

































































































































































































































































































































































When tightly coupled multiprocessing functions are present in a 3033
Processor, requests from the processor to its processor storage (local
requests) and requests from the 3042 AP to the processor storage
contained in the 3033 Processor (remote requests) are channeled to
storage via the 3038 Multiprocessor Communication Unit. Therefore, the
same amount of time is required for a remote request as for a local
request when attached processor mode is in effect and more time is
required to access processor storage in a 3033 Attached Processor
Complex than in a 3033 Processor Complex.

The processor storage contained in the 3033 Processor in a 3033
Attached Processor Complex is logically divided into 2M-byte units,
called storage bands, in order to implement floating storage addressing.
Floating storage addressing is implemented so that the physical address
range assigned to each band of processor storage can be varied as
needed. The address range of each 2M-byte unit of processor storage is
specified using a configuration (C2) frame of the 3036 Console (see
discussion under "3036 Consoles").

Channel Configuration and I/0 Devices

Two channel groups are standard in a 3033 Model A Processor. They
are identical to the two standard channel groups in uniprocessor models
of the 3033 Processor and the same general channel configuration rules
should be observed (see Section 10:25). The same I/0 devices can be
attached to a Model A as to a uniprocessor model of the 3033 Processor.
No channels or I/O devices can be attached to the 3042 AP.

Normally the channels in the 3033 Processor are dedicated to the 3033
and cannot be accessed by the 3042 AP. However, channel set switching
hardware is included in the two processors in a 3033 Attached Processor
Complex as part of the multiprocessing design. Channel set switching is
designed to aid the recovery provided by the 0S/VS2 multiprocessing
control program after the 3033 Processor fails and must be logically
removed from the operational configuration. Channel set switching can
be activated by programming or via the 3036 Console (C2 configuration
frame).

The Channel Reconfiguration Hardware (CRH) function in 0S/VS2 MVS for
the 3033 Attached Processor Complex will use channel set switching to
permit channel controls in the 3033 Processor to be switched to the 3042
AP under program control without a re-IPL after an uncorrectable 3033
Processor failure occurs. The data paths and processor storage of the
3033 Processor must be functional and power must be on in the units
through which the data lines pass; that is, certain 3033 Processor
frames, the 3038 unit, and the associated 3036 Console and 3037 Power
and Coolant Distribution Unit. Activation of channel set switching
permits the 3042 AP to receive and process I/0 interruptions from, and
initiate I/0 operations to, the I/0 devices attached to the 3033
Processor. VM/370 attached processor support also utilizes channel set
switching, when possible, for recovery after an uncorrectable 3033
Processor failure occurs.

Power control

Power control for a 3033 Attached Processor Complex is designed to
allow the 3042 Attached Processor and certain components within-the 3033
Processor to be powered on and off separately. Continued processing may
be possible, depending on the component powered down.

Hardware and programming systems support for the 3033 Attached

Processor Complex are designed to enable a properly isolated system
component to be powered down without the necessity of first quiescing
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system operations. This capability enables repair operations to be
performed on certain components while normal system operations continue.
When the malfunctioning component is repaired, it can be powered on and
returned to the functional configuration, again without gquiescing system
operations.

Each of the components that can be separately powered on and off has
its own power control switch that can be set to the local or remote
position. The switch must be set to local in order to perform separate
power on and power off operations.

The following components within a 3033 attached processor
configuration can be powered on and off separately from the other
components in the configuration:

¢ Each director/channel group in the 3033 Processor. The balance of
this processor, the I/O devices attached to the powered off channels
that are accessible via another channel group, and I/0 devices
attached to other powered on channels are available for attached
processor mode operations.

¢ The IPPF, execution function, and PSCF of the 3033 Processor. The
processor storage of this processor is available but the channels of
this processor cannot also be utilized, since the PSCF must be
powered on in order to utilize the channel set switching function.
Thus, system operation using the 3042 AP is not possible.

¢ The processor storage in the 3033 Processor. System operation is
not possible.

e The half of the 3038 Multiprocessor Communication Unit associated
with the 3033 Processor. The 3033 Processor and its associated 3036
console cannot be used. Thus, system operation is not possible.

¢ Individual control units and I/0 devices attached to the channels of
the 3033 Processor. The balance of the system is available for
attached processor mode operations.

e The 3042 AP and its associated 3038 half. This enables card
changing to be done for the 3042 and its 3038 half while processing
continues in the 3033 Processor.

Note that when the 3037 unit for the 3033 or 3042 is powered down,
the associated processor, 3036, and 3038 half are also powered down. In
addition, when the 3036 is powered down, it also causes a powering down
of its associated processor and 3038 half.

For proper system operation, a component (processor, channel group,
or I/0 device) should be logically varied offline to the operating
system before it is powered off. A component must be varied online
after it is again powered on if it is to be part of the operational
configuration.

When a hardware failure in the 3042 AP prevents its continued
operation, the 3042 AP can be varied offline and the configuration can
continue operating in attached processor mode with only the 3033
Processor functioning. If uniprocessor mode is established, certain
diagnostics can be performed on the 3042 AP using the 3036 Console while
normal processing continues in the 3033. At least 2M-bytes of processor
storage must be enabled (cross-configured) to the 3042 AP in order to
execute the diagnostics. Execution of the complete 3042 AP diagnostic
package requires use of the entire 3033 Attached Processor Complex.

The 3033 Model A Processor can operate without power on in the 3042
AP. Thus, the 3042 AP can be powered down separately from the 3033
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Model A Processor for card replacement, when necessary. When a
malfunction has been repaired in the 3042 AP, it can be powered up and
varied online and attached processor mode operations involving the two
processors can be resumed. Therefore, when certain types of malfunction
occur in the 3042 AP, it may be removed from the functional
configuration for diagnostic and repair operations and later returned to
the functional configuration without requiring a re-IPL.

When an uncorrectable hardware failure occurs in the 3033 Model A
Processor, continued operation in attached processor mode with only the
3042 AP may be possible, depending on the location of the 3033
malfunction. When a malfunction occurs in the instruction processor
function of the 3033 Processor, for example, the 3033 can be logically
varied offline and channel set switching can be invoked to enable
processing to continue without a re-IPL using the 3042 AP. No
diagnostics can be executed on the 3033 Processor during processing
involving only the 3042 AP.

3042 ATTACHED PROCESSOR

The 3042 Attached Processor, with a 57-nanosecond cycle time,
contains an IPPF, execution function, PSCF, and maintenance and retry
function, like those of the 3033 Model A Processor. The 3042 AP
basically differs from Model A and uniprocessor models of the 3033
Processor in that the 3042 does not contain any processor storage or
channels. The PSCFs in the 3042 AP and 3033 Model A Processor
communicate with each other to support the sharing of all processor
storage available in the 3033 Processor. There are no optional features
for the 3042 AP.

The same machine check interruptions are implemented in the 3042 AP
as in a 3033 Processor. The length of the processor-dependent machine
check extended logout area is the same in the 3042 AP as in a 3033
Processor. The logout data stored for the 3042 is the same as that for
the 3033 Model A Processor except that it does not contain anything
related to channels or processor storage and does contain additional
data in previously unused locations that is unique to the 3042 AP. The

processor number 3033 and version code 80 are stored for the 3042
Processor when the STORE CPU ID ingtruction is issued.
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3038 MULTIPROCESSOR COMMUNICATION UNIT

The 3038 Multiprocessor Communication Unit physically connects the
two processors in a 3033 Attached Processor Complex. It provides a
communication path between the two processors and between the two 3036
Consoles. Functionally, the 3038 is divided in half. Each half is
associated with the processor it is attached to and receives its power
and water cooling from the 3037 of its associated processor. Each half
of the 3038 can be powered up and down separately from the other half
and contains an oscillator for timing its associated processor.

The processor storage lines from processor storage in the 3033
Processor and the port 4 (trace function) lines for each 3036 Console
are routed through the 3038 unit. Each half of the 3038 also has a set
of registers that is used for communication between the two 3036
Consoles. Communication between the two 3036 Consoles is required, for
example, to pass status information between the two processors and to
execute certain orders of the SIGNAL PROCESSOR instruction.
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3036 CONSOLES

The two 3036 Consoles in a 3033 Attached Processor Complex are
physically identical to the 3036 Console used in a 3033 Processor
Complex. No changes are made to the control panel or the two operating
stations. However, the operational diskettes for a 3033 attached
processor configuration contain processor and console microcode that is
designed to support multiprocessing and interprocessor communication.

The 3036 Console associated with the 3042 AP is cabled connected to
the 3042. This cabling provides certain hardwired communication
functions between the 3042 AP and its console, such as powering, logging
to the diskette, hardware configuring using a configuration display,
indicator displays, etc.

Operator to operating system communication utilizing a display
station, program access to a diskette drive operating in service record
file mode, and remote maintenance operations can also be performed using
the 3036 Console associated with the 3042 AP. These operations require
the 3036 Console to be attached to a channel in the 3033 Processor, as
is the other 3036 Console, and assigned three I/0 addresses.

For attached processor mode operations, at least one operating
station in each 3036 Console must be functional. This is necessary for
power control for each processor and 3036 Console-to-3036 Console -
communication, which is accomplished via the service support stations.
All logouts from a processor are written to the diskette drives of its
associated 3036 Console.

In the normal console configuration for attached processor mode
operations, one station in each 3036 Console is designated as an
operator station while the other is designated as a service support
station. One operator station in either 3036 Console is used as the
primary operating system console while the other can be defined as a
alternate or additional console.

The port assignments for the two stations in the 3036 Console for the
3033 Model A Processor are the same as the port assignments for the two
stations in the normal console configuration for a 3033 uniprocessor
configuration, as shown in Figure 40.05.2. Port assignments for the two
stations in the 3036 Console for the 3042 AP are the same as for the
3033 Model A Processor for components present in both processors.

For the normal configuration, the service support station of the 3036
Console for the 3033 Model A Processor can be utilized to perform the
same service operations for its associated processor concurrently with
normal processing as in a 3033 uniprocessor configuration, as described
in Section 20:30 under "Normal Console Configuration®.

The service support station of the 3036 Console for the 3042 AP can
be used to perform the following concurrently with attached processor
mode processing with the normal console configuration in effect:

e Set up modes of operation for the trace unit in the 3042 AP and
enable/disable SSR using the mode control frame

¢ Display trace event records and associated logouts contained on its
system diskette.

e Display processor logouts or system status recording records
contained on its system diskette. Any power logouts contained on
the mounted diskette can be displayed also.

e Monitor system operation using the operator frame or indicator
frames associated with the instruction processor function
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Figure 40.05.2. The normal console configuration for the
3033 Attached Processor Complex




If the operating station being used as the primary operating system
console malfunctions, the operator station of the other 3036 Console can
be utilized as the primary console. The service support station of the
3036 Console with the malfunctioning station can be assigned as a
combined operator/service support station (in <MO> state) and console
diagnostics can be run on the malfunctioning console station.

If both operating stations of a 3036 Console are malfunctioning, the
associated processor cannot be utilized. If the 3036 Console for the
3042 is the malfunctioning console, processing utilizing only the 3033
Processor is possible. If the 3036 Console for the 3033 Processor is
the malfunctioning console, processing using only the 3042 AP is not
possible.

The display frames provided for the 3036 Consoles in a 3033 Attached
Processor Complex provide the same functions as for a 3033 Processor
Complex. Certain frames have been modified and additional frames are
provided to support functions required in a tightly coupled
multiprocessing configuration. The frames provided for a 3033 Attached
Processor Complex are similar to those provided for a 3033
Multiprocessor Complex.

A second configuration (C2) frame, similar to the C2 frame for a 3033
Multiprocessor Complex, is provided for a 3033 Attached Processor
Complex to perform configuration functions that in a Model 168
Multiprocessing System are accomplished using the configuration control
panel on the 3068 Multisystem Unit. The C2 configuration frame is the
only frame that permits an operator to establish configuration
information for both processors in a 3033 Attached Processor Complex
using either 3036 Console (the one designated as the primary operator
console). For other configuring for a processor (such as UCW
assignments for the 3033, console designations, powering, etc.), the
3036 Console associated with that processor must be used.

The C2 configuration frame is used to establish the following:

¢ Uniprocessor or attached processor mode of operation. When attached
processor mode is in effect, interprocessor communication hardware
is enabled (SIGNAL PROCESSOR interface, high-speed buffer
intercommunication, time-of-day clock security switch broadcasting,
time-of-day clock synchronization check, malfunction alert signal,
and the broadcast of reset functions). These facilities are
discussed in Section 40:10.

When attached processor mode is in effect, three operational
configurations are possible: the 3033 and 3042 operating together
as a tightly coupled configuration (the normal configuration), the
3033 Processor operating alone, and the 3042 AP operating alone.

If the 3042 AP fails, the 3033 Processor can continue operating in
attached processor mode until such time as diagnostics are to be
performed on the 3042 AP. Then uniprocessor mode must be
established. 1If the 3033 Processor fails in an area not associated
with processor storage or the channels, channel set switching can be
activated and continued operation in attached processor mode with
only the 3042 AP is possible.

When uniprocessor mode is in effect, the interprocessor signals are
deactivated. The 3033 Processor can perform normal processing. The
3042 AP is limited to the execution of certain diagnostic routines
when uniprocessor mode is in effect.

e Processor storage assignment and interieaving. Each 2M-byte

processor storage band in the 3033 Processor has the capability of
being enabled for access by both processors, disabled for access by
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both processors, or enabled for access by only one of the
processors. An address range must be assigned to each enabled band.
Eight-way doubleword interleaving or serial operation can also be
established, as for a uniprocessor configuration.

For attached processor mode operations, each processor storage band
in the 3033 that is enabled to one processor must also be enabled to
the other processor. This assignment permits both processors to
access all of the enabled processor storage in the 3033 Processor.
For uniprocessor mode operations, no processor storage band can be
enabled for access by both processors. When uniprocessor mode is in
effect and one or more bands of processor storage in the 3033
Processor are enabled for access only by the 3042 AP, processor
storage is said to be cross-configured.

Each enabled processor storage band must have a 2M-byte address
range assigned. Any of the eight possible 2M-byte ranges (0 to 2M
through 14M to 16M) can be assigned to a storage band as long as the
same address range is not assigned to more than one enabled band for
attached processor mode operations or to two bands allocated to the
same processor for uniprocessor mode operations. The address range
0 to 2M must be assigned to one enabled band for attached processor
mode operations and to one enabled band for the processor when it is
used for uniprocessor mode processing operations; otherwise, a
successful IPL cannot be performed.

The address ranges assigned to the storage enabled to the 3033
Processor for uniprocessor mode operations or to shared storage for
attached processor mode operations need not be contiguous when an
0S/VS2 MVS multiprocessing operating system is used. In addition,
address ranges higher than the total amount of processor storage
enabled or present in the configuration can be assigned.

For example, address ranges 0 to 6M and 8M to 10M could be assigned
to a 3033 attached processor configuration that contained 8M-bytes
of processor storage. The addresses between 6M and 8M are marked
unavailable by the 0S/VsS2 multiprocessing control program. The
processor storage in the 3033 Processor must be assigned contiguous
address ranges for uniprocessor mode operations when an operating
system other than 0S/VS2 MVS with multiprocessing support is used.

e Oscillator assignments. The system oscillator for each processor in
a 3033 Attached Processor Complex is contained in its associated
half of the 3038 Multiprocessor Communication Unit and the system
oscillator in each processor is disabled. This is done so that the
3033 Processor need not be operational in order for its processor
storage to be accessed by the 3042 AP. Each processor still
contains its own time-of-day clock oscillator.

For attached processor mode operations, both processors use the same
system oscillator and time-of-day clock oscillator so that
operations are synchronized. The system oscillator not being used
is phase locked to the controlling system oscillator so that control
can be switched from the latter to the former without quiescing
system operation. For uniprocessor mode, the 3033 Processor can use
its own two oscillators or those of the 3042 AP. When processor
storage is cross-configured to the 3042 AP to run diagnostics
concurrently with processing in the 3033, one set of oscillators
must be used by both processors.

s Status of channel set switching. When the normal setting is
selected, channel set switching is not active and the 3033 Processor
controls the operation of its own channels. When the reverse
setting is selected, channel set switching is activated and control
of the channels in the 3033 Processor is switched to the 3042 AP.
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Note that when channel set switching is activated to switch control
of the channels to the 3042 AP, an IPL can be performed utilizing
the 3036 Console of the 3042 AP. When channel set switching is not
activated, IPL must be performed using the 3036 Console of the 3033
Processor.

e Console(s) to be used for configuration control. The C2
configuration frame can be used to establish control for
configuration changes. Changes can be made from both 3036 Consoles
using the C2 configuration frame (each 3036 is a master comnsole) or
only one 3036 Console (the master). The 3036 Console that cannot
make changes (designated the slave console) can only display the
configuration in effect using the C2 configuration frame.

When a valid configuration is entered via the C2 configuration frame,
each processor is forced to a quiesced state at the end of the execution
of its current instruction so that the specified configuration can be
made effective. The configuration currently in effect is maintained in
storage in the 3036 Console.

When attached processor mode is in effect, the specified
configuration becomes effective in both processors simultaneously. When
uniprocessor mode is in effect, a change becomes effective in one
processor and does not affect the other processor.

As for a 3033 Multiprocessor Complex, processor operations need not
be quiesced prior to any alteration of the physical configuration using
the C2 configuration frame in a 3033 Attached Processor Complex.
Whenever a configuration change is made, all the entries in one or both
(as appropriate) high-speed buffers and translation lookaside buffers
are invalidated.

The following communication facilities are provided for attached
processor mode operations: broadcast of reset functions from one
processor to the other, broadcast of time-of-day clock security switch
enable set condition, and 3036 Console-to-3036 Console communication.

When a system reset (with or without the system clear) or load (IPL
with or without a system clear) is performed for one processor using the
operator frame, a corresponding function is also automatically sent
(broadcast) to the other processor when attached processor mode is in
effect, as shown below.

Function Selected by

Operator on Local Function Performed Function Broadcast
Processor on _Local Processor to_Remote Processor
System reset (normal) Program reset Program reset

System reset (clear) System clear Initial program reset
Load (normal) Program reset Program reset

Load (clear) System clear Initial program reset

The only other communication function provided in the 3036 Console
for attached processor mode operations is for the time-of-day clock.
When the time-of-day clock security switch for either processor is held
in the enable set position, this setting is propagated to the other
processor so that the time-of-day clock in each processor is enabled for
setting.
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40:10 3033 PROCESSOR COMPLEX AND ATTACHED PROCESSOR COMPLEX HARDWARE
DIFFERENCES

The 3033 Model A Processor and 3042 AP differ from a uniprocessor
model of the 3033 Processor in that they contain tightly coupled
multiprocessing functions. This is the only difference between a
uniprocessor and Model A 3033 Processor. Differences between the 3042
AP and the Model A 3033 Processor, previously discussed, are also
differences between the 3042 AP and a uniprocessor model of the 3033
Processor.

The following identifies the major architectural and hardware
implementation differences between 3033 uniprocessor and attached
processor configurations (that is, facilities implemented in attached
processor but not uniprocessor configurations):

e 3038 Multiprocessor Communication Unit - a required unit (discussed
in Section 40:05) that provides the communication between the two
processors and consoles in a 3033 Attached Processor Complex.

¢ Prefixing - a method of assigning unique areas of processor storage
to addresses 0 to 4095 for each processor

¢ Processor addressing and STORE CPU ADDRESS instruction - required to
specifically identify each processor

* Time-of-day clock - synchronization of the two physical clocks to
provide one logical clock for the attached processor configuration

¢ Interprocessor programmed communication (SIGNAL PROCESSOR
instruction) - required to enable a processor to request services of
the other processor and to alert it to conditions to which it must
respond during attached processor mode operations. For example,
this capability is used during the initialization of attached
processor mode operations and in recovery procedures that occur
after a processor failure.

¢ Interprocessor hardware communication - required to alert a
processor to conditions in the other processor and to synchronize
certain operations in both processors during attached processor mode
operations

¢ Channel set switching hardware - used to expand the recovery
provided by the MVS and VM/370 control programs after a 3033 Model A
Processor failure occurs by enabling the 3042 AP to control the
channels of the 3033 Model A Processor.

The multiprocessing instructions included in the 3033 Model A
Processor and 3042 AP, which are valid in uniprocessor as well as
attached processor mode, are the following:

SET PREFIX

STORE PREFIX
STORE CPU ADDRESS
SIGNAL PROCESSOR

The SIGNAL PROCESSOR instruction is partially retryable. The other
three are totally retryable.

The tightly coupled multiprocessing functions and instructions for
the 3033 Model A Processor and 3042 Attached Processor are like the
tightly coupled multiprocessing functions and instructions in the 3033
Model M Processors in a 3033 Multiprocessor Complex. See Section 30:10
for a discussion of multiprocessing functions and instructions.
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Table 40.10.1 contains a comparison of the hardware features of the

Model U 3033 Processor, Model A 3033 Processor,

Table 40.10.1.

and 3042 AP.

Comparison of hardware features in the Model U

3033 Processor, Model A 3033 Processor, and 3042 AP

Model U Model A
Feature 3033 Processor 3033 Processor 3042 AP
BC and EC mode of
operation std std std
Byte-oriented operands std std std
Channels Twelve std Twelve std No
Four opt Four opt
Channel indirect data
addressing std std No
Channel retry data std std No
Channel set switching No std std
Channel-to-Channel Adapter opt Oopt No
Clock comparator and
CPU timer std std std
Direct Control std std std
Dynamic address
translation std std std
ECC on processor storage std std No
Expanded machine check
interruptions std std std
Extended precision
floating point std std std
High-speed buffer Std-64K Std-64K Std-64K
Instruction retry std std std
Interprocessor hardware
communication No std std
Interprocessor programmed
communication (SIGP
instruction) No std std
Interval timer std std std
Monitoring feature std std std
Prefixing No std std
Processor storage 4M-, 8M-, 12M-, 4M-, 8M-, 12M-, No
16M-bytes 16M-bytes
Program event )
recording std std std
Reloadable control
storage std std std
(for instruction (for instruction (for instruction)
processor processor processor
function function function
and channels) and channels) only)
Reference and change
recording std std std
SSM instruction
interruption std std std
Store and fetch
protection std std std
Store status function std std std
Systen/370 Extended
Facility std std std
Time-of-day clock std std std
Translation lookaside
buffer std std std
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40:15 ADVANTAGES OF A 3033 ATTACHED PROCESSOR CONFIGURATION

In addition to increased internal performance over a uniprocessor
configuration, an attached processor confiqguration offers advantages
over two uncoupled uniprocessor configurations with the same total
resources as the attached processor configuration.

LESS COMPLEX OPERATIONAL REQUIREMENTS

An attached processor configuration has less complex operational
requirements than two uncoupled systems because it presents a single
system image to the operator even though there are two instruction
processor functions in the configuration. The operator has one
operational interface to the entire system, one job scheduling
interface, and one point of control for all the resources in the
configuration. In addition, the operator must communicate with and
control only one control program instead of two.

IMPROVED RESOURCE UTILIZATION

Resource utilization in an attached processor configuration is
improved over that of two uncoupled systems because locad leveling occurs
between the two systems, there is a reduction in the amount of processor
storage required by the resident control program, all I/O devices in the
configuration can be accessed by the 3033 Processor, and the need for
using Shared DASD support is eliminated.

Load leveling occurs for the two processors because of the way in
which 0S/VS2 MVS can schedule task execution in a tightly coupled
configuration. Load leveling reduces the peak and valley periods of
processor utilization that normally occur in two uncoupled systems, as
follows.

The two processors are considered to be system resources that, when
available, are allocated to ready tasks. Usually, either processor is
capable of processing each task in the system. Thus, as soon as a
processor becomes available, it is allocated to the highest priority
queued ready task. Since there are on the average twice as many tasks
in an attached processor configuration as in one system in a two-
uniprocessor environment, the chances are significantly reduced that no
task in the attached processor configuration will be ready to execute
and available processor time will be unutilized.

Since there is only one copy of the 0S/VS2 MVS multiprocessing
control program resident in processor storage in an attached processor
configuration, more processor storage is available for paging (which can
benefit performance) than in two uncoupled systems with the same total
amount of processor storage as in the Model A 3033 Processor, each of
which has an 0S/VS2 MVS uniprocessor control program resident.

While the 3042 AP cannot issue I/0 instructions, it can process data
read and to be written by the 3033 Processor. Therefore, in effect, the
170 devices in a 3033 attached processor configuration are pooled for
use by both processors. More than half the total number of I/O devices
present can be allocated to an individual job step when necessary. The
pooling of I/O devices and sharing of processor storage permits the
execution of jobs with larger processor storage and I/0 device
requirements than can be handled using one system in a configuration
with two uncoupled systems.

The sharing of processor storage and the ability of the 3033

Processor to access all I/0 devices in the configuration also enables
the 0S/VS2 MVS control program to automatically handle peak load
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situations within jobs and to balance the processing across the two
processors. Manual balancing of the workload between two systems, as is
required for two uncoupled systems, is not required for a tightly
coupled configuration.

Through pooling, the number of I/0 devices in a tightly coupled
multiprocessing configuration can be less than the number of I/0 devices
needed for two uncoupled systems that are to handle the same large I/0
job or peak load direct access storage requirements.

Since there is only one control program for an attached processor
configuration, there is no need to split any data base into two parts,
one for each system, or to use Shared DASD support in order to share a
data base between the two systems, as is required for two uncoupled
systems. The use of Shared DASD support results in reduced throughput
for two uncoupled systems because of the interference it introduces.
This throughput reduction is not incurred in an attached processor
configuration since there is only one 0S/VS2 MVS control program and it
can maintain the integrity of a shared data base without using Shared
DASD support.
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SECTION 50: PROGRAMMING SYSTEMS SUPPORT

50:05 GENERAL DESCRIPTION

Basie support of the 3033 Processor Complex is provided by 0S/VS2 MVS
as of Release 3.7, 0S/VS2 SVS Release 1.7, 0S/VSl as of Release 6,
VM/370 as of Release 5, and ACP (Airlines Control Program) Version 9
Release 2. The MVT/3031/3032/3033 programming RPQ is provided to enable
OS MVT Release 21.8 to operate on the 3033 Processor. This support is

" - - -
designed primarily to aid in the transition from MVT to 05/VS2 MVS.

The basic support provided by these programming systems includes (1)
recognition of the 3033 Processor identification stored by the STORE CPU
ID instruction and support of processor-dependent control program
initialization as required, (2) support of the 3036 Console, (3)
recognition of the 3033 channels and I/0 extended logout area of 576
bytes, and (4) EREP support of the service record file and the frame
verbiage approach to formatting processor-dependent logout data of the
3033 Processor.

0S/VS2 MVS also recognizes the two additional channel error
conditions (interface inoperative and channel-not-operational) and
provides error recovery procedures that include use of the CLRCH
instruction. 0S/VS2 sSVs, 0S/vVsl, and VM/370 do not attempt recovery
using the CLRCH instruction after these two channel errors.

The common segment facility, low-address protection, IPTE and TSPT
instructions, and MVS-dependent instructions of the System/370 Extended
Facility are supported only by the MVS/System Extensions program
product. The virtual machine extended facility assist of the System/370
Extended Facility is supported by the VM/System Extensions program
product.

The 3033 Multiprocessor Complex operating in multiprocessor mode is
supported by 0S/VS2 MVS with approprlate selectable units installed.

The channel set switching function is supported for recovery processing
that occurs after an uncorrectable processor failure.

The 3033 Attached Processor Complex operating in attached processor
mode is supported by 0S/VS2 MVS and VM/370. Channel set switching is
supported by both of these programming systems.

The MVS/System Extensions, VM/System Extensions, and VM/Basic System
Extensions program products also support the 3033 Processor Complex,
Attached Processor Complex, and Multiprocessor Complex. These program
products offer additional performance improvements.

50:10 MVS/SYSTEM EXTENSIONS PROGRAM PRODUCT

The MVS/System Extensions program product is designed to improve the
performance of MVS. It requires the System/370 Extended Facility
(standard on 3033, 3032, and 3031 Processors) or the System/370 Extended
feature (optional on Models 158 and 168) and 0S/VS2 MVS. This program
product supports multiprocessor mode operations for the 3033
Multiprocessor Complex, attached processor mode operations for a 3033 or
3031 attached Processor Complex, and attached processor and
multiprocessor mode operations for Models 158 and 168, as well as
uniprocessor mode of operation.
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Via its support of the System/370 Extended Facility (or Systems/370
Extended feature), the MVS/System Extensions program product provides
the following:

¢ A reduction in the processor time required to execute certain
frequently used control program functions via the use of hardware
implemented assists.

e A reduction in the time required for address translation through
more efficient use of the translation lookaside buffer and a
reduction in buffer storage interference caused by the address
translation process.

o Improved system availability via support of a new level of storage
protection for lowest addressed processor storage that contains data
vital to continued system operation.

The MVS/System Extensions program product provides the following
improvements via programming:

¢ A reduction in the processor time required to execute certain
frequently used control program functions through a reduction in
path length for those functions and a reduction in programmed
contention.

¢ Improved installation control over resource utilization via changes
to the System Resource Manager and Input/Output Supervisor and as a
result of improved resource usage recording.

¢ Improved performance for attached processor and multiprocessor mode
operations via a reduction in interprocessor interference.

User-written programs that operate under MVS and use standard
external interfaces will operate under MVS/System Extensions without
modification. Programs that interrogate control program control blocks
may require modification. MF/1 and DSS are not supported by this
program product. For additional information regarding MVS/System
Extensions, see 0S/VS2 MVS System Extensions General Information Manual
(GC28-0872).

50:15 VM/SYSTEM EXTENSIONS AND VM/BASIC SYSTEM EXTENSIONS PROGRAM
PRODUCTS

The VM/System Extensions and VM/Basic System Extensions program
products can be utilized in 3033, 3032, and 3031 Processors and Models
135, 138, 145, 148, 155 II, 158, 165 II, and 168, as well as 4300
Processors. Attached processor mode operations in a 3033 or 3031
Attached Processor Complex and Model 158 or 168 attached processor
configuration are also supported.

The VM/System Extensions program product is designed to improve
VM/370 performance and provide additional function. It provides the
following: .

e Improved performance for all operating systems that execute in a
virtual machine by providing the functions of the no longer
available VM/370 Resource Management PRPQ, which offers throughput
improvements, improved response to trivial commands, and additional
installation management support.

¢ Additional performance gains for DOS/VS, 0S/VSl, and 0S/VS2 (SVS and
MVS) operating systems executing in a virtual machine by more
efficient management of the shadow page and shadow segment tables
that are required for virtual storage operating systems.
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e Support of the MVS/System Extensions program product. An MVS
operating system with the MVS/System Extensions program product
installed can execute in a virtual machine when VM/System Extensions
is utilized . This enables the System/370 Extended Facility for
3031, 3032, and 3033 Processors and the System/370 Extended feature
for Models 158 and 168, plus the other facilities of MVS/System
Extensions to be utilized in a VM/370 environment during
uniprocessor or attached processor mode operations.

e Virtual Storage preservation support. This facility enables the
contents of virtual storage in user-specified virtual machines
(defined during system generation) to be saved on direct access
storage whenever the virtual machine is abnormally terminated. It
also provides a means of initiating recovery procedures for the
operating system executing in the virtual machine at the time of the
abnormal termination.

e Spooling of accounting records to direct access storage instead of
punching accounting cards.

e Writing spool files contained on disk to tape, instead of
transcribing them to a printer or punch, for example.

¢ CMS processing of standard tape labels. This support includes CMS
checking of standard labels on input tapes, writing standard labels
on output tapes, a user exit for processing nonstandard labels on
tapes during execution of CMS macro simulations and some CMS tape
commands, and support of user-written routines that process standard
user labels during DOS/VS and 0S macro simulation under CMS.

e Additional support for 3277 and 3278 Display Stations. Using the
DIAGNOSE interface, a virtual machine can directly manage the screen
of a 3277 or 3278.

e Additional support for 3278 display stations. Alternate screen
sizes (2560 and 3440 characters in addition to 1920), the optional
additional 12 program function keys (for a total of 24), APL
keyboards, and six new national usage characters are supported.

The VM/System Extensions program product is recommended for MVS, SVsS,
and VSl installations that use VM/370 for testing, conversion,
timesharing or production operations. It is also recommended for
installations that use the 2305 Model 2 Fixed Head Storage Device for
paging or that heavily use CMS.

The VM/Basic System Extensions program product provides support of a
subset of the facilities offered by the VM/System Extensions program
product. VM/Basic System Extensions is recommended for VS1l, DOS/VSE,
and DOS/VS installations that utilize VM/370 for interactive processing
and testing (as provided by CMS), conversion, and production operations.
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SECTION 60: HIGHLIGHTS OF THE 3033 PROCESSOR COMPLEX FOR MODEL 168
USERS

The 3033 Processor Complex offers Model 168 users significantly
increased price performance (as a result of several improvements
detailed in this section); reductions in space, cooling, and power
requirements (through use of new technology and as a result of the
channel group design); and additional availability and serviceability
features provided by the new design of the 3036 Console.

PRICE PERFORMANCE IMPROVEMENTS

More Standard Features

The System/370 Extended Facility, high-speed multiply capability,
twelve channels, and channel indirect data addressing are standard in
the 3033 Processor and optional for the 3168 Processing Unit (Model 1 or
3). The minimum processor storage size is four megabytes, instead of
one, and standard buffer size is 64K instead of 8K or 32K.

Faster Processor Cycle

The 57-nanosecond processor cycle of the 3033 Processor, versus the
80-nanosecond cycle of the 3168 Processing Unit, results in faster
buffer fetches, reduced processor storage cycle times, and faster
instruction execution times.

Improvements in IPPF and Execution Function Design

The major changes in the IPPF and execution function (detailed in
Section 10:10) result in faster instruction execution.

Processor Storage Control Function Changes

More requests for processor storage are generated by the IPPF than by
any other component (execution function, channels, or console).
Conflicts between the IPPF and PSCF for access to processor storage that
occur in the Model 168 are reduced in the 3033 Processor to improve
internal performance by the following:

e An outstanding fetch request is given priority over the outstanding
store requests (the opposite is true in the 3168 processor).

* The highest priority requester in the IPPF for a given logical

storage element is determined by the IPPF, instead of by the PSCF as
in the 3168 Processing Unit.

High Speed Buffer Improvements

e More buffer storage is provided (64K versus 32K for the 3168-3 and
16K for the 3168-1) to improve the buffer hit ratio.

¢ A buifer storage block is 64 bytes {eight dcublewords), instead of
32 bytes (four doublewords) as in the Model 168 buffer. This block
size matches the eight-way interleaving of processor storage in the
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3033 Processor and makes more data available in the buffer after a
block load, which improves sequential instruction execution and
sequential data access times.

e A doubleword fetch from the buffer requires 114 nanoseconds, versus
160 nanoseconds in the Model 168.

e A row deletion causes a smaller percentage of the total buffer to be
deleted (6 percent versus 12).

Faster Dynamic Address Translation

Several improvements in the TLB and STO-stack have been made:

e The TLB is oriented to a 4K page size, instead of a 2K page size as
in the TLB in the Model 168. Thus, when 4K pages are used, only one
TLB entry is required, versus two TLB entries in the Model 168 TLB.
Therefore, 128 translations, instead of 64, can be maintained in the
TLB for 4K pages (representing 512K of processor storage instead of
256K).

e The replacement algorithm (which determines which entry of a pair at
a given one of the 64 TLB locations is assigned) is least recently
used, instead of first-in, first-out as in the Model 168 TLB.

¢ The time required to purge the entire TLB is 16 processor cycles,
instead of 64 as for the Model 168 TLB. Less full purging is
required when the IPTE is utilized (optional facility in the Model
168).

e The STO-stack contains 29 entries, instead of 6 as in the STO-stack
for the Model 168, and a different replacement algorithm is
implemented. The use of 29 entries enables translations from 23
more virtual storages to be kept in the TLB at the same time than in
the Model 168 without the necessity of partial TLB purge operations,
which are required whenever a new virtual storage is added to the 6-
entry STO-stack in the Model 168. In the 3033 Processor, there is
no partial purging for the addition of a new virtual storage. When
the 29-entry STO-stack is full, the entire TLB is purged.

The changes made in the TLB and STO-stack in the 3033 Processor

reduce the amount of TLB purging required and reduce the time to perform
a full TLB purge when it is necessary.

Processor Storage Improvements

Twice the amount of processor storage is available for a 3033
Processor (16M-bytes versus 8M-bytes) and the access to processor
storage has been improved:

e Processor storage is eight-way doubleword interleaved, instead of
four-way doubleword as in the Model 168, to permit twice the amount
of parallel access.

¢ Read and write cycle times are reduced from 320 and 640 nanoseconds
to 285 and 456 nanoseconds and access times are reduced from 400 and
640 nanoseconds to 285 and 456 nanoseconds. The aggregate data rate
of which 3033 processor storage is capable is 138 MB/sec compared
with 100 MB/sec for 3168 processor storage.
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CHANNEL ENHANCEMENTS

The implementation of channel groups that are contained within the

3033 Processor but controlled by independent microprocessors offers
several advantages without losing the advantage of less instruction
processor interference offered by standalone versus integrated channels:

Less space, power (approximately 30 percent), and cooling
(approximately 20 percent less for combined water and air) are
required for a 3033 Processor Complex than for a Model 168 with the
same number of channels and twice the maximum amount of processor
storage. The space reduction becomes more significant as the number
of channels in the Model 168 increases.

Since a maximum of 16 channels, instead of 12, are available for the

"3033 Processor and twelve are standard, the I/0 device configuration

can be spread across the available channels to minimize channel
overloads and more paths to critical devices can be provided via
switching features. Three byte multiplexer channels, instead of a
maximum of two, as for the Model 168, are available.

A malfunctioning channel group can be serviced (locally or remotely)
concurrently with normal system operation, assuming enough operable
channels are available in the other channel group(s) for critical
devices. This is not posible in a Model 168 configuration which
requires dedication of the processor when diagnostics are executed
on a standalone channel.

Channel groups can be powered up and down separately from each other
and other processor components. This enables certain fixes to be
applied without interference with normal system operation

More subchannels are provided for the channels of a 3033 Processor
(256 nonshared or up to eight shared with reduced nonshared per each
byte and block multiplexer channel). The 2870 Multiplexer Channel
can have a maximum of 192 subchannels (plus four selector
subchannels) while the 2880 Block Multiplexer Channel always has
only one shared subchannel and 56 (or 256 with an option) nonshared
subchannels.

The implementation of significantly more channel logout data, the
two additional channel error conditions, the capability of faster
engineering change installation (because of microcode instead of
hardware control), and the CLRCH instruction for channel recovery
improve the serviceability and-availability of the channels, as
compared with Model 168 channels.

AVAILABILITY AND SERVICEABILITY FEATURES

The 3036 Console and the channel group implementation are designed to

improve the availability and serviceability characteristics of a 3033
Processor as compared with those of a Model 168 Model 3, which includes
a service processor that is not available in the Model 168 Model 1, as
follows:

Channel availability and serviceability is improved as discussed
previously under "Channel Enhancements®”.

The dual station design of the 3036 provides console device backup
and interchangeability of console functions (operator and service).
The 3066 has only one CRT display and its functions are separate
from those of the indicator viewer.
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¢ The customer engineer can use a CRT display and keyboard to perform
service operations concurrently with normal processing, as a result

£ W A 1 ks A 2 £
cf the dual station design of the 3036 Conscle. The CE panel must

be used to control concurrent maintenance operations involving the
service processor in a Model 168 Model 3 configuration.

e The remote service options for the 3036 Console include allowing a
remote specialist to control operation of the concurrent maintenance
functions. This option is not provided for a Model 168 Model 3.

s More concurrent maintenance operations can be performed using the
3036 Console than the service processor of a Model 168 Model 3 and
when the processor is dedicated to maintenance functions, two
components can be serviced concurrently.

e Voltage monitoring enables transient power faults to be detected and
located more easily.

e Diagnostic testing can be done faster because of the building block
approach for fault locating tests that is implemented in the 3033
Processor as a result of the new 3036 Console design.

NEW TECHNOLOGY

As indicated in Section 05, new logic technology that provides more
circuits per logic chip is implemented in the 3033 Processor. This
results in speed improvements (such as the 57-nanosecond versus 80-
nanosecond cycle time) as well as physical space savings. In addition,
the UK-bit processor storage chip used in certain processor storage
models of the 3033 Processor provides twice the amount of processor
storage in the same space required by the 2K-bit chip.
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SECTION 70: COMPARISON TABLE

This table has been included for quick reference. It compares
hardware features of System/370 Models 165, 165 II, and 168 (Models 1
and 3), and the 3033 Processor Complex.
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70

05

AND THE 3033 PROCESSOR COMPLEX
any 0o 2409 IRt hoolh s

Hardware Feature

Processor

BC mode of system
operation

EC mode of system
operation

Instruction set

1.

Standard set
(binary arithmetic)

Decimal arithmetic

Floating-point
arithmetic

Extended precision
floating=-point

New instructions
listed in Section
10:05

D. Overlap of instruction
fetching and
preparation with
instruction execution

Model 165

Standard

Not implemented

Standard

Standard

Standard

Standard

Standard except
for CLEAR I1/0,
MONITOR CALL,
conditional
swapping, PSW
key handling,
clock comparator
and CPU timer,
system mask,
IPTE, CLRCH, TSPT,
MVS-dependent,
and dynamic
address
translation
instructions,
which are not
available.

Instruction unit
can prepare up

to three
instructions while
execution unit
executes one
instruction.
Imprecise
interruptions

can occur.

Model 165 II

Standard

Standard

Standard

Standard

Standard

Standard

Standard except
IPTE, TSPT, and
CLRCH, which are
not available.

Same as Model 165
except imprecise
interruptions
cannot occur.

Model 168
(Models 1 and 3)

Standard

Standard

Standard

Standard

Standard

Standard

Standard except
IPTE, TSPT,
CLRCH, and
MVs-dependent
instructions.
IPTE, TSPT, and
MVS-dependent
instructions.
are included in
the optional.
System/370
Extended feature.
CLRCH is not
provided.

Instruction unit
can prepare up
to four
instructions while
one is executed.
Instruction and
execution unit
implementation is
enhanced over
Model 165 and
imprecise
interruptions
cannot occur.

3033 Processor Complex

Standard

Standard -

standard

Standard

Standard

Standard

Standard

Same as Model 168 except

that implementation
is enhanced over
Model 168 (many more
instructions can be
prefetched, etc.)
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Hardware Feature

E. High-speed multiply

F. Processor cycle time

G. Dynamic address
translation

H. Interval timer

I. Time-of-day clock

J. CPU timer and clock
comparator

K. Monitoring feature
L. Program event recording
M. Direct control

N. Interruption for SSM
instruction

0. Systemv/370 Extended
Facility

P. Compatibility features
(all are optional and
mutually exclusive except
where noted otherwise)

Q. Control logic

R. Instruction retry by
hardware

Model 165
Optional

80 nanoseconds
8-byte data path

Not available

Standard (3.33 ms
resolution)

Standard

Not available

Not available
Not available
Standard

Not implemented

Not available

1. 707077074

2. 7080 (for both
705 and 7080)

3. 709/7090/7094

709411 (does not

include 704,
7040, 7044)

Capacitor ROS
and monolithic
WCs

Yes

Model 165 II

Optional

Same as Model 165

Standard (with
128-entry TLB and
6-entry STO-stack)

Standard (3.33 ms
resolution)

Standard

Standard

Standard
Standard
Standard

Standard

Not available

Same as Model 165

Same as Model 168

Yes

Model 168
(Models 1 and 3)

Optional

Same as Model 165

Same as
Model 165 II

Standard (3.33 ms
resolution)

Standard

Standard

Standard
Standard
Standard

Standard

Optional System/370

extended feature

includes same items

Same as Model 165

Monolithic ROS
and monolithic WCS

Yes

3033 Processor Complex

Basic to implementation
of execution function

57 nanoseconds

8-byte data path

Standard

(with 128-entry

TLB and 29-entry

STO-stack) plus

performance enhancements, suchn
as orientation to 4K instead of
2K page size

Standard
(3.33 ms resolution)

Standard

Standard

Standard
Standard
Standarad

Standard

Standard

None available

Monolithic RCS

Yes
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T. Fixed storage area size

U. Multiprocessor systems

Hardware Feature

Machine check
interruption

in lower storage

(including logout area
for machine and channel

errors)

Model 165

Occurs after
corrected and
uncorrected
exrors. There
are four types
of machine check

Model 165 II

Occurs after
corrected and
uncorrected
erroxrs. There
are seven types
and many are

interruptions individually
and many are maskable
individually

maskable

1504 bytes reduc-
ible to 512 if
extended logout
area of 992 bytes
is moved

1. A multisystem

Same as Model 168

Same as Model 165

Model 168
(Models 1 and 3)

Same as Model
165 II

1928 bytes reduc-
ible to 512 if the
extended logout
area of 1416 bytes
is moved

1. The 3068 Multi-

3033 Processor Complex

Same as Model 165 II
plus external damage
indicated for a hard

channel error.

Same as Model 168

1. The 3033 Multiprocessor

feature is not
available
2. A Model 165 can

system Communi-
cation Unit is
used to connect 2.
two Model 168 3.

complex is a tightly coupled
multiprocessing configuration
Same as Model 168
Same as Model 168
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be a support
or a main pro-
cessor in an
ASP
configuration

systems (any
combination of
Models 1 and 3)
together for a
tightly coupled
multiprocessing
configuration
2., JES2 and JES3
(Job Entry
Subsystem) of
0S/VS2 MVs
support the
Model 168 in
loosely coupled
multiprocessing
configurations
3. A Model 168 can
be a main or
support
processor
in an ASP
configuration
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V.

II.

A.

B.

Hardware Feature

Attached Processor
System

Power Warning

Virtual Machine Assist

Remote analysis unit

Integrated Storage
Controls

Storage

Processor (main)
storage sizes

Type of processor
storage

Processor s torage
interleaving

High-speed buffer
storage

Model 165

Not available

Not available

Not available

Yes - 2955
Remote Analysis
Unit is optional.

Not available

512K

1024K
1536K
2048K
3072K

Ferrite cores

Storage is
4-way doubleword
interleaved

8K is standard,
8K more can be
added. 80-nano-
second cycle.

Model 165 IL

Not available

Not available

RPQ feature

Same as Model 165

Not available

1024K
20u8K
3072K

Ferrite cores

Same as Model 165

Same as Model 165

Model 168
(Models 1 and 3)

Supported
(RPQs are
required for a
Model 1)

Optional

RPQ feature

Yes - 2955

Remote Analysis
Unit is optional
in the Model 1,
service processor
is standard in
the Model 3.

Optional for
attachment of
3330-series,
3340/3444, and/or
3350 disk storage,
or the 3850 Mass
Storage System
without a 3830

1024K
2048K
3072K
4096K
5120K
614UK
7168K
8192K

Monolithic
technology

Same as Model 165

Model 1 is same as
Model 165. 32K

is standard in

the Model 3.
Buffer row and
block deletion are
implemented

in both models.

3033 Processor Complex

Available

RPQ feature
(operation can be
enabled or disabled

using the configuration frame)

RPQ feature

Yes (2955 operation
is simulated and one

console processor can be
used for remote service

operations).

Not available

8096K
8192K
12,288K
16,384K

Monolithic
technology

Storage is
8-way doubleword
interleaved

64K is standard.
57-nanosecond cycle.
Buffer row and block
deletion are
standard.
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Hardware Feature

E. Processor storage
validity checking

F. Byte-oriented operands

G. Store and fetch
protection

H. Processor storage
cycle times

1I1. Channels

A. Total number per
system

B. 2870 Multiplexer
Channel

C. 2860 Selector
Channel (1.3 MB/sec.)

Model 165

ECC checking on a
doubleword. All
single-bit errors
are corrected and
all double-bit and
some multiple-bit
errors are
detected by
hardware.

Standard

Standard

Read/write cycle
is 2 microseconds
for 32 bytes

1. Up to 7
standard
2. Up to 12 with

Model 165 1I

Same as Model 165

Standard

Standard

Same as Model 165

Same as Model 165

Extended Channels

optional feature

One or two can

be attached

(192 subchannels).
Maximum byte

mode rate of

110 KB/sec, which
is reduced when
selector
subchannels are
installed.

A maximum of six
can be attached

Same as Model 165

Same as Model 165

Model 168
({Models 1 and 3)

Same as Model 165

Standard

Standard

Read/write cycle
for a doubleword
is 320 nanoseconds

Same as Model 165

Same as Model 165

Same as Model 165

3033 Processor Complex

Same as Model 165
except imprcved code
detects more
multiple-bit errors

Standard (significantly less
degradation occurs than for
Models 165, 165 II, and 168)

Standard

Read/write cycle is 285
nanoseconds for a doubleword

1. Twelve standard
2. Four additional
are optional

Does not attach.
Channels 1 and

6 are standard

(and channel 12

is an optional) byte
multiplexer channels.
(256 subchannels of
which up to eight

can be designated

as shared. Maximum
byte mode rate of up to
40 KB/sec to 75 KB/sec)

Does not attach.
Selector mode
standard for

all block
multiplexer channels
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D. 2880 Block Multiplexer
Channel (1.5 MB/sec).

E.

H.

Hardware Feature

Two-Byte Interface
feature permits a

3.0 MB/sec. data rate

1. Maximum number
of subchannels

Extended Unit Control

Words on the 2880

Channel retry data

provided after channel

errorx

Additional channel
error logging and
recovery

Channel-to-Channel
Adapter

Channel indirect data

addressing

Model 165

A maximum of 6

can be attached
without the
Extended Channels
feature, a maximum
of 11 with this
feature.

1 shared and 56 or
64 nonshared with-
out extended unit
control words
feature, 1 shared
and up to 256
nonshared with
feature

Yes

No

Optional on 2860
(RPQ required for
installation om
2880)

Not available

Mcdel 165 II

Same as Model 165

Same as Model 165

Optional

Yes (I/0 extended
logout only)

No

Optional on 2860
(RPQ required for
installation on
2880)

Optional (required
by the virtual
storage programming
systems)

Model 168
(Models 1 and 3)

Same as Model 165

Same as Model 165

Optional

Same as
Model 165 II

No

Optional on 2860
(RPQ required for
installation on
2880)

Optional (required
by the virtual
storage programming
systems)

3033 Processor Complex

Does not attach.

Standard block

multiplexer channels

are 1 to 5 and

7 to 11.

Channels 12 to 15 or 13 to 15
are optional.

Maximum data rate

is up to 1.5 MB/sec.
Two-Byte Interface

(optional on channels 1, 7,
and 12 or 13) provides up to
3.0 MB/sec maximum.

256 per channel of which
up to 8 can be
designated as shared
with the rest nonsnared

Not available

Yes
(limited channel
logout)

Yes (extended channel
logout and two
additional errors
reported and CLRCH
instruction provided
for recovery)

Optional on one byte or block
multiplexer in each standard
channel group (two maximum
per processor)

Standard
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Hardware Feature

IV. Operator console devices

I/0 devices

3505 card Reader
3525 Card Punch

3211 Printer

380373420 Magnetic

Tape Subsystem
(Models 3,5,7 and
4,6,8)

Model 168

Model 165 Model 165 II (Models 1 and 3) 3033 Processor complex
1. standalone 3066 Same as Model 165 1. standalone 3066 1. Standalone
Model 1 System except store status Model 2 System 3036 Console with

Console is is provided. Console provides dual station design

required. It

same features

provides two CRT

includes: as 3066 Model 1 displays and keyboards,

a. A CRT-key- and store status two console processors,
board function. Other two diskette drives,
combination consoles can be two standard I/0
for operator/ attached as for interfaces, and one modem.
system Model 165. Store status function and
communication system status recording

b. An indicator are provided. Concurrent
viewer maintenance functions not

c. A microfiche available for the Model 168
document viewer are provided.

d. A processor 2. 2150 console can be atached
storage config- but Remote Operator Console
uration plug- Panel feature is not supported.
board 3. optionally, other devices can

e. A system be used as secondary
activity meter consoles.

f. A device for
loading WCS and
microdiagnostics

The store status

function is not

provided.

2. 2150 console with

Operator Console

Panel and

1052-7 Printer-Keyboard

is optional.

3. Optionally, other

devices can be

used as secondary

consoles.

Yes Yes Yes Yes
Yes Yes Yes Yes
Yes Yes Yes Yes
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D.

Hardware Feature

Direct access devices
(2311,2314/2319,2303,
2301, and 2321)

3330-series disk storage

1. 3830 Storage Control
Model 1

2. 3830 storage Control
Model 2

3. Integrated Storage
Controls feature

2305 facility Models 1
and 2

3340 direct access
storage facility

3344 Direct Access
Storage

3350 Direct Access
Storage

341073411 Magnetic Tape
Subsystem

3540 Diskette I/0 Unit

3600 Finance
Communication System

3650 Retail Store System
3660 Supermarket System
3704, 3705-I, and 3705-II
Communications
Controllers

3740 Data Entry System

Yes (RPQ required
for Model 11)

Yes on 2880

No

RPQ required
(attachment via
3830 Model 2)

No

No

No -

No
No

Yes

Yes

Yes
via

Yes

Yes
via

No

Yes

Yes

Yes
Yes

Yes

Yes

(all models)

on 2880
(attachment

3830 Model 2)

(attachment
3830 Model 2)

(attachment
3830 Model 2)

Model 168

(Models 1 and 3)

Yes

Yes (all models)
Yes
Yes

Yes

Yes on 2880

Yes (attachment
via 3830 Model

2 and Integrated
Storage
Controls)

Yes (attachment
via 3830 Model 2
and Integrated
Storage Controls)
Yes (attachment
via 3830 Model 2
and Integrated
Storage Controls)

No

Yes

Yes

Yes
Yes

Yes

Yes

3033 Processor Complex
All attach except 2301,
2303, 2321

Yes (all models)
Yes
Yes

No
Yes
Same as Model 165 II

Same as Model 165 II

Same as Model 165 II

No

Yes

Yes

Yes
Yes

Yes

Yes
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Hardware Feature

Q-

R.

3767 Communication
Terminal

3770 pata Communication
System

3780 Data Communications
Terminal

3790 Communication
System

3800 Printing Subsystem
3838 Array Processor

3850 Mass Storage System

3881 Optical Mark Reader

3886 Optical Character
Reader

3890 Document Processor

‘3895 Deposit Processing

System

3270 Information
Display System

3250 Graphics Display
System

Yes

No

No

No

Yes

Model 165 II

Yes

Yes

Yes

Yes

Yes
No

Yes via 3830
Model 3

Yes

Yes

Yes

Yes

Yes

Model 168
(Models 1 and 3)

Yes
Yes
Yes
Yes

Yes

Yes

Yes via 3830
Model 3 and
Integrated
Storage
Controls

No

Yes

Yes

Yes
Yes

Yes

3033 Processor Complex

Yes

Yes

Yes

Yes

Yes
Yes

Yes

No

Yes

Yes

Yes

Yes

Yes

via 3830 Model 3
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70:10 OS/VS SUPPORT OF THE 3033 PROCESSOR COMPLEX

I.

A.

Bardware Feature

PROCESSOR

Mode of system
operation

Instruction set

1. Standard set
(binary arithmetic)

2. Decimal arithmetic
3. Floating-point
arithmetic

4. Extended precision
floating-point

5. New instructions

Interval timer

Time-of-day clock

0s/vsl

EC and DAT modes.
only. One virtual
storage of up to 16
million bytes is
supported. Up to
52 partitions of
which 15 can be
problem program.

All languages

All languages
except FORTRAN

All languages
except RPG

Assemblers F and
H, PL/I Optimizing
Compiler, PL/I
Checkout Compiler,
FORTRAN H, FORTRAN
H-Extended

All are supported
by the System
Assembler

Supported for

all timing
facilities (except
time of day) unless
the extended

timer option is
included in the Vsl
control program

Supported for time
of day

0Ss/VS2_SvVs

EC and DAT modes
only. One virtual
storage of 16
million bytes is
supported. Up to
63 problem program
regions of which

up to 42 can be TSO
foreground regions.

All languages
All languages except
FORTRAN

All languages except
RPG

Same as 0OS/vVsl

Same as 0S/Vsl

Not supported

Same as 0S/VSl

0S/VS2 MVS

EC and DAT modes only.
Multiple virtual storages
are supported. Each user
has one 16-million-byte
virtual storage for user
programs, system programs,
shared data, and shared
program areas. The maxi-
mum number of concurrent
users is limited only

by the availability

of system resources
(external page and real
storage).

all languages

All languages except FORTRAN

All languages except RPG

Same as 0S/VS1l

Same as 0S/Vs1l

Not supported

Same as 0S/Vsl



xaTdwo) daw pue ‘xa1dwo) g¥ ‘xXoTdwo) I0SS800Id ££0€ WHI 943 O3 SpTno v

Hht

Hardware Feature

E.

II.

A. Real storage sizes

B.

Ca.

III.

A.

C.

D.

E.

Clock comparator and

CPU timer

Expanded machine check

interruptions

Monitoring feature

Program event recording

Interruption for SsM

instruction

System/370 Extended

Facility

Multiprocessor systems

STORAGE

Byte-oriented operands

Store and fetch protection

CHANNELS

Byte multiplexer channels

Block multiplexer and

selector channels

Channel retry performed

Channel indirect data

addressing

Channel recovery
using the CLRCH
instruction

0s/Vs1

Supported for job
step and interval
timing when
extended

timer option is
included in the VSl
control program

Supported by MCH
Supported by GTF
and an Assembler

mnemonic

Not supported for
3033 Processor

Supported

Not supported

Not supported

All are supported

Programmers can
use the byte
alignment hardware
facility in
Assembler programs
Store and fetch
protection are

supported for
all partitions

One or two are
supported

Supported

Yes

Supported

Not supported

0S/VS2 SVs

Supported for timing
facilities except for

time of day

Same as O0S/VS1l

Same as 0S/Vsl

Not supported for
3033 Processor

Supported

Not supported

Tightly coupled
multiprocessing is
not supported.
Loosely coupled
multiprocessing is
supported via ASP.

All are supported

Same as 0S/VSl

Store and fetch
protection are
supported for all
regions

One or two are
supported

Supported

Yes

Supported

Not supported

0S/VS2 MVS
Supported for timing

facilities except time
of day

Same as 0S/VS1l

Same as O0S/VsS1l

Not supported for
3033 Processor

Supported

Supported by MVS/System
Extensions program product

using an 0S/VS2 MVS Release 3.7
base

The 3033 Multiprocessor Complex
(including Channel Set Switching)
is supported. Loosely coupled

multiprocessing is supported
by JEs2, JES3, and ASP.

All are supported

Same as 0S/Vsl

Store and fetch
protection are
supported for all
virtual storages

Up to three are
supported

Supported

Yes

Supported

Supported
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Hardware Feature

1v.
A.

B.

V.

D.

E.

F.

CONSOLES

3036 console

Alternate and additional
consoles supported

I/0 DEVICES

3505 card Reader and
3525 card Punch

3211 Printer
3803/3420 Magnetic

Tape Subsystem
(Models 3, 5, 7 and
4, 6, 8)

231472319 facilities

3330-series Direct Access
Storage

3340 and 3344 Direct Access

Storage

os/vsl

Supported

Yes

Supported

Supported
Supported

Supported for
system residence,
data sets, paging
devices, JES
spooling devices
and data sets, and
SYSIN devices.
Record Overflow and
channel switching
features are
supported.

Same as V.D. above.
RPS, multiple re-
questing, sSixteen-
drive addressing,
32 prive Expansion,
Two-Channel Switch,
Two-Channel Switch,
Additional, 3333
String Switch, and
Record Overflow are
supported.

All models

are supported.

Support same as for
3330-series

0s/VS2_SVs

Supported

Yes

Supported

Supported

Supported

Supported for system
residence, data sets,
paging devices, SYSIN
and SYSOUT data sets,
and SYSIN devices.
Record Overflow and
channel switching
features are
supported.

Same as V.D. above.
RPS, multiple re-
questing, sixteen-
drive addressing,
32 Drive Expansion,
Two~Channel Switch,
Two-Channel Switch,
Additional, 3333
String Switch, and
Record oOverflow are
supported.

All models

are supported.

Support same as for
3330-series

0S/VS2 MVs

Supported

Yes

Supported
Supported

Supported

Same as 0S/VS1l

Same as 0S/Vsl

Support same as for
3330-series
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G.

I.

K.

L.

M.

Hardware Feature

3350 Direct Access Storage

2305 Facility Models
1 and 2

3540 Diskette I/O Unit

3600 Finance Communication

System

3650 Retail Store System

3660 supermarket System

3704 and 3705 Communica-
tions Controllers

0os/Vsl

Supported in native
and 3330
compatibility modes
as for 3330-series

Same as V.D. above
except for SYSIN
devices. RPS and
multiple requesting
are supported.

Supported as a
SYSIN and SYSOUT
device (not an I/0
device)

Supported attached
to a 3704/3705 in
NCP/VS mode by VTAM
and TCAM through
VTAM

Supported in binary
synchronous control
mode attached to a
3704/3705 in
emulation mode by
BTAM. Supported in

0s/Vs2 svVs

Supported in native
and 3330 compatibility
modes as for 3330-
series

Same as V.D. above.
RPS and multiple
requesting are
supported.

Same as 0S/VSl

Supported
attached to a 3704/3705
in NCP/VS mode by VTAM

Not supported

synchronous data link
control mode attached

to a 3704/3705 in
NCP/VS mode by VTAM

and TCAM through VTAM

Supported in binary
synchronous mode
attached to a 3704/
3705 in emulation
mode by BTAM.
Supported in
synchronous data
link control mode
attached to a
3704/3705 in NCP/VS
mode by VTAM.

Supported in
emulation mode
Supported in NCP
mode by TCAM
Supported in NCP/VS
mode by TCAM and
VTAM

Supported in binary
synchronous mode
attached to a 3704/
3705 in emulation
mode by BTAM

Supported in emulation
mode

Supported in NCP

mode by TCAM

Supported in NCP/VS
mode by TCAM and

VTAM

0S/VS2 MVS

Supported in native
and 3330 compatibility
modes as for 3330-series

Same as 0S/VS1l

Same as 0S/Vsl

Same as 0S/VS1

supported in
synchronous data link
control mode attached
to a 3704/3705 in
NCP/VS mode by VTAM
and TCAM through VTAM

Supported in
synchronous data
link control mode
attached to a 3704/
3705 in NCP/VS mode
by VTAM

Same as 0S/Vsi1
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Hardware_ Feature

N.

O.

P.

Q.

3740 Data Entry System

3767 Communication
Terminal

3770 Data Communication
System

3780 Data Communications
Terminal

3790 Communication System

3800 Printing Subsystem
3838 Array Processor
3850 Mass storage System

3886 Optical Character
Reader

3890 Document Processor

3895 Deposit Processing
System

3270 Information Display
System

3250 Graphics Display
System

0s/vsl1

Supported (BTAM,
TCAM, and TCAM
through VTAM)

Supported (as a
start/stop device)
attached to a
370473705 in
emulation mode by
BTAM and TCAM.
Supported attached
to a 3704/3705 in
NCP/VS mode by VTAM
and TCAM through
VTAM.

Supported for
synchronous data
link control (SDLC)
operations attached
to a 3704/3705 in
NCP/VS mode by VTAM
and TCAM through
VTAM. Supported
for binary .,
synchronous
communications
{BSC) operations

to a 2701 or
370473705 by 2770
support in BTAM,
TCAM, and VTAM.

Supported (BTAM,
TCAM, and TCAM

via VTAM)

Supported attached
to a 3704/3705 in
NCP/VS mode by VTAM
Supported
Supported
Supported

Supported

Supported

Supported

Supported

Supported

0S/VS2 _sSvVs 0S/VS2 MVS
Supported (BTAM,TCAM, Same as 0S/Vsl
and as a System/3

by VTAM)

Supported (as a start Same as 0S/VSi1
stop device) attached

to a 3704/3705 in

emilation mode by

BTAM and TCAM.

Supported attached to

a 370473705 in NCP/VS

mode by VTAM.

Supported for binary Same as 0S/VS1l
synchronous communica-

tion operations

attached to a 2701 or

370473705 by 2770

support in BTAM

and TCAM. .

Supported for synchronous

data link control operations

attached to a 3704/3705

in NCP/VS mode by

VTAM.

Supported (BTAM, TCAM Same as 0OS/Vsl
and VTAM)

Same as 0S/Vsl Same as 0S/Vsl
Supported Supported

Not supported Supported
Supported Supported

Not supported Supported
Supported Supported
Supported Supported
Supported Supported
Supported Supported
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block, buffer 29
block multiplexer channels
addresses 37
Channel-to-Channel Adapter 37
data rate 37
maximum number 37
priorities 41
selector mode 37
subchannels 39
Two-Byte Interface feature 37
buffer storage
access time 27
activity lists 29
address array 29
block definition 29
block deletion 31
capacity 31
column definition 29
cycle time 27
disabling 28
operation 27, 29
organization 29
replacement array 24
row definition 29
row deletion 31
byte multiplexer channel
addresses 37
data rate 37
maximum number 37
subchannels 39
byte-oriented operands 2, 15
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channel bus controller 44
Channel Indirect Data Addressing feature 37
channel logout 44, 46
channel-not-operational error condition 45
channel retry 44
Channel-to-Channel Adapter 37
channels
addressing 37
block multiplexer 37
byte multiplexer 37
Channel-to-Channel Adapter 37
data rates 37
Extended Channels feature 37
general description 36
interference 38
I/70 device attaching 40
maximum number 37
priorities 41
recovery features 45
selector 37
Two-Byte Interface feature 37
UCW assignment 39
CLEAR CHANNEL instruction 45
clock comparator 2
command retry 44
common segment facility 34
comparison tables
Models 165, 165 II, and 168, and 3033 hardware features 131
0S/VS support 140
comparison with Model 168 126
compatibility 9
components of the processor complex 6
console 49
control registers 11
control storage 17
cooling, processor 7
CPU timer 2
cycle time
buffer storage 27
control storage 17
local storage 17
processor 14

DAT hardware (see dynamic address translation)
degradation machine check 21
directors 37
dynamic address translation 32
addresses translated 32
instruction nullification 32
segment table origin address saving 34
translation lookaside buffer 32

ECC checking 25

execution function 16

exigent machine check conditions 23
extended channel logout 46
Extended Channels feature 37
extended control mode 11

external damage machine check 20

features
optional 12
standard 11
fixed processor storage locations 18
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imprecise interruptions 14

initial microprogram load 52, 53
instruction nullification 32
instruction preprocessing function 14

instruction processing damage interruption 23

instruction retry 17, 45

instructions
overlap of preparation and execution 14
standard set 11

interface inoperable channel error condition 45

interleaving, processor storage 24
internal performance 1, 4
interruptions

imprecise 14

machine check i8

masking machine check 22

other than machine check 18
interval timer 2
INVALIDATE PAGE TABLE ENTRY instruction 34
170 devices attachable 3
I/70 operation retry 45
IPL, system state after 23

limited channel logout 44
local storage 17
low address protection 13

machine check code 20
machine check interruptions 18
main storage (see processor storage)
maintenance and retry function 46
monitoring feature 2
motor generator set 7
multiprocessing
advantages
loosely coupled 96
tightly coupled 91
buffer intercommunication 103
channel set switching 83
channels 83
configuration for the 3033 80
definition 78
loosely coupled 79
tightly coupled 79

differences between uniprocessor and multiprocessor hardware 98

floating storage addressing 87
instructions 98
interprocessor hardware communication 103

interprocessor programmed communication 101

170 devices 83
models 88
oscillator assignment 88
performance 95
planning considerations 105
power control 90
prefixing 99
processor

addressing 100

features 80

storage 82, 87
programming support 78, 79, 82
recording and diagnostic programs 104
SET PREFIX instruction 99
SIGNAL PROCESSOR instruction 101
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STORE CPU ADDRESS jinstruction 100

STORE PREFIX instruction 99

time-of-day clock 100

valid system configurations 88

3036 Console 85

3038 Multiprocessor Communication Unit 84
MVS-dependent instructions 13
MVS/System Extensions program product 123

optional features 12
0S/VS2 support
MVS support 123
SVS support 123

processor-dependent logout area 19
processor elements 10
processor-independent logout area 18
processor storage

cycle times 26

ECC 25

interleaving 24

logical storage elements 24

priority 25

reconfiguration 26

sizes 24
processor storage control function 27
program event recording 2
programming systems support

MVS/System Extensions 123

os/vsl 123

0s/Vs2 MVS 123

0Ss/VS2 Ssvs 123

VM/Basic System Extensions 124

VM/System Extensions 124

VM/370 123
PURGE TLB instruction 34

reconfiguration, processor storage 26
reference and change recording 32
reloadable control storage 17
repressible machine check conditions 20

selector channels 37
space requirements 6
standard features 11
storage
buffer 27
control 17
interleaving 24
local 17
processor (main) 24
reconfiguration 26
virtual 32
store and fetch protection 25
STO-stack 34
subchannels 38
system damage machine check 23
system recovery machine check 20
System/370 Extended Facility 12

technology 8

TEST PROTECTION instruction 13

timer damage machine check 20
time-of-day clock 2

timing facilities damage machine check 21

148 A Guide to the IBM 3033 Processor Complex, AP Complex, and MP Complex



trace unit 46
translation lookaside buffer 32
Two-Byte Interface feature 37

UCWs 38

virtual storage 32

VM/Basic System Extensions 124

Virtual Machine Extended Facility Assist 14
VM/System Extensions 124

VM/370 support 123, 124

3037 pPower and Coolant Distribution Unit 7

3036 Console for the 3033 Processor Complex
addresses 51
altersdisplay frame 61
cabling 49
channel attachment 51
components 49
concurrent maintenance functions 71, 74
configuration frame 62
console configuration 62
console processor 52
control panel 52
counter 52
CRT display and keyboard 56
director configuration frame 64
diskette drive 50, 57
diskettes provided 58, 59
display frames 59
event index frame 66
fault locating tests 76
frame verbiage 58
functions 51
index frame 59
indicators/logout frames 62
log index frame 66
logouts 58

maintenance mode confi
microcode loading 54, 55
microdiagnostics frame 68

mode control frame 66

modem 50

modes of operation 68

normal configuration 70

operating station components 50
operator station 49, 68, 70, 72
operator frame 60

ports 69

power control frame 66

powering 54

program frame 61

recovery facilities 75

remote maintenance operations 71
security key on CRT display 57, 60
service record file mode 59
service support station 49, 69, 70, 72
serviceability features 76
standard I/0 interface 55

system activity frame 64

system diskette 58

system status recording 52, 64

TP link frame 66

voltage monitoring 76

aurations 72
gurations /2
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SECTION 90: OS/VIRTUAL STORAGE 1 FEATURES

If required, the 0S/Virtual Storage 1 Features Supplement (GC20-1752)
should be inserted here.
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SECTION 100: OS/VIRTUAL STORAGE 2 SINGLE VIRTUAL STORAGE (SVS) FEATURES

If required, the 0S/Virtual Storage 2 Single Virtual Storage (SVS)

Features Supplement (GC20-1753) should be inserted here.
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SECTION 110: VIRTUAL MACHINE FACILITY/370 FEATURES

If required, the Virtual Machine Facility/370 Features Supplement
(GC20-1757) should be inserted here.
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