














































































































































































































































































































and the function is performed over the 1/0 interface
as an immediate operation (see “Immediate Opera-
tions”). If the command code does not specify the
entire control function, the data-address field of the
ccw designates the required additional information for
the operation. This control information may include
an order code further specifying the operation to be
performed or an address, such as the disk address for
the seek function, and is transferred in response to re-
quests by the device.

A control command code containing zeros for the
six modifier bits is defined as no operation. The no-
operation order causes the addressed device to respond
with channel end and device end without causing any
action at the device. The order can be executed as an
immediate operation, or the device can delay the
status until after the initiation sequence is completed.
Other operations that can be initiated by means of the
control command depend on the type of 1/0 device.
These operations and their codes are specified in the
srL publication for the device.

A ccw used in a control operation is inspected for
the cp, cc, si1, and the vcr flags. The setting of the
skip flag is ignored. Bit positions 0-5 of the ccw con-
tain modifier bits.

Programming Note

Since a count of zero is invalid, the program cannot
use the ccw count field to specify that no data be trans-
ferred to the 1/0 device. Any operation terminated
before data have been transferred causes the incorrect-
length indication, provided the operation is not im-
mediate and has not been rejected during the initia-
tion sequence. The incorrect-length indication is sup-
pressed when the st flag is on.

Sense

A sense operation is initiated at the 1/0 device, and
the subchannel is set up to transfer data from the de-
vice to main storage. The data are placed in storage
in an ascending order of addresses, starting with the
address specified in the cow.

Data transferred during a sense operation provide
information concerning both unusual conditions de-
tected in the last operation and the status of the de-
vice. The status information provided by the 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, if
the device is in the not-ready state, if the tape unmit is
in the file-protected state, or if magnetic tape is posi-
tioned beyond the end-of-tape mark.

For most devices, the first six bits of the sense data
describe conditions detected during the last opera-
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tion. These bits are common to all devices having this
type of information and are designated as follows:

BIT DESIGNATION
Command reject
Intervention required
Bus-out check
Equipment check
Data check

Overrun

UARLON=O

The following is the meaning of the first six bits:

Command Reject: The device has detected a pro-
gramming error, A command has been received which
the device is not designed to execute, such as read is-
sued to a printer, or which the device cannot execute
because of its present state, such as backspace issued
to a tape unit with the tape at load point.

Intervention Required: The last operation could not
be executed because of a condition requiring some
type of intervention at the device, This bit indicates
conditions such as an empty hopper in a card punch
or the printer being out of paper. It is also turned on
when the addressed device is in the not-ready state, is
in test mode, or is not provided on the control unit.

Bus-Out Check: The device or the control unit has
received a data byte or a command code with an in-
valid parity over the 1/o interface. During writing,
bus-out check indicates that incorrect data have been
recorded at the device, but the condition does not
cause the operation to be terminated prematurely.
Errors on command codes and control information
cause the operation to be immediately terminated.

Equipment Check: During the last operation, the
device or the control unit has detected equipment mal-
functioning, such as an invalid card hole count or
printer buffer parity error.

Data Check: The device or the control unit has de-
tected 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 par-
ity 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, this 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 has 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. When the chan-



nel fails to accept a byte on an input operation, the
following data in main storage are shifted to fill the
gap. On an output operation, overrun indicates that
data recorded at the device may be invalid. The over-
run bit is also turned on when the device receives the
new command too late during command chaining,.

All information significant to the use of the device
normally is provided in the first two bytes. Any bit
positions following those used for programming in-
formation 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 1/0 device and are specified in the srL
publication for the device.

The sense information pertaining to the last 1/0 op-
eration is reset by the next command, other than
sense, addressed to the control unit. The sense com-
mand cannot cause the command-reject, intervention-
required, data-check, or overrun bits to be turned on,
If the control unit detects an equipment error or in-
valid parity of the sense command code, the equip-
ment-check or bus-out-check bits are turned on, and
unit check is sent with the channel end.

A ccw used in a sense operation is inspected for
every one of the five flags — cp, cc, sty skip, and
pcr. Bit positions 0-3 of the ccw contain modifier bits.

Transfer In Channel

The next ccw is fetched from the location designated
by the data-address field of the ccw specifying trans-

fer in channel. The transfer-in-channel command does
not initiate any 1/0 operation at the channel, and the
1/0 device is not signaled of the execution of the com-
mand. The purpose of the transfer in channel com-
mand is to provide chaining between ccw’s not lo-
cated in adjacent double-word locations in an ascend-
ing order of addresses. The command can occur in
both data and command chaining.

The first ccw designated by the caAw may not specify
transfer in channel. When this restriction is violated,
no 1/0 operation is initiated, and the program-check
condition is generated. The error causes the status por-
tion of the csw with the program-check indication to
be stored during the execution of sTART 1/0.

To address a ccw on integral boundaries for double
words, a ccw specifying transfer in channel must con-
tain zeros in bit positions 29-31. Furthermore, a ccw
specifying a transfer in channel may not be fetched
from a location designated by an immediately preced-
ing transfer in channel. When either of these errors is
detected or when an invalid address is specified in
transfer in channel, the program-check condition is
generated. Detection of these errors during data chain-
ing causes the operation at the 1/0 device to be ter-
minated, whereas during command chaining they
cause an interruption condition to be generated.

The contents of the second half of the ccw, bit po-
sitions 32-63, are ignored. Similarly, the contents of bit
positions 0-3 of the ccw are ignored.
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Termination of Input/Output Operations

When the operation or sequence of operations initiated
by sTART 1/0 is terminated, the channel and the device
gencrate status conditions, These conditions can be
brought to the attention of the program by the 1/0
interruption mechanism, by TEST 1/0, or, in certain
cases, by stART 1/0. The status conditions, as well as
an address and a count indicating thc extent of the op-
eration sequence, are presented to the program in the
form of a csw.

Types of Termination

Normally an 1/0 operation at the subchannel lasts until
the device signals channel end. The channel-end con-
dition can be signaled during the sequence initiating
the operation, or later. When the channel detects
equipment malfunctioning or a system reset is per-
formed, the channel disconnects the device without
receiving channel end. The program can force a de-
vice on the selector channel to be disconnected pre-
maturely by issuing HALT 1/0.

Termination at Operation Initiation

After the addressed channel and subchannel have been
verified to be in a state where sTART 1/0 can be exe-
cuted, certain tests are performed on the validity of
the information specified by the program and on the
availability of the addressed control unit and 1/0 de-
vice. This testing occurs both during the execution of
sTART 1/0 and during command chaining.

A data-transfer operation is initiated at the subchan-
nel and device only when no programming or equip-
ment errors are detected by the channel and when the
device responds with zero status during the initiation
sequence. When the channel detects or the device sig-
nals any unusual condition during the initiation of an
operation, but channel end is off, the command is said
to be rejected.

Rejection of the command during the execution of
START 1/0 is indicated by the setting of the condition
code in the psw. Unless the device is not operational,
the conditions that precluded the initiation are de-
tailed by the portion of the csw stored by starT 1/0.
The device is not started, no interruption conditions
are generated, and the subchannel is not tied up be-
yond the initiation sequence. The device is immedi-
ately available for the initiation of another operation,
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provided the command was not rejected because of
the busy or non-operational condition.

When an unusual condition causes a command to be
rejected during initiation of an 1/0 operation by com-
mand chaining, an interruption condition is generated,
and the subchannel is not available until the condition
is cleared. The not-operational state on command
chaining is indicatcd by means of interface control
check; the other conditions are identified by the cor-
responding status bits in the associated csw. The new
operation at the 1/0 device is not started.

Immediate Operations

Instead of accepting or rejecting a command, the 1/0
device can signal the channel-end condition immedi-
ately upon receipt of the command code. An 1/0 op-
eration causing the channel-end condition to be sig-
naled during the initiation sequence is called an
“immediate operation.”

When the first ccw designated by the caw initiates
an immediate operation, no interruption condition is
gencrated. If no command chaining occurs, the chan-
nel-end condition is brought to the attention of the
program by causing START 1/0 to store the csw status
portion, and the subchannel is immediately made avail-
able to the program. The 1/0 operation, however, is
initiated, and, if channel-end is not accompanied by
device end, the device remains busy. Device end, when
subsequently provided by the device, causes an inter-
ruption condition to be generated.

When command chaining is specified after an im-
mediate operation and no unusual conditions have
been detected during the execution, sTart 1/0 does not
cause storing of csw status. The subsequent commands
in the chain are handled normally, and the channcl-end
condition for the last operation generates an inter-
ruption condition even if the device provides the sig-
nal immediately upon reccipt of the command code.

Whenever immediate completion of an 1/0 oper-
ation is signaled, no data have been transferred to or
from the device. The data address in the ccw is not
checked for validity, except that it may not exceed
the addressing capacity of the model.

Since a count of zero is not valid, any ccw specifying
an immediate operation must contain a nonzero count.
When an immediate operation is executed, however,
incorrect length is not indicated to the program, and
command chaining is not suppressed.



Input/Output Interruptions

Input/output interruptions provide a means for the
cru to change its state in response to conditions that
occur in 1/0 devices or channels. These conditions can
be caused by the program or by an external event at
the device.

Interruption Conditions

The conditions causing requests for 1/0 interruptions
to be initiated are called interruption conditions. An
interruption condition can be brought to the attention
of the program only once and is cleared when it causes
an interruption. Alternatively, an interruption con-
dition can be cleared by TEST 1/0, and conditions gen-
erated by the 1/0 device following the termination of
the operation at the subchannel can be cleared by
sTART 1/0. The latter include the attention, device-end,
and control-unit-end conditions, and the channel-end
condition when provided by a device on the selector
channel after termination of the operation by maLT 1/0.

The device initiates a request to the channel for an
interruption whenever it detects any of the following
conditions:

Channel end

Control unit end

Device end

Attention
Unit check

Unit exception

When command chaining is specified and is not sup-
pressed because of error conditions, channel end and
device end do not cause interruption conditions and
are not made available to the program. Unit-check and
unit-exception conditions cause interruption to be re-
quested only when the conditions are detected during
the initiation of a chained command. Once the com-
mand has been accepted by the device, unit check
and unit exception do not occur in the absence of
channel end, control unit end, or device end.

When the channel detects any of the following con-
ditions, it initiates a request for an 1/o interruption
without having received the status byte from the de-
vice:

rci flag in a cow,
Execcution of HALT 1/0 on selector channel.

The interruption conditions from the channel can be
accompanied by other channel status indications, but
none of the device status bits is on when the channel
initiates the interruption.

A request for an 1/0 interruption due to a program-
check condition detected during command chaining
(such as invalid command code, count of zero, or two
sequential transfer-in-channel commands) may be ini-
tiated either by the 1/0 device or by the channel, de-

pending on the type of channel. To stack the inter-
ruption condition in the device, as occurs on the
multiplexor channel, the channel signals the device to
respond with a unit-status byte consisting of all zeros
on a subsequent scan for interruption conditions. The
error indication is preserved in the subchannel.

The method of processing a request for interruption
due to equipment malfunctioning, as indicated by the
presence of the channel-control-check and interface-
control-check conditions, depends on the model.

More than one interruption condition can be cleared
concurrently. As an cxample, when the rcr condition
exists in the subchannel at the termination of an oper-
ation, the rcr condition is indicated with channel end
and only one 1/0 interruption occurs, or only onc TEST
1/0 is needed. Similarly, if the channel-end condition
is not cleared until device end is generated, both con-
ditions may be indicated in the csw and cleared at
the device concurrently.

However, at the time the channel assigns highest
priority for interruptions to a condition associated with
an operation at the subchannel, the channel accepts
the status from the device and clears the condition at
the device. The interruption condition is subsequently
preserved in the snbchannel. Any subsequent status
generated by the device is not included with the con-
dition at the subchannel, even if the status is generated
before the cru accepts the condition.

Priority of Interruptions

All requests for 1/0 interruption are asynchronous to
the activity in the cpu, and interruption conditions as-
sociated with more than one 1/0 device can exist at
the same time. The priority among requests is con-
trolled by two types of mechanisms — one establishes
the priority among interruption conditions associated
with devices attached to the same channel, and another
establishes priority among requests from different
channels. A channel requests an 1/0 interruption only
after it has established priority among requests from
its devices. The conditions responsible for the requests
are preserved in the devices or channels until accepted
by the cpu.

Assignment of priority to requests for interruption
associated with devices on any one channel is a func-
tion of the type of interruption condition and the po-
sition of the device on the 1/0 interface cable.

The selector channel assigns the highest priority to
conditions associated with the portion of the operation
in which the channel is involved. These conditions in-
clude channel end, program-controlled interruptions,
errors detected or command chaining, and execution
of 11aLT 1/0 in the channel. The channel cannot handle
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ceipt of the signal from the device. The channel-end
indication in this case is not made available to the
program.

Termination by HALT 1/0

The instruction HALT 1/0 causes the current operation
at the addressed channel or subchannel to be termi-
nated immediately. The method of termination differs
from that used upon exhaustion of count or upon de-
tection of programming errors to the extent that ter-
mination by HALT 1/0 is not contingent on the receipt
of a service request from the device.

When HALT 1/0 is issued to a channel operating in
the burst mode, the channel issues the halt-i/0 signal
to the device regardless of the current activity in the
channel and on the interface. If the channel is involved
in the data-transfer portion of an operation, data trans-
fer is immediately terminated, and the device is dis-
connected from the channel. If mart 1/0 is addressed
to a selector channel executing a chain of operations
and the device has already provided channel end for
the current operation, the instruction causes the de-
vice to be disconnected and the chain-command flag
to be removed.

When HALT 1/0 is issued to the multiplexor channel
and the channel is not operating in the burst mode,
the halt-1/0 signal is sent to the device whenever the
addressed subchannel is in the working state. The sub-
channel may be transferring data, or it may have al-
ready received channel end for the current operation
and may be waiting for device end to initiate a new
operation by command chaining. In either case, HALT
1/0 causes the device to be selected, and the halt-1/0
signal is issued as the device responds. When com-
mand chaining is indicated in the subchannel, HALT 1/0
causes the chain-command flag to be turned off.

Termination of an operation by HALT 1/0 on the se-
lector channel results in up to four distinct interrupt-
ion conditions. The first one is generated by the chan-
nel upon execution of the instruction and is not con-
tingent on the receipt of status from the device. The
command address and count in the associated csw
indicate how much data have been transferred, and
the channel-status bits reflect the unusual conditions,
if any, detected during the operation. If HALT 1/0 is
issued before all data specified for the operation have
been transferred, incorrect length is indicated, subject
to the control of the sur flag in the current ccw. The
execution of mALT 1/0 itself is not reflected in csw
status, and all status bits in a csw due to this inter-
ruption condition can be zero. The channel is available
for the initiation of a new 1/0 operation as soon as the
interruption condition is cleared.

The second interruption condition on the selector
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channel occurs when the control unit generates the
channel-end condition. The selector channel handles
this condition as any other interruption condition from
the device with the subchannel available and provides
zeros in the protection key, command address, count,
and channel status fields of the associated csw. The
channel-end condition is not made available to the
program when 1ALt 1/0 is issued to a channel execu-
ting a chain of operations and the device has already
provided channel end for the current operation.

Finally, the third and fourth interruption conditions
occur when control unit end, if any, and device end
are generated. These conditions are handled as for any
other 1/0 operation.

Termination of an operation by HALT 1/0 on the
multiplexor channel causes the normal interruption
conditions to be generated. If the instruction is issued
when the subchannel is in the data-transfer portion of
an operation, the subchannel remains in the working
state until channel end is signaled by the device, at
which time the subchannel is placed in the interrupt-
ion-pending state. If HALT 1/0 is issued after the de-
vice has signaled channel end and the subchannel is
executing a chain of operations, the channel-end con-
dition is not made available to the program, and the
subchannel remains in the working state until the next
status byte from the device is received. Receipt of a
status byte subsequently places the subchannel in the
interruption-pending state.

The csw associated with the interruption condition
in the subchannel contains the status bytes provided
by the device and the channel, and indicates at what
point data transfer was terminated. If HALT 1/0 is is-
sued before all data areas associated with the current
operation have been exhausted or filled, incorrect
length is indicated, subject to the control of the sri
flag in the current ccw. The interruption condition is
processed as for any other type of termination.

Termination Due to Equipment Malfunction

When channel equipment malfunctioning is detected
or invalid signals are received over the 1/0 interface,
the recovery procedure and the subsequent states of
the subchannels and devices on the channel depend
on the type of error and on the model. Normally, the
program is alerted of the termination by an 1/0 inter-
ruption, and the associated csw indicates the channel-
control-check or interface-control-check condition. In
channels sharing common equipment with the cpu,
malfunctioning detected by the channel may be indi-
cated by a machine-check interruption, in which case
no csw is stored. Equipment malfunctioning may cause
the channel to perform the malfunction-reset function.



Programming Note

Control operations for which the entire operation is
specified in the command code may be exccuted as
immediate operations. Whether the control function is
executed as an immediate operation depends on the
operation and type of device and is specified in the sBL
publication for the device.

Termination of Data Transfer

When the device accepts a command, the subchannel
is set up for data transfer. The subchannel is said to
be working during this period. Unless the channel de-
tects equipment malfunctioning or, on the selector
channel, the operation is terminated by maLT 1/0, the
working state lasts until the channel receives the chan-
nel-end signal from the device. When no command
chaining is specified or when chaining is suppressed
because of unusual conditions, the channel-end con-
dition causes the operation at the subchannel to be ter-
minated and an interruption condition to be generated.
The status bits in the associated csw indicate channel
end and the unusual conditions, if any. The device can
signal channel end at any time after initiation of the
operation, and the signal may occur before any data
have been transferred.

For operations not involving data transfer, the de-
vice normally controls the timing of the channel-end
condition. The duration of data transfer operations
may be variable and may be controlled by the device
or the channel.

Excluding equipment errors and wavrr 1/0, the chan-
nel signals the device to terminate data transfer when-
ever any of the following conditions occurs:

The storage areas specified for the operation are
exhausted or filled.

Program-check condition is detected.

Protection-check condition is detected.

Chaining-check condition is detected.

The first of these conditions occurs when the channel
has stepped the count in the last ccw associated with
the operation to zero. A count of zero indicates that
the channel has transferred all information specified
by the program. The other three conditions are due to
errors and cause premature termination of data trans-
fer. In either case, the termination is signaled in re-
sponse to a service request from the device and causes
data transfer to cease. If the device has no blocks de-
fined for the operation (such as writing on magnetic
tape), it terminates the operation and generates the
channel-end condition.

The device can control the duration of an operation
and the timing of channel end by blocking of data. On
certain operations for which blocks are defined (such
as reading on magnetic tape), the device does not

provide the channel-end signal until the end of the
block is reached, regardless of whether or not the de-
vice has been previously signaled to terminate data
transfer.

The channel suppresses initiation of an 1/0 operation
when the data address in the first ccw associated with
the operation exceeds the addressing capacity of the
model. Complete check for the validity of the data ad-
dress is performed only as data are transferred to or
from main storage. When the initial data address in
the ccw is invalid, no data are transferred during the
operation, and the device is signaled to terminate the
operation in response to the first service request. On
writing, devices such as magnetic tape units request
the first byte of data before any mechanical motion is
started and, if the initial data address is invalid, the
operation is terminated before the recording medium
has been advanced. However, since the operation has
been initiated, the device provides channel end, and
an interruption condition is generated. Whether a
block at the device is advanced when no data are
transferred depends on the type of device and is speci-
fied in the srL publication for the device.

When command chaining takes place, the subchan-
nel appears in the working state from the time the
first operation is initiated until the device signals the
channel-end condition of the last operation of the
chain. On the selector channel, the device executing
the operation stays connected to the channel and the
whole channel appears to be in the working state for
the duration of the execution of the chain of oper-
ations. On the multiplexor channel an operation in the
burst mode causes the channel to appear to be in the
working state only for the duration of the transfer of
the burst of data. If channel end and device end do
not occur concurrently, the device disconnects from
the channel after providing channel end, and the chan-
nel can in the meantime communicate with other de-
vices on the interface.

Any unusual conditions cause command chaining to
be suppressed and an interruption condition to be gen-
erated. The unusual conditions can be detected by
either the channel or the device, and the device can
provide the indications with channel end, control unit
end, or device end. When the channel is aware of the
unusual condition by the time the channel-end signal
for the operation is reccived, the chain is terminated
as if the operation during which the condition oc-
curred were the last operation of the chain. The de-
vice-end signal subsequently is processed as an inter-
ruption condition. When the device signals unit check
or unit exception with control unit end or device end,
the subchannel terminates the working state upon re-
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any interruption conditions while an operation is in
progress.

As soon as the selector channel has cleared the in-
terruption conditions associated with data transfer, it
starts scanning devices for attention, control-unit-end,
and device-end conditions and for the channel-end
condition associated with operations terminated by
HALT 1/0. The highest priority is assigned to the 1/0
device that first identifies itself on the interface.

On the multiplexor channel the priority among re-
quests for interruption is based only on the response
to scanning. The multiplexor channel continuously
scans its /0 devices. The highest priority is assigned
to the device that first responds with an interruption
condition or that requests service for data transfer and
contains the pc1 condition in the subchannel. The pci,
as well as any other condition in the subchannel, can-
not cause an 1/0 interruption unless the device initiates
areference to the subchannel.

Except for conditions associated with termination of
data transfer, the current assignment of priority for
interruption among devices on a channel may be can-
celed when sTART 1/0 or TEST 1/0 is issued to the chan-
nel. Whenever the assignment is canceled, the channel
resumes scanning for interruption conditions and re-
assigns the priority on completion of the activity as-
sociated with the 1/0 instruction.

The assignment of priority among requests for inter-
ruption from channels is based on the type of channel.
The priorities of selector channels are in the order of
their addresses, with channel 1 having the highest
priority. The interruption priority of the multiplexor
channel is not fixed and depends on the model and on
the current activity in the channel. Its priority may
be above, below, or between those of the selector
channels.

Interruption Action

An 1/0 interruption can occur only when the channel
accommodating the device is not masked and after the
execution of the current instruction in the cru has
been terminated. If a channel has established the
priority among requests for interruption from devices
while it is masked, the interruption occurs immediate-
ly after the termination of the instruction removing
the mask and before the next instruction is executed.
This interruption is associated with the highest priority
condition on the channel. If more than one channel is
unmasked concurrently, the interruption occurs from
the channel having the highest priority among those
requesting interruption.

If the priority among interruption conditions has not
yet been established in the channel by the time the
mask is removed, the interruption does not necessarily
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occur immediately after the termination of the instruc-
tion removing the mask. This delay can occur regard-
less of how long the interruption condition has existed
in the device or the subchannel.

The interruption causes the current program status
word (rsw) to be stored as the old psw at location 56
and causes the csw associated with the interruption to
be stored at location 64. Subsequently, a new psw is
loaded from location 120, and processing resumes in
the state indicated by this psw. The 1/0 device causing
the interruption is identified by the channel address
in bit positions 21-23 and by the device address in bit
positions 24-31 of the old psw. The csw associated
with the interruption identifies the condition respon-
sible for the interruption and provides further details
about the progress of the operation and the status of
the device.

Programming Note

When a number of 1/0 devices on a shared control unit
are concurrently executing operations such as rewind-
ing tape or positioning a disk access mechanism, the
initial device-end signals generated on completion of
the operations are provided in the order of generation,
unless command chaining is specified for the operation
last initiated. In the latter case, the control unit pro-
vides the device-end signal for the last initiated op-
cration first, and the other signals are delayed until
the subchannel is freed. Whenever interruptions due
to the device-end signals are delayed either because
the channel is masked or the subchannel is busy, the
original order of the signals is destroyed.

Channel Status Word

The channel status word (csw) provides to the pro-
gram the status of an 1/0 device or the conditions
under which an 1/0 operation has been terminated.
The csw is formed, or parts of it are replaced, in the
process of 1/0 interruptions and during execution of
START 1/0, TEST 1/0, and 1AaLT 1/0. The csw is placed in
main storage at location 64 and is available to the pro-
gram at this location until the time the next 1/0 inter-
ruption occurs or until another 1/0 instruction causes
its content to be replaced, whichever occurs first.

When the csw is stored as a result of an 1/0 inter-
ruption, the 1/0 device is identified by the 1/0 address
in the old psw. The information placed in the csw by
START I/0, TEST 1/0, or HALT 1/0 pertains to the device
addressed by the instruction.

The csw has the following format:

l Key | 000 0| Command Address
3

34 78 31

Status Count ]

32 47 48 63




The fields in the csw are allocated for the following
purposes:

Protection Key: Bits 0-3 form the storage protection
key used in the chain of operations initiated by the
last sTART 1/0.

Command Address: Bits 8-31 form an address that
is eight higher than the address of the last ccw used.

Status: Bits 32-47 identify the conditions in the de-
vice and the channel that caused the storing of the
csw. Bits 32-39 are obtained over the 1/0 interface and
indicate conditions detected by the device or the con-
trol unit. Bits 40-47 are provided by the channel and
indicate conditions associated with the subchannel.
Each of the 16 bits represents one type of condition,
as follows:

BIT DESIGNATION BIT DESIGNATION

32 Attention 40 Program-controlled
interruption

33 Status modifier 41 Incorrect length

34 Control unit end 42 Program check

35 Busy 43 Protcction check

36 Channel end 44 Channel data check

37 Device end 45 Channel control check

38 Unit check 46 Interface control check

39 Unit exception 47 Chaining check

Count: Bits 48-63 form the residual count for the
last ccw used.

Unit Status Conditions

The following conditions are detected by the 1/0 de-
vice or control unit and are indicated to the channel
over the 1/0 interface. The timing and causes of these
conditions for each type of device are specified in the
sRL publication for the device.

When the 1/0 device is accessible from more than
one subchannel, status is signaled to the subchannel
that initiated the associated 1/0 operation. The han-
dling of conditions not associated with 1/0 operations
depends on the type of device and condition and is
specified in the srr. publication for the device.

The channel does not modify the status bits received
from the 1/0 device. These bits appear in the csw as
received over the interface.

Attention

Attention is caused upon the generation of the atten-
tion signal at the 1/0 device. The attention signal can
be gencrated at any time and is interpreted by the
program. Attention is not associated with the initiation,
execution, or termination of any 1/0 operation.

The attention condition cannot be indicated to the
program while an operation is in progress at the 1/0
device, control unit, or subchannel. Otherwise, the
handling and presentation of the condition to the chan-
nel depend on the type of device.

Status Modifier

Status modifier is generated by the device when the
normal sequence of commands has to be modificd or
when the control unit detects during the selection
sequence that it cannot cxecute the command or in-
struction as specified.

When the status-modifier condition is provided in
response to TEST 1/0, presence of the bit indicates that
the device cannot exccute the instruction and that no
bits pertaining to the current status of the device have
been provided. The status of the device and subchan-
nel is not changed, and the csw stored by TEST 1/0
contains zeros in the key, command address, channel
status, and count fields. The 2702 Transmission Con-
trol is an example of a type of device that cannot
execute TEST 1/0.

When the status-modifier bit appears in the csw to-
gether with the busy bit, it indicates that the busy
condition pertains to the control unit associated with
the addressed 1/0 device. The control unit appears
busy when it is executing a type of operation or is in
a state that precludes the acceptance of any command
or the instruction TEsT 1/0 and HALT 1/0. This occurs
for operations such as backspace tape file, in which
case the control unit remains busy after providing
channel end, and for operations terminated on the
selector channel by 1avt 1/0. The combination of
busy and status modifier can be provided in response
to any command as well as TEsT 1/0 and HALT 1/0.
Presence of both busy and status modifier in response
to TEST 1/0 is handled the same way as when status
modifier alone is on.

Once the execution of a command has been initi-
ated, the status-modifier indication can be provided
only together with device end. The handling of this
set of bits by the channel depends on the operation.
If command chaining is specified in the current ccw
and no unusual conditions have been detected, pres-
ence of the bit causes the channel to fetch and chain
to the ccw whose main-storage address is 16 higher
than that of the current ccw. If the 1/0 device signals
the status-modifier condition at a time when the chain-
command flag is off or when any unusual conditions
have been detected, no action is taken in the channel,
and the status-modifier bit is placed in the csw.

Programming Note

When the multiplexor channel detects a programming
error during command chaining, the interruption con-
dition is queued at the 1/0 device. On devices such as
the 2702 Transmission Control, queuing of the con-
dition may generate the status-modifier indication,
which subsequently appears in the csw associated
with the termination of the operation.
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Control Unit End

Control unit end indicates that the control unit has
become available for use for another operation.

The control-unit-end condition is provided only by
control units shared by 1/0 devices and only when one
or both of the following conditions has occurred:

1. The program has caused the control unit to be
interrogated while the control unit was executing an
operation. The control unit is considered to have been
interrogated when START 1/0, TEST 1/0, or HALT 1/0
has been issued to a device on the control unit, and
the control unit had responded with busy and status
modifier in the unit status byte. sTArRT 1/0 and TEST
1/0 cause interrogation of the control unit when the
control unit is still executing a previously initiated op-
eration, but the subchannel is available or, for TEsT
1/0, the subchannel on the multiplexor channel con-
tains an interruption condition for the addressed de-
vice. The instruction HALT 1/0 can cause the control
unit to be interrogated when issued to a device shar-
ing a control unit and operating in the multiplex
mode.

2. The control unit detected an unusual condition
during the portion of the operation after channel end
had been signaled to the channel.

If the control unit remains busy with the execution
of an operation after signaling channel end but has not
been interrogated by the program, control unit end
is not generated. Similarly, control unit end is not pro-
vided when the control unit has been interrogated and
could perform the indicated function. The latter case
is indicated by the absence of busy and status modi-
fier in the response to the instruction causing the in-
terrogation.

When the busy state of the control unit is tem-
porary, control unit end is included with busy and
status modifier in response to the interrogation even
though the control unit has not yet been freed. The
busy condition is considered to be temporary if its
duration is short with respect to the program time
required to handle an 1/0 interruption. The 2702
Transmission Control is an example of a device in
which the control unit may be busy temporarily and
which includes control unit end with busy and status
modifier.

The device address associated with control unit end
depends on the type of 1/0 device. The address can be
fixed for the control unit, may identify the device on
which the terminated operation was executed, or may
be the device address specified in the instruction caus-
ing the control unit to be interrogated.

The control-unit-end condition can be signaled with
channel end, device end, or between the two. A pend-
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ing control unit end causes the control unit to appear
busy for initiation of new operations.

Busy

Busy indicates that the 1/0 device or control unit can-
not execute the command or instruction because it is
executing a previously initiated operation or because
it contains an interruption condition. The interruption
condition for the addressed device, if any, accompa-
nies the busy indication. If the busy condition applies
to the control unit, busy is accompanied by status
modifier.

The following table lists the conditions when the
busy bit (B) appears in the csw and when it is ac-
companied by the status-modifier bit (sm). A double
hyphen (--) indicates that the busy bit is off; an
asterisk (*) indicates that csw status is not stored or
an 1/0 interruption cannot occur; and the (cl) indi-
cates that the interruption condition is cleared and
the status appears in the csw. The abbreviation pE
stands for device end, while cu stands for control unit.

CSW STATUS STORED BY:

START TEST HALT 1/0
CONDITION /0 1/0 1/0 INT.
Subchannel available
DE or attention in device B,cl --cl L |
Device working, CU available B B * oo
CU end or channel end in CU:
for the addressed device B,cl --,cl LA |
for another device BSM BSM * .
CU working BSM BSM * *®
Interruption pend. in subchannel
for the addressed device
because of :
chaining terminated by
attention * el * Byl
other type of termination * --,cl G- |
Subchannel working
CU available * * - ®
CU working * * B,SM ¥

The busy bit is included in the status associated
with a pending interruption condition from the sub-
channel only when a chain of commands has been
prematurely terminated because of attention and no
interruption was pending in the channel at the time
of chaining.

Channel End

Channel end is caused by the completion of the por-
tion of an 1/0 operation involving transfer of data or
control information between the 1/0 device and the
channel. The condition indicates that the subchannel
has become available for use for another operation.
Each 1/0 operation causes a channel-end condition
to be gencrated, and there is only one channel end for
an operation. When command chaining takes place,
only the channel end of the last operation of the chain
is made available to the program. The channel-end



condition, however, is not made available to the pro-
gram when a chain of commands is prematurely ter-
minated because of an unusual condition indicated
with control unit end or device end. The channel-end
condition is not generated when programming or
equipment errors are detected during initiation of the
operation.

The instant within an 1/0 operation when channel
end is generated depends on the operation and the
type of device. For operations such as writing on mag-
netic tape, the channel-end condition occurs when the
block has been written. On devices that verify the
writing, channel end may or may not be delayed until
verification is performed, depending on the device.
When magnetic tape is being read, the channel-end
condition occurs when the gap on tape reaches the
read-write head. On devices equipped with buffers,
such as a line printer, the channel-end condition oc-
curs upon completion of data transfer between the
channel and the buffer. During control operations,
channel end is generated when the control information
has been transferred to the devices, although for short
operations the condition may be delayed until com-
pletion of the operation. Operations that do not cause
any data to be transferred can provide the channel-
end condition during the initiation sequence.

A channel-end condition pending in the control unit
causes the control unit to appear busy for initiation of
new operations. Unless the operation has been per-
formed on the selector channel and has been termi-
nated by HALT 1/0, channel end causes the subchannel
to be in the interruption-pending state.

Device End

Device end is caused by the completion of an 1/0 op-
eration at the device or, on some devices, by manually
changing the device from the not-ready to the ready
state. The condition indicates that the 1/0 device has
become available for use for another operation.
Each 1/0 operation causes a device-end condition,
and there is only one device end to an operation.
When command chaining takes place, only the device
end of the last operation of the chain is made avail-
able to the program. The device-end condition is not
generated when any programming or equipment er-
rors are detected during initiation of the operation.
The device-end condition associated with an 1/0
operation is generated either simultaneously with the
channel-end condition or later. On data transfer op-
erations on devices such as magnetic tape units, the
device terminates the operation at the time channel
end is generated, and both device end and channel
end occur together. On buffered devices, such as a
line printer, the device-end condition occurs 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 in the current ccw is spe-
cified, receipt of the device-end signal, in the absence
of any unusual conditions, causes the channel to ini-
tiate a new 1/0 operation.

Unit Check

Unit check is caused by any programming or equip-
ment errors detected by the 1/0 device or control unit.
The errors responsible for the unit check are detailed
by the information available to a sense command. The
unit-check bit provides a summary indication of the
errors identified by sense data.

The unit-check condition is generated only when
the error is detected during the execution of TEST 1/0
or a command. The device does not alert the program
of any equipment malfunction occurring at a time
when the device is not executing an operation and
does not have a pending interruption condition. Mal-
functioning detected at this time may cause the device
to become not ready; unit check in this case is sig-
naled to the program the next time the device is
selected.

If the device detects during the initiation sequence
that the command cannot be executed, unit check is
presented to the channel and appears in the csw with-
out 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 con-
dition precluding proper execution of the operation
occurs after execution has been started, unit check is
accompanied by channel end, control unit end, or de-
vice end, depending on when the condition was de-
tected.

Termination of an operation with the unit-check
indication causes command chaining to be suppressed.

Unit Exception

Unit exception is caused when the 1/0 device detects
a condition that usually does not occur. The condition
includes conditions such as recognition of a tape mark
and does not necessarily indicate an error. It has only
one meaning for any particular command and type of
device.

The unit-exception condition can be generated only
when the device is executing an 1/0 operation. If the
device detects during the initiation sequence that the
operation cannot be executed, unit exception is pre-
sented to the channel and appears in the csw without
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channel end, control 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 has been started, unit exception is
accompanied by channel end, control unit end, or de-
vice end, depending on when the condition was de-
tected.

Termination of an operation with the unit-exception
indication causes command chaining to be suppressed.

Channel Status Conditions

The following conditions are detected and indicated by
the channel. Except for the conditions caused by equip-
ment malfunctioning, they can occur only while the
subchannel is involved with the execution of an 1/0
operation.

Program-Controlled Interruption

The program-controlled-interruption condition is gen-
erated when the channel fetches a ccw with the pro-
gram-controlled-interruption (pcr) flag on. The inter-
ruption due to the pcr flag takes place as soon as
possible after fetching the ccw but may be delayed an
unpredictable amount of time because of masking of
the channel or other activity in the system.

Detection of the pcr condition does not affect the
progress of the 1/0 operation.

Incorrect Length

Incorrect length occurs when the number of bytes con-
tained in the storage areas assigned for the 1/0 oper-
ation is not equal to the number of bytes requested or
offered by the 1/0 device. Incorrect length is indicated
for one of the following reasons:

Long block on Input: During a read, read-backward,
or sense operation, the device attempted to transfer
one or more bytes to storage after the assigned storage
arcas were filled. The extra bytes have not been placed
in main storage. The count in the csw is zero.

Long Block on Output: During a write or control
operation the device requested one or more bytes from
the channel after the assigned main-storage areas were
exhausted. The count in the csw is zero.

Short Block on Input: The number of bytes trans-
ferred during a read, read backward, or sense oper-
ation is insufficient to fill the storage areas assigned to
the operation. The count in the csw is not zero.

Short Block on Output: The device terminated a
write or control operation before all information con-
tained in the assigned storage areas was transferred to
the device. The count in the csw is not zero.

The incorrect-length indication is suppressed when
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the current ccw has the st1 flag and does not have the
cp flag. The indication does not occur for immediate
operations and for operations rejected during the ini-
tiation sequence.

Presence of the incorrect-length condition suppresses
command chaining unless the st flag in the ccw is on
or unless the condition occurs in an immediate oper-
ation.

The following table lists the effect of the incorrect-
length condition for all combinations of the cp, cc,
and st1 flags. It indicates for the two types of oper-
ations when the operation at the subchannel is termi-
nated (stop) and when the command chaining takes
place. The entry “incorrect length” (1) means that
the indication is made available to the program; a
double hyphen (--) means that the indication is sup-
pressed. For all entries, the current operation is as-
sumed to have caused the incorrect-length condition.

FLAGS ACTION AND INDICATION
CD CC SLI  REGULAR OPERATION  IMMEDIATE OPERATION
0 0 0 Stop, IL Stop, --
0 0 1 Stop, -- Stop, -~
0 1 0 Stop, IL Chain command
0 1 1 Chain command Chain command
1 0 0 Stop, IL Stop, --
1 0 1 Stop, IL Stop, --
1 1 0 Stop, IL Stop, --
1 1 1 Stop, IL Stop, --

Program Check

Program check occurs when programming errors are
detected by the channel. The condition can be due to
the following causes:

Invalid CCW Address Specification: The caw or the
transfer-in-channel command does not designate the
ccw on integral boundaries for double words. The
three low-order bits of the ccw address are not zero.

Invalid CCW Address: The channel has attempted
to fetch a ccw from a location outside the main stor-
age of the particular installation. An invalid ccw ad-
dress can occur in the channel because the program
has specified an invalid address in the caw or in the
transfer-in-channel command or because on chaining
the channel has stepped the address above the highest
available location.

Invalid Command Code: The command code in the
first cew designated by the caw or in a ccw fetched on
command chaining has four low-order zeros. The com-
mand code is not tested for validity during data chain-
ing,.

Invalid Count: A ccw other than a ccw specifying
transfer in channel contains the value zero in bit po-
sitions 48-63.

Invalid Data Address: The channel has attempted
to transfer data to or from a location outside the main
storage of the particular installation. An invalid data



address can occur in the channel because the program
has specified an invalid address in the ccw or because
the channel has stepped the address above the highest
available address or, on reading backward, below zero.

Invalid Key: The caw contains a nonzero storage
protection key in a model not having the protection
feature installed.

Invalid CAW Format: The caw does not contain
zeros in bit positions 4-7.

Invalid CCW Format: A ccw other than a ccw spe-
cifying transfer in channel does not contain zeros in
bit positions 37-39.

Invalid Sequence: The first ccw designated by the
caw specifies transfer in channel or the channel has
fetched two successive ccw’s both of which specify
transfer in channel.

Detection of the program-check condition during
the initiation of an operation causes execution of the
operation to be suppressed. When the condition is de-
tected after the device has been started, the device is
signaled to terminate the operation. The program-
check condition causes command chaining to be sup-
pressed.

Protection Check

Protection check occurs when the channel attempts to
place data in a portion of main storage that is protect-
ed for the current operation on the subchannel. The
protection key associated with the 1/0 operation does
not match the key of the addressed main-storage lo-
cation, and neither of the keys is zero.

Detection of the protection-check condition causes
the device to be signaled to terminate the operation;
command chaining is suppressed.

The protection-check condition can be generated
only on models having the protection feature installed.

Channel Data Check

Channel data check is caused by data errors detected
in the channel or in main storage. The condition covers
all data transferred to or from an 1/0 device, including
sense and control information. It includes any parity
errors detected on 1/0 data in main storage, in the
channel, or as received from the device over the 1/0
interface.

The channel attempts to force correct parity on data
placed in main storage. On output operations, the par-
ity of data sent to the device is not changed.

Parity errors on data cause command chaining to be
suppressed and, depending on model, may cause the
current operation to be terminated. When the channel
and the cpu share common equipment, parity errors on
data may cause malfunction reset to be performed. The

recovery procedure in the chanuel and the subsequent
state of the subchannel upon a malfunction reset de-
pend on the model.

Channel Control Check

Channel control check is caused by any machine mal-
functioning affecting channel controls. The condition
includes parity errors on ccw and data addresses and
parity errors on the contents of the ccw. Conditions
responsible for channel control check usually cause the
contents of the csw to be invalid and conflicting.

The csw as generated by the channel has correct
parity. The channel cither forces correct parity on the
csw fields or sets the invalid fields to zero.

Detection of the channel-control-check condition
causes the current operation, if any, to be immediately
terminated and may cause the channel to perform the
malfunction-reset function. The recovery procedure in
the channel and the subsequent state of the subchannel
upon a malfunction reset depend upon the model.

Interface Control Check

Interface control check is caused by any invalid signal
on the 1/0 interface. The condition is detected by the
channel and usually indicates malfunctioning of an 1/0
device. It can be due to the following reasons:

1. The address or status byte received from a de-
vice has invalid parity.

2. A device responded with an address other than
the address specified by the channel during initiation
of an operation.

3. During command chaining the device appeared
not operational or indicated the busy condition with-
out providing any other status bits.

4. A signal from a device occurred at an invalid
time or had invalid duration.

Detection: of the interface-control-check condition
causes the current operation, if any, to be immediately
terminated and may cause the channel to perform the
malfunction-reset function. The recovery procedure in
the channel and the subsequent state of the subchan-
nel upon a malfunction reset depends on the model.

Chaining Check

Chaining check is caused by channel overrun during
data chaining on input operations. The condition oc-
curs when the 1/0 data rate is too high for the particu-
lar resolution of data addresses. Chaining check cannot
occur on output operations.

Detection of the chaining-check condition causes the
1/0 device to be signaled to terminate the operation.
It causes command chaining to be suppressed.
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Content of Channel Status Word

The content of the csw depends on the condition caus-
ing the storing of the csw and on the programming
method by which the information is obtained. The
status portion always identifies the condition that
caused storing of the csw. The protection key, com-
mand address, and count fields may contain informa-
tion pertaining to the last operation or may be set to
zero, or the original contents of these fields at location
64 may be left unchanged.

Information Provided by Channel Status Word

Conditions associated with the execution or termi-
nation of an operation at the subchannel cause the
whole csw to be replaced.

Such a csw can be stored only by an 1/0 interruption
or by TEst 1/0. Except for conditions associated with
command chaining, the storing can be caused by the
pcl or channel-end condition, by the execution of
HALT 1/0 on the selector channel, or by equipment
malfunction. The contents of the csw are related to the
current values of the corresponding quantities, al-
though the count is unpredictable after programming
errors and after an interruption due to the pcr flag,

A csw stored upon the execution of a chain of oper-
ation pertains to the last operation the channel exe-
cuted or attempted to initiate. Information concerning
the préceding operations is not preserved and is not
made available to the program.

When an unusual condition causes command chain-
ing to be suppressed, the premature termination of the
chain is not explicitly indicated in the csw. A csw
associated with a termination due to a condition occur-
ing at channel-end time contains the channel-end bit
and identifies the unusual condition. When the device
signals the unusual condition with control unit end or
device end, the channel-end indication is not made
available to the program, and the channel provides the
current protection key, command address, and count,
as well as the unusual indication, with the control-
unit-end or device-end bit in the csw. The command
address and count fields pertain to the operation that
was executed.

When the execution of a chain of commands is ter-
minated by an error detected during initiation of a
new operation, the command address and count fields
pertain to the rejected command. Termination at initi-
ation time can occur because of attention, unit check,
unit exception, program check, or equipment mal-
functioning and causes both the channel-end and de-
vice-end bits in the csw to be off.
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A csw associated with conditions occurring after the
operation at the subchannel has been terminated con-
tains zeros in the protection key, command address,
and count fields, provided the conditions are not
cleared by starT 1/0. These conditions include atten-
tion, control unit end, and device end (and channel
end when it occurs after termination of an operation
on the selector channel by HALT 1/0).

When the above conditions are cleared by starr 1/0,
only the status portion of the csw is stored, and the
original contents of the protection key, command ad-
dress, and count fields in location 64 are preserved.
Similarly, only the status bits of the csw are changed
when the command is rejected or the operation at the
subchannel is terminated during the execution of start
1/0 or whenever HALT 1/0 causes csw status to be
stored.

Errors detected during execution of the 1/0 oper-
ation do not affect the validity of the csw unless the
channel-control-check or interface-control-check con-
ditions are indicated. Channel control check indicates
that equipment errors have been detected, which can
cause any part of the csw, as well as the address in the
psw identifying the 1/0 device, to be invalid. Interface
control check indicates that the address identifying the
device or the status bits received from the device may
be invalid. The channel forces correct parity on invalid
csw fields.

Protection Key

A csw stored to reflect the progress of an operation at
the subchannel contains the protection key used in
that operation. The content of this field is not affected
by programming errors detected by the channel or by
the condition causing termination of the operation.
Models in which the protection feature is not im-
plemented cause an all-zero key to be stored.

Command Address

When the csw is formed to reflect the progress of the
1/0 operation at the subchannel, the command address
is normally eight higher than the address of the last
ccw used in the operation.

The following table lists the contents of the com-
mand address field for all conditions that can cause
the csw to be stored. The conditions are listed in order
of priority; that is, if two conditions are indicated or
occur, the csw appears as indicated for the condition
higher on the list. The programming errors listed in
the table refer to conditions included in program
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CONDITION

Channel control check

Status stored by START 170

Status stored by HALT 1/0

Invalid CCW address spec. in
TIC

Invalid CCW address in TIC

Invalid CCW address
generated

Invalid command code

Invalid count

Invalid data address

Invalid CCW format

Invalid sequence — 2 TIC’s

Protection check

Chaining check

Termination under count
control

Termination by I/0 device

Termination by HALT I/0

Suppression of command
chaining due to unit check
or unit exception with de-
vice end or control unit end

Termination on command
chaining by attention, unit
check, or unit exception

Program-controlled interrup-
tion

Interface control check

Ch. end after HIO on sel. ch.

Control unit end

Device end

Attention

Busy

Status modifier

Count

CONTENT
Unpredictable
Unchanged
Unchanged

Address of TIC 4 8
Address of TIC + 8

Address first invalid CCW 4 8
Address of invalid CCW +- 8
Address of invalid CCW + 8
Address of invalid CCW + 8
Addpress of invalid CCW -+ 8
Address of second TIC -+ 8
Address of invalid CCW + 8
Address of last-used CCW 4 8

Address of last-used CCW -+ 8
Address of last-used CCW + 8
Address of last-used CCW + 8

Address of last CCW used in
the completed operation + 8

Address of CCW specifying
the new operation + 8

Address of last-used CCW - 8
Address of last-used CCW + 8
Zero
Zero
Zero
Zero
Zero
Zero

The residual count, in conjunction with the original
count specified in the last ccw used, indicates the
number of bytes transferred to or from the area desig-
nated by the ccw. When an input operation is termi-
nated, the difference between the original count in the
ccw and the residual count in the csw is equal to the
number of bytes transferred to main storage; on an out-
put operation, the difference is equal to the number
of bytes transferred to the 1/0 device.

The following table lists the contents of the count
field for all conditions that can cause the csw to be
stored. The conditions are listed in the order of prior-
ity; that is, if two conditions are indicated or occur,
the csw appears as for the condition higher on the list.

CONDITION CONTENT
Channel control check Unpredictable
Status stored by START 1/0 Unchanged
Status stored by HALT 1/0 Unchanged
Program check Unpredictable
Protection check Unpredictable

Chaining check Correct
Termination under count

control Correct
Termination by 1/0 device Correct
Termination by HALT I/0 Correct

Suppression of command
chaining due to unit check,
unit exception with device
end, or control unit end

Termination on command
chaining by atention, by
unit check, or unit

Correct. Residual count of last
CCW used in the completed
operation.

Correct. Original count of
CCW specifying the new

exception operation.
Program-controlled inter-

ruption Unpredictable
Interface control check Correct
Ch. end after HIO on sel. ch. Zero
Control unit end Zero
Device end Zero
Attention Zero
Busy Zero
Status Modifier Zero

Status

The status bits identify the conditions that have been
detected during the 1/0 operation, that have caused a
command to be rejected, or that have been generated
by external events.

The csw contains at least one status bit, unless it is
stored by HALT 1/0 issued to the multiplexor channel
or the interruption condition responsible for the stor-
ing is caused by HALT 1/0 issued to the selector chan-
nel. In both of the latter cases, all status bits may be
off.

When the channel detects several error conditions,
all conditions may be indicated or only one may ap-
pear in the csw, depending on the condition and
model. Conditions associated with equipment mal-
functioning have precedence, and whenever malfunc-
tioning causes an operation to be terminated, channel
control check, interface control check, or channel data
check is indicated, depending on the condition. When
an operation is terminated by program check, pro-
tection check, or chaining check, the channel identifies
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the condition responsible for the termination and may
or may not indicate incorrect length, When a data er-
ror has been detected before termination due to pro-
gram check, protection check, or chaining check, both
data check and the programming error are identified.
If the csw fetched on command chaining contains
the pc1 flag but a programming error in the contents of
the csw or an unusual condition signaled by the de-
vice precludes the initiation of the operation, the rct
bit appears in the csw associated with the interruption
condition. Similarly, if device status or a programming
error in the contents of the ccw causes the command

to be rejected during execution of sTART 1/0, the csw
stored by sTART 1/0 contains the pc1 flag. The 1/0 flag,
however, is not included in the csw if a programming
error in the contents of the caw prevents the oper-
ation from being initiated.

Conditions detected by the channel are not related
to those identified by the 1/0 device.

The following table summarizes the handling of
status bits. The table lists the states and activities that
can cause status indications to be created and the
methods by which these indications can be placed in
the csw.

TIME AND METHOD OF CREATING AND STORING STATUS INDICATIONS

WHEN  WHEN UPON TERMINATION OF OPERATION DURING BY BY BY BYI/O
1/0 1S SUBCHANNEL AT AT CONTROL AT COMMAND START TEST HALT INTER-
STATUS IDLE WORKING SUBCHANNEL UNIT DEVICE CHAINING I/0 1/0 1/0 RUPTION

Attention c* C Cc* S S S
Status modifier C C CS CS CS S
Control unit end Cc* CS CS CS S
Busy C CS CS CS S
Channel end (O C*H C* + Ct § S S
Device end Cc* Cc* C ¥ Ct S S S
Unit check C C C C* CS CS CS
Unit exception C C C* CS S S
Program-controlled interruption C* C C CS S S
Incorrect length C C S S
Program check C C C* CS S S
Protection check C C S S
Channel data check c* C S S
Channel control check Cc* C* C* Cc¥ C* C* CS CS CS CS
Interface control check Cc* (oh Cc* c* (o Cc* CS CS CS CS
Chaining check C C S S

NOTES

C—The channel or the device can create or present the status
condition at the indicated time. A CSW or its status portion is
not necessarily stored at this time.

Condition such as channel end and device end are created at
the indicated time. Other conditions may have been created
previously, but are made accessible to the program only at the
indicated time. Examples of such conditions are program check
and channel data check, which are detected while data are
transferred, but are made available to the program only with
channel end, unless the PCI flag or equipment malfunctioning
have caused an interruption condition to be generated earlier.

S—The status indication is stored in the CSW at the indicated
time.

An S appearing alone indicates that the condition has been
created previously. The letter C appearing with the S indicates
that the status condition did not necessarily exist previously in
the form that causes the program to be alerted, and may have
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been created by the I/O instruction or I/O interruption. For
example, equipment malfunctioning may be detected during an
I/0 interruption, causing channel control check or interface
control check to be indicated; or a device such as the 2702
Transmission Control Unit may signal the control-unit-busy
condition in response to interrogation by an I/0 instruction,
causing status modifier, busy, and control unit end to be indi-
cated in the CSW.

¥ _The status condition generates or, in the case of channel
data check, may generate an interruption condition.

Channel end and device end do not result in interruption
conditions when command chaining is specified and no unusual
conditions have becn detected.

+—This status indication can be created at the indicated time
only by an immediate operation.

II-When an operation on the selector channel has been termi-
nated by HALT 1/0, channel end indicates the termination of
the data-handling portion of the operation at the control unit.



The system control panel contains the switches and
lights necessary to operate and control the system.
The system consists of the cru, storage, channels, on-
line control units, and 1/0 devices. Off-line control
units and 1/0 devices, although part of the system
environment, are not considered part of the system
proper.

System controls are divided into three sections:
operator control, operator intervention, and customer
engineering control. Customer engineering controls
are also available on some storage, channel, and con-
trol-unit frames.

No provision is made for locking out any section of
the system control panel. The conditions under which
individual controls are active are described for each
case.

System Control Functions

The system-reset function resets the cru, the channels,
panel are the ability to reset the system; to store and
display information in storage, in registers and in the
psw; and to load initial program information.

System Reset

The system-reset function resets the cpu, the channels,
and on-line, nonshared control units and 1/0 devices.

The cpu is placed in the stopped state and all pend-
ing interruptions are eliminated. The parity of general
and floating-point registers, as well as the parity of the
psw, may be corrected. All error-status indicators are
reset to zero.

In general, the system is placed in such a state that
processing can be initiated without the occurrence of
machine checks, except those caused by subsequent
machine malfunction.

The reset state for a control unit or device is de-
scribed in the appropriate System Reference Library
(sBL) publication. Off-line control units are not reset.
A system-reset signal from a cpu resets only the
functions in a shared control unit or device belonging
to that cru. Any function pertaining to another cru
remains undisturbed.

The system-reset function is performed when the
system-reset key is pressed, when initial program
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loading is initiated, or when a power-on sequence is
performed.

Programming Notes

Because the system reset may occur in the middle of
an operation, the contents of the psw and of result
registers or storage locations are unpredictable. If the
cpy is in the wait state when the system reset is per-
formed, and 1/0 is not operating this uncertainty is
eliminated.

Following a system reset, incorrect parity may exist
in storage in all models and in the registers in some
models. Since a machine check occurs when informa-
tion with incorrect parity is used, the incorrect in-
formation should be replaced by loading new infor-
mation.

Store and Display

The store-and-display function permits manual inter-
vention in the progress of a program. The store-and-
display function may be provided by a supervisor
program in conjunction with proper 1/0 equipment
and the interrupt key.

In the absence of an appropriate supervisor pro-
gram, the controls on the operator intervention panel
permit the cpru to be placed in the stopped state and
subsequently to store and display information in main
storage, in general and floating-point registers, and in
the instruction-address part of the psw. The stopped
state is achieved at the end of the current instruction
when the stop key is pressed, when single instruction
execution is specified, or when a preset address is
reached. Once the desired intervention is completed,
the cru can be started again.

All basic store-and-display functions can be simu-
lated by a supervisor program. The stopping and start-
ing of the cpu in itself does not cause any alteration
in program execution other than the time element in-
volved (the transition from operating to stopped state
is described under “Stopped State” in “Status-Switch-
ing”).

Interruption checks occurring during store-and-dis-
play functions do not interrupt or log immediately but
may, in some cases, create a pending interruption. This
interruption request can be removed by a system re-
set. Otherwise, the interruption, when not masked off,
is taken when the cpu is again in the operating state.
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Initial Program Loading

Initial program loading (1pL) is provided for the ini-
tiation of processing when the contents of storage or
the psw are not suitable for further processing.

Initial program loading is initiated manually by se-
lecting an input device with the load-unit switches
and subsequently pressing the load key. When the
multisystem feature is installed, initial program load-
ing may be initiated electronically by a signal received
on one of the 1pL in-lines.

Depressing the load key causes a system reset, turns
on the load light, turns off the manual light, sets the
prefix trigger (if present), and subsequently initiates
a read operation from the selected input device.
When reading is completed satisfactorily, a new psw
is obtained, the cpu starts operating, and the load
light is turned off.

When a signal is received on one of the 1pL in-lines,
the same sequence of events takes place, except that
the read operation is omitted.

System reset suspends all instruction processing, in-
terruptions, and timer updating and also resets all
channels, on-line nonshared control units, and 1/0 de-
vices. The contents of general and floating-point regis-
ters remain unchanged, except that the reset proce-
dure may introduce correct parity.

The prefix trigger is set after system reset. In man-
ually initiated 1pL, the trigger is set according to the
state of the prefix-select key switch. When 1pL is initi-
ated by a signal on one of the two 1pL in-lines, the
trigger is set according to the identity of each line.
The prefix trigger is part of the multisystem feature.

If 1PL is initiated manually, the select input device
starts reading. The first 24 bytes read are placed
in storage locations 0-23. Storage protection, pro-
gram-controlled interruption, and a possible incor-
rect length indication are ignored. The double-word
read into location 8 is used as the channel command
word (ccw) for a subsequent input command. When
chaining is specified in this ccw, the operation pro-
ceeds with the ccw in location 16.

After the input operation is performed, the 1/0 ad-
dress is stored in bits 21-31 of the first word in storage.
Bits 16-20 are made zero. Bits 0-15 remain unchanged.
The input operation and the storing of the 1/0 address
are not performed when 1pL is initiated by means of
the 1PL in-lines.

The cpu subsequently fetches the double word in lo-
cation 0 as a new psw and proceeds under control of
the new psw. The load light is turned off. When the
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1/0 operations and psw loading are not completed
satisfactorily, the cpu stops, and the load light remains
on.

Programming Notes

Initial program loading resembles a sTarT 1/0 that
specifies the 1/0 device selected in the load-unit
switches and a zero protection key. The ccw for this
START 1/0 has a read command, zero data address, a
byte count of 24, command-chain flag on, suppress-
length-indication flag on, program-controlled-inter-
ruption flag off, and a virtual command address of
Zero.

Initial program loading reads new information into
the first six words of storage. Since the remainder of
the 1rL program may be placed in any desired section
of storage, it is possible to preserve such areas of stor-
age as the timer and rsw locations, which may be
helpful in program debugging.

If the selected input device is a disk, the 1pL infor-
mation is read from track 0.

The selected input device may be the channel-to-
channel adapter involving two cpu’s. A system reset
on this adapter causes an attention signal to be sent
to the addressed cru. That cpu then should issue the
write command necessary to load a program into main
storage of the requesting cru.

When the psw in location 0 has bit 14 set to one,
the cru is in the wait state after the 1pL procedure
(the manual, the system, and the load lights are off,
and the wait light is on). Interruptions that become
pending during 1PL are taken before instruction exe-
cution.

Operator Control Section

This section of the system control panel contains only
the controls required by the operator when the cpu
is operating under full supervisor control. Under su-
pervisor control, a minimum of direct manual inter-
vention is required since the supervisor performs
operations like store and display.

The main functions provided by the operator con-
trol section are the control and indication of power,
the indication of system status, operator to machine
communication, and initial program loading.

The operator control section, with the exception of
the emergency pull switch, may be duplicated once as
a remote panel on a console.

The following table lists all operator controls by
the names on the panel or controls and describes
them.



NAME IMPLEMENTATION
Emergency Pull Pull switch
Power On Key, backlighted
Power Off Key
Interrupt Key
Wait Light
Manual Light
System Light
Test Light
Load Light
Load Unit Three rotary switches
Load Key

Prefix Select®
* Multisystem feature

Key switch

Emergency Pull Switch
Pulling this switch turns off all power beyond the
power-entry terminal on every unit that is part of the
system or that can be switched onto the system. There-
fore, the switch controls the system proper and all
off-line and shared control units and 1/0 devices.
The switch latches in the out position and can be
restored to its in position by maintenance personnel
only.
When the emergency pull switch is in the out po-
sition, the power-on key is ineffective.

Power-On Key
This key is pressed to initiate the power-on sequence
of the system.

As part of the power-on sequence, a system reset is
performed in such a way that the system performs no
instructions or 1/0 operations until explicitly directed.
The contents of main storage, including its protection
keys, remain preserved.

The power-on key is backlighted to indicate when
the power-on sequence is completed. The key is ef-
fective only when the emergency pull switch is in its
in position.

Power-Off Key
The power-off key is pressed to initiate the power-off
sequence of the system.

The contents of main storage and its protection keys
are preserved.

Interrupt Key
The interrupt key is pressed to request an external
interruption.

The interruption is taken when not masked off and
when the cru is not stopped. Otherwise, the inter-
ruption request remains pending. Bit 25 in the inter-
ruption-code portion of the current psw is made one
to indicate that the interrupt key is the source of the
external interruption.

Wait Light
The wait light is on when the cru is in the wait state.

Manual Light

The manual light is on when the cpu is in the stopped
state. Several of the manual controls are cffective only
when the cru is stopped, that is, when the manual
light is on.

System Light
The system light is on when the cru cluster meter or
customer-engineering meter is running.

Programming Note

The states indicated by the wait and manual lights
are independent of each other; however, the state of
the system light is not independent of the state of
these two lights because of the definition of the run-
ning condition for the meters. The following table
shows possible conditions.

SYSTEM MANUAL WAIT CPU 1/0
LIGHT LIGHT LIGHT STATE STATE
off off off Not allowed when power is on
off off on Waiting Not operating
off on off Stopped Not operating
off on on Stopped, Not operating
waiting
on off off Running Undetermined
on off on Waiting Opcrating
on on off Stopped Operating
on on on Stopped,  Opcrating
waiting
Test Light

The test light is on when a manual control is not in
its normal position or when a maintenance function is
being performed for cpu, channels, or storage.

Any abnormal switch setting on the system control
panel or on any separate maintenance panel for the
cru, storage, or channels that can affect the normal
operation of a program causes the test light to be on.

The test light may be on when one or more diag-
nostic functions under control of pIAGNOSE are acti-
vated or when certain abnormal circuit breaker or
thermal conditions occur.

The test light does not reflect the state of marginal
voltage controls.

Load Light

The load light is on during initial program loading;
it is turned on when the load key is pressed and is
turned off after the loading of the new rsw is com-
pleted successfully.

Load-Unit Switches

Three rotary switches provide the 11-bit address of
the device to be used for initial program loading.
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The leftmost rotary switch has eight positions label-
ed 0-7. The other two are 16-position rotary switches
labeled with the hexadecimal characters 0-9, A-F.

Load Key

The load key is pressed to start initial program load-
ing, and is effective while power is on the system.

Prefix-Select Key Switch

The prefix-select key switch provides the choice be-
tween main prefix and alternate prefix during manu-
ally initiated initial program loading.

The setting of the switch determines the state of the
prefix trigger following the system reset after the load
key is pressed.

The switch is part of the multisystem feature.

Operator Intervention Section

This section of the system control panel contains the
controls required for the operator to intervene in nor-
mal programming operation. These controls may be
intermixed with the customer engineering controls,
and additional switch positions and nomenclature may
be included, depending on the model.

Operator intervention provides the system-reset and
the store-and-display functions. Compatibility in per-
forming these functions is maintained, except that the
word size used for store and display depends on the
physical word size of storage for the model. Switches
for display of the instruction address are absent on
models that continuously display the instruction ad-
dress.

The following table lists all intervention controls by
the names on the panel or controls and describes them.

NAME IMPLEMENTATI ON
System Reset Key
Stop Key
Rate Rotary switch
Start Key
Storage Sclect Rotary or key switch
Address Rotary or key switches
Data Rotary or key switches
Store Key
Display Key
Set IC Key

Rotary or key switches
Light

Address Compare
Alternate Prefix®

* Multisystem feature

System-Reset Key

The system-reset key is pressed to cause a system re-
set; it is effective while power is on the system. The
reset function does not affect any off-line or shared
device.
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Stop Key

The stop key is pressed to cause the cru to enter the
stopped state; it is effective while power is on the sys-
tem.

Programming Note

Pressing the stop key has no effect when a continuous
string of interruptions is performed or when the crpu
is unable to complete an instruction because of ma-
chine malfunction. The effect of pressing the key is
indicated by the turn-on of the manual light as the
cru cnters the stopped state.

Rate Switch

This rotary switch indicates the way in which instruc-
tions are to be performed.

The switch has two or more positions, depending
on model. The vertical position is marked process. In
this position, the system starts operating at normal
speed when the start key is pressed. The position
left of vertical is marked insTRUCTION STEP. When the
start key is pressed with the rate switch in this po-
sition, one complete instruction is performed, and all
pending, not masked interruptions are subsequently
taken. The cpu next returns to the stopped state.

Any instruction can be executed with the rate
switch set to INSTRUCTION sTEP. Imput/output opera-
tions are completed to the interruption point. When
the cru is in the wait state, no instruction is per-
formed, but pending interruptions, if any, are taken
before the cru returns to the stopped state. Initial
program loading is completed with the loading of the
new pPsw before any instruction is performed. The
timer is not updated while the rate switch is set to
INSTRUCTION STEP.

The test light is on when the rate switch is not set
to PROCESS.

The position of the rate switch should be changed
only while the cpu is in the stopped state. Otherwise
unpredictable results occur.

Start Key

The start key is pressed to start instruction execution
in the manner defined by the rate switch.

Pressing the start key after a normal stop causes in-
struction processing to continue as if no stop had oc-
curred, provided that the rate switch is in the ProcEss
or INSTRUCTION-STEP position. If the key is pressed
after a system reset, the instruction designated by the
instruction address in the psw is the first instruction
executed. In some models, the start key cannot be
pressed after a system reset until a new instruction
address or psw is introduced by pressing the set 1c or
load switch.



The key is effective only while the cpu is in the
stopped state.

Storage-Select Switch
The storage area to be addressed by the address
switches is selected by the storage-select switches.

The switch can select main storage, the general reg-
isters, the floating-point registers and, in some cases,
the instruction-address part of the psw.

When the general or floating-point registers are not
addressed directly but must be addressed by using
another address such as a local-store location, infor-
mation is included on the panel to enable an operator
to compute the required address.

The switch can be manipulated without disrupting
CPU operations.

Address Switches

The address switches address a location in a storage
area and can be manipulated without disrupting cpu
operation. The address switches, with the storage-se-
lect switch, permit access to any addressable location.
Correct address parity is generated.

Data Switches

The data switches specify the data to be stored in the
location specified by the storage-select switch and ad-
dress switches.

The number of data switches is sufficient to allow
storing of a full physical storage word. Correct data
parity is generated. Some models generate either cor-
rect or incorrect parity under switch control.

Store Key

The store key is pressed to store information in the
location specified by the storage-select switch and ad-
dress switches.

The contents of the data switches are placed in the
main storage, general register, or floating-point regis-
ter location specified. Storage protection is ignored.
When the location designated by the address switches
and storage-select switch is not available, data are not
stored.

The key is effective only while the cru is in the
stopped state.

Display Key
The display key is pressed to display information in
the location specified by the storage-select switch and
address switches.

The data in the main storage, general register, or
floating-point register location, or in the instruction-

address part of the psw specified by the address
switches and the storage-select switch, are displayed.
When the designated location is not available, the dis-
played information is unpredictable. In some models,
the current instruction address is continuously dis-
played and hence is not explicitly selected.

The key is effective only while the cpu is in the
stopped state.

Set IC Key
This key is pressed to enter an address into the in-
struction-address part of the current psw.

The key is effective only while the cpu is in the
stopped state.

The address in the address switches is entered in
bits 40-63 of the current psw. In some models the ad-
dress is obtained from the data switches.

Address-Compare Switches

These rotary or key switches provide a means of stop-
ping the cpu on a successful address comparison.

When these switches are set to the stop position,
the address in the address switches is compared
against the value of the instruction address on all
models and against all addresses on some models. An
equal comparison causes the cpu to enter the stopped
state. Comparison includes only the part of the in-
struction address that addresses the physical word size
of storage.

Comparison of the entire halfword instruction ad-
dress is provided in some models, as is the ability to
compare data addresses.

The address-compare switches can be manipulated
without disrupting cpu operation other than by caus-
ing the address-comparison stop. When they are set
to any position but normal, the test light is on.

Programming Nofe

When an address not used in the program is selected
in the address switches, the cru runs as if the address-
compare switches were set to normal, except for the
reduction in performance which may be caused by the
address comparison,

Alternate-Prefix Light

The alternate-prefix light is on when the prefix trigger
is in its alternate state. The light is part of the multi-
system feature.

Customer Engineering Section

This section of the system control panel contains con-
trols intended only for customer-engineering use.
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Appendix A. Instruction Use Examples

The following examples illustrate the use of many
System/360 instructions. Note that these examples
closely approximate machine language to best illus-
trate the operation of the system. For clarity, the
‘mnemonic for each operation code is used instead of
the actual machine code. In addition, whenever possi-
ble, the contents of registers, storage locations, and so
on, are given in decimal notation rather than the actual
binary formats. When binary formats are used, they
are segmented into bytes (eight bits) for ease of visual
comparison.

Included at the end of this Appendix are program-
ming examples that utilize the assembly language
symbols and formats.

Load Complement
The two’s complement of general register 4 is to be
placed into general register 2.

Assume:

Condition code = 2; greater than zero
Reg 2 (before) 00000000 00000000 00000010 11010110
Reg 4 00000000 00000000 01001001 11010101

The instruction is:

Op Code R R
| i [ 2[4 |

Reg 2 (after) 11111111 11111111 10110110 00101011
Reg 2 contains the two’s complement of Reg 4.
Condition code setting = 1; less than zero.

Load Multiple
General registers 5, 6, and 7 are to be loaded from
consecutive words starting at 3200,

Assume:

Reg 5 (before) 00 00 75 63
Reg 6 (before) 00 00 01 26
Reg 7 (before) 00 32 76 45
Reg 12 00 00 30 00
Loc 3200-3203 00 12 57 27
Loc 3204-3207 00 00 25 63
Loc 3208-3211 73 26 00 12
The instruction is:

Op Code Ru Rg By D;

w5 |7 [ 2] 200
Reg 5 (after) 00 12 57 27
Reg 6 (after) 00 00 25 63
Reg 7 (after) 73 26 00 12

Condition code: unchanged.
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Compare

The contents of register 4 are to be algebraically com-
pared with the contents of register 2.

Assume:
Reg 2 00 00 03 92
Reg 4 00 00 03 47

The instruction is:

Op Code

Ry Rz
o [+ ]2 ]

Condition code = 1; first operand low.

Divide (Fixed Point)

The contents of the even/odd pair of general registers
6 and 7 are to be divided by the contents of general
register 4.

Assume:
Reg 6 (before)
00000000 00000000 00000000 V0000000
Reg 7 (before)
00000000 00000000 00001000 11011110 = +2270 (2nd Word)
Reg 4
00000000 00000000 00000000 00110010 = +50

The instruction is:

(1st Word)

Op Code R: R:
bR | 6 | 4|

Reg 6 (after)

00000000 00000000 00000000 00010100 remainder) = -+20
Reg 7 (after)

00000000 00000000 00000000 00101101 ( quotient) = +45
Condition code: unchanged.

The instruction divides the contents of registers 6
and 7 by the content of register 4. The quotient re-
places the content of register 7, and the remainder
replaces the content of register 6.

Convert to Binary

The signed, packed decimal field at double-word loca-
tion 1000-1007 is to be converted into a binary integer
and placed in general register 7.

Assume:
Reg 5 00 00 00 50
Reg 6 00 00 09 00

Loc 1000-1007
Reg 7 (before)

00 00 00 00 00 25 59 4+
11111111 11100000 11110111 10111111



The instruction is:

Op Code

Tow o T Tl o]

D:

The instruction is:

Op Code L L2

G {2 el o o] %]

Reg 7 (after) 00000000 00000000 01100011 11111010
Condition code: unchanged.

Convert to Decimal

The binary contents of general register 3 are to be

converted into a packed decimal integer of 15 digits

and sign and stored in double-word location 2000.
Assume:

Loc 2000-2002 (after) 73 88 54
Condition code = 2; sum is greater than zero.

Zero and Add

The signed, packed decimal field at location 4500-
4502 is to be moved to location 4000-4004 with four
leading zeros in the result field.

Reg 4 00 00 00 40
Reg 15 00 00 18 60
Reg 3 00000000 00000000 01011011 01000001

Loc 2000 ( before)

01 47 63 27 42 73 21 17

Assume:
Reg 9 00 00 40 00
Loc 4000-4004 (before) 12 34 56 78 90
Loc 4500-4502 38 46 0—

The instruction is:

The instruction is:
Op Code

B, D

R. Xz
Tow T+ 6] w ]

Loc 2000 (after) 00 00 00 00 00 23 36 14
Condition code: unchanged.

Store Multiple

The contents of general registers 14, 15, 0, and 1 are
to be stored in consecutive words starting with 4050.
Assume:

Reg 14 00 00 25 63
Reg 15 00 01 27 36
Reg 0 12 43 00 62
Reg 1 73 26 12 57
Reg 6 00 00 40 60
Loc 4050-4053 (before) 63 25 41 32
Loc 4054-4057 (before) 17 25 63 42
Loc 4058-4061 (before) 07 16 32 71
Loc 4062-4065 (before) 98 67 45 21

The instruction is:

Op Code Ry Ra B, D2
stm |14 [ 1 | 6 | 50 |
Loc 4050-4053 (after) 00 00 25 63
Loc 4054-4057 (after) 00 01 27 36
Loc 4058-4061 (after) 12 43 00 62
Loc 4062-4065 (after) 73 26 12 57

Condition code: unchanged

Decimal Add

The signed, packed decimal field at location 500-503
is to be added to the signed, packed decimal field at
location 2000-2002.

Assume:
Reg 12 00 00 20 00
Reg 13 00 00 04 80
Loc 2000-2002 (before) 38 46 0—
Loc 500-503 01 12 34 5+

G2l o 31s]

Loc 4000-4004 (after) 00 00 38 46 0—
Condition code = 1; sum is less than zero.

o ]

Compare Decimal

The contents of location 700-703 are to be compared

algebraically with the contents of location 500-503.
Assume:

Reg 12 00 00 05 50
Reg 13 00 00 04 00
Loc 700-703 17 25 35 64
Loc 500-503 06 72 14 2+

The instruction is:

Op Code L

(e A s el 0 BTl w0 80

Condition code == 2; first operand is high.

Multiply Decimal

The signed, packed decimal ficld in location 1200-1204
is to be multiplied by the signed, packed decimal field
in location 500-501, and the product is to be placed in
location 1200-1204.

Assume:
Reg 4 00 00 12 00
Reg 6 00 00 02 50
Loc 1200-1204 (before) 00 00 38 46 0—
[.oc 500-501 32 1—

The instruction is:

Op Code 1 D1 B:

s o] a0 &

01 23 45 66 0-

Fnnn

Loc 1200-1204 (after)
Condition code: unchanged.
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Divide Decimal
The signed, packed decimal field at location 2000-2004

is to be divided by the packed decimal field at location
3000-3001.

Assume:
Reg 12 00 00 18 00
Reg 13 00 00 25 00
Loc 2000-2004 (before) 01 23 45 67 8+
Loc 3000-3001 32 1—

The instruction is:

Op Code L L B D; B: D2
[ op 2] 4|1 ]i2] 200 1] 500 @

Loc 2000-2004 (after) 38 46 0— 01 84
where the quotient is 38460— and the remainder is 018+-.
Condition code: unchanged.

Pack

Assume locations 1000-1004 contain the following:

7172 73 74 S5
where Z =: four-bit zone code
S = four-bit sign code
The field is to be in packed format with two leading

zeros and placed in location 2500-2503.

Reg 12 00 00 10 00
Reg 13 00 00 25 00
Loc 1000-1004 71 72 73 74 S5
Loc 2500-2503 (before) A B CD
The instruction is:
Op Code L L By D1 D:

Tl o %

00 12 34 58

|PACK22|3|4| 3| 0

Loc 2500-2503 (after)
Condition code: unchanged.

Unpack
Assume locations 2501-2503 contains the following
fields:

12 34 58
This field is to be put into zoned format and placed in
the locations 1000-1004 where: S is a four bit sign
code.

Reg 12 00 00 10 00
Reg 13 00 00 25 00
Loc 2501-2503 12 34 58
Loc 1000-1004 ( before) A B CDE
The instruction is:
Op Code L D B D,

[unek | 4 [2LJ 12] 0

and results in

Loc 1000-1004 (after)

where Z is a four-bit zone code.
Condition code: unchanged.

1]

71 72 73 74 S5

Y

124

Move with Offset

The unsigned three-byte field at location 4500-4502 is
to be moved to location 5600-5603 and given the sign
of the one byte field located at 5603.

Assume:
Reg 12 00 00 50 00
Reg 15 00 00 40 00
Loc 5600-5603 (before) 77 88 99 04+
Loc 4500-4502 12 34 56

The instruction is:
Op Code L D

Lo By
Imvod] 3] 2]12] w0

Loc 5600-5603 (after)
Condition code: unchanged.

5T

01 23 45 6

0 %

Move Immediate

A dollar sign ($) is to be placed in location 2100,
leaving locations 2101-2105 unchanged. Let Z rep-
resent a four-bit zone.

Agsume:

Reg 12
Loc 2100-2105 (before)
The instruction is:

00 00 20 00
70 71 72 73 75 70

Op Code Iz By Dy

[ mvi | $ 12 | 100

Loc 2100-2105 (after) $ Z1 72 Z3 75 70
Condition code: unchanged.

Move Numeric

Let Z and Y represent four-bit zones. The numeric
parts of the eight-bit characters in the field at locations
6070-6074 are to be replaced by the numeric parts of
eight-bit characters at locations 8080-8084.

Assume:

Reg 12

Reg 15

Loc 6070-6074 (before)
Loc 8080-8084

The instruction is:
Op Code

Tl Toa]

Loc 6070-6074 (after)
Condition code: unchanged.

00 00 60 00
00 00 80 00
Y1 Y2 Y3 Y4 Y5
73 76 79 77 78

o STl W]

Y3 Y6 Y9 Y7 Y8

Move Zones

Let Z and Y represent four-bit zones in the eight-bit
characters making up the fields at location 2006-2010
and 3007-3011, respectively. The zones of the field at
2006-2010 are to be replaced by the zones from loca-
tion 3007-3011.



Assume:
Reg 12 00 00 20 00
Reg 15 00 00 30 00

71 74 77 718 75
Y8 Y7 Y4 Y6 Y8

Loc 2006-2010 (before)
Loc 3007-3011

The instruction is:

Leall « Tol - el 5 %]

Y1 Y4 Y7 Y8 Y5

Loc 2006-2010 (after)
Condition code: unchanged.

AND (Register to Register)

When two operands are combined by an anp, they
are matched bit for bit. If corresponding bits are both
1, the result is 1. If either is 0, the result is 0. For
example, if the logical anp of register 5 and 6 is to
be taken,

Assume:

Reg 6
Reg 5 (before)

The instruction is:

00000000 00060000 00000000 01011011
00000000 00000000 00000000 01110110

Op Code R R:
| NR

Reg 5 00000000 00000000 00000000 01010010
Condition code = 1; not all-zero result.

OR
When two operands are combined by an or, they are
matched bit-for-bit. If either of the corresponding bits
is 1, the result is 1. If both are 0, the result is 0. For
example, if the logical or of register 5 and 6 is to be
taken,
Assume:

Reg 6

Reg 5 (before)

The instruction is:

00000000 00000000 00000000 10110111
00000000 00000000 00000000 11101101

Op Code R Re
Cov Ts1e]

Reg 5 (after) 00000000 00000000 00000000 11111111
Condition code = 1; not all-zero result.

Exclusive OR

When two operands are combined by an EXCLUSIVE OR,
they are matched bit-for-bit. If the corresponding bits
match (both 0 or both 1), the result is 0. If they differ,
the result is 1. For example, if the EXCLUSIVE OR of
register 5 and 6 is to be taken,

Assume:

Reg 6
Reg 5 (before)

00000000 00000000 00000000 10110111
00000000 00000000 00000000 11101101

The instruction is:

Op Code Ri R
L xx [s]e]

Reg 5 (after) 00000000 00000000 00000000 01011010
Condition code = 1; not all-zero result.

Test Under Mask
Test bit positions 0, 2, 3, and 6 of a given byte in
storage to determine if all of these bit positions contain
ones. A TEST UNDER MASK with a mask of 10110010 =
178, is used. The byte to be tested is stored at loca-
tion 1250 and contains 01101101.

Assume:
Reg 10

The instruction is:

00 00 12 00

Op Code Iy By Dy
™ 78 |10 | 50 ]
Mask from TM 10110010
Byte tested 01101101
Selected result 0- 10 -- 0-
Condition code = 1; some selected bits are 0, some selected

bits are 1.

Insert Character

The character at location 4200 is to be inscrted into
the low-order cight bits of register 7.

Assume:
Reg 7 (before) 00000000 10110110 11000101 01101101
Reg 4 00 00 02 00
Reg 5 00 00 30 00
Loc 4200 00001011

The instruction is:

Op Code R X B D.
IC l 7 L 4 | 5 1 1000

Reg 7 (after) 00000000 10110110 11000101 00001011
Condition code: unchanged.

Load Address

The effective address obtained by adding 1000 to the
low-order 24 bits of gencral registers 3 and 2, is to be
placed in general register 4.

Assume:
Reg 4 (before) 73 16 00 12
Reg 3 00 03 00 10
Reg 2 00 00 02 00
The instruction is:
Op Code Ry Xa B: D
A |4 3]2 ] 1000 |
Reg 4 (after) 00 03 12 10

Condition code: unchanged.
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Translate
Assume a stream of 20 characters comes into location
2100 in Ascu code (extended to eight bits). Translate
to EBCDIC.

Assume:
Reg 12 00 00 20 00
Reg 15 00 00 10 00

Loc 2100-2119 (before)
The instruction is:

JOHN JONES 257 W. 95
Op Code L B: D1 82 D2
Co T Tl oo STl o )

Loc 2100-2119 (after)
where the over bar means the same graphic in EBcpIC.
Condition code: unchanged.

Translate Table

1000 1015

1016

1032

1048

1064 (Bl

41
|
+1

1080

Rl
| 1] i~
*|

~|
el

1096

112 I

@]
4|
1l

1128

|
o |

1144 Tk

151

<l

T

=]

<=1 =l
-

_,l _l

1160 T

1176

1192 A

1224

B
1208 |77 %
s
2

‘*’l =)=l ol
~lcl|zlol
o[ <[|Z]|m]
|| =| o] ]
N x| =] o]
»| <| o] =|

of In| =l —]

1240|357 |7

1256

Note: If all possible combinations of eight bits (i.e., 256 combinations)
cannot appear in the statement being translated, then a table of less
than 256 bytes can be used.

Translate and Test

Assume that an Autocoder statement, located on 3000-
3029, is to be scanned for various punctuation marks.
A translate and test table is constructed with zeros in
all positions except where punctuation marks are
assigned.
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Assume:

Reg 1 (before) 00 00 00 00
Reg 2 (before) 00 00 00 00
Reg 12 00 00 30 00
Reg 15 00 00 20 00

Loc 3000-3029

The instruction is:

UNPK PROUT (9), wonn(5)

Op Code L By D, B, D:
(el 2 T o S[s[ o R
Reg 1 (after) 00 00 30 11
Reg 2 (after) 00 00 00 20

Condition code = 1; scan not completed.

In general, TRANSLATE AND TEST is executed by use
of Execute, which supplies the length specification
from a register. In this way a complete statement scan
can be performed with a single TRANSLATE AND TEST
instruction repeated over and over by means of
EXECUTE. This is done by computing the length of the
remaining part of the statement to be scanned in a
general register, and referencing that register in the
R, field of Executk, whose address references a TRANS-
LATE AND TEST instruction in which L=0, B;=1, D;=1
and the B; and D, reference the table to be used in
the scan.

Translate and Test Table

2015

20000 |O|O|O|OlO|O|OJO|O|O|O|OjO0OfjO]O

20060 {0 0jO0O|O|OJO|O|OfOjOjOfO|O]|O}O

203210 fO|JO|O|OjO|JOfO}{O|O|O|O|O|O]|O|O

2048|0 |OjO0O{O0O|0O|O|O|O|O(OfO|O|O}0}0O]O

20640 {0 0{0O|O|O[O|O|O]O]|O|IOI5]20|25]| 0

2080{90{ 0 [ 0[O0 | 0|0 O|O!O| 0|0 |30]|35 40 (45| O

2096180 /85[0, 0| 0|0 | 0|0 ;0(0|0|50|5|0[0]|O0

2112{0 | 0| 0|0} 0|{0O[0O| 0|0} 0|0 |60]65]|70 |75 | O

2128|0 |0 j0f0|O|O|O|OjO|O]O|OJO|O|O]|O

2144i0 |0 | O|O0O|O|O|O|O|OfO|O]jO|O|O|O]|O

2160{0 |O (0|0} 0{0}|0]|0|0|0[O0O|O0]O 0]O0]|O

21760 |0 o0|O|O|lO|jO[O|OjOjO|OjO|O]O]|O

21920 JoJO0}j0O0|O]JOjOJO}jO|O0OJO)O0O]OjO]JO]|O

22080 |ofO0O|lO|OJO0O]JO{O|O}O|O|O|JO|O]O|O

2224|l0 |0/ 00| 0O|O}jO|O|OfO}O|O|O|O]|O] O

224010 {O ;00 0j0f0Ol0O;0f0Oj0O}O0O|JO}JO}O] O
2256

Note: If all possible combinations of eight bits (i.e., 256 combinations)
cannot appear in the statement being scanned, then a table less than
256 bytes can be used.



Edit and Edit and Mark

The following examples show the step-by-step editing
of a packed field with a length specification of four
against a pattern 13 bytes long. The following symbols
are used:

SYMBOL MEANING
b blank character
( significance start character
) ficld separator character
d digit-select character
Assume:

Loc 1000-1012 (first operand)
Loc 120-1203 (second operand )
Reg 120

The instruction is:

bdd,dd(.ddbCR
02 57 42 64
00 00 10 00

Op Code

Leo o

and provides the following:

Dy

L By
2 ] o

ST a0 Y]

PATTERN DIGIT $ TRIGGER RULE LOCATION 1000-1012
b 0 leave bdd, dd(. ddbCR
d 0 0 fill bbd, dd(. ddbCR
d 2 1 digit bb2, dd(. ddbCR®
s 1 leave same
d 5 1 digit bb2, 5d(. ddbCR
d 7 1 digit bb2, 57(. ddbCR
( 4 1 digit bb2, 574. ddbCR
. 1 leave same
d 2 1 digit bb2, 574. 2bdCR
d 6+ 0 digit bb2, 574. 26bCR®
b 0 fill same
C 0 fill bb2, 574, 26bbR
R 0 fill bb2, 574, 26bbb
Thus:

Loc 1000-1012 (after) bb2,574. 26bCR

NOTES

1. This character is saved as the fill character.

2. First nonzero digit sets S trigger to 1.

3. Plus sign in this same byte sets S trigger to zero.
Condition code = 2; result greater than zero.

If the second operand in location 1200-1203 is
00 00 02 6—, the following results are obtained:

Loc 1000-1012 (before) bdd, dd(. ddbCR
Loc 1000-1012 (after) bbbbbbb. 26bCR
Condition code = 1; result less than zero.

In this case the significance-start character in the
pattern causes the decimal point to be left unchanged.
The minus sign does not reset the S trigger so that
the cr symbol is also preserved.

In the edit examples above, if the initial character
of the pattern was an asterisk, then asterisk-protec-
tion would be achieved.

In the same example, if EDIT AND MARK was used:

Reg 1 (before) 00 12 34 56
Reg 1 (after) 00 00 10 02

Branch On Condition
Assume a prior operation has been performed which
resulted in setting the condition code in the psw. The
program is to branch if the result of the previous
operation is nonzero.

The BRANCH ON CONDITION with a mask of 0111 =
710 in the M; field becomes a branch-on-nonzero
instruction.

Reg 5
Reg 12

00 00 01 00
00 04 00 00

The instruction is:

Op Code Mo D.

Xz B 2
[ e 715 2] 100 B

and causes a branch to location 40,200, provided the condition
code is not zero.
Condition code setting is unchanged.

Execute

The app instruction at location 350 is to be executed
by means of EXECUTE:

Assume:
Reg 3 00 00 00 10
Reg 12 00 00 03 30
Loc 350 AR 4,6

The instruction is:

Op Code D:

Ry Xz By
| ex Jo s [i2] 10 ]

The cpu executes the app instruction and takes the
next sequential instruction after EXECUTE.

The move character instruction mvc at location 1200
is to be executed, and the number of characters to be
moved is computed in register 5.

Assume:
Reg 5 (rightmost 8 bits) 01110000 = 1124
Reg 7 00 00 00 50
Reg 13 00 00 10 50
Loc 1200 Mmvc 0, 15, 100, 12, 1000
Length field (8 bits) = 0000 0000

The instruction is:

Op Code B; D

ERER

[ = s w ]

The rightmost eight bits of RS are or'ed with the
length portion (positions 8-15) of the instruction being
executed, at location 1200 prior to execution of MOVE.
However, the actual instruction at location 1200 re-
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mains unchanged, and the instruction actually exe-
uted by EXECUTE is

Op Code L By

el e Tl o0 STl e V]

to provide a move with a length of 112 bytes and thus
move 113 bytes.

Assembly Language Examples

These programming examples use the System/360 as-
sembly-language format and mnemonics. In general,
the operands are shown symbolically with indexing or
length specification following the symbol and enclosed
in parentheses. Lengths are given as the total number
of bytes in the field. This differs from the machine
definition regarding lengths which states that the
length is the number of bytes to be added to the field
address to obtain the address of the last byte of the
field. Thus the machine length is one less than the
assembly-language length. The assembly language
automatically subtracts one from the length specified
when the instruction is assembled.

Examples
1. Decimal right shift — even number of places.

Assume symbolic location “Source” is:
Source: 12 34 56 78 9S
and we wish to drop two places.

MOVE NUMERICS (MVN) can be used to accomplish this
Source
MVN Source + 3 (1), Source + 4 12 34 56 7S 9S
By using a length of 4 instead of 5 in operations using sym-
bolic location Source, the result is accomplished.

2. Decimal right shift — odd number of places.

Source: 12 34 56 78 9S
Assume we wish to drop three places.
The move with offset (mvo) instruction is used.
Source

MVO Source (5), Source (3) 00 01 23 45 6S

3. Decimal left shift — even number of places.

Assume the following at symbolic location “zero.”
Zero: 00 00
Source: 12 34 56 78 9S

A left shift of four places can be performed as follows:

Source
Mvc Source + 5 (2), Zero 12 34 56 78 9S 00 00
MVN Source + 6 (1), Source +4 12 34 56 78 9S 00 0S
NI Source + 4, 240 12 34 56 78 90 00 0S
Note the number 240y in the AND IMMEDIATE instruction pro-
vides a mask of 11110000 which is to be used to make the old

sign positions zero.
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4. Decimal left shift — odd number of places.

Zero: 00 00
Source: 12 34 56 78 9S
Assume the shift to be three places.

Source
12 34 56 78 9S 00 00
12 34 56 78 9S 00 OS
12 34 56 78 90 00 0S
01 23 45 67 89 00 0S

Mmvc  Source + 5 (2), Zero

MVN  Source -+ 6 (1), Source 4+ 4
NI Source + 4, 240

MvO  Source (6), Source (5)

5. A master inventory file is to be updated by issue
and receipt transactions. There may be multiple trans-
actions pertaining to a master record. Both inactive
and updated master records are to be rewritten. The
following calculations are performed to update the
master:

Receipts

1. Receipt quantity X unit cost = receipt cost

2. Receipt cost -} total cost — new total cost

3. Receipt quantity -+ quantity on hand — new
quantity

4. New total cost = new quantity — new average
unit cost

Issues

1. Quantity on hand — issue quantity — new quantity
(if quantity on hand is less than issue quantity, go
to an exception routine ).

Issue quantity X average unit cost = issue cost
Total cost —issue cost == new total cost

If new quantity is not greater than the reorder level,
go to an exception routine. '

o

0o

Record Description

Master Record: .
Item #: 6 alphameric characters
Description: 20 alphabetic characters
Quantity: 7 digits plus sign
Total cost: 11 digits plus sign (2 decimal places)
Average unit cost: 7 digits plus sign (3 decimal places)
Reorder level: 5 digits plus sign
Transaction Record:
Type code: 1 digit plus sign
(plus 1 = receipt)
(plus 2 == issue)
Item #: 6 alphameric characters
Quantity: 5 digits plus sign
Receipt unit cost: 6 digits plus sign (2 decimal places)
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6. Assume that record read into defined storage con-
tains a field labeled “date.” This field is stored in six
character positions as follows:

Day — two characters

Month — two characters

Year — two characters

Place the date an item is ordered (year, month,
day) into a record field labeled “key.”
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7. Assume two streams of bytes, N bytes separated Translate and Test Table
(N =4095) and a 256 byte table. 01 2 3 4 5 6 7 8 9 1011 1213 14 15
In stream 1 locate the first nonzero bit of each byte.
On finding the first nonzero bit in stream 1, set the "
corresponding bit position in stream 2 to zero. Con- 16 | 2391239239 239|239 239 239|239 |239 239|239 |239| 239| 239|239 |239
tinue this process to the end of the stream. A 256- 32 [ 223[22323[223(223 |223] 223(223223|223|223 |223|223]223|223]223
byte translate-and-test table is constructed in storage -4t

e
0 | O |254[253|253|251(251)|251|251|247|247|247 |247|247|247|247 247

Sl.lCh that: 48 | 223|223(223 (223|223 223_2253 23 223(223(223|223|2231223(223|223
Byte from 00000000 fetches 00000000 from the table. (0s0) 64 [191]191191(191/191[1911191|191{191|191[191{191|191{191{191[191
Byte from lxxxxxxx fetches 01111111 from the table. (127,) o T T

Byte from Olxxxxxx fetches 10111111 from the table. (1915) 80 | 121{191 121121191 |121{191|191{121[191}191{191]191{191[1921|191
Byte from 00lxxxxx fetches 11011111 from the table. (223:0) N .

Byte from 0001lxxxx fetches 11101111 from the table. (239;) 96 | 191]191]191]1911191 ]?I,E? 191191]191]1911191]191)191/191 191

Byte from 00001xxx fetches 11110111 from the table. (2474)
Byte from 000001xx fetches 11111011 from the table. (251.) e ]
Byte from 0000001x fetches 11111101 from the table. (253.) 128 | 127]12711271271127(127|127|127(127|127|127127]127| 127127127
Byte from 00000001 fetches 11111110 from the table. (254.,) o =

144 | 1271127(127)127\127)127]127|127)127| 127|127 127127\ 127|127 (127

112 P191{191 1191191121 {191{ 1911191 (1911911191 [191{191] 191191 191

160 | 127|127\127 127|127 (127|127|127{127|127{127|127{127|127|127|127
- S SN )..
176 | 127\127\127\127\127127|127127{127\127{127\127|127|127\127{127

192 | 127|1271127(127|127 {127|127|127{127|127(127 127|127|127{127|127

208 | 127127 (127|127|127(127{127|127\127(127|127|127|127{127|127|127

224 1 127)12711271127\127|1271127\127|127{127|127|127|127| 127|127 127

240 | 127\127\127 127{127(127)127|127|127|127|127(127|127|127(127 127

240 241 242 243 244 245 246 247 248 249 250 251 252 253 254 255

All Decimal Numbers Represent an 8-Bit Binary Value
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Appendix B. Fixed-Point and Two’'s Complement Notation

A fixed-point number is a signed value, recorded as a
binary integer. It is called fixed point because the pro-
grammer determines the fixed positioning of the binary
point.

Fixed-point operands may be recorded in halfword
(186 bits) or word (32 bits) lengths. In both lengths,
the first bit position (0) holds the sign of the number,
with the remaining bit positions (1-15 for halfwords
and 1-31 for fullwords) used to designate the mag-
nitude of the number.

Positive fixed-point numbers are represented in true
binary form with a zero sign bit. Negative fixed-point
numbers are represented in two’s complement notation
with a one bit in the sign position. In all cases, the
bits between the sign bit and the leftmost significant
bit of the integer are the same as the sign bit (i.e.
all zeros for positive numbers, all ones for negative
numbers ).

Negative fixed-point numbers arc formed in two’s
complement notation by inverting each bit of the posi-
tive binary number and adding one. For example, the
true binary form of the decimal value (plus 26) is
made negative (minus 26) in the following manner:

s INTEGER

426 0 0000000 00011010

Invert 11111111 11100101

Add 1 1

—26 11111111 11100110 (Two’s complement form)

This is equivalent to subtracting the number:
00000000 00011010 from 1 00000000 00000000.
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The following addition examples illustrate two’s
complement arithmetic. Only eight bit positions are
used. All negative numbers are in two’s complement
form.

COMMENTS
+57 = 00111001
+35 = 00100011
+92 = 01011100
457 = 00111001
=35 = 11011101 No overflow
+22 = 00010110 Ignore carry — carry into high
order position and carry out.
435 = 00100011
—57 = 11000111
—22 = 11101010 Sign change only; no carry.
—57 = 11000111
-35 = 11011101 No overflow
-92 = 10100100 Ignore carry — carry into high
order position and carry out.
—57 = 11000111
—-92 = 10100100
—149 — *01101011 #*Overflow — no carry into high
_ order position but carry out.
+57 = 00111001
492 = 01011100

149 = *10010101 *Qverflow — carry into high order

position, no carry out.
The following are 16-bit fixed-point numbers. The
first is the largest positive number and the last, the
largest negative number.

NUMBER DECIMAL s INTEGER
2% 1 = 32,767 =0 111111111111111
2° = 1 =0 0000000 00000001
0 = 0 =0 0000000 00000000
—2° = -1 =1 111111111111111
2" = —32,768 =1 0000000 00000000

The following are 32 bit fixed-point numbers. The
first is the largest positive number that can be repre-
sented by 32 bits, and the last is the largest negative
number,

NUMBER DECIMAL s INTEGER
2" —1 = 2147483647 =0 111111111111111 1111111111111111
2! = 65536 =0 0000000 00000001 00000000 00000000
20 = 1 =0 0000000 00000000 GO000000 00000001
0 = 0 =0 0000000 00000000 00000000 00000000
2" = —1 =1 1111111 11111111 11111111 11111111
—2! = —2 =1 111111111111111 11111111 11111110
-2 = —65536 =1 1111111 11111111-00000000 00000000
—28 41 = -2 147 483647 =1 0000000 00000000 00000000 00000001

—2% —2 147 483 648 =1 0000000 00000000 00000000 00000000



Floating-point arithmetic simplifies programming by
automatically maintaining binary point placement
(scaling) during computations in which the range of
values used vary widely or are unpredictable.

The key to floating-point data representation is the
separation of the significant digits of a number from
the size (scale) of the number. Thus, the number is
expressed as a fraction times a power of 16.

A floating-point number has two associated sets of
values. One set represents the significant digits of the
number and is called the fraction. The second set
specifies the power (exponent) to which 16 is raised
and indicates the location of the binary point of the
number.,

These two numbers (the fraction and exponent) are
recorded in a single word or double-word.

Since each of these two numbers is signed, some
method must be employed to express two signs in an
area that provides for a single sign. This is accom-
plished by having the fraction sign use the sign associ-
ated with the word (or double word) and expressing
the exponent in excess 64 arithmetic; that is, the ex-
ponent is added as a signed number to 64. The result-
ing number is called the characteristic. Since 64 uses 7
bits, the characteristic can vary from 0 to 127, permit-
ting the exponent to vary from —64 through 0 to --63.
This provides a decimal range of n x 107 to n x 1078,

Floating-point data in the System/360 may be re-
corded in short or long formats, depending on the
precision required. Both formats use a sign bit in bit
position 0, followed by a characteristic in bit positions
1-7. Short-precision floating-point data operands con-
tain the fraction in bit positions 8-31; long-precision
operands have the fraction in bit positions 8-63.

Short-Precision Floating-Point Format

HCharacferisﬂc I
[ | 7

Fraction I

8 31

Long-Precision Floating-Point Format

EJ Characteristic l Fraction ss ‘l
0 78

63

The sign of the fraction is indicated by a zero or one

bit in bit position 0 to denote a positive or negative
fraction, respectively.

Appendix C. Floating-Point Arithmetic

Within a given fraction length (24 or 56 bits), a
floating-point operation will provide the greatest pre-
cision if the fraction is normalized. A fraction is nor-
malized when the high-order digit (bit positions 8,
9, 10 and 11) is not zero. It is unnormalized if the
high-order digit contains all zeros.

If normalization of the operand is desired, the float-
ing-point instructions that provide automatic normal-
ization are used. This automatic normalization is ac-
complished by left-shifting the fraction (four bits per
shift) until a nonzero digit occupies the high-order
digit position. The characteristic is reduced by one for
each digit shifted.

Conversion Example
Convert the decimal number 149.25 to a short-preci-
sion floating-point operand.

1. The number is decomposed into a decimal integer
and a decimal fraction.

14925 = 149 plus 0.25

2. The decimal integer is converted to its hexadeci-
mal representation.
149]0 = 951(\

3. The decimal fraction is converted to its hexadeci-
mal representation.
0.2510 = 0.418

4. Combine the integral and fractional parts and ex-
press as a fraction times a power of 16 (exponent).
95.416 = (0954 X 162)16

5. The characteristic is developed from the expon-
ent and converted to binary.

= characteristic
=66= 1000010

basc 4+ exponent
64 + 2

6. The fraction is converted to binary and grouped
hexadecimally.
954, = .1001 0101 0100
7. The characteristic and the fraction are stored in
short precision format. The sign position contains the
sign of the fraction.

S  Char
0 1000010

Fraction
1001 0101 0100 0000 0000 0000
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The following are sample normalized short floating-
point numbers. The last two numbers represent the
smallest and the largest positive normalized numbers.

NUMBER POWERS OF 16
1.0 == +1/16 x 16
0.5 == +8/16 X 16°
1/64 == +$+-4/16 x 167
0.0 == +0 X 16
—15.0 == -15/16 x 16'

2% 10 = +1/16 X 16%
7% 10 == (1-16*) X 16"
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5 CHAR
=0 1000001
=0 1000000
=0 0111111
=0 0000000
=1 1000001
=0 0000000
=0 1111111

FRACTION

0001 0000 0000 0000 0000 0000
1000 0000 0000 0000 0000 0000
0100 0000 0000 0000 0000 0000
0000 0000 0000 0000 0000 0000
1111 0000 0000 0000 0000 0000
0001 0000 0000 0000 0000 0000
11111111 111111111111 1111



Appendix D. Powers of Two Table

CO W DO

16
32
64
128

256
512
1 024
2 048

4 096
8 192
16 384
32 768

65 536
131 072
262 144
524 288

1 048 576
2 097 152
4 194 304
8 388 608

16 777 216
33 554 432
67 108 864
134 217 728

268 435 456
536 870 912
1073 741 824
2 147 483 648

4 294 967 296
8 589 934 592
17 179 869 184
34 359 738 368

68 719 476 736
137 438 953 472
274 877 906 944
549 755 813 888

=2

= OWw ™ I MO W =O

Pk

[ ey
> o N

15

.003 906 25
.001 953 125
.000 976 562 5
.000 488 281 25

0

0

0

0

000 244 140 625
.000 122 070 312 5
000 061 035 156 25
000 030 517 578 125
0
0
0

00 015 258 789 062 5

00 007 629 394 531 25
.000 003 814 697 265 625
0.000 001 907 348 632 812 5

1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.000 000 953 674 316 406 25
0.000 000 476 837 158 203 125
0.000 000 238 418 579 101 562 5
0.000 000 119 209 289 550 781 25

0.000 000 059 604 644 775 390 625
0.000 000 029 802 322 387 695 312 5
0.000 000 014 901 161 193 847 656 25
0.000 000 007 450 580 596 923 828 125

0.000 000 003 725 290 298 461 914 062 5
0.000 000 001 862 645 149 230 957 031 25
0.000 000 000 931 322 574 615 478 515 625
0.000 000 000 465 661 287 307 739 257 812 5

0.000 000 000 232 830 643 653 869 628 906 25
0.000 000 000 116 415 321 826 934 814 453 125
0.000 000 000 058 207 660 913 467 407 226 562 5
0.000 000 000 029 103 830 456 733 703 613 281 25

0.000 000 000 014 551 915 228 366 851 806 640 625
0.000 000 000 007 275 957 614 183 425 903 320 312 5
0.000 000 000 003 637 978 807 091 712 951 660 156 25
0.000 000 000 001 818 989 403 545 856 475 830 078 125
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Appendix E. Hexadecimal-Decimal Conversion Table

The table in this appendix provides for direct con-

HEXADECIMAL

DECIMAL

. . . . 4000 16384

version of decimal and hexadecimal numbers in these 2000 20484

ranges: 6000 24576

HEXADECIMAL DECIMAL 7000 28672

000 to FFF 0000 to 4095 8000 32768

For numbers outside the range of the table, add the i%%% 2?)3%

following values to the table figures: B00O 43056

HEXADECIMAL DECIMAL C000 49152

1000 4096 D000 53248

2000 8192 E000 57344

3000 12288 F000 61440

0 1 2 3 4 5 6 7 8 9 A B C D E F

000 0000 0001 0002 0003 0004 0005 0006 0007 0008 0009 0010 0011 0012 0013 0014 0015
010 0016 0017 0018 0019 0020 0021 0022 0023 0024 0025 0026 0027 0028 0029 0030 0031
020 0032 0033 0034 0035 0036 0037 0038 0039 0040 0041 0042 0043 0044 0045 0046 0047
030 0048 0049 0050 0051 0052 0053 0054 0055 0056 0057 0058 0059 0060 0061 0062 0063
040 0064 0065 0066 0067 0068 0069 0070 0071 0072 0073 0074 0075 0076 0077 0078 0079
050 0080 0081 0082 0083 0084 0085 0086 0087 0088 0089 0090 0091 0092 0093 0094 0095
060 0096 0097 0098 0099 0100 0101 0102 0103 0104 0105 0106 0107 0108 0109 0110 Ol11
070 0112 0113 0114 0115 0116 0117 0118 0119 0120 0121 0122 0123 0124 0125 0126 0127
080 0128 0129 0130 0131 0132 0133 0134 0135 0136 0137 0138 0139 0140 0141 0142 0143
090 0144 0145 0146 0147 0148 0149 0150 0151 0152 0153 0154 0155 0156 0157 0158 0159
0A0 0160 0161 0162 0163 0164 0165 0166 0167 0168 0169 0170 0171 0172 0173 0174 0175
0BO 0176 0177 0178 0179 0180 0181 0182 0183 0184 0185 0186 0187 0188 0189 0190 0191
0C0 0192 0193 0194 0195 0196 0197 0198 0199 0200 0201 0202 0203 0204 0205 0206 0207
0D0 0208 0209 0210 0211 0212 0213 0214 0215 0216 0217 0218 0219 0220 0221 0222 0223
0EO 0224 0225 0226 0227 0228 0229 0230 0231 0232 0233 0234 0235 0236 0237 0238 0239
0F0 0240 0241 0242 0243 0244 0245 0246 0247 0248 0249 0250 0251 0252 0253 0254 0255
100 0256 0257 0258 0259 0260 0261 0262 0263 0264 0265 0266 0267 0268 0269 0270 0271
110 0272 0273 0274 0275 0276 0277 0278 0279 0280 0281 0282 0283 0284 0285 0286 0287
120 0288 0289 0290 0291 0202 0293 0294 0295 0206 0297 0298 0299 0300 0301 0302 0303
130 0304 0305 0306 0307 0308 0309 0310 0311 0312 0313 0314 0315 0316 0317 0318 0319
140 0320 0321 0322 0323 0324 0325 0326 0327 0328 0329 0330 0331 0332 0333 0334 0335
150 0336 0337 0338 0339 0340 0341 0342 0343 0344 0345 0346 0347 0348 0349 0350 0351
160 0352 0353 0354 0355 0356 0357 0358 0359 0360 0361 0362 0363 0364 0365 0366 0367
170 0368 0369 0370 0371 0372 0373 0374 0375 0376 0377 0378 0379 0380 0381 0382 0383
180 0384 0385 0386 0387 0388 0389 0390 0391 0392 0393 0394 0395 0396 0397 0398 0399
190 0400 0401 0402 0403 0404 0405 0406 0407 0408 0409 0410 0411 0412 0413 0414 0415
1A0 0416 0417 0418 0419 0420 0421 0422 0423 0424 0425 0426 0427 0428 0429 0430 0431
1BO 0432 0433 0434 0435 0436 0437 0438 0439 0440 0441 0442 0443 0444 0445 0446 0447
1CO 0448 0449 0450 0451 0452 0453 0454 0455 0456 0457 0458 0459 0460 0461 0462 0463
1D0 0464 0465 0466 0467 0468 0469 0470 0471 0472 0473 0474 0475 0476 0477 0478 0479
1E0 0480 0481 0482 0483 0484 0485 0486 0487 0488 0489 0490 0491 0492 0493 0494 0495
1F0 0496 0497 0498 0499 0500 0501 0502 0503 0504 0505 0506 0507 0508 0509 0510 0511
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0 1 2 3 4 5 6 7 8 9 A B C D E F
200 | 0512 0513 0514 0515 0516 0517 0518 0519 0520 0521 0522 0523 0524 0525 0526 0527
210 | 0528 0529 0530 0531 0532 0533 0534 0535 0536 0537 0538 0539 0540 0541 0542 0543
220 | 0544 0545 0546 0547 0548 0549 0550 0551 0552 0553 0554 0555 0556 0557 0558 0559
230 | 0560 0561 0562 0563 0564 0565 0566 0567 0568 0569 0570 0571 0572 0573 0574 0575
240 | 0576 0577 0578 0579 0580 0581 0582 0583 0584 0585 0586 0587 0588 0589 0590 0501
250 | 0592 0593 0594 0595 0596 0597 0598 0599 0600 0601 0602 0603 0604 0605 0606 0607
260 | 0608 0609 0610 0611 0612 0613 0614 0615 0616 0617 0618 0619 0620 0621 0622 0623
270 | 0624 0625 0626 0627 0628 0629 0630 0631 0632 0633 0634 0635 0636 0637 0638 0639
280 | 0640 0641 0642 0643 0644 0645 0646 0647 0648 0649 0650 0651 0652 0653 0654 0655
290 | 0856 0657 0658 0659 0660 0661 0662 0663 0664 0665 0666 0667 0668 0669 0670 0671
2A0 | 0672 0673 0674 0675 0676 0677 0678 0679 0680 0681 0682 0683 0684 0685 0686 0687
2BO | 0688 0689 0690 0691 0692 0693 0694 0695 0696 0697 0698 0699 0700 0701 0702 0703
2C0 | 0704 0705 0706 0707 0708 0709 0710 0711 0712 0713 0714 0715 0716 0717 0718 0719
2D0 | 0720 0721 0722 0723 0724 0725 0726 0727 0728 0729 0730 0731 0732 0733 0734 0735
9E0 | 0736 0737 0738 0739 0740 0741 0742 0743 0744 0745 0746 0747 0748 0749 0750 0751
oF0 | 0752 0753 0754 0755 0756 0757 0758 0759 0760 0761 0762 0763 0764 0765 0766 0767
300 | 0768 0769 0770 0771 0772 0773 0774 0775 0776 0777 0778 0779 0780 0781 0782 0783
310 | 0784 0785 0786 0787 0788 0789 0790 0791 0792 0793 0794 0795 0796 0797 0798 0799
320 | 0800 0801 0802 0803 0804 0805 0806 0807 0808 0809 0810 0811 0812 0813 0814 0815
330 | 0816 0817 0818 0819 0820 0821 0822 0823 0824 0825 0826 0827 0828 0829 0830 0831
340 | 0832 0833 0834 0835 0836 0837 0838 0839 0840 0841 0842 0843 0844 0845 0846 0847
350 | 0848 0849 0850 0851 0852 0853 0854 0855 0856 0857 0858 0859 0860 0861 0862 0863
360 | 0864 0865 0866 0867 0868 0869 0870 0871 0872 0873 0874 0875 0876 0877 0878 0879
370 | 0880 0881 0882 0883 0884 0885 0886 0887 0888 0889 0890 0891 0892 0893 0894 0895
380 | 0896 0897 0898 0899 0900 0901 0902 0903 0904 0905 0906 0907 0908 0909 0910 0911
390 | 0912 0913 0914 0915 0916 0917 0918 0919 0920 0921 0922 0923 0924 0925 0926 0927
3A0 | 0928 0929 0930 0931 0932 0933 0934 0935 0936 0937 0938 0939 0940 0941 0942 0943
3B0 | 0944 0945 0946 0947 0948 0949 0950 0951 0952 0953 0954 0955 0956 0957 0958 0959
3CO | 0960 0961 0962 0963 0964 0965 0966 0967 0968 0969 0970 0971 0972 0973 0974 0975
3D0 | 0976 0977 0978 0979 0980 0981 0982 0983 0984 0985 0986 0987 0988 0989 0990 0991
3EO | 0992 0993 0994 0995 0996 0997 0998 0999 1000 1001 1002 1003 1004 1005 1006 1007
3F0 | 1008 1009 1010 1011 1012 1013 1014 1015 1016 1017 1018 1019 1020 1021 1022 1023
0 1 ) 3 4 5 6 7 8 9 A B C D E F
400 | 1024 1025 1026 1027 1028 1029 1030 1031 1032 1033 1034 1035 1036 1037 1038 1039
410 | 1040 1041 1042 1043 1044 1045 1046 1047 1048 1049 1050 1051 1052 1053 1054 1055
420 | 1056 1057 1058 1059 1060 1061 1062 1063 1064 1065 1066 1067 1068 1069 1070 1071
430 | 1072 1073 1074 1075 1076 1077 1078 1079 1080 1081 1082 1083 1084 1085 1086 1087
440 | 1088 1089 1090 1091 1092 1093 1094 1095 1096 1097 1098 1099 1100 1101 1102 1103
450 | 1104 1105 1106 1107 1108 1109 1110 1111 1112 1113 1114 1115 1116 1117 1118 1119
460 | 1120 1121 11922 1123 1124 1125 1126 1127 1128 1129 1130 1131 1132 1133 1134 1135
470 | 1136 1137 1138 1139 1140 1141 1142 1143 1144 1145 1146 1147 1148 1149 1150 1151
480 | 1152 1153 1154 1155 1156 1157 1158 1159 1160 1161 1162 1163 1164 1165 1166 1167
490 | 1168 1169 1170 1171 1172 1173 1174 1175 1176 1177 1178 1179 1180 1181 1182 1183
4A0 | 1184 1185 1186 1187 1188 1189 1190 1191 1192 1193 1194 1195 1196 1197 1198 1199
4B0 | 1200 1201 1202 1203 1204 1205 1206 1207 1208 1209 1210 1211 1212 1213 1214 1215
4C0 | 1216 1217 1218 1219 1220 1221 1292 1223 1224 1225 1296 1227 1228 1229 1230 1231
4D0 | 1232 1233 1234 1235 1236 1237 1238 1239 1240 1241 1242 1243 1244 1245 1246 1247
4E0 | 1248 1249 1250 1251 1252 1253 1254 1255 1256 1257 1258 1259 1260 1261 1262 1263
4F0 | 1264 1265 1266 1267 1268 1269 1270 1271 1272 1273 1274 1275 1276 1277 1278 1279
500 | 1280 1281 1282 1283 1284 1285 1286 1287 1288 1289 1290 1201 1292 1293 1294 1295
510 | 1296 1297 1298 1299 1300 1301 1302 1303 1304 1305 1306 1307 1308 1309 1310 1311
520 | 1312 1313 1314 1315 1316 1317 1318 1319 1320 1321 1322 1323 1324 1325 1326 1327
530 | 1328 1329 1330 1331 1332 1333 1334 1335 1336 1337 1338 1339 1340 1341 1342 1343
540 | 1344 1345 1346 1347 1348 1349 1350 1351 1352 1353 1354 1355 1356 1357 1358 1359
550 | 1360 1361 1362 1363 1364 1365 1366 1367 1368 1369 1370 1371 1372 1373 1374 1375
560 | 1376 1377 1378 1379 1380 1381 1382 1383 1384 1385 1386 1387 1388 1389 1300 1391
570 | 1392 1393 1394 1395 1396 1397 1398 1399 1400 1401 1402 1403 1404 1405 1406 1407
580 | 1408 1409 1410 1411 1412 1413 1414 1415 1416 1417 1418 1419 1420 1421 1422 1423
500 | 1424 1425 1426 1427 1428 1429 1430 1431 1432 1433 1434 1435 1436 1437 1438 1439
5A0 | 1440 1441 1442 1443 1444 1445 1446 1447 1448 1449 1450 1451 1452 1453 1454 1455
5B0 | 1456 1457 1458 1459 1460 1461 1462 1463 1464 1465 1466 1467 1468 1469 1470 1471
5C0 | 1472 1473 1474 1475 1476 1477 1478 1479 1480 1481 1482 1483 1484 1485 1486 1487
5D0 | 1488 1489 1490 1491 1492 1493 1494 1495 1496 1497 1498 1499 1500 1501 1502 1503
S5E0 | 1504 1505 1506 1507 1508 1509 1510 1511 1512 1513 1514 1515 1516 1517 1518 1519
5F0 | 1520 1521 1522 1523 1524 1525 1526 1527 1528 1529 1530 1531 1532 1533 1534 1535
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0 1 2 3 4 5 6 7 8 9 A B C D E F
600 |1536 1537 1538 1539 1540 1541 1542 1543 1544 1545 1546 1547 1548 1549 1550 1551
610 |1552 1553 1554 1555 1556 1557 1558 1559 1560 1561 1562 1563 1564 1565 1566 1567
620 1568 1569 1570 1571 1572 1573 1574 1575 1576 1577 1578 1579 1580 1581 1582 1583
630 |1584 1585 1586 1587 1588 1589 1500 1591 1592 1593 1594 1595 1596 1597 1598 1599
640 1600 1601 1602 1603 1604 1605 1606 1607 1608 1609 1610 - 1611 1612 1613 1614 1615
650 |1616 1617 1618 1619 1620 1621 1622 1623 1624 1625 1626 1627 1628 1629 1630 1631
660 |1632 1633 1634 1635 1636 1637 1638 1639 1640 1641 1642 1643 1644 1645 1646 1647
670 |1648 1649 1650 1651 1652 1653 1654 1655 1656 1657 1658 1659 1660 1661 1662 1663
680 |1664 1665 1666 1667 1668 1669 1670 1671 1672 1673 1674 1675 1676 1677 1678 1679
690 |1680 1681 1682 1683 1684 1685 1686 1687 1688 1689 1690 1691 1692 1693 1694 1695
6A0 |1696 1697 1698 1699 1700 1701 1702 1703 1704 1705 1706 1707 1708 1709 1710 1711
6B0 |1712 1713 1714 1715 1716 1717 1718 1719 1720 1721 1722 1723 1724 1725 1726 1727
6CO |1728 1729 1730 1731 1732 1733 1734 1735 1736 1737 1738 1739 1740 1741 1742 1743
6D0 |1744 1745 1746 1747 1748 1749 1750 1751 1752 1753 1754 1755 1756 1757 1758 1759
6E0 |1760 1761 1762 1763 1764 1765 1766 1767 1768 1769 1770 1771 1772 1773 1774 1775
6F0 1776 1777 1778 1779 1780 1781 1782 1783 1784 1785 1786 1787 1788 1789 1790 1791
700 1792 1793 1794 1795 1796 1797 1798 1799 1800 1801 1802 1803 1804 1805 1806 1807
710 {1808 1809 1810 1811 1812 1813 1814 1815 1816 1817 1818 1819 1820 1821 1822 1823
720 1824 1825 1826 1827 1828 1829 1830 1831 1832 1833 1834 1835 1836 1837 1838 1839
730 |1840 1841 1842 1843 1844 1845 1846 1847 1848 1849 1850 1851 1852 1853 1854 1855
740 1856 1857 1858 1859 1860 1861 1862 1863 1864 1865 1866 1867 1868 1869 1870 1871
750 |1872 1873 1874 1875 1876 1877 1878 1879 1880 1881 1882 1883 1884 1885 1886 1887
760 1888 1889 1890 1891 1892 1893 1894 1895 1896 1897 1898 1899 1900 1901 1902 1903
770 |1904 1905 1906 1907 1908 1909 1910 1911 1912 1913 1914 1915 1916 1917 1918 1919
780 1920 1921 1922 1923 1924 1925 1926 1927 1928 1929 1930 1931 1932 1933 1934 1935
790 |1936 1937 1938 1939 1940 1941 1942 1943 1944 1945 1946 1947 1948 1949 1950 1951
7A0 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967
7B0 |1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983
7C0 | 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
7D0  [2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
7E0 |2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031
7F0 | 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047
0 1 2 3 4 5 6 7 8 9 A B C D E F
800 2048 2049 2050 2051 2052 2053 2054 2055 2056 2057 2058 2059 2060 2061 2062 2063
810 |2064 2065 2066 2067 2068 2069 2070 2071 2072 2073 2074 2075 2076 2077 2078 2079
820 [2080 2081 2082 2083 2084 2085 2086 2087 2088 2089 2090 2091 2092 2093 2094 2095
830 2096 2097 2098 2099 2100 2101 2102 2103 2104 2105 2106 2107 2108 2109 2110 2111
840 [2112 2113 2114 2115 2116 2117 2118 2119 2120 2121 2122 2123 2124 2125 2126 2127
850 |2128 2120 2130 2131 2132 2133 2134 2135 2136 2137 2138 2139 2140 2141 2142 2143
860 [2144 2145 2146 2147 2148 2149 2150 2151 2152 2153 2154 2155 2156 2157 2158 2159
870 |2160 2161 2162 2163 2164 2165 2166 2167 2168 2169 2170 2171 2172 2173 2174 2175
880 |2176 2177 2178 2179 2180 2181 2182 2183 2184 2185 2186 2187 2188 2189 2190 2191
890 [2192 2193 2194 2195 2196 2197 2198 2199 2200 2201 2202 2203 2204 2205 2206 2207
8A0 2208 2209 2210 2211 2212 2213 2214 2215 2216 2217 2218 2219 2220 2221 2222 2293
8BO |2024 2225 2226 2227 2228 22290 2230 2231 2232 2233 2234 2235 2236 2237 2238 2239
8CO |2240 2241 2242 2243 2244 2245 2246 2247 2248 2249 2250 2251 2252 2253 2254 2955
8DO |2956 2257 2258 2259 2260 2261 2262 2263 2264 2265 2266 2267 2268 2269 2270 2271
S8EO0 |2272 2273 2274 2275 2276 2277 2278 2279 2280 2981 2282 2283 2284 2285 2286 2287
8FO |2288 2289 2200 2291 2292 2293 2294 2295 2296 2297 2298 2299 2300 2301 2302 2303
900 | 2304 2305 2306 2307 2308 2309 2310 2311 2312 2313 2314 2315 2316 2317 2318 2319
910 2320 2321 2322 2323 2324 2325 2326 2327 2328 2329 2330 2331 2332 2333 2334 2335
920 |2336 2337 2338 2339 2340 2341 2342 2343 2344 2345 2346 2347 2348 2349 2350 2351
930 |2352 2353 2354 2355 2356 2357 2358 2359 2360 2361 2362 2363 2364 2365 2366 2367
940 | 2368 2369 2370 2371 2372 2373 2374 2375 2376 2377 2378 2379 2380 2381 2382 2383
950 |2384 2385 2386 2387 2388 2389 2390 2391 2392 2393 2394 2395 2396 2397 2398 2399
960 | 2400 2401 2402 2403 2404 2405 2406 2407 2408 2409 2410 2411 2412 2413 2414 2415
970 | 2416 2417 2418 2419 2420 2421 2422 2423 2424 2495 2426 2427 24928 2429 2430 2431
980 |2432 2433 2434 2435 2436 2437 2438 2430 2440 2441 2442 2443 2444 2445 2446 2447
990 | 2448 2449 2450 2451 2452 2453 2454 2455 2456 2457 2458 2459 2460 2461 2462 2463
9A0 | 2464 2465 2466 2467 2468 2469 2470 2471 2472 2473 2474 2475 2476 2477 2478 2479
9B0 | 2480 2481 2482 92483 2484 2485 2486 2487 2488 2480 2490 2401 2492 2493 2494 2495
9C0 | 2496 2497 2498 2499 2500 2501 2502 2503 2504 2505 2506 2507 2508 2509 2510 2511
9D0 |2512 2513 2514 2515 2516 2517 2518 2519 2520 2521 2522 2523 2524 2525 2526 2527
9E0 |2528 2529 2530 2531 2532 2533 2534 2535 2536 2537 2538 2539 2540 2541 2542 2543
OF0 | 2544 2545 2546 2547 2548 2549 2550 2551 2552 2553 2554 2555 2556 2557 2558 2559
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0 1 2 3 4 5 6 7 8 9 A B C D E F
A00 2560 2561 2562 2563 2564 2565 2566 2567 2568 2569 2570 2571 2572 2573 2574 2575
AlO 2576 2577 2578 2579 2580 2581 2582 2583 2584 2585 2586 2587 2588 2589 2590 2591
A20 2592 2593 2594 2595 2596 2597 2598 2599 2600 2601 2602 2603 2604 2605 2606 2607
A30 2608 2609 2610 2611 2612 2613 2614 2615 2616 2617 2618 2619 2620 2621 2622 2623
A40 2624 2625 2626 2627 2628 2629 2630 2631 2632 2633 2634 2635 2636 2637 2638 2639
A50 2640 2641 2642 2643 2644 2645 2646 2647 2648 2649 2650 2651 2652 2653 2654 2655
A6B0 2656 2657 2658 2659 2660 2661 2662 2663 2664 2665 2666 2667 2668 2669 2670 2671
AT0 2672 2673 2674 2675 2676 2677 2678 2679 2680 2681 2682 2683 2684 2685 2686 2687
A80 2688 2689 2690 2691 2692 2693 2694 2695 2696 2697 2698 2699 2700 2701 2702 2703
A90 2704 2705 2706 2707 2708 2709 2710 2711 2712 2713 2714 2715 2716 2717 2718 2719
AAQ 2720 2721 2722 2723 2724 2725 2726 2727 2728 2729 2730 2731 2732 2733 2734 2735
ABO 2736 2737 2738 2739 2740 2741 2742 2743 2744 2745 2746 2747 2748 2749 2750 2751
ACO 2752 2753 2754 2755 2756 2757 2758 2759 2760 2761 2762 2763 2764 2765 2766 2767
ADO 2768 2769 2770 2771 2772 2773 2774 2775 2776 2777 2778 2779 2780 2781 2782 2783
AEQ 2784 2785 2786 2787 2788 2789 2790 2791 2792 2793 2794 2795 2796 2797 2798 2799
AFO 2800 2801 2802 2803 2804 2805 2806 2807 2808 2809 2810 2811 2812 2813 2814 2815
BOO 2816 2817 2818 2819 2820 2821 2822 2823 2824 2825 2826 2827 2828 2829 2830 2831
B10 2832 2833 2834 2835 2836 2837 2838 2839 2840 2841 2842 2843 2844 2845 2846 2847
B20 2848 2849 2850 2851 2852 2853 2854 2855 2856 2857 2858 2859 2860 2861 2862 2863
B30 2864 2865 2866 2867 2868 2869 2870 2871 2872 2873 2874 2875 2876 2877 2878 2879
B40 2880 2881 2882 2883 2884 2885 2886 2887 2888 2889 2890 2891 2892 2893 2894 2895
B50 2896 2897 2898 2899 2900 2901 2902 2903 2904 2905 2906 2907 2908 2909 2910 2911
B60 2912 2913 2914 2915 2916 2917 2918 2919 2920 2921 2922 2923 2024 2925 2926 2927
B70 2928 2929 2930 2931 2932 2933 2934 2935 2936 2937 2938 2939 2940 2941 2942 2943
B8O 2944 2945 2946 2947 2948 2949 2950 2951 2952 2053 2954 2955 2956 2957 2058 2959
B90 2060 2961 2962 2963 2964 2965 2966 2967 2968 2969 2970 2971 2972 2973 2974 2975
BAO 2976 2977 2978 2979 2080 2981 2982 2983 2084 2985 2986 2987 2988 2989 2990 2991
BBO 2992 2093 2994 2995 2996 2997 2998 2999 3000 3001 3002 3003 3004 3005 3006 3007
BCO 3008 3009 3010 3011 3012 3013 3014 3015 3016 3017 3018 3019 3020 3021 3022 3023
BDO 3024 3025 3026 3027 3028 3029 3030 3031 3032 3033 3034 3035 3036 3037 3038 3039
BEO 3040 3041 3042 3043 3044 3045 3046 3047 3048 3049 3050 3051 3052 3053 3054 3055
BF0 3056 3057 3058 3059 3060 3061 3062 3063 3064 3065 3066 3067 3068 3069 3070 3071
0 1 2 3 4 5 6 7 8 9 A B C D E F
Cc00 3072 3073 3074 3075 3076 3077 3078 3079 3080 3081 3082 3083 3084 3085 3086 3087
Cl10 3088 3089 3090 3091 3092 3093 3094 3095 3096 3097 3098 3099 3100 3101 3102 3103
C20 3104 3105 3106 3107 3108 3109 3110 3111 3112 3113 3114 3115 3116 3117 3118 3119
C30 3120 3121 3122 3123 3124 3125 3126 3127 3128 3129 3130 3131 3132 3133 3134 3135
C40 3136 3137 3138 3139 3140 3141 3142 3143 3144 3145 3146 3147 3148 3149 3150 3151
C50 3152 3153 3154 3155 3156 3157 3158 3159 3160 3161 3162 3163 3164 3165 3166 3167
C60 3168 3169 3170 3171 3172 3173 3174 3175 3176 3177 3178 3179 3180 3181 3182 3183
C70 3184 3185 3186 3187 3188 3189 3190 3191 3192 3193 3194 3195 3196 3197 3198 3199
C80 3200 3201 3202 3203 3204 3205 3206 3207 3208 3209 3210 3211 3212 3213 3214 3215
C90 3216 3217 3218 3219 3220 3221 3222 3223 3224 3225 3226 3227 3228 3229 3230 3231
CAQ 3232 3233 3234 3235 3236 3237 3238 3239 3240 3241 3242 3243 3244 3245 3246 3247
CBO 3248 3249 3250 3251 3252 3253 3254 3255 3256 3257 3258 3259 3260 3261 3262 3263
CCO 3264 3265 3266 3267 3268 3269 3270 3271 3272 3273 3274 3275 3276 3277 3278 3279
CDO 3280 3281 3282 3283 3284 3285 3286 3287 3288 3289 3290 3291 3202 3293 3294 3295
CEO 3296 3297 3208 3299 3300 3301 3302 3303 3304 3305 3306 3307 3308 3309 3310 3311
CF0 3312 3313 3314 3315 3316 3317 3318 3319 3320 3321 3322 3323 3324 3325 3326 3327
D00 3328 3329 3330 3331 3332 3333 3334 3335 3336 3337 3338 3339 3340 3341 3342 3343
D10 3344 3345 3346 3347 3348 3349 3350 3351 3352 3353 3354 3355 3356 3357 3358 3359
D20 3360 3361 3362 3363 3364 3365 3366 3367 3368 3369 3370 3371 3372 3373 3374 3375
D30 3376 3377 3378 3379 3380 3381 3382 3383 3384 3385 3386 3387 3388 3389 3390 3391
D40 3392 3393 3394 3395 3396 3397 3398 3399 3400 3401 3402 3403 3404 3405 3406 3407
D50 3408 3409 3410 3411 3412 3413 3414 3415 3416 3417 3418 3419 3420 3421 3422 3423
D60 3424 3425 3426 3427 3428 3429 3430 3431 3432 3433 3434 3435 3436 3437 3438 3439
D70 3440 3441 3442 3443 3444 3445 3446 3447 3448 3449 3450 3451 3452 3453 3454 3455
D80 3456 3457 3458 3459 3460 3461 3462 3463 3464 3465 3466 3467 3468 3469 3470 3471
D90 3472 3473 3474 3475 3476 3477 3478 3479 3480 3481 3482 3483 3484 3485 3486 3487
DAO 3488 3489 3490 3491 3492 3493 3494 3495 3496 3497 3498 3499 3500 3501 3502 3503
DBO 3504 3505 3506 3507 3508 3509 3510 3511 3512 3513 3514 3515 3516 3517 3518 3519
DCO 3520 3521 3522 3523 3524 3525 3526 3527 3528 3529 3530 3531 3532 3533 3534 3535
DDO 3536 3537 3538 3539 3540 3541 3542 3543 3544 3545 3546 3547 3548 3549 3550 3551
DEO 3552 3553 3554 3555 3556 3557 3558 3559 3560 3561 3562 3563 3564 3565 3566 3567
DFO0 3568 3569 3570 3571 3572 3573 3574 3575 3576 3577 3578 3579 3580 3581 3582 3583
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0 1 2 3 4 5 6 7 8 9 A B C D E F
EO00 3584 3585 3586 3587 3583 3589 3590 3591 3592 3593 3594 3595 3596 3597 3598 3599
E10 3600 3601 3602 3603 3604 3605 3606 3607 3608 3609 3610 3611 3612 3613 3614 3615
E20 3616 3617 3618 3619 3620 3621 3622 3623 3624 3625 3626 3627 3628 3629 3630 3631
E30 3632 3633 3634 3635 3636 3637 3638 3639 3640 3641 3642 3643 3644 3645 3646 3647
E40 3648 3649 3650 3651 3652 3653 3654 3655 3656 3657 3658 3659 3660 3661 3662 3663
E50 3664 3665 3666 3667 3668 3669 3670 3671 3672 3673 3674 3675 3676 3677 3678 3679
E60 3680 3681 3682 3683 3684 3685 3686 3687 3688 3689 3690 3691 3692 3693 3694 3695
E70 3696 3697 3698 3699 3700 3701 3702 3703 3704 3705 3706 3707 3708 3709 3710 3711
E80 3712 3713 3714 3715 3716 3717 3718 3719 3720 3721 3722 3723 3724 3725 3726 3727
E90 3728 3729 3730 3731 3732 3733 3734 3735 3736 3737 3738 3739 3740 3741 3742 3743
EAO 3744 3745 3746 3747 3748 3749 3750 3751 3752 3753 3754 3755 3756 3757 3758 3759
EBO 3760 3761 3762 3763 3764 3765 3766 3767 3768 3769 3770 3771 3772 3773 3774 3775
ECO | 3776 3777 3778 3779 3780 3781 3782 3783 3784 3785 3786 3787 3788 3789 3790 3791
EDO | 3792 3793 3794 3795 3796 3797 3798 3799 3800 3801 3802 3803 3804 3805 3806 3807
EE0O 3808 3809 3810 3811 3812 3813 3814 3815 3816 3817 3818 3819 3820 3821 3822 3823
EF0 | 3824 3825 3826 3827 3828 3820 3830 3831 3832 3833 3834 3835 3836 3837 3838 3839
Foo 3840 3841 3842 3843 3844 3845 3846 3847 3848 3849 3850 3851 3852 3853 3854 3855
F10 3856 3857 3858 3859 3860 3861 3862 3863 3864 3865 3866 3867 3868 3869 3870 3871
F20 3872 3873 3874 3875 3876 3877 3878 3879 3880 3881 3882 3883 3884 3885 3886 3887
F30 3888 3889 3800 3891 3892 3893 3894 3895 3896 3897 3898 3899 3900 3901 3902 3903
F40 3904 3905 3906 3907 3908 3909 3910 3911 3912 3913 3914 3915 3916 3917 3918 3919
F50 3920 3921 3922 3923 3924 3925 3926 3927 3928 3929 3930 3931 3932 3933 3934 3935
F60 3936 3937 3938 3939 3940 3941 3942 3943 3944 3945 3946 3947 3948 3949 3950 3951
F70 3952 3953 3954 3955 3956 3957 3958 3959 3960 3961 3962 3963 3964 3965 3966 3967
F80 3968 3969 3970 3971 3972 3973 3974 3975 3976 3977 3978 3979 3980 3981 3982 3983
Fo0 3984 3985 3986 3987 3988 3989 3990 3991 3992 3993 3994 3995 3996 3997 3998 3999
FAO 4000 4001 4002 4003 4004 4005 4006 4007 4008 4009 4010 4011 4012 4013 4014 4015
FBO 4016 4017 4018 4019 4020 4021 4022 4023 4024 4025 4026 4027 4028 4029 4030 4031
FCO 4032 4033 4034 4035 4036 4037 4038 4039 4040 4041 4042 4043 4044 4045 4046 4047
FDO | 4048 4049 4050 4051 4052 4053 4054 4055 4056 4057 4058 4059 4060 4061 4062 4063
FEO 4064 4065 4066 4067 4068 4069 4070 4071 4072 4073 4074 4075 4076 4077 4078 4079
FFO 4080 4081 4082 4083 4084 4085 4086 4087 4088 4089 4090 4091 4092 4093 4094 4095
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Appendix F. EBCDIC and ASCII Charts

Extended Binary-Coded-Decimal Interchange Code (EBCDIC)

Bit Positions ——————» 01

L . 00 1T o 1 10 1 n 1

4567 00 ol 10 N 00 o 10 1 00 o 10 1 00 o1 10 11
0000 | NUL BLANK | & - > < + 0
0001 / a i A J 1
0010 b k s B K s 2
0011 ¢ I t I L T 3
0100 | pF | RES | BYP | PN d m u D YR 4
0101 | 1wt | NL | tF | RS e n v E N v 5
o110 | L1c | Bs | EOB | UC f o w F o | w 6
o1t | DEL | IDL | PRE | EOT s | » | x | c| p | x 7
1000 h q y H Q| v 8
1001 . , o i r z | R z 9
1010 ? { .
1011 ; $ , # )
1100 - | = % | @ N
1101 ( y | 1 ¢ N
1110 . ; _ _ I
1 2 g + / o

American Standard Code for Information Interchange (ASCII)

Extended to Eight Bits

Bit Positions ——————» 76

L , 00 1o 01 1 10 - n ,

L= X5
4321 00 01 10 11 00 o 10 1 00 01 10 N 00 01 10 1
0000 | NULL | DC, A @ P P
0001 | SOM [ DC, 1 1 A Q T e T g
0010 | EOA | DC, v 2 B R b r
0011 | EOM | DC, W 3 ¢ 5 c s
0100 | EOT | 2C4 g 4 D | T d '
0101 | WRU | ERR % 5 E U e u
0110 | RU SYNC & 6 F v f v
0111 | BELL | LEM ’ 7 G | w 9 W
1000 | BKSP | Sq ( 8 H X h x
1001 | HT S ) 9 ! Y i y
1010 | LF Sy * J z | z
1011 | vt S3 + ; ] K C k
1100 | FF S4 , < L N |
101 | CR S5 - = Y] m ﬂ
1110 | SO S6 . > N 1 n ESC
| s S7 / ? o | o DEL
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Appendix G. Instructions

Data Formats

Fixed-Point Numbers

Fullword Fixed-Point Number

| S I Integer

0

Halfword Fixed-Point Number

|S| Integer
1 15

Floating-Point Numbers

Short Floating-Point Number

31

I S I Characteristic I

Fraction

01 78

Long Floating-Point Number

31

[SI Characteristic Fraction

[ 78

Decimal Numbers

Packed Decimal Number

[oigit[pigit [oigit] [pigit [ Digit ] Digit] bigit] sign |

Zoned Decimal Number

| Zone] Digit I Zonel

[ Digit [ Zone [ Digit] sign [ pigit ]

Logical Information

Fixed-Length Logical Information

L Logical Data

0

Variable-Length Logical Information

l Character

[ 8 16

142
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Hexadecimal Representation

HEXADECIMAL
CODE

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

PRINTED
GRAPHIC

AEHOOEPOX1D TR WD

EBCDIC*
CODE

1111 0000
1111 0001
1111 0010
1111 0011
1111 0100
1111 0101
1111 0110
1111 0111
1111 1000
1111 1001
1100 0001
1100 0010
1100 0011
1100 0100
1100 0101
1100 0110

*Extended Binary-Coded-Decimal Interchange Code.
+An cight-bit representation for American Standard Code for
Information Interchange for use in eight-bit environments,

Instructions by Format Type

RR Format

rOpCode | R] l RZAJ
0

78

Fixed Point

Load

I.oad and Test
Load Complement
Load Positive
Load Negative
Add

Add Logical
Subtract
Subtract Logical
Compare
Multiply

Divide

Logical
Compare
AND

OR

Exclusive OR

Branching

Branch on Condition
Branch and Link
Branch on Count

112

jeslfeo]

Floating Point

Load S/L

Load and Test S/L
Load Complement
Load Positive S/L

AscIry
CODE
0101 0000
0101 0001
0101 0010
0101 0011
0101 0100
0101 0101
0101 0110
0101 0111
0101 1000
0101 1001
1010 0001
1010 0010
1010 0011
1010 0100
1010 0101
1010 0110

S/L

Load Negative S/L
Add Normalized S/L

Add Unnormalized

S/L

Subtract Normalized S/L
Subtract Unnormalized S/L.

Compare S/L
Halve S/L
Multiply S/L
Divide S/L

Status Switching

Set Program Mask
Supervisor Call
Set Storage Key
Insert Storage Key



G WO N~ e

Decimal feature

Direct control feature

Protection feature

R: used as mask M,

R. or Rs ignored

R. and R: used as immediate information
1. ignored

L, and L. used as cight-bit L field

RX Format S| Format
1
R X B D
Op Code J 1 | 2 | 2 I 2 ] I Op Code l ] B] l D] l
o 78 1112 1516 1920 K 0 78 1516 19 20 N
Fixed Point Floating Point Input/Output Status Switching
Load H/F Load S/L Start I/0 4 Load PSW 4
Add H/F Add Normalized S/L Test I/0 4 Set System Mask 4
Add Logical Add Unnormalized S/L Halt I/0 4 Write Direct Y
Subtract H/F Subtract Normalized S/L Test Channel 4 Read Direct Y
Subtract Logical Subtract Unnormalized S/L Diagnose
Compare H/F Compare S/L Logical
Multiply H Multiply S/L Move
Multiply F E Store S/L Compa
Divide F E Divide S/L pare
G . AND
onvert to Binary OR
Convert to Decimal Exclusive OR
Store H/F xclusive
Test Under Mask
Logical Branching
Compare Branch on Condition 1 SS Format
Load Address Branch and Link
Insert Character Branch on Count L L B D B D
Store Character Execute Op Code I 1 I 2 I 1 I 8 ! | 2 ﬁ{ 2 I
AND ) 78 iz 1516 1920 3132 35 36 47
OR
Exclusive OR Decimal Logical
Pack Move 5
Unpack Move Numeric 5
RS Format Move With Offset Move Zone 5
Zero and Add T Compare 5
OpCode | Ry | Ra | B | D, Add T AND 5
Subtract T OR 5
° 78 e 121 1920 * Compare T Exclusive OR 5
Multiply T Translate 5
Fixed Point Logical Divide T Translate and Test 5
. . . Edit T,5
Load Multiple Shift Left Single 2 . ¢
Store Multiple Shift Right Single 2 Edit and Mark T.5
Shift Left Single 2 Shift Left Double E,2 FORMAT NOTES
Shlft nght Single 2 Shlft ng'ht Double E,2 R] must be even
Shift Left Double E2 Fullword
Shift Right Double E2 Branching Halfword
Branch on High Long
Branch on Low-Eq Short

All floating-point instructions are part of the floating-point fea-

ture.
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Control Word Formats

Base and Index Registers

* Base Address orindex 1

78

0-7 Ignored

8-31 Base address or index

Program Status Word

31

I System Mask | Key | AMWP l Interruption Code ]
0 78 ni2 1516 3
ILC I cC I P'}\o/\%';im Instruction Address
“32 3334 3536 39 40 63
0-7 System mask 13 Machine check mask
0  Multiplexor channel (M)
mask 14 Wait state (W)
1  Selector channel 1 15 Problem state (P)
mask 16-31 Interruption code
2 Selector channel 2 32-33 Instruction length
mask code (ILC)
3  Selector channel 3 34-35 Condition code (CC)
mask 36-39 Program mask
4 Selector channel 4 36 Fixed-point overflow
mask mask
5  Selector channel 5 37 Decimal overflow
mask mask
6  Selector channel 6 38 Exponent underflow
mask mask
7  External mask 39 Significance mask
8-11 Protection key 40-63 Instruction address
12 ASCII mode (A)

Channel Command Word

Cog;né:end l Data Address
0 78 3l
Flags IOOOI * Count
32 3637 3940 47 48 63
0-7 Command code 35 Skip flag
8-31 Data address 36 Program-controlled
32-36 Command flags interruption flag
32 Chain data flag 37-39 Zero
33 Chain command flag 40-47 Ignored
34 Suppress length 48-63 Count

indication flag

144

Command Code Assignment

NAMES FLAGS CODE

Write CD CC SLI PCI mmMm™M MMO1

Read CD CC SLI SKIP PCI mMmMM MM10

Read Backward CD CC SLI SKIP PCI mmvmM 1100

Control CD CC SLI PCI  mmmm mmll

Sense CD CC SLI SKIP PCI mmmMM 0100

Transfer in Channel xxxx 1000

cp = Chain data skrp = Skip

cc = Chain command PCI = Program-

SLI = Suppress length controlled
indication interruption

Channel Address Word

l?ey I 000 OI Command Address

o 34 78 N

0-3  Protection key

4-7  Zero

8-31 Command address

Channel Status Word

[key[ 000 of Command Address {

0 34 78 31

F Status Count

32 47 48 3

0-3 Protection key 40 Program-controlled
4-7 Zero interruption
8-31 Command address 41 Incorrect length
32-47 Status 42 Program check
32 Attention 43 Protection check
33 Status modifier 44 Channel data check
34 Control unit end 45 Channel control check
35 Busy 46 Interface control
36 Channel end check
37 Device end 47 Chaining check
38 Unit check 48-63 Count
39 Unit exception



Operation Codes

RR Format

CLASS

BRANCHING AND

FIXED-POINT
FULLWORD

FLOATING-POINT

FLOATING-POINT

STATUS SWITCHING AND LOGICAL LONG SHORT
XXXX 0000xxxx 0001xxxx 0010xxxx 0011xxxx
0000 Load Positive Load Positive Load Positive
0001 Load Negative Load Negative Load Negative
0010 Load and Test Load and Test Load and Test
0011 Load Complement Load Complement Load Complement
0100 Set Program Mask AND Halve Halve
0101 Branch and Link Compare Logical
0110 Branch on Count OR
0111 Branch/Condition Exclusive OR
1000 Set Key Load Load Load
1001 Insert Key Compare Compare Compare
1010 Supervisor Call Add Add N Add N
1011 Subtract Subtract N Subtract N
1100 Multiply Multiply Multiply
1101 Divide Divide Divide
1110 Add Logical Add U Add U
1111 Subtract Logical Subtract U Subtract U
RX Format

CLASS

FIXED-POINT

FIXED-POINT

HALFWORD FULLWORD FLOATING-POINT FLOATING-POINT
AND BRANCHING AND LOGICAL LONG SHORT

XXXX 0100xxxx 0101xxxx 0110xxxx 011 1xxxx
0000 Store Store Store Store
0001 Load Address
0010 Store Character
0011 Insert Character
0100 Execute AND
0101 Branch and Link Compare Logical
0110 Branch on Count OR
0111 Branch/Condition Exclusive OR
1000 Load Load Load Load
1001 Compare Compare Compare Compare
1010 Add Add Add N Add N
1011 Subtract Subtract Subtract N Subtract N
1100 Multiply Multiply Multiply Multiply
1101 Divide Divide Divide
1110 Convert-Decimal Add Logical Add U Add U
1111 Convert-Binary Subtract Logical Subtract U Subtract U
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RS, S| Format

BRANCHING
STATUS SWITCHING

CLASS

FIXED-POINT
LOGICAL AND

AND SHIFTING INPUT/OUTPUT
XXXX 1000xxxx 1001xxxx 1010xxxx 101 1xxxx
0000 Set System Mask Store Multiple
0001 Test Under Mask
0010 Load PSW Move
0011 Diagnose
0100 Write Direct AND
0101 Read Direct Compare Logical
0110 Branch/High OR
0111 Branch/Low-Equal Exclusive OR
1000 Shift Right SL Load Multiple
1001 Shift Left SL
1010 Shift Right S
1011 Shift Left S
1100 Shift Right DL Start I/0
1101 Shift Left DL Test 170
1110 Shift Right D Halt I/0
1111 Shift Left D Test Channel
$S Format
CLASS

LOGICAL DECIMAL
XXXX 1100xxxx 1101xxxx 1110xxxx 1111xxxx
0000
0001 Move Numeric Move With Offsct
0010 Move Pack
0011 Move Zone Unpack
0100 AND
0101 Compare Logical
0110 OR
0111 Exclusive OR
1000 Zero and Add
1001 Compare
1010 Add
1011 Subtract
1100 Translate Multiply
1101 Translate and Test Divide
1110 Edit
1111 Edit and Mark
OPERATION CODE NOTES
N = Normalized U = Unnormalized
SL. = Single logical S — Single
DL = Double logical D = Double
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Permanent Storage Assignment

ADDRESS LENGTH PURPOSE
0 00000000 double-word Initial program loading PSW
8 0000 1000 double-word Initial program loading CCW1

16 0001 0000
24 0001 1000
32 0010 0000
40 0010 1000
48 0011 0000
56 0011 1000
64 0100 0000

Initial program loading CCW2
Extcrnal old PSW

Supervisor call old PSW
Program old PSW
Machine-check old PSW
Input/output old PSW
Channel status word

double-word
double-word
double-word
double-word
double-word
double-word
double-word

72 0100 1000 word Channel address word
76 01001100 word Unused

80 0101 0000 word Timer

84 0101 0100 word Unused

double-word
double-word

FExternal new PSW
Supervisor call new PSW

88 0101 1000
96 0110 0000

104 0110 1000 double-word Program new PSW

112 0111 0000 double-word Machine-check new PSW
120 0111 1000 double-word Input/output new PSW
128 1000 0000 Diagnostic scan-out area™

* The size of the diagnostic scan-out arca depends on the par-
ticular model and 170 channels.

Condition Code Setting

Fixed-Point Arithmetic

0 1 2 3
Add H/F Zero < zero > zero overflow
Add Logical Zero not zero  zero, carry

carry
Compare H/F equal  low high --
Load and Test Zero < zero > zero --
Load Complement ZCro < zero > zero overflow
Load Negative Zero < zero - -
Load Positive Zero - > zero overflow
Shift Left Double Zero < zero > zero overflow
Shift Left Single ZEero < zero > zero overflow
Shift Right Double Zero < zero > zero -
Shift Right Single Zero < zero > zero -
Subtract H/F Zero < zero > zero overflow
Subtract Logical - not zero  zero, carry
carry

Decimal Arithmetic
Add Decimal Zero < zero > zero overflow
Compare Decimal equal low high -
Subtract Decimal zero < zero > zero  overflow
Zero and Add Zero < zero > zero overflow

Floating-Point Arithmetic

Add Normalized S/L.  zero < zero > zero overflow
Add Unnormalized S/L zero < zero > zero overflow
Compare S/L equal  low high --
Load and Test S/L Zero < zero > zero -

Load Complement S/L  zero < zero > zero -
Load Negative S/L. 7er0 < zero - --
Load Positive S/L 7E1ro - > zero -
Subtract

Normalized S/1. 7€10 < zero > zero overflow
Subtract Unnorm-

alized S/L 7ero < zero > zero overflow
Logical Operations
AND ZE10 not zero - -
Compare Logical equal low high -
Edit 7€ro < 7ero > zero --
Edit and Mark Zero < zero > zero -
Exclusive OR 710 not zero - -
OR Z€10 not zero -- -
Test Under Mask zero mixed - one
Translate and Test zero  incomplete complete --
Input/Output Operations
Halt 170 not halted stopped  not oper

working
Start I/0 available CSW busy not oper
stored
Test Channel not CSW working  not oper
working ready

Test1/0 available CSW working  not oper

stored

CONDITION CODE SETTING NOTES

available
busy

carry
complete
CSW ready
CSW stored
equal

F

> zero

H

halted

high
incomplete
L

< zero

low

mixed

not oper
not working
not zero
one
overflow

S

stopped
working
zero

The condition

Unit and channel available

Unit or chanel busy

A carry out of the sign position occurred
Last result byte nonzero

Channel status word ready for test or interruption
Channel status word stored

Operands comparc equal

Fullword

Result is greater than zero

Halfword

Data transmission stopped. Unit in halt-reset mode
First operand compares high

Nonzero result byte; not last

Long precision

Result is less than zero

First operand compares low

Selected bits are both zero and one

Unit or channel not operational

Unit or channel not working

Result is not all zero

Selected bits are one

Result overflows

Short precision

Data transmission stopped

Unit or channel working

Result or selected bits are zero

code also may be changed by LOAD PSW, SET

SYSTEM MASK, DIAGNOSE, and by an interruption.
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Interruption Action

INSTRUC-
INTERRUPTION TION
SOURCE INTERRUPTION CODE MASK ILC EXE-
IDENTIFICATION psw BITS 16-31 BITS SET  CUTION
Input/Output  (old PSW 56, new PSW 120, priority 4)
Multiplexor channel 00000000 aaaaaaaa 0 x  complete
Selector channel 1 00000001 aaaaaaaa 1 x  complete
Selector channel 2 00000010 aaaaaaaa 2 x  complete
Selector channel 3 00000011 aaaaaaaa 3 x  complete
Selector channel 4 00000100 aaaaaaaa 4 x  complete
Selector channel 5 00000101 aaaaaaaa 5 x complete
Selector channel 8 00000110 aaaaaaaa 6 x  complete
Program (old PSW 40, new PSW 104, priority 2)
Operation 00000000 00000001 1,2,3 suppress
Privileged operation 00000000 00000010 1,2  suppress
Execute 00000000 00000011 2 suppress
Protection 00000000 00000100 0,2,3 suppress/
terminate
Addressing 00000000 00000101 1,2,3 suppress/
terminate
Specification 00000000 00000110 1,2,3 suppress
Data 00000000 00000111 2,3 terminate
Fixed-point overflow 00000000 00001000 38 1,2 complete
Fixed-point divide 00000000 00001001 1,2 suppress/
complete
Decimal overflow 00000000 00001010 37 3  complete
Decimal divide 00000000 00001011 3  suppress
Exponent overflow 00000000 00001100 1,2 terminate
Exponent underflow 00000000 00001101 38 1,2 complete
Significance 00000000 00001110 39 1,2 complete
Floating-point divide 00000000 00001111 1,2 suppress

Supervisor Call

(old PSW 32, new PSW 96, priority 2)

Instruction bits 00000000 rrrrrrrr 1  complete
External (old PSW 24, new PSW 88, priority 3)

External signal 1 00000000 xxxxxxx1 7 x  complete
External signal 2 00000000 xxxxxx1x 7 x  complete
External signal 3 00000000 xxxxx1xx 7 x  complete
External signal 4 00000000 xxxx1xxx 7 x  complete
External signal 5 00000000 xxx1xxxx 7 x  complete
External signal 6 00000000 xx1xxxxx 7 x  complete
Interrupt key 00000000 x1xxxxxx 7 x  complete
Timer 00000000 1xxxxxxx 7 x  complete

Machine Check

(old PSW 48, new PSW 112, priority 1)

Machine malfunction 00000000 00000000 13 x  terminate
NOTES
a Device address bits
r Bits of R: and R: field of sSUPERVISOR CALL
X Unpredictable
Instruction Length Recording
INSTRUC-
TION INSTRUC- INSTRUC-
LENGTH PSW BITS  TION INSTRUCTION TION
CODE 32-33  Brrs 0-1 LENGTH FORMAT
0 00 Not available
1 01 00 One halfword RR
2 10 01 Two halfwords RX
2 10 10 Two halfwords RS or SI
3 11 11 Three halfwords SS
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Program Interruptions

The listings in the “Type” and “Exceptions” columns
of the tables in this section mean:

A Addressing exception

C Condition code is set

D Data exception

DF Deccimal-overflow exception

DK Decimal-divide exception

E Exponent-overflow exception
EX Execute exception

F Floating-point feature

FK Floating-point divide exception
IF Fixed-point overflow exception
1K Fixed-point divide exception

L New condition code loaded

LS Significance cxception

M Privileged-operation exception
N Normalized operation

P Protection exception

S Specification exception

T Dccimal feature

U Exponent-underflow exception
Y Direct control feature

Z Protection feature

Operation (OP)
The operation code is not assigned or the assigned
operation is not available on the particular cpu.

The operation is suppressed.

The instruction-length code is 1, 2, or 3.

Privileged Operation (M)
A privileged instruction is encountered in the problem
state.

The operation is suppressed.

The instruction-length code is 1 or 2.

NAME MNEMONIC TYPE  EXCEPTIONS CODE
Diagnose SI M, AS 83
Halt 1/0 HIO SI C M, 9E
Insert Storage Key ISK RRZ M, AS 09
Load PSW LPSW SI L M, AS 82
Read Direct RDD SIY M,PA 85
Set Storage Key SSK RRZ M, AS 08
Set System Mask SSM SI C M, A 80
Start I/O SIO SI C M, 9C
Test Channel TCH SI C M, 9F
Test I7/0 TIO SI C M, 9D
Write Direct WRD SIY M, A 84

Execute (EX)

The subject instruction of EXECUTE is another EXECUTE.
The operation is suppressed.
The instruction-length code is 2.

MNEMONIC
EX

NAME TYPE

RX

EXCEPTIONS CODE
AS, EX 44

Execute

Protection (P)

The storage key of a result location does not match
the protection key in the psw.



The operation is suppressed, except in the case of
STORE MULTIPLE, READ DIRECT, and variable-length op-
erations, which are terminated.

The instruction-length code is 0, 2, or 3.

NAME MNEMONIC TYPE EXCEPTIONS CODE NOTE
Add Decimal AP SS T,C P,A, D, DF FA TRM
AND NI SI C PA 94 SPR
AND NC SS C PA D4 TRM
Convert to

Decimal CVD RX P,A,S 4E SPR
Divide Decimal DP SST PASD, DK FD TRM
Edit ED SS T,C PA, D DE TRM
Edit and Mark EDMK SS T,C P,A, D DFF TRM
Exclusive OR XI SI C PA 97 SPR
Exclusive OR XC SS CPA D7 TRM
Move MVI  SI PA 92  SPR
Move MVC SS PA D2 TRM
Move Numerics MVN SS PA D1 TRM
Move with

Offset MVO SS P.A F1 TRM
Move Zones MVZ SS PA D3 TRM
Multiply

Decimal MP SST PASD FC TRM
OR (0)] SI C PA 96 SPR
OR 0oC SS CPA D6 TRM
Pack PACK SS PA F2 TRM
Read Direct RDD SI YM,PA 85 TRM
Store ST RX P,AS 50 SPR
Store Character STC RX P,A 42  SPR
Store Halfword STH RX P,A,S 40 SPR
Store Long STD RXF PAS 60 SPR
Store

Multiple STM RXF PAS 90 TRM
Store Short STE RXF PAS 70 SPR
Subtract

Decimal Sp SS T,C PA, D, DF FB TRM
Translate TR SS P,A DC TRM
Unpack UNPK SS P,A F3 TRM
Zero and Add ZAP SS T,C PA, D, DF F8 TRM

PROTECTION INTERRUPTION NOTES
SPR = Operation suppressed
TRM = Opcration terminated
Addressing (A)

An address specifies any part of data, instructions, or
control words outside the available storage for the par-
ticular installation.

The operation is terminated. Data in storage remain
unchanged, except when designated by valid ad-
dresses.

The instruction-length code normally is 2 or 3; but
may be 0, in the case of a data address.

NAME MNEMONIC TYPE EXCEPTIONS CODE NOTE
Add A RX C A,S, IF 5A TRM
Add Decimal AP SS T,C PA D, DF FA TRM
Add Halfword AH RX C A,S, IF 4A TRM
Add Logical AL RX C A,S, 5E TRM
Add Normalized

(Long) N AD RX F,C AS,UELS 6A TRM
Add Normalized

(Short) N AE RX F,C ASUELS 7A TRM
Add Unnorm-

alized (Long) AW RXF,C A,S, E,LS 6E TRM
Add Unnorm-

alized (Short) AU RX F,C AS, ELS 7E TRM
AND N RX C A,S, 54 TRM

NAME MNEMONIC TYPE EXCEPTIONS CODE NOTE
AND NI SI C PA, 94 SPR
AND NC SS C PA D4 TRM
Compare C RX C AS, 59 TRM
Compare

Decimal cp SS T,C A, D F9 TRM
Compare

Halfword CH RX C AS, 49 TRM
Compare

Logical CL RX C A,S, 55 TRM
Compare

Logical CLI SI C A 95 TRM
Compare

Logical CLC S8S C A D5 TRM
Compare (Long) CD RXF,C A,S, 69 TRM
Compare (Short) CE RX F,C A,S, 79 TRM
Convert to

Binary CVB RX AS,D, IK 4F TRM
Convert to

Decimal CVvD RX P.A,S, 4E SPR
Diagnose SI M, A,S, 83 SPR
Divide D RX A,S, IX 5D TRM
Divide Decimal DP SS T P.,A,S,D, DK FD TRM
Divide (Long) N DD RXF AS,UEFK 6D TRM
Divide (Short) N DE RXF AS,UEFK 7D TRM
Edit ED SS T,C PA, D DE TRM
Edit and Mark EDMK SS T,C PA, D DF TRM
Exclusive OR X RX C A,S, 57 TRM
Exclusive OR X1 SI C PA, 97 SPR
Exclusive OR XC SS C PA, D7 TRM
Execute EX RX A,S, EX 44 SPR
Insert Character IC RX A 43 TRM
Insert Storage

Key ISK RRZ M, AS 09
Load L RX A,S, 58 TRM
Load Halfword LH RX A,S, 48 TRM
Load (Long) LD RXF A,S, 68 TRM
Load Multiple LM RS A,S, 98 TRM
Load PSW LPSW SI LM, AS 82 TRM
Load (Short) LE RXF A,S, 78 TRM
Move MVI SI PA 92 SPR
Move MVC SS§ PA D2 TRM
Move Numerics MVN SS PA D1 TRM
Move with Offset MVO SS PA F1 TRM
Move Zones MVZ SS PA D3 TRM
Multiply M RX AS 5C TRM
Multiply

Decimal MP SS T P,A,S,D FC TRM
Multiply

Halfword MH RX AS AT TEM
Multiply (Long) NMD  RXF AS,UE 8C TRM
Multiply (Short) N ME RXF AS,UE 7C TRM
OR (6] RX C AS, 56 TRM
OR Ol SI C PA 96 SPR
OR oC SS C PA D6 TRM
Pack PACK SS PA F2 TRM
Read Direct RDD SI Y MPA, 85 TRM
Sct Storage Key SSK RRZ M, AS 08
Set System Mask  SSM  SI M, A 80 TRM
Store ST RX PAS 50 SPR
Store Character STC RX PA 42 SPR
Store Halfword STH RX P,A,S 40 SPR
Store (Long) STD RXF P,A,S 60 SPR
Store Multiple STM RS P,AS 90 TRM
Store ( Short) STE RXF P,AS 70 SPR
Subtract S RX C AS, IF 5B TRM
Subtract Decimal  SP SS T,C PA, D, DF FB TRM
Subtract

Halfword SH RX C A,S, IF 4B TRM
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NAME MNEMONIC TYPE EXCEPTIONS CODE NOTE
Subtract Logical ~ SL RX C AS 5F TRM
Subtract Norm-

alized (Long) N SD RX F,C AS,UELS 6B TRM
Subtract Norm-

alized (Short) N SE RX F,C ASUELS 7B TRM
Subtract Un-

normalized

(Long) SW RX F,C AS, ELS 6F TRM
Subtract Un-

normalized

(Short) SU RX F.C A,S, E\LS 7F TRM
Test Under Mask TM SI C A 91 TRM
Translate TR SS PA DC TRM
Translate and

Test TRT SS C A DD TRM
Unpack UNPK SS P,A F3 TRM
Write Direct WRD SI'Y M, A 84 TRM
Zero and Add ZAP SS T,C P,A, D, DF F8 TRM

The addressing interruption can occur in normal sequential
operation following branching, LoAD psw, interruption, or man-
ual operation.

Instruction execution is suppressed.

ADDRESSING INTERRUPTION NOTES

SPR = Operation suppressed
TRM = Operation terminated

Specification (S)

1. A data, instruction, or control-word address does
not specify an integral boundary for the unit of in-
formation.

2. The R; field of an instruction specifies an odd
register address for a pair of general registers that
contain a 64-bit operand.

3. A floating-point register address other than 0, 2,
4, or 6 is specified.

4. The multiplier or divisor in decimal arithmetic
exceeds 15 digits and sign.

5. The first operand field is shorter than or equal to
the second operand field in decimal multiplication or
division.

6. The block address specified in SET STORAGE KEY
or INSERT STORAGE KEY has the four low-order bits not
all zero.

7. A psw with nonzero protection key is loaded
when the protection feature is not installed.

In all of these cases the operation is suppressed.

The instruction-length code is 1, 2, or 3.

NAME MNEMONIC TYPE EXCEPTIONS CODE NOTE
Add A RX C A,S, IF 5A 4
Add Halfword AH RX C A,S, IF 4A 2
Add Logical AL RX C A,S 5E 4
Add Normalized

(Long) N ADR RRF,C SSUELS 2A 3
Add Normalized

(Long) N AD RXF,C AS,UE,LSS 6A 3,8
Add Normalized

(Short) N AER RR F,C SSUELS 3A 3
Add Normalized

(Short) N AE RXF,C ASUELS 7A 34
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NAME

Add Unnorm-
alized (Long)
Add Unnorm-
alized (Long)
Add Unnorm-
alized (Short)
Add Unnorm-
alized (Short)
AND

Compare
Compare
Ialfword
Compare
Logical
Compare
(Long)
Compare
(Long)
Compare
(Short)
Compare
(Short)
Convert to
Binary
Convert to
Decimal
Diagnose
Divide
Divide
Divide Decimal
Divide (Long)
Divide (Long)
Divide (Short)
Divide (Short)

Fxclusive OR
Execute

Halve (Long)
Halve (Short)

Insert Storage
Key
Load
Load and Test
(Long)
Load and Test
(Short)
Load Complec-
ment (Long)
Load Comple-
ment (Short)
Load Halfword
Load (Long)
L.oad (Long)
T.oad
Multiple
Load Negative
(Long)
Load Negative
(Short)
Load Positive
(Long)
Load Positive
(Short)
Load PSW
Load (Short)
Load (Short)

Multiply
Multiply

MNEMONIC TYPE EXCEPTIONS

AWR
AW
AUR

AU

CH
CL
CDR
CD
CER
CE
CVB

CvD

DR

DP
N DDR
N DD
N DER
N DE

EX

HDR
HER

ISK

LTDR
LTER
LCDR
LCER
LH

LDR
LD

LNDR
LNER
LPDR

LPER
LPSW
LER
LE

MR

RRF,C
RX,F,C
RRF,C

RX F,C
RX C

RX C
RX C
RX C
RR,F,C
RX,F,C
RR,F,C
RX,F,C
RX

RX

SI M,
RR

RX

SS T

RRF

RXF

RRF

RXF

RX C
RX

RRT
RRF

RRZ

RR F,C
RRF,C
RR F,C
RR F,C

RRF
RXF

RS

RRF,C
RRF,C

RR F,C

RR F,C

SI L M,

RRF
RXF

RR
RX

CODE NOTE
S, ELS2E 3
ELS 6E

S, ELS3E 3

AS, ELS 7E 34
AS 54 4
AS 59 4
AS 49 2
AS 55 4
S 29 3
AS 69 3.8
S 39 3
AS 79 34
ASD, IK 4F 8
P,AS 4E 8
AS 83
s, IK 1D 1
AS, IK 5D 14
P,ASD, DKFD 5
SJUEFK 2D 3
AS,UEFK 6D 338
S,UEFK 3D 3
AS,UEFK 7D 34
AS 57 4
AS, EX44 2
S 24 3
S 34 3
AS 09 7
AS 58 4
S 22 3
S 32 3
S 23 3
S 33 3
AS 48 2
S 28 3
AS 68 38
AS 98 4
S 21 3
S 31 3
S 20 3
S 30 3
AS 82 68
S 38 3
AS 78 3.4
S Ic 1
AS 5C 14



NAME MNEMONIC TYPE EXCEPTIONS CODE NOTE

Multiply

Decimal MP SST P,A,S,D FC 5
Multiply

Halfword MH RX A,S 4C 2
Multiply (Long) N MDR RRF S,U,E 2C 38
Multiply (Long) NMD  RXF ASUE 6C 38
Multiply (Short) N MER RRF S,UE 3C 3
Multiply (Short) N ME RX F ASUE 17C 34
OR (0] RX C AS 56 4
Set Storage

Key SSK RRZ M, AS 08 7
Shift Left

Double SLDA RS C S, IF 8F 1
Shift Left

Double

Logical SLDL. RS S 8D 1
Shift Right

Double SRDA RS C S S8E 1
Shift Right

Double

Logical SRDL. RS S 8C 1
Store ST RX P,A,S 50 4
Store ITalfword STH RX P,AS 40 2
Store (Long) STD RXF P,A,S 60 3,8
Store Multiple STM RS P,AS 90 4
Store (Short) STE RXF P,A,S 70 3,4
Subtract S RX C A,S, IF 5B 4
Subtract

Halfword SH RX C AS, IF 4B 2
Subtract

Logical SL RX C AS 5F 4
Subtract Norm-

alized (Long) N SDR RRF,C S,UELS 2B 3

Subtract Norm-

alized (Long) N SD
Subtract Norm-

alized (Short) N SER
Subtract Norm-

alized (Short) N SE
Subtract Un-

normalized

(Long)
Subtract Un-

normalized

(Long) SW
Subtract Un-

normalized

(Short) SUR
Subtract Un-

normalized

(Short) SU

RXF,C AS,UELS 6B 38

RRF,C S,UE,LS 3B 3

RX F,C AS,UELS 7B 34

SWR RRF,C S, ELS 2F 3

RXF,C AS, ELS 6F 38

RRF,C S, ELS 3F 3

RX F,C AS, ELS 7F 34

The specification interruption can occur in normal sequential
operation following branching, LoAD psw, interruption, or man-
ual operation (Note 1).

The specification interruption can occur during an interruption
(Note 6).

SPECIFICATION INTERRUPTION NOTES

Even register specification

Two-byte unit of information specification
Floating-point register specification

Four-byte unit of information specification
Decimal multiplier or divisor size specification
Zero protection key specification

Block address specification

Eight-byte unit of information specification

O=1 UL~

Data (D)

1. The sign or digit codes of operands in decimal
arithmetic, or editing operations, or CONVERT TO
BINARY, are incorrect.

2. Fields in decimal arithmetic overlap incorrectly.

3. The decimal multiplicand has too many high-
order significant digits.

The operation is terminated in all three cases.

The instruction-length code is 2 or 3.

NAME MNEMONIC TYPE EXCEPTIONS CODE NOTE
Add Decimal AP SS'T,C PA, D, DF FA 1
Compare

Decimal CP SSTC A, D F9 1
Convert to

Binary CVB RX ASD IK 4F
Divide Decimal DpP SST PASD, DK FD 1
Edit ED SS T,C PA, D DE
Edit and Mark EDMK SS T,C P, A, D DF
Multiply

Decimal MP SST PASD FC 1,2
Subtract

Decimal 5P SS T,C P A, D, DF FB 1
Zero and Add ZAP SS T,C PA, D, DF F8 1

All instructions listed may have incorrect codes.

DATA INTERRUPTION NOTES

1 Overlapping fields
2 Multiplicand length

Fixed-Point Overflow (IF)

A high-order carry occurs or high-order significant bits
are lost in fixed-point addition, subtraction, shifting,
or sign-control operations.

The operation is completed by ignoring the infor-
mation placed outside the register. The interruption
may be masked by psw bit 36.

The instruction-length code is 1 or 2.

NAME MNEMONIC  TYPE EXCEPTIONS CODE
Add AR RR C IF 1A
Add A RX C A,S, IF B5A
Add Halfword AH RX C AS, IF 4A
Load Complement LCR RR C IF 13
Load Positive LPR RR C IF 10
Shift Left Double SLDA RS C S, IF 8F
Shift Left Single SLA RS C IF 8B
Subtract SR RR C IF 1B
Subtract S RX C AS, IF 5B
Subtract Halfword SH RX C AS, IF 4B

Fixed-Point Divide (1K)
1. The quotient exceeds the register size in fixed-
point division, including division by zero.
2. The result of coNvERT TO BINARY exceeds 31 bits.
Division is suppressed. Conversion is completed by
ignoring the information placed outside the register.
The instruction-length code is 1 or 2.

NAME MNEMONIC  TYPE EXCEPTIONS CODE
Convert to Binary CcvB RX ASDD, IK 4F
Divide DR RR S, IK 1D
Divide D RX AS, IK 5D
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Decimal Overflow (DF)
The destination field is too small to contain the result
field in decimal operations.

The operation is completed by ignoring the over-
flow information. The interruption may be masked by
psw bit 37.

The interruption-length code is 3.

NAME MNEMONIC  TYPE EXCEPTIONS CODE
Add Decimal AP SS T,.C PA, D, DF FA
Subtract Decimal SP SS T,C PA, D, DF FB
Zero and Add ZAP SS T.C PA, D, DF F8

Decimal Divide (DK)

The quotient exceeds the specified data field.
The operation is suppressed.
The instruction-length code is 3.

TYPE
SS T

EXCEPTIONS COBE
P,AS,D, DK FD

NAME MNEMONIC
Divide Decimal DP

Exponent Overflow (E)
The result characteristic exceeds 127 in floating-point
addition, subtraction, multiplication, or division.

The operation is terminated.

The instruction-length code is 1 or 2.

NAME MNEMONIC  TYPE EXCEPTIONS CODE

Add Normalized

(Long) N ADR RRF,C SSUELS 2A
Add Normalized

(Long) NAD RXF,C ASUELS 6A
Add Normalized

(Short) N AER RR F,C S,UELS 3A
Add Normalized

(Short) N AE RXF,C ASUELS 7A
Add Unnorm-

alized (Long) AWR RRF,C S, ELS 2E
Add Unnorm-

alized (Long) AW RX F,C ASS, ELS 6E
Add Unnorm-

alized (Short) AUR RRF,C S, E,\LS 3E
Add Unnorm-

alized ( Short) AU RX F,C AS, ELS 7E
Divide (Long) N DDR RRF S,UE,FK 2D
Divide (Long) N DD RXF AS,UEFK 6D
Divide (Short) N DER RRF S,ULE,FK 3D
Divide (Short) N DE RXF ASUEFK 7D
Multiply (Long) NMDR  RRF S,UE 2C
Multiply (Long) N MD RXF AS,UE 6C
Multiply (Short) N MER RRF S,U,E 3C
Multiply (Short) N ME RXF AS,U.E 7C
Subtract Norm-

alized (Long) N SDR RR F,C SSUELS 2B
Subtract Norm-

alized (Long) N SD RX F,C ASUELS 6B
Subtract Norm-

alized (Short) N SER RRF,C S,UELS 3B
Subtract Norm-

alized (Short) N SE RX F,C ASUELS 7B
Subtract Unnorm-

alized (Long) SWR RRF,C S, ELS 2F
Subtract Unnorm-

alized (Long) Sw RX F,C AS, ELS 6F
Subtract Unnorm-

alized (Short) SUR RRF,C S, LELS 3F
Subtract Unnorm-

alized (Short) SU RX F,C AS, ELS 7F
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Exponent Underflow (V)
The result characteristic is less than zero in floating-
point addition, subtraction, multiplication, or division.
The operation is completed by making the result of
the operation a true zero. The interruption may be
masked by psw bit 38.
The instruction-length code is 1 or 2.

NAME MNEMONIC  TYPE EXCEPTIONS CODE
Add Normalized
(Long) N ADR RRF,C S,UELS 2A
Add Normalized
(Long) N AD RXF,C ASUELS 6A
Add Normalized
(Short) N AER RR F,C SSUELS 3A
Add Normalized
(Short) N AE RXF,C ASUELS 7A
Divide (Long) N DDR RRF S,UE,FK 2D
Divide (Long) N DD RXF AS,UEFK 6D
Divide ( Short) N DER RRF S,UEFK 3D
Divide (Short) N DE RXF AS,UEFK 7D
Multiply (Long) N MDR RRF S,U,E 2C
Multiply (IL.ong) N MD RXF AS,UE 6C
Multiply (Short) N MER RRF S,U.E 3C
Multiply ( Short) N ME RXF AS,UE 7C
Subtract Norm-
alized (Long) N SDR RR F,C S,UELLS 2B
Subtract Norm-
alized (Long) N SD RX F,C ASUELS 6B
Subtract Norm-
alized (Short) N SER RR F,C S,ULELS 3B
Subtract Norm-
alized (Short) N SE RXF,C ASUELS 7B

Significance (LS)
The result of a floating-point addition or subtraction
has an all-zero fraction. .

The operation is completed. The interruption may
be masked by psw bit 39. The manner in which the
operation is completed is determined by the mask bit.

The instruction-length code is 1 or 2.

NAME MNEMONIC  TYPE EXCEPTIONS CODE

Add Normalized

(Long) N ADR RRF,C S,UELS 2A
Add Normalized

(Long) N AD RXF,C ASUELS 6A
Add Normalized

(Short) N AER RRF,C S,UELS 3A
Add Normalized

(Short) N AE RX F,C ASUELS 7A
Add Unnorm-

alized (Long) AWR RR F,C S, ELS 2E
Add Unnorm-

alized (Long) AW RXF,C A,S, EJLS 6E
Add Unnorm-

alized (Short) AUR RRF,C S, E,LS 3E
Add Unnorm-

alized (Short) AU RX F,C ASS, ELS T7E
Subtract Norm-

alized (Long) N SDR RRF,C S,UE.LS 2B
Subtract Norm-

alized (Long) N SD RX F,C AS,UELS 6B
Subtract Norm-

alized (Short) N SER RR F,C S,ULE,LS 3B
Subtract Norm-

alized (Short) N SE RX F,C ASUELS 7B



NAME
Subtract Unnorm-
alized (Long)
Subtract Unnorm-
alized (Long)
Subtract Unnorm-
alized (Short)
Subtract Unnorm-

alized (Short)

MNEMONIC
SWR
SW
SUR
SU

Floating-Point Divide (FK)
Division by a floating-point number with zero fraction

is attempted.

TYPE
RRF,C
RX F,C
RRF,C

RXF,C

The operation is suppressed.
The instruction-length code is 1 or 2.

EXCEPTIONS CODE

S:
AS,
S,

AS,

E.LS
ELS
ELS

E,LS

2F
6F
3F
7F

NAME MNEMONIC  TYPE EXCEPTIONS CODE
Divide (Long) N DDR RRF S,UE,FK 2D
Divide (Long) N DD RXF AS,ULE,FK 6D
Divide (Short) N DER RRF S,UE,FK 3D
Divide (Short) N DE RXF ASUEFK 7D
Editing

CHAR- EXAM- TRIG- RESULT TRIG-
ACTER NAME AND INE GER DIGIT CHAR- GER
CODE PURPOSE DIGIT STATUS STATUS ACTER SET
0010 0000  digit select yes s=1 digit
s=0 dnot0 digit s=1
s=0 d=0 fill
0010 0001 significance yes s=1 digit
start s=0 dnot0 digit s=1
s=0 d=0 £l s=1
0010 0010 field no fill s=0
separator
other message no s=1 leave
insertion s=0 fill
NOTES
d Source digit
S S trigger (1: minus sign, digits, or pattern used; 0:
plus sign, fill used)
digit A source digit replaces the pattern character.
fill The fill character replaces the pattern character.
leave  The pattern character remains unchanged.
other  Any other pattern character.

Timer

LU

System Control Panel

Operator Controls

NAME

Emergency Pull

Power On
Power Off
Interrupt
Wait
Manual
System
Test

Load
Load Unit
Load
Prefix Select®

23 24 25 26 27 28 29 30 31

IMPLEMENTATION

Pull switch
Key, backlighted

Key

Key

Light
Light
Light
Light
Light

Three rotary switches

Key

Key switch

* Multisystem feature

Intervention Controls

NAME

System Reset
Stop

Rate

Start

Storage Select
Address

Data

Store

Display

Set IC

Address Compare
Alternate Prefix®*

#* Multisystem feature

IMPLEMENTATION

Key

Key

Rotary switch

Key

Rotary or key switch
Rotary or key switches
Rotary or key switches
Key

Key

Key

Rotary or key switches
Light

States of Wait and Manual Lights

SYSTEM MANUAL WAIT CPU 1/0
LIGHT LIGHT LIGHT STATE STATE
off off off Not allowed when power is on
off off on Waiting Not operating
off on off Stopped Not operating
off on on Stopped, Not operating
waiting
on off off Running Undetermined
on off on Waiting Operating
on on off Stopped Operating
on on on Stopped, Operating
waiting
Input/Output Operations
Input/ Output Address Assignment
ADDRESS ASSIGNMENT

000 xxxX XXXX
001 xxxx XXXX
010 xxxx xxxx
011 xxxx xxxx
100 xxxx xxxx
101 xxxx xxXX
110 xxxx xxxx
111 xxxx xxxx

Devices on the multiplexor channel
Devices on selector channel 1
Devices on selector channel 2
Devices on selector channel 3
Devices on selector channel 4
Devices on selector channel §
Devices on selector channel 6
Invalid

Address Assignment on Multiplexor Channel

ADDRESS

0000 0000
to
0111 1111
1000 xxxx
1001 xxxx
1010 xxxx
1011 xxxx
1100 xxxx
1101 xxxx
1110 xxxx
1111 xxxx

Input/Output States
1/0 Device

Available

Working

Not operational
Interruption pending

—-Z 3

ASSIGNMENT

Devices that do not share a subchannel

Devices on shared subchannel 0
Devices on shared subchannel 1
Devices on shared subchannel 2
Devices on shared subchannel 3
Devices on shared subchannel 4
Devices on shared subchannel 5
Devices on shared subchannel 6
Devices on shared subchannel 7

Noune of the following statcs
Device executing an operation
Device not operational
Interruption condition pending in
device
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Channel

Available A None of the following states

Interruption pending I Interruption immediately available
from channel

Working W Channel operating in burst mode

Not operational N Channel not operational

Subchannel

Available A None of the following states

Interruption pending I Information for CSW available in
subchannel

Working W  Subchannel exccuting an operation

Not operational N  Subchannel not operational

Condition Code Setting for Input/Output Instructions

CONDITION CODE FOR
START TEST HALT TEST

CONDITIONS 1/0 1/0 1/0 CHAN

Available AAA 0,1 0 O 0
Interruption pend. in device AAI 1 1* 0 0
Device working AAW 1* 1* 0 0
Device not operational AAN 3 3 0 0
Interruption pend. in subchannel AIX

For the addressed device 2 1* 0 0

For another device 2 2 0 0
Subchanne! working AWX 2 2 1* 0
Subchanne!l not operational ANX 3 3 3 0
Interruption pend. in channel IXX seenote below 1
Channel working WXX 2 2 2 2
Channel not operational NXX 3 3 3 3
Error

Channel equipment error 1* 1* 1* -

Channel programming error 1* - — —

Device error ™ 1% — -

Note: For the purpose of executing START 1/0, TEST 1/0,
and HALT I/0, a channel containing a pending interruption
condition appears the same as an available channel, and the
condition codes for the IXX state are the same as for the AXX
state, where the X’s represent the states of the subchannel and
the device. As an example, the condition code for the IAA
state is the same as for the AAA state.

*The CSW or its status portion is stored at location 64 during
execution of the instruction.

—The condition cannot be identified during execution of the in-
struction.

Flag Setting for Chaining Operations

cp cc ACTION

0 0 No chaining. The current CCW is the last.
The operation is terminated

0 1 Command chaining

1 0 Data chaining

1 1 Data chaining

Content of Channel Status Word Address Field

CONDITION

Invalid CCW format

Invalid sequence — 2 TIC’s

Protection check

Chaining check

Termination under count
control

Termination by I/0 device

Termination by HALT 170

Suppression of command
chaining due to unit check
or unit exception with de-
vice end or control unit end

Termination on command
chaining by attention, unit
check, or unit exception

Program-controlled interrup-
tion

Interface control check

Ch. end after HIO on sel. ch.

Control unit end

Device end

Attention

Busy

Status modifier

CONTENT

Address of invalid CCW + 8
Address of second TIC -+ 8
Address of invalid CCW + 8
Address of last-used CCW 4 8

Address of last-used CCW + 8
Address of last-used CCW 4 8
Address of last-used CCW 4 8

Address of last CCW used in
the completed operation - 8

Address of CCW specifying
the new operation + 8

Address of last-used CCW 4 8
Address of last-used CCW -+ 8
Zero
Zero
Zero
Zero
Zero
Zero

Content of Channel Status Word Count Field

CONDITION

Channel control check

Status stored by START I/0

Status stored by HALT 1/0

Program check

Protection check

Chaining check

Terminatior under count
control

Termination by I/0 device

Termination by HALT I/0

Suppression of command
chaining due to unit check
orunitexception with device
end or control unit end

Termination on command
chaining by attention, by
unit check, or unit
cxception

Program-controlled inter-
ruption

Interface control check

Ch. end after HIO on sel. ch.

Control unit end

Device end

Attention

Busy

Status Modifier

CONTENT
Unpredictable
Unchanged
Unchanged
Unpredictable
Unpredictable
Correct

Correct
Correct
Correct

Correct. Residual count of last
CCW used in the completed
operation.

Correct. Original count of
CCW specifying the new
operation.

Unpredictable
Correct

Zero

Zero

Zero

Zero

Zero

Zero

CONDITION

Channel control check

Status stored by START I/0

Status stored by HALT 1/0

Invalid CCW address spec. in
TIC

Invalid CCW address in TIC

Invalid CCW address
generated

Invalid command code

Invalid count

Invalid data address

154

CONTENT

Unpredictable
Unchanged
Unchanged

Address of TIC + 8

Address of TIC + 8

Address of first invalid CCW
+8

Address of invalid CCW + 8
Address of invalid CCW + 8
Address of invalid CCW + 8

Indication of Busy Condition in Channel Status Word

The table lists the conditions when the busy bit (B)
appears in the csw and when it is accompanied by
the status-modifier bit (sm). Two hyphens (--) indi-
cate that the busy bit is off; an asterisk (*) indicates
that csw status is not stored or an 1/0 interruption
cannot occur; the (cl) indicates that the interruption
condition is cleared and the status appears in the csw.
The abbreviation pE stands for device end, and cu
stands for control unit.



CSW STATUS STORED BY:

Handling of Incorrect Length

START  TEST HALT 1/0 FLAGS ACTION AND INDICATION
Subch fOND'llT;;)lN /o /o 1/0  INT. CD CC SLI  REGULAR OPERATION  IMMEDIATE OPEBATION
ubchannel available
DE or attention in device B,cl --,cl *odd ?) (()) 2 SStt(:)p, IL gtOP’ -
. . b3 5 g Iy P, -~ tOP:
Device working, CU ava}llable B B 0 1 0 Stop, IL Chain command
CU end or channel end in CU: 0 1 1 Chain command Chain command
for the addressed device B,cl --cl L) | 1 0 0 Stop, IL Stop, --
for another device BSM BSM * . 1 0 1 Sto ’ 1L Stop, _
CU working BSM BSM * * I 1 o Ston’ T1. Stop, -
Interruption pend. in subchannel 1 1 1 St op, 1 Stop’ _
for the addressed device P ’
because of :
chaining terminated by
attention ® B,cl *  B,cl
other type of termination ® --cl * el
Subchannel working
CU available * ® -~ ®
CU working ® ® B,SM *
Time and Method of Creating and Storing Status Indications
WHEN  WHEN UPON TERMINATION OF OPERATION DURING BY BY BY BYI/O
1/0 1S SUBCHANNEL AT AT CONTROL AT COMMAND START TEST HALT INTER-
STATUS IDLE  WORKING SUBCHANNEL UNIT DEVICE CHAINING 1/0 1/0 1/0 RUPTION
Attention c* C (oh S S S
Status modifier C C CS CS CS S
Control unit end Cc* CS CS CS S
Busy C CS CS CS S
Channel end c* C*H C® Ct S S S
Device end (o (oh C ¥ Ct S S S
Unit check C C C c* CS CS CS
Unit exception C C C Cc* CS S S
Program-controlled interruption Cc* C C CS S S
Incorrect length C C S S
Program check C C Dh CS S S
Protection check C C S S
Channel data check C* C S S
Channel control check Cc* Cc* Cc* Cc* Cc* c* CS CS CS CS
Interface control check c* c* Cc* C* c* c* CS CS CS CS
Chaining check C C S S

NOTES

C—The channel or the device can create or present the status
condition at the indicated time. A CSW or its status portion is
not necessarily stored at this time.

Conditions such as channel end and device end are created at
the indicated time. Other conditions may have been created
previously, but are made accessible to the program only at the
indicated time. Examples of such conditions are program check
and channel data check, which are detccted while data are
transferred, but are made available to the program only with
channel end, unless the PCI flag or equipment malfunctioning
bave caused an interruption condition to be generated earlicr.

S—The status indication is stored in the CSW at the indicated
time.

An S appearing alone indicates that the condition has been
created previously. The letter C appcaring with the S indicates
that the status condition did not necessarily exist previously in
the form that causes the program to be alerted, and may have

been created by the 1/0O instruction or 170 interruption. For
example, equipment malfunctioning may be detected during an
1/0 interruption, causing channel control check or interface
control check to be indicated; or a device such as the 2702
Transmission Control Unit may signal the control-unit-busy
condition in response to interrogation by an I/O instruction,
causing status modifier, busy, and control unit end to be indi-
cated in the CSW.

*_The status condition generates or, in the case of channel
data check, may generate an interruption condition.

Channel end and device end do not result in interruption
conditions when command chaining is specified and no unusual
conditions have been detected.

4—This status indication can be created at the indicated time
only by an immediate operation.

HH—When an operation on the sclector channel has been termi-
nated by HALT 1/0, channel end indicates the termination of
the data-handling portion of the opceration at the control unit.
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Functions that May Differ Among Models

Instruction Execution
In the editing operations, overlapping fields give un-
predictable results.

Equipment connected to the hold-in line of READ
pirecT should be so constructed that the hold signal
will be removed when ReEAD DIRECT is performed. Ex-
cessive duration of this instruction may result in in-
complete updating of the timer.

The purpose of the I, field and the operand address
in the st format of prAGNOsE may be further defined
for a particular cpu and its appropriate diagnostic
procedures. Similarly the number of low-order address
bits that must be zero is further specified for a par-
ticular cpu. When the address does not have the re-
quired number of low-order zeros, a specification ex-
ception is recognized and causes a program interrup-
tion.

The diagnose operation is completed either by tak-
ing the next sequential instruction or by obtaining a
new psw from location 112. The diagnostic procedure
may affect the problem, supervisor, and interruptable
states of the cpu, and the contents of storage registers
and timer, as well as the progress of 1/0 operations.

Instruction Termination

Only one program interruption occurs for a given in-
struction. The old psw always identifies a valid cause.
This does not preclude simultaneous occurrence of
any other causes. Which of several causes is identified
may vary from one occasion to the next and from one
model to another.

When instruction execution is terminated by an in-
terruption, all, part, or none of the result may be
stored. The result data, therefore, are unpredictable.
The setting of the condition code, if called for, may
also be unpredictable. In general, the results of the
operation should not be used for further computation.

Cases of instruction termination for a program in-
terruption are:

Protection: The storage key of a result location does
not match the protection key in the psw. The opera-
tion is terminated in the case of STORE MULTIPLE, READ
pIRECT, and variable-length operations. Protected stor-
age remains unchanged. The timing signals of ReEaD
DIRECT may have been made available.

Addressing: An address specifies any part of data,
instruction, or control word outside the available stor-
age for the particular installation. The operation is
terminated. Data in storage remain unchanged, except
when designated by valid addresses.
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Data: The sign or digit codes of operands in deci-
mal arithmetic, CONVERT TO BINARY, or editing opera-
tions are incorrect, or fields in decimal arithmetic over-
lap incorrectly, or the decimal multiplicand has too
many high-order significant digits. The operation is
terminated in all three cases. The condition code set-
ting, if called for, is unpredictable for protection, ad-
dressing, and data exceptions.

Exponent Overflow: The result exponent of an App,
SUBTRACT, MULTIPLY, or DIVIDE overflows and the re-
sult fraction is not zero. The operation is terminated.
The condition code is set to 3 for App and SUBTRACT,
and remains unchanged for MurTIPLY and DIVIDE.

Machine-Check Interruption

For a machine-check interruption, the old psw is
stored at location 48 with a zero interruption code.
The state of the cru is scanned out into the storage
area starting with location 128 and extending through
as many words as are required by the given cpu. The
new psw is fetched from location 112. Proper execu-
tion of these steps depends on the nature of the ma-
chine check. A change in the machine-check mask bit
due to the loading of a new psw results in a change
in the treatment of machine checks. Depending upon
the nature of a machine check, the old treatment may
still be in force for several cycles. Machine checks that
occur in operations executed by 1/0 channels may
either cause a machine-check interruption or are re-
corded in the csw for that operation.

Instruction-Length Code

The instruction-length code is predictable only for
program and supervisor-call interruptions. For 1/0 and
external interruptions, the interruption is not caused
by the last interpreted instruction, and the code is not
predictable for these classes of interruptions. For ma-
chine-check interruptions, the setting of the code is a
function of the malfunction and therefore unpredict-
able. ,

For the supervisor-call interruption the instruction-
length code is 1, indicating the halfword length of
SUPERVISOR CALL; for the program interruptions, the
codes 1, 2, and 3 indicate the instruction length in
halfwords. The code 0 is reserved for program inter-
ruptions where the length of the instruction is not
available because of certain overlap conditions in in-
struction fetching. In those cases, the instruction ad-
dress in the old psw does not represent the next in-
struction address. The instruction-length code 0 can
occur only for a program interruption caused by a
protected or unavailable data address.



Timer

Updating of the timer may be omitted when 1/0 data
transmission approaches the limit of storage capa-
bility.

System Control Panel

The system-reset function may correct the parity of
general and floating-point registers, as well as the
parity of the psw.

The number of data switches is sufficient to allow
storing of a full physical storage word. Correct parity
generation is provided. In some models, either correct
or incorrect parity is generated under switch control.

The data in the storage, general register or floating-
point register location, or the instruction-address part
of the psw as specified by the address switches and
the storage-select switch can be displayed by the dis-
play key. When the location designated by the address
switches and storage-select switch is not available, the
displayed information is unpredictable. In some mod-
els, the instruction address is permanently displayed
and hence is not explicitly selected.

When the address-comparison switches are set to
the stop position, the address in the address switches
is compared against the value of the instruction ad-
dress on some models, and against all addresses on
others. Comparison includes only that part of the in-
struction address corresponding to the physical word
size of storage.

Comparison of the entire halfword instruction ad-
dress is provided in some models, as is the ability to
compare data addresses.

The test light may be on when one or more diag-
nostic functions under control of pIAGNOSE are acti-
vated, or when certain abnormal circuit breaker or
thermal conditions occur.

Normal Channel Operation

Channel capacity depends on the way 1/0 operations
are programmed and the activity in the rest of the
system. In view of this, an evaluation of the ability
of a specific 1/0 configuration to function concurrent-
ly must be based on the application. Two systems em-
ploying identical complements of 1/0 devices may be
able to execute certain programs in common, but it
is possible that other programs requiring, for example,
data chaining may not run on one of the systems.

The time when the interruption due to the pcr flag
occurs depends on the model and the current activity.
The channel may cause the interruption an unpredict-
able time after control of the operation is taken over
by the csw containing the pc1 flag.

The content of the count field in a csw associated

with an interruption due to the pcr flag is unpredict-
able. The content of the count field depends upon the
model and its current activity,

When the channel has established which device on
the channel will cause the next 1/0 interruption, the
identity of the device is preserved in the channel. Ex-
cept for conditions associated with termination of an
operation at the subchannel, the current assignment
of priority for interruptions among devices may or
may not be canceled when SraRT 1/0 or TEST 1/0 is
issued to the channel, depending upon the model.

The assignment of priority among requests for in-
terruption from channels is based on the type of chan-
nel. The priorities of selector channels are in the order
of their addresses, with channel 1 having the highest
priority. The interruption priority of the multiplexor
channel is not fixed, and depends on the model and
the current activity in the channel.

Channel Programming Errors

A data address referring to a location not provided in
the model normally causes program check when the
device offers a byte of data to be placed at the non-
existent location or requests a byte from that location.
Models in which the channel does not have the ca-
pacity to address 16,777,216 bytes of storage cause
program check whenever the address is found to ex-
ceed the addressing capacity of the channel.

In the following cases, action depends on the ad-
dressing capacity of the model.

'1. When the data address in the ccw designated
by the caw exceeds the addressing capacity of the
model, the 1/0 operation is not initiated and the csw
is stored during the execution of srarT 1/0. Normally
an invalid data address does not preclude the initi-
ation of the operation.

2. When the data address in a ccw fetched during
command chaining exceeds the addressing capacity of
the model, the 1/0 operation is not initiated.

3. When a ccw fetched on data chaining contains
an address exceeding the addressing capacity of the
model and the device signals channel end immediate-
ly upon transferring the last byte designated by the
preceding ccw, program check is indicated to the pro-
gram. Normally, program check is not indicated un-
less the device attempts to transfer one more byte of
data.

4. Data addresses are not checked for validity dur-
ing skipping, except that the initial data address in
the ccw cannot exceed the addressing capacity of the
model.

When the channel detects program check or pro-
tection check, the content of the count field in the
associated csw is unpredictable.

Appendix G 157



When a programming error occurs in the informa-
tion placed in the caw or ccw and the addressed
channel or subchannel is working, either condition
code 1 or 2 may be set, depending on the model.
Similarly, either code 1 or 3 may be set when a pro-
gramming error occurs and a part of the addressed
1/0 system is not operational.

When a programming error occurs and the ad-
dressed device contains an interruption condition,
with the channel and subchannel in the available
state, START 1/0 may or may not clear the interruption
condition, depending on the type of error and the
model. If the instruction has caused the device to be
interrogated, as indicated by the presence of the busy
bit in the csw, the interruption condition has been
cleared, and the csw contains program check, as well
as the status from the device.

When the channel detects several error conditions,
all conditions may be indicated or only one may ap-
pear in the csw, depending on the condition and the
model.

Channel Equipment Errors

Parity errors detected by the channel on data sent to
or received from the 1/0 device on some models cause
the current operation to be terminated. When the
channel and the cpu share common equipment, parity
errors on data may cause malfunction reset to be per-
formed. The recovery procedure in the channel and
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subsequent state of the subchannel upon a malfunc-
tion reset depend on the model.

Detection of channel control check or interface con-
trol check causes the current operation, if any, to be
immediately terminated and causes the channel to per-
form the malfunction-reset function. The recovery pro-
cedure in the channel and the subsequent state of the
subchannel upon a malfunction reset depend on the
model.

The contents of the csw, as well as the address in
the psw identifying the 1/0 device, are unpredictable
upon the detection of a channel-control-check con-
dition.

Execution of malfunction reset in the channel de-
pends on the type of error and model. It may cause
all operations in the channel to be terminated and all
operational subchannels to be reset to the available
state. The channel may send the malfunction-reset
signal to the device connected to the channel at the
time the malfunctioning is detected, or a channel shar-
ing common equipment with the cpu may send the
system-reset signal to all devices attached to the chan-
nel.

The method of processing a request for interruption
due to equipment malfunctioning, as indicated by the
presence of the channel-data-check, channel-control-
check, and interface-control-check conditions, depends
on the model. In channels sharing common equipment
with the cpu, malfunctioning detected by the channel
may be indicated by the machine-check interruption.



Alphabetic List of Instructions

The listings in the TYPE and EXCEPTIONS columns mean:

A Addressing exception

C Condition code is set

D Data exception

DF Decimal-overflow exception
DK Decimal-divide exception

E Exponent-overflow exception
EX Execute exception

F Floating-point feature

FK Floating-point divide exception

IF Fixed-point overflow exception
IK Fixed-point divide exception
L New condition code loaded
LS Significance exception
M Privileged-operation exception
N Normalized operation
P Protection exception
S Specification exception
T Decimal feature
U Exponent-underflow exception
Y Direct control feature
Z Protection feature
NAME MNEMONIC  TYPE

Add AR RR C
Add A RX C
Add Decimal AP SS T,C
Add Halfword AH RX C
Add Logical ALR RR C
Add Logical AL RX C
Add Normalized

(Long) N ADR RRF,C
Add Normalized

(Long) N AD RX F,C
Add Normalized

(Short) N AER RRF,C
Add Normalized

(Short) N AE RXF,C
Add Unnorm-

alized (Long) AWR RRF,C
Add Unnorm-

alized (Long) AW RXF,C
Add Unnorm-

alized (Short) AUR RRF,C
Add Unnorm-

alized ( Short) AU RX F,C
AND NR RR C
AND N RX C
AND NI SI C
AND NC SS C
Branch and Link BALR RR
Branch and Link BAL RX
Branch on

Condition BCR RR
Branch on

Condition BC RX
Branch on Count BCTR RR
Branch on Count BCT RX
Branch on Index

High BXH RS
Branch on Index

Low or Equal BXLE RS
Compare CR RR C
Compare C RX C
Compare Decimal CP SS T,C

EXCEPTIONS

AS,
S,U,E,LS
AS,UELS
S,UELS
AS,UELS
S, ELS
AS, ELS
S, ELS
AS, ELS

AS
A, D

CODE

1A
5A
FA
4A
1E
5E

2A
6A
3A
TA
2E
6E
3E
7E
14

54

94
D4

05
45

07
47
46
86

87
19
59
F9

NAME

Compare Halfword
Compare Logical
Compare Logical
Compare Logical
Compare Logical
Compare (Long)
Compare (Long)
Compare (Short)
Compare (Short)
Convert to Binary
Convert to Decimal
Diagnose

Divide

Divide

Divide Decimal
Divide (Long)
Divide (Long)
Divide (Short)
Divide (Short)
Edit

Edit and Mark
Exclusive OR
Exclusive OR
Exclusive OR
Exclusive OR
Execute

Halt 170
Halve (Long)
Halve ( Short)

Insert Character
Insert Storage Key

Load

Load

Load Address

Load and Test

Load and Test
(Long)

Load and Test
(Short)

Load Complement

Load Complement
(Long)

Load Complement
(Short)

Load Halfword

Load (Long)

Load (Long)

Load Multiple

Load Negative

Load Negative
(Long)

Load Negative
(Short)

Load Positive

Load Positive
(Long)

Load Positive
(Short)

Load PSW

Load (Short)

Load (Short)

Move

Move

Move Numerics
Move with Offset

MNEMONIC

CH
CLR
CL
CLI
CLC
CDR
CD
CER
CE
CVB
CVD

DR
D
Dp
N DDR
N DD
N DER
N DE
ED
EDMK
XR
X
XI
XC
EX
HIO
HDR
HER
IC
ISK
LR
L
LA
LTR

LTDR

LTER
LCR

LCDR

LCER
LI
LDR
LD
LM
LNR

LNDR

LNER
LPR

LPDR

LPER
LPSW
LER
LE
MVI
MvVC

MVO

TYPE EXCEPTIONS
RX C AS
RR C
RX C AS
SI C A
SS C A
RR F,C S
RXF,C AS
RRF.C S
RXF,C AS
RX ASD, IK
RX PAS
SI M, AS
RR s, IK
RX AS, IK
SST PASD, DK
RRF S,U,E,FK
RX F AS,UEFK
RRF S,U,E,FK
RX F A,S,U,E,FK
SS T,C PA, D,
SS T,C PA, D,
RR C
RX C AS
SI C PA
SS C PA
RX AS, EX
SI CM
RRF S
RRF S
RX A
RRZ M, AS
RR
RX AS
RX
RR C
RRF,C S
RRF,C S
RR C IF
RRF,C S
RRF,C s
RX AS
RR F S
RX F AS
RS AS
RR C
RRF,C S
RRF,C s
RR C IF
RR F,C s
RRF,C s
SI LM, AS
RR F S
RX F AS
SI P,A
SS PA
SS P,A
SS P,A
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CODE

49
15
55
95
D5
29
69
39
79
4F
4E
83
1D
5D
FD
2D
6D
3D
D
DE
DF
17
57
97
D7
44
9E
24
34
43
09
18
58
41
12

22

32
13

23

33
48
28
68
98
11

21

31
10

20

30
82
38
78
92
D2
D1
F1
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NAME

Move Zones
Multiply
Multiply
Multiply Decimal
Multiply Halfword
Multiply (Long)
Multiply (Long)
Multiply (Short)
Multiply (Short)
OR

OR

OR

OR

Pack

Read Direct

Set Program Mask
Set Storage Key
Set System Mask
Shift Left Double
Shift Left Double
Logical
Shift Left Single
Shift Left Single
Logical
Shift Right Double
Shift Right Double
Logical
Shift Right Single
Shift Right Single
Logical
Start I70
Store
Store Character
Store Halfword
Store (Long)
Store Multiple
Store (Short)
Subtract
Subtract
Subtract Decimal
Subtract Halfword
Subtract Logical
Subtract Logical
Subtract Norm-
alized ( Long)
Subtract Norm-
alized ( Long)
Subtract Norm-
alized ( Short)
Subtract Norm-
alized (Short)
Subtract Unnorm-
alized (Long)
Subtract Unnorm-
alized (Long)
Subtract Unnorm-
alized (Short)
Subtract Unnorm-
alized ( Short)
Supervisor Call

Test Channel

Test 1/0

Test Under Mask
Translate
Translate and Test
Unpack

Write Direct

Zero and Add

160

MNEMONIC

MVZ
MR
M
MP
MH
N MDR
N MD
N MER
N ME
OR
(6]
Ol
oC
PACK
RDD
SPM
SSK
SSM
SLDA

SLDL
SLA

SLL
SRDA

SRDL
SRA

SRL
SIO
ST
STC
STH
STD
STM
STE
SR

Sp
SH
SLR
SL

N SDR
N SD
N SER
N SE
SWR
SW
SUR

SU
SvC
TCH
TIO
™
TR
TRT
UNPK
WRD
ZAP

TYPE

SS

RR
RX

SS T
RX
RRF
RXF
RRF
RXF
RR C
RX C
st C
ss C
SS
SIY M

RR L
RRZ M
SI M
RS C

RS
RS C

RS
RS C

RS
RS C

RS
SI CM
RX
RX
RX
RXF
RS
RXF
RR C
RX C
sS T,C
RX C
RR C
RX C

RRF,C
RXF,C
RRF,C
RXF,C
RRF,C
RXF,C
RRF,C

RXF,C
RR

SI CM
SI CM
SI C
SS

ss C
SS

SIY M,

SsS T,C

EXCEPTIONS CODE

PA
s
AS
PAS,D
'S,UE
AS.UE
S.UE
ASUE
AS
PA
PA
PA
PA
CAS
A
s, IF
s
IF
s
S
PAS
PAS
PAS
PAS
PAS
IF
AS, IF
PA. D, DF
AS, IF
AS
S,UE,LS
AS,UELS
S,U,E,LS
AS,UE,LS
s, ELS
AS, ELS
S, E,LS
AS, ELS
A
PA
A
PA
A
PA, D, DF

D3
1C
5C
FC
4C
2C
6C
3C
7C
16
56
96
D6
F2
85
04
08
80
8F

8D
8B

89
8E

8C
8A

88
9C
50
42
40
60
90
70
1B
5B
FB
4B
1F
5F

2B
6B
3B
7B
2F
6F
3F

7F
0A
9F
9D
91
DC
DD
F3
84
F8

List of Instructions by Set and Feature

Standard Instruction Set

NAME
Add
Add
Add Halfword
Add Logical
Add Logical
AND
AND
AND
AND

Branch and Link
Branch and Link
Branch on
Condition
Branch on
Condition
Branch on Count
Branch on Count
Branch on Index
High
Branch on Index
Low or Equal

Compare

Compare

Compare Ialfword
Compare Logical
Compare Logical
Compare Logical
Compare Logical
Convert to Binary
Convert to Decimal

Diagnose
Divide
Divide
Exclusive OR
Exclusive OR
Exclusive OR
Exclusive OR
Execute

Halt 1/0
Insert Character

Load

Load

Load Address
Load and Test
Load Complement
Load Halfword
Load Multiple
Load Negative
Load Positive
Load PSW

Move

Move

Move Numerics
Move with Offset
Move Zoncs
Multiply

Multiply

Multiply IHalfword

MNEMONIC

AR
A
AH
ALR
AL
NR
N
NI
NC
BALR
BAL

BCR

BC
BCTR
BCT

BXH

BXLE

CR
C
CH
CLR
CL
CLC
CLI
CVB
CVvD

DR
D
XR

X

XI
XC
EX
HIO
IC
LR

L

LA
LTR
LCR
LH
LM
LNR
LPR
LPSW
MVI
MVC
MVN
MVO
MVZ
MR

MH
OR

0)8
oC

PACK

TYPE

RR
RX
RX
RR
RX
RR
RX
SI

SS

RR
RX

RR

RX
RR
RX

RS

RS

RR
RX
RX
RR
RX
SS
SI
RX
RX
SI
RR
RX
RR
RX
S
SS
RX
SI
RX

RR
RX
RX
RR
RR
RX
RS
RR
RR
SI1
S1
SS
SS
SS
SS
RR
RX
RX
RR
RX
SI
SS
SS

AS,
AS,

AS,
AS

PA
P.A

aoaaoaann

AS
AS

AS

aaaaanan

ASD,
P,A.S
M, AS

AS,

AS
PA

naaa

AS,

aaaa
>
%}

PA

EXCEPTIONS

Ir
IF
IF

CODE
1A
5A
4A
1E
5E
14
54
94
D4
05
45

07
47

- 06

IK

IK
IK

EX

IF

IF

46
86

87
19
59
49
15
55
D5
95
4F
4E
83
1D
5D
17
57
97
D7
44
9E
43
18
58
41
12
13
48
98
11
10
82
92
D2
D1
F1
D3
1C
5C
4C
16
56
96
D6

F2



Set Program Mask

Sct System Mask

Shift Left Double

Shift Left Single

Shift Left Double
Logical

Shitt Left Single
Logical

Shift Right Double

Shift Right Single

Shift Right Double
Logical

Shift Right Single
Logical

Start I/0

Store

Store Character

Store Halfword

Store Multiple

Subtract

Subtract

Subtract Halfword

Subtract Logical

Subtract Logical

Supervisor Call

Test Channel

Test I/0

Test Under Mask

Translate

Translate and Test

Unpack

SPM
SSM
SLDA
SLA

SLDL

SLL
SRDA
SRA

SRDL

SRL
SIO
ST
STC
STH
ST™M
SR

S

SH
SLR
SL
Svc

TCH
TIO
™
TR
TRT

UNPK

RR L
SI

RS C
RS C

RS
RS

RS
RS

aa

RS

RS
sI C
RX
RX
RX
RS
RR
RX
RX
RR
RX
RR
SI

SI

SI

SS

SS

SS

O a0 aoaaan

Floating-Point Feature Instructions

NAME

Add Normalized
(Long)

Add Normalized
(Long)

Add Normalized
(Short)

Add Normalized
(Short)

Add Unnorm-
alized (Long)

Add Unnorm-
alized (Long)

Add Unnorm-
alized ( Short)

Add Unnorm-
alized ( Short)

Compare (Long)
Compare (Long)
Compare (Short)
Compare ( Short)
Divide (Long)
Divide (Long)
Divide (Short)
Divide (Short)
Halve Long
Halve (Short)

Load and Test
(Long)

Load and Test
(Short)

Load Complement
(Long)

Load Complement
(Short)

MNEMONIC

N ADR
N AD
N AER
N AE
AWR
AW
AUR

AU
CDR
CD
CER
CE
N DDR
N DD
N DER
N DE
HDR
HER

LTDR
LTER
LCDR

LCER

TYPE

RRF,C
RXF.C
RRF,C
RX F,C
RRF,C
RX F,C
RRF,C
RX F,C
RRF,C
RXF,C
RRF,C
RX F,C
RRF

RX F

RRF
BRXF

RRF
RRF

RRF,C
RRF,C
RRF,C

RRF,C

Ma

M

2=

04

S, IF
IF

8F
8B

89
8A

88
9C
50
42
40
90
1B
5B
4B
1F

PA,S

PA,S
P,A,S
IF
IF
IF

AS,
A.S,

A,S
0A

oF
9D

P,A
P,A F3
EXCEPTIONS CODE
S,UELS 2A

ASUELS 6A

SJUELS 3A
ASUELS 7A
S, ELS 2E
AS, ELS 6E
S, ELS 3E
AS, ELS 7E
S 29
AS 69
S 39
AS 79
S,UEFK 2D
AS,UEFK 6D
SJUEFK 3D
AS,UEFK 7D
S 24
S 34
S 22
S 32
s 23
S 33

Load (Long) LDR RRF S 28
Load (Long) LD RXF AS 68
Load Negative

(Long) LNDR RRF,C S 21
Load Negative

(Short) LNER RRF,C S 31
Load Positive

(Long) ILPDR RRFC S 20
Load Positive

(Short) LPER RRF,C S 30
Load (Short) LER RRF S 38
Load (Short) LE RXF AS 78
Multiply (Long) NMDR  RRF S,UE 2C
Multiply (Long) N MD RXF AS,UE 6C
Multiply (Short) N MER RRF S,U,E 3C
Multiply (Short) N ME RXF ASUE 7C
Store (Long) STD RXF P.A,S 60
Store (Short) STE RXF P,A,S 70
Subtract Norm-

alized (Long) N SDR RRF,C SUELS 2B
Subtract Norm-

alized (Long) N SD RXF,C ASUELS 6B
Subtract Norm-

alized (Short) N SER RRF,C S,UELS 3B
Subtract Norm-

alized (Short) N SE RXF,C ASUELS 7B
Subtract Unnorm-

alized (Long) SWR RRF,C S, ELS 2F
Subtract Unnorm-

alized (Long) SW RXF,C AS, ELS 6F
Subtract Unnorm-

alized (Short) SUR RR F,C S, EJLS 3F
Subtract Unnorm-

alized (Short) SU RXF,C AS, ELS T7F

The scientific instruction set includes the instructions of both
the standard instruction set and the floating-point feature.

Decimal Feature Instructions

NAME MNEMONIC TYPE  EXCEPTIONS CODE
Add Decimal AP SS T,C PA, D, DF FA
Compare Decimal CP SS T,C A, D F9
Divide Decimal DP SS T PASD, DK FD
Edit ED SS T,C PA, D DE
Edit and Mark EDMK SS T.C PA, D DF
Multiply Decimal MP SS'T P,A,S,D FC
Subtract Decimal SP SS T,C PA, D, DF FB
Zero and Add ZAP SS TC PA, D, DF F8

Commercial Instruction Set

The commercial instruction set includes the instructions of both
the standard instruction set and the decimal feature.

Universal Instruction Set

The universal instruction set includes the instructions of the
standard instruction set, the floating-point feature, and the
decimal feature.

Direct Control Feature Instructions

NAME MNEMONIC  TYPE EXCEPTIONS CODE
Read Direct RDD SIY MPA 85
Write Direct WRD SIY M, A 84
Protection Feature Instructions
NAME MNEMONIC  TYPE EXCEPTIONS CODE
Insert Storage Key ISK RRZ M, AS 09
Set Storage Key SSK RRZ M, AS 08
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Page
Instruction Formats by Mnemonic
A RX 27
L osa [M[*%]8B] 5 |
0 78 1ni2 1516 1920 3
AD RX (Long Operands) 44
[ e [M[%[%] >, |
[ 78 112 1516 19 20 3
ADR RR {Long Operands) 44
L aa [/ R ]
0 78 N2 15
AE RX (Short Operands) 44
L2 [ M[%]%] 2 |
/] 78 1112 1516 19 20 3N
AER RR (Short Operands) 44
L3[R ]® ]
0 78 1112 15
AH RX 27
28 Y S DY BN
0 78 1112 1516 1920 31
Al RX 27
L ose [ R{% |5 | >, |
0 78 1112 1516 19 20 31
ALR RR 27
L [ R’fR]
'] 78 1112 15
AP sS 35
L ra N B | B (g0 B [3f P
0 78 M2 1516 19 20 3132 35 36 47
AR RR 27
[x w7
) 78 112 15
AU RX (Short Operands) 45
| 72 R [% |5 | P, ]
0 78 1112 1516 1920 3

162

Page
AUR RR (Short Operands) 45
[ [ R]R |
0 78 112 15
AW RX (Long Operands) 45
[ [M[% %]
0 78 112 1516 19 20 31
AWR RR (Long Operands) 45
|22 [R]R |
0 78 nre 15
BAL RX 64
L s [ M]%]% ]
0 78 1112 1516 1920 N
BALR RR 64
L o5 [ R[]
4] 78 1ni12 15
BC RX 63
Lo ™M *%]%]
0 78 1112 1516 1920 31
BCR RR 63
o %]
0 78 112 15
BCT RX 64
L% [ M[%]%] ]
0 78 1112 1516 1920 31
BCTR RR 64
Lo [ Rl ]
0 78 12 15
BXH RS 64
L se [ M]R[% | il
0 78 1112 1516 19 20 31
BXLE RS 65
BEAREREIEN |
0 78 1112 1516 1920 31



Page Page

(o} RX 29 CR RR 29
Lo [ A% ]%] b e [R]R]

0 78 1112 1516 19 20 3 ] 78 1112 15

cD RX (Long Operands) 46 CVB RX 30
Lo [ M %% ] e M %] |
0 78 1112 1516 19 20 N ] 78 12 1516 1920 31
CDR RR (Long Operands) 46 CcvD RX 31
L2 [ K/ ]R ] [« [x[%[n] o ]
0 78 1112 15 [} 78 1112 1516 19 20 3
CE RX (Short Operands) 46 D RX 30
L7 [ R % %] ) L [Nl%]%] % |
0 78 1112 1516 19 20 3 0 1112 1516 19 20 31
CER RR (Short Operands) 46 DD RX (Long Operands) 48
L 3% [ MR | Lo [M[%[%] b |
0 78 12 15 0 78 1m12 1516 1920 31
CH RX 29 DDR RR (Long Operands) 48
L [ P[5 2 L [

0 78 1112 1516 19 20 31 0 78 1112

CL RX 53 DE RX (Short Operands) 48
L 55 [ M [% |5 | L A% >,

0 78 112 1516 19 20 31 [} 78 112 1516 1920 31
cLC Ss 53  DER RR (Short Operands) 48
Loos [ v [ Jgo[ o] [ o &R

] 78 1516 1920 3132 35 36 47 0 78 1112 15

cLI st 53 DP ss 37
Lo | 2 [ %] ", R I P N LR Y
0 78 1516 19 20 31 ] 78 1112 1516 1920 3132 35 36

CLR RR 53 DR RR 30
L s [ R R L o [ MR ]

0 78 112 15 1] 78 1112 15

cP SS 37 ED S 57
[ o Tl e]n ¥ %mfo] [ o [ v & o] % [f %]
0 78 112 1516 1920 3132 35 36 0 78 1516 1920 3132 35 36
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Page Page
EDMK  §§ 58 LCR RR 26
[ or [ v [ [go] B fo] [ 18 [R]R |
0 78 1516 19 20 3132 35 36 47 V] 78 1112 15
EX RX 65 LD RX (Long Operands) 43
L o M [% |8 | 1L IM[*%[%]
0 78 1112 1516 1920 N 0 78 1112 1516 19 20 31
HDR  RR  (Long Operands) 47 IDR RR  (Long Operands) 43
L 20 [ R ] R | TR
0 78 1112 15 0 78 mniz 15
HER RR (Short Operands) 47 LE RX (Short Operands) 43
L s [ R R | [ 7 [ ™% [8]
0 78 1112 15 0 78 1112 1516 19 20 3
HIO Si 94  LER RR (Short Operands) 43
9% | > HEEEREE
] 78 1516 19 20 kil 0 78 112 15
ic RX 55 LH RX 25
Lo [ R]%]8] >, ] Lo [RH[%]8%] |
0 78 112 1516 19 20 31 0 78 112 1516 1920 3
ISK  RR 73 M RS 26
REEEY B MR ] ] |
0 78 112 15 ] 78 1112 1516 19 20 31
L RX 25 INDR RR  (Long Operands) 44
EEREREY Y >, | L2 [ "R |
0 78 1112 1516 19 20 3 ] 78 1112 15
LA RX 56  LNER RR (Short Operands) 44
L oo [R/[%[8%] D | n [’ R |
(V] 78 112 1516 1920 N o] 78 1112 15
LCDR RR (Long Operands) 43 INR RR 26
HEREREY Lo R ]R |
0 78 1112 15 0 78 1112 15
LCER  RR  (Short Operands) 43 LPDR RR  (Long Operands) 43
L s [ &[] L o [ & [FR]
o 78 1112 15 0 78 1112 15
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Page Page
LPER RR (Short Operands) 43  MER RR (Shori Operands) 47
|0 [F]R ] L [ R [R ]
[} 78 1132 15 0 78 112 15
LPR  RR 26 MH  RX 30
Lo [/ %] L s M) %% ] ]
0 78 12 15 0 78 ”12’ 1516 19 20 31
LPSW SI 72 MP sSs
| ® b [ B R [re [u [ ] B J80] %[ o |
[ 78 1516 19 20 3 0 78 112 1516 1920 3132 35 36
LR RR 25 MR RR 29
RN L e Lh]%]
] 78 1112 15 0 78 1112
LTDR RR (Long Operands) 43 MvC ss 59
L2 [h]%] o2 [ v [ B 0] % [f P
4] 12 15 0 78 1516 1920 3132 35 36 47
LTER RR (Short Operands) 43 Mvi | 59
[ 2 [ h]%] T
0 78 1112 0 78 1516 1920 31
LTR RR 25 MVN SS 53
L2 [’ [P ] Loov [ oo [ B[] % [if o]
0 78 1112 15 0 78 1516 19 20 3132 35 36 47
M RX 29 MVO ss 38
L sc [ M]%]% ] % | L m fh ]| B[] %[} o
0 78 112 1516 19 20 31 ] 78 1112 1516 19 20 3132 35 36 47
MD RX (Long Operands) 47 MVZ ss 53
[ e [ N1%]%] P2 Lo [ TR o] % [ %
o 1112 1516 19 20 31 (] 78 - 1516 1920 3132 35 36 47
MDR RR (Long Operands) 47 N RX 54
L [h]%] L s [N %]% ] 2 |
[ 78 1112 (] 78 112 1516 19 20 31
ME RX (Short Operands) 47 NC sS 54
L o7c [ 8l%]%] A i YR R 21 N
0 1112 1516 1920 31 0 78 1516 1920 31:32 .35 36 47
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NI Sl 54 SE RX (Short Operands) 45
Lo« | 2 [ °) L [ A% ] %] P2 |
0 78 1516 1920 31 0 78 12 1516 1920 31
NR RR 54 SER RR (Short Operands) 45
14 [ R[] L ® [ MR |
0 78 112 15 0 78 12 15
(o] RX 54 SH RX 28
L s [ M ]% ][5 ] P2 | [ [ M[% % | |
0 78 1112 1516 1920 N [) 78 1112 1516 1920 31
ocC ss 54 SIO SI 99
L oo | v & [gn[ %[0 ] [ e« 77715 °
[ 78 1516 1920 3132 35 36 47 o 78 1516 1920 3
ol Si 54 SL RX 28
| 96 ] R Dy | [ sr [ ™M [ %[5 ] Dy |
0 78 1516 1920 31 0 78 112 1516 19 20 3
OR RR 54 SLA RS 39
L e [ R ] R L s [NV ® | P2 l
) 78 2 15 [) 78 112 1516 1920 31
PACK SS 38 SLDA RS 39
Lo [ulb]siol®%ffe] L * [~ 777°%] %2 |
0 78 2 1516 1920 3132 35 36 47 0 78 112 1516 1920 3l
RDD SI 74 SLDL RS 59
L e [ b | B °) | [ [N % | ]
0 78 1516 1920 3 0 78 N2 1516 1920 3
S RX 28 SLL RS 59
58 [ ™% [%] 2 L ® [NV % | 2 |
0 78 112 1516 1920 3 0 78 112 1516 1920 3N
SD RX (Long Operands) 45 SLR RR 28

o8 | Ry [ % |8y | ) | | LR [ R
) 78 112 1516 1920 31 0 78 M2 15
SDR RR (Long Operands) 45 SP SS 36
L2 &8 ]FR ] IR EREY R LRI Y
o 78 [} 78 REE] 516 1920 3132 35 36 47

112 15
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Page Page
SPM RR 72 STE RX (Short Operands) 49
« [~V L [A]% ]85 ] > |
0 78 12 15 0 78 2 1516 1920 31
SR RR 28 sTH  RX 31
RS | 0 [ R/R[%]5] Dy ]
0 78 1112 15 0 78 1112 1516 19 20 N
SRA RS 32 stM RS 31
L [NV | o ] Lo [M]R][% | 2
0 78 1112 1516 1920 31 0 78 1112 1516 1920 31
SRDA RS 33 su RX (Short Operands) 46
L [NV % % 7 A% ] P2 |
[1] 78 1112 1516 19 20 3N 0 78 1112 1516 1920 31
SRDL RS 60  syr RR (Short Operands) 46
|« [ N0 % | b L w [AM R
0 78 1112 1516 1920 3 0 78 1112 15
SRL RS 59  svc RR 72
L s [N % | b ] [ ea TRT®]
0 78 1n12 1516 19 20 31 0 78 1112 15
SSK RR 73 sw RX (Long Operands) 46
o [N ®] L8 [ M[%]%] 2 |
0 78 mizos ) 78 1112 1516 1920 31
SSM Si 72 SWR RR (Long Operands) 46
0 M| >y L 2 [ R ][R |
] 78 1516 1920 N 0 78 112 15
ST RX 31  rcH sl 95
I 50 J R, | X, ] B, I D, ] [ 9F W B, D, ]
) 78 n2 1516 19 20 3N o 78 1516 1920 3t
STC  RX 55 110 s 93
|2 [ M[% |5 | 2 | U w V777 ™ ] O
o 78 11132 1516 19 20 31 0 78 1516 1920 31
STD  RX  (Long Operands) 49 s 55
L [ M[%]*% | O e N T " l
] 78 112 1516 19 20 n 0 78 1516 19 20 31
]
Appendix G 167



A22-6821-0

Page Page
TR sS 56 XC s$ 55
[ o [ v [&[gn[ % fFo] [ o7 | v [ [§0] % [0
0 78 1516 1920 3132 35 36 47 [ 78 1516 1920 3132 35 36 47
TRT s » 56  Xi S 55
oo [ v To[g%[%ffo] [ 7 [ » |°&] R |
0 78 1516 1920 3132 35 36 47 0 78 1516 1920 3N
UNPK SS 38 XR RR 55
Lo [alb[n]gn[% o] [ 7 8]
0 78 112 1516 1920 3132 35 36 47 0 78 1112 15
WRD s 73 ZAP 5s 36
L e | b | ] o Lm Tu ] [E0] % 3o
0 78 1516 1920 31 0 78 112 1516 1920 3132 35 36 47
X RX 55
BEAREREN DY 2 |
0 78 1m12 1516 19 20 k)l
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