















































































































































































































































































































































































































































































































































































































































































































































device or the status bits received from the device
may be invalid. The channel forces correct parity
on invalid CSW fields. The validity of these fields
can be ascertained by inspecting the limited
channel logout.

When any I/0 instruction cannot be executed
because of a pending logout which affects the
operational capability of the channel or subchannel,
a full CSW is stored. The fields in the CSW are all
set to zeros, with the exception of the
logout-pending bit and the channel-control-check
bit, which are set to ones.

Subchannel Key

A CSW stored to reflect the progress of an
operation at the subchannel contains the
subchannel key used in that operation. The
contents of this field are not affected by
programming errors detected by the channel or by
the situations causing termination of the operation.
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CCW Address

When the CSW is formed to reflect the progress of
the I/O operation at the subchannel, the CCW
address is normally 8 higher than the address of the
last CCW used in the operation.

The figure ''Contents of the CCW-Address Field
in the CSW" lists the contents of the CCW-address
field for all situations that can cause the CSW to be
stored. They are listed in order of priority; that is,
if two situations occur, the CSW appears as
indicated for the situation higher on the list. - When
a CSW has been stored and the situation exists that
a command-retry request has been recognized but
the CCW has not been re-executed, the '"last-used
CCW + 8" is the CCW that is to be retried. When
a program check is caused by two CCWs in
sequence both of which specify transfer in channel,
the second CCW is the one considered invalid. In
the figure, the three cases of disconnected location
and the two cases of invalid key are all protection
checks.



Situations

Contents of”Fiel&

Channel-control check

Status stored by START 1/0 or
START 1/0 FAST RELEASE

Status stored by HALT 1/0 or
HALT DEVICE

Program check because CCW
location in TIC not provided

Program check (all others)

Disconnected CCW location in
TIC

Disconnected CCW location
generated

Disconnected data location

Invalid key on CCW fetch

Invalid key on data access

Chaining check

Termination under count control

Termination by 1/0 device

Termination by HALT 1/0

Termination by CLEAR 1/0

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

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

Deferred condition code 1 or 3
for START 1/0 FAST RELEASE

PCI flag in CCW

Interface-control check

Unpredictable
Unchanged

Unchanged
Address of TIC + 8

Address of invalid CCW + 8
Address of TIC + 8

First invalid CCW address + 8

Address of invalid CCw + 8
Address of protected CCW +
Address of current CCW + 8
Address of last-used CCW +
Address of last-used CCW +
Address of last-used CCW +
Address of last-used CCW +
Address of last-used CCW +
Address of last CCW used i

the completed operation +

n

oo ©0 00 00 0O OO o]

Address of CCW specifying
the new operation + 8

Address of CCW specifying

the new operation + 8
Address of last-used CCW + 8
Unpredictable

Channel end after HALT 1/0 Zero
on selector channel
Channel end after CLEAR 1/0 Zero
Control-unit end Zero
Device end Zero
Attention Zero
Busy Zero
Status modifier Zero

Contents of the CCW-Address Field in the CSW

Count :

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
designated by the CCW. When an input operation
is concluded, 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
storage; on an output operation, the difference is
equal to the number of bytes transferred to the 1/0
device.

The figure '"Contents of the Count Field in the
CSW'" lists the contents of the count field for all
situations that can cause the CSW to be stored.
They are listed in the order of priority; that is, if
two situations occur, the CSW appears as for the
situation higher on the list.

Status

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

When the channel detects several errors, all
corresponding status bits in the CSW may be set to
ones or only one may be set, depending on the
error and model. Errors associated with equipment
malfunctioning have precedence, and whenever
malfunctioning causes an operation to be
terminated, channel-control check,
interface-control check, or channel-data check is
indicated, depending on the error. When an
operation is concluded by program check,
protection check, or chaining check, the channel
identifies the situation responsible for the
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Situations

Contents of Field

Channel-control check

Status stored by START /0 or
START /0 FAST RELEASE

Status stored by HALT 1/0 or
HALT DEVICE

Program check

Protection check

Chaining check

Termihation under count control

Termination by 1/0 device

Termination by HALT 1/0 or
HALT DEVICE

Termination by CLEAR 1/0

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

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

Deferred condition code 1 or 3
for START 1/0 FAST RELEASE

PClI flag in CCW

Interface-control check

Unpredictable
Unchanged

Unchanged

Unpredictable
Unpredictable
Unpredictable
Correct
Correct
Unpredictable

Unpredictable

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

Correct. Original count of
CCW specifying the new
operation.

Correct. Original count of CCW
specifying the new operation.

Unpredictabie

Unpredictable

Channel end after HALT 1/0 Zero
on selector channel
Channel end after CLEAR 1/0 Zero
Control-unit end Zero
Device end Zero
Attention Zero
Busy Zero
Status modifier Zero

Contents of the Count Field in the CSW

conclusion and may or may not indicate incorrect
length. When a data error has been detected and
the operation is concluded prematurely because of a
program check, protection check, or chaining check,
both data check and the programming error are
identified.

If the CCW fetched on command chaining has
the PCI flag set to one but a programming error in
the contents of the CCW precludes the initiation of
the operation, it is unpredictable whether the PCI
bit is one in the CSW associated with the
interruption condition. Similarly, if a programming
error in the contents of the CCW causes the
command to be rejected during execution of
START I/0 or START I/0 FAST RELEASE, the
CSW stored by the instruction may or may not
have the PCI bit set to one. Furthermore, when
the channel detects a programming error in the
CAW or in the first CCW, the PCI bit is
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unpredictable in a CSW stored by START I/0 or
START I/0O FAST RELEASE even when the PCI
flag is zero in the first CCW associated with the
instruction.

However, if the CCW fetched on command
chaining has the PCI flag set to one but an unusual
situation detected by the device precludes the
initiation of the operation, the PCI bit is one in the
CSW associated with the interruption condition.
Likewise, if device status causes the command to be
rejected during execution of START I/0O or
START I/0 FAST RELEASE, the CSW stored by
the instruction contains the PCI bit set to one.

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

The figure ""Contents of the CSW Status Fields"
summarizes the handling of status bits. The figure
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.



Upon Termination
When of Operation at [During{By By

When |Subch Cmd Sio By H10(By 1/0

_ 1/0 islis Ctr1 j1/0{Chain-lor |By |CLRIO|or [Inter-

Status ldle |[Working|Subch| Unit |Dev]|ing SIOF|TIO|+ HDV|ruption
Attention c* c* |c* S s |S S
Status modifier (W c CS CS |S CS |[S
Control-unit end c* cs |{cs |s cS S
Busy ¢ CS |CS |S €S |S
Channel end c* C*H c*z csz s |s S
Device end c* c* |c # cs# |s |sS S
Unit check c c c cC |c* cs |[cs |s cs
Unit exception c c c |c* cs |s |s S

Program-controlled

interruption c* c* c cs |[s |s S
Incorrect length ¢ ¢ S |S S
Program check c c c* cs |s |s S
Protection check c c c* cs |s |s S
Channel-data check C C S S S
Channel-control check |C* c* c* c* c* |c* cS |CS |CS cs |cs
Interface-control check|C* c* c* c* c* |c* cs |cs |cs ¢S |cs
Chaining check c c S IS S
Deferred cond code 1 c*# |s |S S
Deferred cond code 3 c*# S |S S

Explanation:

c

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

Status such as channel end or device end is created at the indicated time. Other
status bits may have been created previously but are made accessible to the program
only at the indicated time. Examples of such status bits are program check and
channel-data check, which are detected while data is transferred but are made
available to the program only with channel end, unless the PCl flag or an equipment
malfunction has caused an interruption condition to be generated earlier.

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

An S appearing alone indicates that the status has been created previously. The
letter C appearing with the S indicates that the status did not necessarily
exist previously in the form that causes the program to be alerted, and may have
been created by the 1/0 instruction or 1/0 interruption. For example, an equipment
malfunction may be detected during an 1/0 interruption, causing channel-control or
interface-control check to be indicated; or a device such as the 2702 may signal
control-unit busy in response to interrogation by an 1/0 instruction, causing status
modifier, busy, and control-unit end to be indicated in the CSW.

The status generates an interruption condition.

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

This indication is created at the indicated time only by an immediate operation.
Applies only to SIOF.

When an operation on the selector channel has been concluded by HALT DEVICE or HALT
1/0, or an operation has been concluded by CLEAR 1/0, channel end indicates the

conclusion of the data-handling portion of the operation at the control unit.

The entries in this column apply only when the CLRIO function is executed. When
CLEAR 1/0 causes the TID function to be executed, the entries in the TI0 column

apply.

Contents of the CSW Status Fields
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Channel Logout
When a channel stores a CSW that indicates
channel-control check in the absence of logout
pending, or interface-control check, or, on some
channels, channel-data check, a limited channel
logout accompanies the storing of the CSW. Such
a logout is useful for error recovery. 1-3
The limited channel logout contains
model-independent information and is stored at
locations 176-179. When it is stored, bit O of the
logout is always stored as a zero.

I/0-Communication Area
Storage locations 160-191 comprise a permanently
assigned area of storage used for 1/0, designated
the I/O-communication area (IOCA). (See the
figure "I/O-Communication Area.'")

Locations 160-167, 172-175, 180-184, and
188-191 are reserved for future I/0O use.

Channel ID (Locations 168-171): Locations
168-171, when stored during the execution of a
STORE CHANNEL ID instruction, contain
information which describes the addressed channel.

Limited Channel Logout (Locations 176-179): The 4-7
limited-channel-logout field (locations 176-179)
contains model-independent information related to
equipment errors detected by the channel. This
information is used to provide detailed machine
status when errors have affected 1/0 operations.
The field may be stored only when the CSW or a
portion of the CSW is stored.
The bits of the field are defined as follows:
0 This bit is always stored as a zero when 8-12
a limited channel logout is stored. If
the program ensures that this bit is set
to one and any channel-control check,

interface-control check, or channel-data
check occurs, a test of this bit can
determine if the LCL was stored by the
channel. The LCL cannot be stored by
a channel unless one of these three
channel-status bits is set to one.

Identity of the storage-control unit
(SCU) identifies the SCU through
which storage references were directed
when an error was detected. This
identity is not necessarily the identity of
the storage unit involved with the
transfer. When only one physical path
exists between channel and storage, the
storage-control unit has the identity of
the CPU. If more than one path exists,
the storage-control unit has its own
identity.

When bit 3 is zero, bits 1 and 2 are
undefined. In this case, the SCU
identity is implied to be the same as the
CPU identity. When bit 3 is one, the
binary value of bits 1 and 2 identifies a
physical SCU. Each SCU in the system
has a unique identity.

Detect field identifies the type of unit
that detected the error. At least one bit
is present in this field, and multiple bits
may be set when more than one unit
detects the error.

Bit 4—CPU

Bit 5~Channel

Bit 6—Main-storage control

Bit 7-Main storage

Source field indicates the most likely

source of the error. The determination
is made by the channel on the basis of
the type of error check, the location of

160
164

168 Channel ID

172

176 Limited Channel Logout

180

184 00000000 1/0 Address

188

I/0-Communication Area
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13-18
19-23

24-25

26-27
28

the checking station, the information
flow path, and the success or failure of
transmission through previous check
stations.

Normally, only one bit will be present
in this field. However, when interunit
communication cannot be resolved to a
single unit, such as when the interface
between units is at fault, multiple bits
(normally two) may be set to ones in
this field. When a reasonable
determination cannot be made, all bits
in this field are set to zeros.

If the detect and source fields
indicate different units, the interface
between them can also be considered
suspect.

Bit 8— CPU

Bit 9—- Channel

Bit 10-Main-storage control
Bit 11-Main storage

Bit 12—Control unit

Reserved. Stored zero.
Field-validity flags. These bits indicate
the validity of the information stored in
the designated fields. When the validity
bit is set to one, the field is stored and
usable. When the validity bit is set to
zero, the field is not usable.

The fields designated are:

Bit 19-Sequence code

Bit 20-Unit status

Bit 21-CCW address and key in CSW
Bit 22—Channel address

Bit 23—Device address

Type of termination that has occurred
is indicated by these two bits.

This encoded field has meaning only
when a channel-control check or an
interface-control check is indicated in
the CSW. When neither of these two
checks is indicated, no termination has
been forced by the channel.

00 Interface disconnect

01 Stop, stack, or normal termination
10 Selective reset

11 Reserved

Reserved. Stored zero.

1/0-error alert. This bit, when set to
one, indicates that the limited channel
logout resulted from the signaling of
1/0O-error alert by the indicated unit.

29-31

The I/O-error-alert signal indicates that
the control unit has detected a
malfunction which prevents it from
communicating properly with the
channel. The channel, in response,
performs a malfunction reset and causes
interface-control check to be set.
Sequence code identifies the 1/0
sequence in progress. at the time of
error. It is meaningless if stored during
the execution of HALT 1/0 or HALT
DEVICE.

For all cases, the CCW address in the
CSW, if validly stored and nonzero, is
the address of the current CCW plus 8.

The sequence code assignments are:
000 A channel-detected error occurred

during the execution of a TEST

I/0 or CLEAR 1/0 instruction.

001 Command-out with a nonzero
command byte on bus-out has been
sent by the channel, but device
status has not yet been analyzed by
the channel. This code is set with
a command-out response to
address-in during initial selection.

010 The command has been accepted
by the device, but no data has been
transferred. This code is set by a
service-out or command-out
response to status-in during an
initial selection sequence, if the
status is either channel end alone,
or channel end and device end, or
channel end, device end, and status
modifier, or all zeros.

011 At least one byte of data has been
transferred between the channel
and the device. This code is set
with a service-out response to
service-in and, when appropriate,
may be used when the channel is in
an idle or polling state.

100 The command in the current CCW
has either not yet been sent to the
device or else was sent but not
accepted by the device. This code
is set when one of the following
situations occurs:

1. When the CCW address is
updated during command
chaining or a START 1/0.

2. When service-out. or
command-out is raised in
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response to status-in during an
initial selection sequence with
the status on bus-in including
attention, control-unit end, unit
check, unit exception, busy,
status modifier (without
channel end and device end),
or device end (without channel
end).

When a short, control-unit-
busy sequence is signaled.
When command retry is
signaled.

When the channel issues a
test-I/O command rather than
the command in the current
CCwW.

101 The command has been accepted,
but data transfer is unpredictable.
This code applies from the time a
device comes on the interface until

IBM 4300 Processors Principles of Operation

the time it is determined that a new
sequence code applies. The code
may thus be used when a channel
goes into the polling or idle state
and it is impossible to determine
that code 010 or 011 applies. The
code may also be used at other
times when a channel cannot
distinguish between code 010 or
011.

110 Reserved.

111 Reserved.

Reserved (Location 185): Zero is stored at
location 185 whenever an I/O address is stored at
locations 186-187.

I1/O Address (Locations 186-187): A two-byte
field is provided for storing the I/O address on
each I/0 interruption in the EC mode.
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Contents
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Basic Operator Facilities 13-1
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Manual Operation

The operator facilities provide functions for the
manual operation and control of the machine. The
functions include operator-to-machine
communication, indication of machine status,
control over the setting of the time-of-day clock,
initial program loading, resets, and other manual
controls for operator intervention in normal
machine operation.

A model may provide additional operator
facilities which are not described in this chapter.
Examples are the means to indicate specific error
conditions in the equipment, to change equipment
configurations, and to facilitate maintenance.
Furthermore, controls covered in this chapter may
have additional settings which are not described
here. Such additional facilities and settings are
contained in the appropriate System Library (SL.)
publication.

Most models provide, in association with the
operator facilities, a console device which may be
used as an 1/0 device for operator communication
with the program; this console device may also be
used to implement some or all of the facilities
described in this chapter. ’

Manual Indicator 13-3

Mode Indicator 13-4

Power Controls 13-4

Rate Control 13-4

Restart Key 13-4

Save Indicator 13-4

Start Key 13-4

Stop Key 13-4

Storage-Size Control 13-4
System-Reset-Clear Key 13-5
System-Reset-Normal Key ©13-5
Test Indicator 13-5
TOD-Clock Control 13-5
Wait Indicator 13-5

The operator facilities may be implemented on
different models in various technologies and
configurations. On some models, more than one
set of physical representations of some keys,
controls, and indicators may be provided, such as
on multiple local or remote operating stations,
which may be effective concurrently.

A machine malfunction that prevents a manual
operation from being performed correctly, as
defined for that operation, may cause the CPU to
enter the check-stop state or give some other
indication to the operator that the operation has
failed. Alternatively, a machine malfunction may
cause a machine-check-interruption condition to be
recognized.

Basic Operator Facilities

Address-Compare Controls
The address-compare controls provide a way to

- stop the CPU when a preset address matches the

address used in a specified type of main-storage
reference.

One of the address-compare controls is used to
set up the address to be compared with the storage
address.
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Another control provides at least two settings to
specify the action, if any, to be taken when the
address match occurs. The two settings are normal
and stop. When this control is set to stop, the test
indicator is turned on.

1. The normal setting disables the address-
compare operation.

2. The stop setting causes the CPU to enter the
stopped state on an address match. Depending
on the model and the type of reference,
pending I/0, external, and machine-check
interruptions may or may not be taken before
entering the stopped state.

A third control may specify the type of storage
reference for which the address comparison is to be

made. A model may provide one or more of the

following settings, as well as others:

1. The any setting causes the address comparison
to be performed on all storage references.

2. The data-store setting causes address
comparison to be performed when storage is
addressed to store data.

3. The I/0 setting causes address comparison to
be performed when storage is addressed by a
channel to transfer data or to fetch a
channel-command word. Whether references
to the channel-address word or the
channel-status word cause a match to be
indicated depends on the model.

4. The instruction-address setting causes address
comparison to be performed when storage is
addressed to fetch an instruction. The
rightmost bit of the address setting may or may
not be ignored. The match is indicated only
when the first byte of the instruction is fetched
from the selected location. It depends on the
model whether a match is indicated when
fetching the target instruction of EXECUTE.

Alter-and-Display Controls
The operator facilities provide controls and
procedures to permit the operator to alter and
display the contents of addressable locations in
storage, the storage keys, the page bits, the general,
floating-point, and control registers, and the PSW.
Information in storage can only be altered or
displayed if the storage pages containing the
information are in the connected or addressable
state.

Before alter-and-display operations may be
performed, the CPU must first be placed in the
stopped state. During alter-and-display operations,
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the manual indicator may be turned off
temporarily, and the start and restart keys may be
inoperative.

Check Control

The check control has at least two settings, stop

and normal. If the control is set to stop, the CPU

enters the check-stop state when either:

1. A machine-check condition is detected and not
corrected

2. A channel check occurs which would cause
information to be stored in a channel-logout
area at locations 176-179

Whether information is actually stored in
assigned storage locations as a result of the
machine check or channel check, the indications
given for the cause of the stop, and the manner of
resuming CPU operation depend on the model.

If the check control is set to normal, the action
resulting from the detection of a machine check or
channel check is the same as described in Chapter
11, "Machine-Check Handling," or in Chapter 12,
"Input/Output Operations," respectively.

The test indicator is on while the check control
is set to stop.

Programming Note

Except that recovery from a machine check or a
channel check with logout is not possible, the check
control permits a System/360 program, which uses
assigned storage locations above 128 as ordinary
storage, to be run in the BC mode.

Check-Stop Indicator

The check-stop indicator is on when the CPU is in
the check-stop state. Reset operations normally
cause the CPU to leave the check-stop state and
thus turn off the indicator. The manual indicator
may also be on in the check-stop state.

IML Controls

The IML controls perform initial microprogram
loading (IML). The IML operation selects the
ECPS:VSE architectural mode or the System/370
architectural mode of operation.

When the IML operation is completed, the state
of the affected CPU, channels, storage, and
operator facilities is the same as if a power-on reset
had been performed, except that the value and
state of the time-of-day clock are not reset.

The IML controls are effective while the power
is on.

—



Interrupt Key
When the interrupt key is activated, an
external-interruption condition indicating the
interrupt key is generated. (See the section
"Interrupt Key" in Chapter 6, "Interruptions.")
The interrupt key is effective when the CPU is
in the operating or stopped state. It depends on
the model whether the interrupt key is effective
when the CPU is in the load state.

Interval-Timer Control

The interval-timer control disables or enables
operation of the interval timer. Disabling the
interval timer does not affect any other facility.

When the control is set to disable the interval
timer, updating of assigned storage locations 80-83
ceases. The contents of locations 80-83 remain at
the last value to which they were updated, unless
changed by a subsequent store operation. Any
already pending interval-timer-interruption
condition is kept pending without regard to the
state of the external mask, PSW bit 7, and the
interval-timer mask, bit 24 of control register 0.

When the control is set to enable the interval
timer, updating of locations 80-83 is resumed using
the current contents. If an interval-timer-
interruption request existed and was kept pending
when the interval-timer control was last set to
disable, that condition remains pending until the
CPU is enabled for the interruption.

The setting to enable the interval timer is
considered the normal setting. The test indicator
may or may not be turned on when the
interval-timer control is set to disable.

Programming Note

Disabling the interval timer allows execution of a
program which uses locations 80-83 as ordinary
storage. A program which does not use the interval
timer will function correctly with the interval timer
disabled, even when the interval timer fails.

Load Indicator

The load-indicator is on during initial program
loading, indicating that the CPU is in the load
state. The indicator goes on when the load-clear or
load-normal key is activated and the corresponding
operation is started. It goes off after the new PSW
is loaded successfully.

Load-Clear Key
Activating the load-clear key causes a clear-reset
operation to be performed and initial program

loading to be started using the I/O device specified
by the load-unit-address controls. For details, see
the sections "Resets" and "Initial Program
Loading" in Chapter 4, "Control."

The load-clear key is effective when the CPU is
in the operating, stopped, load, or check-stop state.

Load-Normal Key
Activating the load-normal key causes an initial-
program-reset operation to be performed and initial
program loading to be started using the I/0 device
specified by the load-unit-address controls. For
details, see the sections '"Resets" and "Initial
Program Loading" in Chapter 4, ""Control."

The load-normal key is effective when the CPU
is in the operating, stopped, load, or check-stop
state.

Load-Unit-Address Controls ;

The load-unit-address controls select three
hexadecimal digits, which provide the 12 rightmost
1/0 address bits used for initial program loading.

Machine-Save Key
Activating the machine-save key initiates a
machine-save operation. (See the section
"Machine Save' in Chapter 4, "Control.") The
save indicator is turned on when the operation is
completed successfully.

The machine-save key is effective only when the
CPU is in the stopped state.

Operation Note
The machine-save operation may be used in
conjunction with a standalone dump program for
the analysis of major program malfunctions. For
such an operation, the following sequence would be
called for:
1. Activation of the stop or system-reset-normal
key
2. Activation of the machine-save key
3. Activation of the load-normal key to enter a
standalone dump program
The system-reset-normal key must be activated
in step 1 when the stop key is not effective because
a continuous string of interruptions occurs or the
CPU is in the check-sto})/state.

Manual Indicator

The manual indicator is on when the CPU is in the
stopped state. Some functions and several manual
controls are effective only when the CPU is in the
stopped state.
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Mode Indicator
The mode indicator shows the architectural mode
of operation selected by the last IML operation.

Power Controls
The power controls are used to turn the power on
and off. '
The CPU, storage, channels, operator facilities,
and I/0 devices may all have their power turned
on and off by common controls, or they may have
separate power controls. When a particular unit
has its power turned on, that unit is reset. The
sequence is performed so that no instructions or
1/0 operations are performed until explicitly
specified. The controls may also permit power to
be turned on in stages, but the machine does not
become operational until power-on is complete.
‘When the power is completely turned on, an
IML operation is performed. A power-on reset is
then initiated (see the section "Resets' in Chapter
4, "Control"). It depends on the model whether
the architectural mode of operation can be selected
when the power is turned on, or whether the IML
controls have to be used to change mode after the
power is on.

Rate Control

The setting of the rate control determines the effect
of the start function and the manner in which
instructions are executed.

The rate control has at least two settings. The
normal setting is process. When the rate control is
set to process and the start function is performed,
the CPU starts operating at normal speed. When
the rate control is set to instruction step, one
instruction or, for interruptible instructions, one
unit of operation is executed each time the start
function is performed. For details, see the section
"Stopped, Operating, Load, and Check-Stop
States'' in Chapter 4, "'Control."

The test indicator is on while the rate control is
not set to process.

If the setting of the rate control is changed while
the CPU is in the operating or load state, the
results are unpredictable.

Restart Key
Activating the restart key initiates a restart
interruption. (See the section "Restart
Interruption" in Chapter 6, "'Interruptions.’)

The restart key is effective when the CPU is in
the operating or stopped state. The key is not
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effective when the CPU is in the check-stop state.
It depends on the model whether the restart key is
effective when the CPU is in the load state.

Save Indicator

The save indicator is turned on when a
machine-save operation has been successfully
completed. It is turned off when the load-clear,
load-normal, restart, start, system-reset-clear, or
system-reset-normal key is activated. It may also
be turned off when other controls are activated.
The indicator is off after a power-on reset. If an
error is encountered during the machine-save
operation, the indicator remains off.

Start Key
Activating the start key causes the CPU to perform
the start function. (See the section ''Stopped, -
Operating, Load, and Check-Stop States" in
Chapter 4, '"Control.")

The start key is effective only when the CPU is
in the stopped state. The effect is unpredictable
when the stopped state has been entered by a reset.

Stop Key
Activating the stop key causes the CPU to perform
the stop function. (See the section "Stopped,
Operating, Load, and Check-Stop States" in
Chapter 4, '"Control.'")

The stop key is effective only when the CPU is
in the operating state.

Operation Note

Activating the stop key has no effect when:

e An unending string of certain program or
external interruptions occurs.

« The CPU is in the load or check-stop state.

Storage-Size Control

The storage-size control is provided when a model
permits more than one size of virtual storage. The
control determines the storage size and, hence, the
value of the page-capacity count. The number of
storage-size settings of the control depends on the
model. (See the section "Storage Size' in Chapter
3, "Storage.")

A new setting of the storage-size control
becomes effective only as part of the IML
operation performed when turning the power on or
when activating the IML controls.



System-Reset-Clear Key

Activating the system-reset-clear key causes a

clear-reset operation to be performed. For details,

see the section ""Resets' in Chapter 4, ''Control."
The system-reset-clear key is effective when the

CPU is in the operating, stopped, load, or

check-stop state.

System-Reset-Normal Key
Activating the system-reset-normal key causes a
program-reset operation to be performed. For
details, see the section "Resets" in Chapter 4,
"Control."

The system-reset-normal key is effective when
the CPU is in the operating, stopped, load, or
check-stop state.

Test Indicator

The test indicator is on when a manual control for
operation or maintenance is in an abnormal
position that can affect the normal operation of a
program.

Setting the address-compare controls or the
check control to stop or setting the rate control to
instruction step turns on the test indicator. Setting
the interval-timer control to disable may or may
not turn on the test indicator.

The test indicator may be on when one or more
diagnostic functions under the control of
DIAGNOSE are activated, or when other abnormal
conditions occur.

Operation Note

If a manual control is left in a setting intended for
maintenance purposes, such an abnormal setting
may, among other things, result in false
machine-check indications or cause actual machine
malfunctions to be ignored. It may also alter other
aspects of machine operation, including instruction
execution, channel operation, and the functioning
of operator controls and indicators, to the extent
that operation of the machine does not comply with
that described in this publication.

TOD-Clock Control

When the TOD-clock control is not activated, that
is, the control is set to secure, the value of the
time-of-day (TOD) clock is protected against
unauthorized or inadvertent change by not _
permitting the instruction SET CLLOCK to change
the value.

When the TOD-clock control is activated, that
is, the control is set to enable set, alteration of the
clock value by means of SET CLOCK is permitted.
This setting is temporary, and the control
automatically returns to secure.

Wait Indicator
The wait indicator is on when the wait-state bit in
the current PSW is one.
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Number Representation
Binary Integers

Signed Binary Integers

Signed binary integers are most commonly
represented as halfwords (16 bits) or words (32
bits). In both lengths, the leftmost bit (bit 0) is the
sign of the number. The remaining bits (bits 1-15
for halfwords and 1-31 for words) are used to
designate the magnitude of the number. Binary
integers are also referred to as fixed-point numbers,
because the radix point is considered to be fixed at
the right, and any scaling is done by the
programmer.

Positive binary integers are in true binary
notation with a zero sign bit. Negative binary
integers are 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 (that is,
all zeros for positive numbers, all ones for negative
numbers).

Negative binary integers are formed in -
two’s-complement notation by inverting each bit of
the positive binary integer and adding one. As an
example using the halfword format, the binary
number with the decimal value +26 is made
negative (-26) in the following manner:
+26 0 000 0000 0001 1010
Invert 1 111 1111 1110 0101
Add 1 1

~26 1 111 1111 1110 0110 (Two's comple-
ment form)

(S is the sign bit.)

This is équivalent to subtracting the number:

00000000 00011010
from
1 00000000 00000000

Negative binary integers are changed to positive
in the same manner.

The following addition examples illustrate
two’s-complement arithmetic and overflow
conditions. Only eight bit positions are used.

1. +57 = 0011 1001
+35 = 0010 0011
+92 = 0101 1100
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2. +57. = 0011 1001
-35 = 1101 1101
+22 = 0001 0110 No overflow-carry
into leftmost posi-
tion and carry out.
3. +35 = 0010 0011
-57 = 1100 0111
-22 = 1110 1010 Sign change only-no
carry into leftmost
position and no
carry out.
4, -57 = 1100 0111
-35 = 1101 1101
-92 = 1010 0100 No overflow-carry
into leftmost posi-
tion and carry out.
5. +57 = 0011 1001
+92 = 0101 1100
+149 = *1001 0101 *0Overflow—carry
into leftmost posi-
tion, no carry out.
6. =57 = 1100 0111
-92 = 1010 0100
-149 = *0110 1011 *Overflow-no carry

into leftmost posi-
tion but carry out.

The presence or absence of an overflow
condition may be recognized from the carries:
« There is no overflow:
a. If there is no carry into the leftmost bit
position and no carry out (examples 1 and
3).
b. If there is a carry into the leftmost position
and also a carry out (examples 2 and 4).
« There is an overflow:
a. If there is a carry into the leftmost position
but no carry out (example 5).
b. If there is no carry into the leftmost
position but there is a carry out (example
6).

The following are 16-bit signed binary integers.
The first is the maximum positive 16-bit binary
integer. The last is the maximum negative 16-bit
binary integer (the negative 16-bit binary integer
with the greatest absolute value).
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215 1= 32,767 = 0 111 1111 1111 1111
20 = 1 = 0 000 0000 0000 0001
0 = 0 = 0 000 0000 0000 0000
20 = =1 = 1 111 1111 1111 1111
—215 = -32,768 = 1 000 0000 0000 0000

The following are several 32-bit signed binary
integers arranged in descending order. The first is
the maximum positive binary integer that can be
represented by 32 bits, and the last is the maximum
negative binary integer that can be represented by
32 bits.

231 — 1= 2 147 483 647 = 0 111 1111 1E11 1191 1101 3911 1111 111
216 = 65 536 = 0 000 0000 0000 0001 0000 0000 0000 0000
20 = 1 =0 000 0000 0000 0000 00G0 0000 0000 0001
0 = 0 =0 000 0000 0000 0000 0000 0000 0000 0000
-20 = =1 =1 111 1110 1011 11018 T 111 111 114
21 = =2 =1 111 1111 1111 1181 1111 11t 1111 1110
216 = -5 536 = 1 111 1111 1111 1111 0000 0000 0000 0000
231 4 1 = —2 147 483 647 = 1 000 0000 0000 0000 0000 0000 0000 0001
—231 = -2 147 483 648 = 1 000 0000 0000 0000 0000 0000 0000 0000

Unsigned Binary Integers
Certain instructions, such as ADD LOGICAL, treat
binary integers as unsigned rather than signed.
Unsigned binary integers have the same format as
signed binary integers, except that the leftmost bit
is interpreted as another numeric bit rather than a
sign bit. There is no complement notation because
all unsigned binary integers are considered positive.
The following examples illustrate the addition of
unsigned binary integers. Only eight bit positions
are used. The examples are numbered the same as
the corresponding examples for signed binary
integers.

0011

1. 57 = 1001

35 = 0010 0011

92 = 0101 1100

2. 57 = 0011 1001

221 = 1101 1101
278 = *0001 0110 *Carry out of

leftmost position

3. 35 = 0010 0011

199 = 1100 0111

234 = 1110 1010

4, 199 = 1100 0111

221 = 1101 1101
420 = *1010 0100 *Carry out of

leftmost position
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5. 57 = 0011 1001
92 = 0101 1100
149 = 1001 0101
6. 199 = 1100 0111
164 = 1010 0100
363 = *0110 1011 *Carry out of

leftmost position

A carry out of the leftmost bit position may or
may not imply an overflow, depending on the
application.

The following are several 32-bit unsigned binary
integers arranged in descending order.

232 _ 1 = 4 294 967 296 = 1111 1111 1111 1111 1111 1111 1111 1111
231 = 2 147 483 648 = 1000 0000 0000 0000 0000 0000 0000 0000
231 _ 1 = 2 147 483 647 = O111 1111 1111 1111 1111 1111111 1111
216 = 65 536 = 0000 0000 0000 0001 0000 0000 0000 0000
20 = 1 = 0000 0000 0000 0000 0000 0000 0000 0001

0 = 0000 0000 0000 0000 0000 0000 0000 0000

\]

Decimal Integers

Decimal integers are represented as one or more
decimal digits and a sign digit. Each digit is a 4-bit
code. The decimal digits are in binary-coded
decimal (BCD) form, with the values 0-9 encoded
as 0000-1001. The sign is usually represented as
1100 (C hex) for plus and 1101 (D hex) for minus.
These are the preferred sign codes, which are
generated by the machine for the results of decimal
operations. There are also several alternate sign -
codes (1010, 1110, and 1111 for plus; 1011 for
minus). The alternate sign codes are accepted by
the machine as valid but are not generated for
results.

Decimal integers may have different lengths,
from one to 16 bytes. There are two decimal
formats: packed and zoned. In the packed format,
each byte contains two decimal digits, except for
the rightmost byte which contains the sign in its
right digit. The number of decimal digits in the
packed format can vary from one to 31. Because
decimal integers must consist of whole bytes and
there must be a sign digit on the right, the number
of decimal digits is always odd. If an even number
of significant digits is desired, a leading zero must
be inserted on the left.

In the zoned format, each byte consists of a
decimal digit on the right and the zone code 1111
(F hex) on the left, except for the rightmost byte
where the sign code replaces the zone code. Thus,
decimal integers in the zoned format can have
anywhere from one to 16 digits. The zoned format
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may be used directly for input and output in the
extended binary-coded-decimal interchange code
(EBCDIC), except that the sign must be separated
from the rightmost digit and handled as a separate
character. For positive (unsigned) numbers,
however, the sign code of the rightmost digit can
simply be replaced by the zone code, which is one
of the acceptable alternate codes for plus.

In either format, negative decimal integers are
represented in true notation with a separate sign.
As for binary integers, the radix point (decimal
point) of decimal integers is considered to be fixed
at the right, and any scaling is done by the
programmer.

The following are some examples of decimal
integers shown in hexadecimal notation:

Value Packed Format Zoned Format
+123 12 3C F1 F2 C3 or F1 F2 F3
4321 04 32 1D F4 F3 F2 D1

+000050 00 00 05 0C FO FO FO FO F5 CO or
FO FO FO FO F5 FO

-7 7D D7

00000 00 00 OC FO FO FO FO CO or
FO FO FO FO FO

Under some circumstances, a zero with a minus
sign (negative zero) is produced. For example, the
.multiplicand:

00 123D (-123)

times the multiplier:
ocC (+0)

generates the product:
00 000D (—0)

because the product sign follows the algebraic rule
of signs even when the value is zero. A negative
zero, however, is entirely equivalent to a positive
zero; they compare equal in a decimal comparison.

Floating-Point Numbers

A floating-point number is expressed as a fraction
multiplied by a separate power of 16. The term
floating point indicates that the radix-point
placement, or scaling, is automatically maintained
by the machine.

The part of a floating-point number which
represents the significant digits of the number is
called the fraction. A second part specifies the
power (exponent) to which 16 is raised and
indicates the location of the radix point of the
number. The fraction and exponent may be

R
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represented by 32 bits (short format), 64 bits (long
format), or 128 bits (extended format).

Short Floating-Point Number

/
S|Characteristic|6-Digit Fraction

0 1 8 31

Long Floating-Point Number

SiCharacteristic|14-Digit Fraction

0 1 8 63

Extended Floating-Point Number
High-Order Part/

High-0Order

Leftmost 14 Digits
S{Characteristic

of 28—Di?it Fraction

0o 1 8 63

Low-Order Part

Low-0Order

/
Rightmost 14 Digits
S{Characteristic

of 28—Di§it Fraction

64 72 127

A floating-point number has two signs: one for
the fraction and one for the exponent. The
fraction sign, which is also the sign of the entire
number, is the leftmost bit of each format (0 for
plus, 1 for minus). The numeric part of the
fraction is in true notation regardless of the sign.
The numeric part is contained in bits 8-31 for the
short format, in bits 8-63 for the long format, and
in bits 8-63 followed by bits 72-127 for the
extended format.

The exponent sign is obtained by expressing the
exponent in excess-64 notation; that is, the
exponent is added as a signed number to 64. The
resulting number is called the characteristic. It is
located in bits 1-7 for all formats. The
characteristic can vary from O to 127, permitting
the exponent to vary from —64 through O to +63.
This provides a scale multiplier in the range of
16—64 to 1663, A nonzero fraction, if normalized,
must be less than one and greater than or equal to
1/16, so that the range covered by the magnitude
M of a floating-point number is:

16—65 < M < 1663

In decimal terms:

16—65 is approximately equal to 5.4 x 10-79
1663 is approximately equal to 7.2 x 1075
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More precisely,

In the short format:
1665 < M < (1 — 16-6) x 1663

In the long format:
1665 < M < (1 - 16-14) x 1663

In the extended format:
16-65 < M < (1 — 16-28) x 1663

Within a given fraction length (6, 14, or 28
digits), a floating-point operation will provide the
greatest precision if the fraction is normalized. A
fraction is normalized when the leftmost digit (bit
positions 8, 9, 10, and 11) is nonzero. It is
unnormalized if the leftmost digit contains all
Zeros.

If normalization of the operand is desired, the
floating-point instructions that provide automatic
normalization are used. This automatic
normalization is accomplished by left-shifting the
fraction (four bits per shift) until a nonzero digit
occupies the leftmost digit position. The
characteristic is reduced by one for each digit
shifted.

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 S <-Char-> < Fraction >
1.0 = +1/16x16} =0 100 0001 0001 0000 0000 0000 0000 0000
0.5 = +8/16x160 =0 100 0000 1000 0000 0000 0000 0000 0000
1/64 = +4/16x16=1 =0 011 1111 0100 0000 0000 0000 0000 0000
0.0 = +0 xl?“" = 0 000 0000 0000 0000 0000 0000 0000 0000

-15.0 = —15/16x76! = 1 100 0001 1111 0000 0000 0000 0000 0000
5.4x10579 = ﬂ/tsxas-“ = 0 000 0000 0001 0000 0000 0000 0000 0000
7.2x1075  ® (1-16-6)x1663 = 0 111 1111 1141 1141 1131 1100 1111 1101

[The symbol # means '‘approximately equal.'']

Conversion Example

Convert the decimal number 59.25 to a short

floating-point number. (In another appendix are

tables for the conversion of hexadecimal and

decimal integers and fractions.)

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

59.25 = 59 plus 0.25

2. The decimal integer is converted to its
hexadecimal representation.
5910 =3Bj¢. '

3. The decimal fraction is converted to its
hexadecimal representation.

02519 = 0.41¢

4, The integral and fractional parts are combined
and expressed as a fraction times a power of 16
(exponent).

3B.4;q = 0.3B414 x 162
5. The characteristic is developed from the
exponent and converted to binary.

base + exponent = characteristic

64 +2 = 66 = 1000010
6. The fraction is converted to binary and grouped
hexadecimally.

.3B4;4 = .00111011 0100

7. The characteristic and the fraction are stored in
the short format. The sign position contains
the sign of the fraction.

S Char  Fraction
0 10000 000010 0011 1011 0100 0000 0000

Examples of instruction sequences that may be
used to convert between signed binary integers and
floating-point numbers are shown in the section
"Floating-Point-Number Conversion' later in this
appendix.

Instruction-Use Examples

The following examples illustrate the use of many
of the unprivileged instructions. Before studying
one of these examples, the reader should consult

the instruction description in this manual for the

particular instruction of interest to him.

The instruction-use examples are written
principally for assembler-language programmers, to
be used in conjunction with the appropriate
assembler-language manuals.

Most examples present one particular instruction,
both as it is written in an assembler-language
statement and as it appears when assembled in
storage (machine format).

Machine Format

All machine-format numerical operands are written
in hexadecimal notation unless otherwise specified.
Hexadecimal operands are shown converted into
binary, decimal, or both if such conversion helps to
clarify the example for the reader. Storage
addresses are also given in hexadecimal.

Assembler-Language Format

In assembler-language statements, registers and
lengths are presented in decimal. Displacements,
immediate operands, and masks may be shown in
decimal, hexadecimal, or binary notation; for
example, 12, X‘C’, or B‘1100’ represent the same
value. Whenever the value in a register or storage
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location is referred to as ''not significant," this
value is replaced during the execution of the
instruction.

When SS-format instructions are written in the
assembler language, lengths are given as the total
number of bytes in the field. This differs from the
machine definition, in which the length field
specifies 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 assembler-language length. The assembler
program automatically subtracts one from the
length specified when the instruction is assembled.

In some of the examples, symbolic addresses are
used in order to simplify the examples. In
assembler-language statements, a symbolic address
is represented as a mnemonic term written in all
capitals, such as FLAGS which may denote the
address of a storage location containing data or
program-control information. When symbolic
addresses are used, the assembler supplies actual
base and displacement values according to the
programmer’s specifications. Therefore, the actual
values for base and displacement are not shown in
the assembler-language format or in the
machine-language format. For assembler-language
formats, in the labels that designate instruction
fields, the letter "'S" is used to indicate the
combination of base and displacement fields for an
operand address. (For example, S1 represents the
combination of B1 and D1.) In the
machine-language format, the base and
displacement address components are shown as
asterisks (***).

General Instructions
(See Chapter 7.)

ADD HALFWORD (AH)

The ADD HALFWORD instruction algebraically
adds the halfword contents of a storage location to
the contents of a register. The halfword storage
operand is expanded to 32 bits after it is fetched
and before it is used in the add operation. The
expansion consists in propagating the leftmost
(sign) bit 16 positions to the left. For example,
assume that the contents of storage locations
2000-2001 are to be added to register 5. Initially:

Register 5 contains 00 00 00 19 = 25 .

Storage locations 2000-2001 contain FF FE = 210 -
Register 12 contains 00 00 18 00.

Register 13 contains 00 00 01 50.
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The format of the required instruction is:
Machine Format

Op Code Ry Xo By Do

LA 5 D C | éBO

Assembler Format

Op Code Ry,D2(X3,B3)
AH 5,x'6B0'(13,12)

After the instruction is executed, register 5
contains 00 00 00 17 = 23,,.

AND (N, NR, NI, NC)

When the Boolean operator AND is applied to two
bits, the result is one when both bits are one;
otherwise, the result is zero. When two bytes are
ANDed, each pair of bits is handled separately;
there is no connection from one bit position to
another. The following is an example of ANDing
two bytes:

First-operand byte: 0011 0101,
Second-operand byte: 0101 1100,
Result byte: 0001 01009

And (NI)

A frequent use of the AND instruction is to set a
particular bit to zero. For example, assume that
storage location 4891 contains 0100 0011, . To
set the rightmost bit of this byte to zero without
affecting the other bits, the following instruction.
can be used (assume that register 8 contains 00 00
48 90):

Machine Format

Op Code 9 B Dy

94 FE 8 | 001

Assembler Format
Op Code D¢(Bq),l2
NI 1(8),X'FE'

When this instruction is executed, the byte in
storage is ANDed with the immediate byte (the I,
field of the instructions):



Location 4891 0100 0011,
Immediate byte 1111 11109
Result: 0100 00109

The resulting byte, with bit 7 set to zero, is
stored back in location 4891. Condition code 1 is
set.

BRANCH AND LINK (BAL, BALR)

The BRANCH AND LINK instructions are
commonly used to branch to a subroutine with the
option of later returning to the main instruction
sequence. For example, assume that you wish to
branch to a subroutine at storage address 1160.
Also assume:

The contents of register 2 are not significant.

Register 5 contains 00 00 11 50.

Address 00 00 C6 contains the BAL instruction, so that 00
00 CA is the address of the next sequential instruction.

The format of the BAL instruction is:

Machine Format

Op Code Ry Xo By Dp

45 2 0 51010

Assembler Format

Op Code Ry,D2(X2,B2)

2,x'10'(0,5)

BAL

After the instruction is executed:

Register 2 (bits 8-31) contains 00 00 CA.
PSW bits 40-63 contain 00 11 60.

The programmer can return to the main
instruction sequence at any time with a BRANCH
ON CONDITION (BCR) instruction that specifies
register 2 and a mask of 15, provided that
register 2 has not meanwhile been disturbed.

The BALR instruction with the R, field set to
zero may be used to load a register for use as a
base register. For example, in the assembler
language, the sequence of statements:

BALR 15,0

USING *,15

tells the assembler program that register 15 is to be
used as the base register in assembling this program
and that, when the program is executed, the
address of the next sequential instruction following
the BALR will be placed in the register. (The
USING statement is an "assembler instruction" and
is thus not a part of the object program.)

As another example, BALR 6,0 may be used to
preserve the current condition code in bits 2 and 3
of register 6 for future inspection.

Note that, in all three examples, a value of zero
in the X, or R, field indicates that the
corresponding function is not performed; it does
not refer to register 0. Register 0 can be
designated by the Ry field, however.

BRANCH ON CONDITION (BC, BCR)
The BRANCH ON CONDITION instructions test
the condition code to see whether a branch should
or should not be taken. The branch is taken only if
the condition code is as specified by a mask.

Mask Condition
Value Code

8 0

4 1

2 2

1 3

For example, assume that an ADD (A or AR)
operation has been performed and that you wish to
branch to address 6050 if the sum is zero or less
(condition code 0 or 1). Also assume:

Register 10 contains 00 00 50 00.
Register 11 contains 00 00 10 00.

The RX form of the instruction performs the
required test (and branch if necessary) when
written as:

Machine Format
Op Code M1 X9 By Doy
47 c B A

050

Assembler Format

Op Code M7,D(X9,Bp)

BC 12,X'50'(11,10)

A mask of 15 indicates a branch on any
condition (an unconditional branch). A mask of
zero indicates that no branch is to occur (a
no-operation).

BRANCH ON COUNT (BCT, BCTR)

The BRANCH ON COUNT instructions are often
used to execute a program loop for a specified
number of times. For example, assume that the
following represents some lines of coding in an
assembler-language program:
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LUPE AR 8,1

BACK BCT 6,LUPE

where register 6 contains 00 00 00 03 and the
address of LUPE is 6826. Assume that, in order to
"address this location, register 10 is used as a base
register and contains 00 00 68 00.

The format of the BCT instruction is:

Machine Format

Op Code R1 X2 By Dy

46 6 0 A | 026

Assembler Format

Op Code R],Dz(Xz,Bz)

BCT 6,X'26'(0,10)

The effect of the coding is to execute three times

the loop defined by locations LUPE through
BACXK.

BRANCH ON INDEX HIGH (BXH)

The BRANCH ON INDEX HIGH instruction is an
index-incrementing and loop-controlling instruction
that causes a branch whenever the sum of an index
value and an increment value is greater than some
| compare value. For example, assume that:

Register 4 contains 00 00 00 8A = 138 = the index.
Register 6 contains 00 00 00 02 = 21 = the increment.
Register 7 contains 00 00 00 AA = 1701 = the compare
value.

Register 10 contains 00 00 71 30 = the branch address.

The format of the instruction is:
Machine Format

Op Code Ry R3 By Dy

86 4 6 A | 000

Assembler Format

Op Code Rjy,R3,D2(B2)

BXH 4,6,0(10)
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When the instruction is executed, first the
contents of register 6 are added to register 4,
second the sum is compared with the contents of
register 7, and third the decision whether to branch
is made. After execution:

Register 4 contains 00 00 00 8C = 1401
Registers 6 and 7 are unchanged.

Since the new value in register 4 is not yet
greater than the value in register 7, the branch to
address 7130 is not taken. Repeated use of the
instruction will eventually cause the branch to be
taken when the value in register 4 reaches 172.

When the register used to contain the increment
is odd, that register also becomes the

| compare-value register. The following
assembler-language subroutine illustrates how this
feature may be used to search a table.

Table

2 Bytes 2 Bytes
ARG1 FUNCT1
ARG2 FUNCT2
ARG3 FUNCT3
ARG4 FUNCT4
ARG5S FUNCTS
ARGS& FUNCTé

Assume that:

' Register 8 contains the search argument.

Register 9 contains the width of the table in bytes (00 00 00
4),

l (l)le)gister 10 contains the length of the table in bytes (00 00
00 18).

' Regis:er 11 contains the starting address of the table.
Register 14 contains the return address to the main
program.

As the following subroutine is executed, the

| argument in register 8 is successively compared

with the arguments in the table, starting with

argument 6 and working backward to argument 1.

If an equality is found, the corresponding function

replaces the argument in register 8. If an equality

is not found, FFFF ¢ replaces the argument in

register 8.

SEARCH LNR 9,9

NOTEQUAL BXH 10,9,L00P
NOTFOUND LA  8,X'FFFF'
BCR 15,14
| Loop CH 8,0(2,3)
BC  7,NOTEQUAL
| LH  8,2(10,11)
BCR 15,14

The first instruction (LNR) causes the value in
| register 9 to be made negative. After execution of



| this instruction, register 9 contains FFFFFFFC =
—410. Considering the case when no equality is
found, the BXH instruction will be executed seven
times. Each time BXH is executed, a value of —4 is
added to register 10, thus reducing the value in
register 10 by 4. The new value in register 10 is
compared with the —4 value in register 9. The
branch is taken each time until the value in register
10 is —4.

BRANCH ON INDEX LOW OR EQUAL
(BXLE)

This instruction is similar to BRANCH ON INDEX
HIGH except that the branch is successful when
the sum is low or equal compared to the compare
value.

COMPARE HALFWORD (CH)

The COMPARE HALFWORD instruction
compares a 16-bit signed binary integer in storage
with the contents of a register. For example,
assume that:

Register 4 contains FF FF 80 00 = —32,768,.
Register 13 contains 00 01 60 50.
Storage locations 16080-16081 contain 8000 = —32,7681.

When the instruction:
Machine Format

Op Code R1 X2 By Do

49 4 0 D | 030

Assembler Format
Op Code Ry,Dp(Xy,B3)
CH 4,X"30'(0,13)

is executed, the contents of locations 16080-16081
are fetched, expanded to 32 bits (the sign bit is
propagated to the left), and compared with the
contents of register 4. Because the two numbers
are equal, condition code 0 is set.

COMPARE LOGICAL (CL, CLC, CLI,
CLR)

The COMPARE LOGICAL instructions differ
from the signed-binary comparison instructions (C,
CH, CR) in that all quantities are handled as
unsigned binary integers or as unstructured data.

Compare Logical (CLC)

The COMPARE LOGICAL (CLC) instruction can
be used to perform the byte-by-byte comparison of
storage fields up to 256 bytes in length. For
example, assume that the following two fields of
data are in storage:

Field 1
1886 1891

D1|Dé6|C8|D5|E2(D6|D5|6B|C1{4B|C2|4B

Field 2
1900 1908

D1|D6|C8|D5|E2|D6{D5|6B|CT1{4B|C3 (4B

Also assume:

Register 9 contains 00 00 18 80.
Register 7 contains 00 00 19 00.

Execution of the instruction:
Machine Format

Op Code L By Dy Bo Dy

D5 0B 9 | 006 7 | 000

Assembler Format

Op Code D4(L,Bq),Dp(Bjy)

cLC 6(12,9),0(7)

sets condition code 1, indicating that the contents
of field 1 are lower in value than the contents of
field 2.

Because the collating sequence of the EBCDIC
code is determined simply by a logical comparison
of the bits in the code, the CLC instruction can be
used to collate EBCDIC-coded fields. For
example, in EBCDIC, the above two data fields '
are:

Field 1 JOHNSON,A.B.
Field 2 JOHNSON,A.C.

Condition code 1 tells us that A.B.JOHNSON
precedes A.C.JOHNSON, thus placing the names in
the correct alphabetic sequence. .

Compare Logical (CLI)

The COMPARE LOGICAL (CLI) instruction
compares a byte from the instruction stream with a
byte from storage. For example, assume that:
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Register 10 contains 00 00 17 00.
Storage location 1703 contains 7E.

Execution of the instruction:
Machine Format
Op Code 9 By D1
95 AF A | 003

Assembler Format

Op Code D1(Bq),l12

cLi 3(10),X"'AF'

sets condition code 1, indicating that the first
operand (the quantity in main storage) is lower
than the second (immediate) operand.

Compare Logical (CLR)
Assume that:

Register 4 contains 00 00 00 01 = 1.
Register 7 contains FF FF FF FF = 2321,

Execution of the instruction:
Machine Format

Op Code R; R

15 4 7

Assembler Format

Op Code Rp,Ry

CLR 4,7

sets condition code 1. Condition code 1 indicates
that the first operand is lower than the second.

If, instead, the signed-binary comparison
instruction COMPARE (CR) had been executed,
the contents of register 4 would have been
interpreted as +1 and the contents of register 7 as
—1. Thus, the first operand would have been
higher, so that condition code 2 would have been
set.

COMPARE LOGICAL CHARACTERS
UNDER MASK (CLM)

The COMPARE LOGICAL CHARACTERS
UNDER MASK (CLM) instruction provides a
means of comparing bytes selected from a general
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register to a contiguous field of bytes in storage.
The M; field of the CLM instruction is a four-bit
mask that selects zero to four bytes from a general
register, each mask bit corresponding, left to right,
to a register byte. In the comparison, the register
bytes corresponding to ones in the mask are treated
as a contiguous field. The operation proceeds left
to right. For example, assume that:

Three bytes starting at storage location 10200 contain FO
BC 7B

Register 12 contains 10000

Register 6 contains FO BC 5C 7B

Execution of the instruction:
Machine Format

Op Code Ry M3 Bo Do

BD 6 D C | 200

Assembler Format

Op Code Ry,M3,D2(By)

CLM 6,B'1101',X'200'(12)

causes the following comparison:

Register 6: FO BC 5C 7B
Mask 1 1 0 1

FO  BC 7B

[
Three bytes I_l |

starting at
location FO BC 7B
10200

Because the selected bytes are equal, condition
code O is set.

COMPARE LOGICAL LONG (CLCL)

The COMPARE LOGICAL LONG (CLCL)
instruction is used to compare two operands in
storage, byte by byte. Each operand can be of any
length. Two even-odd pairs of general registers
(four registers in all) are used to locate the
operands and to control the execution of the CLCL
instruction, as illustrated in the following diagram.
The first register of each pair must be an even
register, and it contains the storage address of the
byte currently being compared in each operand.
The odd register of each pair contains the length of
the operand it covers, and the leftmost byte of the
second-operand odd register contains a padding



byte which is used to extend the shorter operand, if
any, to the same length as the longer operand.

The following illustrates the assignment of
registers:

Rileven) (////////|First-Operand Address

0 8 31

Ri+1(odd)} |////////| First-Operand Length
0 8 31

Ro(even) |////////)|Second-Operand Address

0 8 31

Ro+1(odd) |Pad Byte|Second-Operand Length

0 8 31

Since the CLCL instruction may be interrupted
during execution, the interrupting program must
preserve the contents of the four registers for use
when the instruction is resumed.

The following instructions set up two register
pairs to control a text-string comparison. For
example, assume:

Operand 1
Address: 20800 (hex)

Length: 100 (dec)
Operand 2

Address: 20A00 (hex)
Length: 132 (dec)

Padding Byte
Address: 20003 (hex)

Length: 1
Value: 40 (hex)

Register 12 contains 00 02 00 00

The setup instructions are:

LA 4,X‘800°(12) Point register 4 to start of first
operand

Set register 5 to length of first
operand

Point register 8 to start of second
operand

Set register 9 to length of second
operand

Insert padding byte in leftmost
byte position of register 9.

LA 5,100
LA 8,X‘A00°(12)
LA 9,132

ICM 9,B‘1000°,3(12)

Register pair 4,5 defines the first operand. Bits
8-31 of register 4 contain the storage address of
the start of an EBCDIC text string, and bits 8-31
of register 5 contain the length of the string, in this
case 100 bytes.

Register pair 8,9 defines the second operand,
with bits 8-31 of register 8 containing the starting
location of the second operand and bits 8-31 of
register 9 containing the length of the second
operand, in this case 132 bytes. Bits 0-7 of register
9 contain an EBCDIC blank character (X‘40’) to
pad the shorter operand. In this example, the
padding byte is used in the first operand, after the
100th byte, to compare with the remaining bytes in
the second operand.

With the register pairs thus set up, the format of
the CLCL instruction is:

Machine Format

Op Code Ry R2

OF 4 8

Assembler Format

Op Code R7,Ry

CLCL 4,8

When this instruction is executed, the
comparison starts at the left end of each operand
and proceeds to the right. The operation ends as
soon as an inequality is detected or the end of the
longer operand is reached.

If this CL.CL instruction is interrupted after 60
bytes have compared equal, the operand lengths in
registers 5 and 9 will have been decremented to
X“28’ and X‘48’, respectively, and the operand
addresses in registers 4 and 8 will have been
incremented to X2083C’ and X‘20A3C’. The
padding byte X‘40’ remains in register 9. When
the CLCL instruction is reissued with these register
contents, the comparison resumes at the point of
interruption.

Now, assume that the instruction is interrupted
after 110 bytes. That is, the first 100 bytes of the
second operand have compared equal to the first
operand, and the next 10 bytes of the second
operand have compared equal to the padding byte
(blank). The residual operand lengths in registers
5 and 9 are 0 and X‘16’, respectively, and the
operand addresses in registers 4 and 8 are X‘20864°
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(the value when the first operand was exhausted,
and X‘20A6E’ (the current value for the second
operand).

When the comparison ends, the condition code is
set to 0, 1, or 2, depending on whether the first
operand is equal to, less than, or greater than the
second operand, respectively.

When the operands are unequal, the addresses in
registers 4 and 8 locate the bytes that caused the
mismatch.

CONVERT TO BINARY (CVB)

The CONVERT TO BINARY instruction converts
an eight-byte, packed-decimal number into a signed
binary integer and loads the result into a general
register. After the conversion operation is
completed, the number is in the proper form for use
as an operand in signed binary arithmetic. For
example, assume:

Storage locations 7608-760F contain a decimal number in
the packed format: 00 00 00 00 00 25 59 4C (+25,594).
The contents of register 7 are not significant.

Register 13 contains 00 00 76 00.

The format of the conversion instruction is:
Machine Format
Op Code Ry Xg Bz Do
4F 7 0 D | oo08

Assembler Format

Op Code Ry,D2(X2,B2)
v 7,8(0,13)

After the instruction is executed, register 7
contains 00 00 63 FA.

CONVERT TO DECIMAL (CVD)

The CONVERT TO DECIMAL instruction
performs functions exactly opposite to those of the
CONVERT TO BINARY instruction. CVD
converts a signed binary integer in a register to
packed decimal and stores the eight-byte result.
For example, assume:

Register 1 contains the signed binary integer: 00 00 OF OF.
Register 13 contains 00 00 76 00.
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The format of the instruction is:

Machine Format -

Op Code Ry X9 Bo Do

4E 1 0 D | 008

Assembler Format
Op Code R],Dz(XZ,Bz)
CVvD 1,8(0,13)

After the instruction is executed, storage
locations 7608-760F contain 00 00 00 00 00 03 85
5C (+3855).

The plus sign generated is the preferred plus
sign, 1100,.

DIVIDE (D, DR)

The DIVIDE instruction divides the dividend in an
even-odd register pair by the divisor in a register or
in storage. Since the dividend is assumed to be 64
bits long, it is important that the proper sign be
first affixed. For example, assume that:

Storage locations 3550-3553 contain 00 00 08 DE = 2270,
= the dividend.

Storage locations 3554~3557 contain 00 00 00 32 = 507 =
the divisor.

The initial contents of registers 6 and 7 are not significant.
Register 8 contains 00 00 35 50,

The following assembler language statements
load the registers properly and perform the divide
operation:

Statement Comments

L 6,0(0,8){Places 00 00 08 DE into
register 6.

SRDA 6,32(0) |Shifts 00 00 08 DE into
register 7. Register 6
is filled with zeros
(sign bits).

D 6,4(0,8)|Performs the division.

The machine format of the above DIVIDE
instruction is:

Machine Format
Op Code Ry X By Dg
5D é 0 8 004




After all the foregoing instructions are executed:
Register 6 contains 00 00 00 14 = 20| = the remainder.
Register 7 contains 00 00 00 2D = 45 = the quotient.

Note that if the dividend had not been first
placed in register 6 and shifted into register 7,
register 6 might not have been filled with the
proper sign bits (zeros in this example), and the
DIVIDE instruction might not have given the
expected results.

EXCLUSIVE OR (X, XC, XI, XR)

When the Boolean operator EXCLUSIVE OR is
applied to two bits, the result is one when either,
but not both, of the two bits is one; otherwise, the
result is zero. When two bytes are EXCLUSIVE
ORed, each pair of bits is handled separately; there
is no connection from one bit position to another.
The following is an example of the EXCLUSIVE
OR of two bytes:’

First-operand byte: 0011 0101,y
Second-operand byte: 0101 1100,

Result byte: 0110 1001,

Exclusive Or (XC)

The EXCLUSIVE OR (XC) instruction can be
used to exchange the contents of two areas in
storage without the use of an intermediate storage
area. For example, assume two three-byte fields in
storage:

359 35B

Field 1 001790

360 362

Field 2 001401

Execution of the instruction (assume that
register 7 contains 00 00 03 58):

Machine Format

Op Code L B1 Dy Bi Do

D7 02 7 | 001 7 | 008

Assembler Format
Op Code D¢(L,Bq),Da(By)
XC 1(3,7),8(7)

Field 1 is EXCLUSIVE ORed with field 2 as
follows:

Field 1: 0000 0000 0001 0111 1001 00009
=00 17 90

Field 2: 0000 0000 0001 0100 0000 0001,
= 00 14 01

Result: 0000 0000 0000 0011 1001 0001,

00 03 91

The result replaces the former contents of field
1.
Now, execution of the instruction:

Machine Format

Op Code L B1 Dy Bo D2

D7 02 7 | 008 7 | 001

Assembler Format
Op Code D¢(L,B7),D2(B3p)
XC 8(3,7),1(7)

produces the following result:

Field 1: 0000 0000 0000 0011 1001 0001,
= 00 03 91

Field 2: 0000 0000 0001 0100 0000 0001,
= 00 14 01

Resuit: 0000 0000 0001 0111 1001 0000,
=00 17 90

The result of this operation replaces the former
contents of field 2. Field 2 now contains the
original value of field 1.

Lastly, execution of the instruction:

Machine Format

Op Code L By D; By Dy

D7 02 7 | 001 7 | 008

Assembler Format
Op Code Dq(L,Bq),D2(B3)
XC 1(3,7),8(7)
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produces the following result:

Field 1: 0000 0000 0000 0011 1001 0001,
= 00 03 91

Field 2: 0000 0000 0001 0111 1001 0000,
=00 17 90

Result: 0000 0000 0001 0100 0000 0001,
= 00 14 Ot _

The result of this operation replaces the former
contents of field 1. Field 1 now contains the
original value of field 2.

Exclusive Or (XI)

A frequent use of the EXCLUSIVE OR (XI)
instruction is to invert a bit (change a zero bit to a
one or a one bit to a zero). For example, assume
that storage location 8082 contains 0110 1001,.
To invert the leftmost and rightmost bits without
affecting any of the other bits, the following
instruction can be used (assume that register 9
contains 00 00 80 80):

Machine Format

Op Code I By D1y

97 81 9 | 002

Assembler Format
Op Code Dy(Bq),l2
X1 2(9),x's1'

When the instruction is executed, the byte in
storage is EXCLUSIVE ORed with the immediate
byte (the I, field of the instruction):

Location 8082: 0110 1001,
Immediate byte: 1000 0001,

Result: 1110 10009

The resulting byte is stored back in location
8082. Condition code 1 is set to indicate a
nonzero result.

Notes:

1. With the XC instruction, fields up to 256
bytes in length can be exchanged.

2. With the XR instruction, the contents of two
registers can be exchanged.

3. Because the X instruction operates storage lo
register only, an exchange cannot be made
solely by the use of X.
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4. A field EXCLUSIVE ORed with itself is
cleared to zeros.

5. For additional examples of the use of
EXCLUSIVE OR, see the section "Floating-
Point-Number Conversion'" later in this
appendix.

EXECUTE (EX)

The EXECUTE instruction causes one target
instruction in main storage to be executed out of
sequence without actually branching to the target
instruction. Unless the R field of the EXECUTE
instruction is zero, bits 8-15 of the target
instruction are ORed with bits 24-31 of the R,
register before the target instruction is executed.
Thus, EXECUTE may be used to supply the length
field for an SS instruction without modifying the SS
instruction in storage. For example, assume that a
MOVE (MVQC) instruction is the target that is
located at address 3820, with a format as follows:

Machine Format

Op Code L Bq D1 Bo Dy

D2 00 c | 003 D | 00O

Assembler Format

Op Code Dq(L,B7),D2(B3)
MVC 3(1,12),0(13)

where register 12 contains 00 00-89 13 and
register 13 contains 00 00 90 AO.

Further assume that at storage address 5000, the
following EXECUTE instruction is located:

Machine Format

Op Code Ry X9 Boy Do

4y 1 0 A | 000

Assembler Format
Op Code Ry,Dp(X3,B2)
EX 1,0(0,10)

where register 10 contains 00 00 38 20 and register
1 contains 00 OF FO 03.



When the instruction at 5000 is executed, the
rightmost byte of register 1 is ORed with the
second byte of the target instruction:

Register byte: 0000 0000, = 00
Instruction byte: 0000 00119 = 03
Result: 0000 0011, = 03

causing the instruction at 3820 to be executed as if
it originally were:

Machine Format

Op Code L By Dy By Dy

D2 03 €| 003} D | 00O

Assembler Format
Op Code Dq(L,B1),Dy(Bjy)
MVC 3(4,12),0(13)

However, after execution:

Register 1 is unchanged.

The instruction at 3820 is unchanged.

The contents of the four bytes starting at location 90A0
have been moved to the four bytes starting at location
8916.

The CPU next executes the instruction at address 5004
(PSW bits 40-63 contain 00 50 04).

INSERT CHARACTERS UNDER MASK
(ICM)
The INSERT CHARACTERS UNDER MASK
(ICM) instruction may be used to replace all or
selected bytes in a general register with bytes from
storage and to set the condition code to indicate
the value-of the inserted field.

For example, if it is desired to insert a three-byte
address from FIELDA into register 5 and leave the
leftmost byte of the register unchanged, assume:

Machine Format

Op Code Ry M3 So

BF 5 |7 | *xxxx

Assembler Format
Op Code R{,M3,59
ICM 5,8'0111',FIELDA

FIELDA: FE DC BA
Register 5 (before): 12 34 56 78
Register 5 (after): 12 FE DC BA

(1eftmost bit
of inserted
field is one)

Condition code (after): 1

As another example:
Machine Format

Op Code Ry M3 So

BF 6 9 ok ok ok

Assembler Format

Op Code R{,M3,S2

1CM 6,8'1001',FIELDB

FIELDB: 12 34
Register 6 (before): 00 00 00 00
Register 6 (after): 12 00 00 34

Condition code (after): 2 (inserted field
is nonzero
with leftmost
zero bit)

When the mask field contains 1111, the ICM
instruction produces the same result as LOAD (L)
(provided that the indexing capability of the RX
format is not needed), except that ICM alco sets
the condition code. The condition-code setting is
useful when an all-zero field (condition code 0) or
a leftmost one bit (condition code 1) is used as a
flag.

LOAD (L, LR)

The LLOAD instructions take four bytes from
storage or from a general register and place them
unchanged into a general register. For example,
assume that the four bytes starting with location
21003 are to be loaded into register 10. Initially:

Register 5 contains 00 02 00 00.

Register 6 contains 00 00 10 03.

The contents of register 10 are not significant.
Storage locations 21003-21006 contain 00 00 AB CD.

To load register 10, the RX form of the
instruction can be used:

Machine Format

Op Code Ry X9 By Do

58 A 5 6 | 000
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Assembler Format
Op Code Ry,Da(X2,B2)
L 10,0(5,6)

After the instruction is executed, register 10
contains 00 00 AB CD.

LOAD ADDRESS (LA)

The LOAD ADDRESS instruction provides a
convenient way to place a nonnegative binary
integer up to 4095, in a register without first
defining a constant and then using it as an
operand. For example, the following instruction
places the number 2048, in register 1:

Machine Format

Op Code Ry Xo By Dy

41 1 0 0 | 800

Assembler Format

Op Code Rj ,Dz(Xz,Bz)

LA 1,2048(0,0)

The LOAD ADDRESS instruction can also be
used to increment a register by an amount up to
4095, specified in the D, field. Only the
rightmost 24 bits of the result are retained,
however. For example, assume that register 5
contains 00 12 34 56.

The instruction:

Machine Format
Op Code Rj X9 B Do
41 5 0 5 00A

Assembler Format

Op Code Rj,D2(X2,B2)
LA 5,10(0,5)

adds 10 (decimal) to the contents of register 5 as
follows:
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Register 5 (old): 00 12 34 56
Dy field: 00 00 00 OA

Register 5 (new): 00 12 34 60

The register may be specified as either B, or Xj.
Thus, the instruction LA 5,10(5,0) produces the
same result.

As the most general example, the instruction LA
6,10(5,4) adds the displacement, in this case 10, to
the contents of register 4 and to the contents of
register 5 and places the 24-bit sum of these three
values in register 6.

LOAD HALFWORD (LH)
The LOAD HALFWORD instruction places
unchanged a halfword from storage into the right
half of a register. The left half of the register is
loaded with zeros or ones according to the sign
(leftmost bit) of the halfword.

For example, assume that the two bytes in
storage locations 1803-1804 are to be loaded into
register 6. Also assume:

The contents of register 6 are not significant.
Register 14 contains 00 00 18 03.
Locations 1803-1804 contain 00 20.

The instruction required to load the register is:
Machine Format

Op Code Ry X By Djp

48 6 0 E | 000

Assembler Format

Op Code Ry,Dp(X2,Bp)
LH 6,0(0,14)

After the instruction is executed, register 6
contains 00 00 00 20. If locations 1803-1804 had
contained a negative number, for example, A7 B6,
a minus sign would have been propagated to the
left, giving FF FF A7 B6 as the final result in
register 6.

MOVE (MVC, MVI)

Move (MVC)
The MOVE (MVC) instruction can be used to
move data from one storage location to another.



For example, assume that the following two fields
are in storage:

2048 2052

Field 1 |C1|C2|C3|C4|C5|C6|C7|C8|C9O|CA|CB

3840 3848

Field 2 [F1|F2|F3|F4|F5|F6|F7|F8]F9

Also assume:

Register 1 contains 00 00 20 48.
Register 2 contains 00 00 38 40.

With the following instruction, the first eight
bytes of field 2 replace the first eight bytes of field
1:

Machine Format

Op Code L B, Dy By Dy

D2 07 1] 000 2 | 000

Assembler Format
Op Code D(L,By),Dy(B3p)
MVC 0(8,1),0(2)

After the instruction is executed, field 1
becomes:

2048 2052

Field 1 |F1|F2|F3(F4|F5|F6|F7|F8|C9|CA|CB

Field 2 is unchanged.

MVC can also be used to propagate a byte
through a field by starting the first-operand field
one byte location to the right of the
second-operand field. For example, suppose that
an area in storage starting with address 358
contains the following data:

358 360

Q0|F1[F2|F3|F4|F5{F6|F7|F8

With the following MVC instruction, the zeros in
location 358 can be propagated throughout the
entire field (assume that register 11 contains 00 00
03 58):

Machine Format

Op Code L : D; By Dy

D2 07 B { 001 B { 000

Assembler Format

Op Code D;(L,B;),D2(B2)
MVC 1(8,11),0(11)

Because the MVC handles one byte at a time,
the above instruction essentially takes the byte at
address 358 and stores it at 359 (359 now contains
00), takes the byte at 359 and stores it at 35A, and
so on, until the entire field is filled with zeros.
Note that an MVI instruction could have been used
originally to place the byte of zeros in location 358.

Notes:

1. Although the field occupying locations
358-360 contains nine bytes, the length coded
in the assembler format is equal to the number
of moves (one less than the field length).

2. The order of operands is important even
though only one field is involved.

Move (MVI)

The MOVE (MV]) instruction places one byte of -
information from the instruction stream into
storage. For example, the instruction:

Machine Format

Op Code I By Dy

92 5B 1 | 000

Assembler Format
Op Code D{(By),l;
MV o(1),c's’

may be used, in conjunction with the instruction
EDIT AND MARK, to insert a dollar symbol at the
storage address contained in general register 1 (see
also the example for EDIT AND MARK).

MOVE LONG (MVCL)

The MOVE LONG (MVCL) instruction can be
used for moving data in storage as in the first
example of the MVC instruction, provided that the
two operands do not overlap. MVCL differs from
MYVC in that the address and length of each
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operand are specified in an even-odd pair of
general registers. Consequently, MVCL can be
used to move more than 256 bytes of data with one
instruction. As an example, assume:

Register 2 contains 00 0A 00 00.
Register 3 contains 00 00 08 00.
Register 8 contains 00 06 00 00.
Register 9 contains 00 00 08 00.

Execution of the instruction:
Machine Format

Op Code Rq Ro

OE 8 2

Assembler Format

Op Code Ry,Rp

MvcL 8,2

moves 2,048, bytes from locations AO000-AO7FF

to location 60000-607FF. Condition code O is set
to indicate that the operand lengths are equal.

If register 3 had contained FO 00 04 00, only the
1,024, bytes from locations A0000-AO03FF would
have been moved to locations 60000-603FF. The
remaining locations 60400-607FF of the first
operand would have been filled with 1,024 copies
of the padding byte X‘F0’, as specified by the
leftmost byte of register 3. Condition code 2 is set
to indicate that the first operand is longer than the
second.

The technique for setting a field to zeros that is
illustrated in the second example of MVC cannot
be used with MV CL. If the registers were set up to
attempt such an operation with MVCL, no data
movement would take place and condition code 3
would indicate destructive overlap.

Instead, MVCL may be used to clear a storage
area to zeros as follows. Assume register 8 and 9
are set up as before. Register 3 contains only
zeros, specifying zero length for the second
operand and a zero padding byte. The contents of
register 2 are not significant. Executing the
instruction MVCL 8,2 causes locations
60000-607FF to be filled with zeros. Condition
code 2 is set.

MOVE NUMERICS (MVN)

Two related instructions, MOVE NUMERICS and
MOVE ZONES, may be used with decimal data in
the zoned format to operate separately on the

A-18 IBM 4300 Processors Principles of Operation

rightmost four bits (the numeric bits) and:the
leftmost four bits (the zone bits) of each byte.
Both are similar to MOVE (MVC), except that
MOVE NUMERICS moves only the numeric bits
and MOVE ZONES moves only the zone bits.

To illustrate the operation of the MOVE
NUMERICS instruction, assume that the following
two fields are in storage:

7090 7093

Field A |C6(C7(C8(C9

7041 7046

Field B [FO|F1{F2|F3[F4|F5

Also assume:

Register 14 contains 00 00 70 90.
Register 15 contains 00 00 70 40.

After the instruction:

Machine Format

Op Code L Bq D4 Bo Dy

D1 03 F 1 001 E } 000

Assembler Format

Op Code Dj(L,By),D2(B3)

MVN 1(4,15),0(14)

is executed, field B becomes:

7041 7046

F6|F7|F8|F9|F4|F5

The numeric bits of the bytes at locations
7090-7093 have been stored in the numeric bits of
the bytes at locations 7041-7044. The contents of
locations 7090-7093 and 7045-7046 are
unchanged.

MOVE WITH OFFSET (MVO)
MOVE WITH OFFSET may be used to shift a
packed-decimal number an odd number of digit
positions or to concatenate a sign to an unsigned
packed-decimal number.

Assume that the three-byte unsigned
packed-decimal number in storage locations
4500-4502 is to be moved to locations 5600-5603



and given the sign of the packed-decimal number
ending at location 5603. Also assume:

Register 12 contains 00 00 56 00.

Register 15 contains 00 00 45 00.

Storage locations 5600-5603 contain 77 88 99 0C.
Storage locations 4500-4502 contain 12 34 56.

After the instruction:
Machine Format

Op Code Lj Lo By D1 Bo Do

F1 3 2 C { 000 F | oo0O

Assembler Format
Op Code D](L],B]),Dz(Lz,Bz)
MVO 0(4,12),0(3,15)

is executed, the storage locations 5600-5603
contain 01 23 45 6C. Note that the second
operand is extended on the left with one zero to fill
out the first-operand field.

MOVE ZONES (MVZ)

The MOVE ZONES instruction can, simjlarly to
MOVE (MVC) and MOVE NUMERICS, operate
on overlapping or nonoverlapping fields. When
operating on nonoverlapping fields, MOVE ZONES
works like the MOVE NUMERICS instruction (see
the example for MOVE NUMERICS), except that
MOVE ZONES moves only the zone bits of each
byte. To illustrate the use of MOVE ZONES with
overlapping fields, assume that the following data
field is in storage:

800 805

F1|C2{F3|C4|F5|Cé

Also assume that register 15 contains 00 00 08
00. The instruction:

Machine Format

Op Code L Bi D4 Bo D

D3 04 F | 001 F | 000

Assembler Format

Op Code Djy(L,B1),D2(B3)
MVZ 1(5,15),0(15)

propagates the zone bits from the byte at address
800 through the entire field, so that the field
becomes:

800 805

F1|{F2|F3|Fu|F5|F6

MULTIPLY (M, MR)
Assume that a number in register 5 is to be
multiplied by the contents of a word at address
3750. Initially:
The contents of register 4 are not significant.
Register 5 contains 00 00 00 9A = 1541 = the
multiplicand.
Register 11 contains 00 00 06 00.
Register 12 contains 00 00 30 00.
Storage locations 3750-3753 contain 00 00 00 83 = 13119 =
the multiplier.’

The instruction required for performing the
multiplication is:

Machine Format

Op Code Ry X9 B2 Dy

5C 4 B C 150

Assembler Format

Op Code Ry,D2(X2,B7)

M 4,X'150'(11,12)

After the instruction is executed, the product is
in the register pair 4 and 5:

Register 4 contains 00 00 00 00.
Register 5 contains 00 00 4E CE = 20,174¢.
Storage locations 3750-3753 are unchanged.

The RR format of the instruction can be used to
square the number in a register. Assume that
register 7 contains 00 01 00 05. The instruction:

Machine Format

Op Code Ry R

1C 6 7

Assembler Format

Op Code R1,Rp

MR 6,7
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multiplies the number in register 7 by itself and
places the result in the pair of registers 6 and 7:

Register 6 contains 00 00 00 O1.
Register 7 contains 00 0A 00 19.

MULTIPLY HALFWORD (MH)

The MULTIPLY HALFWORD instruction is used
to multiply the contents of a register by a halfword
in storage. For example, assume that:

Register 11 contains 00 00 00 15 =217 = the
multiplicand.

Register 14 contains 00 00 01 00.

Register 15 contains 00 00 20 00.

Storage locations 2102-2103 contain FF D9 = —39 = the
multiplier.

The instruction:
Machine Format

Op Code Rj X9 Bo Dy

4C B E F | 002

Assembler Format

Op Code Ry,D2(X2,B2)

MH 11,2(14,15)

multiplies the two numbers. The product, FF FF
FC CD = -819;, replaces the original contents of
register 11.

Only the rightmost 32 bits of a product are
stored in a register; any significant bits on the left
are lost. No program interruption occurs on
overflow.

OR (O, OR, 0OI, 0C)

When the Boolean operator OR is applied to two
bits, the result is one when either bit is one;
otherwise, the result is zero. When two bytes are
ORed, each pair of bits is handled separately; there
is no connection from one bit position to another.
The following is an example of ORing two bytes:

First-operand byte: 0011 0101,
Second-operand byte: 0101 1100,
Result byte: 0111 1101,

Or (0D

A frequent use of the OR instruction is to set a
particular bit to one. For example, assume that
storage location 4891 contains 0100 0010,. To set
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the rightmost bit of this byte to one without
affecting the other bits, the following instruction
can be used (assume that register 8 contains 00 00
48 90):

Machine Format

Op Code I B1 Dy

96 ] 8 | 001

Assembler Format

Op Code D¢(By),lp

ol 1(8),x'ot'

When this instruction is executed, the byte in
storage is ORed with the immediate byte (the I,
field of the instruction):

Location 4891: 0100 0010,
Immediate byte: 0000 0001,
Result: 0100 0011,

The resulting byte with bit 7 set to one is stored
back in location 4891. Condition code 1 is set.

PACK (PACK)
Assume that storage locations 1000-1003 contain
the following zoned-decimal number that is to be
converted to a packed-decimal number and left in
the same location:

1000 1003

Zoned number |F1{F2|F3|C4

Also assume that register 12 contains 00 00 10
00. After the instruction:

‘Machine Format

Op Code L Lo B DR By Dy

F2 3 3 C | 000 C | 000

Assembler Format

Op Code Dq(Lq,Bq),D2(L2,B2)

PACK o(4,12),0(4,12)



is executed, the result in locations 1000-1003 is in
the packed-decimal format:

1000 1003

Packed number |[00{01{23]4C

Notes:

1. This example illustrates the operation of
PACK when the first- and second-operand
fields overlap completely.

2. During the operation, the second operand was
extended on the left with zeros.

SHIFT LEFT DOUBLE (SLDA)

The SHIFT LEFT DOUBLE instruction is similar
to SHIFT LEFT SINGLE except that SLDA shifts
the 63 bits (not including the sign) of an even-odd
register pair. The R, field of this instruction must
be even. For example, if the contents of registers 2
‘and 3 are:

00 7F OA 72 FE DC BA 98 =
0000 0000 O111 1111 0000 1010 0111 0010
1111 1110 1101 1100 1011 1010 1001 10009

The instruction:
Machine Format

Op Code Rj R3 Bo Do

8F 2 (////) O | OIF

Assembler Format

Op Code R1,D2(B2)
SLDA 2,31(0)

results in registers 2 and 3 both being left-shifted
31 bit positions, so that their new contents are:

7F 6E 5D 4C 00 00 00 00 =
0111 1111 0110 1110 01071 1101 0100 1100
0000 0000 0000 0000 0000 0000 0000 0000,

In this case, a significant bit is shifted out of bit
position 1 of register 2. Condition code 3 is set to
indicate this overflow and, if the fixed-point-
overflow mask bit in the PSW is one, a fixed-point
overflow interruption occurs.

SHIFT LEFT SINGLE (SLA)
Because SHIFT LEFT SINGLE leaves the sign bit

unchanged, this instruction performs an algebraic
shift. For example, if the contents of register 2
are:

00 7F OA 72 =
0000 0000 0111 1111 0000 1010 0111 0010,

The instruction:
Machine Format

Op Code Rj R3 By Do

8B 2 1////) 0 | 008

Assembler Format

Op Code R1,02(Bz)
SLA 2,8(0)

results in register 2 being shifted left eight bit
positions so that its new contents are:

7F OA 72 00 =
0111 1111 0000 1010 0111 0010 0000 00009

~ Condition code 2 is set to indicate that the result
is nonzero and positive. ,

If a left shift of nine places had been specified, a
significant bit would have been shifted out of bit
position 1. Condition code 3 would have been set
to indicate this overflow and, if the fixed-point-
overflow mask bit in the PSW is one, a fixed-point
overflow interruption would have occurred.

STORE CHARACTERS UNDER MASK
(STCM)

STORE CHARACTERS UNDER MASK (STCM)
may be used to place selected bytes from a register
into storage. For example, if it is desired to store a
three-byte address from general register 8 into
location FIELD3, assume:

Machine Format

Op Code Ry M3 So

* Kk X X

BE 8 7

Register Format

Op Code R{,M3,59

STCM 8,B'0111' ,FIELD3
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Register 8: 12 34 56 78
FIELD3 (before): not significant
FIELD3 (after): 34 56 78

As another example:

Machine Format

Op Code Ry M3 So
BE 9 |5 | *FEX

Register Format

Op Code R{,M3,S7

STCM 9,8'0101',FIELD2

Register 9: 01 23 45 67
FIELD2 (before): not significant
FIELD2 (after): 23 &7

STORE MULTIPLE (STM)

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

Register 14 contains 00 00 25 63.

Register 15 contains 00 01 27 36.

Register 0 contains 12 43 00 62.

Register 1 contains 73 26 12 57.

Register 6 contains 00 00 40 00.

The initial contents of locations 4050-405F are not
significant.

The STORE MULTIPLE instruction allows the
use of just one instruction to store the contents of
the four registers:

Machine Format

Op Code R R3  Bo Dy

90 E 1 6 | 050

Assembler Format

Op Code Rjy,R3,D2(B3)

STM 14,1,X'50"'(8)

After the instruction is executed:

Locations 4050-4053 contain 00 00 25 63.
Locations 4054-4057 contain 00 01 27 36.
Locations 4058-405B contain 12 43 00 62.
Locations 405C-405F contain 73 26 12 57.
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TEST UNDER MASK (TM)

The TEST UNDER MASK instruction examines
selected bits of a byte and sets the condition code
accordingly. For example, assume that:

Storage location 9999 contains FB.
Register 7 contains 00 00 99 90.

Execution of the instruction:
Machine Format

Op Code I By Dy

91 c3 7 | 008

Assembler Format

Op Code D1(B7),l2

™  9(7),B'11000011"

produces the following result:

FB = 1111 1011,
Mask = 1100 0011,
Result = 11xx xx11p

Condition code 3 is set: all selected bits are
ones.

If location 9999 had contained B9, the result
would have been:

B9 = 1011 1001,
Mask = 1100 0011,
Result = 10xx xx019

Condition code 1 is set: the selected bits are
both zeros and ones.

If location 9999 had contained 3C, the result
would have been:

3C = 0011 11009
Mask = 1100 0011,y
Result = 00xx xx009

Condition code 0 is set: all selected bits are
ZETOS.

Note: Storage location 9999 remains unchanged.

TRANSLATE (TR)

The TRANSLATE instruction can be used to
translate data from any character code to any other
desired code, provided that each coded character



consists of eight bits or fewer. In the following
example, EBCDIC is translated to ASCIL. The first
step is to create a 256-byte table in storage
locations 1000-10FF. This table contains the
characters of the target code in the sequence of the
binary representation of the source code; that is,
the ASCII representation of a character is placed in
storage at the starting address of the table plus the
binary value of the EBCDIC representation of the
same character. For simplicity, the example shows
only the part of the table containing the decimal
digits:

Translate Table for Decimal Digits:
10F0 10F9

30931{32(33(34(35({363738|39

Assume that the four-byte field at storage
location 2100 contains the EBCDIC code for the
digits 1984:

Locations 2100-2103 contain F1 F9 F8 F4.
Register 12 contains 00 00 21 00.
Register 15 contains 00 00 10 00.

As the instruction:

Machine Format

Op Code L By D1y B2 D

DC 03 € | 000 F | 000

Assembler Format

Op Code Dq(L,By),D2(B3)

TR 0(4,12),0(15)

is executed, the binary value of each source byte is
added to the starting address of the table, and the
resulting address is used to fetch a target byte:

Table starting address: 1000
First source byte: F1
Address of target byte: 10F1

After execution of the instruction:
Locations 2100-2103 contain 31 39 38 34.

Thus, the ASCII code for the digits 1984 has
replaced the EBCDIC code in the four-byte field at
storage location 2100.

TRANSLATE AND TEST (TRT)

The TRANSLATE AND TEST instruction can be
used to scan a data field for characters with a
special meaning. To indicate which characters have
a special meaning, a table similar to the one used
for the TRANSLATE instruction is set up, except
that zeros in the table indicate characters without
any special meaning and nonzero values indicate
characters with a special meaning.

The figure "Translate-and-Test Table" that
follows has been set up to distinguish alphameric
characters (A to Z and 0 to 9) from blanks, certain
special symbols, and all other characters which are
considered invalid. EBCDIC coding is assumed.
The 256-byte table is assumed stored at locations
2000-20FF.
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01 2 3 4 5 6 7 8 9 A B C D E F

200 _|40]40(40{40{40(40|40140|40{40(40140140](40740]40

201 [40140(40140140({40(40(40|40140)40/40|40(40140]40

202 140140({40}40140|40[40|40|40]140(40{40(40|40140|40

203 |40|40|40]|40(40|40140(40(40(40|40{40(40(40140140

204 (0414040140 (40140|40140(40{40({40|08{40}0C)10[40

205 |14|40{40140(40{40}40140|40j40|40|18]1C|20/40(40

206 [24)28|40|40|40(40]140|40|40{40(40|2C|40[40{40(40

207_|40{40|40|40|40|40{40|40140(40140130(34)38|3C (40

208 [40{40(40140{40140{40]4040140({40140140[40 (40140

209 140140140140(40140)40{40140)40|40140]14040(40(40

20A [40]40140|40|40 4014040 (4040(40(40(40(40140(40

20B_[40|40{40|40|40(40|40|40(40{40{40140|40{40{40 40

20C {40({00(00/00(00{00|00|00}00{00|40)40|40}40(40(40

20D _140100(00{00|/00100|00{00/00|00{40|40|40[40|40|40

20E_}40)40/00{00|00|00|00(00|00;00|40{40]40{40{40]40

20F _(00|00j00|00({00{00{00{00{00|00}{40|40|40|40{40|40

Note: If the character codes in the statement
being translated occupy a range smaller than

00 through FF;4, a table of fewer than 256 bytes
can be used.

Translate and Test Table

Starting at storage location CA80, there is the
following sequence of 21,3 EBCDIC characters:

Locations CA80-CA94: UNPKbPROUT(9), WORD(5)

Also assume:
Register 1 contains 00 00 2F FF.

The table entries for the alphameric characters in
EBCDIC are 00; thus, the letter A (code C1)
corresponds to byte location 20C1, which contains
00.

The 15 special symbols have nonzero entries

from 04,4 to 3C, in increments of 4. Thus, the
blank (code 40) has the entry 04;4, the period
(code 4B) has the entry 08¢, and so on.

All other table positions have the entry 40,4 to
indicate an invalid character.

The table entries are chosen so that they may be

Register 2 contains 00 00 30 00.

Register 15 contains 00 00 20 00.

As the instruction:

Machine Format

used to select one of a list of 16 words containing Op Code L By Dy By D
addresses of different routines to be entered for : 1 =T 000
each special symbol or invalid character bD 14 ! 00

encountered during the scan.
Assume that this list of 16 branch addresses is
stored at locations 3004-3043.
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Assembler Format

Op Code D](L,B1),D2(Bz)

TRT 1(21,1),0(15)




is executed, the value of the first argument byte,
the letter U, is added to the starting address of the
table to produce the address of the table entry to
be examined: :

Table starting address 2000
First argument byte (U) E4

Address of table entry 20E4

Because zeros were placed in storage location
20E4, no special action occurs. The operation
continues with the second and subsequent argument
bytes until it reaches the blank in location CA84.
When this symbol is reached, its value is added to
the starting address of the table, as usual:

Table starting address 2000
Argument byte (blank) 40
Address of table entry 2040

Because location 2040 contains a nonzero value,
the following actions occur:

1. The address of the argument byte, 00CA84, is
placed in the rightmost 24 bits of register 1.

2. The table entry, 04, is placed in the rightmost
eight bits of register 2, which now contains 00
00 30 04.

3. Condition code 1 is set (scan not completed).
The TRANSLATE AND TEST instruction may
be followed by instructions to branch to the routine

at the address found at location 3004, which
corresponds to the blank character encountered in
the scan.- When this routine is completed, program
control may return to the TRANSLATE AND
TEST instruction to continue the scan, except that
the length must first be adjusted for the characters
already scanned.

For this purpose, the TRANSLATE AND TEST
may be executed by the use of an EXECUTE
instruction, which supplies the length specification
from a general 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, and without
modifying any instructions in storage. In the
example, after the first execution of TRANSLATE
AND TEST register 1 contains the address of the
last argument byte translated. It is then a simple
matter to subtract this address from the address of
the last argument byte (CA94) to produce a length
specification. This length minus one is placed in
the register that is referenced as the R1 field of the
EXECUTE instruction. (Note that the length code

in the machine format is one less than the total
number of bytes in the field.) The second-operand
address of the EXECUTE instruction points to the
TRANSLATE AND TEST instruction, which is the
same as illustrated above, except for the length (1.)
which is set to zero.

UNPACK (UNPK)

Assume that storage locations 2501-2502 contain a
signed, packed-decimal number that is to be
unpacked and placed in storage locations
1000-1004. Also assume:

Register 12 contains 00 00 10 00.

Register 13 contains 00 00 25 00.

Storage locations 2501-2502 contain 12 3D.

The initial contents of storage locations 1000-1004 are not
significant.

After the instruction:
Machine Format

Op Code Lj Ly By D1y Bo Dy

F3 4 1 c | o00f D | 001

Assembler Format

Op Code Dq(Lq,Bq),Da(Ly,Bs)
UNPK 0(5,12),1(2,13)

is executed, the storage locations 1000-1004
contain FO FO F1 F2 D3.

Decimal Instructions
(See Chapter 8.)

ADD DECIMAL (AP)

Assume that the signed, packed-decimal number at
storage locations 500-503 is to be added to the
signed, packed-decimal number at locations
2000-2002. Also assume:

Register 12 contains 00 00 20 00.

Register 13 contains 00 00 05 00.

Storage locations 2000-2002 contain 38 46 OD (a negative
number).

Storage locations 500-503 contain 01 12 34 5C (a positive
number).

After the instruction:

Machine Format

Op Code L1 ) B1 D14 By Dy

FA 2 3 C { 000f D | OOO
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Assembler Format

Op Code D1(L] ,B1),Dz(L2,B2)

AP 0(3,12),0(4,13)

is executed, the storage locations 2000-2002

contain 73 88 5C; condition code 2 is set to

indicate that the sum is positive. Note that:

1. Because the two numbers had different signs,
they were in effect subtracted.

2. Although the second operand is longer than the
first operand, no overflow interruption occurs
because the result can be entirely contained
within the first operand.

COMPARE DECIMAL (CP)

Assume that the signed, packed-decimal contents of
storage locations 700-703 are to be algebraically
compared with the signed, packed-decimal contents
of locations 500-502. Also assume:

Register 12 contains 00 00 06 00.

Register 13 contains 00 00 03 00.

Storage locations 700-703 contain 17 25 35 6D.
Storage locations 500-502 contain 72 14 2D.

After the instruction:

Machine Format

Op Code L; Lo B1 D4 Bo Do

F9 3 2 c 100 D | 200

Assembler Format

Op Code D(Ly,Bq),D2(Lo,B))

cP Xx'100'(4,12),X'200'(3,13)

is executed, condition code 1 is set, indicating that
the first operand (the contents of locations
700-703) is less than the second.

DIVIDE DECIMAL (DP)

Assume that the signed, packed-decimal number at
storage locations 2000-2004 (the dividend) is to be
divided by the signed, packed-decimal number at
locations 3000-3001 (the divisor). Also assume:
Register 12 contains 00 00 20 00.

Register 13 contains 00 00 30 00.

Storage locations 2000-2004 contain 01 23 45 67 8C.
Storage locations 3000-3001 contain 32 1D.
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After the instruction:
Machine Format

Op Code L; Ly By Dy By Do

FD 4 1 C { 000f D | 000

Assembler Format

Op Code Dq(L{,Bq),Da(La,B5)
DP 0(5,12),0(2,13)

is executed, the dividend is entirely replaced by the
signed quotient and remainder, as follows:

2000 2004

Locations 2000-2004 38146{0D]01)8C

quotient remainder

Notes:

1. Because the dividend and divisor have different
signs, the quotient receives a negative sign.

2. The remainder receives the sign of the dividend
and the length of the divisor.

3. If an attempt were made to divide the dividend
by the one-byte field at location 3001, the
quotient would be too long to fit within the
four bytes allotted to it. A decimal-divide
exception would exist, causing a program
interruption.

EDIT (ED)

Before decimal data in the packed format can be
used in a printed report, digits and signs must be
converted to printable characters. Moreover,
punctuation marks, such as commas and decimal
points, may have to be inserted in appropriate
places. The highly flexible EDIT instruction
performs these functions in a single instruction
execution.

This example shows step-by-step one way that
the EDIT instruction can be used. The field to be
edited (the source) is four bytes long; it is edited
against a pattern 13 bytes long. The following
symbols are used:

Symbol Meaning

b (Hexadecimal 40)|Blank character
( (Hexadecimal 21)|Significance starter
d (Hexadecimal 20)|Digit selector




Assume that the source and pattern fields are:

Source
1200 1203
02|57j42|6C
L.
Pattern
1000 100C
40|20120|6B|20(21|20|4B{20(20{40{C3{D9
b d d , d ( d d d b C R

Execution of the instruction (assume that

register 12 contains 00 00 10 00):

Machine Format

Op Code L B Dy By Dy
DE ocC € | 000f C | 200
Assembler Format
Op Code Dy(L,B7),D2(B2)
ED 0(13,12),x"'200'(12)
alters the pattern field as follows:
Significance
Indicator Location
Pattern | Digit | (Before/After) Rule 1000-100C
b of f/off leave(1) | bdd,d(d.ddbCR
d 0 of f/of f fin bbd,d(d.ddbCR
d 2 off/on(2) digit bb2,d(d.ddbCR
s on/on feave same
d 5 on/on digit bb2,5(d.ddbCR
( 7 on/on digit bb2,57d.ddbCR
d 4 on/on digit bb2,574 .ddbCR
. on/on leave same
d 2 on/on digit bb2,574.2dbCR
d 6 on/off(3) digit bb2,574.26bCR
b off/off fill same
C off/off finl bb2,574.26bbR
R off/of f fill bb2,574.26bbb
Notes:
l 1. This character is the fill byte.
2. First nonzero. decimal source digit turns on significance
indicator.
| 3. Plus sign in the four rightmost bits of the byte turns
off significance indicator.

Thus, after the instruction is executed, the
pattern field contains the result as follows:

Pattern
1000 100C

40|40 |F2)6B|F5iF7|F4|4B|F2|F6|40|40 |40

b b 2 , 5 7 & 2 6 b b b

When printed, the new pattern field appears as:
2,574.26

The source field remains unchanged. Condition
code 2 is set because the number was greater than
zero.

If the number in the source field is changed to
00 00 02 6D, a negative number, and the original
pattern is used, the edited result this time is:

Pattern
1000 100C

40 (40|40 40140140 (FO | 4B|F2|F6|40|C3|D9

b b b b b b 0 2 6 b C R

This pattern field prints as:
0.26 CR

The significance starter forces the significance
indicator to the on state and hence causes the
decimal point to be preserved. Because the
minus-sign code has no effect on the significance:
indicator, the characters CR are printed to show a
negative (credit) amount.

Condition code 1 is set (number less than zero).

EDIT AND MARK (EDMK)
The EDIT AND MARK instruction may be used, in
addition to the functions of EDIT, to insert a
currency symbol, such as a dollar sign, at the
appropriate position in the edited resuit. Assume
the same source in storage locations 1200-1203,
the same pattern in locations 1000-100C, and the
same contents of general register 12 as for the
EDIT instruction above. The previous contents of
general register 1 are immaterial; a LOAD
ADDRESS instruction is used to set up the first
digit position that is forced to print if no significant
digits occur to the left.

The instructions:

LA 1,6(0,12) Load address of forced

significant digit into GR1.
EDMKO0(13,12),X‘200°(12) Leave address of first
significant digit in GR1.

BCTR1,0 Subtract 1 from address in
GR1. :

MVI 0(1),C‘$’ Store dollar sign and address
in GR1.
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produce the following results for the two examples

under EDIT:

Pattern
1000 100C

40|5B|F2|6B|F5|F7|F4|4B|F2|F6|40|40|40
b §$ 2 , 5 7 &

2 6 b b b

This pattern field prints as:
$2,574.26

Condition code 2 is set to indicate that the
number edited was greater than zero.

Pattern
1000 100C

40{40|40(40|40|5B[FO|4B|F2{F6|40|C3|D9
b b b b b $§ 0

2 6 b C R

This pattern field prints as:
$0.26 CR

Condition code 1 is set because the number is
less than zero.

MULTIPLY DECIMAL (MP)

Assume that the signed, packed-decimal number in
storage locations 1202-1204 (the multiplicand) is
to be multiplied by the signed, packed-decimal
number in locations 500-501 (the multiplier).

1202 1204

Multiplicand |38]46)0D

500 501

Multiplier 3211D

Because the multiplier and multiplicand have a
total of eight significant digits, at least five bytes
must be reserved for the signed result. ZERO
AND ADD can be used to move the multiplicand
into a longer field. Assume:

Register 4 contains 00 00 12 00.
Register 6 contains 00 00 05 00.

Then execution of the instruction:
ZAP X‘100°(5,4),2(3,4)

sets up a new multiplicand in storage locations
1300-1304:
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1300 1304

Multiplicand (new) [00}00{38)46|0D

Now, after the instruction:

Machine Format

Op Code Lj Lo B1 Dy Bo Do

FC 4 1 4 100 6 | 000

Assembler Format

Op Code Dq(Ly,B7),D2(L2,B2)
MP  Xx'100'(5,4),0(2,6)

is executed, storage locations 1300-1304 contain
the product:

01 23 45 66 0C.

SHIFT AND ROUND DECIMAL (SRP)
The SHIFT AND ROUND DECIMAL (SRP)
instruction can be used for shifting decimal
numbers in storage to the left or right. When a
number is shifted right, rounding can also be done.

Decimal Left Shift )

In this example, the contents of storage location
FIELDI1 are shifted three places to the left,
effectively multiplying the contents of FIELD1 by

1000. FIELD1 is six bytes long. The following
instruction performs the operation:

Machine Format

Op Code Lj I3 $4 Ba Dy

FO 51 0 |**) o0 | 003

Assembler Format

Op Code S1(L1),S2,i3

SRP  FIELD1(6),3,0

FIELD1 (before): 00 01 23 45 67 8C

FIELD1 (after): 12 34 56 78 00 OC

The second-operand address in this instruction
specifies the shift amount (three places). The
rounding factor, I3, is not used in left shift, but it



must be a valid decimal digit. After execution,
condition code 2 is set to show that the result is
greater than zero.

Decimal Right Shift

In this example, the contents of storage location
FIELD?2 are shifted one place to the right,
effectively dividing the contents of FIELD2 by 10
and discarding the remainder. FIELD2 is five
bytes in length. The following instruction performs
this operation:

Machine Format
Op Code Lj I3 Sy By D2
0 |****| 0 |03F

FO 4

-
o11in
| IR—

6-bit two's
comp lement
for -1

Assembler Format

~Op Code Sq(L1),S2,13
SRP FIELD2(5),64—1,0

FIELD 2 (before): 01 23 45 67 8C

FIELD 2 (after): 00 12 34 56 7C

In the SRP instruction, shifts to the right are
specified in the second-operand address by negative
shift values, which are represented as a six-bit
value in two’s complement form.

The six-bit two’s complement of a number, n,
can be specified as 64 — n. In this example, a
right shift of one is represented as 64 — 1.

Condition code 2 is set.

Decimal Right Shift and Round

In this example, the contents of storage location
FIELD3 are shifted three places to the right and
rounded, effectively dividing by 1000 and rounding
to the nearest whole number. FIELD3 is four
bytes in length.

Machine Format

Op Code Lj I3 Sq Bp Dj

FO 3 5 |****| 0 03D
|
11
00111101
[
6-bit two's
comp lement
for -3
Assembler Format
Op Code Sq(L1),S92,13
SRP FIELD3(4),64-3,5
FIELD 3 (before): 12 39 60 0D
FIELD 3 (after): 00 01 24 0D

The shift amount (three places) is specified in
the D, field. The I field specifies the rounding
factor of 5. The rounding factor is added to the
last digit shifted out (which is a 6), and the carry is
propagated to the left. The sign is ignored during
the addition.

Condition code 1 is set because the result is less
than zero.

Multiplying by a Variable Power of 10

Since the shift value designated by the SRP
instruction specifies both the direction and amount
of the shift, the operation is equivalent to
multiplying the decimal first operand by 10 raised
to the power specified by the shift value.

If the shift value is variable, it may be specified
by the B, field instead of the displacement D, of
the SRP instruction. The general register
designated by B, should contain the shift value
{power of 10) as a signed binary integer.

A fixed scale factor modifying the variable
power of 10 may be specified by using both the B,
field (variable part in a general register) and the D,
field (fixed part in the displacement).

The SRP instruction uses only the rightmost six
bits of the effective address D,(B;) and interprets
them as a six-bit signed binary integer to control
the left or right shift as in the previous two
examples.
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ZERO AND ADD (ZAP)

Assume that the signed, packed-decimal number at
storage locations 4500-4502 is to be moved to
locations 4000-4004 with four leading zeros in the
result field. Also assume:

Register 9 contains 00 00 40 00.
Storage locations 4000-4004 contain 12 34 56 78 90.
Storage locations 4500-4502 contain 38 46 0D.

After the instruction:

Machine Format

Op Code L; Ly By Dy By Dy

F8 4 2 9 000 9 | 500

Assembler Format

Op Code Dy(L1,B1),D2(L2,B3)
ZAP 0(5,9),X'500'(3,9)

is executed, the storage locations 4000-4004
contain 00 00 38 46 0D; condition code 1 is set to
indicate a negative result.

Note that, because the first operand is not
checked for valid sign and digit codes, it may
contain any combination of hexadecimal digits
before the operation.

Floating-Point Instructions
(See Chapter 9.)

In this section, the abbreviations FPR0O, FPR2,
FPR4, and FPR6 stand for floating-point registers
0, 2, 4, and 6 respectively.

ADD NORMALIZED (AD, ADR, AE,
AER, AXR)

The ADD NORMALIZED instructions perform the
addition of two floating-point numbers and place
the normalized result in a floating-point register.
Neither of the two numbers to be added must
necessarily be normalized before addition occurs.
For example, assume that:

FPR6 contains C3 08 21 00 00 00 00 00 = —82.11¢ =
—130.061¢ approximately (unnormalized).

Storage locations 2000-2007 contain 41 12 34 56 00 00 00
00 = +1.234561¢ = +1.14{ (normalized).

Register 13 contains 00 00 20 00.

The instruction:
Machine Format

Op Code Ry X9 By Do

7A 6 04| D | o000
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Assembler Format

Op Code Rjp,D2(X2,B5)
AE  6,0(0,13)

performs the short-precision addition of the two
operands, as follows.

The characteristics of the two numbers (43 and
41) are compared. Since the number in storage has
a characteristic that is smaller by 2, it is
right-shifted two hexadecimal digit positions. The
two numbers are then added:

Gp!
FPR6: ~43 08 21 00
Shifted no. from storage: +43 00 12 34 5

Intermediate sum:
1Guard digit

-43 08 OE CB B

Because the intermediate sum is unnormalized, it
is left-shifted to form the normalized floating-point
number —42 80 EC BB = -80.ECBB;4 = —128.92.
Combining the sign with the characteristic, the
result is C2 80 EC BB, which replaces the left half
of FPR6. The right half of FPR6 and the contents
of storage locations 2000-2007 are unchanged.
Condition code 1 is set to indicate a negative
result.

If the long-precision instruction AD is used, the
result in FPR6 is C2 80 EC BA A0 00 00 00.

Note that the long-precision instruction avoids a
loss of precision in this example.

ADD UNNORMALIZED (AU, AUR, AW,
AWR)

The ADD UNNORMALIZED instructions operate
identically to the ADD NORMALIZED
instructions, except that the final result is not
normalized. For example, using the the same
operands as in the example for ADD
NORMALIZED, when the short-precision
instruction:

Machine Format

Op Code Rj X9 Bo Do

7E 6 0 D} 000

Assembler Format

Op Code Rj,D2(X2,Bp)
AU 6,0(0,13)




is executed, the two numbers are added as follows:

Gb?
FPR6: -43 08 21 00
Shifted no. from storage: +43 00 12 34 5

Sum: —-43 08 OE CB B
lGuard digit

The guard digit participates in the addition but is
discarded. The unnormalized sum replaces the left
half of FPR6. Condition code 1 is set because the
result is negative.

The result in FPR6 (C3 08 OE CB 00 00 00 00)
shows a loss of a significant digit when compared
to the result of short-precision normalized addition.

COMPARE (CD, CDR, CE, CER)

Assume that FPR4 contains 43 00 00 00 00 00 00
00 (=0), and FPR6 contains 34 12 34 56 78 9A
BC DE (a positive number). The contents of the
two registers are to be compared using a
long-precision COMPARE instruction.

Machine Format

Op Code Ry Ry

29 4 ¢ 6

Assembler Format

Op Code Rp,Ry

CDR 4,6

The number with the smaller characteristic,
which is the one in register FPR6, is right-shifted
15 hexadecimal digit positions so that the two
characteristics agree. The shifted contents of FPR6
are 43 00 00 00 00 00 00 00, with a guard digit of
zero. Therefore, when the two numbers are
compared, condition code 0 is set, indicating an
equality.

As the above example implies, when
floating-point numbers are compared, more than
two numbers may compare equal if one of the
numbers is unnormalized. For example, the
unnormalized floating-point number 41 00 12 34
56 78 9A BC compares equal to all numbers of the
form 3F 12 34 56 78 9A BC 0X (X represents any
hexadecimal digit). When the COMPARE
instruction is executed, the two rightmost digits are
shifted right two places, the 0 becomes the guard
digit, and the X does not participate in the
comparison.

However, when two normalized floating-point
numbers are compared, the relationship between
numbers that compare equal is unique: each digit in
one number must be identical to the corresponding
digit in the other number.

Floating-Point-Number Conversion

The following examples illustrate one method of
converting between binary fixed-point numbers
(32-bit signed binary integers) and normalized
floating-point numbers. Conversion must provide
for the different representations used with negative
numbers: the two’s-complement form for signed
binary integers, and the signed-absolute-value form
for the fractions of floating-point numbers.

Fixed Point to Floating Point
The method used here inverts the leftmost bit of
the signed binary integer which, after appending
additional zero bits on the left as necessary, is
equivalent to adding 23! to the number. This
changes it from a signed integer in the range
231 — 1 through —23! to an unsigned integer in the
range 232 — 1 through 0. After conversion to the
long floating-point format, the value 231 is
subtracted again.

Assume that general register 9 (GR9) contains
the integer —59 in two’s-complement form:

GR9 FF FF FF C5

Further, assume two eight-byte fields in storage:
TEMP, for use as temporary storage, and TWO31,
which contains the floating-point constant 231 in
the following format:

TWO31 4E 00 00 00 80 00 00 00

This is an unnormalized long floating-point
number with the characteristic 4E, which
corresponds to a radix point to the right of the
number.

The following instruction sequence performs the
conversion:

Result
X 9,TW0O31+4 GR9:

7F FF FF C5
ST 9,TEMP+4 TEMP:

- — — — 7F FF FF C5
MVC TEMP(4),TWO31 TEMP:
4E 00 00 00 7F FF FF C5

LD 2,TEMP FPR2:
4t 00 00 00 7F FF FF C5
SD  2,TwWO31 FPR2:

€2 3B 00 00 00 00 0O 0O

The EXCLUSIVE OR (X) instruction inverts
the leftmost bit in general register 9, using the right
half of the constant as the source for a leftmost one
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bit. The next two instructions assemble the
modified number in an unnormalized long
floating-point format, using the left half of the
constant as the plus sign, the characteristic, and the
leading zeros of the fraction. LOAD (I.D) places
the number unchanged in floating-point register 2.
The SUBTRACT NORMALIZED (SD) instruction
performs the final two steps by subtracting 231 in
floating-point form and normalizing the result.

Floating Point to Fixed Point
The procedure described here consists bas1ca11y in
reversing the steps of the previous procedure. Two
additional considerations must be taken into
account. First: the floating-point number may not
be an exact integer. Truncating the excess
hexadecimal digits on the right requires shifting the
number one digit position farther to the right than
desired for the final result, so that the units digit
occupies the position of the guard digit Second: the
floating-point number may have to be tested as to
whether it is outside the range of numbers
representable as a signed binary integer.

Assume that floating-point register 6 contains
the number 59.25,45 = 3B.4;4 in normalized form:

FPR6 42 3B 40 00 00 00 00 00

Further, assume three eight-byte fields in
storage: TEMP, for use as temporary storage, and
the constants 232 (TWO032) and 23! (TWO31R) in
the following formats:

TWO32 4E 00 00 01 60 00 00 00
TWO31R 4F 00 00 00 08 00 00 00

The constant TWO3 1R is shifted right one more
position than the constant TWO31 of the previous
example, so as to force the units digit into the
guard-digit position.

The following instruction sequence performs the
integer truncation, range tests, and conversion to a
signed binary integer in general register 8 (GRS):

Result

Sb 6,TWO31R FPR6:
C8 7F FF FF C5 00 00 00
Branch to overflow
routine if result
non-negative
AW 6,TW032 FPR6:
4E 00 00 00 80 00 00 3B
Branch to overflow
routine if result
negative
STD 6,TEMP TEMP:
4E 00 00 00 80 00 00 3B
X! TEMP+4,X'80' TEMP:
4E 00 00 00 00 00 00 3B
L 8, TEMP+4 GRS8:
00 00 00 03

BC 11,0VERFLOW

BC 4,0VERFLOW
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The SUBTRACT NORMALIZED (SD)
instruction shifts the fraction of the number to the
right until it lines up with TWO31R, which causes
the fraction digit 4 to fall to the right of the guard
digit and be lost; the result of subtracting 23! from
the remaining digits is renormalized. The result
should be negative; if not, the original number was
too large in the positive direction. The first
BRANCH ON CONDITION (BC) performs this
test.

The ADD UNNORMALIZED (AW) instruction
adds 232: 231 to correct for the previous subtraction
and another 23! to change to an all-positive range.
The second BC tests for a negative result, showing
that the number was too large in the negative
direction. The unnormalized result is placed in
temporary storage by the STORE (STD)
instruction. There the leftmost bit of the binary
integer is inverted by the EXCLUSIVE OR (XI)
instruction before being loaded into GRS.

Multiprogramming and Multiprocessing
Examples

Although the 4300 Processors make no provision
for multiple-CPU systems, the references to
multiprocessing may be helpful when writing
problem-state programs that are to run correctly on
multiprocessing configurations of System/370 as
well.

When two or more programs sharing common
storage locations are running concurrently in a
multiprogramming or multiprocessing environment,
one program may, for example, set a flag bit in the
common-storage area for testing by another
program. It should be noted that the instructions
AND (NI or NC), EXCLUSIVE OR (XI or XC),
and OR (OI or OC) could be used to set flag bits
in a multiprogramming environment; but the same
instructions may cause program logic errors in a
multiprocessing system where two or more CPUs
can fetch, modify, and store data in the same
storage locations simultaneously.

Example of a Program Failure Using OR
Immediate

Assume that two independent programs try to set
different bits to one in a common byte in storage.
The following example shows how the use of the
instruction OR immediate (OI) can fail to
accomplish this, if the programs are executed nearly
simultaneously on two different CPUs. One of the
possible error situations is depicted.



Execution of Execution of
instruction instruction
01 FLAGS,Xx'o1' FLAGS | Ol FLAGS,Xx'so'
on CPU A on CPU B
x'o00' Fetch
FLAGS X'00"'
Fetch X'00'
FLAGS X'00'
X'00' OR X'80'
into X'00'
OR X'01' X'00"
into X'00'
X'so' Store X'80'
into FLAGS
Store X'01' x'ot'
into FLAGS
FLAGS should have value of X'81' follow-
ing both updates.

The problem shown here is that the value stored
by the OI instruction executed on CPU A overlays
the value that was stored by CPU B. The X‘80’
flag bit was erroneously turned off, and the date is
now invalid.

The COMPARE AND SWAP instruction has
been provided to overcome this and similar
problems.

COMPARE AND SWAP (CS, CDS)
The COMPARE AND SWAP (CS) and
COMPARE DOUBLE AND SWAP (CDS)
instructions can be used in multiprogramming or
multiprocessing environments to serialize access to
counters, flags, control words, and other common
storage areas.

The following examples of the use of the
COMPARE AND SWAP and COMPARE
DOUBLE AND SWAP instructions illustrate the

applications for which the instructions are intended.

It is important to note that these are examples of
functions that can be performed by programs
running enabled for interruption
(multiprogramming) or by programs that are
running on a multiprocessing configuration. That
is, the routine allows a program to modify the
contents of a storage location while running
enabled, even though the routine may be
interrupted by another program on the same CPU
that will update the location, and even though the
possibility exists that another CPU may
simultaneously update the same location.

The CS instruction first checks the value of a
storage location and then modifies it only if the
value is what the program expects; normally this
would be a previously fetched value. If the value

in storage is not what the program expects, then
the location is not modified; instead, the current
value of the location is loaded into a general
register, in preparation for the program to loop
back and try again. During the execution of CS,
no other CPU can access the specified location.

Setting a Single Bit

The following instruction sequence shows how the
CS instruction can be used to set a single bit in
storage to one. Assume that FLAGS is the first

byte of a word in storage called "WORD."
LA 6,X'80' Put bit to be ORed

into GRé

Shift left 24 places to
align the byte to be
ORed with the loca-
tion of FLAGS within
WORD

Get original flag bit
values

Put flags to be modi-
fied into GR8

Set bit to one in new
copy of flags

¢S 7,8,WORD Store new flags unless
original flags were
changed

If new flags are not
stored, try again

SLL 6,24

L 7,WORD
RETRY LR 8,7
OR 8,6

BC 4,RETRY

The format of the CS instruction is:
Machine Format

Op Code Rj Rz Sy

BA 7 8 Kokt

Assembler Format

Op Code R{,R3,Sy

cS 7,8,WORD

The CS instruction compares the first operand
(general register 7 containing the original flag
values) to the second operand (WORD) while
storage access to the specified location is not
permitted to any CPU other than the one executing
the CS instruction.

If the comparison is successful, indicating that
FLAGS still has the same value that it originally
had, the modified copy in general register 8 is
stored into FLAGS. If FLAGS has changed since
it was loaded, the compare will not be successful,
and the current value of FLAGS is loaded into
general register 7.
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The CS instruction sets condition code 0 to
indicate a successful compare and swap, and
condition code 1 to indicate an unsuccessful
compare and swap.

The program executing the sample instructions
tests the condition code following the CS
instruction and reexecutes the flag-modifying
instructions if the CS instruction indicated an
unsuccessful comparison. When the CS instruction
is successful, the program continues execution
outside the loop and FLAGS contains valid data.

The branch to RETRY will be taken only if
some other program modifies the update location.
This type of a loop differs from the typical
"bit-spin" loop. In a bit-spin loop, the program
continues to loop until the bit changes. In this
example, the program continues to loop only if the
value does change during each iteration. If a
number of CPUs simultaneously attempt to modify
a single location by using the sample instruction
sequence, one CPU will fall through on the first
try, another will loop once, and so on until all
CPUs have succeeded.

Updating Counters

In this example, a 32-bit counter is updated by a
program using the CS instruction to ensure that the
counter will be correctly updated. The original
value of the counter is obtained by loading the
word containing the counter into general register 7.
This value is moved into general register 8 to
provide a modifiable copy, and general register 6
(containing an increment to the counter) is added
to the modifiable copy to provide the updated
counter value. The CS instruction is used to ensure
valid storing of the counter.

The program updating the counter checks the
result by examining the condition code. The
condition code O indicates a successful update, and
the program can proceed. If the counter had been
changed between the time that the program loaded
its original value and the time that it executed the
CS instruction, the CS instruction would have
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loaded the new counter value into general register
7 and set the condition code to 1, indicating an
unsuccessful update. The program then must
update the new counter value in general register 7
and retry the CS instruction, retesting the condition
code, and retrying until a successful update is
completed.

The following instruction sequence performs the
above procedure:

LA 8,1 Put increment (1) into
GRé
L 7,CNTR  Put original counter
value into GR7
LOOP LR 8,7 Set up copy in GR8 to
modify
AR 8,6 Increment copy

€S 7,8,CNTR Update counter in
storage

If original value had
changed, update new
value

BC 4,LO0P

The following shows two CPUs, A and B,
executing this instruction sequence simultaneously:
both CPUs attempt to add one to CNTR.

CPU A CPU B Comments
GR7 GRE ONTR GR7 GRS
16
16 16 CPU A loads GR7

and GR8 from CNTR
16 16 CPU B loads GR7
and GR8 from CNTR
17 CPU B adds one to
GR8
17 CPU A adds one to
~ GRS
17 CPU A executes CS;
successful match,
store
17 CPU B executes CS;
no match, GR7
changed to CNTR
value
18 CPU B loads GR8
from GR7, adds
one to GR8
18 CPU B executes CS;
successful match,
store



Appendix B. Lists of Instructions

The following three figures list instructions
arranged by name, mnemonic, and operation code.
Some models may offer instructions that do not
appear in the figures, such as those provided for
emulation or as part of special or custom features.

The operation code 00 with a two-byte
instruction format is allocated for use by the
program when an indication of an invalid operation
is required. It is improbable that this operation
code will ever be assigned to an instruction
implemented in the CPU.

Explanation of Symbols in "Characteristics" and
"Op Code" Columns

A Access exceptions.

Al Access exceptions; not all access
exceptions may occur; see instruction
description for details.

B PER branch event.

C Condition code is set.

D Data exception.

DF Decimal-overflow exception.

DK Decimal-divide exception.

DM DIAGNOSE may generate various

program exceptions and may change the
condition code. .

EO Exponent-overflow exception.
EU Exponent-underflow exception.
EX Execute exception.

FK
IF
II
IK

LS
MO

PS
PT

RR
RS
RX

SI
SO
SP
SS
ST

Floating-point-divide exception.
Fixed-point-overflow exception.
Interruptible instruction.
Fixed-point-divide exception.

New condition code loaded.
Significance exception.

Monitor event.

Privileged-operation exception.
Page-state exception.
Page-transition exception.

PER general-register-alteration event.
RR instruction format.

RS instruction format.

RX instruction format.

S instruction format.

SI instruction format.
Special-operation exception.
Specification exception.

SS instruction format.

PER storage-alteration event.
Causes serialization

Causes serialization when the My and R,
fields contain all ones and all zeros,
respectively.

Bits 8-14 of the operation code are
ignored.

Bits 8-15 of the operation code are
ignored.
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Mne- Op Page
Name monic Characteristics Code No.
ADD AR RR € IF R 1A 7-7
ADD A RX € A IF R 5A 7-7
ADD DECIMAL AP sS ¢ A D DF ST|FA 8-4
ADD HALFWORD AH RX C A IF R 4A 7-7
ADD LOGICAL ALR |RR € R 1E 7-7
ADD LOGICAL AL RX € A R SE 7-7
ADD NORMALIZED (extended) AXR |RR C SP|EU EO LS 36 9-6
ADD NORMALIZED (long) ADR |RR € SP|EU EO LS 2A 9-6
ADD NORMALIZED (long) AD RX C A SP|EU ED LS 6A 9-6
ADD NORMALIZED (short) AER |RR € SP|EU EO LS 3A 9-6
ADD NORMALIZED (short) AE RX € A SP|EU EO LS 7A 9-6
ADD UNNORMALIZED (long) AWR [RR C SP EQ LS 2E 9-7
ADD UNNORMAL 1ZED (long) AW RX C A SP EC LS 6E 9-7
ADD UNNORMAL IZED (short) AUR [RR € SP EO LS 3E 9-7
ADD UNNORMAL IZED (short) AU RX C A SP EC LS 7E 9-7
AND NR RR C R 14 7-7
AND N RX C A R 54 7-7
AND (character) NC SS ¢ A ST|D4 7-7
AND (immediate) NI Sl ¢ A ST|94 7-7
BRANCH AND LINK BALR |RR B R 05 7-8
BRANCH AND LINK BAL (RX B R 45 7-8
BRANCH ON CONDITION BCR [RR $1 B 07 7-9
BRANCH ON CONDITION BC RX B 47 7-9
BRANCH ON COUNT BCTR |RR B R 06 7-9
BRANCH ON COUNT BCT [RX B R 46 7-9
BRANCH ON INDEX HiGH BXH |RS B R 86 7-10
BRANCH ON INDEX LOW OR EQUAL BXLE [RS B R 87 7-10 .
CLEAR 1/0 CLRIO[S ¢ p $ 9D01*| 12-14
CLEAR PAGE CLRP |S p Al PS ST|B215 | 10-3
COMPARE CR RR C 19 7-11
COMPARE c RX C A 59 7-11
COMPARE (long) COR {RR C sp 29 9-8
COMPARE (long) ch RX € A SP 69 9-8
COMPARE (short) CER |RR C SP 39 3-8
COMPARE (short) CE RX C A SP 79 9-8
COMPARE AND SWAP csS RS € A SP $ R ST{BA 7-11
COMPARE DECIMAL cP $S ¢ A D F9 8-5
COMPARE DDUBLE AND SWAP oS |RS ¢ A SP $ R ST|BB 7-11
COMPARE HALFWORD CH RX C A 49 7-13
COMPARE LDG!CAL CLR [RR C 15 - | 7-13
COMPARE LOGICAL cL RX C A 55 7-13
COMPARE LOGICAL {character) CLC |SS ¢ A D5 7-13
COMPARE LDGICAL (immediate) cLi |SI ¢ A 95 7-13
COMPARE LOGICAL CHARACTERS UNDER MASK|{CLM [RS C A BD 7-13
COMPARE LOGICAL LONG CLCL [RR C A SP Ity R OF 7-14
CONNECT PAGE CTP |RS C P Al sp PT| R BO 10-3
CONVERT TO BINARY CVB |RX A D 1K R 4F 7-15
CONVERT 'TO DECIMAL CVD |RX A . ST|4E 7-16
DECONF IGURE PAGE DEP |S P Al sp PT B21B | 10-3
D IAGNDSE P DM 83 10-3
DISCONNECT PAGE DCTP |S C P Al sp PT B21¢ | 10-5
DIVIDE DR RR Sp 1K R 10 7-16
DIVIDE D RX A SP 1K R 5D 7-16
DIVIDE (long) DDR |RR SP|EU EO FK 2D 9-8
DIVIDE (long) DD RX A SP|EU EO FK 6D 9-8
DIVIDE (short) DER |RR SP|EU EO FK 3D 9-8
DIVIDE (short) DE RX A SP{EU EO FK 7D 9-8
DIVIDE DECIMAL bP 33 A SP|D DK STIFD 8-5
EDIT ED SS ¢ A D ST|{DE 8-6
EDIT AND MARK EDMK [$S € A D R ST|DF 8-9
EXCLUSIVE OR XR RR C R 17 7-16
EXCLUSIVE OR X RX € A R 57 7-16
EXCLUSIVE OR (character) Xc SS ¢ A STi{D7 7-16
EXCLUSIVE OR (immediate) X1 St ¢ A ST|97 7-16
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EXECUTE EX RX A SP EX 44 7-17
HALT DEVICE HOV |S ¢ p $ 9E01*| 12-16
HALT 1/0 HIoO |s ¢ P $ 9E00*{ 12-19
HALVE (long) HDR  [RR SP|EU 24 9-9
HALVE (short) HER [RR SP|EU 34 9-9
INSERT CHARACTER 1c RX A R 43 7-18
INSERT CHARACTERS UNDER MASK ICM (RS C A R BF 7-18
INSERT PAGE BITS IPB (RS P Al R B4 10-5
INSERT PSW KEY IPK |S p R B20B | 10-5
INSERT STORAGE KEY 1Sk |RR P Al sp R 09 10-5
LDAD LR RR R 18 7-19
LOAD L RX A R 58 7-19
LOAD (long) LDR [RR Sp 28 9-10
LOAD (long) LD RX A SP 68 9-10
LOAD (short) LER [RR Sp 38 9-10
LOAD (short) LE RX A SP 78 9-10
LOAD ADDRESS LA |RX R 41 7-19
LOAD AND TEST LTR |RR C R 12 7-19
LOAD AND TEST (long) LTOR |RR C SP 22 9-10
LOAD AND TEST (short) LTER |RR C SP 32 9-10
LOAD COMPLEMENT LCR |RR € IF R 13 7-19
LOAD COMPLEMENT (long) LCDR |RR C SP 23 9-10
LOAD COMPLEMENT (short) LCER |RR C Sp 33 9-10
LOAD CONTROL LCTL {RS P A SP B7 10-6
LOAD FRAME INDEX LFI |RS C P R B8 10-6
LOAD HALFWORD LH RX A R 48 7-20
LOAD MULTIPLE LM RS A R 98 7-20
LOAD NEGATIVE LNR [RR C. R 11 7-20
LOAD NEGATIVE (long) LNDR |RR € sp 21 9-11
LOAD NEGATIVE {short) LNER |RR € SP 31 9-11
LOAD POSITIVE LPR [RR € IF R 10 7-20
LOAD POSITIVE (tong) LPDR |RR € Sp 20 9-11
LOAD POSITIVE (short) LPER |RR C SP 30 9-11
LOAD PSW LPSW |S L P A SP $ 82 10-7
LOAD ROUNDED (extended to long) LRDR |RR SP EO 25 9-11
LDAD ROUNDED (long to short) LRER [RR SP EO 35 9-11
MAKE ADDRESSABLE MAD S ¢ p Al PT B21D | 10-7
MAKE UNADDRESSABLE MUN (S C p Al sp PT B21E | 10-7
MONITOR CALL MC S| SP MO AF 7-21
MOVE (character) MVC ]SS A ST{D2 7-21
MOVE {immediate) MVI  [SI A ST|92 7-21
MOVE |INVERSE MVCIN|SS A ST|ES 7-22
MOVE LONG MVCL [RR C A SP 11} R ST|OE 7-22
MOVE NUMERICS MVN  [SS$ A ST{D1 7-24
MOVE WITH OFFSET MVD  |SS A STiF1 7-25
MOVE ZONES MvZ |[SS A ST|D3 7-26
MULTIPLY -~ |MR RR SP R 1C 7-26
MULTIPLY M RX A SP R 5C 7-26
MULTIPLY (extended) MXR IRR SP|EU EO 26 9-12
MULTIPLY (long to extended) MXDR |RR SP|EU EO 27 9-12
MULTIPLY (long to extended) MXD  {RX A SP[EU EO 67 9-12
MULTIPLY (1ong) MDR  {RR SP|EU EO 2C 9-12
MULTIPLY (long) MD RX A SP|EU EO 6C 9-12
MULTIPLY (short to long) MER [RR SP|EU EO 3C 9-12
MULTIPLY (short to long) ME RX A SP(EU EO 7¢C 9-12
MULTIPLY DECIMAL MP ss A SP|D ST{FC 8-9
MULTIPLY HALFWORD MH RX A R 4C 7-26
OR : OR RR C R 16 7-27
OR 0 RX € A R 56 7-27
OR (character) oc SS C A ST|D6 7-27
OR (immediate) ot SI ¢ A ST|96 7-27
PACK PACK |SS A ST|F2 7-28
RESET REFERENCE BIT RRB S C P Al B213 | 10-8
RETRIEVE STATUS AND PAGE RSP [SS C P A ST|D8 10-8
SET CLOCK SCk |S ¢ P A SP B204 | 10-8
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SET CLOCK COMPARATOR SCKC |S P A SP B206 | 10-9
SET CPU TIMER SPT |S P A SP B208 | 10-9
SET PAGE BITS SPB (RS C P Al B5 10-9
SET PROGRAM MASK SPM [RR L 04 7-28
SET PSW KEY FROM ADDRESS SPKA |S P B20A { 10-10
SET STORAGE KEY SSK  |RR P Al sp 08 10-10
SET SYSTEM MASK SSM|S P A SP SO 80 10-11
SHIFT AND ROUND. DECIMAL SRP[SS C A D DF ST|FO 8-10
SHIFT LEFT DOUBLE SLDA (RS € Sp IF R 8F 7-28
SHIFT LEFT DOUBLE LOGICAL SLDL |RS SP R 8D 7-29
SHIFT LEFT SINGLE SLA |RS C IF R 8B 7-29
SHIFT LEFT SINGLE LOGICAL SLL |RS R 89 7-30
SHIFT RIGHT DOUBLE SRDA [RS C SP R 8E 7-30
SHIFT RIGHT DOUBLE LOGICAL SRDL (RS SP R 8C 7-30
SHIFT RIGHT SINGLE SRA |RS C R 8A 7-31
SHIFT RIGHT SINGLE LOGICAL SRL |RS R 88 | 7-31
START 1/0 sig | C P $ 9C007 ) 12-21
START /0 FAST RELEASE SIOF |S C P $ 9017} 12-21
STORE ST RX A ST|50 7-31
STORE (long) STD |RX A Sp ST{60 9-13
STORE (short) STE |RX A SP ST|70 9-13
STORE CAPACITY COUNTS STCAP|S P A ST|B21F | 10-11
STORE CHANNEL 1D STIDC|S C P $ B203 | 12-23
STORE CHARACTER STC IRX A ST {42 7-32
STORE CHARACTERS UNDER MASK STCM |RS A ST{BE 7-32
STORE CLOCK STCK |S C A $ ST|B205 | 7-32
STORE CLOCK COMPARATOR STCKC|S P A SP ST|B207 | 10-11
STORE CONTROL STCTL |RS P A SP ST|Bé 10-12
STORE CPU 1D STIDP|S P A SP ST|B202 | 10-12
STORE CPU TIMER STPT |S P A SP ST|B209 | 10-13
STORE HALFWORD STH |RX A ST |40 7-33
STORE MULTIPLE STM |RS A ST!90 7-33
STORE THEN AND SYSTEM MASK STNSM(St P A ST|AC 10-13
STORE THEN OR SYSTEM MASK STOSM(S! P A SP ST|AD 10-13
SUBTRACT SR RR C IF R 1B 7-33
SUBTRACT S RX C A IF R 5B 7-33
SUBTRACT DECIMAL SP ss C A D DF ST|FB 8-11
SUBTRACT HALFWORD SH RX C A IF R 48 7-34
SUBTRACT LOGICAL SLR [RR C R 1F 7-34
SUBTRACT LOGICAL SL RX C A R 5F 7-34
SUBTRACT NORMALIZED (extended) SXR |RR € SP{EU EO LS 37 9-14
SUBTRACT NORMALIZED (long) SDR |RR C SPEU EO LS 2B 9-14
SUBTRACT NORMALIZED {long) SD RX C A SP|EU EO LS 6B 9-14
SUBTRACT NORMALIZED (short) SER -{RR C SP{EU EO LS 3B 9-14
SUBTRACT NORMALIZED (short) SE RX € A SP|EU EO LS 7B 9-14
SUBTRACT UNNORMALIZED (long) SWR |RR C SP EO LS 2F 9-14
SUBTRACT UNNORMALIZED (tong) SW RX C A SP EO LS 6F 9-14
SUBTRACT UNNORMAL [ZED (short) SUR IRR C Sp EO LS 3F 9-14
SUBTRACT UNNORMALIZED (short) Su RX € A SP EQ LS 7F 9-14
SUPERVISOR CALL SVC |RR $ 0A 7-34
TEST AND SET TS s ¢ A $ ST|93 7-35
TEST CHANNEL TCH |S C P $ 9F00=| 12-24
TEST 1/0 TIO (S € P $ 9D00™| 12-25
TEST UNDER MASK ™ Si € A 91 7-35
TRANSLATE TR SS A ST{DC 7-36
TRANSLATE AND TEST TRT (SS ¢C A R DD 7-36
UNPACK UNPK 1SS A STF3 7-37
ZERO AND ADD ZAP |SS C A D DF ST|F8 8-11
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D1AGNOSE P DM 83 10-3
A ADD RX C A IF R 5A 7-17
AD ADD NORMALIZED (1long) RX € A SP|EU ED LS 6A 9-6
ADR  [ADD NORMALIZED (long) RR C SP|EU EO LS 2A 9-6
AE ADD NORMAL IZED (short) RX € A SP|EU EO LS 7A 9-6
AER  [{ADD NORMAL1ZED (short) RR C SP{EU EO LS 3A 9-6
AH ADD HALFWORD RX C A IF R 4A 7-7
AL ADD LOGICAL RX C A R 5E 7-7
ALR [ADD LOGICAL RR C R 1E 7-7
Ap ADD DECIMAL Ss ¢ A D DF ST{FA 8-4
AR ADD RR C IF R 1A 7-7
AU ADD UNNORMAL |ZED (short) RX C A SP EO LS 7€ 9-7
AUR |ADD UNNORMALIZED (short) RR € SP EO LS 3E g-7
AW ADD UNNORMAL IZED (1ong) RX C A SP ED LS 6E 9-7
AWR  |ADD UNNORMALIZED (1long) RR C SP EO LS 2E 9-7
AXR |ADD NORMALIZED (extended) RR C SP|EU EO LS 36 9-6
BAL [BRANCH AND LINK RX B R 45 7-8
BALR |BRANCH AND LINK RR B R 05 7-8
B8C BRANCH ON CONDITION RX B 47 7-9
BCR {BRANCH ON CONDITION RR $! B 07 7-9
BCT |BRANCH ON COUNT RX B R 46 7-9
BCTR {BRANCH ON COUNT RR B R 06 7-9
BXH |BRANCH ON INDEX HIGH RS B R 86 7-10
BXLE |BRANCH ON INDEX LOW OR EQUAL RS B R 87 7-10
c COMPARE RX C A 59 7-11
(o)) COMPARE (1ong) RX C A SP 69 9-8
CDR  |COMPARE (long) RR € SP 29 9-8
CDS |COMPARE DOUBLE AND SWAP RS € A SP $ R ST|BB 7-11
CE COMPARE (short) RX C A SP 79 9-8
CER |COMPARE (short) RR C SP 39 9-8
CH COMPARE HALFWORD RX € A 49 7-13
cL COMPARE LOGICAL RX C A 55 7-13
CLC |COMPARE LOGICAL (character) SS C A D5 7-13
CLCL |COMPARE LOGICAL LONG RR C A SP 1 R OF 7-14
CLI |COMPARE LOGICAL (immediate) St ¢ A 95 7-13
CLM |COMPARE LOGICAL CHARACTERS UNDER MASK|RS C A BD 7-13
CLR |COMPARE LOGICAL RR € 15 7-13
CLRIO|CLEAR 1/0 S C P $ 9D01*| 12-14
CLRP |CLEAR PAGE 3 p Al PS ST(B215 | 10-3
cP COMPARE DEC IMAL SS ¢ A D F9 8-5
CR COMPARE RR C 19 7-11
s COMPARE AND SWAP RS C A_sp $ R ST|BA 7-11
CTP |CONNECT PAGE RS € p Al sp PT| R BO 10-3
CVB |CONVERT TO BINARY RX A D IK R 4F 7-15
CVD |CONVERT TO DECIMAL RX A ST{4E 7-16
D DIVIDE RX A SP IK R 5D 7-16
DCTP {DISCONNECT PAGE S € p Al sp PT B21C | 10-5
DD DIVIDE (Yong) RX A SP|EU EO FK 6D 9-8
DDR |DIVIDE (long) RR SPIEU EO FK 2D 9-8
DE DIVIDE (short) RX A SP{EU EO FK 7D 9-8
DEP |DECONFIGURE PAGE S P Al sp PT B21B | 10-3
DER [DIVIDE (short) RR SP|EU ED FK 3D 9-8
DP DIVIDE DECIMAL SS A SP|D DK ST|FD 8-5
DR DIVIDE RR 2 1K R 1D 7-16
ED EDIT sS ¢ A D ST|DE 8-6
EDMP |EDIT AND MARK SS ¢ A D R ST|DF 8-9
EX EXECUTE RX A SP EX 4y 7-17
HDR |HALVE (long) RR SP|EU 24 19-9
HDV |HALT DEVICE s ¢ P $ 9E01*| 12-16
HER |HALVE {short) RR SP(EU 3% 1 9-9
HID |HALT 1/0 S ¢ P $ 9E00*| 12-19
Ic INSERT CHARACTER RX A R 43 7-18
ICM | INSERT CHARACTERS UNDER MASK RS € A R BF 7-18
IPB [ INSERT PAGE BITS RS P Al R B4 10-5
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IPK | INSERT PSW KEY S P R B20B | 10-5
ISK | INSERT STORAGE KEY RR p Al sp R 09 10-5
L LOAD RX A R 58 7-19
LA LOAD ADDRESS RX R 41 7-19
LCDR |LOAD COMPLEMENT (long) RR C SP 23 9-10
LCER |LOAD COMPLEMENT (short) RR C SP 33 9-10
LCR [LOAD COMPLEMENT RR C IF R 13 7-19
LCTL {LOAD CONTROL RS P A SP 87 10-6
LD LOAD (long) RX A SP 68 9-10
LDR [LOAD (long) RR Sp 28 9-10
LE LOAD (short) RX A SP 78 9-10
LER |LDAD (short) RR SP 38 9-10
LF1 |{LOAD FRAME INDEX RS C P R B8 10-6
LH LOAD HALFWORD RX A R 48 7-20
LM LOAD MULTIPLE RS A R 98 7-20
LNDR |LOAD NEGATIVE (long) RR C SP 21 9-11
LNER |LOAD NEGATIVE (short) RR C SP 31 9-11
LNR |LOAD NEGATIVE RR C R 11 7-20
LPDR |LOAD POSITIVE (long) RR C Sp 20 9-11
LPER [LOAD POSITIVE (short) RR C SP 30 9-11
LPR |LOAD POSITIVE RR C IF R 10 7-20
LPSW |LOAD PSW s L P A SP $ 82 10-7
LR LOAD RR R 18 7-19
LRDR |LOAD ROUNDED (extended to long) RR SP EO 25 9-11
LRER |LOAD ROUNDED (long to short) RR SP E0 35 9-11
LTDR |LOAD AND TEST (long) RR C SP 22 9-10
LTER [LOAD AND TEST (short) RR C SP 32 9-10
LTR |LOAD AND TEST RR C R 12 7-19
M MULTIPLY RX A SP R 5C 7-26
MAD |MAKE ADDRESSABLE s C P Al PT B21D | 10-7
MC MONITOR CALL S| Sp MO AF 7-21
MD MULTIPLY (long) RX SPIEU EO 6C 9-12
MDR |MULTIPLY (1long) RR SPEU EO 2C 9-12
ME MULTIPLY (short to long) RX A SPLEU EO 7C 9-12
MER |MULTIPLY (short to long) RR SPIEU EO 3C 9-12
MH MULTIPLY HALFWORD RX A R 4C 7-26
MP MULTIPLY DECIMAL SS A SPi{D ST{FC 8-9

MR MULTIPLY RR Sp R 1c 7-26
MUN  |MAKE UNADDRESSABLE S ¢ p Al sp PT B21E | 10-7
MVC |MOVE (character) SS A ST|D2 7-21
MVCIN|MOVE INVERSE $S A ST|E8 7-22
MVCL |MOVE LONG RR C A SP 11| R ST|OE 7-22
MVl [MOVE (immediate) Si A ST{92 7-22
MVN  |MOVE NUMERICS SS A ST|D1 7-24
MVD |MOVE WITH DFFSET S A ST[F1 7-25
MVZ  |MOVE ZONES SS A ST{D3 7-26
MXD  |MULTIPLY (long to extended) RX A SP|EU EO 67 9-12
MXDR [MULTIPLY (long to extended) RR SP|EU EO 27 9-12
MXR {MULTIPLY (extended) RR SPEU EO 26 9-12
N AND RX € A R 54 7-7

NC AND {character) SS € A ST{D4 7-7

NI AND (immediate) S ¢ A ST!194 7-7

NR AND RR C R 14 7-7 .
0 OR RX C A R 56 7-27
oc DR (character) SS ¢ A ST|Dé 7-27
oi OR (immediate) Sl ¢ A ST{96 7-27
OR OR RR ¢C R 16 7-27
PACK |[PACK SS A ST|F2 7-28
RRB |RESET REFERENCE BIT s C p Al B213 | 10-8
RSP {RETRIEVE STATUS AND PAGE SS ¢ P A ST{D8 10-8
S SUBTRACT RX € A IF R 58 7-33
SCK |SET CLOCK s C P A SP B204 | 10-8
SCKC |SET CLOCK COMPARATOR S P A SP B206 | 10-9
SD SUBTRACT NORMALIZED (long) RX C A SPlEU EO LS 6B 9-14
SDR  |SUBTRACT NORMALIZED (long) RR C SP(EU EO LS 2B 9-14
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SE SUBTRACT NORMALIZED (short) RX C A SP{EU EO LS 7B 9-14
SER |SUBTRACT NORMALIZED (short) RR C SP|EU EO LS 3B 9-14
SH SUBTRACT HALFWORD RX C A IF R 4B 7-34
SI10  |START 1/0 S ¢ P $ 9c00%*| 12-21
SIOF |START 1/0 FAST RELEASE S C P $ 9c01*| 12-21
SL SUBTRACT LOGICAL RX C A R 5F 7-34
SLA  |SHIFT LEFT SINGLE RS C IF R 8B 7-29
SLDA [SHIFT LEFT DOUBLE RS C SpP IF R 8F 7-28
SLDL (SHIFT LEFT DODUBLE LOGICAL RS SP R 8D 7-29
SLL {SHIFT LEFT SINGLE LOGICAL RS R 89 7-30
SLR  |SUBTRACT LOGICAL RR C R 1F 7-34
SP SUBTRACT DEC IMAL SS ¢ A D OF ST|FB 8-11
SPB |SET PAGE BITS RS € P Al BS 10-9
SPKA |SET PSW KEY FROM ADDRESS S p B20A | 10-10
SPM |SET PROGRAM MASK RR L 04 7-28
SPT |SET CPU TIMER S P A SP B208 | 10-9
SR SUBTRACT RR C IF R 1B 7-33
SRA  |SHIFT RIGHT SINGLE RS C R 8A 7-31
SRDA |SHIFT RIGHT DOUBLE RS € SP R 8E 7-30
SRDL |SHIFT RIGHT DOUBLE LOGICAL RS SP R 8C 7-30
SRL {SHIFT RIGHT SINGLE LOGICAL RS R 88 7-31
SRP ISHIFT AND ROUND DECIMAL ss ¢ A b OF STIE 8-10
SSK  {SET STORAGE KEY RR P Al sp 08 10-10
SSM  |SET SYSTEM MASK S P A SP S0 80 10-11
ST STORE RX A ST|50 7-31
STC |STORE CHARACTER RX A ST 42 7-32
STCAP |STORE CAPACITY COUNTS S P A ST|B21F | 10-11
STCK |STORE CLOCK S ¢ A $ ST|B205 | 7-32
STCKC |STORE CLOCK COMPARATOR S P A SP ST|B207 | 10-11
STCM |STORE CHARACTERS UNDER MASK RS A ST|BE 7-32
STCTL{STORE CONTROL RS P A SP ST|B6 10-12
STD |STORE (long) RX A SP ST|60 9-13
STE |STORE (short) RX A SP ST|70 9-13
STH |{STORE HALFWORD RX A ST {40 7-33
STIDC|STORE CHANNEL ID S C P $ B203 | 12-23
STIDP|STORE CPY 1D S P A SP ST{B202 | 10-12
STM  [STORE MULTIPLE RS A ST{90 7-33
STNSM{STORE THEN AND SYSTEM MASK Sl P A ST{AC 10-13
STOSM{STORE THEN OR SYSTEM MASK S| P A SP ST{AD 10-13
STPT |STORE CPU TIMER S P A SP ST{B209 | 10-13
Su SUBTRACT UNNORMALIZED (short) RX C A SP EO LS 7F 9-14
SUR |SUBTRACT UNNORMALIZED (short) RR C Sp EO LS 3F 9-14
SVC |SUPERVISOR CALL RR $ OA 7-34
SW SUBTRACT UNNORMAL IZED (long) RX € A SP EO LS 6F 9-14
SWR [SUBTRACT UNNORMALIZED (long) RR C Sp EQ LS 2F 9-14
SXR |{SUBTRACT NORMALIZED (extended) RR C SP{EU EO LS 37 9-14
TCH {TEST CHANNEL S C P $ 9F00%| 12-24
Tio [TEST 1/0 s C P S 9p00*| 12-25
™ TEST UNDER MASK SI ¢ A 91 7-35
TR TRANSLATE Ss A ST{DC 7-36
TRT |TRANSLATE AND TEST SS C A R DD 7-36
TS TEST AND SET S C A $ ST|93 7-35
UNPK |UNPACK s$S A ST|F3 7-37
X EXCLUSIVE OR RX C A R 57 7-16
XC EXCLUSIVE OR (character) SS ¢ A ST{D7 7-16
X1 EXCLUSIVE OR (immediate) St ¢ A ST{97 7-16
XR EXCLUSIVE OR RR € R 17 7-16
ZAP |ZERD AND ADD sS € A D DF ST{F8 8-11
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o4 SET PROGRAM MASK SPM |RR L 7-28
05 BRANCH AND LINK BALR |RR B R 7-8
06 BRANCH ON COUNT BCTR [RR B R 7-9
07  |BRANCH ON CONDITION BCR |RR st (B 7-9
08 SET STORAGE KEY SSK  |RR P Al sp 10-10
09 INSERT STORAGE KEY ISk {RR P Al sp R 10-5
0A SUPERVISOR CALL SVC |RR $ 7-34
OF MOVE LDONG MVCL |RR C A SP 11| R ST| 7-22
OF COMPARE LOGICAL LONG cLCL |RR € A SP 1l R 7-14
10 LOAD POSITIVE LPR |RR € IF R 7-20
11 LOAD NEGATIVE LNR |RR C R 7-20
12 LOAD AND TEST LTR {RR C R 7-19
13 LOAD COMPLEMENT LCR |RR € IF R 7-19
14 AND NR RR C R 7-7
15 COMPARE LOGICAL CLR |RR € 7-13
16 OR OR RR € R 7-27
17 EXCLUSIVE OR XR RR € R 7-16
18 LOAD LR RR R 7-19
19 COMPARE , CR RR € 7-11
1A ADD AR RR € IF R 7-7
1B SUBTRACT SR RR C IF R 7-33
1C MULTIPLY MR RR SP R 7-26
1D DIVIDE DR RR sp 1K R 7-16
1E ADD LOGICAL ALR [RR C R 7-7
1F SUBTRACT LOGICAL SLR |RR C R 7-34
20 LOAD POSITIVE (long) LPDR |RR C SP 9-11
21 LOAD NEGATIVE (long) LNDR {RR C SP 9-11
22 LOAD AND TEST (long) LTOR [RR C SP 9-10
23 LOAD COMPLEMENT (long) LCOR |RR C SP 9-10
24 HALVE (1long) HDR |RR SP|EU 9-9
25 LOAD ROUNDED (extended to long) LRDR |RR SP EO 9-11
26 MULTIPLY (extended) MXR |RR SP|EU EO 9-12
27 MULTIPLY (long to extended) MXDR [RR SP|EU EO 9-12
28 LOAD (long) LDR |RR SP 9-10
29 COMPARE (Tong) CDR {RR C sp 9-8
2A ADD NORMALIZED (long) ADR |RR C SP|EU EO LS 9-6
2B SUBTRACT NORMALIZED (long) SDR- |RR C SP|EU EO LS 9-14
2¢ MULTIPLY (long) MDR |RR SPIEU EO 9-12
2D DIVIDE (long) DDR |RR SP|EU EO FK 9-8
2E ADD UNNDRMAL IZED (long) AWR [RR C SP EO LS 9-7
2F SUBTRACT UNNORMAL IZED (1long) SWR |RR € Sp EO LS 9-14
30 LOAD POSITIVE (short) LPER |RR C SP 9-11
31 LOAD NEGATIVE (short) LNER |RR C SP 9-11
32 LOAD AND TEST (short) LTER |RR C SP 9-10
33 LDAD COMPLEMENT (short) LCER [RR C SP 9-10
3y HALVE (short) HER |RR SP|EU 9-9
35 LOAD ROUNDED (long to short) LRER [RR SP EO 9-11
36 ADD NORMAL1ZED (extended) AXR [RR C SP|EU EO LS 9-6
37 SUBTRACT NORMALIZED (extended) SXR |RR C SP|EU EO LS 9-14
38 LOAD (short) LER |RR SP 3-10
39 COMPARE (short) CER [RR C SP 9-8
3A ADD NORMALIZED (short) AER [RR C SP|EU EO LS 9-6
3B SUBTRACT NORMAL IZED (short) SER |RR C SP|EU EO LS 9-14
3C MULTIPLY (short to long) MER [RR SP|EU EO 9-12
3D DIVIDE (short) DER {RR SP|EU EO FK 9-8
3E ADD UNNORMALIZED (short) AUR |RR C SP EQ LS 9-7
3F SUBTRACT UNNORMAL IZED (short) SUR |RR C SP EC LS 9-14
40 STORE HALFWORD , STH {RX A ST| 7-33
41 LOAD ADDRESS LA RX R 7-19
42 STORE CHARACTER STC |RX A ST| 7-32
43 INSERT CHARACTER IC RX A R 7-18
44 EXECUTE _ EX RX A SP EX 7-17
45 BRANCH AND LINK ~ |BAL |RX B R 7-8
46 BRANCH ON COUNT BCT |RX B R 7-9
47 BRANCH ON CONDITION BC RX B 7-9

Instructions Arranged by Operation Code (Part 1 of 3)
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48 LOAD HALFWORD LH RX A R 7-20
49 COMPARE HALFWORD CH RX C A 7-13
4A ADD HALFWORD AH RX C A IF R 7-7

4B SUBTRACT HALFWORD SH RX C A IF R 7-34
4C MULTIPLY HALFWORD MH RX A R 7-26
4E CONVERT TO DECIMAL CVD  |RX A ST 7-16
LF CONVERT TO BINARY CVB  (RX A D IK R 7-15
50 STORE ST RX A STl 7-31
5y AND N RX C A R 7-7

55 COMPARE LOGICAL cL RX C A 7-13
56 OR 0 RX C A R 7-27
57 EXCLUSIVE OR X RX C A R 7-16
58 LOAD L RX A R 7-19
59 COMPARE c RX C A 7-1
5A ADD A RX C A IF R 7-7

5B SUBTRACT S RX € A IF R 7-33
5¢C MULTIPLY M RX A sP R 7-26
5D DIVIDE D RX A SP 1K R 7-16
SE ADD LDGICAL AL RX C A R 7-7

SF SUBTRACT LOGICAL SL RX € A R 7-34
60 STORE (long) STD |RX A SP ST| 9-13
67 MULTIPLY (long to extended) MXD  [RX A SP{EU EO 9-12
68 LOAD (long) LD RX A SP 9-10
69 COMPARE (long) cD RX C A SP 9-8

6A ADD NORMALIZED (long) AD RX C A SPJEU EO LS 9-6

6B SUBTRACT NORMALIZED {long) SD RX C A SPlEU EO LS 9-14
6C MULTIPLY (long) MD RX A SP|EU ED 9-12
6D DIVIDE (long) DD RX A SP|EU EO FK 9-8

6E ADD UNNORMALIZED (long) AW RX C A Sp EO LS 9-7

6F SUBTRACT UNNORMAL IZED (long) SW RX C A sp EO LS 9-14
70 STORE (short) STE |{RX A sP ST{ 9-13
78 LOAD (short) LE RX A SP 9-10
79 COMPARE (short) CE RX C A SP 9-8

7A ADD NORMALIZED (short) AE RX € A SP{EU EO LS 9-6

78 SUBTRACT NORMALIZED (short) SE RX C A SP(EU EO LS 9-14
7C MULTIPLY (short to long) ME RX A SP|EU ED 9-12
70 DIVIDE (short) DE RX A SP|EU ED FK 9-8

7E ADD UNNORMAL IZED (short) AU RX € A SP EO LS 9-7

7F SUBTRACT UNNORMALIZED (short) Su RX € A SP EO LS 9-14
80 SET SYSTEM MASK SSM |S P A SP 1) 10-11
82 LOAD PSW LPSW |S L P A SP $ 10-7
83 D IAGNOSE P DM 10-3
86 BRANCH ON INDEX HIGH BXH |RS B R 7-10
87 BRANCH ON INDEX LOW OR EQUAL BXLE [RS B R 7-10
88 SHIFT RIGHT SINGLE LOGICAL SRL |RS R 7-31
89 SHIFT LEFT SINGLE LOGICAL SLL |RS R 7-30
8A SHIFT RIGHT SINGLE SRA |RS C R 7-31
8B SHIFT LEFT SINGLE SLA |RS C IF R 7-29
8C SHIFT RIGHT DOUBLE LOGICAL SRDL |RS sp R 7-30
8D SHIFT LEFT DOUBLE LOGICAL SLDL |RS SP R 7-29
8E SHIFT RIGHT DOUBLE SRDA (RS C sp R 7-30
8F SHIFT LEFT DOUBLE SLDA |RS C P IF R 7-28
90 STORE MULTIPLE STM  |RS A ST| 7-33
91 TEST UNDER MASK ™ SI ¢ A 7-35
92 MOVE (immediate) MVI  (SI A ST| 7-21
93 TEST AND SET TS s C A $ ST| 7-35
94 AND (immediate) NI st ¢ A STt 7-7

95 COMPARE LOGICAL (immediate) cLl sl ¢ A 7-13
9 DR (immediate) ol SI ¢ A ST| 7-27
97 EXCLUSIVE OR (immediate) X1 st ¢ A ST| 7-16
98 LOAD MULTIPLE LM RS A R 7-20
9C00™ [ START 1/0 SI0 |S C P $ 12-21
9C01*|START 1/0 FAST RELEASE SIOF |S € P $ 12-21
9D00* | TEST 1/0 TIO |S ¢ P $ 12-25
9D01*|CLEAR 1/0 CLRIO|S C P $ 12-14

Instructions Arranged by Operation Code (Part 2 of 3)
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9E00* {HALT 1/0 HIO |S € P $ 12-19
9E01*|HALT DEVICE HDV |S C P S 12-16
9F00= | TEST CHANNEL TCH s C P $ 12-24
AC STORE THEN AND SYSTEM MASK STNSM|SI P A ST| 10-13
AD STORE THEN OR SYSTEM MASK STOSM|SI P A SP ST| 10-13
AF MONITOR CALL MC Sl SP MO 7-21
BO CONNECT PAGE CTP RS C P al sp PT 10-3
B202 |STORE CPU ID STIDP|S P A SP ST} 10-12
B203 |STORE CHANNEL ID STIDC|S C P $ 12-23
B204 |SET CLOCK SCK [S ¢ P A SP 10-8
B205 |STORE CLOCK STCK |[S C A S ST| 7-32
B206 |SET CLOCK COMPARATOR SCKC |S P A SP 10-9
B207 {STORE CLOCK COMPARATOR STCKC|S P A SP STt 10-11
B208 {SET CPU TIMER SPT |S P A SP 10-9
B209 |{STORE CPU TIMER STPT |S P A SP ST{ 10-13
B20A |[SET PSW KEY FROM ADDRESS SPKA |S P 10-10
B20B | INSERT PSW KEY IPK |S P 10-5
B213 [RESET REFERENCE BIT RRB S ¢ P Al 10-8
B215 [CLEAR PAGE CLRP |S P Al PS ST| 10-3
B21B |DECONFIGURE PAGE DEP |S P Al sp PT 10-3
B21C |DISCONNECT PAGE DCTP |S C P Al sp PT 10-5
B21D |MAKE ADDRESSABLE MAD |S C P Al PT 10-7
B21E |MAKE UNADDRESSABLE MUN |S C P Al sp PT 10-7
B21F |STORE CAPACITY COUNTS STCAP{S P A ST{ 10-11
B4 INSERT PAGE BITS IPB RS P Al 10-5
B5 SET PAGE BITS SPB RS C P Al 10-9
Bé STORE CONTROL STCTL|RS P A SP ST{ 10-12
B7 LOAD CONTROL LCTL |RS P A SP 10-6
B8 LOAD FRAME INDEX LFI RS C P 10-6
BA COMPARE AND SWAP () RS C A SP S ST| 7-11
BB COMPARE DOUBLE AND SWAP CDS (RS C A SP S ST| 7-11
BD COMPARE LOGICAL CHARACTERS UNDER MASKICLM RS C A 7-13
BE STORE CHARACTERS UNDER MASK STCM [RS A ST{ 7-32
BF INSERT CHARACTERS UNDER MASK ICM RS C A 7-18
D1 MOVE NUMERICS MVN [SS A ST| 7-24
D2 MOVE (character) MVC [SS A ST| 7-21
D3 MOVE ZONES MVZ |SS A ST| 7-26
D4 AND (character) NC SS ¢ A ST| 7-7

D5 COMPARE LOGICAL (character) CLC [ssS C A 7-13
D6 OR (character) oc sS ¢C A ST| 7-27
D7 EXCLUSIVE OR (character) XC sS ¢ A ST| 7-16
D8 RETRIEVE STATUS AND PAGE RSP |SS C P A ST| 10-8
DC TRANSLATE TR SS A ST| 7-36
DD TRANSLATE AND TEST TRT |SS C A 7-36
DE EDIT ED SS C A D ST| 8-6

DF EDIT AND MARK EDMK [SS C A D- ST| 8-9

E8 MOVE INVERSE MVCIN|SS A ST} 7-22
FO SHIFT AND ROUND DECIMAL SRP {SS C A D DF ST| 8-10
Fi MOVE WITH OFFSET MVO |SS A ST} 7-25
F2 PACK PACK [SS A ST| 7-28
F3 UNPACK UNPK [SS A ST{ 7-37
F8 ZERO AND ADD ZAP |SS C A D DF ST{ 8-11
F9 COMPARE DECIMAL cP sS ¢C A D 8-5

FA ADD DECIMAL AP SS ¢C A D DF ST| 8-4

FB SUBTRACT DECIMAL SP sS ¢ A D DF ST| 8-11
FC MULTIPLY DECIMAL MP SS A SP|D ST| 8-9

FD DIVIDE DECIMAL DP SS A SP|D DK ST| 8-5

Instructions Arranged by Operation Code (Part 3 of 3)
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Appendix C. Condition-Code Settings

Condition Code

Instruction 0 1 2 3
ADD, ADD HALFWORD zero < zero > zero overflow
ADD DECIMAL zero < zero > zero overflow
ADD LOGICAL zero, not zero, zero, not zero,
no carry no carry carry carry
ADD NORMALIZED zero < zero > zero -
ADD UNNORMAL IZED zero < zero > zero -
AND zero not zero - -
CLEAR 1/0 no operation CSW stored channel busy|not operational
in progress '
COMPARE, COMPARE HALFWORD equal lTow high -
COMPARE AND SWAP equal not equal - -
COMPARE DECIMAL equal low high -
COMPARE DOUBLE AND SWAP equal not equal - -
COMPARE LOGICAL equal low high -
COMPARE LOGICAL CHARACTERS UNDER|equal low high -
MASK
COMPARE LOGICAL LONG equal Tow high -
CONNECT PAGE successful already unsuccessfulj—
connected
DISCONNECT PAGE successful already - -
disconnected
EDIT, EDIT AND MARK zero < zero > zero -
EXCLUSIVE OR zero not zero - -
HALT DEVICE interruption CSW stored channel not operational
pending/busy working
HALT 1/0 interruption CSW stored burst op. not operational
pending stopped
INSERT CHARACTERS UNDER MASK all zeros 1st bit one I1st bit zero|-—
LOAD AND TEST zero < zero > zero -
LOAD COMPLEMENT (fixed point) zero < zero > zero overf low
LOAD COMPLEMENT (floating point)|zero < zero > zero -
LOAD FRAME 1NDEX addressable connected disconnectedjaddress invalid
LOAD NEGATIVE zero < zero - -
LOAD POSITIVE (fixed point) zero - > zero overflow
LOAD POSITIVE (floating point) |zero - > zero -
MAKE ADDRESSABLE successful already - -
addressable
MAKE UNADDRESSABLE successful already - -
connected
MOVE LONG length equal length low length high |destr. overlap
OR zero not zero - -
RESET REFERENCE BIT R bit zero, R bit zero, |R bit one, |[R bit one,
C bit zero C bit one C bit zero| C bit one
RETRIEVE STATUS AND PAGE valid - - invalid
SET PAGE BITS R bit zero, R bit zero, R bit one, R bit one,
C bit zero C bit one C bit zero| C bit one

Summary of Condition-Code Settings (Part 1 of 2)
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Condition Code

Instruction 0 1 2 3
SET CLOCK set secure - not operational
SHIFT AND ROUND DECIMAL zero < zero > zero overflow
SHIFT LEFT (DOUBLE or SINGLE) zero < zero > zero overf low
SHIFT RIGHT (DOUBLE or SINGLE) |zero < zero > zero -
START 1/0, START /0 FAST successful CSW stored busy not operational
. RELEASE
STORE CHANNEL 1D ID stored CSW stored busy not operational
STORE CLOCK set not set error not operational
SUBTRACT, SUBTRACT HALFWORD zero < zero > zero overflow
SUBTRACT DECIMAL zero < zero > zero overf low
SUBTRACT LOGICAL - not zero, zero, not zero,

no carry carry carry
SUBTRACT NORMAL1ZED zero < zero > zero -
SUBTRACT UNNORMALIZED zero < zero > zero -
TEST AND SET left zero left one - -
TEST CHANNEL available interruption |burst mode |[not operational
pending

TEST 1/0 available CSW stored busy not operational
TEST UNDER MASK all zeros mixed - fall ones
TRANSLATE AND TEST zero incomplete complete -
ZERO AND ADD zero < zero > zero overflow

Explanation:
> zero

< zero

high

length

Result is greater than zero
Result is less than zero
First operand compares high
low First operand compares low
Length of first operand

Note: The condition code may also be changed by DIAGNOSE, EXECUTE, LOAD PSW, SET PROGRAM
MASK, and SUPERVISOR CALL, and by an interruption. ;

Summary of Condition-Code Settings (Part 2 of 2)
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Index

a
access-control bits 3-4
access exceptions 6-15
address, assigned storage location for 3-10
priority of 6-16
access key 3-7
ADD (A,AR) binary instructions 7-5
ADD DECIMAL (AP) instruction 8-4
example A-25
ADD HALFWORD (AH) instruction 7-5
example A-6
ADD LOGICAL (AL,ALR) instructions - 7-5
ADD NORMALIZED (AD,ADR,AE,AER,AXR)
instructions 9-6
example A-30
ADD UNNORMALIZED (AU,AUR,AW,AWR)
instructions 9-7
example A-30

address
arithmetic, unsigned binary 7-3
base 5-4
comparison 13-1

effect on CPU state 4-2
failing-storage (see failing-storage address)
format 3-2
generation 5-3

for storage addressing 3-1
1/0 (channel/device) (see 1/0 address)
invalid 6-10

numbering of byte locations 3-1

page 3-4

PER 4-11

virtual 3-1

wraparound 3-1
address-compare controls 13-1

addressable state 3-5

addressing, one-level 3-3
addressing exception 6-10
as an access exception 6-15
relation to storage size 3-3

AFCC (available-frame-capacity count) 3-6
alert

as class of machine-check conditions 11-5
error (in limited channel logout) 12-60
allowed interruptions 6-4
alter-and-display controls 13-2
alteration

general-register (PER event) 4-12
storage (PER event) 4-11

AND (N,NC,NI,NR) instructions 7-5
examples A-6

architectural mode 1-1
indication of 13-4
selection of 13-2

arithmetic
binary 7-3
decimal (see decimal instructions)
floating-point (see floating-point instructions)
logical (see unsigned binary arithmetic)

assembler language A-5
instruction formats in (see individual instruction
descriptions)
assignea storage locauons 3-9
attachment of I/O devices 12-2

attention (I/O unit status) 12-48

auxiliary storage (see storage, auxiliary)
available-frame-capacity count (AFCC) 3-6
available state (I/O system) 12-9

b

B field of instruction 5-4

base address 5-4
register 2-2

basic control (see BC mode)

BC (basic-control) mode 4-3
program conversion to EC mode 10-11
PSW format in 4-6

binary
(see also fixed-point)
arithmetic 7-3
negative zero 7-2
number representation 7-2

examples A-2

one’s complement for 7-2,7-3
overflow 7-3

example A-2
sign bit 7-2

binary-to-decimal conversion 7-16
block-multiplexer channel 12-4
block-multiplexing control 12-4

effect on CLEAR I/0 instruction 12-14
effect on START I/0 FAST RELEASE instruction
of 12-21
block of 1/0 data 12-28
incorrect length for 12-53
self-describing 12-33
borrow 7-34
boundary alignment 3-2
for instructions 5-2
branch address 5-4
BRANCH AND LINK (BAL,BALR) instructions 7-8
example A-7
BRANCH ON CONDITION (BC,BCR)
instructions 7-9
example A7
BRANCH ON COUNT (BCT,BCTR) instructions 79
example A-7
BRANCH ON INDEX HIGH (BXH) instruction 7-10
example A-8
BRANCH ON INDEX LOW OR EQUAL (BXLE)
instruction 7-10
example A-9
branching 5-4
buffer storage (cache) 3-1
burst mode (channel operation) 12-3
bus-out check (bit in I/O-sense data) 12-38
busy
as I/0 unit status 12-49
in I/0 operations 12-6
byte 3-1
byte-multiplex mode (channel operation) 12-3
byte-multiplexer channel 12-4

(o

cache 3-1

CAI (channel-available interruption) 12-45
capacity counts 3-6

carry 7-3
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CAW (channel-address word) 12-28
assigned storage location for 3-9
in initial program loading 4-24
CBC (checking-block code) = 11-2
in page description 11-3
in registers 11-4
in storage 11-3
CC (chain-command) flag in CCW 12-29
CCW (channel-command word) 12-28
address in CAW 12-28
address in CSW 12-47
contents of 12-57
validity flag for 12-61
command code 12-29
in initial program loading 4-24
assigned storage locations for 3-10
prefetching of 12-30
role in I/O operations 12-5
CD (chain-data) flag in CCW 12-29
central processing unit (see CPU)
chain-command (CC) flag in CCW 12-29
chain-data (CD) flag in CCW 12-29
chaining 12-31

chaining check (channel status) 12-55
change bit 3-4
change recording 3-8

channel 2-4,12-3
address (see 1/0 address)
address word (CAW) 12-28
block-multiplexer 12-4
byte-multiplexer 12-4
command word (see CCW)
commands (see commands)
control check 12-54
data check 12-54
end (I/0 unit status) 12-50

equipment error 12-13
identification (ID) 12-24
assigned storage location for 3-10
in I/O-communication area 12-60
logout 12-60
masks 6-9

difference between EC and BC modes 4-3
in BC-mode PSW 4-6
model and type 12-24
multiplexer 12-4
not operational (I/O-system state) 12-9
program 12-5
programming error 12-13
selector 12-4
serialization 5-13
status 12-52
status word (CSW) 12-47
timeout 12-4
working (I/O-system state) 12-10
channel-available interruption (CAI) 12-45
channel-to-channel adapter 12-2
characteristic (of floating-point number) 9-1
check bits 3-2, 11-1
check control 13-2
check stop 11-4
indicator 13-2
state 4-1, 11-4
due to malfunctioning manual operation 13-1
effect on CPU timer 4-19
entering of 11-4, 11-7
manual control for 13-2
checking block 11-2
code (see CBC)
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checkpoint 11-2
CLEAR 1/0 (CLRIO) instruction 12-14
CLEAR PAGE (CLRP) instruction 10-3
clear reset 4-23

clearing of storage, by CLEAR PAGE instruction 10-3

clearing operation
by clear-reset function 4-23
by load-clear key 13-3
by system-reset-clear key 13-5
clock (see time-of-day clock)
clock comparator - 4-18
external interruption 6-8
save area for 3-10
validity bit for 11-11
clock unit 4-18
code
checking-block 11-2
command 12-29
condition (see condition code)
decimal digit and sign 8-1
instruction-length (see instruction-length code)
interruption 6-4
monitor 6-12
operation 5-1
PER 4-10
version 10-12
commands (I/0) 12-35
chaining of 12-33
during initial program loading 4-24
code in CCW 12-29
control 12-37

read 12-36
read backward 12-36
rejection of 12-40

bit in I/O-sense data 12-38
retry of 12-39
sense 12-37

transfer in channel 12-39
write 12-36
communication area, I/0 12-60

COMPARE (C,CR) binary instructions 7-11
COMPARE (CD,CDR,CE,CER) floating-point
instructions 9-8
example A-31
COMPARE AND SWAP (CS) instruction 7-11
examples A-33
COMPARE DECIMAL (CP) instruction 8-5
example A-26
COMPARE DOUBLE AND SWAP (CDS)
instruction 7-11
COMPARE HALFWORD (CH) instruction 7-13
example A-9
COMPARE LOGICAL (CL,CLC,CLI, CLR)
instructions 7-13
examples A-9
COMPARE LOGICAL CHARACTERS UNDER MASK
(CLM) instruction 7-13
example A-10
COMPARE LOGICAL LONG (CLCL)

instruction 7-14
example A-10
compayison
address 13-1
decimal 8-5

floating-point 9-8
logical 7-3
signed-binary 7-3 .
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comparison (continued)
time-of-day-clock 4-16
compatibility 1-2
I/0 operation 12-5
of BC-mode PSW with System/360 4-3
completion of instruction 5-5
conceptual sequence 5-8
effect on storage-operand accesses 5-11
conclusion of I/0O operations 12-40
condition code 5-5
deferred 12-11
for SIOF function 12-22
in CSW 12-47
for 1/0 operations 12-11
in PSW 4-5, 4-6
settings C-1
tested by BRANCH ON CONDITION
instruction 7-9
validity bit for 11-10
conditions for interruption (see interruption)
CONNECT PAGE (CTP) instruction 10-3
connected state 3-5
connection of storage pages 3-4
connective (see logical connective)
consistency (storage operand) 5-11
console device 13-1
control 4-1
as an I/0 command 12-37
instructions 10-1
manual (see manual operations)
page and page-frame 3-6

register 2-3
description and assignments 4-7
save area for 3-10
validity bit for 11-11

control unit 2-4, 12-2
end (I/O unit status) 12-48
sharing of 12-5

conversion
binary-to-decimal 7-16
decimal-to-binary 7-15
floating-point-number
basic example A-5
instruction-sequence examples A-31

of program from BC to EC mode 10-11
CONVERT TO BINARY (CVB) instruction 7-15
example A-12
CONVERT TO DECIMAL (CVD) instruction 7-16
example A-12
count field
in CCW 12-29
in CSW 12-47

contents of 12-58
counter updating (example) A-37
counting operations 7-10

CPU (central processing unit) 2-1
checkpoint i1-2

hangup due to string of interruptions 4-2
identification (ID) 10-12
model number 10-12
registers 2-2
save area for 3-10
retry 112
serialization 5-12
state 4-1
no effect on time-of-day clock 4-16
timer 4-19
cxternal interruption 6-8
save area for 3-10

CPU (continued)
validity .bit for 11-11
version code 10-12
CR (see control register)
CSW (channel-status word) 12-47
current PSW 4-2, 5-5
stored during interruption 6-1

d

D field of instruction 5-4

damage
external 11-9
mask bit for 11-12
instruction-processing 11-8
interval-timer 11-9
system 11-8
timing-facility 11-9
data

chaining of (I/0) 12-32
check (bit in I/O-sense data) 12-38
exception 6-11
format for
decimal instructions 8-1
floating-point instructions 9-2
general instructions 7-2
I/0-sense 12-38
prefetching for output operation 12-30
decimal
comparison 8-5
digit codes 8-1
divide exception 6-11
instructions 8-1
examples A-25
number representation 8-1
examples A-4
operand overlap 8-3
overflow
exception 6-11 }
mask in PSW 4-5, 4-7
rounding and shifting 8-10
sign codes 8-1
decimal-to-binary conversion 7-15
decision making 5-5
DECONFIGURE PAGE (DEP) instruction 10-4
deferred condition code (see condition code, deferred)
degradation (machine-check condition) 11-9
mask bit for 11-12
delay, in storing 5-10
delayed (machine-check condition) 11-10
destructive overlap 7-23
detect field (in limited channel logout) 12-60
device (see 1/0 device)
address (see 1/0O address)
console 13-1
DIAGNOSE instruction 10-4
digit codes (decimal) 8-1
digit selector 8-6
direct-access storage 3-1
disabling
for interruptions 6-4
of interval timer 4-20
disallowed interruptions 6-4
DISCONNECT PAGE (DCTP) instruction 10-5
disconnected state 3-5
displacement 5-4
display (manual controls) 13-2
DIVIDE (D,DR) binary instructions 7-16
example A-12

Index
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DIVIDE (DD,DDR,DE,DER) floating-point
instructions 9-8
DIVIDE DECIMAL (DP) instruction 8-5
example A-26
divide exception
decimal 6-11
fixed-point 6-12
floating-point 6-12
doubleword 3-2

dump, standalone 13-3
e
early exception recognition 6-6

EC (extended-control) mode 4-3
control bit in PSW 4-4, 4-6

ECC (error checking and correction) 11-2
ECPS:VSE mode 1-1
selection of 13-2

EDIT (ED) instruction 8-6
example A-26

EDIT AND MARK (EDMK) instruction 8-9
example A-27

editing instructions 8-3
EFCC (existing-frame-capacity count) 3-6
enabling (for interruptions) 6-4

epoch (for time-of-day clock) 4-17
equipment check, bit in I/0O-sense data 12-38
error
alert (in limited channel logout) 12-61
channel-equipment 12-13
channel-programming 12-13
checking and correction 11-2
device 12-13
effect of DIAGNOSE instruction 10-4
in PSW format 6-6
intermittent 11-3
state of time-of-day clock 4-17
storage 11-10
storage-key 11-10
event 6-10
PER 4-8
EX (EXECUTE) (see EXECUTE instruction)
exceptions 6-10
access 6-15
addressing 6-10
associated with PSW 6-6
data (decimal) 6-11
decimal-divide 6-11

decimal-overflow 6-11
early recognition of 6-6
execute 6-11
exponent-overflow 6-11
exponent-underflow 6-12
fixed-point-divide 6-12
fixed-point-overflow 6-12
floating-point-divide 6-12
late recognition of 6-7
operation 6-12
page-access 6-13
page-state 6-13
page-transition 6-13

privileged-operation 6-14
for 1/0 instructions 12-27

protection 6-14
significance 6-14
special-operation 6-14
specification 6-14
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EXCLUSIVE OR (X,XC,XI,XR) instructions 7-16
examples A-13
EXECUTE (EX) instruction 7-17
effect of address comparison on target instruction
of 13-2
example A-14

exceptions while fetching target instruction of 6-6
PER event for target instruction 4-11

execute exception 6-11

exigent machine-check condition 11-5

existing-frame-capacity count (EFCC) 3-6
exponent 9-1
(see also floating point)

overflow 9-1
exception 6-12

underflow 9-1
exception 6-12

mask in PSW 4-5, 4-7
extended control (see EC mode)
extended floating-point number 9-3
external

damage 11-9
mask bit for 11-12

interruption 6-7
clock-comparator 4-18, 6-8
CPU-timer 4-19, 6-8
external-signal 6-8

interrupt-key 6-8
interval-timer 4-20, 6-8
mask in PSW 4-4, 4-6
signal 6-8
facility 4-16
externally initiated functions 4-21

f

failing-storage address 11-12
assigned storage location for 3-10
validity bit for 11-11

fetch protection 3-7
bit in storage key 34

fetch reference 5-10
access exceptions for 6-15

fetching, of instructions 5-8

FFCC (free-frame-capacity count) 3-6

field 3-2

field separator 8-6

fill byte 8-6

fixed-length field 3-2

fixed point
(see also binary)

divide exception 6-12
overflow exception 6-12
mask in PSW 4-5, 4-7
flags

field-validity (in limited channel logout) 12-61
in CCW 12-28

floating point
(see also exponent)

comparison 9-8
conversion
basic example A-5
instruction-sequence examples A-31
data format 9-2
divide exception 6-12
instructions 9-1
examples A-30
numbers 9-1



floating point (continued)
examples A-4
register 2-2 .
save area for 3-11
validity bit for 11-11
shifting (see normalization)
format
data
decimal 8-1
floating-point 9-2
general-instruction 7-2
1/0 instruction 12-13
information 3-2
instruction 5-2
PSW 4-4
error 6-6
fraction 9-1
frame (see page frame)
frame index 3-5
free-frame-capacity count (FFCC) 3-6
fullword (see word)

g

general instructions 7-2
data formats for 7-2
examples A-6
general registers 2-2
alteration of (PER event)  4-12
save area for 3-10
validity bit for 11-11
guard digit 9-3

h

halfword 3-2

HALT DEVICE (HDV) instruction 12-16
HALT I/0 (HIO) instruction 12-19
HALVE (HDR,HER) instructions 9-9
hexadecimal (hex) representation 5-3

1
I field of instruction 5-3
I/0 (input/output) 2-3, 122
address 12-7
assigned storage location for 3-10
format of 12-13
in limited channel logout 12-60
validity flags for 12-61
commands 12-35
communication area (IOCA) 12-60
control unit 2-4, 12-2
data block 12-28
device 2-4, 12-2
address 12-7
end (unit status) 12-51
error 12-13
not-ready state 12-9
status of 12-37

used for initial program loading 4-24
effect on CPU timer 4-19
effect on interval timer 4-20
error s
alert (in limited channel logout) 12-61
with machine check 11-2
instructions 12-14
interface
control check -(channel status) 12-54

position (effect on interruption priority)

12-46

interface (continued)
interruption 6-9
action 12-46
conditions 12-44
priority 12-46
logout 12-60
mask in PSW 4-4, 4-6
operations 12-2
channel compatibility 12-6
conclusion of 12-40
initiation of 12-27
storage-area designation for 12-30
termination of 12-43
selective reset 12-10
sense data 12-37
status - 12-48, 12-52
system reset 12-10
as part of program reset 4-23
system state 12-8
IC (instruction counter) (see instruction address)
ID (see channel identification, CPU identification)
ILC (instruction-length code) 6-5

IML (initial microprogram loading) controls 13-2
immediate /O operation 12-41
immediate operand 5-3
incorrect length (channel status) 12-53
index
for address generation 5-4
instructions for handling 7-10
register 2-2
indicator
check-stop 13-2
load 13-3
manual 13-3
mode 13-4
save 13-4
test 13-5
wait 13-§
information format 3-2
initial program loading (IPL) 4-24
assigned storage locations for 3-10
effect on CPU state 4-2
initial program reset 4-23

input/output (see 1/0)
INSERT CHARACTER (IC) instruction 7-18
INSERT CHARACTERS UNDER MASK (ICM)

instruction 7-18

examples A-15

INSERT PAGE BITS (IPB) instruction 10-5
INSERT PSW KEY (IPK) instruction 10-5
INSERT STORAGE KEY (ISK) instruction 10-6
instructions

address of 4-5, 4-7
validity bit for 11-12
classes of 2-2
control 10-1
damage to 11-8
decimal 8-1
examples A-25
examples of use A-5
execution 5-5
fetching of 5-8
access exception for 6-15

PER event 4-11
floating-point 9-1

examples A-30
format 5-2

I/0 12-13
general 7-2

Index



instructions (continued)
examples A-6
1/0 12-14
exception handling 12-27
role in I/O operations 12-5
interruptible 5-6
length code (ILC) 6-5

assigned storage locations for 3-10
for program interruptions 6-10
for supervisor-call interruption 6-19

in BC-mode PSW 4-6
length of 5-3
modification by EXECUTE instruction
prefetching of 5-9
privileged 4-5

for control 10-1

for I/0 12-14
processing damage 11-8
sequence of execution 5-1
stepping of (rate control) 13-4

effect on CPU state 4-2
effect on CPU timer 4-19

storage-control 3-6
integer
binary 7-2
address as 5-4
examples A-2

decimal 8-2
integral boundary 3-2
interface (see 1/0 interface)
intermittent errors 11-3
internal storage (see storage, internal)
interrupt key 13-3

external interruption 6-8

interruptible instructions 5-6
COMPARE LOGICAL LONG 7-14
effect on interval timer 4-20

MOVE LONG 7-22
stopping of 4-2
interruption 6-1
(see also masks)
action
1/0 12-46
machine-check 11-5
classes 6-4
code 6-4
assigned storage locations for 3-10
I/0 6-9
in BC-mode PSW 4-6
machine-check 11-5
program 6-10
supervisor-call 6-19
conditions
clearing 4-23
1/0 12-44
effect on instruction sequence 5-5
external 6-7

7-17

identification, assigned storage locations for

input/output 6-9
machine-check 6-9, 11-5
code 11-7
masking of 6-4
pending 6-4
external 6-7
1/0 12-9
machine-check 11-§
relation to CPU state 4-2
priority 6-19
access exceptions for 6-16
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interruption (continued)
external 6-8
1/0 12-46
PER event 4-10

program-interruption conditions 6-16

program 6-10
program-controlled (I/0) 12-34
restart 6-18
string (see string of interruptions)
supervisor-call 6-18
interval timer 4-20
damage 11-9
external interruption 6-8
manual control for 13-3
update reference 5-12
intervention required (bit in I/O-sense data)
invalid
address 6-10
CBC 11-2
in page description 11-3
in registers 11-4
in storage 11-3
channel programs 12-53
operation code 6-12
inverse move 7-22
IOCA (I/O-communication area) 12-60
IPL (initial program loading) 4-24

assigned storage locations for 3-11
key
access 3-7

for I/0O (see subchannel key)
manual (see manual operations)
PSW (see PSW key)
storage (see storage key)
subchannel (see subchannel key)
key-controlled protection 3-7
exception for 6-14

|

L fields of instruction 5-3
late exception recognition 6-7
feft-to-right addressing 3-1
length
field 3-2
1/0-block 12-53
(see also count field)

instruction 5-3

register operand 5-3

variable (storage operands) 5-3
limited channel logout 12-60

assigned storage location for 3-10

link information, for BRANCH AND LINK
instruction 7-8
linkage (subroutine) 5-5
LOAD (L,LR) binary instructions 7-19
example A-15
LOAD (LD,LDR,LE,LER) floating-point
instructions 9-10
LOAD ADDRESS (LA) instruction 7-19
examples A-16

LOAD AND TEST (LTDR,LTER) floating-point

instructions 9-10
LOAD AND TEST (LTR) binary instruction
load-clear key 13-3

12-38

7-19



LOAD COMPLEMENT (LCDR,LCER) floating-point
instructions 9-10

LOAD COMPLEMENT (LCR) binary instruction 7-19

LOAD CONTROL (LCTL) instruction 10-6

LOAD FRAME INDEX (LFI) instruction 10-6

LOAD HALFWORD (LH) instruction 7-20

examples A-16

load indicator 13-3

LOAD MULTIPLE (LM) instruction 7-20

LOAD NEGATIVE (LNDR,LNER) floating-point
instructions 9-11

LOAD NEGATIVE (LNR) binary instruction 7-20

load-normal key 13-3

LOAD POSITIVE (LPDR,LPER) floating-point
instructions 9-11

LOAD POSITIVE (LPR) binary instruction 7-20

LOAD PSW (LPSW) instruction 10-7

LOAD ROUNDED (LRDR,LRER) instructions 9-11

load state 4-1

assigned storage while in 3-10
in initial program loading 4-24
load-unit-address controls 13-3

loading (initial) (see initial program loading, initial
microprogram loading)
location not provided (of operand) 6-10
location 80 (for interval timer) 4-20
logical
arithmetic (see unsigned binary arithmetic)
comparison 7-3
connective
AND 7-8
EXCLUSIVE OR 7-16
OR 7-27
data 7-2
logout
channel 12-60
limited channel 12-60

assigned storage location for 3-10
pending (bit in CSW) 12-47
long floating-point number 9-2

long I/0 block 12-53

lookaside for storage keys 11-3

loop control 5-5

loop of interruptions (see string of interruptions)

m
machine check 11-1
(see also malfunction)
interruption 6-9, 11-5
action 11-6
code (MCIC) 11-7
mask in PSW 4-5, 4-6
subclass masks 11-12
machine-save key 13-3
machine-status saving and retrieval 4-25
main storage 3-1
(see also storage)
MAKE ADDRESSABLE (MAD) instruction 10-7
MAKE UNADDRESSABLE (MUN) instruction 10-7
malfunction 11-1
correction of 11-2
effect of DIAGNOSE instruction 10-4
effect on manual operation 13-1
indication of 11-2
manual indicator 13-3
(see also stopped state)
manual operations 13-1

manual operations (continued)
controls
address-compare 13-1
alter-and-display 13-2
check 13-2
IML 13-2
interval-timer 13-3
load-unit-address 13-3
power 13-4
rate 13-4
storage-size 13-4
TOD-clock 13-6
keys
interrupt 13-3
load-clear 13-3
load-normal 13-3
machine-save 13-4
restart 13-4
start 13-5
stop 13-5
system-reset-clear 13-5
system-reset-normal 13-5
masks 6-4
(see also interruption)
channel 6-9
in BRANCH ON CONDITION instruction 7-9
in COMPARE LOGICAL CHARACTERS UNDER
MASK instruction 7-13
in INSERT CHARACTERS UNDER MASK
instruction 7-18
in PSW 4-5, 4-6
in STORE CHARACTERS UNDER MASK
instruction 7-32
machine-check-subclass 11-12
degradation-report 11-12
external-damage-report 11-12
recovery-report 11-12
warning 11-12
monitor 6-12
PER event 4-9
PER general-register 4-9
program-interruption 6-10
maximum negative number 72
MCIC (machine-check-interruption code) 11-8
message byte 8-6
microprogram, initial loading of 132
mode
architectural 1-1
BC (see BC mode)
burst (channel operation) 12-3
byte-multiplex (channel operation) 12-3
EC (see EC mode)
ECPS:VSE 1-1
indicator 13-4
System/370 1-1
model
channel 12-24
CPU 10-12
modifier bits (in CCW command code) 12-29
MONITOR CALL (MC) instruction 7-21
monitor class and code, assigned storage locations
for 3-10
monitor event 6-12
monitoring
for PER events (see PER)
with MONITOR CALL 6-12
MOVE (MVC,MVI) instructions 7-21
examples A-16
MOVE INVERSE (MVCIN) instruction 7-22

Index
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MOVE LONG (MVCL) instruction 7-22
example A-17

MOVE NUMERICS (MVN) instruction 7-24
example A-18

MOVE WITH OFFSET (MVO) instruction 7-25
example A-18 i

MOVE ZONES (MVZ) instruction 7-26
example A-19

multiplexer channel 12-4

MULTIPLY (M,MR) binary instructions 7-26
examples A-19

MULTIPLY (MD,MDR,ME,MER,MXD ,MXDR,MXR)

floating-point instructions 9-12

MULTIPLY DECIMAL (MP) instruction 8-9
example A-28

MULTIPLY HALFWORD (MH) instruction =~ 7-26
example A-20

multiprocessing, considerations for

multiprogramming examples A-32

7-4, 8-3, A-32

n
near-valid CBC 11-2

in storage 11-3
negative zero

binary 7-2

decimal 8-2

example A-4

new PSW 4-2

assigned storage locations for 39

fetched during interruption 6-1
no-operation

as an I/0O command (control) 12-37

instruction (BRANCH ON CONDITION) 7-9
nonshared subchannel 12-4
normalization 9-2
not available (I/O-system state) 12-8
not operational

as I/0-system state 12-9, 12-10

as time-of-day-clock state 4-17
not ready, as I/0-device state 12-9
not set (time-of-day-clock state) 4-17

nullification of instruction 5-5
exceptions to 5-7
numbering
addresses (byte locations) 3-1
bits 3-2
numbers
binary 7-2
examples A-2
CPU-model 10-12
decimal 8-1
examples A-3
floating-point 9-1
examples A-4
numeric bits 8-1
moving of 7-25
0

offset (for MOVE WITH OFFSET instruction)  7-25
old PSW - 6-1

assigned storage locations for - 3-9
one-level addressing 3-3
one’s complement binary notation 7-3

used for SUBTRACT LOGICAL instruction 7-34
op code (operation code) 5-1

operand 5-1
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operand (continued)
address generation for 5-4
immediate 5-3
length 5-1
overlap 7-2
decimal 8-3
reference types (fetch, store, and update) 5-10
register 5-3
sequence of references for 5-10
storage 5-3
used for result 5-2
operating state 4-1
assigned locations while in 39
operation
code (op code) 5-1
invalid 6-12

exception 6-12
unit of 5-6
operational state (I/O system) 12-8

operator facilities 2-4, 13-1

OR (0,0C,0I,0R) instructions 7-27
example of problem with OR immediate A-32
examples A-20

organization (system) 2-1
overflow o
binary 7-3

example A-2
decimal 6-11
exponent (see exponent overflow)
fixed-point 6-12
overlap
destructive 7-23
operand 7-2
decimal 8-3
operation 5-8

overrun (bit in I/O-sense data) 12-38 .

gACK (PACK) instruction 7-28
example A-20 :
packed decimal numbers 8-1
conversion from zoned format 7-28
conversion to zoned format 7-37
examples A-4
padding byte
for COMPARE LOGICAL LONG instruction
for MOVE LONG instruction 7-22
page 3-4
access exception
address 3-4
bits 3-4
capacity count (PCC) 3-6
control of 3-6
description 3-4
sequence of references for 5-9
validation of 11-3
frame 3-4
control of 3-6
state 3-5
exception 6-13
transition exception 6-13
page zero
addressability of 3-5
saving and retrieval 4-25
parity bit 11-2
pattern for editing 8-6
PCC (page-capacity count) 3-6
PCI (see program-controlied interruption)

6-13, 6-15



pending interruption (see interruption, pending)

PER (program-event recording) 4-8
address, wraparound 4-11
code and address 4-10

assigned storage locations for 3-10
ending address 49
events 4-8
general-register-alteration 4-12
instruction-fetching 4-11
masks 4-9
priority of interruptions 4-10
program-interruption condition 6-14
storage alteration 4-11
storage-area designation 4-11
successful branching 4-11
general-register masks 4-9

mask (in PSW) 4-4

starting address 4-9
point of damage 11-7
point of interruption 5-6

for machine check 11-7
postnormalization 9-2
power controls 13-4
power-on reset 4-24
precision (floating-point) 9-1
preferred sign codes 8-1
prefetching

for I/0 12-30

of instructions 5-9
prenormalization 9-2
priority (see interruption)
privileged instructions 4-5

for control 10-1

for 1/0 12-14
privileged-operation exception 6-14
problem state 4-5, 4-6
processor (see CPU)

program
check (channel status) 12-53
relation to storage size 3-3

event recording (see PER)
events (see PER events)

exceptions 6-10
execution 5-1

initial loading of 4-24
interruption 6-10

for I/0 instructions 12-27
priority 6-16

mask (in PSW) 4-4, 4-6
validity bit for 11-10

reset 4-23

status word (see PSW)

program-controlled interruption (PCI)
channel status 12-52
flag 12-29
protection
check (channel status) 12-54
caused by disconnected page 3-5
exception 6-14
as an access exception 6-15

of storage (see storage protection)
PSW (program-status word) 2-2, 4-2

assigned storage locations for 39

BC-mode 4-6

EC-mode 4-4

exceptions associated with 6-6
format error 6-6
in initial program loading 4-24

12-34

PSW (continued)

assigned storage locations 3-12
in program execution 5-5
validity bits for 11-10
PSW key
in PSW 4-4, 4-6
used as access key 3-7

validity bit for 11-10

r

R field of instruction 5-3

range, floating-point 9-1

rate control 13-4

read (I/0 command) 12-36

read backward (I/0 command) 12-36

real storage 34
recovery
condition 11-5

system 11-9
mask bit for 11-12
redundancy 11-1

reference
bit 3-4
recording 3-8
sequence for storage 5-8
instructions 5-9

operands 5-10
page descriptions 59

single-access 5-11
register

base-address 2-2

control 2-3

designation of 5-3

floating-point 2-3

general 2-2

index 2-2 |

save areas 3-10, 11-11

validation 11-3

validity bits for 11-11
remote operating stations 13-1
report masks 11-12
repressible machine-check condition 11-5
RESET REFERENCE BIT (RRB) instruction
resets 4-21

effect on CPU state 4-2

effect on time-of-day clock 4-16

I/0 12-10

resolution
of clock comparator 4-18
of CPU timer 4-19
of interval timer 4-20
of time-of-day clock 4-16
restart
effect on CPU state 4-2
interruption 6-18
key 13-4
result operand 52

RETRIEVE STATUS AND PAGE (RSP)
instruction 10-8

retry
CPU 11-2
1/0 command 12-39
rounding (decimal) 8-10
RR instruction format 5-2
RS instruction format 5-2
running (of time-of-day clock) 4-16
RX instruction format 5-2

10-8
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S

S instruction format 5-2
save
areas for registers 3-10, 11-11
indicator 13-4
machine (status and page zero) 4-25
selective reset (I/0) 12-10
selector channel 12-4
self-describing block of I/0 data 12-33
sense, as an I/O command 12-37
sense data (I/0) 12-37
sequence
code (in limited channel logout) 12-61
conceptual - 5-8
instruction-execution 5-1
of storage references 5-8
serialization 5-12
completion of store operations 5-10

SET CLOCK (SCK) instruction 10-8

SET CLOCK COMPARATOR (SCKC)
instruction 10-9

SET CPU TIMER (SPT) instruction 10-9

SET PAGE BITS (SPB) instruction 10-9

SET PROGRAM MASK (SPM) instruction - 7-28

SET PSW KEY FROM ADDRESS (SPKA)
instruction 10-10

set state (time-of-day clock) 4-17

SET STORAGE KEY (SSK) instruction 10-10

SET SYSTEM MASK (SSM) instruction 10-11

shared control unit and subchannel 12-4
SHIFT AND ROUND DECIMAL (SRP)
instruction 8-10

examples A-28
SHIFT LEFT DOUBLE (SLDA) instruction 7-28
example A-21
SHIFT LEFT DOUBLE LOGICAL (SLDL)
instruction 7-29
SHIFT LEFT SINGLE (SLA) instruction 7-29
example A-21
SHIFT LEFT SINGLE LOGICAL (SLL)
instruction 7-30
SHIFT RIGHT DOUBLE (SRDA) instruction 7-30
SHIFT RIGHT DOUBLE LOGICAL (SRDL)
instruction 7-30 )
SHIFT RIGHT SINGLE (SRA) instruction 7-31
SHIFT RIGHT SINGLE LOGICAL (SRL)
instruction 7-31
shifting
decimal 8-10
floating-point (see normalization)

short floating-point number 9-2
short 1I/0 block 12-53
SI instruction format 5-2
sign bit
binary 7-2
floating-point 9-1
sign codes (decimal) 8-1
signal-in lines 6-8
signed binary
arithmetic 7-3
comparison 7-3
integer 7-2
examples A-2
significance
exception 6-14

~ mask in PSW 4-4, 4-6
starter 8-7
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single-access reference 5-11
SIO and SIOF functions 12-21
size

notation for iii

of storage 3-3

skip flag in CCW 12-29
skipping (during I/0) 12-34
SLI (suppress-length indication) flag in CCW 12-29
solid errors 11-3
source

field in limited channel logout 12-60

of interruption 6-4
special-operation exception 6-14
specification exception 6-14
SS instruction format 5-2
SSM-suppression-control bit 6-14
standalone dump 13-3
standard epoch (for time-of-day clock) 4-17
start

function 4-2

key 13-4
START 1/0 (SIO) instruction 12-21

START 1/0 FAST RELEASE (SIOF) instruction 12-21

state
CPU (see CPU state)
1/0 system 12-8

page 3-5
time-of-day clock 4-16
status

device 12-37
in CSW 12-47, 12-57
modifier (of I/O unit status) 12-48
program (see PSW)
stop
function 4-2
key 13-4
stopped state
of CPU 4-1
effect on completion of store operations 5-10
storage 3-1
address wraparound -
for MOVE INVERSE instruction 722
for MOVE LONG instruction 7-23
addressing 3-1
(see also address)
alteration
manual control for 132
PER event 4-11
area designation
for I/0O operations 12-30
for PER events 4-11
assigned locations in 3-9
auxiliary 3-1, 3-3
buffer (cache) 3-1

clearing
by CLEAR PAGE instruction 10-3
by clear-reset function 4-23
control instructions 3-6
control unit (in limited channel logout) 12-60
direct-access 3-1
display 13-2
error 11-10

failing address (see failing-storage address)
internal 2-2

for page descriptions 3-4
key 3-4

(see also page description)



storage (continued)
error 11-10
sequence of references to 5-9
location not provided 3-3
logical validity bit for 11-11
main 3-1
manual control of size 13-4
operand 5-3
consistency 5-11
fetch reference 5-10
store reference 5-10
update reference 5-11
protection 3-7
real 3-4
sequence of references 5-8
shared, examples A-32
size of 3-3
validation 11-3
virtual 3-4
volatile 3-3
STORE (ST) binary instruction 7-31
STORE (STD,STE) floating-point instructions 9-13
STORE CAPACITY COUNTS (STCAP)
instruction 10-11
STORE CHANNEL ID (STIDC) instruction 12-23
STORE CHARACTER (STC) instruction 7-32
STORE CHARACTERS UNDER MASK (STCM)
instruction 7-32
examples A-21
STORE CLOCK (STCK) instruction 7-32
STORE CLOCK COMPARATOR (STCKC)
instruction 10-11
STORE CONTROL (STCTL) instruction 10-12
STORE CPU ID (STIDP) instruction 10-12
STORE CPU TIMER (STPT) instruction 10-13
STORE HALFWORD (STH) instruction 7-33
STORE MULTIPLE (STM) instruction 7-33
example A-22
store reference 5-10
access exceptions for 6-15
STORE THEN AND SYSTEM MASK (STNSM)
instruction 10-13
STORE THEN OR SYSTEM MASK (STOSM)
instruction 10-13
string of interruptions 4-2, 6-19
by clock comparator 4-18
by CPU timer 4-20
subchannel 12-4
not operational (I/O-system state) 12-10
working (I/O-system state) 12-10
subchannel key
in CAW 12-28
in CSW 12-47
contents of 12-56
validity flag for 12-61
used as access key 3-7
used for initial program loading 4-24
subclass-mask bits 6-7
external-interruption 6-7
machine-check 11-12
subroutine linkage 5-5
SUBTRACT (S,SR) binary instructions 7-33
SUBTRACT DECIMAL (SP) instruction 8-11
SUBTRACT HALFWORD (SH) iostruction 7-34
SUBTRACT LOGICAL (SL,SLR) instructions 7-34
SUBTRACT NORMALIZED (SD,SDR,SE,SER,SXR)
instructions 9-14
SUBTRACT UNNORMALIZED (SU,SUR,SW,SWR)
instructions 9-14

successful branching (PER event) 4-11
SUPERVISOR CALL (SVC) instruction 7-34
supervisor-call interruption 6-18

supervisor state 4-5, 4-6

suppress-length-indication (SLI) flag in CCW 12-29

suppression of instruction 5-5
exceptions to 5-7
swapping
by COMPARE (DOUBLE) AND SWAP
instructions 7-11

by EXCLUSIVE OR instruction 7-17
synchronization, CPU timer with time-of-day
clock 4-19

system
damage 11-8
manual control of 13-1

mask (in PSW) 4-3
validity bit for 11-10
organization 2-1
recovery 11-9
reset (see resets)
1/0 (see 1/0O-system reset)

system-reset-clear key 13-5
system-reset-normal key 13-5
System/370 mode 1-1
selection of 13-2
t b

target instruction (see EXECUTE instruction)
termination
code (in limited channel logout) 12-61
of instruction 5-6
TEST AND SET (TS) instruction 7-35
TEST CHANNEL (TCH) instruction 12-24
TEST I/0 (TIO) instruction 12-25
function performed by CLEAR 1/0O
instruction 12-14
test indicator 13-5
TEST UNDER MASK (TM) instruction 7-35
example A-24
TIC (transfer-in-channel) I/O command 12-39
time-of-day (TOD) clock 4-16
effect of power-on reset 4-24
manual control for 13-5
setting and storing 4-17
state 4-16
effect on interval timer 4-20
unique values 4-17
validation 11-4
timeout, channel 12-4
timer
CPU (see CPU timer)
interval (see interval timer)
timing facilities 4-16
damage 11-9
for time-of-day clock 4-16
TOD clock (see time-of-day clock)
TOD-clock control 13-5
enables time-of-day clock 4-17
transfer-in-channel (TIC) I/O command 12-39
TRANSLATE (TR) instruction 7-36
example A-22
TRANSLATE AND TEST (TRT) instruction 7-36
example A-23
trial execution 5-7
true zero 9-1
two’s complement binary notation 7-2
examples A-2

Index
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u
underflow (see exponent underflow)
unit check 12-51 :
unit exception 12-52
unit of operation 5-6
unit status 12-48
validity flag for 12-61
unnormalized floating-point number 9-2
UNPACK (UNPK) instruction 7-37
example A-25
unsigned binary
arithmetic 7-3
integer 7-2
examples A-3
in address generation 5-4
update reference 5-11

\ 4
valid CBC 11-2
validation 11-3

of page description 11-3

of registers 11-4

of storage 11-3

of time-of-day clock 11-4
validity bits (in machine-check-interruption code)
validity flags (in limited channel logout) 12-61
variable-length field 3-2

version code 10-12
virtual address 3-1
virtual storage 3-4

VSE mode (see ECPS:VSE mode)

X-12
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11-11

W

wait indicator 13-5

wait state (bit in PSW) 4-5, 4-6
warning (machine-check condition)

mask bit for 11-12
word 3-2
working state (I/O system) 12-9
wraparound

of instruction addresses 5-4

of PER addresses 4-11
of register numbers

for LOAD MULTIPLE instruction

11-10

7-20

for STORE MULTIPLE instruction

of storage addresses 3-1
for MOVE INVERSE instruction
for MOVE LONG instruction
of time-of-day clock 4-18
write (I/0 command) 12-36

X
X field of instruction 5-4

Y/

zero, true 9-1

ZERO AND ADD (ZAP) instruction
example A-30

zero instruction-length code 6-5

zone bits 8-1
moving of 7-26

zoned decimal numbers 8-1
examples A-4

7-22

7-23
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This manual is part of a library that serves as a reference source for systems analysts, programmers, and
operators of IBM systems. This form may be used to communicate your views about this publication.
They will be sent to the author’s department for whatever review and action, if any, is deemed appropriate.
Comments may be written in your own language; use of English is not required.

IBM may use or distribute any of the information you supply in any way it believes appropriate
without incurring any obligation whatever. You may, of course, continue to use the information you
supply. :

Note: Copies of IBM publications are not stocked at the location to which this form is addressed.
Please direct any requests for copies of publications, or for assistance in using your IBM system, to
your IBM representative or to the IBM branch office serving your locality.

Possible topics for comment are:
Clarity Accuracy Completeness  Organization Coding Retrieval Legibility

If you wish a reply, give your name and mailing address:

What is your occupation?

Number of latest Newsletter associated with this publication:

Thank you for your cooperation. No postage stamp necessary if mailed in the U.S.A. (Elsewhere, an IBM
office or representative will be happy to forward your comments or you may mail directly to the address
in the Edition Notice on the back of the front cover or title page.)
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