of error is
detected at box 1. The applicable error latches are set at box 2.
Box 3 denotes the control conditions which can cause the suppression
of transmitting error signals under various conditions. If the SE
detects a data check and the Suppress Log Check line from the CE is
active (yes exit from box 3), the data check signal lines are de-
activated and the setting of the Block Select latches and Wait Time-
out are inhibited and the SE will continue normal operation (box 4).
If the Suppress Log Check line is not up (no exit from box 3), the
SE then issues an Element Check to all CE's (box 5). If the check
is due to a thermal condition, On Battery Supply, or CCR Parity Check
the pulsed Element Check signal is the only signal sent to the CE's
(yves exit box 6) and it will continue its normal operation (box 7)
until power is turned off.

If the error was other than those mentioned above, the SE will
issue the applicable Storage, Data, or Address Check to the user
(box 8) and begin a 2.5 microsecond timeout (box 10) awaiting a
Logout Stop signal from the user or any configured CE. The SE will
not honor any further requests for service while awaiting the Stop
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signal. If no Logout Stop signal is received before the SE times
out (yes exit box 10), the SE will reset its error latches and be-

gin priority scans for normal operation (box 11).

At box 13, if the Logout Stop signal is received (yes exit
box 12) before timeout, the SE issues a SE stopped signal to all
configured elements and a level Element Check to all CE's. It will

then wait for the Logout Select signal from the controlling CE to
begin logout (box 14).

The SE cannot proceed with regular operations

E-17




unless it is given a Logout Complete Signal from a CE or is reset
(box 15). Upon receipt of Logout Complete or a reset (yes exit
box 15), the SE will drop the Element Check line and resume normal
operation (box 16).

DISPLAY ELEMENT MALFUNCTIONS

Figure E-7 depicts the DE actions when it detects an error in its
internal logic or parity or address circuitry. The error detection
is indicated by box 1. The detected error is recorded in box 2 and
a pulsed ELC is issued to all CE's at box 3. If the CE has priority
out of box 4, a check is made at box 5 to determine if an ELC only
exists. If the 'yes' exit is taken, a further check is made at

box 6 to determine if the ELC was caused by a DG related error, i.e.,
a DG Data Register Parity Check, a Local Store Parity Check, or a DG
Referesh Counter Check. If the decision is 'yes', this indicates an
error has been detected in the circuitry of the user (DG) that had
the previous DE cycle, but whose operation is being finished during
the current CE's priority cycle. 1In this condition, a branch is
made to box 19. This path will be explained later. If at box 6,
the 'no' exit is taken, the ELC condition would have been caused by
a CCR Parity Check, a thermal condition, an OBS, or Power Off. If
any of these conditions exist, except Power Off, the DE will try to
resume normal operation, indicated in box 7; however, the check con-
dition may cause unpredictable results. In case of Power Off, a
level ELC is sent to all CE's. If the exit taken from box 5 is 'no'
then the error must be address or data check. 1In this case an add-
ress or data check is issued to the accessing CE as shown in box 9.
In box 10, the DE clocks* are stopped and a 2.5 microsecond count
down loop is entered awaiting a logout stop signal from the accesssing
CE (box 11, 12). If a timeout occurs as shown in box 11, then the
error registers are reset and normal operation continues. If a log-
out stop signal is sent from the accessing CE prior to the 2.5 micro-
second timeout (box 12), the DE goes to a logout stopped condition,
issues a DE stopped signal to all configured CE's, and a level ELC
to all CE's (box 13). At box 14, it is indicated that the DE will
wait for logout. It cannot proceed with regular operations unless
it is given a logout complete signal from a CE or is reset. This

is shown at box 15. The DE will respond to the SCON instruction
while stopped. Upon receipt of Logout Complete or a reset (yes exit
from box 15), the DE will drop the ELC line and resume normal oper-
ation.

At box 4, the 'no' exit indicates that a DG Check has occurred
(box 17). Box 18 indicates that either address or data checks or
an Element Check may have occurred, in either case the error hand-
ling will be identical. At box 19, the Inhibit DE Stop (IDES) bit
is examined, and if the bit is on, exit is taken to box 22, where
the error registers are reset and normal operation continues. If,
at box 19, the IDES bit is not on (no exit), the DE clocks* are

* The clocks associated with the DG's will run to the comple-
tion of the data transfer unless the error is within the DG cir-
cuits. If so, the associated clocks will be stopped immediately.
The clocks associated with the priority and BSM will run until the
current cycle is completed, then stop.
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stopped (box 15) and the DE waits to be logout stopped by a CE.
This is shown in box 21. When the 'yes' exit is taken from box 21,
box 22 is entered into and the progression of events from this.
point are identical as when the CE had priority.

Note: On DG related errors, the level ELC generated at box 13 will
override the pulsed ELC issued at box 3.

TCU MALFUNCTIONS

Figure E-8 depicts the malfunction reporting actions taken by the
TCU when it detects a check condition (Start 0), a CCR Bad Parity
Condition (Start 10), or a temperature Out of Tolerance Condition
(Start 20). 1In all cases, there are three primary actions that
must take place to complete the reporting of a detected malfunction:

1. Identify the malfunction and set appropriate indicator.

2. Inform the program through the channel equipment or the
system monitoring equipment that a malfunction has occurred.

3. Supply malfunction identification to the channel equipment.

Check Condition Reporting

(Start 0) At box 1, the TCU equipment detects a check condition dur-
ing the execution of a command, identified the condition, stores
this information in the appropriate Sense Register Indicator at

box 4 (Action 1), and sets the Unit Check Indicator in the Status
Register at box 5. The operation in progress is not stopped at

this point but is allowed to continue to its normal conclusion at
box 31. At box 32, the TCU now attempts to inform the channel that
a malfunction has been detected by presenting the Status information
having the Unit Check Indicator set. At boxes 34, 35 and 36, the
I0CE, when able, elects to receive the Status information, either
through the I/O interruption facilities (yes exit, box 34) or by

use of the Test I/0 command (yes exit, box 36). At box 37, the TCU
transfers the Status Register contents indicating Unit Check which
was set at box 5, to the IOCE channel (Action II). Having trans-
ferred the Status information, the TCU at box 38 resets the Status
Register. As a consequence of receiving the Unit Check bit, it is
expected that the program will request details of the malfunction

by issuing a Sense Command as indicated at box 41, 42, 43, and the
yes exit of box 44. As a result, at box 45 the TCU will transfer
the Sense data to the IOCE channel (Action III) for analysis and
subsequent appropriate action. Back at box 44, following the no
exit, the decision at box 46 is significant. If the Command to be
executed is Test I/0 or I/O No-Op, the accumulated Sense information
is retained and still available to the program through a subsequent
Sense operation. However, if the exit from box 46 is no, indicating
that a new tape operation is to be performed, the Sense Registers
are reset at box 47 and the detail malfunction information contained
therein is lost.

CCR Bad Parity Condition Reporting

(start 10) At boxes 11 and 12, the TCU continuously monitors the
CCR for a Bad Parity condition. When it detects this condition, it

E-20
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stores this fact. in the appropriate Sense Register Indicator at

A

block 14 (Action I) and activates the ELC Signal to system monitor-

ing equipment in all CE's (Action II).
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as long as the Bad Parity condition exists. The condition may be
corrected only by performing a SCON operation to replace the contents
of the CCR with data having proper parity. The exit options from
boxes 30 and 33 have little significance except to indicate the
alternate paths which are followed under varying conditions of
operation activity to culminate in the availability of the Sense
Indicator information (Action III) through boxes 41, 42, 43, 44

and 45.

Out of Tolerance Condition Reporting

(Start 20) At boxes 21 and 22, and TCU continuously monitors the
thermal sensing equipment for an out of tolerance condition. When
it detects this condition it determines, at box 23, whether the
Thermal Warning Indicator is presently on. If the indicator is not
on, the TCU will turn on the visual Thermal Warning Indicator at

box 24 (Action I) and will set the Attention Indicator in the Status
Register at box 25. If at box 30 it is determined that there is an
operation in progress, the path to box 31 will be taken and the
operation will continue to its normal end. At boxes 32, 34, 35, 36
and ultimately box 37, the TCU transfers the Status Register contents
indicating Attention which was set at box 25, to the IOCE channel
(Action II) and then resets the Status Register at box 38. Because
the Attention Indicator is unique to OTC in the TCU, the malfunction
requires no further identification and Action III has been effected
without the need for a Sense Operation. Back at box 30, if no oper-
ation is in progress, the no exit to box 33 is followed where it is
determined whether the Ending Status from the previous operation has
been accepted. If end

Status is pending, the "accept status loop" is entered at box 34 and
the Attention Status indicator is transferred to the IOCE channel

at box 37 as before. The no exit from box 33 enters a new operation
at box 41. At the conclusion of the Initial Selection Sequence

for the new operation, the Attention Status indicator will be in-
cluded in the Status Byte transferred to the IOCE at box 42 and is
reset after its contents are transferred to the channel (boxes 38
and 43),; the Attention Status Indicator is presented once only for
any one occurrence of OTC. An attempt to manually reset the Thermal
Warning Indicator before the OTC is corrected will cause the Atten-
tion Status Indicator to be set again.

PAM MALFUNCTIONS
PAM Common

Figure E-~9 depicts the action taken by PAM Common when it detects an
error in its internal logic, or an out-of-tolerance condition (OTC).
The sequence of actions does not apply to the case where PAM Common
detects a parity error on an address from the multiplexor channel.

In this case, PAM sets a sense bit in the Test and Monitor (TAM)
adapter and does not respond to the address. It does not set the
Attention bit. Errors occurring when the TAM adapter is the address-
ed unit (Bus Out Check or Command Reject) are covered under adapter
malfunction handling.
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At box 1, PAM Common detects the logic error or OTC. At box 2,
the appropriate bit or bits are set in the TAM adapter's sense reg-
ister, bytes 2 or 3. Box 3 denotes two check conditions which cause
Element Check (ELC). If the check condition was caused by a CCR
parity (Configuration Check) or Check Stop (check condition in the
Priority circuitry), the yes exit is made to box 4. The ELC line
is then raised to all CE's. ELC remains static until the condition
causing it is cleared. After setting ELC or if neither above con-
dition was detected (no exit from box 3), the Attention status bit
is set at box 5 and presented to the channel. No further action
takes place until the IOCE accepts the Attention status (yes exit
from box 6) or issues TEST I/0 to the TAM adapter (no exit from
box 6 and yes exit from box 7).

After accepting Attention, the program can issue the Sense
command to the TAM adapter (yes exit from box 8) to obtain inform-
ation regarding the cause of the Attention status. If the Check
Stop bit is not set (no exit from box 9) the program may try to
continue I/0 operations. A solid check condition will result in
starting at box 1 again. If the Check Stop bit was set (yes exit
from box 9), the cause of Check Stop is indicated in four other
sense bits and may be examined. The program may then issue the
Bypass Check Stop command (yes exit from box 10) which will clear
the Check Stop latch allowing the next priority scan to begin.
.Clearing the Check Stop latch also clears the ELC line at box 11.
[If the cause of Check Stop was intermittent, the program will be able
to continue with I/O operations in PAM (box 12). If the cause of
Check Stop is solid, the cycle begins.again at box 1.

If the Sense command is not issued (no exit from box 8), or if
issued and Check Stop is present and not cleared by the Bypass Check
Stop command (no exit from box 10), the I/0 operatlons in PAM will
stop at the respective boxes.

PAM Adapters

Figure E-10 depicts the actions taken by PAM adapters when a check
condition is detected by the adapter. Check conditions can result
from other than logic errors in the adapter; i.e., they may also be
caused by errors in data transmission from the channel or device

by conditions reported by the device through its control lines, or
by failure of the channel to service an adapter in a particular
period of time.

In box 1 the adapter detects a check condition and sets the
associated bit in its sense register (box 2). If initial selection
is in progress (yes exit from box 3), the I/O operation is not
performed and the adapter presents status to the channel with Unit
Check in response to the command (box 6).

If a data transfer operation is in progress (no exit from box
3), the adapter will either terminate the operation immediately
or the device signals the end of transmission (yes exit from box 4
and yes exit from box 5).
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The Table in Figure E-9 indicates which adapters will continue
and which will terminate data transfer for each applicable check
condition.

When the data transfer is terminated, the adapter presents
ending status with Unit Check (box 6). If the IOCE accepts status
(ves exit from box 7) or clears status with a TEST I/0O command (yes
exit from box 8), the adapter is free to continue with the next com-
mand.

2701 MALFUNCTIONS

Figure E-1ll depicts the action taken by the 2701 DAU when it detects
an error condition in either the Transmission Interface Converter
(XIC) or Transmission Adapter (XA). Upon detection of an error con-
dition (box 1), the corresponding bit is set in the Sense register
(box 3). The XIC will only check for an error condition on an Ini-
tial Selection Sequence (vox 4) and immediately present its status
byte to the IOCE with the Unit Check bit set (box 9). If not Initial
Selection Sequence the adapter continues to check for error condltlons
during normal data transfer cycles.

When an error is detected by the adapter during data cycles and it
is a timeout (yes exit, box .5), the command is terminated (box 7)
and the Unit Check bit is presented in the Status byte along with
Channel End or Channel End and Device End (boxes 8 and 9). If the
check detected is data parity error (no exit, box 5), the check bits
are set but the command will continue until its normal end (box 6).
Unit Check bit is then presented to the IOCE along with the normal
ending status byte (boxes 8 and 9).

A Sense command should then be issued to the 2701 DAU to deter-
mine the exact cause of the Unit Check error indication (boxes 10
and 11). At the completion of the Sense command, the 2701 resumes
its normal operation. If the Sense command is not the next command
issued in sequence and the new command is not a Test I/O or NO-OP
command (no exit, box 12), the Sense register will be reset (box 13).

RCU MALFUNCTIONS-

The RCU is capable of detecting abnormal conditions (box 1 of Figure
E-12), both hardware (boxes 2 and 13) and operational (box 5).

Three of these conditions force an element check to be sent to
all connected computer element DAR registers (boxes 22, 23, and 26).
A pulsed Element Check is sent to all CEs when an OTC condition (box
23) is detected and a level Element Check is sent for CCR Parity (box
22) and Power Down (box 26) conditions. The Sense Register byte 2,
bit 6 is set for a CCR Parity error (box 22) and byte 2, bit 7 is

" set for OTC (box 23). Both bits remain set as long as the condition

exists. A valid Sense command (box 24) directed to any valid RCU
address from the configured IOCE may interrogate bits 6 and 7 of
byte 2 (box 10). The CCR parity bit 6, byte 2 of the Sense Register
may be reset by issuing another SCON instruction (box 25).
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An error that is associated with the operation is a condition
where an attempt is made to issue a SCON instruction to set more
than one IOCE communication bit in the RCU CCR (boxes 5-8). In this.
situation the RCU will not send a response to the SCON, but will
connect to the lowest logical IOCE, and also set bit 3, byte 2 of the
sense register (box 7). This may be interrogated by the program by
issuing a sense command to any valid RCU address through the lowest

E-28.
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logical IOCE (boxes 9 and 10), or ignored by issuing a correct SCON
instruction (boxes 9 and 11).

Other error conditions, both hardware and operational, will set
Unit Check in the status byte (box 13) and data in the sense register
(box 14). Error conditions occuring in the initial selection cycle
(box 15) result in Unit Check status (box 18). Error conditions
which occur during execution or termination of the command are
indicated to the program by Channel End and Device End status along

with Unit Check (boxes 16, 17 and 18).

In response to Unit Check status, a sense command (boxes 19 and
21) may be used to obtain detailed information as contained in the
sense register or be ignored by issuing another command (box 20).
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2314 MALFUNCTIONS

Figure E-13 depicts the actions taken by the 2314 Storage Control
Unit upon detection of an error condition in either the SCU's own
logic or when notified of an unusual condition or check existing in
the DSU Disk Storage Unit. When the SCU detects an unusual or check
condition (box 2) other than a SCON parity error or Element Check
condition, the appropriate information bit is set in a sense byte
(box 3). 1If the check occurred during an Initial Select sequence
(box 4), the Unit Check bit is set in the Status Register (box 7).
The Status byte is then sent to the IOCE (box 8) to complete the
Initial Selection sequence. The next instruction to the SCU should
be a Sense Command (box 9) to determine the nature of the failure
causing the Unit Check. Sense data is then transferred to the
channel (box 10). The SCU will then await further commands from the
IOCE (box 11). 1If the check or unusual condition occurred during an
operation (box 4), the SCU would either continue to the normal end
of the operation or terminate immediately, depending on the nature

of the failure (box 5). Channel End, Device End, and Unit Check will
be set in the Status Register (boxes 6 and 7), and the Status byte is
sent to the channel (box 8). Operation then follows the flow
described above for boxes 9, 10, and 1ll.

If the SCU detects an error which will cause an element check
bit to be sent to the CEs, the error path will be through box 12.
If power has dropped on the unit (yes exit box 13), a level Element
Check is sent to all CEs (box 21).

When the error analysis program recognizes the level element
check, it will issue one SCON instruction to the SCU (box 16). Upon
no reception of a 'Reconfigure Response' from the SCU (box 17), the
reconfiguration routine will drop the failing SCU from the system
configuration (box 18).

Had the check condition been a detection of a CCR parity error
(box 14), the SCU would set bit 2 in Sense byte 4 and send a level
element check to all the CEs (box 15). The error analysis program
would then proceed as described above for a Power Down condition
(boxes 16, 17, and 18) if the CCR parity error persists when the
SCON attempt is made. Should the SCON be successful (no parity
error), the unit will resume normal operation (boxes 17 and 1l).

Again at box 14, should the SCU detect an OTC condition, it
will set bit 3 in Sense byte 4 and send a pulsed element check to all
CEs (box 19). The error analysis program then has the option of
sending a Sense command to the SCU (box 20), in which case the SCU
will transfer the Sense data to the IOCE (box 23), or the reconfigu-
ration routine will configure the unit out of the active system
immediately (box 18). The Sense byte will retain the OTC bit as
long as the condition exists in the unit.
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APPENDIX F. 9020D/E SYSTEM MAINTENANCE CONCEPT

MAINTENANCE CONCEPTS FOR THE 9020D/E SYSTEMS

On-Line Maintenance

The on-line maintenance concept for the 9020D/E subsystems to be
followed when the CCC/9020E subsystems are used to perform the Opera-
tional Enroute Air Traffic function contains the following features
outlined below. (The references to operational programs and routines
are for explanatory purposes only and do not constitute deliverable
items under this contract.)

1. Provide malfunction indications by detecting operational ele-
ment malfunctions with built-in hardware and error analysis
routines.

Record the element environment at the time of the malfunction
(logout) .

Each malfunction logout will be handled by an interrupt to an
Error Analysis Program (OEAP-9020D/EAP-9020E). OEAP/EAP will
collect environmental information and will perform the follow-
ing functions:

a. Analyze the logout to determine the element or interface

causing the malfunction.
Count the malfunctions and record the incident rate.
Retry/restart on malfunctions where practical.

Record logout and other system environmental data on a
maintenance history tape and an immediate hard-copy print-
out. (This data will be transmitted to the CCC for record-
ing if malfunction occurs in the 92020E System.)

Reguest reconfiguration when the malfunction is non-clear-
ing (to exclude malfunctioning element from the operational
9020D/E subsystem) .

Malfunction Recognition

Malfunctions detected are outputted to the CCC operator as part of
the logout procedure. Malfunction recognition is by the following
methods:

1. Audible Alarm - An audible alarm on the System Console will
be energized by OEAP/EAP whenever a reconfiguration is made
because of a malfunctioning element.



2, Printout - A message will be printed out on the CCC printer
containing logout data pertinent to the 9020D/E subsystem
environment at the time of the detected malfunction.

3. Operator - The operator can identify the malfunction(s) and
the malfunctioning element (s) by monitoring the prlnter out-
put.

4. Maintenance Personnel- Maintenance personnel will analyze the
logout and along with information from the operator, determine
the quickest approach to isolation and repair of the mal-
function. Authorization must be received from responsible
FAA personnel before actually acqulrlng the necessary main-
tenance subsystem to effect repalrs.

SYSTEM HANDLING OF MALFUNCTIONS

The system provides detection, localization, count, and recording of
malfunctions.

Malfunction Detection

The primary method of malfunction detection is built in error detec- \
tion circuitry supplemented with program support in the OEAP/EAP J
programs. A retry/restart program capability will be incorporated

to minimize downtime caused by transient (intermittent) malfunctions.

Malfunction Localization

The localization of a malfunction to a specific element or interface
will be the responsibility of the 9020D Operational Error Analysis
Program and/or 2020E Error Analysis Program. The OEAP/EAP, in con-
junction with the hardware, must perform the following services:

1. Generate a logout signal to initiate the placing of the
critical registers and pertinent malfunction conditions into
a predetermined area of core storage.

2. Determine the origin or system element containing and/or
generating the malfunction.

3. Determine whether a malfunction is transient (intermittent)
or solid.

Malfunction Count

A malfunction count, with its malfunction rate, will be maintained
by OEAP/EAP for each individual element or interface area. The
malfunction rate is defined as malfunctions per element, or per
interface, per time increment. Upon encountering a malfunction, an
entry will be made to the malfunction count routine which will up-
date the count and determine the present element or interface mal-
function rate. Should the malfunction rate exceed a predetermined
prescribed limit, a request will be made to Reconfiguration Routine ./
to remove the element(s) from the active system.
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Malfunction Recording

All malfunctions occurring in active 9020D/E subsystem elements will
be monitored by OEAP/EAP. A logout of the element's environment at

the time of a hardware-detected malfunction is recorded in the 9020

D/E storage element. This information is processed by OEAP/EAP

(and transferred to CCC if a 9020E malfunction) and is recorded on a
maintenance history tape and outputted in hard-copy form to the CCC

printer.

Logouts will be used to manually diagnose and identify the most
probable suspect area for transient malfunctions. This human ana-
lysis can be performed without using 9020D/E subsystem equipment.
The general content requirements of the logout are:

1. Type of check report (Element or I/0)

2. Date: Day/Month/Year

3. Time: Hours/Minutes/Seconds

4. Identity of erring equipment

5. Accumulated error counts, if applicable

6. Any additional information pertinent to machine repair such
as:
a. DAR bits set and English interpretation of each
b. Type of Interrupt and Old PSW

c¢. Element, Local Store, and/or Selector Channel Logouts

d. Check register bits set and English Interpretation of
each

e. CSW, CCwW, CAW ahd/or Sense information

7. Configuration at time of error (Element Check Report) or path
used to reach device (I/O Check Report)

Off-Line Maintenance

The off-line maintenance concept for the 9020D/E equipment to be
followed is outlined in the following procedure:

1. Perform analysis of hard-copy printout by maintenance person-
nel to determine localized fault area within the malfunction-
ing element.

2. Maintenance personnel request the CCC/9020E Operational
Program to provide the minimum miaintenance subsystem required
to run off-line functional tests.



3. The OEAP/EAP reconfigures the required elements into the Main-
tenance Subsystemn.

4, If the elements (other than the malfunctioning element) re-
quired for the minimum~-sized maintenance subsystem are not
available because of other malfunctioning elements, use the
stand-alone maintenance facilities on the malfunctlonlng
element to attempt a repair.

5. Use the logout as the source of information on intermittent
malfunctions, thereby reducing the long repair attempts
historically associated with intermittent malfunctions. This
is accomplished by searching logouts for previous malfunctions
made on the suspect element(s), and finding the common denomin-
ator of the intermittent malfunctions.

6. Use diagnostic Fault Locating Test Programs (FLT - on the CE
and IOCE only) to isolate malfunctions to a few replaceable
cards.

On elements where it is not feasible to write a fault-locating
test, the Off-Line Maintenance Programs will exercise the elements
and produce outputs that allow maintenance personnel to rapidly \
isolate the failure. ' v ’

General Concepts

Concepts for the 9020D/E equipment include the following procedures:

1. Provide spare parts in quantities (specified by IBM) to ensure
the availability of a spare part when required.

2, Produce maintenance manuals that complement the maintenance
approach to the system.

3. Provide the minimum quantity of maintenance equipment spec-
‘ified by IBM required to support the system.

4. Use preventive maintenance time to maximum advantage by:

a. Planned hardware and software tests which serve to main-
tain element operating levels.

b, A maximum investigation effort of intermittent malfunctions
and unresolved interface malfunctions to determine cause
and resolution.

Logout Ahalysis

The logouts will be analyzed by maintenance personnel. The analysis
will result in the following information:

1. Nature of the mélfunction . /)

2., Element or interface malfunctioning
F-4
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3. Area within element or interface malfunctioning
4, Type of maintenance program to be run.

5. Composition of the minimum size maintenance subsystem, including
preferred element for interface testing when applicable.

Maintenance Subsystem

The maintenance subsystem will be manually requested via the CCC
Operators 1052 with prior authorization from responsible FAA person-
nel. A maintenance subsystem will comprise a minimum number of
elements logically connected for performing scheduled or corrective
maintenance. The operational system will configure itself so that
no malfunctions may propagate through it from maintenance subsystems,
providing the ability to perform scheduled or unscheduled mainten-
ance during ATC operations without affecting ATC operations.

Malfunction Isolation Within Element/Unit

After the logout analysis is complete and a maintenance subsystem
including the malfunctioning element has been configured, the
malfunction must be isolated to its cause. Maintenance programs
will be the prime means of isolation.

Maintenance Programs

The maintenance programs for the 9020D/E subsystems fall into two
major categories: Checkout and Evaluation Test and Fault-Locating
Test. A description of each follows.

Checkout and Evaluation Test
The checkout and evaluation tests are used to determine whether a
system element is malfunction free. These tests provide malfunction
detection, short running time, and minimal size. In general, check-
out and evaluation tests have the following characteristics:

1. Have looping capabilities to aid in malfunction isolation

2. Localize a malfunction to a functional area

3. Have option to run in various size maintenance subsystems

4, Contain options to run all or portions of the programs

The checkout and evaluation tests are used to check the opera-
tion of the element and ensure that all operations pertaining to the
element being tested are functioning properly. These checkout and
evaluation tests are under control of a diagnostic monitor.



Diagnostic Monitors

All maintenance programs, except the initial CE and IOCE check-
out programs, run under control of a Diagnostic Monitor (DM). The
DM provides a standard means of communication between the Customer
Engineer and the various maintenance programs. Common subroutines
for message input/output, program loading, code conversions, and
other control functions are provided by the Diagnostic Monitors.

The Off-Line Maintenance Package for the 9020 D/E Systems includes
three Diagnostic Monitors. .

Initial Diagnostic Monitor (IDM). In the 9020 D and E Systems, IDM
operates only In the IOCE. It provides a simple set of control
functions required to run the IOCE Bringup Diagnostic Programs. IDM
uses only the basic instructions previously  checked out by the IOCE"
Go/No Go Tests.  The Bringup Programs test the Standard Instruction
Set. After insuring the functional operation. of the Standard In-

- struction Set, IDM automatically 1oads the Sub -system Dlagnostlc
Monitor (SDM) into the IOCE.

Sub-System Diagnostic Monitor (SDM). SDM is designed to operate in
either the IOCE, or in one of the Computing Elements (C.E.) of the
9020 D/E System. When operated in the IOCE, it is loaded automatl-
cally by IDM. When operated in the 9020 D/E Computing Element it is
automatically loaded by the C.E. Hardcore Program. The Hardcore Pro-
gram performs a basic check of the instructions used by SDM. This
monitor is designed to be used as the primary monitor for operating
the CE and IOCE unit diagnostic programs. A set of standard input
messages are available to the Customer Engineer for communication :
with the DM. In conjunction with these messages, SDM has the ability
to search the program source for the diagnostic program section re-
quested by the input message. This monitor can vary the sequence
other than that in which they reside on tape.

Multi-Processing Diagnostic Monitor D/E (MDM D/E). MDM D/E is a
Multi-Processing Diagnostic Monitor designed to operate in the Com-
puting Elements of the 9020 D/E Systems. MDM can operate in a
single processor or in a multi-processor environment. However, it
will not operate in the IOCE. It has more instructions at its dis-
posal than does SDM. Since it has the capability of controlling
multiple processors, it is a much more complex monitor than is SDM.
MDM is capable of executing individual diagnostic programs in any
one of three modes. The first is sequential mode, one diagnostic at
a time, to check individual elements serially in a single processor
sub-system environment. The Second mode is a multi-programming mode
in which several non-conflicting diagnostic sections are executed
together. The third mode of operation is a true multi-processing
mode which can exercise all interconnected elements ass1gned to the
maintenance task. . ‘

Fault Locating Tests (FLT's)

Fault Locating Tests are a set of tests that detect and locate mal-
functions at the circuit level within the CE and IOCE. These tests
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are produced automatically from the same logic description as is
used to manufacture the elements thus insuring that diagnostics are
carried out on the element as constructed. This complete set of
tests will be stored on tape. Manual controls and indicators (on
the element control panel) are provided for controlling FLT oper-
ations and indicating necessary operating or failing conditions.

A set of preprinted documents will be available for each malfunction,
providing a suspect list, a sensitive path, and a scoping list.

FLT Options. 1In addition to the already mentioned controls, the
following features are available:

1. Bypass the failing test - Through use of the FLT mode switch,
on the IOCE or by-pass routine on the CE, a failing test may
be bypassed. Thus, additional test information can be ob-
tained.

2. Repeat a test continuously - Through use of the FLT control
switch, a test may be repeated continuously without going on
to the next test.

3. Stop on error - Through use of the FLT control switch, stop-
ing on the test with the error is possible,

FLT Operation. Fault Locating Test will be read in from tape through
one of the selector channels in the IOCE and will be loaded into
storage. When checking the IOCE, the tests will be loaded into the
MACH (Maintenance and Channel) Storage. When checking the 7201-02
Computing Element, the tests will be loaded into the 7251-09 Storage
Element. Fault Locating Test patterns are designed to test the
circuit elements in both the conducting and nonconducting states.
The IOCE or CE being tested has a built-in automatic test feature.
The automatic test feature has the ability of reading FLT patterns
from an input tape, setting registers and controls accordingly,
advancing the machine clock a controlled number of cycles, and
comparing the selected hardware latch with a precomputed result.

A failure to compare will cause the process to stop with a pattern
displayed in lights tn the control panel. This pattern takes the
servicing personnel to a reference document and a standard set

of procedures.

These procedures enable him to find and replace, or repair,
the malfunctioning circuit. If the test compares, it signifies the
test passes, and this area of logic is free of failures., Tests cover
ing the remainder of the logic will then be operated.

In addition to the FLT's, a set of ROS (Read Only Storage) tests
will be provided. These tests are loaded from tape in a manner sim-
ilar to FLT's. The ROS tests access each ROS address to ascertain
that it contains the expected bit configuration.

A technique known as "Progressive Scan" will be available as a

method of testing the common, multiplexor, and selector channels of
the IOCE. A conventional program uses a Diagnose instruction to
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execute one or more microprogramming steps of the channel operation.
These steps are followed by logouts which are compared against a
precomputed set of values. If the logout pattern and the precomput-
ed pattern are not equal, progressive scan establishes a list of
possible failing circuits. '

Documentation. Fault Locating Tests do not require a printing device
to communicate with servicing personnel, Instead, all diagnostic
conclusions are displayed on the unit control panel when a diagnostic
stop occurs. Three distinct pieces of information may be obtained

by interpreting this display, and going to an applicable reference
document.

1. The suspect list - A list of SLT card locations containing

those circuits which would account for the failure indication.

2. The sensitive path - That part of the logical network which
is sensitive to a failure during application of this par-
ticular test.

3. The scoping list - A list of the pins accessible to servicing
personnel, with the values to be observed in a properly
functioning circuit at those pins when the test is repeatedly
applied. '

Maintenance Subsystem Configuration

Table F-1 lists the maintenance subsystem which will be required to
perform program analysis of a malfunction and/or checkout of an
element after scheduled or unscheduled maintenance. Maintenance
programs are run in the maintenance subsystem CE or IOCE once the
programs have been read from tapes.

In general, maintenance programs provide the primary means for
malfunction isolation as shown in column 2 of Table F-1. The second-
ary means (stand-alone) is shown in column 3 of Table F-1 and will be
used when subsystem or part of a subsystem (column 4) is not avail-
able. '

Element/Unit Repair

A malfunctioning element will be repaired primarily by removing and

replacing pluggable assemblies and/or subassemblies whenever pract-

ical. An element which malfunctions because of a logic card failure
will be repaired by replacing the logic card. The isolation of the

card causing the error will be by (dependent upon the criticality of
time) :

1. Group replacement
2. Substitution method

3. Scoping

N



Table F-1.

Maintenance Subsystems

UNIT

MEANS OF MALFUNCTION ISOLATION

PRIMARY

SECONDARY

MAINTENANCE SUBSYSTEM

COMPUTING ELEMENT MAINTENANCE PROGRAMS - MAINTENANCE PANEL FLT'S: MALFUNCTIONING CE
(7201-02) FLT'S AND CHECKOUT AND PLUS:
EVALUATION TESTS IOCE
SE
TCU
TAPE DRIVE
CHECKOUT & MALFUNCTIONING CE
EVALUATION PLUS:
TESTS: MDM IOCE
SE
TCU
TAPE DRIVE
1052
INTERFACE: ABOVE PLUS INTERFACE
ELEMENT
INPUT/OUTPUT CONTROL MAINTENANCE PROGRAMS - MAINTENANCE PANEL FLT'S: MALFUNCTIONING IOCE
ELEMENT (IOCE) FLT'S AND CHECKOUT AND PLUS:
(7231-02 EVALUATION TESTS TCU
TAPE DRIVE
CHECKOUT & MALFUNCTIONING IOCE
EVALUATION PLUS:
TEST SDM: TCU
TAPE DRIVE
1052
CHECKOUT & MALFUNCTIONING IOCE
EVALUATION PLUS:
TEST MDM CE
SE
TCU
TAPE DRIVE
1052
INTERFACE: ABOVE PLUS INTERFACE

ELEMENT

STORAGE ELEMENT
(7251-09)

MAINTENANCE PROGRAMS -
CHECKOUT AND EVALUATION
TESTS

MAINTENANCE PANEL

MALFUNCTIONING SE
PLUS:

CE

IOCE

TCU

TAPE DRIVE

1052

1403

2821

DISPLAY ELEMENT
(7289-04)

MAINTENANCE PROGRAMS -
CHECKOUT AND EVALUATION
TESTS

MAINTENANCE PANEL

MALFUNCTIONING DE
PLUS:C

TAPE DRIVE
1052
1403
2821




Table F-1. Maintenance Subsystems (Cont.)
MEANS OF MALFUNCTION ISOLATION
UNIT MAINTENANCE SUBSYSTEM
PRIMARY SECONDARY
DATA ADAPTER UNIT- MAINTENANCE PROGRAMS I1/0 TESTER MALFUNCTIONING 2701 PLUS:

(2701-01

I0CE

1052

TCU .
TAPE DRIVE

CONFIGURATION
CONSOLE
(7265-03)

MAINTENANCE PROGRAMS

MAINTENANCE PANEL

MALFUNCTIONING CC PLUS:
CE

SE

IOCE

1052

TCU

TAPE DRIVE

SYSTEM CONSOLE
(7265-02)

MAINTENANCE PROGRAMS

MAINTENANCE PANEL

MALFUNCTIONING SYSTEM CONSOLE
PLUS:

FUNCTIONAL TEST #1

CE

SE

IOCE

PAM

TCU

TAPE DRIVE

1052 PRINTER/KEYBOARD (PAM)

FUNCTIONAL TEST #2
IOCE

TCU

TAPE DRIVE

1052 (s¥YS. CONS.)

INTEGRATED CONTROL
UNIT (2821)

READER/PUNCH
(2540)

PRINTER
(1403)

MAINTENANCE PROGRAMS

1/0 TESTER

MALFUNCTIONING 2821 PLUS:
IOCE

TCU

TAPE DRIVE

1052

MALFUNCTIONING 2540/1403 PLUS:
ABOVE AND 2821

INTERFACE: SYSTEM CONSOLE
2821
2540/1403

TAPE CONTROL UNIT
(2803)

MAINTENANCE TEST PANEL
W/TAPE DRIVE (S)

MAINTENANCE PROGRAMS

MALFUNCTIONING 2803 PLUS:
9020D SYSTEM

I0CE

SYSTEM CONSOLE 1052
2821

2540

TAPE DRIVE (S}

9020E SYSTEM

IOCE

TAPE DRIVE (S) -
TCU (NONFAILING)
1052

TAPE DRIVE
(2401-2/3)

MAINTENANCE PROGRAMS

TAPE DRIVE TESTER

MALFUNCTIONING 2401 PLUS:
I0CE

TCU

TAPE DRIVE (NONFAILING)
1052

N
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Table F-1. Maintenance Subsystems (Cont.)

UNIT

MEANS OF MALFUNCTION ISOLATION

PRIMARY

SECONDARY

MAINTENANCE SUBSYSTEM

PAM COMMON & ADAPTERS
(OTHER THAN 1052
ADAPTER)  (7289-02)

PAM 1052 ADAPTER

PAM 1052
PRINTER/KEYBOARD

MAINTENANCE PROGRAMS

MAINTENANCE PANEL ON
1052 PRINTER/KEYBOARD

OLSA 1052 TESTER

MAINTENANCE TEST
PANEL

1. MAINTENANCE
PROGRAMS

2. PAM MAINTENANCE
TEST PANEL

MAINTENANCE PROGRAMS

MALFUNCTIONING PAM PLUS:

IOCE

TCU

TAPE DRIVE

1052 (SYSTEM CONSOLE 1052 IF
PAM COMMON FAILING; FOR '
ADAPTER FAILURES THE PAM
1052 MAY BE USED)

MALFUNCTIONING PAM PLUS:
I0CE

TCU

TAPE DRIVE

1052 (pAM)

MALFUNCTIONING 1052 PLUS:
IOCE

TCU

TAPE DRIVE

PAM

DIRECT ACCESS STORAGE
FACILITY (2314)

TEST PANEL

RESIDENT
MICRODIAGNOSTICS-SCU

MAINTENANCE
PROGRAMS

MALFUNCTIONING DASF PLUS:
IOCE
TCU

TAPE DRIVE
1052
IN-LINE
MICRODIAGNOSTICS-DSU

Verification

The malfunctioning element will be checked for verification of re-
pair. The method used to isolate the malfunction will be repeated
to ensure that the repair has corrected the malfunction, that is,
the failing checkout and evaluation test or FLT will be repeated
after the repair is made.

The element may now be returned to a state recallable by the
operational system. A manual intervention, via the 1052 Keyboard
Printer, is required to return any element to ATC at the completion
of any maintenance action. A request is made to the reconfiguration
routine to return the repair element for assignment to a recallable
state.

Preventive Maintenance

The 9020E subsystem preventive maintenance schedule.will be integrat~
ed with the present 9020A CCC schedule. The maintenance tasks will
be scheduled in such a manner as to enable the shortest time required
to cease maintenance and start performing ATC operational program
tasks. Preventive maintenance time will also be the prime method
used for investigating all intermittent problems.

Maintenance Features

The pertinent maintenance features of each 9020D/E equipment element
are listed under the appropriate equipment element name.
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7201-02 COMPUTING ELEMENT

1. Failure Detection and Error Handling:

a. The 7201-02 Computing Element contains logic for separate

detection and handling mechanisms for both malfunctions
and for program errors.

Logout - facilities for the presentation of machine and
program status at the time of failure detection, thus
enabling program analysis of abnormal machine conditions
and rapid accurate error isolation.

System Control Panel:

a. Provides the ability to manipulate machine status so that
pertinent data and control information can be used in the
diagnosis and repair of any machine failure.

b. Use of panel switches, indicators, and roll charts provides
the means of checking areas not checked by programs.

c. Provides power indicators, controls and marginal check-
ing.

Maintenance Program Package (consist of two general categor-
ies:)

a. Fault Locating Test.
b. Off Line Maintenance Programs.
(1) Diagnostic Monitors

(2) Unit level programs
(3) System Evaluation Program (SEVA)

7251-09 STORAGE ELEMENT

1.

Failure Detection and Error Handling:

a. Storage Data Checks will be flagged when a storage data
register parity error occurs.

b. Storage Address Checks will be flagged on a CE access when
a parity error is detected in address, mark, key, or box
tag, or box tag mismatch, multiaccept, or invalid operation
on an IOCE access, Storage Check is flagged.

c. Element Check only is sent to all CE's following error
conditions:

(1) Thermal Condition

(2) On Battery Supply

(3) CCR Parity Check

(4) Logout Stop (not always an error condition)
(5) Power Off -

~
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d. Logout - a presentation of storage status when an error
is detected by the Storage Element.

2. Maintenance Panel:

a. Manual controls to cause repetitive cycling of the storage
for the purpose of testing and scoping.

(1) Storage cycling (ones and zero's)

(2) Repetitive beat tests (Store/fetch one location/byte)

(3) Cycle test for addressing problems

(4) Test priority and control logic of the Storage Switch
Unit. :

b. Indicators of registers and check triggers for use in
trouble shooting when in the manual situation and as they
apply to logout.

3. Power Panel:

a. Indicators and control for power and thermal fault con-
ditions.

b. Marginal Check control for biasing.
4, Maintenance Programs:
a. Diagnostic routines for functional and diagnostic testing.
b. Diagnostic routine for providing means for schmoo testing.
7289-04 DISPLAY ELEMENT
l. Failure Detection and Error Handling

a. Storage Data Checks will be flagged when a Storage data
register parity error occurs.

b. Storage Address Checks will be flagged when a parity error
is detected in address, mark, key, and box tag; or there is
a box tag mismatch, or a multiaccept or normal operation
check.

c. Element Check only is sent to all users (CE's):

(1) When a parity error is detected on a DG address, data,
local store and DG register,

(2) Thermal condition or On Battery Supply
" (3) CCR Parity Check
(4) Logout Stop Check

(5) Power Off



a.

Logout, a presentation of storage status when an error is
detected by the Display Element.

Maintenance Panel’

a.

b.

Manual controls to cause repetitive cycling of the storage
for the purpose of testing and scoping.

Indicators of registers and check triggers of storage,
priority and control circuits for use in trouble shooting
when in the manual situation and as they apply to logout.

Power Panel

Q.

b.

Indicators and control for power and thermal fault condition

Marginal Check control for biasing.

Maintenance Programs

Diagnostic routines for functional and diagnostic testing
of the Display Element control circuitry and arrays.

Diagnostic routine to provide means for shmoo testing.

Diagnostic routines for functional and diagnostic testing
DG control circuitry (including wrap test).

INPUT/OUTPUT CONTROL ELEMENT (IOCE)

1. Failure Detection and Error Handling:

a.

If unable to obtain a cycle from a storage element; the
IOCE notifies the using CE of program check via the channel
status word.

If an error is detected in its own common logic area, the
IOCE notifies using CE of IOCE Machine Check and beglns
logout, when signalled to do so by CE.

Occurrence of Channel Control Check or Interface Control
Check during an I/0 instruction (other than Test Channel)
initiates a Selector Channel Logout.

Control Panel:

A

b.

In diagnostic mode the IOCE can perform a limited set of
instruction executions.

Capable of controlling Maintenance Operations u51ng MACH
storage.

Switches and indicators provide the capability for storing
and display of registers and storage locations.

N
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d.

Provide power indicators and control and marginal checking.

3. Maintenance Programs:

a.

b.

Fault Locating Tests for checking hardcore, read only
storage, common logic unit data flow and control circuits,
multiplex circuits, and the common channel and the selector
channel. The FLT's may be loaded under their own (IOCE)
control. Special FLT load circuitry is provided when the
FLT Load switch is depressed on the control panel.

Functional tests for interface checking, local store, MACH
storage and an overall functional check of the IOCE.

2701 DATA ADAPTER UNIT

1.

Pailure Detection and Error Handling:

a. Hardware detection circuits for both control failures and
parity errors.

b. Error indications sent to channel in sense and status words
for program analysis and handling.

I/0 Tester:

a. The standard I/0 testers with appropriate overlay panel
when plugged into the 2701 can simulate all operations of
the I/O channel for off-line diagnosis.

b. The I/0 tester may also be set-up for use while the 2701 is

on-line for diagnosis of failure which may be occurring
only during on-line operation.

Maintenance Programs:

a.

Diagnostic commands are provided to allow the Diagnostic
Program to check the 2701 without the use of the Radar
Keyboard Multiplexor (RKM).

7265-02 SYSTEM CONSOLE - 9020D SYSTEM

1.

Failure Detection and Error Handling

Q.

b.

Status byte information at start and completion of each
I/0 operation.

The sense byte information will indicaté more specific
details on the error condition encountered.

Maintenance and Operator's Panels.

a.

Manual controls and indicators (in conjunction with in-
dicators on Operator's Panel) to test and diagnose mal-
functions of unit controls and functions.



3.

b. Power and thermal indicators and controls on Operator's
panel,

c. Marginal checking facilities for biasing.
Maintenance Programs
a. Diagnostic routines for functional and diagnostic testing.
(1) Functional Test #l. This functional test will be run
for complete checkout of the console control unit.

Visual indications will be checked by maintenance
personnel.

(2) Functional Test #2. This functional test will provide
a checkout of the system console 1052 Printer/Keyboard
and its control unit.

7265-03 CONFIGURATION CONSOLE -~ 9020E SYSTEM

1.

3.

Failure Detection and Error Handling

a. Element check is sent to each CE upon detection of
critical Reconfiguration Control Unit error.

(1) Power down on the RCU
(2) CCR Parity error
(3) Overtemperature check

b. Status byte information at start and completion of each
I/0 operation.

c. The sense byte information will indicate more specific
details on the error condition encountered.

Maintenance and Operator's Panels

a. Manual controls and indicators (in conjunction with
indicators on Operator's Panel) to test and diagnose
malfunctions of unit controls and functions.

b. Power and thermal indicators and controls on each operator's
panel.

c. Marginal checking facilities for biasing.
Maintenance Programs

a. Diagnostic routines for functional and diagnostic testing.
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2803 TAPE CONTROL UNIT
1. Failure Detection and Error Handling.

a. On the 90209/E System an Element check is sent to each CE
upon detection of critical Tape Control Unit errors:

(1) Overcurrent condition
(2) Power off condition
(3) CCR parity error

b. On the 9020D/E Systems, status byte information at the
start and completion of each I/0 operation.

c. The sense byte information will indicate more specific
details on the error condition encountered.

2, Tape Control Unit Test Panel
a. The test panel will be the prime means of malfunction
isolation. (On the 9020D System, localization of the
malfunction within the control unit will be determined
by the logout analysis)
b. Marginal checking facilities for biasing.

3. Maintenance Programs.

Maintenance programs will be used primarily for checkout
and verification.

(Note: On the 9020D System, if the repair has not been

made, program loading will be accomplished through
the card reader.)

2401-02/03 TAPE DRIVE
1. Failure Detection and Error Handling

a. Status byte information at the start and completion of
each I/O operation.

b. The sense byte information will indicate more specific
details on the error condition encountered.

2. Tape Drive Tester

a. The tape drive tester will be used for isolation and
repair.

3. Maintenance Programs



The tape maintenance programs can be used for initial off-
line malfunction localization. They will be used primarily
for checkout and verification.

7289-02 PERIPHERAL ADAPTER MODULE 9020D SYSTEM

3.

PAM COMMON
Failure Detection and Error Handling

a. Element check is sent to each CE upon detection of critical
PAM Common errors:

(1) Check-stop error in priority controls
(2) Power Failure
(3) Parity Check in the CCR

b. Status byte information at the start and completion of
each I/0 operation.

c. The sense byte information will indicate more specific
details on the error condition encountered.

Maintenance Test Panel

a. Manual controls and indicators used to test and diagnose
malfunctions of unit controls and functions.

b. Power and thermal controls and indicators.
¢. Marginal checking facilities for biasing.
Maintenance Programs

a. Diagnostic routines for fuhctional and diagnostic testing.

PAM 1052 ADAPTER

1.

2.

Failure Detection and Error Handling

a. Status byte information at the start and completion of
each I/0 operation.

b. The sense byte information will indicate more specific
details on the error condition encountered.

Maintenance Test Panel

a. Controls and indicators on the 1052 Printer/Keyboard can
be used to diagnose and test the adapter.
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b.

Controls and indicators on the PAM maintenance panel to
test and diagnose adapter malfunctions with or without
the use of the 1052-7 Printer/Keyboard.

3. Maintenance Programs

a.

Diagnostic routines for functional and diagnostic testing
the 1052 adapter. Programs routines can be run with or
without the 1052-7 Printer/Keyboard.

PAM 1052 PRINTER/KEYBOARD

1. Failure Detection and Error Handling

a.

b.

Status information through the 1052 adapter at the start
and completion of each I/0 operation.

The sense byte information will indicate more specific
details on the error cdndition encountered.

2. Maintenance Test Panels

a.

The 1052 Printer/Keyboard test panel controls and indica-
tors, in conjunction with the PAM 1052 adapter can be
used to diagnose and test unit malfunctions.

The PAM maintenance test panel controls and indicators,
in conjunction with the PAM 1052 adapter, can be used to
diagnose and test unit malfunctions.

3. Tester.

a.

The off-line Selectric Analyzer (OLSA) for isolation of
unit malfunction and testing.

4., Maintenance Programs

a.

Functional test programs to check the 1052 Printer/Keyboard
and interface.

PAM - Other Adapters

1. Failure Detection and Error Handling

a.

b.

Status byte information at the start and completion of
each I/0 operation.

The sense byte information will indicate more specific
details on the error condition encountered.

2. Maintenance Test Panel

a. Controls and indicators for diagnosing and testlng adapter

malfunctions.
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3. Maintenance Programs

a. Diagnostic routines for checking and isolating adapter
malfunctions.

NOTE: Adapter malfunctions may be deferred to non-peak
periods. Functional tests will be used for complete
checkout of the PAM adapters. The tests check the PAM
adapters out almost to their interfaces, and do not
exercise the devices connected to the PAM.

2821, 2540, and 1403

1.

Failure Detection and Error Handling.

a. Status byte information at the start and completion of
each I/O operation.

b. The sense byte information will indicate more specific
details on the error condition encountered.

I/0 Tester

a. The I/O.Tester is used to diagnose and check unit mal-
functions.

System Console Maintenance Panel

a. System Console maintenance panel to check out interface.

. Maintenance Programs

a. Diagnostic routines for diagnosing and checking unit
malfunctions.

2314 DIRECT ACCESS STORAGE FACILITY

1.

Failure Detection and Error Handling

a. Element check to each CE of the 9020D System upon detection

of critical errors:

(1) Power down.

(2) CCR Parity error.

(3) Overtemperature check

b. Status byte information at the start and completion of each
I/0 operation.

(1) The sense byte information will indicate more specific
details on the error condition encountered.

-/
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Maintenance Panels

a. Manual controls and indicators to test and diagnose unit
malfunctions.

b. Marginal checking potentiometers are located on each power
supply for biasing.

Maintenance Programs

There are three types of maintenance programs which can be used
for malfunction diagnosis, functional testing, and verification
of repair:

a. Resident Microdiagnostics -~ These are the primary means of
malfunction diagnosis for the SCU (Storage Control Unit).
Program is called in from the test panel.

b. In-Line Microdiagnostics - These are the primary means of
malfunction diagnosis for the DSU (Disk Storage Unit).
Program is called in from the test panel.

c. On-Line Diagnostics - Used to check functional operation of

unit using channel interface. Can be used to verify repairs.
Programs are under control of either MDM or SDM.
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APPENDIX G. IOCE CHANNEL PERFORMANCE

This appendix lists the worst case situations. The probability of
overrun cannot be calculated without a detailed operational analysis
(program definition, specific timings, message size, and counts,
etc.). ‘

The maximum data transfer rate that may be sustained at each
channel without overrun depends upon a complex channel inter-
dependence, data transfer times between the channel and I/0 device,
land SE availability. Table G-1 specifies data transfer rates for
five programming modes: no data chaining, data chaining with and
without a Transfer-In-Channel (TIC) command, and with and without
data blocks on word boundary. These five modes, specified for seven
combinations of one or more channels, have been selected as
representative reference points for channel performance. The data
transfer rates were established within each mode by assuming all
other channels in that particular combination were programmed in the
same manner. Higher rates are possible at other channels when
programmed in a less restrictive mode, but it is incorrect to combine
values from different modes.

The data transfer rate specified for each selector channel can
be sustained, for the indicated assumptions, without overruns (loss
of data bytes) at the attached control unit and/or 1I/0 device. The
rate specified for the multiplexor channel can be sustained, for the
indicated assumptions, at 1 to 256 I/0 devices. The specified data
rates at the multiplexor channel do not relate to overruns, since
there are other factors which enter into the determination of overrun
conditions. Overruns occur at an I/0 device when the time to service
one lower priority I/O device and all higher priority I/0 devices
exceeds the maximum waiting time associated with the data buffer.

The time for the channel to service these other I/0 devices depends
upon the type of operation (i.e., initial selection, data cycle,
status cycle) at the I/0 device. The time of service also varies
with chaining, burst mode, method of ending operation, and other
channel interference and delay in accessing storage.

The maximum data transfer rate is possible at any channel when
it is operating alone and without data chaining or storage delay.
The delay encountered when accessing the Storage Element is specified
by the parameter D. The columns D#0 and D=0 are used to specify
rates with and without storage delay, respectively.

Data chaining reduces the data rates at each channel, which is
further reduced through the use of a Transfer In Channel (TIC)
command and/or data blocks that use byte boundaries (i.e., don't
begin or end on word boundaries). The data rate reduction caused
by data blocks of less than 12 bytes at the selector channels is not
shown, but in the worst case the data rate would be approximately
half of that shown in the byte boundary column.



Table G-1.

Data Transfer Rates

CHANNELS NQ DATA CHAINING DATA CHAINING (Selector Channel Count > 12 Bytes) -
NO TIC TIC
(PAM Assumed © d Chaining at
on MPX Chan.) Selector Channels Only) Word Boundary Byte Boundary Word Boundary Byte Boundary
D=0 | D#O D=0 | D#O D=0 D#0 D=0 | D#0 D=0 D#0
Multiplexor 40KB 103 22KB 103 22KB 103 188 | 10% 18KB 103
: 25+ 1D 45.5+3D 355+ 3D 55.5+.5D 35.5+ 5D
Selector (1, 20r3) | 800KB 10° 500KB 10° 200KB 108 400KB 108 1258 10°
T.25+.25D TT.5 5+ 7.5+.870° B+
2 SEL sel #1 | so0ks 10° 375KB 10° 143KB 10° 285KB 10° 83KB 10°
2+ .5D 2.867+.7D 7+ 2D ’ 3.5+D 12 + 4D
Sel #2 | 400kB 103 250K8 10° 71.5k8 10° 190KB 10° 50KB i
25+.50 TFT.D Y 1> 525 .50 oD
3 SEL Sel #1 | 400kB 103 285KB 10° 100KB . 10° 21458 10° 66,5KB 108
2.5+ .33D 3.5+D T0 + 2.5D 1,87+ 7.33D 15 + 4D
sel #2 | 300kB 108 200k8 | 103 67KB 108 160KB 103 50KB 108
33+.30 5¥T.250 5540 (E¥:ar N +85
Sel #3 | 200KB 103 143KB 10° 50KB 103 107KB 10° 33.3KB 10°
5+ .33D 7+2D 20+ 6D 9.33+2.67D 30 + 9D
MPX, SEL  MPX | 37.5*KB 103 14.3k8 | 103 16.7KB 103 11.1KB 10° 14K8 108
26.7 + 3D 70 + 14D G0 + 10D 90 + 20D 72 + 14D
X=1,20r3 Sel X |500kB 103 200K8 10%. 80KB 108 143KB 108 41.7kB 108
2,0+ .50D 5+D 12.5+2.5D 7+ 1.25D 24+4.5D
MPX & MPX | 36*KB 103 11k8 103 15KB 108 | 10.5k8.| 108 10.5KB 108
2 SEL 27.8 + 3D 92 + 20D 8.5+ 13D 94 321D 94 + 21D
sel #1 | 400k 103 125KB 103 50KB 103 91KB 108 29.5KB 103
7.5+ .50 BFT.4D 20+3.50 T I
sel #2 | 360kB 103 83KB 103 288 |- 108 59KB 108 15.5KB 10°.
7.76+.750 T2+ 2.00 IE+6.50 —I7+30 ZEHID
MPX & MPX | 35%Ks 103 11.4KB 108 - |11.4ks 103 10.2KB 103 - 10.2kB 1
3 SEL 28.8 +4D 87.5 + 19D 87.5+ 19D : 98 + 22D 98 + 22D
sel #1 [ 300kB 103 91KB 10° 33KB 103 67KB. 103 25KB 1
3,33+ .50D TT+1.8D 30 + 5D ) T5+2.8D 0+ 7D
sel #2 | 300kB 103 67KB 108 21KB 103 50KB 103 16KB 103
3.35+.750 T5+2.50 47 + 8D 0+3.50 GESIDN
sel #3 | 160kB 103 45KB 108 17KB 103 33KB 103 11KB 103
.5+ 1.00 7380 5+ 10D 307 5.250 “F0F 16D

*This value is 40KB average data transfer rate when using multiple devices at PAM
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The following factors were considered in preparing Table G-1:
Multiplexor Channel

1. The data transfer rate assumes continuous requests for
data transfers, but no requests for status transfers due
to command chaining or ending an I/0 operation. Initial
selection of an I/0 device does not occur.

2. The data transfer time is based on the worst case for PAM
and the multiplexor channel. For PAM, this time is 12 usec,
4 usec of which are overlapped with channel operation. The
time includes 200-nanosecond cable and wiring delay for each
signal transmission.

3. PAM is the highest priority control unit, and no Select Out
delay time occurs.

4. Data transfer rates are based on multiplex mode and any
record length.

5. Interference from the selector channels is based on the
maximum specified data transfer rates for these channels
in the corresponding programming mode.

Selector Channel

1. The time corresponding to the specified data transfer rate
must be consistent with the rules in Appendix D of Design
Data which specifies control unit response times and cable
delay times.

2. The byte count of a data block during data chaining is 12
bytes or more.

3. The control units do not permit data suppression, which is
a method for the channel to request the control unit to
momentarily stop data transfers. :

4. The data transfer rate of the selector channel is established
through clocking at the control unit so that the specified
maximum rates are not exceeded. The rate may be fixed or
variable if these rates are not exceeded.

5. 1Interference from the multiplexor channel was based on an
instantaneous maximum rate that is variable and could
approach 75 KB.

6. The first data byte for a selector channel write operation
is located on a word boundary.



STORAGE ELEMENT

The value D represents the time waiting for the SE to be available.
The worst case value of D, dependent upon the number of IOCEs and
CEs using the SE, is as follows: '

SE WAITING TIME (D)

Nggggfsof Number of CE's Dl (Worst Case)* D, (Worst Case)**

1 0 2.5 5.0
1 1l to 4 4.3 6.8

2 0 4.3 6.8 (Note 1)

4.3 6.8 (Note 2)

2 1l to 4 5.5 8.5 (Note 1)

. 5.6 8.6 (Note 2)

3 0 5.5 8.5 (Note 1)

' 5.5 8.5 (Note 2)

5.6 8.6 (Note 3)

3 1l to 4 7.3 10.3 (Note 1)

7.3 10.3 (Note 2)

7.3 10.3 (Note 3)

* With IOCE processor operating from Main Storage without any
double~-cycle operations.

** Added one IOCE double-cycle operation during each D.
NOTES: 1. Higher priority IOCE.

2. Second highest priority IOCE.
3. Lowest priority IOCE.




PRIORITY

Channel priority in the IOCE is dependent on the type of operation
at the channel; e.g., data transfer with Storage Elements, chaining
(command or data), and starting or ending a command.

The priority of channel operations, in order of decreasing
priority, is shown below:

*Priority 0 Selector 1 Data Transfer, L.S.
Selector 2 Data Transfer, L.S.
Selector 3 Data Transfer, L.S.
**Priority 1 Selector 1 - Data Transfer
Selector 2 - Data Transfer
Selector 3 - Data Transfer
Priority 2 Multiplexor - Data Transfer

Selector 1 - Data Transfer or Chaining
Selector 2 - Data Transfer or Chaining
Selector 3 - Data Transfer or Chaining

Priority 3 Multiplexor - Chaining, starting, or
ending
Selector 1 - Starting or ending
Selector 2 - Starting or ending
Selector 3 - Starting or ending

***PCI Multiplexor
Selector 1
Selector 2
Selector 3

*Data transfer to or from a buffer register in Local Storage.

**Special priority, controlled by a Selector Channel, which occurs
when that channel determines that it is approaching an overrun
condition. Normally, data transfers are Priority 2.

{***Set up interruption for PCI flag bit in CCW or SPCI Instruction.






-

ABO -

Activate -

Adapter -

Address Keys -

AR -

Back-up -

Battery Power -

BSM -

BP -

Burst Mode -

Bus -

Busy -

Byte -
CAW -

CB -

CCR -

APPENDIX H. 9020 SYSTEM GLOSSARY

Address Bus Out

A pushbutton which causes an operation to be
initiated, such as the changing of a Configura-
tion Control Register SCON bits.

The distinguishable hardware which provides the
controls and signals to control a specific input-
output device.

These keys allow the addressing, by byte or word,
of any addressable location in main or local
storage. These keys also serve as ‘a final loop
address.

Abbreviation for Address Register.

An alternative or fall-back position, used mainly
in conjunction with the power system.

A temporary back-~up power system for CE's,
IOCE's, DE's and SE's to be automatically avail-
able when main line power fails.

Abbreviation for Basic Storage Module.
Abbreviation for Buffer Processor Adapter.

The mode of operation during which all channel
facilities are monopolized for the duration of

data transfer to or from a particular I/O device.

A set of common lines over which data and/or
controls can be transmitted.

A device status (Condition Code 2); indicates
that the device is active.

A group of 8 bits.
Abbreviation for Channel Address Word.
Abbreviation for Circuit Breaker.

Abbreviation for Configuration Console/Condition
Code.

Abbreviation for Configuration Control Register

H-1



CCW -
CD -

CE -

CE Battery Frame -

CE Check Control
Switch -

CCC -

Channel -

Channel Address
Word -

Channel Command
Word -

Channel Status
Word -

Character -

Character Vector
Generator -

CLU -

CM -

Command -

Common Logic Unit -

Abbreviation for Channel Control Word.
Abbreviation for Common Digitizer Adapter.
Abbreviation for Computing Element.

Part of the main wall section located between
two SE's or DE's. Provides battery packs and
associated hardware for CE(s) contained on the
wall. Inter Frame cabling is routed through
this frame.

A switch used for maintenance purposes which has
three positions: Stop, Disable, and Process.
When a CE check occurs, the setting of this
switch controls the subsequent activity. Pro-
cess is the normal position.

Abbreviation for the Central Computer Complex
portion of NAS.

Associated with an IOCE; is the avenue through
which data flows to or from the system.

A word in preferential storage address 72 which
contains the storage protection key and storage
location of the Channel Command Word.

A word located in Storage that specifies to
the channel the I/0 command to be executed.

A word in preferential storage address 64

which provides the status of an I/0O device

or the conditions under which the I/O operation
has been terminated.

‘Vary in bit length between four and eight bits

depending on source and use.

An Adapter, (GFE), which interfaces the PVD
and is contained in the DG.

Abbreviation for Common Logic Unit; major portion
of IOCE.

Abbreviation for Configuration Mask.
The first byte of the CCW as decoded by the chan-
nel and the I/0 unit to specify the I/O operation

to be executed.

The registers, latches, storage and controls
which make up the heart of each IOCE.

N
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Computing Element -

Configuration
Control -

Configuration
Console -

Configuration
Control Register -

Configuration Mask -

Console -
Control Panel -
CSw -

CTC -

CvG -

DAR -

DARM -

IDASF -

Data Keys -

Data Interleave
Mode -

DAU -
DBI -

DBO -

The processor of the 9020 system which maintains
system control and performs arithmetic and
logic operations.

A hardware and program controlled system which
defines system and subsystem communication paths
and protects the operational system from mal-
functioning system components assigned to a
maintenance subsystem.

A unit in the 9020E which provides a central
monitoring and control position for the system.
Reconfiguration and error reporting paths for
the IBM DAU's, DG's and RKM's are provided

by duplexed Reconfiguration Control Units
contained in the CC. The CC also interfaces
the SMMC for error reporting.

A register in each system element and control
unit, except the 2821 SC, and 2701 which con-
trols communication between system components.

The data used by the configuration control
registers.

An aggregation of indicators and controls.

Used interchangeably with Console. See Console.
Abbreviation for Channel Status Word.

Channel to Channel adapter.

Abbreviation for Character Vector Generator.
Abbreviation for Diagnose Accessible Register.

Abbreviation for Diagnose Accessible Register
Mask.

Abbreviation for Direct Access Storage Facility
These keys operate in conjunction with other
keys and are used to provide data for subsequent
storage or as a beginning address of a loop
operation.

A byte mode of input/output operation which is
now referred to as Multiplex Mode.

Abbreviation for Data Adapter Unit 2701.
Abbreviation for Data Bus In

Abbreviation for Data Bus Out



DCP -

DE -

DESAR -
DESDR - -
Destination -

Device - .

DG -

DGAR -
DGDR -

Diagnose -

Display Generator -

Diagnose Accessible
Register -

Diagnostic Monitor -
Diagnostic Program -
Digit -

Direct Access
Storage Facility -

Disk Storage Unit -

Display Element -

DRG -
H-4

Abbreviation for the Display Channel Processor
portion of NAS.

Abbreviation for Display Element.

Display Element Storage>Address Register.
Display Element Storage Data Register.
An addressed device or étorage location

A system component, usually an ihput-output
device; includes Tape Units.

Abbreviation for Display Generator.

Display Generator Address Register in the Dis-
play Element.

Display Generator Data Register in the Display
Element.

An instruction used primarily by maintenance
programs to perform functions with parts of
elements not possible with any other computer
instruction.

A non-IBM: unit used to drive displays.

A register in the CE used in conjunction with
the External 0ld PSW to indicate source of
some external interruptions; can be read only
with the Diagnose instruction.

A supervisor program which controls the opera-
tion of diagnostic programs.

A program written to determine the malfunction-
ing parts of a system component.

A group of four (4) bits; usually two digits

to a byte.

A large capacity, high speed, direct access
storage consisting of a Storage Control Unit
(SCU) and one or more Disk Storage Units (DSU).

The unit which houses one (2312) or two (2318)
Disk Packs (2316). The DSU attaches to the
Storage Control Unit (2314).

An Element which interfaces the CE for display
update and DG's for display regeneration.

Abbreviation for Data Receiving Group.
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lpsu -
Duplex System -
ELC -

Element -

Element Check =

Element Control
Panel -

Element MPO Pull -

Element Master
Power Off Pull -

Element Numbering -

Element Reset-

Emergency Pull -

Enable -

EOM -
EPO -

External Cables -

External Interrupt
Register -

Fault Locating
Tests -

Abbreviation for Disk Storage Unit.
Configuration containing two CE's.
Abbreviation for Element Check.

Major system components which also contain
battery back-up; CE's, IOCE's, DE's, and SE's.

An equipment malfunction detected by an element
unit and indicated to a CE; detectable through
the external interrupt system.

Controls and indicators located on a panel at
each element and unit frame.

Abbreviation for Element Master Power Off.

A pull-type switch, which turns power off on
each of the system elements and each PAM and
TCU where it is located, and which is operative
in any state.

Numbering scheme used to define physical loca-
tion and order of expansion for main wall ele-
ments.

Reset of an element or unit's registers and
controls to an initial state.

A pull switch located in the upper right-hand
corner of the System Console and Configuration
Console which is to be used in an emergency
and which will turn off power to all system
components.,

A pushbutton which allows an affiliated switch
action to take place.

Abbreviation for End of Message.
Abbreviation for Emergency Power Off.

Protected covered cables used to interconnect
normally separated elements, units or devices.
External cables are routed under the floor.

External interruptions are stored either in the
PSW, DAR or in the PIR; either may be considered
external interruption registers.

A fixed set of diagnostic or status tests used
for isolation of equipment malfunctions in the
CE's .and IOCE's.

or



Fetch -
FLT -

Frame -

GPI -
GPO -

High Order Bits -

IA -
IAR -
IC -

IDES -

ILC -
ILOS -

Indicator -

Input/Output
Control Element -

Instruction -

Interface -

Interlock -

Interruption -

INTI -

INTO -

The action whereby data is retrieved from
storage.

Abbreviation for Fault Locating Tests.

The mechanical housing for the electronic
mechanical and power equipment which constitutes
each system element, unit and device.
Abbreviation for General Purpose Input Adapter.

Abbreviation for General Purpose Output Adapter.

Most significant bits of word, byte, or group
of bits.

Abbreviation for Instruction Address.
Abbreviation for Instruction Address Register.
Abbreviation for Instruction Counter.

Inhibit DE Stop Bit. Absence of this bit will
cause DE to stop on any DE error.

Abbreviation for Instruction Length Code.
Abbreviation for Inhibit Logout Stop.

A visual indicator on a panel or console; also
referred to as lamp or neon.

The system component which provides the control
for all system input/output operations and does
processing under control of the CE.

An instruction is fetched from storage by a
CE or IOCE and is executed by that CE or IOCE
to perform a useful function.

The matching of signal, data and control lines

‘between system components.

A hardware control which requires another action
to be performed for certain manual controls to
make them effective.

The stopping of processing in a CE or IOCE.
(See 9020 System Principles of Operation Manual
and 9020D and 9020E System.)

Abbreviation for Interfacility Input Adapter. -

Abbreviation for Interfacility Output Adapter.
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IOCE -
IOCESAB -
IOCESBO -

IOCE Processor -

IPL -
ISK -

Keys -
Lamp -
Lamp Test -

LAR -

Latch -

Load -

Load Unit -

Local Storage -
Logic -

Logic Check -

Logout -

Logwords - -

Low Order Bits -

Abbreviation for Input/Ouput Control Element.
IOCE Storage Address Bus in the SE.
IOCE Storage Bus Out in the SE,.

An IOCE that is processing instructions under
control of a CE. '

Abbreviation for Initial Program Load.
Abbreviation for Insert Storage Key.

Hardware toggle switches, or storage Protect
Codes.

Used interchangeably with Indicator. See
Indicator.

A static test of indicators on a console with
exceptions noted for each panel.

Abbreviation for Local Store Address Register

A hardware device which is capable of retaining
a bit of information.

A pushbutton located on some system elements
and the System Console and the Configuration
Console to start the initial program loading
sequence. :

" Rotary switches on some system elements and,

the System Console which are used to select

“an’ input/output device for the initial program

loading process.

A group of internal registers within a CE or
IOCE used for instruction execution purposes.

The circuits provided in an element which make
decisions concerning the data provided to them.

" The determination that the logic is not per-

forming in a correct manner; usually associated
with incorrect parity of data.

The storing of registers and latches from an
element in selected locations of main storage.

Words contained in a Logout (32 bits).

Least significant bits of word, byte or group
of bits.



LRC -
LS -

LSAR -

LSB -
LSFR -
LSWR -
MACH -
Machine Cycle -

Main Storage Select-

Main Wall Section -

Main Wall Spacer
Frame -

Maintenance and
Channel Storage -

Maintenance

Controls -

Marginal Condition -
MC -

MCW -

Micro-instruction
or Micro-order -

Mode of Operation -

Module -

H-8

Abbreviation for Longitudinal Redundancy Check.
Abbreviation for Local Storage.

Abbreviation for Local Storage Address Register
(IOCE) .

Abbreviation for least significant bit.
Abbreviation for Local Storage Function Register.
Abbreviation for Local Storage Work Register.
Abbreviation for Maintenance and Channel Storage
The time required to perform one micro-instruction.
A rotary switch on the System Console, Configura-
tion Console and CE used to select a main (not

a Local) Storage element for initial program

loading purposes, FLT loading and store/display
operations.

Joins CE and SE/DE elements into a contiguous
wall. Contains inter-frame cabling and power
components.

Used between two SE's or DE's when not separated
by a CE. Inter-frame cabling is routed through
this frame.

Storage in the IOCE used for Channel UCW's,
IOCE Processor and maintenance operations.

Controls located on all system components for
use by engineers responsible for maintaining
individual or subsystem components.

A marginal condition may be caused by an Out
of Tolerance Check or On Battery Signal.

Abbreviation for Machine Checks or Marginal
Check.

Abbreviation for Maintenance Control Word.

The commands which are stored in Read Only
Storage which control CE's and IOCE's actions.

Indicators which display in alphanumeric
characters the operational system status on
the system console.

A circuit package; part of the SLT technology.

N
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Monitor -

MPLX -
MPDA -

MPO -

MSB -
MTU -

Multiplex Mode -

Multiplexor Channel-

NAS -
NBP -
OBS -

On Battery Signal -
Operator Controls -
Order -

OoTC -

Out of Tolerance
Check -

PAM -
Panel -

PCI -

PDA -

The act of watching the display of information
through indicators and the manipulation of
operational controls.

Abbreviation for Multiplexor.

Abbreviation for Modified Parallel Data Adapter.

Abbreviation for Master Power Off. See Element
Master Power Off.

Abbreviation for most significant bit.
Magnetic Tape Unit 2401-2/3.

The normal mode of operation for slow speed
devices which allows handling of single bytes

or multiple bytes whenever necessary.

A channel in the IOCE which operates in the
multiplex mode.

Abbreviation for National Airspace System.

Abbreviation for Normal Bit Period.

‘Abbreviation for On Battery Signal.

An indication from an element that it has lost
main line or standby power and is obtaining power
from its battery system.

Controls on the System Console, Configuration
Console and CE's which an operator may use to
affect a - CE and the system operation.

Orders are used to specify functions peculiar to
a device, such as rewinding tape, or spacing of
a printer.

Abbreviation for Out of Tolerance Check.

An indication by temperature sensing circuits
that there has been an increase in internal
temperature within approximately 10 degrees

of the thermal shut-down temperature.
Abbreviation for Peripheral Adapter Module.

An aggregation of indicator and controls; used
interchangeably with console.

Abbreviation for Program Controlled Interruption.

Parallel Data Adapter in the DAU.



PDU -

Peripheral Adapter
Module -

PIR -

Power Check -

Power Controls -

Power Control
Panel -

Power Distribution
Unit -

Power On/Off -

Power On/Off

Remote Switch -

Power Sequence

Complete -

Power Wall Frame -

Preferential Storage
Base Address -

Preferential Storage
Address Register -

Primary Interface -

Processor Interrupt
Register -

H-10

Abbreviation for Power Distribution Unit.

A unit in the 9020 System for interfacing with
various input/output devices. PAM provides the
control for automatic sequential polling and
servicing for input/output devices.

Abbreviation for Processor Interrupt Register.

A power supply malfunction which results in an
indicator display on the system component where
the fault is located and on the System Console
under the appropriate component indication.

Controls which allow the various power functions
to be performed.

A panel located on most system components which
contains each component's power control switches
and indicators.

Referred to as a power compartment; located
within each system element and unit and some
devices and contains the power supplies and
power distribution equipment.

A toggle type switch which is used, except when
interlocked, to turn power on or off on a system
component.

A Power on/off switch located in the power
distribution unit. It can be used in place
of the power on/off switch.

When a system component has successfully se-
quenced all its voltages to the operational
level, the power sequence complete indicator
is turned on.

Contains Power Circuitry for a related element.
Inter=-frame cabling is routed through this
Frame. This frame is part of main wall section.

Address in storage which contains the first byte
of the preferential storage area.

A hardware register in the CE which contains the
PSBA.

The path established between a like numbered
PAM and IOCE through which the maximum number
of devices attached to the PAM may be addressed.

A 3-bit register in each CE to preserve external
interrupts from IOCE Processors.



Program Status
Word -

PSA -

PSBA -
PSBAR -

PSW -
PVD -
QUAD System -

Rate -

R/Console -
RCU -

Read Only Storage -
Refetch -

RKM -
RKM/R-Console -
ROAR -

ROS -

ROS Address Stop -

"ROSDR -~

ROS Repeat -

Running State -

RVDP -

Contains information that is required for
proper program execution.

Abbreviation for Preferential Storage Area.

Abbreviation for Preferential Storage Base
Address.

Abbreviation for Preferential Storage Base
Address Register.

Abbreviation for. Program Status Word.

Plan View Display.

Configuration with four CE's.

A switch which allows a CE or IOCE to process
instructions at normal processing speed or

an instruction at a time.

The enroute controller's console.
Reconfiguration Control Unit portion of the CC.
A capacitor type storage which is utilized in
the CE and IOCE to hold the microinstructions
necessary to control the element's operations.
When a piece of data is fetched and an error
indication is noted by the checking circuits,
another fetch, a refetch, can occur.

Radar Keyboard Multiplexor.

RKM to R-Console Configuration Switch.
Abbreviation for Read-Only Address Register.

Abbreviation for Read Only Storage.

Causes the CE or IOCE to stop when the specified
microinstruction address is selected.

Abbreviation for Read-Only Storage Data Register.
A repeat of a selected microinstruction.

The normal machine state for processing instruc-

tions, referred to as the processing state and/or

the program or supervisor state.

Abbreviation for Radar Video Data Processor
Adapter.



SAB - Storage Address Bus.

SABR - Storage Address Buffer Register.

SAR - Abbreviation for Storage Address Register.
sCc - Abbreviation for System Console.

SCI - Storage Control Interface.

Scan In - The filling of registers and triggers in an

element with the selected contents of
storage via special paths.

SCON - Abbreviation for the Set Configuration Instruc-
tion and Set Configuration function.

Jscu - Abbreviation for Storage Control Unit.

SDBI - Storage Data Bus In

SDBO - Storage Data Bus Out.

sSbC - Abbreviation for Station Directing Code.

SDR - Abbreviation for Storage Data Register.

SE - Abbreviation for Storage Element.

Secondary Interface -The alternate path for a PAM-IOCE interface
through which an IOCE may address only part
. (half-secondary) or all (full secondary) of
the PAM's attached devices.

Selection Mask - The data that is used by the Configuration
Control equipment to address the Configuration
Control registers that are to be changed.

Selective Reset - A reset signal sent to a selected adapter from
an IOCE as a result of an error detected on the
I/0 interface. o

Selector Channel - A high speed channel which operates only in the

burst mode.

Sense Switch - A switch (one of a set) located on the System
Console and Configuration Console which can
be used as a single or combination bit input.

SESAR -~ Abbreviation for Storage Element Storage
Address Register,

SESDR - Abbreviation for Storage Element Storage Data
Register. ’

/
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Set Configuration -

SM -

SMMC

SOBR

SOM -

SPAR

SPB -

SPCR

SPDR
SPIKR
SPOKR
SR -
SSK -

Standb

STAT -

Start

State

State

State

State

y Power -

One -

Three -

Two -

An instruction which assigns communication paths
between elements and units.

Abbreviation for System Mask.

System Maintenance Monitor Console.

Storage Output Buffer Register.

Abbreviation for Start of Message.

Storage Protect Address Register.

Abbreviation for Storage Protect Buffer.
Abbreviation for Storage Protect Compare Register.
Abbreviation for Storage Protect Data Register.
Storage Protect In Key Register.

Storage Protect Out Key‘Register.

Abbreviation for Select Register.

Abbreviation for Set Storage Key.

A standby power system for main line power
supplied by the customer.

Abbreviation for a hardware testable condition.

In conjunction with the Rate switch, this
pushbutton takes a CE or IOCE out of the Stopped
State.

Used to define the state of a CE, stopped or
wait, or the state or status of the operational
system.

An interpretation of the state bits in the
Configuration Control Register; a state in
which SCON may not be issued by a CE; some
maintenance controls are operative.

An interpretation of the state bits in the
Configuration Control Register: A state in
which SCON may be issued by a CE; no manual
controls normally operative in this state.

An interpretation of the state bits in the
Configuration Control Register; a state in

which SCON may not be issued by a CE; no

manual controls normally operative in this state.



State Zero -

Status -

An interpretation of the state bits in the
Configuration Control Register; a state in which
the Test Switch is operative and, therefore,

all manual controls may be used.

The various states of all system components
automatically displayed on the System Console

- and Configuration Console.

Status Byte -
Stop -

Stopped State -

Storage -

Storage Control
Unit -

Storage Cycle -

Storage Element -

Storage Key -
Storage Protection -

Storage Protect
Buffer -

Storage Protect Key-

Storage Select -

Storage Test -
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A portion of the information Supplied by a
channel or I/0 unit as a result of an I/0
operation.

The placing of a CE or IOCE in the Stopped
State without destroying control or register
data.

A machine condition where no instructions are
executed, no interrupts accepted and the timer
is not updated. Certain manual controls are
operative only in this machine state.

Either main or local storage registers which
are used for storing data or programs. Read
Only Storage holds microinstructions only.

The system unit which controls the operation of
Disk Storage Units (2312, 2318). Each SCU may
be selected through one of two IOCEs.

The time required to read a word from and
regenerate the word into main or local storage;
and the time to read a word from ROS.

The main storage element of the 9020D/E System
which contains 131K words of addressable storage.

Four bits placed in the storage protect buffer
which is specified by the program and which
protects a block of 2048 bytes.

The protection of selected parts of an SE,

accomplished through programming and hardware
means, to prevent destroying important data.

A 64-word storage which is used to hold the
Storage Protection keys.
Used interchangeably with Storage Key.

The two position switch which allows the
addressing of main or local storage.

A switch on IOCE's which allows hardware testing
of the element's internal storage.

-/
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Store -
SU -

Switchable
Indicators -

System Components -

System Console -

System Control -

System Interlock -

System Reset -

TCU -

Tape Control Unit -

Thermal Condition -

TPS -

Triplex System -
TU -

Uucw -

Unit -

To réplace the contents. of an addressable
storage location. '

Switch Unit.

Indicators on the CE and IOCE control panels
which can be manually switched to one of
several different positions in which different
registers or functions are displayed.

Element - CE's, IOCE's, DE's, and SE's; ,

Units - PAM's, Tape Control Units, 2821 Control
Unit, 2701 Data Adapter Unit, 2314 Storage
Control Unit, System Console, Configuration
Console; Devices -~ Tape Units, 1052's. Printer,
Card Reader Punch, and other I/O devices.

The main system monitor and control location.

The function of controlling system components
through programming and manual operations
using configuration control, element checking
and the Executive Control Program.

A key-operated switch which, when in the normally
"off" position, prevents certain manual controls
from being operative which might jeopardize
system operation.

A signal which resets system components to their
initial state.

Abbreviation for Tape Control Unit.

The system unit which controls the operation of
up to eight tape units. Each tape control unit
may be selected through one of two IOCE's only.

Over temperature condition for a system element
or unit.

Abbreviation for Two Processor Switch.
Configuration containing three CE's.
Abbreviation for Tape Unit.

Abbreviation for Unit Control Word.

System components which operate mainly as I/O
device control units; PAM's, DAU's, SCU's, Tape
Control Units, 2821 (Printer, Card Reader/Punch)
Control Unit. Also the System Console and
Configuration Console is classified as a Unit.
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Unit Control Word -

VFL -
Wait State -

XIC -

9020D -

9020E -

H-16
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An aggregation of information about a device and
control unit which is maintained and used by

the multiplexor channel in an IOCE: not available
to the programmer.

Abbreviation for Variable Field Length.

A machine state where instructions are not
executed, unmasked interruptions are accepted
and the timer is updated.

Transmission Interface Converter.

IBM System for the Central Computer Complex.

IBM System for the Display Channel Processor.



