



























































































































































































































































































































































































































































































































































































































































































































































































































































¢ Shared spooling support via the separately orderable VSE/POWER
Shared Spooling Feature program product

e Support of the 3262 Model 1 Printer

The Shared Spooling Feature permits common VSE/POWER queue and data
files (and optionally a common account file) to be accessed concurrently
by different VSE/POWER Release 2 systems, each of which is operating in
a different processor. The VSE/POWER Remote Job Entry Feature program
product that is available for VSE/POWER Release 1 can also be installed
with VSE/POWER Release 2.

Installation of VSE/POWER Release 2 requires installation of
VSE/Advanced Functions Release 2. Jobs that execute correctly under
VSE/POWER Release 1 will execute correctly under VSE/POWER Release 2
without modification.

VSE/VSAM Release 1

The VSE/VSAM Release 1 program product provides all the facilities
available in the VSAM component of DOS/VS Release 34 and the following
additional functions:

¢ Support of FBA disk devices and the 8809 Magnetic Tape Unit.
Streaming and start/stop modes are supported by Access Method
Services.

® Selection, via a new DEFINE parameter, of either fast catalog access
or optimum disk space utilization

® Access to additional information about the data or index records of
a catalog via an additional parameter on the SHOWCAT macro

e Ability to assign special classes to any area of direct access space
for the purpose of controlling space allocation (in order to control
the assignment of the fixed head area of a disk, for example)

e Automatic correction of a duplicate record situation if a control
interval split for a key-sequenced file is interrupted by a
processor failure

¢ A reduction in the time required to create and reload backup and
portable copies of VSAM files and volumes

¢ Support of a larger set of physical record sizes for CKD devices to
better utilize track capacity (512 to 8192 bytes in multiples of 512
bytes)

VSaM files, catalogs, and programs created utilizing DOS/VS releases
can be used with VSE/VSAM under DOS/VSE. Similarly, VsaM files,
catalogs, and programs created utilizing VSE/VSAM can be processed by
the VsaM component of DOS/VS releases if they do not utilize any of the
new functions listed above.

VSE/VSAM Release 2

The VSE/VSAM Release 2 program product provides the facilities of
VSE/VSAM Release 1 and the following additional support:

e Sharing of VSAM catalogs and files between DOS/VSE operating systems

that have Release 2 of VSE/Advanced Functions installed (processor
sharing of VSAM data)
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e Improved performance of catalog requests through improved scanning
algorithms and a reduction in the number of scans

¢ Improved performance when SHAREOPTIONS 4 is specified

¢ Automatic correction for keyed sequential access processing of a
duplicate record condition that occurs as a result of a processor
failure during a control area split of a key-sequenced file

¢ A CANCEL command to permit the operator to cancel the current job
step or job while Access Method Services is being used

s Improvements in VSAM space management functions
Optionally, the separately orderable VSE/VSAM Space Management

Feature for SAM Files program product can be installed for use with
VSE/VSAM Release 2. This program provides VSAM space management
functions for DOS/VSE sequentially organized (saM) files, as follows:

® Definition and deletion of a SAM file in VSAM direct access space

e Access to a SAM file in VSAM direct access space

e Dynamic secondary allocation of a SAM file in VSAM direct access

space

VSE/Interactive Computing and Control Facility

The VSE/ICCF program product provides the means for any DOS/VSE user
to move from batch-oriented processing to interactive computing. It is
an extension of the ETSS I (Entry Time Sharing System I), ETSS II, and
TCS/VS Field Developed Programs and supports the following:

e Interactive operation of DOS/VSE

e Interactive program development and testing (using any of the
DOS/VSE language translators--Assembler, BASIC, COBOL, FORTRAN IV,
PL/I, and RPG II)

e Personal computing and problem solving (using VS BASIC, FORTRAN, and
PL/I)

¢ Improved DOS/VSE usability by interactive execution of applications

¢ Improved data protection for all of the online data in the
installation

The above facilities improve the ease of use of DOS/VSE and can help
increase the productivity of personnel. Installations that require
larger interactive environments than VSE/ICCF supports can utilize
VM/370 and CMS.

VSE/ICCF requires the use of (1) CICS/DOS/VS and the BTAM-ES,
ACF/VTAM Release 2, or ACF/VTAME program product for integrated terminal
control or (2) the Terminal Transaction Facility (TTF) of VSE/ICCF.
Terminals supported are the 3270 Information Display System, 27&0/2741,
3278, and 3767 in 2740/41 mode.
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VSE/Fast Copy Data Set Program

The VSE/Fast Copy Data Set Program program product provides the same
functions as the Fast Copy system utility in the DOS/VSE SCP and the
following additional features:

e Full track read for CKD disk devices using the read multiple command
for devices that can execute this command

e Copy/restore of SAM files with relocation to a different disk area
s Partial volume dump/copy

e NOREWIND option for dump to tape to permit the dumping of several
files to a single tape volume

e Multivolume file copy/dump/restore
e Selective restore of files from a dump volume
This utility supports all the tape and disk devices supported by

DOS/VSE. It requires installation of the VSE/Advanced Functions Release
2 program product.

VSE/Access control-Logging and Reporting Release 1

The VSE/Access Control-lLogging and Reporting (VSE/LOGREP) program
product provides improved data protection by auditing the access to
specific data in a DOS/VSE installation. This program product works in
conjunction with VSE/ICCF, which must be installed in order to use
VSE/LOGREP.

The data protection functions provided when the VSE/LOGREP and
VSE/ICCF program products are installed with DOS/VSE are:

¢ Determination of the data protection environment (user
identification and authorization) and checking whether access to
data, libraries, and programs is allowed or considered to be a
security violation. Data is generated for each security violation
and, optionally, any access to protected data. These functions are
provided by DOS/VSE and VSE/ICCF.

o Formatted lists of security violations, of all access to protected

data, or of both security violations and all access to protected
data

VSE/Interactive Problem Control System

The VSE/IPCS program product is designed to assist in problem
determination by providing a uniform mechanism for reporting and
diagnosing programming failures. DOS/VSE contains facilities that
collect problem data resulting from errors detected within the
supervisor, subsystems, or problem programs. This data . is recorded on a
direct access device.

VSE/IPCS provides problem dump data management, creation of a problem
description report with a symptom string, problem dump data display,
special formatting of DOS/VSE and VSE/POWER control blocks, and
assistance with APAR reporting. VSE/IPCS can execute either in a
DOS/VSE partition or a VSE/ICCF partition.
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USING DOS/VS RELEASE 34

A DOS/VS Release 34 operating system generated for a System/370
processor can be utilized in a #4331 Processor operating in System/370,
EC, and DAT modes. Problem programs that execute under the Release 34
supervisor can operate in the 4331 Processor without change subject to
the hardware constraints listed in Section 05:10.

The 4331 Processor can be set to normal mode for machine checks so
that MCAR recording of machine check records and processor-independent
recovery actions take place as for a System/370 processor. The logging
of processor-dependent machine check data and the reference code to the
system diskette occurs as usual before a machine check interruption is
taken and MCAR receives control.

The operator console device utilized by the DOS/VS Release 34
supervisor can be a display device operating in 3270-compatible mode
(but not 1157125 DOC mode) or a 3210/3215 Console Printer-Keyboard. The
3287 Printer is not supported as a hard-copy device for display mode
operations by DOS/VS Release 34, If the generated system utilizes a
321073215 printer-keyboard as the operator console device, the optional
Printer-Keyboard Mode feature must be installed in the 4331 Processor to
enable the 3278 Model 2A to be used in printer-keyboard mode.

The 1400 emulator programs that operate under DOS/VS Release 34
control cannot be used in a 4331 Processor because of differences in the
implementation of the 1400 compatibility feature in 4331 Processors and
System/370 processors. However, if the IBM Systems 1401/1440/1460
Emulator Program is obtained, a 1400 emulator program that can execute
under DOS/VS Release 34 control can be generated (see discussion in
Section 40) and used in the 4331 Processor.

DOS/VS Release 34 does not support FBA devices or the 8809 Magnetic
Tape Unit. However, the 3203 Model 5 Printer is supported.

USING DOS RELEASE 26

A DOS Release 26 supervisor generated to support a System/360
processor can execute in the 4331 Processor operating in System/370 and
BC modes without change subject to the hardware compatibility
constraints listed in Section 05:10. Since RMS routines for the 4331
Processor are not present in a System/360 supervisor and the fixed
logout area in the 4331 Processor is larger than in System/360
processors, the #4331 Processor should also be set to hard stop mode
using the check control display of the operator console so that the
processor will enter the check stop state whenever a machine check
condition occurs.

Logouts to the system diskette and processor storage do not occur
before the 4331 Processor enters the check stop state. The operator
must then set the processor to normal mode for machine checks, which
will cause logging to the system diskette and processor storage. A re-
IPL is required to continue processor operation.

In order to use DOS Release 26, which supports the 1052 Printer-
Keyboard as the operator console device, the Printer-Keyboard Mode
feature must be installed in the 4331 Processor to enable the 3278 Model
2A Display Console to be used as a 1052 Printer-Keyboard. 1In addition,
only I/70 devices and hardware features of the 4331 Processor that are
supported by DOS Release 26 can be utilized.

If 1400 emulation is to be performed, the IBM Systems 1401/1440/1460

Emulator Program must be obtained. A 1400 emulator program that
supports the 1401/1440/1460 Compatibility feature of the 4331 Processor
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or that uses a simulator program, if the 1400 compatibility feature is
not installed in the 4331 Processor, can be generated to operate with
DOS Release 26 so that emulation of a 1400 system can be performed (see
Section 40).

DOS Release 26 is System/360-oriented and thus does not support the
new hardware capabilities or 1I/0 devices of the 4331 Processor.  In
addition, DOS/VSE and its program products provide a significant number
of facilities that are not supported by DOS. Therefore, DOS should be
used primarily as an aid for transition from a System/360 processor to
the 4331 Processor. Table 30.05.1 lists the 4331 Processor hardware
features and major I/0 devices that DOS Release 26 does not support.

Table 30.05.1. 4331 Processor features and major I/0 devices not
supported by DOS Release 26

e Dynamic address translation and channel indirect data addressing and
ECPS:VSE mode. (A virtual storage environmment is not” supported.)

» Time-of-day clock, clock comparator, and CPU timer. (The interval
timer is used for the timing facilities available in DOS.)

e Monitoring and program event recording

o Display mode for the 3278 Model 2A Display Console and additional
printers/displays that attach to the Display/Printer Adapter

e Block multiplexing. (The block multiplexer channel will operate in
selector mode.)

e 3310 in native mode, 3370, and 3340 direct access storage (2311,
231472319, and 2321 devices are supported). The 3310 in 231X
emulation mode is supported.

e 3400-series and 8809 Magnetic Tape Units. The 2400-series support
can be utilized for these devices but the extended sense data is not
recorded and only start/stop mode and forward (not backward) read
operations are supported for 8809 drives.

e 5424 Multi-Function Card Unit

e 3505 card Reader and 3525 Card Punch. (The 1442 and 1402 Card Read
Punches are supported.)

e 3211, 3203, and 3800 printers. (The 1443 and 1403 Printers are
supported.)

¢ Diskette drive and the 3540 Diskette Input/Output Unit
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30:10 0OS/VS1l SUPPORT

As of Release 7, 0S/VSl supports 4331 Processors and provides several
additional enhancements that are not specifically related to these
processors. The 4331 Processor operating in System/370 mode will be
supported by 0S/VS1l Release 7. 0S/VS1l does not support the 4331
Processor operating in ECPS:VSE mode. Modifications to 0S/VS1 to
support the 4331 Processor include recognition of its processor
identification (as supplied by the STORE CPU ID instruction), support of
the operator console (3278 Model 2a), and MCH/CCH support of the machine
check and channel logout data.

When OS/Vsl determines it is executing in a 4331 Processor during
initialization, it will perform processor-dependent initialization where
required. For example, processor storage will be tested for errors
during IPL processing, no extended logout area is defined, RMS routines
are initialized to handle the machine check types and channel logouts
that occur in the 4331 Processor, and I/0 load balancing routines are
set to use the 4331 Processor values.

0S/VSl RMS routines need only be initialized to support the subset of
logout provided by the #4331 Processor. The same level of support is
provided for the machine check types and channel logouts that are
implemented in the 4331 Processor as for the identical machine check
types and channel logouts in System/370. The processor-independent EREP
routine for 4300 Processors will be included in the 0S/VSl operating
system generated for a 4331 Processor.

The following discusses 0S/VS1l support of specific 4331 Processor
features and 1I/0 devices.

Instructions. The Assembler Language translator supports all the
instructions for the 4331 Processor except MOVE INVERSE and those
instructons that operate only when ECPS:VSE mode is in effect.

Interval timer. Supported for timing facilities, except time of day,
unless the extended timer optiom is included in the VSl supervisor.

Timéfof-day clock. Supported for time of day,(

Clock comparator and CPU timer. Supported for job step timing and
interval timing when the extended timer option is included in the VSl
supervisor.

Store and fetch protection. Both are supported.

Reference and change recording. The reference and change bits are
used by the page replacement algorithm of the page supervisor.

Program event recording. This feature is not supported.

Monitoring feature. Supported by the Generalized Trace Facility (GTF).

1401/1440/1460 Compatibility feature. This feature is not supported.

Console support. The 3278 Model 2A Display Console is supported by
the 3277 display routines that support the display console for Models
138 and 148. Display and printer-keyboard modes are supported and the
same functions will be provided. The only difference is 3278 Model 2A
support will handle a display of 20 lines instead of the 24 lines
supported for the Model 138/148 display.

Alternate consoles and additional consoles are supported. Multiple
Console Support (MCS) is required to support multiple consoles and
Device Independent Display Operator's Console Support (DIDOCS) is
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required to support primary and secondary display consoles. MCS is also
required to support the 3287 Printer.

Channels. The byte multiplexer channel and block multiplexer channel
are supported.

DASD Adapter. This adapter is supported as a block multiplexer
channel (only for 3340 disk storage).

Communications Adapter. The teleprocessing access methods available
for Vsl support terminals attached to the Communications Adapter in the
same way as if the terminals were attached via a 2703 Transmission
Control Unit with the same features. Only start/stop and binary
synchronous lines are supported.

System/3 Data Import. This feature is not supported.

231X Direct Access Storage. The 2314/2319 is supported. The 2321
Data Cell Drive and 2311 Disk Storage are not supported.

3340 Direct Access Storage. The 3340 is supported as an I/O device
and for all system data sets.

3310 and 3370 Direct Access Storage. The 3310 and 3370 are not
supported.

2311/2314/2319/3310 Direct Access Storage Compatibility feature.
This feature is not supported.

8809 Magnetic Tape Units. The 8809 tape unit is not supported.

5424 Multi-Function Card Unit. This I/0 device is not supported.

3262 Model 1 and 3289 Model 4 Line Printers. These printers are not
suppo:tgd. '

3203 Model 5 Printer. This printer is supported.

Diskette drive. The diskette drive is supported in the same manner
as the 3540 Diskette Input/Output Unit.
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30:15 VM/370 SUPPORT

Support of the 4331 Processor and its I/0 devices is provided by the
CP component of VM/370 and the VM/Basic System Extensions Release 2
program product. As of Release 6, the CP component of VM/370 supports
the 4331 Processor as a real machine in which it executes. The 3278
Model 2A Display Console is supported as the console for the real
machine, as an alternate console, and as a virtual operator's console.
Both display and printer-keyboard modes are supported for the 3278 Model
2A- -

. CP supports the 3203 Model 5 Printer, as of Release 6, for the same
functions as other supported printers. The ECPS:VM/370 feature and SDLC
lines attached to the Communications Adapter of the #4331 Processor are
also supported. The latter enables a DOS/VSE system with ACF/VTAME
active to operate in a virtual machine. Various other functional
improvements have been made to CP as well.

The operating systems that can execute in a virtual machine under
Release 6 of VM/7370 are DOS/VSE, OS/VSl Release 7, VM/370 Release 5, and
the operating systems supported by VM/370 Release 5. A DOS/VSE
supervisor that executes in a virtual machine must support System/370
mode.

Support of certain I/0 devices that attach to the 4331 Processor is
provided by Release 2 of VM/Basic System Extensions (VM/BSE), which also
provides other support not included in VM/BSE Release 1. VM/BSE Release
2 requires VM/370 Release 6 as a base. VM/BSE Release 2 contains all
the functions provided by VM/BSE Release 1 and the following new
functions:

e Support of FBA disk storage (the 3310 and 3370 for the 4331
Processor) for the same functions as other supported direct access
device types. (The 3880 attached to a 4341 Processor is also
supported.)

e support of the 8809 Magnetic Tape Unit in start/stop mode for the
same functions as other supported tape units. The standalone
dump/restore (DDR) utility supports the streaming mode of the 8809.

e Support of the 3289 Model 4 Line Printer for the same functions as
other supported printers. (The 3262 Model 1 Line Printer, when
available, will be supported by the then current level of VM/BSE).

* CMS/DOS uplevel to DOS/VSE. The CMSDOS discontiguous shared
segments are updated to support the DOS/VSE SVCs and VSE/VSAM and
DOS/VSE files on FBA devices.

e Interactive help facility in a CMS virtual machine that guides the
operator in using CP and CMS commands. The virtual operator's
console must be a display device.

s Several improvements to CMS file management, including support of
FBA devices, removal of existing limitations on CMS disk size and
number of files per CMS disk, and support of more physical block
sizes for CMs files (512, 800, 1024, 2048, and 4096 bytes)

e Larger block size (4K) for CMS tape command dump/load operations

e CMS use of CP page management interfaces to use CP paging facilities
more efficiently

e CP performance improvements

247



¢ Option to generate a smaller resident CP (by making more of the CP
pageable) to increase the real storage available for paging

e Improvements in 3270 Information Display System support

Many new program products are available for operation with VM/370
Release 6. Certain of these program products provide more support than
their counterpart components in the VM/370 Release 6 SCP.

The Remote Spooling Communications Subsystem (RSCS) Networking
program product provides more function than the RSCS component of VM/370
and the VM/370 Networking PRPQ. The RSCS Networking program product can
be used together with the RSCS component in a given VM/370 system but
not with the VM/370 Networking PRPQ. '

The VM/Directory Maintenance program product improves the VM/370
directory processing facilities provided by CP. The VM/Interactive
Problem Control System Extension (VM/IPCS Extension) program product
provides capabilities not included in the IPCS component of VM/370. The
Display Management System/CMS (DMS/CMS) and VM/Interactive File Sharing
(VM/7IFS) program products are provided to extend the capabilities of
CMS. Both require installation of VM/BSE Release 2.

VM/370 support of ECPS:VM/370 for the 4331 Processor and the VM/370
assist features available for other processors is designed to enable
VM/370 systems that are generated with and without support of these
features to operate in processors with-and without the features
installed.

When a VM/370 system that contains VM/370 assist support is IPLed, CP
issues the STECPSVM privileged instruction of the Control Program Assist
component to determine whether ECPS:VM/370 for a 4300 Processor or the
VM/370 hardware assist function for Models 135 Model 3, 138, 145 Model
3, and 148 is present in the processor. If either assist is present
(instruction executes without an operation exception program
interruption), CP compares the identification level code stored to its
own identification level code to determine whether they are the same.

If so, CP enables the assist (all components). If the level codes are
not the same, CP issues an error message and does not enable the assist.

When the STECPSVM instruction causes an operation exception program
interruption, ECPS:VM/370 or the VM/370 hardware assist function is not
present in the processor. CP then changes all the Control Program
Assist privileged instructions it contains to NOP instructions so that
it can operate without causing further operation exception interruptions
via these instructions. CP then checks for the presence of the Virtual
Machine Assist feature, which is a component of ECPS:VM/370 and
available for most System/370 processors. If it is present, CP enables
the Virtual Machine Assist feature.

These checks enable a VM/370 system with ECPS:VM/370 or VM/370
hardware assist function support to operate in 4341 Processors, 4331
Processors with and without ECPS:VM/370 installed, System/370 processors
with the VM/370 hardware assist function, and System/370 processors with
and without the Virtual Machine Assist feature installed.
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Similarly, a VM/370 system that supports only the Virtual Machine
Assist feature can operate in a 4300 Processor with ECPS:VM/370 or
System/370 processor with the VM/370 hardware assist function with only
the Virtual Machine Assist component enabled (bits 0, 6, and 7 in
control register 6 set to 100). A VM/370 system that does not support a
VM/370 assist feature operates in a 4331 Processor without any
ECPS:VM/370 component enabled.
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SECTICN 40: EMULATORS

40:05 THE IBM SYSTEMS 1401/1440/1460 EMULATOR PROGRAM

GENERAL OPERATION

The 4331 Processor continues the advantages of integrated emulation
available to Model 30 DOS CS/30 and Model 40 DOS CS/40 users and
intermediate-scale System/370 processor users. The IBM Systems
1401/1440/1460 Emulator Program (program product) is provided to support
1400 emulation for 4300 Processors.

The emulator program product can be used to generate a 1400 emulator
that executes as a problem program undexr DOS Releases 26, DOS/VS Release
34, or DOS/VSE with VSE/Advanced Functions installed on a 4331 Processor
with the optional 1401/1440/1460 Compatibility feature installed (which
is mutually exclusive with the 8809 Magnetic Tape Unit Adapter and
ECPS:VM/370 features).

A 1400 emulator program can be generated with a 1400 simulator to
" operate on a 4331 Processor that does not have the 1401/1440/1460
compatibility feature installed. Better performance is achieved when
the compatibility feature is utilized.

The generated 1400 emulator can be used in a batch-only system
environment or can operate in the background and batched foreground
partitions of a multiprogramming system. Therefore, multiple
1401/1440/1460 emulator programs can execute concurrently with each
other and with #4331 Processor programs. Additionally, 1400 emulatox
jobs and DOS, DOS/VS, or DOS/VSE jobs can be intermixed in a single
jobstream.

The 1401/1440/1460 Compatibility feature implementation in the 4331
Processor is different from its implementation in System/370 processors
to increase its performance. In the 4331 Processor implementation, more
functions are implemented in microcode, as opposed to simulation
routines. Thus, a 1401/1440/1460 emulator program generated for the
4331 Processor will not execute on a System/370 processor and vice
versa. The use of microcode instead of simulation routines also reduces
the processor storage requirements for the emulator program.

The 1401/1440/1460 emulator for the 4331 Processor consists of the
following basic parts:

e The 1401/1440/1460 Compatibility feature (emulator microcode). This
ricrocode decodes and executes all 1401/1440/1460 instructions
except EDIT, HALT, input/output, and invalid instructions. Note
that the 1401/1440/1460 Compatibility feature for System/370
processors consists of a set of seven special instructions that
handle a subset of the total 1400 instruction set.

e Input/output simulation module that recognizes and handles all I/0
instructions issued by 1401/1440/1460 programs. Control is
transferred to the DOS interface module, which actually executes the
I/0 operations requested.

e DOS interface module that executes all requested 1401/1440/1460 I/O
operations by creating the necessary interface to DCS, DOS/VS, or
DOS/VSE data management routines. For certain functions (tape
simulation, column binary operations, CS/30/40-format disk
sipulation, and fixed block architecture format disk simulation),
the EXCP level is used. This module is dependent on the specific
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operating system, DOS, DOS/VS, or DOS/VSE, that is to be used with
the 1400 emulator program.

e Operator's interface routines that handle operator commands, error
nessages, initialization processing, and messages to the operator
(including handling of the 1401/1440/1460 HALT instruction)

The IBM Systems 1401/1440/1460 Emulator Program offers 4331 Processor
users the following advantages:

e Emulators can run concurrently in all partitions of a
multiprogramming system. They are relocatable and can be link-
edited to run in any partition.

e 1401/1440/1460 emulator programs and DOS, DOS/VS, or DOS/VSE
programs can be executed concurrently and intermixed in a single
jobstream.

e DOS, DOS/VS, or DOS/VSE supervisor and data management services are
available to the user. This provides job control facilities,
standard disk and tape label processing, and common data formats for
emulator files and DOS, DOS/VS, or DOS/VSE files.

* 1400 unit record input/output operations can be made device-
independent and can be emulated on 4331 Processor unit record
devices, magnetic tape units, or direct access storage devices.

For the Model 30 CS/30 user or the Model 40 CsS/40 user, the
1401/1440/1460 emulator for the 4331 Processor continues the advantages
of integrated emulation and provides additional advantages, such as:

e Emulators operating concurrently in all partitions

e Support of C€S/30 and CS/40 disk and tape files and emulator control
statements

e 4331 Processor data formats for emulator tape and disk files
e Added emulator control available to the user at execution time
e DOS, DOS/VS, or DOS/VSE data management facilities and standard disk

and tape label processing

"Emulator Program Generation and Execution

The specific 1401/1440/1460 emulator program required by a given 4331
Processor installation must be generated. A 1401/14840/1460 emulator
program can be generated to execute on the 4331 Processor in one of the
following environments with the specified DOS, DOS/VS, or DOS/VSE
supervisor:

¢ Systems/370 and BC modes with DOS Release 26

e System/370, EC, and DAT modes with DOS/VS Release 34 and DOS/VSE

e ECPS:VSE and EC modes with DOS/VSE

A different emulator progiam must be generated to support each of the
three environments listed above. The emulator program product package
consists of a set emulator program modules, a sample 1400 program with

control cards to be used to verify correct operation of the generated
emulator program, the pre-postprocessor utility for converting tape
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files, and an initialize disk utility that must be used to initialize
and preformat any fixed block architecture devices that are to be used
for emulating 1400 disk files. The package is distributed in standard
SYSIN format with the control statements necessary to catalog the
emulator modules in the appropriate DOS, DOS/VS, or DOS/VSE libraries.

An emulator is assembled by the use of macro instructions. The macro
instructions describe the 1400 CPU, input/output devices, special
features, data files, emulator buffers, and the desired user options.
When assembled, the macros provide an object module and linkage to
preassembled modules stored in the system relocatable library. The
‘preassembled modules are combined with the emulator object module by the
linkage editor for cataloging in a core image library. Any number of
emulators can be assembled and cataloged in a core image library to run
in any partition. ‘

The emulator generation macros used for a 1400 emulator for the 4331
Processor are the same as those used to generate a 1400 emulator for a
Systen/370 processor except for the addition of a MODE macro (to
indicate in which of the three environmments the emulator will execute,
as described above) and the removal of a few parameters for System/370
options that are standard or not supported by the 1400 emulator for the
4331 Processor.

The emulator program generated will emulate, without change, 1400
programs written in accordance with IBM 1400 Principles of Operation
manuals, subject to the following conditions:

e 1400 programs that purposely depend on the absence of a 1400 feature
or on error conditions may not execute properly.

e Programs with undetected programming errors and those that depend on
timing of 1400 I/0 operations yield unpredictable results.

An emulator program is handled by DOS, DOS/VS, or DOS/VSE in the same
manner as any problem program. When using the 1401/1440/1460 emulator,
1400 programs may be cataloged to, and fetched from, a core image
library for execution or loaded from a card, tape, or direct access
storage device. Standard DOS, DOS/VS, or DOS/VSE job control statements
are used to prepare the system for an emulator job. The EXEC job
control statement causes the specified emulator program to be loaded and
control is passed to the emulator program.

Emulator control statements are read by the emulator from the card
reader or can be entered via the operator console. CS-format control
cards are also accepted by the emulator.

Emulation with the 1401/1440/1460 emulator consists of three main
steps:

1. Initialization. Emulator control statements supplied by the user
are read and interpreted. This information overrides, for the
execution of the emulator, information specified at emulator
generation.

2. Loading or fetching.- The 1400 program is loaded from a card
reader, magnetic tape unit, or direct access storage device. A
1400 program can also be fetched from a core image library if it
has been cataloged.

3. Execution or precataloging. When loaded, the 1400 program is
executed. The 1400 instructions are fetched, interpreted, and
executed by the emulator until an end-of-job condition is
recognized. The 1400 program can be either executed or converted
into a DOS, DOS/VS, or DOS/VSE object module (precataloged).
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This module can be subsequently link-edited and cataloged in a
core image library.

Input/output errors are processed by DOS, DOS/VS, or DOS/VSE device
error recovery procedures. Input/output errors that cannot be
corrected, such as permanent input/ocutput errors and wrong-length
records, are passed to the 1400 program.

Cconsole simulation and operator communication with the emulator
program are provided by the exchange of emulator commands and messages
between the operator and the emulator program. The emulator provides
messages to inform the operator of errors or other conditions that
require his attention or a respomse. Emulator commands can be entered
from the operator console keyboard and are handled in the same way as
operator communications are handled by the DOS, DOS/VS, or DOS/VSE
release keing used.

User-written routines can be included in the generated 1400 emulator
program to support the following:

® 1400 operation codes not supported by the emulator (unsupported
valid I/0 operation codes and invalid 1400 operation codes)

e Any I/C operation
e EDIT and HALT instructions

s The console user exit. When a console user exit routine is
provided, all messages issued by the emulator or the 1400 program
being emulated are passed to the exit routine instead of being
displayed on the operator console. The routine must determine the
content of the message and return a response to the emulator. Such
a routine can be used to avoid having the operator respond to
emulator program messages.

Note that since the interface to the 1400 emulator for the 4331
Processor is different from the interface to the 1400 emulator for
Systems/370 processors, user-written exit routines that operate with a
System/370 1400 emulator must be inspected to determine whether they
will execute correctly with the 1400 emulator for the 4331 Processor.

A set of diagnostic commands (like those provided for System/370 1400
emulators) is provided that can be used during emulator program
execution to obtain information about the job step in progress or to
modify the 1400 program being emulated. In addition, the DOS/VS or
DOS/VSE serviceability aids can be used without restriction for emulator
programs.

The following diagnostic commands are provided:

® CCNVERT to convert a 1400 core decimal address to its corresponding
hexadecimal address in the mapped storage area

e CLEAR to reset the 1400 core to a given character with or without a
wordmark

e SET to set any 1400 register to a given value

e TN/TP to either turn on or turn off any sense switch or the inquiry
indicator

s ALTER to modify any part of the 1400 emulated core storage area
e DISPLAY to display the value, contents, setting, or assignment of

the 1400 sense switches, registers, or status
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e DUMP to dump part or all of either #4331 Processor storage in
hexadecimal format using the PDUMP macro or the 1400 storage in.
decimal format

e DEBUG to emulate the 1400 address stop and step-to-step functions.
In addition, this command prints on SYSLST each 1400  instruction
executed with the contents of the 1400 registers and the executed
instruction. '

Tape and Disk Emulation

The option of processing tape files in 1400 format or in spanned
variable-length record format is provided. A tape formatting program,
the pre-postprocessor utility, is provided to convert tape files from
1400 format to spanned record format, and vice versa. Mixed-density
tapes are not supported by the emulator or the tape formatting utility.

The emulator accepts as input and produces as output two tape file
formats:

1. 1400 format, which is produced by a 1400 system, a standalone
emulator, CSs/30, CsS/40, the tape pre-postprocessor utility, a
System/370 1400 emulator, a 1400 emulator for a #4331 Processor,
or a 1400 simulator for a 4341 Processor '

2. Spanned variable-length record format, which is produced by the
tape pre-postprocessor utility, a System/370 1400 emulator, a
1400 emulator for a 4331 Processor, or a 1400 simulator for a
4341 Processor. A physical tape record can be a maximum of
32,767 bytes in length.

Processing tape files in spanned variable-length record format
provides several advantages:

» Blocking short records reduces the time for emulating I/0
operations. ‘

¢ The pre-postprocessor utility can be run concurrently with emulator
programs in a multiprogramming system.

s Files in spanned variable-length record format can be used by 4331
Processor programs if the programs provide for handling the 1400
label records and 1400 tapemark records.

® The pre-postprocessor utility can be used to convert a file in
spanned variable-length record format back to 1400 format for use on
a 1400 system.

Tape files in spanned record format have standard DOS, DOS/VS, or
DOS/VSE labels and 1400 labels are treated as data records, since they
are processed by the 1400 program. The 1400 tapemarks appear as special
data records and are recognized by the 1400 emulator. Tape I/0
operations are executed using the EXCP macro.

The character codes supported by the 1400 emulator for magnetic tape
data are:

® BCD representation in even and odd parity for seven-track tape (data
translator on) in 1400 format

e BCDIC-8 representation for nine-track tapes in either 1400 or
spanned record format, and for seven-track tapes (data converter on)
in spanned record format. This character code, which is the eight-
kit representation of BCD, is used to simulate parity. In normal
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mode, bit 1 is set to one for even parity, to zero for odd parity.
In alternate mode, bit 1 is always set to one and no distinction is
made between even and odd parity.

The pre-postprocessor utility is provided for converting tape files.
The preprocessor portion converts seven-track or nine-track tapes in
1400 format to seven-track (data converter on) or nine-track tapes in
spanned variable-length record format with standard DOS, DOS/VS, or
DOS/VSE labels. The postprocessor portion converts seven-track or nine-
track tapes in spanned record format to seven-track or nine-track tapes
in 1400 format. This utility operates under operating system control in
a partition.

The emulator accepts three disk formats: CS emulator; count, key,
data; and fixed block architecture. The DOS, DOS/VS, or DOS/VSE Clear
Disk utility program is required to preformat 4331 Processor count, key,
data type disk volumes that are used to emulate 1400 disk files. Each
4331 Processor disk record represents one 1400 disk track. Each 4331
Processor disk record is fixed-length, its length being a function of
the emulated 1400 device and mode rather than the amount of 1400 data on
each track.

The disk utility provided with the emulator package must be used to
format fixed block architecture devices used for 1400 file emulation.
Each 1400 disk track is mapped to a consective group of fixed blocks.
The number of blocks required is calculated at emulator generation time
based on the 1400 device type.

A 1400 disk file can occupy one or more extents on 4331 Processor
disk volumes but only one. extent per volume. Extents must be allocated
complete cylinders. When a file requires more than one 4331 Processor
disk volume, the 4331 Processor volumes must be the same type. TwoO
different 1400 files can be placed on the same disk volume but this
arrangement may increase seek time if both files are processed at the
same time.

Character codes supported by the 1400 emulator for disk files are:
e EBCDIC representation for disk operations in move mode

s BCDIC-8 representation for disk operations in load mode. (Data
written in load mode must be converted to EBCDIC if it is to be used
by programs other than the emulators.)

Disk files in 1400 format, which are created on a 1400 system or
under standalone emulation, must be converted to a standard fixed-length
record format on a disk volume. of a type that attaches to the 4331
Processor before emulation. Disk files created under CS/30 or CS/40 can
be processed by the 1401/1440/1460 emulator if the CS option is
specified at emulator generation and 2311- or 2314-type disks are used
for emulation.

To convert disk files in 1400 format, or CS/30 or CS/40 disks if
desired, to a standard format on a 4331 Processor disk volume, the user
must dump and restore the data as follows:

1. Dump the disk device, using a 1400 disk-to-tape or disk-to-card
-utility program. When converting files on 1301, 1311, or 1405
disk devices that were created on a 1400 system, the utility is
executed on the system used to create the file. When converting
"files on 2311 or 2314 disks that were created under standalone
emulation, Cs/30, or CS/40, the utility is executed on a
System/360 under control of the emulator used to create the disk
file.
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Use the appropriate DOS, DOS/VS, or DOS/VSE disk utility program
to format the previously initialized disk volumes to be used for
the 1400 data.

Restore the 1400 data to a formatted #4331 Processor disk volume,.

-using a 1400 tape-to-disk or card-to-disk utility program under

control of a 4331 Processor 1401/1440/1460 emulator.

The direct access method (DAM) or EXCP macro is used to execute 1400
disk operations, depending on the format of the disk data. DAM is used
to process 1400 disk files emulated on count, key, data devices. EXCP
is used for Cs-format disks emulated on count, key, data devices and for
1400 files emulated on fixed block architecture devices.

Emulator performance will vary depending on user options, such as
number and size of buffers, the instruction mix of the 1401/1440/1460
programs, the format of tape files, and the priority of the partition in
which the emulator is running.

Erulator performance is improved by:

1.

Using double buffers and spanned record format for tape files in
lieu of single or shared buffers and 1400 record format. A
shared buffer can be used by more than one I/0 device. The
shared buffer option for tape is provided primarily for users of
DOS Release 26 (which does not support virtual storage) to reduce
tape buffer storage requirements. = The shared buffer option is
not provided for use with emulated disk files.

Specifying device independence for emulating unit record
operations on a magnetic tape or direct access storage device.
(The sequential access method is used to emulate 1400 unit record
operations on 4331 Processor unit record devices.)

Generating the emulator without support for the 51-Column
Interchangeable Read Feed and Column Binary features and the
select stacker instruction

SUPPORT OF 1401/1440/1460 FEATURES

The size of the partition required for emulation depends on the 1400
system being emulated, including standard and special features,
input/output devices, buffers, etc. The processor storage required for
the 1401/1440/1460 emulator is equal to the combined sizes of:

e Simulated 1401/1440/1460 storage. Each position of 1400 storage is
simulated in one byte of 4331 Processor storage (for example, 8000
positions = 8000 contiguous bytes). This storage is marked
permanently fixed during emulator program execution. Note that the
communication region for the emulator is also permanently fixed.
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Approximate 1401/1440/1460 emulator program processor storage
.requirements for emulation of a 1400 system with unit record operations
only, unit records/tape operations, unit recordsdisk, and unit
record/tapesdisk operations are shown below.

Emulated 1400 Configuration: Storage Requirement in Bytes
1401 unit record system with 8000 25,000
positions of storage
1401 unit records/six tape system with 41,000
16,000 positions of storage
1440 unit recordsthree disk system with 36,000
12,000 positions of storage
1401 unit recordstwo tape/two disk 43,500
system with 12,000 positions of
storage

The storage requirement given for the four configurations includes
storage required for emulated 1400 core storage, data management
routines, support of the advanced programming feature, support of sense
switches, standard (not CS) format for 1311 disks, 1400-format tape
files, two 1000-byte tape buffers, one 2164-byte disk buffer, and one
440~-byte. unit record buffer.

The 1400 CPU features and 1400 I/0 devices and special features
supported and the 4331 Processor devices used for 1401/1440/1460
emulation are given in Tables 40.05.1 and 40.05.2. Table 40.05.3 lists
the 1400 I/0 devices that are not supported.

257



Table 40.05.1.

1401/1440/1460 I/0 devices and features supported by the

IBM Systems 1401/1440/1460 Emulator Program and
corresponding 4331 Processor devices

1401/1440/1460 Device and Features

Corresponding 4331 Processor Device

1402, 1442, 1444 Card Read Punch
with stacker selection
The following are supported:
e Column Binary or Card Image
e 51-Column Interchangeable Read
Feed
Punch Feed Read
Punch Column Skip
Binary Transfexr
Processing Overlap
e Read Punch Release
Not supported:
e Multiple card reader/punch
operations in one program

1403, 1404, and 1443 Printers
The following are supported:
® Numerical Print
® Processing Overlap
¢ Space Suppression
Not supported:
¢ Selective Tape Listing
e Multiple printer operations
e Cut-card operations and read
compare

1407, 1447 consoles

729, 7330, and 7335 Magnetic Tape
Units
The following are supported:
e Binary tape instructions
¢ Processing Overlap
Compressed tape and mixed-density
tape are not supported.

1301, 1311, and 1405 Disk Storage

The following are supported: -

e Direct Seek

e Scan Disk

e Track Record

e Additional access arm (1405)
A 1405 cannot be emulated in
combination with a 1301 or 1311.

1442, 2520, 2540 card Read Punch,
2501 Card Reader, 3505 Card Reader,
and 3525 Card Punch
Note: Card reader and card
punch operations may be
emulated using a magnetic tape
or direct access storage
(SYSRDR, SYSPCH, or SYSIPT)
device.

1403, 1443, 3211, 3203 Model 5,

3262, or 3289 Model 4 Printer
Note: Printer operations may
be emulated using a magnetic
tape or direct access storage
(SYSLST) device.

Operator console (3278 Model 2A
Display Console)

2400- and 3400-series magnetic
tape units (density)

s Seven-Track feature is
required if processing
seven-track tapes.

8809 Magnetic Tape Unit (start/stop
mode only)

2311, 2314,2319, 3340, 3310, and
3370 direct access devices
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Table 40.05.2. 1401/1440/1460 CPU features supported by the IBM Systems

1401/1440/1460 Emulator Program

Storage from 1400 to 16,000
positions

Expanded Print Edit

Inverted Print Edit

High-Low-Equal Compare

Move Binary Code and Decode

Multiply-Divide

Sense Switches

Advanced Programming

Indexing and Store Address
Register

Bit Test

.Note: Translate feature is not supported.

Table 40.05.3. 1401/1440/1460 devices not supported by the IBM Systems

1401/1440/1460 Emulator Program

1445 Printer

Paper tape readers

Paper tape punches
Magnetic character readers
Optical character readers

1404 Printer in cut-card mode
7340 Hypertape Drive
Teleprocessing devices

Audio response units
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SECTION 50: RELIABILITY, AVAILABILITY, AND SERVICEABILITY (RAS)

50305 INTRODUCTION

With the growth of more and more online data processing activities,
as distinguished from traditional batch accounting functions, the
availability of a data processing system becomes an essential factor in
company operations, and complete system failure is extremely disruptive.
Because of the growing frequency of online processing and the fact that
the 4331 Processor is designed to operate in such.an environment,
extensive availability and serviceability features are implemented for
the 4331 Processor and its reliability is improved.

The objectives of the RAS features of the 4331 Processor are to (1)
reduce the frequency and impact of system interruptions that are caused
by hardware failure and necessitate a re-IPL and (2) reduce the time
required to locate and repair malfunctions. RAS features are as
follows:

e Hardware reliability is enhanced through use of inherently more
reliable technology.

e Recovery facilities, both hardware and program supported, not
available for System/360 Models 30 and 40, are provided to reduce
the number of failures that. cause a complete system termination.
This permits deferred maintenance.

¢ Diagnostic facilities not available for System/360 or System/370
intermediate-scale processors are provided in addition to commonly
used diagnostics. These facilities are designed to reduce problem
location and repair time.

Each availability and serviceability feature is discussed in the
remainder of this section. The following recovery/repair features are
implemented in hardware:

e ECC validity checking on processor storage to correct all single-bit
and detect all double-bit and many multiple-bit errors

e Defect dictionary to assign alternate bits to malfunctioning bits in
processor storage via a special maintenance program

¢ I/0 operation retry facilities, including channel retry data
provided in the limited channel logout area, channel/control unit
command retry, and I/0 adapter error retry procedures to correct
failing I/0 operations

e Expanded machine check interruption facilities to facilitate better
error recording and recovery procedures

e Machine check error diagnosis (reference code generation) and
logging done by the support processor to aid the customer engineer
in faster problem determination and to provide the ability to record
errors even when the instruction processing function is impaired

* Microcode-controlled power sequencing and power monitoring. performed
by the support processor
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The following recovery features are provided by programming systems:

e Recovery management support (RMS) to handle the expanded machine
check interruption and channel retry data. Machine check analysis
and recording (MCAR) and channel check handler (CCH) routines for
the 4331 Processor are provided in DOS/VSE. Machine check handler
(MCH) and CCH routines for the 4331 Processor are provided in
os/vsl.

e Error recovery procedures (ERP) to retry failing I/0 device and
channel operations utilizing channel logout data (DOS/VSE and
0s/Vvs1)

e Outboard recorder (OBR) and statistical data recorder (SDR) routines
(0s/Vsl) and DOS/VSE recovery management support recorder (RMSR) to
record statistics for 1/0 errors

s Environment recording, edit, and print program (EREP) for DOS/VSE
and 0S/VS1 to format and print error log records

e Checkpoint/restart (DOS/VSE and 0S/VS1l) and warm start facilities
(0Os/Vsl) to simplify and speed up system restart procedures after a
failure necessitates a re-IPL

The following diagnostic facilities are provided:

e Online Test Executive Program (OLTEP) and Online Tests (OLTs) that
execute under operating system control (DOS/VSE and OS/VS1l) and
provide online diagnosis of I/0 device errors for most devices that
attach to the 4331 Processor

e Inline tests for the Communications Adapter and all I/O devices that
attach to the 4331 Processor via I/0 adapters

e Microdiagnostics for the components of the 4331 Processor
(instruction processing function, processor storage, support
processor, etc.)

e Manual operations that the customer engineer can perform using the
operator console and appropriate support documentation

* A Remote Support Facility that enables the on-site customer engineer
to obtain assistance from a remote customer engineer at a support
center

The hardware and programmed recovery aids are designed to improve
syster availability. In many cases, the system can run in a degraded
mode so that maintenance can be deferred. When solid failures do occur,
their impact can be reduced by utilizing the expanded diagnostic
facilities, which can provide faster isolation and repair of the
malfunction than is possible for System/360.

The diagnostic facilities for the 4331 Processor also represent
improvements in the facilities available for intermediate-scale
System/370 processors, such as:

e More extensive diagnostiés with better problem isolation
capabilities '

e More checking circuits included in the basic design of the processor

<

e Microcode-controlled power sequencing and power monitoring
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e Reference code generation to aid in faster malfunction diagnosis and
repair

e Remote Support Facility to aid in diagnosing problems

50:10 'RECOVERY FEATURES

Additional hardware, which provides correction of single-bit
processor storage errors without programming assistance, is included as
a basic part of the 4331 Processor. In addition, the control program
can be notified, via an interruption, of various types of errors so that
error recording and recovery procedures can be performed, depending on
the error type. In addition, retry data is provided for channel errors.

ECC VALIDITY CHECKING AND DEFECT DICTIONARY FOR PROCESSOR STORAGE

The ECC method of validity checking on processor storage provides
automatic single-bit error detection and correction. It also detects
all double-bit and many multiple-bit processor storage errors but does
not correct them.

Checking in the 4331 Processor is handled on a four-byte basis, using
a seven-bit code, rather than on a single-byte basis, using a single
parity bit. However, parity checking is still used to. verify other data
in the 4331 Processor that is not contained in processor storage.
Models 30 and 40 use parity checking for main storage data verification.

As data enters and leaves processor storage in the 4331 Processor,
ECC logic performs validity checking on each full word. When a word (39
bits, as shown. in Figure 50.10.1) is fetched from processor storage, the
seven-bit ECC code is checked to validate the 32 data bits. If the data
is correct, the appropriate parity bit for each of the four data bytes
is generated and the word is reformatted to look as shown in Figure
50.10.2.

Fullword — 4 bytes — 39 bits Fullword — 4 bytes — 39 bits’
I\ /\
r- \/ A
7 bits 7 bits
32 Data Bits of 32 Data Bits of
ECC code ECC code

Storage Address is a Multiple of 4

Figure 50.10.1. Data representation used in processor storage in the
4331 Processor

If a single-bit error is detected, the identified data bit in error
is corrected automatically by ECC logic with no increase in instruction
execution time. A single-bit correction in processor storage does not
cause a machine check condition and a count of the number of single-kit
corrections is not maintained.

When a word is to be placed in processor storage by a program, the
four parity bits are removed and the seven-bit ECC code is generated and
appended to the 32 data bits. The 39 bits are then stored as shown in
Figure 50.10.1.
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Fullword — 4 bytes — 36 bits Fullword — 4 bytes — 36 bits .

A VAN
- R N ; Y} \
8 Data Bits | 1* 8 Data Bits | 1* | 8 Data Bits 1* 8 Data Bits | 1*
N ;
A \ A\ / @
—\/ ~\/ ) .
Byte 1 Byte 4 Byte 1 Byte 4

* Parity Bit

Figure 50.10.2. Data representation used in Model 30 and 40 processor
storage and in the 4331 Processor in other than
processor storage

If a double- or multiple-bit processor storage error occurs during
instruction execution, a logout to the system diskette is written and
the 4331 Processor enters the check stop state. There is no machine
check interruption and logout to processor storage.

A defect dictionary is implemented for the 4331 Processor to provide
recovery when a processor storage bit fails. This directory is not
implemented in System/370 processors. Processor storage in the 4331
Processor contains one spare (additional) bit for every 39 bits (four
bytes) of processor storage installed. These spare bits can be assigned
to replace malfunctioning bits. :

For every 39 comnsecutive bits (beginning at any bit location), one
malfunctioning bit can be replaced within every 64K-byte block of
storage for a 512K-byte processor storage or within every 128K block for
a 1024K-byte processor storage. Only one malfunctioning bit within a
64K- or 128K-byte block can be replaced, for a total of eight replaced
bits in the processor storage installed.

In order to assign spare bits, the operator must execute a program
that locates the malfunctioning bits, builds a defect dictionary to
identify the bit replacements, and writes the defect dictionary on the
system diskette. During the next IML, the defect dictionary is utilized
to set internal registers with the assigned alternate bits. Thereafter,
"when a malfunctioning bit is referenced, its alternate is automatically
accessed instead.

The ECC function increases the availability of the 4331 Processor by
permitting system operation to continue normally after single-bit
processor errors occur and are corrected. Any processor storage errors
on Models 30 and 40 necessitate at least termination of the processing
program involved, since neither hardware nor programmed retry of
processor storage errors is provided for these systems.

The defect dictionary permits the installed processor storage size to
be utilized even when certain storage bits are malfunctioning. Without
this facility, the 4331 Processor could not operate at all if a
malfunction occurred in certain portions of the processor storage
sections that are reserved for processor use. The defect dictionary
also avoids the necessity of deleting an entire 2K block of processor
storage from program processor storage when one bit within the block is
malfunctioning.

I/0 OPERATION RETRY
Channel retry and command retry featares like those for System/370

processors and adapter error retry features are provided to reduce the
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number of abnormal program terminations and unscheduled system halts
that occur because of I/0 errors.

Channel retry is implemented to ensure that most failing channel
operations can be retried by error-handling routines. A limited channel
logout area is implemented. When a channel error or a processor error
associated with a channel operation occurs, the channel status word
(CSW) and a limited channel logout word are stored in the fixed lower
processor storage area (locations 176 to 179) during the I/0
interruption. The limited channel logout data provides additional, morxe
exacting status information about the channel failure. The CCH routine
passes this data to a device-dependent error recovery routine to be used
in the retry of the failing I/0 operation.

- Channel error retry routines (channel check handlers) for System/360
processors are provided only for Models 65 and higher. However, after a
channel error occurs, these processors do not always present enough
information to the error recovery routines to enable them to retry the
failing operatlon. In other cases, the channel may be left in a
condition in which retry is impossible after a channel malfunction.
Hardware improvements in the 4331 Processor eliminate these two
situations in most instances.

command retry is a channel/control unit procedure that can. cause an
improperly executed command in a channel program to be retried
automatically by hardware so that an I/0 interruption and programmed
error recovery are not required. An indication is presented when the
control unit recognizes this situation. In the 4331 Processor, the
block multiplexer channel has the command retry capability.

The DASD Adapter and 8809 Magnetic Tape Unit Adapter implement
automatic error retry procedures during channel program execution (to
eliminate programmed recovery) for the devices attached to them for
certain errors (as discussed in Sections 20:10, 20:15, and 20:25).

EXPANDED MACHINE CHECK FACILITIES

Implementation of the machine check class of interruption in the 4331
Processor is expanded in order to improve error recording and error
recovery procedures. Programming support of the extended machine check
interruption is provided by the MCAR and MCH routines of DOS/VSE and
0s/Vsl, rxespectively.

The machine check interruption facilities of the 4331 Processor
differ from those of Models 30 and 40 as follows:

¢ Four types of machine check are defined.

e Machine check interruption masking is expanded to handle
selective disabling and enabling of the processor for the
interruption types defined.

* The size of the fixed area in lower processor storage.is
increased to accommodate the storing of additional machine status
information when a machine check interruption occurs.

e Erxrror conditions are defined that cause the 4331 Processor to
stop functioning immediately (enter the check-stop state) because
the nature of the machine malfunction prevents valid processing
from continuing.

The 4331 Processor presents one of four types of machine check

interruption conditions, depending on the specific machine malfunction,
and each type of interruption is maskable. Machine check interruption
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conditions are either repressible or exigent (formerly called soft or
- hard). —

A repressible machine check condition exists in the #331 Processor
after an error has occurred that does not prevent continued successful
execution of instructions. An interruption can occur after a
repressible machine check condition so that the failure can be recorded.
System operation continues after the error is logged.

An exigent machine check condition exists when an uncorrectable error
(such as a failure in the instruction processing function) occurs.
Exigent conditions are those that prevent the successful execution of
the current instruction.

For 4300 Processors, the fixed logout area for every processor type
is 512 bytes and no processor-dependent data is stored within these 512
bytes, although every processor may not utilize every defined field or
bit (the machine check interruption types implemented in the 4331 and
4341 Processors are not identical, for example).

This approach is different from that implemented in System/370 in
‘which processor~dependent data is stored in certain fields in locations
0 to 511 and a processor-dependent extended logout is also stored when a
machine check interruption occurs (usually beginning at location 512).
The length of the processor-dependent extended logout varies by
Systen/370 processor.

The approach taken in 4300 Processors permits a processor-independent
(1) fixed logout area size, (2) machine check handler routine, and (3)
logout data interpreting and printing routine (EREP) to be used. This
approach removes operating system portability restraints for 4300
Processors that exist for Systems/370 processors because of processor-
dependent logouts.

A logout to processor storage locations 0 to 511 occurs in the 4331
Processor when any type of machine check interruption is taken. The
fixed logout area data indicates the reason for the interruption in the
machine check code (locations 232-239). The save areas in locations 216
to 511 in the logout area preserve the status of the processor at the
time of the machine check interruption and contain the contents of the
general, floating-point, and control registers as well as the CPU timer
and clock comparator values.

Figure 50.10.3 shows the layout and contents of the eight-byte

machine check code stored in processor storage locations 232 to 239.

The machine check code indicates which type of interruption occurred and
the validity of certain fields stored in the fixed logout area. The
delayed bit is set when machine check interruptions are disabled at the
time a repressible machine check condition occurs. The bit indicates at
least one instruction was executed after the machine check condition was
recognized.

Table 50.10.1 lists the machine check types defined for the 4331
Processor. They are described in the discussion that follows. The mask
bits used to enable or disable the processor for interruptions for each
type are indicated and the setting of the machine check code is
discussed. PSW bit 13 and two other mask bits are used to enable and
disable the processor for machine check interruptions. The warning (W)
and external damage mask (E) bits are contained in control register 14
and operate subject to PSW bit 13. If PSW bit 13 is off, the processor
is disakbled for all machine check interruptions. If PSW bit 13 is on,
the settings of the two additional mask bits determine whether or not
interruptions, other than instruction processing damage and system
damage, will be taken.
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Fixed Logout Area Locations 232-239

BIT

0-8 46 ~ 47
Machine Check 20-31 Validity
Types Validity Bits Bits
3 Y™ >N
({9 < {3
[a]
[a] [a] ajaola (=) Q| w [a] [=]
aleol@lolaldla]ald] 8 [8|z] & u
7] a |2l ]O]|D 21212 2 = = 2 Zeros
z 2 -4 2|2 2 2 w 2 2
2 2 =} = I R 2 3| a 2 po)
I I %
e 1< W
0 1 2 3 4 5 6 7 8 913 14 15 20 31 3245 46 47 48 63
Bit Interruption Type Bit Valid Fixed Area Data
(o] SD — System Damage 20-23 Machine Check Old PSW (48-55)
1 PD — Instruction Processing 20 EMWP
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8 W — Warning 24 Unused
25 Unused
26 Unused
27 Floating Point Registers (352-383)
15 Delayed 28 General Registers (384-447)
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46 CPU Timer Value
47 Clock Comparator Value

Figure 50.10.3.

Table 50.10.1.

266

4331 Processor machine check code

4331 Processor machine check interruptions

Mask Bit(s)

Interruption Type and Cause

Machine Check
Condition

PSW 13
and E
eInterval timer

Interval Timer Damage and
Timing PFacilities Damage

errxox

eTime-of-day clock error
eClock comparator error
*CPU timer error

PSW 13
and W

Warning

condition

eUnder or over voltage

sOver temperature condition

-eConsole error

PSW 13 System Damage

eIrreparable hardware

malfunction

PSW 13

Instruction Processing Damage

eInstruction processing

function error

Repressible

Repressible

Exigent

Exigent




Repressible Machine Check Interruptions

Repressible machine check interxptions are the following:

e Interval Timer Damage and Timing Facilities Damage. This
interruption occurs if PSW bit 13 and the external damage mask
bit are on. It indicates damage to the interval timer, time-of-
day clock, CPU timer, or clock comparator. The TD and CD bits
are stored in the machine check code. No differentiation between
these two interruption types is made because of the way in which
timing hardware is implemented in the 4331 Processor. That is,
if one timing facility is failing, none are usable.

An interval timer/timing facilities damage machine check
interruption is generated when the time-of-day clock enters the
error state as a result of a detected malfunction that could have
affected the validity of the clock value or when damage to the
interval timer, CPU timer, or clock comparator occurs. This
interruption (with timer damage and instruction processing damage
indicated) is also taken when (1) a SET CPU TIMER or STORE CPU
TIMER instruction is issued to a damaged CPU timer or (2) a SET
CLOCK COMPARATOR or STORE CLOCK COMPARATOR is issued to a damaged
clock compartor.

¢ Warning. This interruption occurs to inform the operating system
that processor operation will be terminated in 20 seconds as a
result of an under- or overvoltage condition (see discussion
under "Power System"), overheat condition, or failure in the
console. This interruption is designed to enable the operating
system to perform an orderly termination of I/C operations before
processor operation stops.

Exigent Machine Check Interruptions

Exigent machine check -interruptions are the following:

e Instruction Processing Damage. This interruption is enabled when
PSW bit 13 is on. The PD bit in the stored machine check code
(bit 1) is used to indicate that an error occurred during the
execution of the instruction indicated by the machine check old
PSHW.

¢ System Damage. This interruption is enabled when PSW bit 13 is
on. The SD bit in the stored machine check code (bit 0) is used
to indicate that a processor failure occurred that was not a
result of the execution of the instruction indicated in the
machine check old PSW. An unsuccessful interruption attempt,
control register damage, etc., are examples of system damage
errors.

Modes of System Operation for: Machine Check Interruptions

Using the check control display, the operator can set the 4331
Processor to operate in normal or hard stop mode after a machine check
error conditien occurs. When the 4331 Processor is set to operate in
normal mode, a logout to the system diskette followed by a machine check
iﬁferruption and logout to program processor storage take place after a
machine check condition occurs (when the processor is enabled for the
specific machine check interruption).

Two modes of system operation for machine check interruptions are
possible when the processor is set to operate in normal mode after a
machine check: full recording mode and gquiet, or nonrecording, mode.
In full recording mode, the processor is enabled for all machine check
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interruption types, and all types cause an interruption to be taken and
logouts to occur. This is the normal mode of 4331 Processor operation.

In quiet mode, the processor is disabled for all or certain
repressible machine check interruptions. Quiet mode can be used to
permit system operation without error recording for certain repressible
conditions when the 4331 Processor is operating under the control of an
operating system without machine check handling routines for the 4331
Processor included.

A check-stop state is defined for the 4331 Processor (formerly called
hard-stop state). If a check-stop condition occurs when the 4331
Processor is set to normal mode for machine checks, the 4331 Processor
ceases all operations after logging out to the system diskette. There
is no logout to the fixed area in program processor storage (locations 0
to 511) when a check stop occurs. Check stop is initiated by hardware
rather than by programming. Implementation of a check-stop state
prevents system operations from continuing when the nature of the
hardware malfunction prevents the processor from presenting meaningful
"status data.

The check-stop function is always active. That is, the occurrence of
a check stop is not controlled by a check-stop control bit as in
System/370. However, for compatibility reasons, bit 0 of control
register 14, which is the check-stop control bit in System/370, is set
to one during a reset.

The following conditions cause a check stop for the 4331 Processor
‘when it is in normal mode for machine check conditions:

® An error occurs in the TLB.
¢ A double- or multiple-bit processor storage error occurs.
® An access key failure occurs.

e A system damage or instruction processing damage condition occurs
and PSW bit 13 is zero.

‘e A system damage or instruction processing damage condition occurs
‘while an interruption is being taken for a previous system damage orxr
instruction processing damage condition.

¢ A machine check code cannot be stored or a new PSW cannot be fetched
after a machine check condition. ‘

¢ A machine check cannot be taken because of an error in the storage
block assigned to program processor storage page 0.

® An exrroxr occurs while the page description bits for a virtual
storage page are being updated and the page description is left in
an inconsistent state.

* A microcode routine cannot branch to, or continue execution at, a
required address. (For example, a protection check occurs when a
saved return address in reserved processor storage is fetched.)

e Support processor-to-instruction processing function communication
fails (as indicated by the elapse of a timeout interval).

When the 4331 Processor enters the check-stop state, the start key
and restart function are made inoperative. Processor operation can be
resumed only after a system reset or, in some cases, an IML is
performed.
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When the 4331 Processor is set to operate in hard-stop mode, after
any type of machine check or channel check condition occurs, the 4331
Processor enters the check-stop state. There is no logout to the system
diskette and no machine check interruption and logout to program
processor storage occur. The suppressed log is kept until the 4331
Processor is set to operate in normal mode after machine checks, at
which time the suppressed logs are written to the system diskette and
program processor storage.

When the 4331 Processor is set to 1I/0 stop mode using the check
contrcl display, the processor enters the check-stop state after a
channel data, channel control, or interface control check occurs. The
check-stop state is entered after any required logout to the system
diskette is performed and the limited channel logout data is stored in
program processor storage.

The state of the 4331 Processor for machine check interruptions after
IPL or a system reset is:

1. External damage interruptions are enabled. Damage to any one of
the timing facilities causes a machine check interruption.

2. Warning interruptions are disabled.

3. PSW bit 13 normally is set to one by the IPL PSW (it is set to
zero by the IPL system reset procedure) to enable the processor
for system damage and instruction processing damage
interruptions.

MACHINE CHECKS ON SYSTEM/360 MODELS 30 AND 40

A machine check situation in Models 30 and 40 results from hardware
detection of a processor malfunction or a parity error. Bad parity can
occur in main storage, local storage, a register, an adder, etc. Error
correction is not attempted by Model 30 and 40 hardware when a machine
check occurs (except for some instruction retry capability in the Model
30). If the machine check mask bit in the current PSW (bit 13) is on, a
machine check causes an interruption and a diagnostic scan-out occurs,
starting at location 128. The number of bytes logged is processor-
dependent.

If the DOS machine check recording and recovery (MCRR) routine for
the Model 30 or 40 is present, it gains processor control after a
machine check interruption, and the error is logged. A retry of the
failing operation is not provided by this routine and the affected
program is terminated abnormally. If a recovery routine is not present,
the system is placed in a wait state when a machine check interruption
occurs. (OS does not provide an SER routine for the Model 30.)

MACHINE CHECK ANALYSIS AND LOGGING TO THE SYSTEM DISKETTE

While 4300 Processors have expanded machine check capabilities
similar to those implemented in System/370, 4300 Processors perform a
machine check analysis function before writing logout data that is
implemented only in System/370 for Models 115 and 125. In addition, the
analysis and writing of logout data is handled by the support processor
so that a logout is obtained even when the instruction processing
function cannot perform a machine check and logout to processor storage.

When a machine check or check-stop condition arises during processor
operation, the support processor receives control and a logout of parity
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check data occurs in support processor 1. The parity check datakis sent
to the support processor via the support bus and support bus adapter.

The support bus provides a path to the maintenance logic in the
instruction processing function (implemented on maintenance interface
logic chips). This maintenance logic is required, for example, to
access scan rings during a machine check or when paintenance functions
are being performed. A scan ring is a latch that holds status
information for a specific set of logic circuits. When a machine check
occurs, status information is obtained from the scan rings and sent to
the support processor. This is the processor-dependent logout
information that is written to the system diskette.

After the logout, the support processor loads its log analysis
program into its transient control storage area from the system
diskette. The log analysis program inspects the parity check
information, contents of certain registers, status information, etc., as
required and generates an eight-digit reference code to identify the
malfunction. This reference code is a pointer to a specific chapter and
page of a customer engineer maintenance analysis procedure (MAP) guide.

The page. identified by a refexrence code contains information about
the malfunction and the actions that should be taken to repair it. The
customer engineer may be directed to replace a card or execute certain
diagnostic procedures. Output from the diagnostics is either another
reference code that indicates the card to be replaced or the additional
diagnostic actions that are to be taken to locate the malfunction.

The generated reference code is written to the system diskette and
also displayed on line 23 of the operator console display so that
reference codes can be communicated to the customer engineer when he is
called. This may enable the customer engineer to bring any required
spare parts. The reference code remains on the console display until
the operator invokes the mode selection display.

An error recording program is loaded into the tramnsient control
storage area of the support processor to perform logging to the system
diskette. 1In addition to the reference code, symptom data that includes
the information utilized by the log analysis program to develop the
reference code is also written to the system diskette. Logouts
contained on the system diskette can be displayed on the operator
console by the customer engineer using the Log Display Progran.

Logouts are categorized by type (instruction processing function,
block multiplexer channel, byte multiplexer channel, etc.) and the
nunmber of each type of logout (one or two) maintained on the system
diskette depends on the type. Two logout areas are maintained. One
contains logouts only for the Communications Adapter. The other
contains logouts for all the rest of the functional units in the 4331
Processor.

To keep account of duplicate logouts, the reference code of the error
to be logged is compared with the one or two reference codes and
symptoms. of the already recorded log(s) of the same type. If the
current logout is the same as an existing log, the new log is not
written but a counter associated with the reference code is incremented
by one. Up to 255 logs of the same type can be represented in each
counter. Counters can be reset by the customer engineer using the
operator console (a log reset manual operation).

Note that logging to the system diskette does not occur during the
time the operator or customer engineer is performing a manual operation
using the operator console or when microdiagnostics contained on the
service diskette are being executed.
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.Once the support processor has completed the recording of the
reference code and associated processor-dependent logout data to the
system diskette, a machine check condition is presented to the
instruction processing function. If machine checks for this condition
are enabled, a machine check interruption occurs and a logout of
processor-independent information is placed in program processor storage
locations 0 to 511. The machine check handler routine then writes the
512-byte logout to the operating system logout data sets/file
(SYS1.LOGREC in OS/VSl1l or SYSREC in DOS/VSE) and takes appropriate
recovery action. The reference code is not written to the operating

‘system logout data set/file.

The MAP guides for the 4331 Processor will contain all the currently
known information for locating and repairing malfunctions based on their
reference code. If a reference code cannot be generated for a specific
malfunction, the MAP guide indicates the steps to take to attempt to
locate the failure.

In order to diagnose errors that occur in most System/370 processors,
the customer engineer utilizes the processor-dependent data written to
the operating system logout data sets/file. When diagnosing errors that
occur in a 4300 Processor, the customer engineer will utilize the
reference code supplied by the operator (or obtained from the system
diskette) and, if necessary, processor—dependent data contained on the
system diskette, rather than the operating system logout data sets/file,
to diagnose errors.

The processor-independent logouts contained in the operating system
logout data set/file can be used in a 4300 Processor installation for
the following:

e As a history of the machine check conditions that occurred. The
system diskette keeps logout data for only the latest two machine
check conditions of each type. The EREP program can be used to
print the logout data sets/file periodically.

e To inform the customer engineer of exactly what program was
executing at the time the failure occurred (which is not recorded on
the system diskette) if this information is required

¢ Tc enable the customer engineer to determine the type of error that
has occurred before actually obtaining dedicated use of the 4331
Processor. The EREP program can be. executed concurrently with
normal customer processing to print the logout data.

POWER SYSTEM

The power system of the 4331 Processor was specifically designed to
reduce power consumption from that required by intermediate-scale
System/370 processors. In particular, the technology utilized has low
power requirements, bleeder resistors are not utilized where possible,
convenience outlets: with associated transformers are removed, and
complex AC-distribution systems for 1I/0 devices are removed.

In addition, approaches to power control not implemented in
intermediate-scale System/370 processors are utilized in the 4331
Processor, such as microcode-controlled power sequencing, power
monitoring, and problem determination procedures. The advantages of
these facilities are presented at the end of the power discussion.

The power systenm in the 4331 Processor consists of the following
functional units:
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A hard-wired sequence that provides conventional sequencing for
power to the support processor, system diskette, and operator
console

e Power controller hardware that provides digital and analog sense
points to permit power on/off control and power monitoring via
microcode

e The power controller program, which consists of power-on/off
sequencing, power-on test, power monitor, power log and reference
code, and partial power-down microcode

¢ Power maintenance programs that consist of the Voltage Measurement
Program, Power Log and Display Program, and Power Status Display

e A CE service panel that enables the customer engineer to power the
4331 Processor on and off and make power adjustments

Once the support processor is powered on via conventional hard-wired
sequencing, the power on sequence for the rest of the 4331 Processor
system is microcode controlled. During a power on, the power on test
program is executed to test power controller hardware. If an error is
found during these tests, the power-on procedure is terminated and a
reference code that identifies the power failure is displayed on the
operator console.

The power monitor microprogram is resident in control storage of the
support processor during system operation. Once a power on is
successfully completed, the power monitoring program is executed every
256 milliseconds. Execution time for the program is approximately 20
nmilliseconds and a power off terminates any further initiation of the
program.

The power monitor microprogram reads all the analog and digital
sensor points and compares the results against predetermined tolerance
limits for overvoltage and undervoltage conditions. The tolerance
limits used depend on the mode in effect: normal mode (tight tolerance
mode), switch-off mode (less tight tolerance mode), or switch-on mode (a
CE mode to permit the customer engineer to make power adjustments).

Initially, the normal mode is made effective. If a tolerance limit
violation is detected during an execution of the power monitor program,
switch-off mode is made effective for all subsequent executions of the
power monitor program. A power logout record that includes a reference
code to identify the specific power failure is written to the system
diskette. The reference code is displayed on the operator consocle.
Processing continues normally.

If a tolerance limit violation is detected when the switch-off mode
is in effect, a power logout record is written to the system diskette
and a warning machine check interruption condition is presented to the
processor. The power-off microprogram receives control after the
warning interruption is taken and will power off the processor after
approximately 20 seconds have elapsed.

The Power Log and Reference Code program is invoked in the support
processor whenever a power failure is detected in the #4331 Processor.
This microprogram determines the type of error (power-on error, power
monitoring program detected error, or power-off error), determines the
required reference code, and logs the failure to the system diskette.

The power log area on the system diskette contains space for four

detailed power logouts that include a reference code and four additional
reference codes. The power logout area contains the latest four power
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logouts. The Power Log Display program can be utilized to display power
logout data on the operator console.

The voltage measurement program can be run to cause all the analog
sense points to be displayed simultaneously on the operator console.
Nothing is displayed for voltages that are correctly set. A plus (+) or
minus (~) is displayed for each voltage that is over or under the
nominal voltage for the sense point.

The power system implemented in the 4331 Processor offers
serviceability and availability advantages. Microcode-controlled power
sequencing, versus hard-wired control, is a more flexible method of
control. It enables engineering changes to be installed more rapidly
and sense point data to be obtained more quickly. The customer engineer
can display the status of sense points on the console and need not
manually obtain these readings by scoping. The power monitoring
facility can also provide early warning of potential power failures and
may prevent catastrophic power failures.

RECOVERY MANAGEMENT SUPPORT FOR DOS/VSE AND 0OS/VS1

DOS/VSE machine check analysis and recording and channel check
handler routines for the 4331 Processor represent an extension of the
recovery support provided by DOS for System/360 Models 30, 40, and 50.
The MCRR routine, which provides machine check and channel error
handling, is offered as an option for these models.

MCAR, CCH, and RMSR are included automatically in any DOS/VSE
supervisor generated for a 4331 Processor. RMSR performs all errorxr
recording functions. It replaces the following provided in DOS Version
3 (Release 26): outboard recorder, statistical data recorder, and the
recording functions of MCAR, CCH, tape error by volume (TEBV), and error
volume analysis (EVA).

0S/VsSl RMS for the 4331 Processor consists of extensions to the
facilities offered by RMS routines provided in O0S for Models 65 and up.
The two RMS routines, machine check handler and channel check handler,
are included automatically in 0S/VS1 control programns generated for the
4331 Processor.

The two primary objectives of RMS are (1) to reduce the number of
system terminations that result from machine malfunctions and (2) to
minimize the impact of such incidents. These objectives are
accomplished by programmed recovery to allow system coperations to
continue whenever possible and by the recording of system status for
uncorrected hardware errors. -

Machine Check Analysis and Recording and Machine Check Handler Routines

The DOS/VSE MCAR or 0OS/VS1l MCH routine receives control after a
machine check interruption occurs. These routines record the processor-
independent logout data in the DOS/VSE SYSREC file or 0S/VSl SYSl1l.LOGREC
data set, respectively, and then attempt to continue processor operation
when possible. For example, continued operation is not possible after a
system damage. interruption. However, after an instruction processing
error occurs, the MCAR/MCH routine determines whether the control
program or a partition is affected. In the latter situation, the
affected partition is canceled and processor operations continue.

As a result of the way in which machine check error recording is
handled by 4300 Processors (all processor-dependent logout data is
written to the system diskette), the MCAR and MCH routines are
processor-independent for 4300 Processors.
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-Channel Check Handler

CCH receives control after a channel error occurs and constructs an
error record. In a DOS/VSE environment, RMSR records the error record
in SYSREC. In an 0S/VSl environment, CCH records the error record in
5YS1.LOGREC. CCH passes the limited channel logout data and other
pertinent status information to the appropriate I/0 error recovery
procedure, unless analysis of the error indicates that system operation
cannot continue (the error involved SYSRES, for example).

If the ERP can correct the error using retry data from the limited
channel logout, operations continue. If a permanent channel error
exists, CCH records a permanent error and cancels the partition
affected. The operator is notified.

The recovery support provided by the MCAR and CCH routines represents
an extension of the facilities provided by the optional MCRR routine of
DOS, which does not contain any repair or channel retry procedures.

ERROR RECOVERY PROCEDURES FOR DOS/VSE AND 0OS/VS1

The error recovery procedures are device-dependent error routines
that are a standard part of the contrcl program generated for any
DOS/VSE or 0S/VS1l environment. The limited channel logout provided by
the DOS/VSE CCH routine is handled by a set of CCH ERP routines. The
DOS/VSE CCH ERPs are an addition to the set of DOS/VSE ERPs. For
0S/VSl1l, the ERP routines are modified to accept and use limited channel
logout data formatted by the CCH routine.

When a channel or I/0 device error occurs in a 4331 Processor, the
appropriate ERP is scheduled to perform recovery procedures. If the
error is corrected, operations continue normally. If the error cannot
be corrected and a user-written permanent error handling routine is not
present, the affected task is abnormally terminated and the operator is
notified. :

DOS/VSE records only permanent I/0 erros. In an 0S/VS1l environment,
temporary and permanent I/0 errors are recorded by the statistical data
recorder (SDR) and outboard recorder (OBR) routines, respectively.

RECOVERY MANAGEMENT SUPPORT RECORDER FOR DOS/VSE

The recovery management support recorder is a generalized error
recording routine that replaces the error recording functions provided
in DOS Version 3. RMSR provides more comprehensive error recording than
DOS Version 3 and writes records in SYSREC that are compatible in format
with those written in the 0S/VSl error recording data set SYS1.LOGREC.
This enakles a SYSREC file created by DOS/VSE and a SYS1.LOGREC data set
created by 0S/VSl to be processed by the same routines. This capability
is not available for System/360, since a SYSREC file created by DOS
Version 3 recording routines is not compatible in format with
SYSs1.LOGREC.

RMSR is given control to record the following types of error records:
¢ Records created by MCAR and CCH for processor and channel errors
e Unit check records that RMSR creates to provide statistics about

permanent I/0 device errors. This type of data is recorded by the
OBR routine in DOS Version 3.
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e Counter overflow records that contain statistics about the number of
retries performed in correcting temporary I/0 device errors. SDR
handles this recording in DOS Version 3.

e Tape error statistics records that the TEBV routine recoxrds in DOS
Version 3. The functions provided by the TEBV and EVA routines are
handled by the tape error statistics portion of RMSR.

e IPL records that indicate the reason for this IPL and EOD records
that are written when the operator issues the ROD command

s Miscellaneous data recordings for erroxs specific to a device, such
as 3211 Printer buffer errors

ENVIRONMENT RECORDING, EDIT, AND PRINT PROGRAM FOR DOS/VSE AND 0S/VSl

EREP is a standard system utility that can be initiated as a job step
via standard job control statements at any time. It is designed to edit
and print the error records written by RMS routines.

EREP performs the following:

1. Edits and prints all error records contained in SYSREC or
SYS1.LOGREC. These records have been constructed and/or written
by machine and I/0 error handling routines such as MCH, CCH, OBR,
and SDR.

2. Accumulates a history of specified record types from SYSREC or
SYS1.LOGREC by creating or updating an accumulation data set

3. Edits and prints a summary of selected records from SYSREC or
SYS1.LOGREC or an accumulation data set

4. Clears all or certain types of error records

OLTEP AND OLTS - DOS/VSE AND 0S/VS1l

OLTEP is designed to operate as a processing program under operating
system control. It handles the required interface between the operating
system and the device-dependent OLTs. One OLTEP is provided for
operation under DOS/VSE and another for execution under 0S/VSl. These
two OLTEPs support functions not provided by the DOS OLTEP and OS OLTEP
programs for System/360.

The inclusion of OLTEP in an operating system.is automatic for a
DOS/VSE system generated for a 4331 Processor, unless OLTEP is
specifically excluded by a system generation parameter. OLTEP is
standard in all VSl operating systems. A standalone version of OLTEP,
called OLTSEP, is available as well.

OLTEP directs the selection, loading, and execution of device-
dependent OLTs for the purpose of I/0 device testing and error
diagnosis. OLTEP is also designed to verify I/0 device repairs and
engineering changes. OLTEP and OLTs are used by the customer engineer.

As with any other job step, OLTEP is invoked with job control and
executes with a user-assigned priority. The input stream or system
console device can be used to supply the parameters required for test
operations (devices to be tested, options desired, etc.).

Both DOS/VSE and 0S/VS1l OLTEP ensure the protection and security of

user data files and storage in use while OLTs are operating. O0S/VS1
OLTEP also ensures that the devices to be tested are online or offline
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(as far as the operating system is concerned) as required by the
particular device type.

The OLTEPs for 0S/VSl and DOS/VSE also have the capalkility of being
able to access history records describing previous I/0 errors on the
device being tested. In addition, multiple devices can be tested during
one OLTEP execution. If a console is used to define the test run, the
prompting facility can be requested as an aid to the user supplying the
definition.

OLTEP and the OLTs reside in a DOS/VSE core image likrary. In OS/VS1
environments portions of OLTEP reside in both SYS1.LINKLIB and
SY¥S1.SVCLIB, while the OLTs can be placed in a user-designated disk
library {(partitioned data set).

OLTEP and OLTs can operate concurrently with other executing jobs in
a multiprogramming environment and provide online I/0 device testing,
eliminating the necessity for complete system unavailability while many
types of errors are being diagnosed.

50:15 . DIAGNOSTIC FACILITIES

Several diagnostic programs are provided that can be used to isolate
an error to a field replaceable unit when the customer engineer cannot
locate the malfunction utilizing the procedures associated with the
reference code for the error (if any).

IML TESTING AND INLINE TESTS

IML Testing

During IML, approximately 80 percent of the hardware in the 4331
Processor is implicitly or explicitly tested. If an error is found
during IML testing, a message is written to the operator console that
instructs the customer engineer to replace certain field replaceable
units or rumn certain diagnostics.

Inline Tests

Inline tests are provided on the system diskette for the
Communications Adapter and certain I/C devices that are attached to the
4331 Processor via I/0 adapters. Inline tests are provided for the
following: 5424, 3310, 3340, 3370, 8809, and the Communications
Adapter. 1Inline tests in the 4331 Processor (maximum size 10K bytes)
are loaded from the system diskette into reserved processor storage,
from which they are executed.

The inline tests can be executed concurrently with normal processor
operation. Since inline tests are located on the system diskette, when
a malfunction occurs on a unit for which there is an inline test, the
test can be loaded without diskette changing. The inline tests are
invoked using the DIAG key on the keyboard via the maintenance and
service selection display.

The operator has control of the operator console during the execution
of certain inline tests after the customer engineer uses the console to
initiate the test. The results of the tests are displayed on lines 23
and 24.

For some inline tests (Communications Adapter, for example), the
customer engineer nmust use the operator console. In this case, when the
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system message buffer becomes full, the audible alarm is sounded. The
customer engineer can return the operator console to operating systen
mode for operating system use (using the CHG DPLY key, for example) to
allow the operator to handle the messages. The operator console can
then be returned to the customer engineer.

‘Communications Adapter Trace and Dynamic Display

The Communications Adapter Trace or Dynamic Display program can be
invoked to operate concurrently with normal processing involving the
Communications Adapter. The Communications Adapter Trace can be used to
collect hardware and microcode information for a specified line attached
to the Communications Adapter while the line is operating. After
tracing is stopped, the collected information can be written to a
printer to provide hard copy or can. be displayed on the operator console
display.

The Communications Adapter Dynamic Display program can be invoked to
collect information about the operation of a communications line. This
information is less detailed than that obtained using the Communications
Adapter Trace. The collected information is displayed on the operator
console and continuously updated.

MICROTESTS AND MANUAL OPERATIONS

Microdiagnostics that require the #4331 Processor to be dedicated to
testing are provided on the service diskette. Microdiagnostics are
provided for the instruction processing function, integrated channel
components, processor storage, I/0 adapters, power control hardware, and
the support processor. The customer engineer utilizes a maintenance and
service selection display to select the appropriate microdiagnostic.

Using the operator console, the customer engineer can also perform
certain manual operations designed to aid in the diagnosis of problems.
These operations are described in maintenance documentation.

REMOTE SUPPORT FACILITY

The Remote Support Facility (RSF) is an optional feature of the 4331
Processor (specify feature when the processor is ordered) that is
designed to improve its serviceability by reducing the time required to
locate and repair a malfunction when the on-site (local) customer
engineer cannot diagnose a problem using local maintenance procedures.
For Systems/370 processors, such a facility is provided only for large-
scale processors, such as Models 158 and 168 and 303X Processors.

Via the Remote Console mode, RSF enables a remote customer engineer
specialist to control operation of a malfunctioning 4331 Processor for
diagnostic purposes utilizing a 3275 terminal. While in this mode, the
remote specialist can perform online diagnosis as though he were at the
customer installation. In addition, microcode patches can be applied to
a system diskette using data link mode.

Operation of the Remote Support Facility is controlled by the service
processor, and the 4331 Processor is dedicated to service functions
while RSF is active. The RSF facility consists of support processor
microcode to control the operation of RSF, a communications common
adapter attached to the I/0 bus of the support processor, and a 1200-
baud modem in the 4331 Processor. These facilities handle
communications functions for the Remote Support Facility. Autodial and
autoanswer are not supported.
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In order to utilize RSF, a 4331 Processor installation must install a
point-to-point, switched communications line, which is connected to
remote 3270 display devices that are operated by customer engineer
specialists. This communications facility can be utilized only for
Remote Support Facility functions (not for any customer communications
applications).

In order to activate RSF, the local customer engineer must select the
Utilities Program Selection display and select the Remote Support option
from the display. CE mode must be in effect in order to perform these
selections. CE mode is established using a CE panel contained within
the frames of the 4331 Processor. Using the Remote Support Selection
display, the customer engineer selects the Console Support item to
activate Remote Console Mode.

Remote Console Mode Functions.

When the Field Support Center (FSC) is contacted by a local customer
engineer, the FSC may instruct the local customer engineer to invoke the
Remote Console mode of RSF to enable a remote customer engineer

specialist to control operation of the malfunctioning 4331 Processor for
diagnostic purposes.

When Remote Console mode is activated, the local customer engineer
uses the Remote Console Support display to select the Remote Console
entry and enter identifying information about the 4331 Processor (for
example, machine type and serial number, associated branch office, and
customer number). A security check is made to ensure that remote
control becomes effective only when the installation has given
permission for RSF to be used.

Using the Remote Console mode of RSF, the remote customer engineer
can perform the following functions that are provided for local customer
engineers:

e Display and analyze logouts contained on the system diskette

e Execute inline tests and microdiagnostics and display their results
¢ Execute any customer engineer manual (CE mode) operations

e Execute support processor interpreter manual operations

e Display voltage measurements

¢ Execute operator manual operations (non-CE mode functions)

e Apply temporary patches to instruction processing function or
support processor microcode

e Display system status data

The results of any diagnostic facility utilized by the remote
specialist are displayed on both the local and the remote consoles so
that the local customer engineer can monitor all operations invoked by
the remote specialist and enter any necessary commands.

The local and remote customer engineers can communicate with each
other via the consocle displays when Remote Console mode is in effect.
Communication can be requested by the local or remote customer engineer
by pressing the COMM REQ request on the display console. A message
indicating communication is requested is displayed on both consoles and
the audible alarm is sounded on both consoles. Communication via the -
displays is actually initiated when the remote specialist selects the

278



communication display from the remote support selection display. The
communication display appears on both consoles.

-Adyvantages

The basic design of the Remote Support Facility includes customer
security features. First, operation of RSF can be requested only from
the customer installation and a security check is performed before the
facility is initiated. Second, via the local operator console, the
customexr can monitor all operations performed while RSF is active and
the facility can be deactivated immediately at any time by depression of
the LINE DISC key on the local operator console. RSF can also be
deactivated by the remote specialist via the 3275 terminal.

Installation and use of the Remote Support Facility is optional.
However, use of this facility offers the following advantages:

e A local customer engineer can obtain the services of a specialist
quickly when he cannot locate a malfunction

e For difficult problems remote analysis can make critical information
available and enable parts to be sent to an installation before a
specialist arrives at the installation to perform further diagnosis

e Corrections to service aids and patches for known problems can be
provided quickly.
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SECTION 60: HARDWARE AND I/O DIFFERENCES BETWEEN MODEL 20 AND u331
PROCESSOR CONFIGURATIONS

The 4331 Processor‘is an‘attractive growth system for users of disk-
and tape-oriented Model 20 systems who require greater job throughput or
who want to expand the number and types of applications installed.

For greater throughput, the 4331 Processor offers significantly
increased internal performance, new hardware functions, many times the
amount of processor storage, significantly expanded channel capability,
attachment of many more and faster I/0 devices, and Disk Operating
Systemn/Virtual Storage Extended (DOS/VSE) as the programming support.

The 4331 Processor is designed to handle scientific as well as
commercial applications and offers telecommunications capability that
greatly exceeds that of the Model 20. Because considerably more direct
access storage can be attached to a 4331 Processor than to a Model 20,
the 4331 Processor is more suitable for applications that require large
" amounts of online data. A wide variety of IBM-supplied application-
oriented programs that operate under DOS/VSE are also available, many
more than are provided for the Model 20.

Because the #4331 Processor offers some facilities that are not
compatible with the Model 20, more effort is involved in the transition
to a 4331 Processor for a Model 20 user than for Model 30 or 40 users.
The extent of this effort depends on whether applications are redesigned
to take advantage of new hardware, new I/0 devices, and additional
programming systems features or merely modified to operate on a 4331
Processor under DOS/VSE.

Previous hardware sections of this guide have assumed knowledge of
the Model 30 or 40. This subsection assumes knowledge only of the Model
20 (submodel 5). However, it is not the aim of this discussion to give
detailed explanations of concepts and hardware common to Models 22 and
up and the 4331 Processor that are new to the Model 20 user. These
differences are highlighted only and additional information can be found
in the System/370 and 4300 Processor Principles of Operation
publications.

60:05 HARDWARE DIFFERENCES BETWEEN THE MODEL 20 AND THE 4331
PROCESSOR

The hardware features of the System/360 Model 20 are identical to
those of System/360 Models 22 and up and to the 4331 Processor (for
Systen/370 mode) in many respects. Model 20 data formats, instruction
formats, and all but a few instructions are a compatible subset of those
for other System/360 models and the 4331 Processor.

The following are the significant feature differences between the
Model 20 and the 4331 Processor. The 4331 Processor features described
in sections 05, 10, 15, and 18 that are new to Models 30 and 40 are new
to the Model 20 as well but are not highlighted again in this section.

e In addition to the data formats for the Model 20, which are
identical to their #4331 Processor counterparts, the 4331 Processor
implements fullword (32-bit) binary data, instead of halfword only,
and short, long, and extended form floating-point data formats.
Hence, the U331 Processor can process scientific applications that
require the range of numbers that can be represented by floating-
roint notation.
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e The Model 20 implements four of the five instruction formats used
for 4331 Processor instructions. The register-to-storage (RS)
format is not provided on the Model 20. The RS format permits
reference to three operands, two in registers and one in storage.
For example, in the 4331 Processor, two or more consecutively
addressed general registers can be loaded with data from storage
using a single LOAD MULTIPLE (RS format) instruction. Similarly,
the contents of several registers can be stored with one STORE
MULTIPLE instruction. These two. instructions are very useful in an
operating system environment because they permit rapid register
unloading and loading when processor control is switched from one
program to another (control program to problem program, for
example).

e The Model 20 instruction set consists of 36 operation codes
(including I/0 instructions and excluding the DIAGNOSE instruction).
More than 190 instructions are provided for the 4331 Processor. All
Model 20 instruction operation codes are identical to their 4331
Processor counterparts except for Branch and Store, Set PSW, Halt
and Proceed, and the three 1/0 instructions, none of which are part
cf the 4331 Processor instruction set.

Some of the new programming capabilities offered by the 4331
Processor instruction set (in addition to those discussed in Section
10) are binary division, fullword binary arithmetic, floating-point
arithmetic, additional logical operations (add and subtract logical
instructions, register shifting, exclusive OR), decimal to binary or
binary to decimal data conversion with a single instruction, single
instruction programmed loop control, scanning for specific data
characters, and additional operations involving the general
registers. These instructions eliminate the need for writing
subroutines to handle functions not supported by a single
instruction, thereby saving programmer time and storage space and
speeding up program execution. Table 60.05.1 lists the instructions
for the 4331 Processor that are not provided for the Model 20.

e The Model 20 has 8 general registers (addressed 8 to 15) that are a
halfword in size. The 4331 Processor has 16 general registers (0 to
15) that are a fullword in size. The extra registers are needed for
use as base registers (to address the significantly greater
processor storage size of the 4331 Processor) and for indexing.
Additional registers can be used as intermediate work storage during
arithmetic calculations and for loop control to eliminate loading
and unloading operations. The registers are also used for
subroutine linkage, for passing data between subroutines, and for
communication between a control program and problem programs.

e During system operation, the 4331 Processor operates in either
supervisor state or problem state. The state in effect is
determined by a bit setting in the current PSW. In supervisor
state, all 4331 Processor instructions can be executed. In problem
state, certain instructions, those referred to as privileged, cannot
be executed. If an attempt is made to execute a privileged
instruction when the system is in problem state, an interruption
occurs.
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Table 60.05.1.

4331 Processor instructions not available on the Model 20.

(Privileged instructions are identified by an asterisk.)

Arithmetic Operations

Add (fullword binary)
Subtract (fullword binary)

Multiply (fullword binary)
Divide (fullword binary)

Add Logical (fullword binary)
Subtract Logical (fullword
binary)

All short, long, and
extended precision floating-
point instructions. (There
are 44 instructions to
handle short- and long-form
data and 7 to handle extended
precision.)

Iogical Cperations

AND (SS, RX, RR formats)
OR (SS, RX, RR formats)
Exclusive OR

Radix Conversion

Convert to Binary (from decimal)
Convert to Decimal (from binary)

Register Shifting Operations
Algebraic and logical shifting,

to the left or the right of onme
register or a pair of registers

Miscellaneous

Branch and Link (similar to
Branch and Store)

Edit and Mark

Execute

*Load PSW (similar to Set
PSW on the Model 20)

*Set Program Mask

*Set System Mask

Supervisor Call

Test and Set

Translate and Test

(for data scanning)

170 Instructions

*Start 1I/0
*Halt 1I/C
*Test Channel
*Clear I/0
*Halt Device

Storage Protection

*Insert Storage Key
*Set Storage Key

*Store

Register lLoading Operatioms

Load (fullword)

Load Address

Load and Test

Load Complement

Load Multiple (registers)

Load Negative

Load Positive

Insert Character (into a register)

Register Storing Operations
Store (fullword)
Store Multiple (registers)
Store Character (from a register)

Comparison Operations

Compare (fullword)
Compare Logical (RR, RX formats)

Loop Control Operations

Branch on Count
Branch on Index High
Branch on Index Low or Equal

New 4331 Processor Instructions (Not
implemented in System/360)

Clear storage Page

Compare and Swap

Compare Double and Swap

Compare Logical Characters Under Mask
Compare Logical Long

Insert Characters Under Mask
*Insert PSW Key

*Load Control

*L,ocad Real Address

Monitor call

-Move Long
*Purge Translation Lookaside Buffer
*Reset Reference Bit
*Set Clock

*Set Clock Comparator

*Set CPU Timer

*Set PSW Key From Address

Shift and Round Decimal
*Store Channel ID
*Store Characters Under Mask
Store Clock

*Store Clock Comparator

*Store Control
CPU ID

*Store CPU Timer

*Store Then And System Mask
*Storage Then Or System Mask
*Page control instructions valid
only in ECPS:VSE mode )
Move Inverse
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The resident control program operates in supervisor state, the
problem program in problem state. This prevents a problem program
from interfering with critical system-oriented functions, such as
I/0 operations, mode switching, storage protection, interruption
masking, etc., that are handled by the control program. Privileged
instructions for the 4331 Processor are identified by an asterisk in
Table 60.05.1. The Model 20 does not implement these two states
and, therefore, does not have any instructions that are privileged.

User-written programs for the Model 20 can use direct addressing,
that is, no base register, for addresses up to 16,383. The high-
order bit of the B-field in a Model 20 instruction indicates whether
direct addressing is used, and the low-order 14 bits of the combined
B- and D-fields are used for the direct address.

In the 4331 Processor, only addresses 0 to 4095 can be directly addressed.
A value of zero in the B-field of a 4331 Processor instruction

indicates direct addressing and the 12-bit D-field is used for the
address. However, programs written to operate under DOS/VSE must

use base registers for all addressing. The advantage of this

approcach is that a program can be relocated merely by adding a

relocation factor to base register values and all address constants,
either at link-edit or program execution time. Reassembly is not
required.

The PSW for the Model 20 is one word. The PSW for the 4331
Processor is a doubleword and different in format.

A channel command word (CCW) for the Model 20 is six bytes and must
be aligned on a halfword boundary. CCWs are used only for I/0
operations on the Inputs/Output Channel. In the 4331 Processor, a
CCW is eight bytes and must be aligned on a doubleword boundary.
CCWs are used for all I/O operations in the 4331 Processor,
regardless of the type of channel tc which the I/0 device is
attached and whether or not the device is connected to the processor
via an integrated adapter or a channel.

The Model 20. implements only the I/0 class of interruption. When a
programming or a machine error occurs, the Model 20 halts. The 4331
Processor implements five interruption classes: I/0, external,
program, supervisor call, and machine check. An old and a new PSW
are provided for each class. The implementation of more
interruption classes is designed to make the 4331 Processor hardware
suited to an operating system environment in which total system
halts are to be avoided when at all possible. (See Section 50 for a
discussion of 4331 Processor recovery features.) Interruptions are
also the means by which processor control is switched from problem
programs to the control program.

The reserved area in lower processor storage of the Model 20 is 168
bytes. Locations 0 to 143 are reserved for intermnal processor
control and cannot be accessed by any program. There is no machine
exrror logout area. The reserved area in lower storage in the 4331
Processor is 512 bytes. It contains fixed locations for specific
data fields (PSWs, etc.) and logout areas into which the processor
stores data during interruptions. These 512 bytes are program
addressable. (See section 10:05 for the layout of the 512
permanently assigned locations in the 4331 Processor.)

The 4331 Processor includes storage and fetch protection as a
standard feature. This feature, not available on the Model 20, is
most useful in a multiprogramming operating system environment.
Storage protection is used to prevent one program from destroying
another by inadvertently storing data in that program's area of
storage. Thus, the resident control program can ke protected from
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problem programs that are executing concurrently, and the problem
programs are in turn protected from one another. Fetch protection
can be used to prevent a program from fetching data from a storage
area other than its own. ,

Storage protection is achieved by dividing program processor storage
into 2048-byte (2K) blocks. The first address of each 2K block is a
multiple of 2048. Each 2K block of storage is assigned a four-bit
storage protect key, 0 to 15, using the SET STORAGE KEY instruction.
(The protect key is not part of addressable processor storage.) Each
time an attempt is made to store at any storage location durlng
system operation, the system compares the storage protect key in the
current PSW with the key in effect for the storage area in which the
store instruction appears. If the protect keys match or the current
PSW protect key is zero, the store operation is performed; if not,
the instruction is not executed and a program interruption occurs.

Storage protection for 1I/0 operations is also provided. When a read
operation is initiated for a program, the storage protect key of
that program is given to the channel, which then ensures that data
read is placed only in storage locations with the same key. .

In an operating system environment, the resident control program
storage area is assigned protect key 0, and operates with protect
key 0 in the PSW so that it can store in any storage area. A
problem program storage area is assigned a key of from 1 to 15 and
operates with its own key in the current PSW so that a problem
program can store only in its own storage area. The assignment of
storage keys and placing of the key in the current PSW are handled
by the control program.

* There are no hardware timing facilities in the Model 20. The 4331
Processor has an interval timer (for compatibility with System/360
and Systems/370), CPU timer, clock comparator, and time-of-day clock
(discussed in Section 10). These facilities are used for time of
day, job accounting, interval timing, and time-stamping operations.

60:10 CHANNEL AND I/0 DEVICE DIFFERENCES BETWEEN THE MODEL 20 AND THE
4331 PROCESSOR

CHANNELS

The 4331 Processor is basically a channel-oriented system and,
therefore, offers considerably more capability for overlapping I/0
operations with each other and with instruction processing than does the
Model 20 Submodel 5. The integrated (native) adapters available for the
4331 Processor differ from those on the Model 20 in that they offer I/0
overlapping functions comparable to those of channels rather than the
limited overlap provided by the "time-sharing®™ mode of the Model 20.

I70 devices connected to the 4331 Processor via integrated adapters are
programmed exactly as if they were attached via a control unit and a
channel. The advantage of integrated adapters is that they provide
lower cost attachment of certain I/0 units than would be the case if a
separate control unit were used and reduce physical space requirements.

A block multiplexer channel in a 4331 Processor operating in selector
mode (hereafter referred to as a selector channel) can best be compared
in function and operation with the Inputs/Output Channel operating in
overlap mode on a Model 20 Submodel 5. A selector channel in the 4331
Processor operates only in burst mode and, therefore, can handle only
one data transfer operation at a time, as is true of the Model 20
Input/Output Channel. A selector channel is designed for the attachment
of higher speed devices, such as tape and disk, but slower speed
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devices, such as card and print units, display devices, etc., can be
attached as well.

I/C operations on a selector channel can be overlapped with other I/0
operations in progress on both integrated adapters and the byte
multiplexer channel, and with instruction processing operations. A data
transfer operation on a selector channel can also be overlapped with
previocusly initiated non-data-transfer operations on the same channel,
such as tape rewinding and direct access device arm positioning
(seeking). Once a data transfer 1I/0 operation is begun on a selector
channel, the channel always operates asynchronously from other channels,
integrated adapters, and instruction processing. There is no nonoverlap
mode, as on the Model 20. '

A selector channel causes instruction processing operations in the
4331 Processor to be temporarily suspended when the channel needs a
component it shares with the instruction processing function (such as
the arithmetic logic unit) and when the instruction processing function
and the channel simultaneously require access to processor storage. The
channel is given priority over the instruction processing function for
'storage accesses and the instruction processing function must wait until
the channel stores data in, or fetches data from, processor storage.

The channel informs the instruction processing function of the
termination of an operation via an I/0 interruption, during which
channel and I/0O device status information is stored in permanently
assigned lower storage.

A selector channel can have up to eight control units of different
types attached, and up to 256 I/O devices per chamnel can be addressed.
Unlike Model 20 DPS, which supports only one control unit, DOS/VSE
supports multiple control units on a selector channel.

There is no channel facility on the Model 20 comparable to the byte
multiplexer channel in the 4331 Processor. This channel is provided to
handle slower speed I/0 devices, such as card readers, punches,
printers, telecommunications terminals, and optical and magnetic
character readers. While the. byte multiplexer channel can operate in
burst mode, like a selector channel, to handle one I/O operation. at a
time, it is designed primarily for operation in byte-interleaved mode.
When operating in byte mode, the byte multiplexer channel can handle the
concurrent execution of multiple data transfer operations for slower
speed devices.

The byte multiplexer channel actually consists of multiple
subchannels. Each subchannel can handle only one I/O operation at a
time but can operate concurrently with all other byte multiplexer
subchannels as long as the maximum aggregate data rate that can be
sustained by the channel is not exceeded. A given subchannel is
assigned to handle I/0O operations for only one device or to handle 1/0
operations for multiple I/0 devices attached to the same control unit.
In the latter case, only one I/0 device on the control unit can operate
at any given time.

When the channel is in byte mode, concurrently operating subchannels
share the facilities of the byte multiplexer channel (registers,
microcode, etc.) on an as-needed, interleaved basis to transfer data
between processor storage and the subchannels one byte at a time. When
an I/0 operation is started on a subchannel for a device, the device
does not retain. control of the channel facilities until the entire data
record has been transferred, as is true in burst mode. Instead,
requests from the device to transfer the bytes of a given data record
are handled on an interleaved basis with data transfer requests of other
operating devices.
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Because byte multiplexer channel facilities must be shared when the
channel operates in byte mode, each subchannel has its own unit control
word (UCW), which is used as an intermediate storage area during each
I/0 operation on the subchannel. ' The UCW contains the information
needed to continue the I/0 operation when the subchannel again receives
control, such as the number of bytes remaining to be transferred, the
next storage location to be used, the storage protect key, etc.

Assuming several I/0 operations have been started on the byte
maltiplexer channel, the following occurs. When any control unit is
ready for a data transfer operation, it sends a request signal to the
byte multiplexer channel. Wwhen free, the byte multiplexer channel
responds by sending back a signal that inspects each control unit on the
channel, in the physical sequence in which they are attached.

The first control unit found with a high-priority designation that is
ready to transfer one byte of data is the one that will be serviced.
(Physical sequence on the channel and high- or low-priority designation
for I/0 devices are established at installation time.) Control of the -
byte multiplexer channel facilities is given to the appropriate
subchannel (the one associated with the device on the control unit whose
Jata byte is ready for transfer). The contents of the UCW for that
subchannel are loaded into the channel registers, the data transfer
operation of one byte to or from storage is performed, the channel
registers are updated, and the updated values are stored back in the UCW
for the subchannel.

The byte multiplexer channel is then available to sexrvice another
data transfer request. Thus single-byte data transfer operations for
concurrently operating I/0 devices are handled on an interleaved basis.
This can be done because of the relatively long period of time between
the availability of consecutive data bytes from any one device on the
channel. During this interval other devices can be serviced.

The byte multiplexer channel, like a selector channel, can have up to
eight control units of different types attached, and up to 256 I/0
devices can be addressed. However, the actual number of I/0 devices
that can be attached is a function of the number of subchannels for the
byte multiplexer channel, which in the 4331 Processor is 31, and the
types of devices attached.

The byte multiplexer channel provides much more overlap of I/0
operations than the "time-sharing®™ facility of the Model 20 that is
implemented for slower speed, natively attached I/0 devices. The block
multiplexer channel offers significant advantages over a selector
channel and is discussed in Sections 10:20 and 10:25.

170 DEVICES

Mocdel 20 users who install a 4331 Processor have a significantly
wider variety of 1/0 device types from which to choose and can install a
much larger I/0 configuration that includes many faster I/0 units.

Table 60.05.2 shows the correspondence between Model 20 and 4331
Processor I/0 devices and features. The following summarizes the
contents of the table: : :

e The 2152 Printer-Keyboard, the 2203 Printer, and the 2560 MFCM
cannot be attached to the 4331 Processor.

e Models of the 1442, the 2501, and the 2520 card units that attach to
the Model 20 cannot themselves be attached to the 4331 Processor;
however, these card units can be replaced with (but not physically
converted to) appropriate models of the same units that do attach to
the 4331 Processor. Alternatively, faster card readers and punches,
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not attachable to the Model 20, can be installed in a 4331 Processox
configuration to replace these card units.

e 2311 Models 11 and 12 cannot be attached to the 4331 Processor but
they can be field-converted to the 2311 Model 1, which attaches to
the 4331 Processor. Upgrades to larger capacity disk storage, such
as the 3310 or 3370, are desirable. At least one non-2311 device
type must be installed in order to use DOS/VSE, which does not
support the 2311 as a system residence device.

¢ 2401 and 2415 Magnetic Tape Units as well as 1255, 1259, and 1419
Magnetic Character Readers attached to a Model 20 can be attached to
a 4331 Processor. Alternatively, 2400-series tape units can be
replaced with units ranging in speed from 20 KB/sec to 470 KB/sec
and different tape types can be intermixed in the 4331 Processor
tape configuration.

New device types, not available on the Model 20, include optical
character readers, paper tape units, alphameric display units, audio
response. units, and start/stop and synchronous data link control
telecommunications terminals. Table 60.05.3 lists I/0 devices for the
4331 Processor that are supported by DOS/VSE but that cannot be attached
to the Model 20.

Table 60.05.2.- Model 20 and 4331 Processor 1I/0 device correspondence

Model 20 I/0 Device 4331 Processor 1I/0 Device
e 2501 Card Reader Models Al and A2 cannot be

Al - 600 cpm read attached to the #4331 Processor or

A2 - 1000 cpm read . converted to B models.

e 2501 card Reader
Bl - 600 cpm read
B2 - 1000 cpm read
e 2520 Card Read Punch
Bl - 500 cpm read
500 cpm punch
e 2540 card Read Punch
1000 cpm read
300 c¢pm punch
¢ 3505 Card Reader
Bl - 800 cpm read
B2 - 1200 cpm read

e 2520 card Read Punch Model Al cannot be attached to the
Al - 500 cpm read 4331 Processor or converted to a Model Bl.
500 cpm punch e 2520 card Read Punch

Bl - 500 cpm read
500 cpm punch
e 2540 Card Read Punch
1000 cpm read
300 cpm punch ‘
e 3505 card Reader and 3525 Card Punch
Bl, B2 - 800 or 1200 cpm read
P1, P2, P3 - 100, 200, or 300
cpm punch
e 2501 Card Reader and 2520 Card Punch
Bl, B2 - 600 or 1000 cpm read
B2, B3 - 500 or 300 cpm punch
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Table 60.05.2. (continued)

Model 20 I/0 Device

4331 Processor 1/0 Device

e 1442 Card Punch
Model 5 - 160 columns per
second
e 2520 Card Punch
A2 - 500 cpm punch
A3 - 300 cpm punch

e 1403 Printer
2 - 600 1lpm, 132 print positions
7 - 600 lpm, 120 print
positions
N1 - 1100 1lpm, 132 print
positions
UCs and Selective Tape
Listing features are supported.

e 1255, 1259, or 1419 Magnetic
Character Reader

s 2415 Magnetic Tape Unit

and Control

Models 1, 2, 3 15

Mcodels 4, 5, 6 30

KB/sec (NRZI)
KB/sec (PE)

e 2401 Magnetic Tape Unit
Model 1 30 KBs/sec (NRZI)
Model 2 60 KB/sec (NRZI)
Mcdel 4 60 KB/sec (PE)

2401 and 2415 tape units can-
not be intermixed in one
system. A maximum of six
tape units, all of the same
type (2415 orx 2“01), can be
attached.
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The 1442 Model 5 and Models A2 and

A3 of the 2520 card Punch cannot be
attached to the 4331 Processor or con-
verted to N2 or B models.

The

1442 card Punch

N2 - 160 columns per second

2520 card Punch
B2 - 500 cpm punch
B3 - 300 cpm punch
3525 Card Punch

P, P2, P3 - 100, 200, or

300 cpm punch

2540 Card Read Punch

300 cpm punch
1000 cpm read

Bl - 500 cpm punch
500 cpm read

1403 Printer Models

2520 Card Read Punch

2, 3, 7, N1

Model 3 - 1100.1pm and 132 positions
3203 Model 5 Printer
1200 1lpm and 132 positions

3211 Printer
2000 lpm and 132 or

150 positions

The UCS feature is supported. The
Selective Tape Listing feature

cannot be installed

on a printer

attached to a 4331 Processor.

1255 and 1419 attach

2415 Magnetic Tape
Control

Models 1, 2, 3 15
Models 4, 5, 6 30

Unit and

KB/sec (NRZI)
KB/sec (PE)

2401 Magnetic Tape Unit

Model 1 . 30 KB/sec (NRZI)

Model 2 60 KB/sec (NRZI)

Model 3 90 KB/sec (NRZI)

Model 4 60 KB/sec (PE)

Model 5 120 KB/sec (PE)

Model 6 180 KB/sec (PE)

Model 8 15 KB/sec, 41.7 KB/sec, or
60 KB/sec (NRZI, 7-track only)

3410 Magnetic Tape

Model 1 20 KB/sec (PE)

Model 2 40 KB/sec (PE)

Model 3 80 KB/sec (PE)

3420 Magnetic Tape

Model 3 120 KB/sec (PE)

Model 5 200 KB/sec (PE)

Model 7 320 KB/sec (PE)

Model 4 470 KB/sec (GCR)

8809 Magnetic Tape Unit

(20 KB/sec or up to

160 KB/sec)

Different tape types can be inter-
nixed in a system configuration.




Table 60.05.2. (continued)

Model 20 I/0 Device

4331 Processor I/0 Device

e 2311 Disk Storage Drive
Model 11 -~ 5.4 million
bytes
Model 12 - 2.7 million
bytes
A maximum of four drives can
be attached to a Submodel 5
for a total of 21.6 million
bytes online.

e 2152 Printer-Keyboard

Models 11 and 12 cannot be attached
to a 4331 Processor but can be changed
to a 2311 Model 1 in the field.

2311 Disk Storage Drive Model 1
Up to 7.25 million bytes per drive.
Up to eight drives on one 2841
control unit for a maximum
capacity of 58 million

bytes per 2841.

1316 Disk Pack used on 2311
Models 11 and 12 can be used

on a Model 1 but data must be
reformatted.

231472319 disk storage facilities
One to nine drives in a 2314B/
2319B facility, one of which

is a spare. Up to 29.1 million
bytes per drive, 233 million
maximum online per facility.

2316 Disk Pack used is larger
than the 1316 pack.

3340 disk storage (all models)
One or two strings of from two to
eight drives each.

Up to 35 or 70 million bytes per
drive, 560 million bytes maximum
per string. The 3348 Data Module
is used as the storage medium.
3310 disk storage. From one to
four strings of from one to four
drives each. Drive capacity is
64.5 million bytes, string
capacity is 258 million bytes.
3370 disk storage. From one to
four strings of from one to four
drives each. Drive capacity is
571.3 million bytes, string
capacity is 2.3 billion bytes.

Cannot be attached.
The 3278 Model 2A Display Console
is required.
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Table 60.05.2. (continued)

Model 20 I/0 Device

4331 Processor I/0 Device

e 2203 Printer
Up to 350 lpm
with a S52-character set,
depending on the model, and
120 or 144 print positions.
Only one printer (2203 or
1403) can be included in a
Model 20 configuration.

e 2560 Multi-Function Card
Machine (MFCM)
Card reading - 310 or 500 cpm
Punching - 120 or 160 columns

per second

Card printing - on 25 lines,
-up to 6 lines per pass.
Combined read, punch, print
operations in each feed.
card selection into five
stackers from either feed.

Cannot be attached. The following

can
L]

be substituted:

1443 Printer Model N1

240 1lpm and 120 or 144 print
positions

1403 Printer Models 2, 3, 7, N1
600 or 1100 1pm and 120 or 132
print positions

3205 Model 5 Printer

1200 1lpm and 132 print positions
3211 Printer

2000 alphameric 1lpm and 132 or 150
print positions. UCS is standard.
3262 Model 1 Printer

Up to 650 lines per minute

3289 Model 4 Printer

Up to 400 lines per minute

Multiple printers can be included in a
4331 Processor configuration.

The

Dual Feed Carriage special

feature cannot be installed on
printers attached to the 4331 Processor.

Cannot be attached. The following

can be subsititued to handle some

functions:

2540 card Read Punch

Card reading - 1000 cpm

card punching - 300 cpm

Combined reading/punching from

punch side if Punch Feed Read

installed. Selection into three
pockets from read feed and

into two pockets from

punch feed (or vice versa).

3505 Card Reader and 3525 Card

Punch

Card reading - 800 or 1200 cpm

Ccard punching - 100, 200, or
300 cpm’

Card printing - 100, 200, or 300
cpm (for two-line
feature, variable
for multiline
feature)

Combined read, punch, print in

3525 if card read and card print

options installed. cCard selection

into two pockets from 3505 (if
optional stacker present) and

two pockets from 3525.
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Table 60.05.3. I/0 devices for the 4331 Processor that are supported by
DOS/VSE but not attachable to the Model 20

170 .Devices

3505 Ccard Reader

3525 carxd Punch

1443 Printer

3203 Model 5 Printer

3211 Printer

3262 Line Printer

3289 Line Printer, Model 4§

3800 Printing Subsystem

2671 raper Tape Reader

1287 Optical Reader

3881 oOptical Mark Reader

3886 Optical Character Reader
3277 pisplay Station

3410 Magnetic Tape Models 1,2,3
3420 Magnetic Tape Models 3,4,5,7
2401 Magnetic Tape Models 3,5,6,8
8809 Magnetic Tape Unit
231472319 Disk Storage

3310 Disk storage

3340 Disk Storage

3370 pisk storage

3540 Diskette Input/Output Device
2596 Card Read Punch

3890 Document Processor

3895 Deposit Processing System
5424 Multifunction Card Unit
7770 Audio Response Unit
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SECTION 70: COMPARISON TAELE OF HARDWARE FEATURES - SYSTEM/360
MODELS 20, 30, AND 40 AND THE 4331 PROCESSCR

This table is included for quick reference. It compares the hardware
features of Models 20, 30, and 40, and the 4331 Processor.
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Hatdware Feature

I.

A.

PROCESSOR

Modes of operation

Instruction set
1. Standard set
(Binary arithmetic)

2. Decimal arithmetic
3. Floating-point
arithmetic

4. Extended precision

floating point
5. New instructions

(listed in

Section 10:30)

Address translation
hardware

Channel indirect data
addressing

Intexval timer

Time-éf-day clock
Clock comparator and
CPU timer

Instruction retry by
hardware

Machine check
interruption

System/360
Model 20

Only BC mode is
implemented

Standard
(halfword
operations only
and no division)
Standard

‘Not available

Not available

Not available

Not available

Not available

Not available

Not available

Not available

No

Not implemented.
Machine errors
cause a system
halt.

System/360
Model 30

Only BC mode is
implemented

Standard

Optional
Optional

Not available

Not available

Not available

Not available

Optional
(16.6-ms
resolution)

Not available

Not available

Limited

Occurs on
processor, main
storage, and
certain channel
errors.
bit controls

One mask

System/360
Model 40

4331 Processor

Only BC mode
is implemented

Standard

Optionai
Optional

Not available

Not available

Not available

Not available

Optional
(16.6-ms
resolution)

Not available
Not available
No

Same as the
Model 30

this interruption.

BC and EC modes for
System/370 and ECPS:VSE
modes are standard

Standard

Standard
Standard

Standard

Standard

Standard

(dynamic address
translation for
System/370 mode and an
internal mapping function
for ECPS:VSE mode)

Standard (for use in
System/370 mode only)

Standard
(10-ms resolution)
Standard

(l6-microsecond resolution)

Standard

No

Occurs after uncorrected
errors. There are four
types of machine check
and two mask bits.
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J.

Hatdware Feature

Fixed lower storage
area size (including
logout area for machine
and channel errors)

Compatibility features
(Optional unless
otherwise indicated)

Proccesor cycle time

Direct Control feature
or External Interrupt
feature

Monitoring feature
Program event récording

Interruption for SsM
instruction

2311/2314/2139/3310
Direct Access Storage
Compatibility
System/3 Data Import

ECPS:VM/370

STORAGE

Processor (main)
storage sizes

System/360
Model 20

168 bytes
(There is no
logout area.
Locations 0-143
cannot be
accessed

by programming.)

1. 1401/1440
(submodel 5
only)

Half-byte data
flow (submodels
1~-4).
data flow

(submodel 5)

Not available

available
available

available

available

available.

available

4K (submodels
1-4)

8K (all sub-
nodels)

12K (all sub-
models)

24K (submodel 5)
32K (submodel 5)

Two-byte

System/360 System/360
Model 30 . Model 40 4331 Processor
139 bytes 324 bytes 512 bytes

1. 1401/1440/
1460

2. 1620
(maxtually
exclusive
features)

750 nanoseconds.-

one-byte data
flow.

Optional
(mutually
exclusive
features)
Not .available
Not available

Not available

Not available

- Not available

Not available

16K
24K
32K
48K

1. 140171460

2. 141077010

3. 1401/1440/
1460 DOS
Compati-
bility (for
use with
Cs/40)

625 nano-
seconds.
Two-byte
parallel data
flow.

Optional
(matually
exclusive

features)

Not available

Not- available

Not available

Not available

Not available

Not available

32K

128K
192K
256K

1401/1440/1460 Compatibility

Variable from 200 to
1600 nanoseconds in
100-nanosecond .
increments.
Four-byte parallel
data flow

External signals

is optional, Direct
control is not available.
standaxd

Standard

Standard

Optional

Optional

Optional

512K

1024K

(less requirement for
microcode use)
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Hardware Feature -

B. Processor storage
cycle

C. Processor storage
validity checking

D. Control storage

E. Byte-oriented
operands

F. Storage and fetch
protection

System/360

Model 20

3.6 microseconds
for 1 byte
(submodels 1-4).
2.0 micro-
seconds for

2 bytes
(submodel 5).

Parity checking
on each byte.
Errors are not
corrected by
hardware.

Transformer
read-only
storage (sub-
models 1-4).
Reloadable
core storage
(submodel 5).

No

Not available

ITII. CHANNELS AND INTEGRATED I/O ATTACHMENTS

A. Byte multiplexex
channel (up to 8
control units)

1. Subchannels
provided

B. Selector channels
(up to 8 control units)

1. Channel data rate

Not available

Input/output
channel for
2415 tape units
{maximum of 1
on submodels
2, 4, and 5
only)

60 KB/sec

System/360 System/360
Model 30 Model 40

4331 Processor

1.5 microseconds 2.5 micro-

for 1 byte seconds

for 2 bytes
Same as Same as
Model 20 Model 20
Card Capacitor Tape
read-only read-only
storage storage
No No

Storage protect Same as
is optional. Model 30
Fetch protect

is not available.

Standard Standard
96 for all 32K-32
main storage 6UK-64
sizes. 128K-128
A special 192K-128
feature permits 256K-128
systems with

32K or 64K to

have 224 sub-

channels.

optional, Optional,
1o0r 2" 1o0r 2
312 KB/sec 312 KB/sec

-9 microsecond
read and 1.3 microsecond
write for 4 bytes

ECC checking on a
fullword. Single-
bit errors are cor-
rected by hardware.

Reloadable monolithic
(64K standard and 64K
additional eptional)

Standard

Standard

One is optional

31 for either processor
storage- size

Selector mode
provided for the
optional block
multiplexer channel

.500 KB/sec
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- Hardware Feature

C. Block multiplexer
channels

-D. Integrated attachments
(for direct connection
of I/0 devices to the
processor without a
channel and control
unit)

E. Channel retry data

* provided in a limited
channel logout area
.after channel error

F. Ch 1-to-Ch 1
‘Adapter

System/360 System/360
Model 20 ~ Model 30

Not available Not available

Attachments are None available
' provided for:

1. 2203 and
1403 ‘Printers

2. 2560 MFCM

3. 1442, 2501,
and 2520
.reader
punches

4. 1255, 1259,
and 1419 MCR

5. 2415 tapes
(up to 6
drives) for
submodel
5 only

6. 2311 Model 11,
12 disk stor-
age drives
(maximum four
drives on
submodel 5)

7. Binary
Synchronous
Communications
Adapter

8. Communica-
tions Adapter
for attachment
of STR
devices

Not available Optional

System/360
Model 40

4331 Processor

Not available

None available

No

Optional

One optional (500 KB/sec
data rate)

1.

5.

DPisplay/Printer
Adapter for
attachment of
operator consale
and up to seven
additional displays

‘and printers is

standard.

Display/Printer Adapter
Expansion option permits
another eight devices

to be attached (total

16 devices).

One DASD Adapter for
attachment of up to four
disk strings is

optional.

3340 Direct Attach

for attachment of one

‘or two 3340 strings to
DASD Adapter is

optional.

System/3 Data

Import for reading

3348 Data Modules written
by a System/3 is optional.
One 8809 Magnetic Tape Unit
Adapter for attachment of
up to six 8809 tape units
is optional.

Cne Communications
Adapter for attachment

of up to eight
communications lines

is optional. .

One 5424 Adapter- for the
attachment of one 5424

is optional.

One diskette drive and
included adapter is optional.

Yes

Not available and a
channel in the 4331
Processor cannot be
connected to an adapter
installed in another
processor.
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Iv.

Hardware Feature

OPERATOR CONSOLE
DEVICES

I/0 DEVICES

3211 Printer

3203 Model 5, 3262,
and 3289 Model 4
printers

380373420 Magnetic

Tape Subsystem
1. Models 3, 5, and 7

2. Models 4, 6, and 8
341073411 Magnetic
Tape Subsystenm

8809 Magnetic Tape Unit

Other tape units

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

3310 disk storage

3330-series and 3350
disk storage

3340 and 3344 disk
storage

System/360
Model 20

Comnsole
located on
2020. 2152
Printer-Key-
board optional.

No

No

NO

2415 or 2401
Models 1, 2,
and 4. (2415
and 2401 units
cannot be
intermixed in
a system.)

2311 Models 11
and 12 only
(maximum two
drives on sub-
models 2 and 4,
maximum four
drives on sub-
model 5)

RNo
No

System/360
Model 30

1052-7
Printer-Key-
board--15 cps
without alter/
display mode

Yes

No

Yes except
Model 7. Models
3 and 5 cannot
be attached to
a byte multi-
plexex channel.

No
Yes
No

All except
2420 Model 7

All except 2303
and 2301 drums.
oOnly channel 1

can have 2314~

type facilities
present.

No

System/360

Model 40 4331 Processor

Same as 1. 3278 Model 2A Display Comsole is

Model 30 required (1052, 3210, and 3215
cannot be attached). Display mode
is standard, printex-keyboard mode
is optional.

2. Other displays (3278 Model 2 units)

can be attached via the
Display/Printer Adapter to be used
as alternate or additional
consoles, as supported by
programming systems.

Yes Yes

No Yes

Yes except Yes

Model 7.

Model S

cannot be

attached to

a byte

mul tiplexer

channel. .

No Only Model 4 at 6250 EBPI

Yes Yes

No Yes (via 8809 Magnetic Tape Unit

Adapter only)

Same as Yes

Model ?~

All except 2311 and 2314/2319

2301 drums. only

Either channel
1 or channel

2 (but not
both) can

have 2314
facilities
attached.

No

No

No

Yes (via DASD Adapter only)

No

3340 only (via DASD Adapter only)
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K.
L.

Bardware Feature

3370 Disk Storage

3505 card Readexr and
3525 Caxd Punch

5424 Multi-Function
card Unit

3540 Diskette
Input/Output Unit

3600 Finance Communi-
cation System

3650 Retail Store
System

3660 Supermarket
System

3704, 3705-I, and
3705-1I Communications
Controllers

3740 Data Entry System

3767 Communication
Terminal

3770 Data Communication
System

3780 Data Communications
‘Terminal

3790 Communication
Systenm

3800 Printing Subsystem

3850 Mass Storage
Systen

3881 Optical Mark
Reader

3886 Optical Character
Readexr

3890 Document Processor

3895 Deposit Processing
System

3838 Array Processor

3250 Graphics Display
System

3270 Information
Display System

System/360

Model 20

No
No

§ 3

No

No

g

No

§ &

No

No

No

System/360
Model 30

No
No

No
No

Yes, in 270X
emulation mode
only

Yes

- Yes

Yes

Yes

No

No

No

No

No

§ 8

System/360

Model #0 4331 Processor
No Yes (via DASD Adapter only)
No Yes
No Yes
No Yes
No Yes
No Yes
No Yes
Yes, in 270X Yes
emulation mode
only

Yes Yes
Yes Yes
Yes Yes
Yes Yes
No Yes
No Yes
No No
No Yes
No Yes
No Yes
No Yes
No No
No Yes
No Yes



INDEX (Sections 01 to 70)

address space definition 88
architecture 15

System/370 15

4300 Processor 17
ASCII/EBCDIC mode 23

availability and serviceability features 260

basic control mode 18, 22
block multiplexer channel
description 52
general operation 53
operation with RPS devices 64
subchannels types by device 56
byte multiplexer channel 51
byte-oriented operands 31

CCH xroutine 274
change bit 124

channel indirect data addressing feature 125

channel logout 264
channel masking changes for EC mode 25
channel program translation
ECPS:VSE mode 136
System/370 mode 127
channel retry 264
Channel-to-Channel Adapter 46
channels 44
block multiplexer 52
byte multiplexer 51
cycle stealing 46

data flow between processor storage and the channels/adapters 47

device addresses 49
general description 44
integrated channel 46
interference 45
maximum number 48
priority 46
cycle steal requests 48
interruptions 48
subchannels 48
UCWs 48
check-stop 268
CLEAR I/0 instruction 46
CLEAR PAGE instruction 129
clock comparator 33
command retry 264
Communications Adapter 60
attachable devices
for BSC lines 63
for start/stop lines 64
for SDLC lines 64
configuration parameters
specified by the customer engineer 62
specified by the operator 62
general description 60
line speeds 61
COMPARE AND SWAP instruction 30
COMPARE DOUBLE AND SWAP instruction 30

COMPARE LOGICAL CHARACTERS UNDER MASK instruction 29
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COMPARE LOGICAL LONG instruction 29
comparison table, Models 20, 30, and 40 and 4331 Processor hardware
features 293
compatibility
BC mode with System/360 18
BC mode with System/370 19
System/370 mode with System/370 19
System/370 mode with ECPS:VSE mode 17
1401/1440/1460 feature 250
2311/231472319/3310 Direct Access Storage Compatability feature 177
CONNECT PAGE instruction 130
control registers 22
control storage buffer 22
control storage
general description 37
loading 77, 83
microcode groups by feature 38
requirements by microcode group 39
CPU timer 32
cycle time
processor 21
processor storage 34

DASD Adapter 58
data local storage 22
DECONFIGURE PAGE instruction 132
defect dictionary, processor storage 263
diagnostic functions 261
IML tests 276
Communications Adapter Trace and Dynamic Display 277
inline tests 276
microtests and manual operations 277
Remote Support Facility 277
DISCONNECT PAGE instruction 131
Diskette drive 60
display console 75
Display/Printer Adapter 50
distributed application environments 14
DOS Release 26, using 243
DOS/VS Release 34, using 243
DOS/VSE
compatibility with DOS/VS Release 34 232
description 231
differences from DOS/VS Release 34 231
emulator support 250
performance 2
program products 236
support of the 4331 Processor 233
VSE/Advanced Functions 237
VSE/Access Control-Logging and Reporting 242
VSE/Fast Copy Data Set Program 242
VSE/ICCF 241
VSE/IPCS 242
VSE/POWER 239
VSE/VSAM 240
dynamic address translation facility
addresses translated 122
time to perform 118
translation lookaside buffer 120
translation process 117
translation tables 113

ECC checking 262
ECPS:VM/370 159
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ECPS:VSE mode

address translation using the internal mapping function 136

advantage 17
architecture 17
capacity counts 132
channel program address translation 136
compatibility with System/370 mode 18
minimum program processor storage size 34
page control instructions 130
page frame assignment 133
performance 2
processor storage directory 134
translation lookaside buffer 137
virtual storage organization 129
virtual storage page
definition 129
description 131
states 130
EREP 275
ERPs 274
exigent machine check conditions 267
extended control mode 23
extended precision floating-point 30
external interruption masking 23
external page storage 166

features
optional 74
standaxrd 72
fixed block architecture 65
advantages 72
basic channel program 67
commands 66
differences between CKD and FBA channel programs 71
operation of commands 67
subcommands
Format Defective Block 69
Read Data 70
Read Duplicated Data 71
Write and Check Data 70
Write Data 70
track formatting 66
fixed processor storage locations
BC mode 26
EC mode 27
functional adapter 200
fixed logout area 265

general purpose instructions 29
HALT DEVICE instruction 46

IBM Systems 1401/1440/1460 Emulator Program 250
advantages 25
components 250
diagnostic commands 253
generation and execution 251
storage requirements 257
supported features 256
supported I/0 devices 258
tape and disk emulation 254
unsupported features and devices 258
user-written routines 253
IML 42, 77
indirect data address list 126
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indirect data address word 126
INSERT CHARACTERS UNDER MASK instruction 29
INSERT PAGE BITS 135
INSERT PSW KEY instruction 30
instruction buffer 21
instruction nullification 124
instruction processing damage machine check 267
instruction processing function 21
instructions
changes to for EC mode 27
description of ECPS:VSE mode only 130
description of new 28
list of new 73
integrated channel 46
internal mapping function 128
internal performance 2
interruptions
machine check 23, 264
Models 30 and 40 23, 269
other than machine check 23
page translation exception 118
segment translation exception 118
SET SYSTEM MASK instruction 23
interval timer 32
interval timer damage machine check 267
I/0 adapters
Communications Adapter 60
DASD Adapter 57
Display/Printer Adapter 50
Diskette Drive and Adapter 60
5424 Adapter 60
8809 Magnetic Tape Unit Adapter 59
attachable to the 4331 Processor 165
operation on block multiplexer channels 54-55
170 devices
attachable to the 4331 Processor 165
operation on block multiplexer channels 54-55
IPL, processor state after 269

limited channel logout 264

LOAD CONTROL instruction 22

LOAD FRAME INDEX instruction 131
LOAD REAL ADDRESS instruction 117
logouts 265

long-term fixing 109

machine check code 266
machine check interruptions 264
analysis and logging 269
exigent 267
MCAR support 273
MCH support 273
Models 30 and 40 269
recording modes 267
repressible 267
types 266
machine save function 81
~ main storage (See processor storage.)
MAKE ADDRESSBLE instruction 131
MAKE UNADDRESSABLE instruction 131
MCAR routine, DOS/VSE 273
MCH routine, OS/Vsli 273
Model 20 comparison with the 4331 Processor 28
monitoring feature 31
MOVE INVERSE instruction 30
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MOVE LONG instruction 29
multiple requesting 65

nonpaged mode of program operation 110
nonshared subchannels 48

OLTEP 275
OLTs 275
operator console 75
optional features 74
0s/vsi
performance 2
RMS routines 273
support of the 4331 Processor 245

page 106, 112
page access exception 108
page fault 108
page frame 107
page. in 107
page out 107
page replacement algorithm 109
page states 130
page state exception 130
page table 113, 116
page translation exception 118
paged mode of program operation 110
paging

definition 107

effect on system performance 141, 144-147

paging device 107

performance in a virtual storage environment 139

factors affecting 141
increasing 147

relationship to virtual storage size 144

permanent fixing 109
power system 271
processor
cycle times 21
logout area 26, 27
processor storage 34

calculating amount available for program use 40

cycle and fetch times 34
ECC on 262
fixed locations 26, 27
minimums available for program use 34
processor and program sections 34-36
sizes 34
processor storage directory
general description 35
use in ECPS:VSE mode 134
use in Systems/370 mode 115
program event recording 28
programming systems support
DOS Release 243
DOS/VS Release 242
DOS/VSE 231
general discussion 1
0S/VS1 245
vM/370 247
PSW
BC and EC mode formats 24
change to 24
PURGE TLB instruction 122, 137
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RAS features 260

real storage 92

recovery features, RAS 260

reference and change recording 124
reference bit 124

reference code 270

reloadable control storage 37

Remote Support Facility 277

repressible machine check conditions 267
RESET REFERENCE BIT instruction 124
RETRIEVE STATUS AND PAGE instruction 82
RMS routines 273

RMSR 274

RPS (rotational position sensing) with block multiplexing 64

segment 106, 112

segment table 113, 116

segment translation exception 118
selector channel mode 52

SET CLOCK COMPARATOR instruction 33
SET CLOCK instruction 32

SET CPU TIMER instruction 33

SET PAGE BITS instruction 135

SET PSW KEY FROM ADDRESS instruction 30
SET SYSTEM MASK instruction interruption 23
shared subchannels 48

SHIFT AND ROUND DECIMAL instruction 29
short-term fixing 109

slot 106
standard features 72
storage

control 37

data local 22

external page 166

processor (main) 34

protect key expansion 25

real 92

virtual (see virtual storage)
STORE CHANNEL ID instruction 29
STORE CHARACTERS UNDER MASK instruction 29
STORE CLOCK COMPARATOR instruction 33
STORE CLOCK instruction 32
STORE CONTROL instruction 22
STORE CPU ID imstruction 29
STORE CPU TIMER instruction 33
store status function 81
STORE THEN AND SYSTEM MASK instruction 30
STORE THEN OR SYSTEM MASK instruction 30
subchannels 48

block multiplexer 52

byte multiplexer 51

Communications Adapter 61

DASD Adapter 57

Display/Printer Adapter 51

nonshared 48

number required by device 54

shared 48

type required by device 56

231X mode 52

5424 Adapter 60

8809 Magnetic Tape Unit Adapter 59
support bus adapter and support bus 44, 270
support processor subsystem 41
support processor 41, 269
support processor U4
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system damage machine check 267

system diskette 43, 270

system diskette drive 43

system initialization 42

System/3 Data Import 58, 202

System/370 mode
address translaton using DAT hardware 117
addresses translated 122
advantages 17
architecture 16
channel indirect data addressing 125
channel program translation 127
compatibility with ECPS:VSE mode 18
compatibility with System/360 and System/370 16, 18
minimum program processor storage size 34
performance 2
processor storage directory 115
translation lookaside buffer 120
virtual storage organization 111

technology
System/360 14.2
System/370 14.3
4331 Processor
advantages 14.9
control storage 14.16
dynamic versus static storage 14.12
engineering design system 14.11
logic 14.5 '
processor storage 14.14
temporary fixing 109
time-of~day clock 32
timing facilities damage machine check 267
translation lookaside buffer
ECPS:VSE mode 137
System/370 mode 120

UCWs 48

Virtual Machine Facilityrs370 2, 152
virtual machines
advantages 163
definition 152
general operation 154
virtual storage
advantages 99
definition 92
need for 88
organization
for ECPS:VSE mode 128
for system/370 mode 111
relationship between size and performance 144
resources required to support 139
virtual storage address fields 114
virtual storage page 106

warning machine check interruption 267

1401/1440/1460 Compatibility feature 250

2311/2314/2319/3310 Direct Access Storage. Compatlblllty feature 177
address correspondance 178
buffers 180

configuration limitations 59
functions supported 177 '
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general operation 179 :

I/70 instruction simulation 183
mixed mode operations 177
read command emulation 182
search command emulation 181
seek command emulation 181
volume conversion 184

volume mapping 179

write command emulation 182

3203 Model S Printer 228
3262 Line Printer 50

3278 Model 2A Display Console
address comapre display 85
audible alarm 75
check control display 85
Communications Adapter displays 86
display controls and indicators 79
display mode 76
displays/alter display 83
general description 75
interval timer display 86
keyboard 78
machine status area 86
maintenance 87
mode selection display 80
native displays and printers display 86
operator's control panel 77
printer-keyboard mode 76
program load display 82
security keylock feature 75
user diskette displays 86

3278 Model 2 Display Station 50
3287 Printer 50
3289 Model 4 Line Printer 50

3310 Disk storage

advantages

231X users 179

3340 users 176
alternate sectors 169
capacity 167
command operation 169
description of drives 167
error detection and correction code 169
error retry functions 172
initialization 169
powering 168
statistics 173
string configurations 167
timing characteristics 167
track formatting 168
231X compatibility feature 177

3340 Direct Access Storage Facility
advantages summary 202
alternate tracks 191, 194, 195
attachment via the DASD Adapter 200
buffers 200
capacity 185

306



Page of GC20-1878-0
Revised March 19, 1979
By TNL GN20-3935

defect skipping 199

description of 3340 drives 185

error detection and correction code 196
features table 203

fixed head feature 187, 194, 196
intermixing 3340 and 3310 strings on the DASD Adapter 57
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