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The first three sections following the
Introduction, entitled Supervisor, Job
Control, and Initial Program Loader (IPL),
describe the control program for the Disk
Operating System. These sections are of
interest to anyone using the system,
including system analysts, programmers, and
operators. The functions of the Supervisor
are discussed, and the detailed Job Control
statement formats are given. The macro
instructions used to. communicate with the
Supervisor are discussed fully in the
Supervisor and I/0 Macros publication
listed in this Preface.

The next two sections entitled Linkage
Editor and Librarian are of particular
interest to persons responsible for
maintaining the resident system. These
sections describe the Linkage Editor and
Librarian programs fully.

The last section, Problem Determination,
discusses programs to use for error
recovery analysis.

Appendixes A and B contain the standard
DASD (Format 1) and Tape File Labels,
respectively. Appendix C contains a
summary of job control statements and
commands. Appendix D summarizes the
linkage editor and its input cards.
Appendix E summarizes multiprogramming.

This edition contains a glossary of
terms.

Note: The term EOB replaces which
was used in previous editions of this
publication. EOB corresponds to
Alternate Code 5 on the IBM 1052
Printer-Keyboard (SYSLOG for 1IBM
System/360). The term END corresponds
to the END key on the IBM 3210 and 3215
console Printer-Keyboards (SYSLOG for
IBM System/370). EOB and END are used
as message terminators on their
respective systems. Thus, the term
EOB/END is used in this publication in
reference to SYSLOG for both IBM
System/360 and IBM System/370,
respectively.

Alternate Code 9 is used to cancel an
IBM 1052 Printer-Keyboard entry. The
CANCEL key performs the same function
for the IBM 3210 and 3215 Console
Printer-Keyboards. Thus, CANCEL is
used in this publication for both IBM
Systems/360 and IBM System/370.

Preface

The following devices that are mentioned
in these publications are not available in
the United sStates of America:

e IBM 1270 Optical Reader/Sorter

e IBM 1275 Optical Reader/Sorter

. The publications most closely related to
this one are listed below.

Note: Although titles of some DOS
publications have been simplified, the
change does not affect the contents of
the publications.

IBM System/360 Prlnclples of Operation,
GA22~ 6821.

IBM System/370 Pr1n01ples of Operation,
GA22-7000.

Concepts and Facilities for DOS and
TOS, GC24-5030.

DOS Data Management Concepts,
GC24-3427.

DOS_Supervisor and I/0 Macros,
GC24-5037.

IBM System/360 Disk and Tape Operating
Systems, Assembler Specifications,
GC24-3414.

DOS System Programmer's Guide,
GC24-5073.

DOS Messages, GC24-5074.

DOS DASD Labels, GC24-5072.

Tape Labels for BPS, BOS, TOS, and DOS,
GC24-5070.

DOS OLTEP, GC24-5086.

DOS _System Generation, GC24-5033.

IBM System/360 Disk Operating System

and Tape Operating System, Utility
Macro Specifications, GC24-5042.

IBM System/360 Disk Operating System,
American National Standard COBOL

Programmer's Guide, GC28-6398.
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The telecommunications publications most
closely related to this manual are:

IBM System/360 Disk Operating System,

Basic Telecommunications Access Method,
GC30-5001.

IBM System/360 Disk Operating System,
OTAM Message Control Program,
GC30-5004.

IBM System/360 Disk Operating System,
QTAM Message Processing Program
Services, GC30-5003.
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The IBM System/360 Disk Operating System
provides operating system capabilities for
16K and larger IBM System/360 and IBM
System/370 configurations that include one
or more IBM 2311 Disk Storage Drives or IBM
2314 Direct Access Storage Facilities.
Systems above 16K that do not require the
expanded functions provided in the larger
operating system packages offered by IBM
benefit from this 16K package. The system
is disk resident, using IBM 2311, IBM 2314,
or IBM 2319 (if attached to a 2314) disk
storage for online storage of all programs.
Depending on the requirements of the
particular application, the system can be
expanded to include all processing programs
that perform the various jobs of a
particular installation, or it can be
tailored to a minimum system to control a
single program.

Disk Operating System Components

CONTROL PROGRAM

The control program is the framework of the
Disk Operating System. It prepares and
controls the execution of all other
programs. The components of the control
program are:

1. Supervisor. The Supervisor handles all
input/output operations, interrupt
conditions, and other functions for all
problem programs. Part of the
Supervisor resides in main storage at
all times. Processing time is divided
between the Supervisor and the
program(s) being executed. This is
true for your programs as well as other
IBM-supplied components of the system.

Certain functions of the Supervisor are

provided by transient routines that
remain in disk storage until needed and
are then loaded into main storage for
execution.

2. Job Control. Job Control runs between
parts of a job and prepares the system
for execution of all other programs in
a batched-job environment. Job Control
is loaded by the Supervisor from disk
storage whenever needed. For
foreground programs operating in other
than batched-job environment, Job
Control type functions are performed by
the single program initiator (formerly
the foreground initiator).

Introduction

3. Initial Program Loader (IPL). The IPL
routine loads the Supervisor into main
storage when system operation is
initiated. IPL also processes certain
control statements. To load IPL from
disk storage, simply select the address
of the disk drive in the load-unit
switches on the system console and
press the load key.

_The control program supervises all
input/output functions. Required control
program input/output units are:

1. System Residence (SYSRES):
residence unit

system

2. System Reader (SYSRDR): unit used for

Job Control statements

3. System Input (SYSIPT):
unit

system input

4. sSystem Punch (SYSPCH):
unit

system output

5. System List (SYSLST):
unit

system printer

6. System Communication (SYSLOG): medium

for operator communication.

These control program input/output units
are used by programs operating in either
the background or batched foreground
partitions.

SYSTEM SERVICE PROGRAMS

The system service programs generate the
system, create and maintain the library
sections, and edit programs into disk
residence before execution. Minimum
systems can be built that do not include
the system service programs.

The system service programs are:

1. Linkage Editor. The Linkage Editor
edits all programs into a system work
area. These programs can then be
permanently placed in the system or a
private core image library, requiring
only control statements to call them
for execution, or they can be stored
temporarily in the core image library,
executed, and then overlaid by new
programs. ‘

Introduction 9



2. Librarian. This is a group of programs
that maintains and reorganizes the disk
library areas and provides printed and
punched output from the libraries.
Three libraries are used.

a. Core Image Library. All programs
in the system (IBM-supplied and
user programs) are loaded from this
library by the System Loader
routine of the Supervisor.

b. Relocatable Library. This library
stores object modules that can be
used for subsequent linkage with
other program modules. A complete
program of one or more modules can
be placed in this library.

c. Source Statement Library. This
library stores IBM-supplied macro
definitions and user-defined source
statement routines (such as macro
definitions) built to provide
extended program-assembly
capability.

Private libraries can be created,
maintained, and serviced by the Librarian
programs. Private libraries are similar in
format to system libraries.

PROCESSING PROGRAMS

All problem programs are run within the
Disk Operating System environment, using
the functions of the control program.
Minimum resident packs may consist of:

e Only the control program and one or
more problem programs, oOr

e The control program and the Linkage
Editor, with problem programs loaded
and edited from cards or tape into a
specified area in disk storage, and
then into main storage for execution.

A full system may include user's
programs and the following IBM-supplied
programs:

¢ Language Translators:
COBOL, FORTRAN,

Assembler,
RPG, and PL/I (D).

* Sort/Merge.

10 DOS System Control and Service

e Utilities.
e Autotest (2311 support only).
e Problem Determination.

Note: When the control program opens
SYSLST assigned to an IBM 1403 printer
with a Universal Character Set (UCS)
feature, a mode is set to suppress data
checks. If, however, data checks are
to be allowed, the buffer must be
loaded before execution of the problem
program.

MULTIPROGRAMMING

For those systems with main storage equal
to or in excess of 24K, Disk Operating
System offers multiprogramming support.
This support is referred to as fixed
artitioned multiproqgramming, because the
number and size of the partitions are
fixed, or defined, during system
generation. The size of the partitions may
be redefined by the console operator,
subsequent to system generation, to meet
the needs of a specific program to be
executed.

Multitasking

Multitasking is a type of multiprogramming.
With multitasking, it is possible to
perform multiprogramming within any one or
all of the partitions: background,
foreground-one, and foreground-two.
multiprogramming users, multitasking
extends the capabilities of the Disk
Operating System to execute twelve programs
rather than three. (For a complete
discussion of multitasking, see the
Supervisor and I/0 Macros publication
listed in the Preface.)

For




Backqround vs Foreqround Programs

There are two types of problem programs in
multiprogramming: background and
foreground. Foreground programs may
operate in either the batched-job mode or
in the single-program mode. Background
programs and batched-job foreground
programs are initiated by Job Control from
the batched-job input streams.
Single-program foreground programs are
initiated by the operator from SYSLOG.
When one program is completed, the operator
must explicitly initiate the next one.

Background and foreground programs
initiate and terminate asynchronously from
each other and are logically independent of
each other.

The system is capable of concurrently
operating one background program and one or
two foreground programs. Priority for CPU
processing is controlled by the Supervisor,
with foreground programs having priority
over background programs. All programs
operate with interrupts enabled. When an
interrupt occurs, the Supervisor gains
control, processes the interrupt, and gives
control to the highest priority program
that is in a ready state. Control is taken
away from a high priority program when that
program encounters.a condition that
prevents continuation of processing until a
specified event has occurred. Control is
taken away from a lower priority program
when an event on which a higher priority
program was waiting has been completed.
When all programs in the system are
simultaneously waiting (that is, no program
can process), the system is placed in the
wait state enabled for interrupts.
Interrupts are received and processed by
the Supervisor. When an interrupt
satisfies a program's wait condition, that
program becomes active and competes with
other programs for CPU processing time.

Multiprogramming with foreground
programs operating in the single-program
mode is available on systems with minimum
of 24K positions of main storage.
Multiprogramming with a batched-job
foreground capability requires a system
with a minimum of 32K positions of main
storage. In addition, multiprogramming
support requires the storage protection
feature.

Batched-Job Multiprogramming

Two system generation options, batched-job
foreground processing (MPS=BJF) and private
core image library (PCIL=YES), allow for
full utilization of the system's
multiprogramming capabilities. These
options allow the linkage editor to execute
in the foreground partition. Thus,
foreground processing can be similar to
that of background.

In a disk system supporting both
options, several choices are available to
you as to the partition in which programs
are to be link edited and in which they are
to execute. A program may be link-edited
in:

1. The background to execute in the
background partition, and placed in
the system or a private core image
library.

2. The background to execute in a
foreground partition, and placed in
the system or a private core image
library.

3. A foreground partition to execute in
the background, and placed in a
private core image library which will
be assigned to the background at
execute time.

4. A foreground partition to execute in
that foreground partition, and placed
in a private core image library
assigned to that partition.

Most IBM-supplied programs can be
linkage edited to run in any desired
partition or partitions, providing enough
main storage is available to execute the
linkage editor. A program which is to
execute in more than one partition can be
link edited for each desired partition and
each version placed in a different core
image library. Problem programs that are
not self-relocating can be handled in the
same manner.

Self-relocating programs can be placed
in any library desired and can be executed
in any partition. Compile,
link-edit-and-go jobs (except for RPG and
Basic FORTRAN) may be executed in any
partition. A private core image library
must be assigned to compile, link edit and
go in a foreground partition.

In addition to the Linkage Editor,
certain Librarian functions are
self-relocating. Refer to Appendix E for
the system control and service facilities
applicable to each partition. Concepts and
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Facilities, listed in the Preface, contains
additional information about this subject.

SYSTEM-USED AREAS: Each foreground
partition contains a save area for program
name, old program status word, and
registers. The background save area is
‘located in the supervisor. All partitions
contain a label area for label processing
if the LBLTYP statement is used. These
save areas (except for the background save
area) are at the low end of the appropriate
partition.

Save area length is 88 bytes or 120
bytes if the floating point feature
(FP=YES) was specified in the CONFG
macro.

Label area length is determined by the
system according to the LBLTYP card
specification:

e TAPE (standard tape labels) = 80
bytes.

e NSD (nn) (nonsequential disk) = 84
bytes + 20 bytes per extent
statement.

e Omitted = 0.

Save Area Consideration: If you have a
background job that uses nearly all the
partition and you plan to run that same job
in the foreground, you may need a
foreground partition larger than
background. For example, assume that you
specified FP=YES, your background partition
is 14K (14,336 bytes), and your background
job, including the label area, is 14,290
bytes. Because of the save area, the job
requires an additional 120 bytes in
foreground and exceeds 14K. The foreground
partition, then, has to be at least 16K to
run the job unchanged.

Telecommunications

Disk Operating System includes telecommuni-
cations capability. Two access methods are
available, Basic Telecommunications Access
Method (BTAM) and Queued Telecommunications
Access Method (QTAM). BTAM requires at
least 24K positions of main storage, but
QTAM requires a minimum main storage capa-
city of 6uK. '
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A BTAM program can be run as either a
foreground or a background program.
Normally, it is run as a foreground-one
program and thus has the highest priority
of any program being executed at a
particular time.

In a system operating under QTAM, the
QTAM Message Control Program must be run in
the foreground-one partition. Up to two
QTAM Message Processing Programs may be run
in either foreground or background
partitions.

System Configuration

This section presents the:

1. Minimum system configuration required
to operate the Disk Operating System.

2. Features in addition to the minimum
(item 1) that can be supported.

The system control programs must always

be present in order to execute any other
programs.

MACHINE REQUIREMENTS

Minimum Features Required

16K bytes of main storage.
Standard instruction set. see Note 1.

Oone I/0 channel (either multiplexor or
selector). See Note 2.

One Card Reader (1442, 2501, 2520, or

2540). See Note 3.

One Card Punch (1442, 2520, or 2540). See
Note 3.

One Printer (1403, 1404, or 1443). See

Note 3.

One 1052 Printer-Keyboard for IBM
System/360 and one 3210 or 3215 Console
Printer-Keyboard for IBM System/370. If a
1052 is used with a Model 65 or larger
system, this should be attached to the
multiplexor channel.

One 2311 Disk Storage Drive, or
One 2314 Direct Access Storage Facility.

Note 1: Language translators may
require extended instruction sets.



Note 2: Telecommunications require a
multiplexor channel and at least one
selector channel. Telecommunication
devices should not be on the same
selector channel as SYSRES.

Optical Reader/Sorter and MICR
processing requires at least two I/0
channels. If MICR devices are attached
to the multiplexor channel, no burst
mode devices are supported on the
multiplexor channel. MICRs should be
attached as the highest priority
devices on the multiplexor channel.
Single addressing 1270s, 1275s, 1412s,
or 1419s are supported on any selector
channel, but device performance is
maintained only if a selector channel
is dedicated to a single MICR device.
The Dual Address 1275/1419 is not
attachable to selector channels.

MICR processing requires either the
direct control feature or the external
interrupt feature.

Note 3: One 7- or 9-track
2400/3420-series magnetic tape unit may
be substituted for this device, except
when the tape unit is substituted for a
card reader during IPL. (If 7-track
tape units are used, the data-convert
feature is required, except when the
tape unit is substituted for a
printer.)}

A disk extent can be substituted for
this device if 24K bytes of main
storage are available.
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Additional Features Supported

Timer feature.

Simultaneous Read-while-Write Tape Control
(2404 or 2804).

Any channel configuration up to one
multiplexor channel and six selector
channels.

Tape Switching Unit (2816).

Storage Protection feature (required for
multiprogramming).

Universal Character Set (UCS) feature.

Selective Tape Listing Features (1403) for
continuous paper tapes.

Dual Address Adapter (1419 or 1275) to
allow more stacker selection processing.
Once processing with the Dual Address
Adapter is established, 1412s and 1419s or
1270s and 1275s cannot be mixed.

Additional main storage up to 16,777,216
bytes.

Problem programs can request I/0
operations on these devices:

CARD READERS AND PUNCHES:

e 1442 card Read Punch
e 2501 Card Reader
e 2520 Card Read Punch

e 2540 Card Read Punch

PRINTERS:
e 1403 Printer

e 1404 Printer (for continuous forms
only)

e 1443 Printer

e 1445 Printer

PRINTER-KEYBOARDS :

e 1052 Printer-Keyboard or 3210 or 3215
Console Printer-Keyboard (for operator
communication)

.14 DOS System Control and Service

PAPER TAPE UNITS:

1017

Paper Tape Reader with 2826

Control Unit Model 1

1018
Unit

2671

DASD:

2311
2314
2319
2321

Paper Tape Punch with 2826 Control
Model 1

Paper Tape Reader

Disk Storage Drive
Direct Access Storage Facility
Disk Storage Facility

Data Cell Drive

MAGNETIC TAPE

e 2400~series Magnetic Tape Units

e 2495 Tape Cartridge Reader

* 3420-series Magnetic Tape Units

OPTICAL READERS AND SORTERS:

1285
1287
1288
1270
1275

MAGNETIC

Optical Reader (see Note 1)
Optical Reader (see Note 1)
Optical Page Reader (see Note 1)
Optical Reader/Sorter (see Note 2)

Optical Reader/Sorter (see Note 2)

CHARACTER READERS:

1255

Note

1259
Note

Magnetic Character Reader (see
2)

Magnetic Character Reader (see
2)

1412
Note

Magnetic Character Reader (see
2)

1419
Note

Magnetic Character Reader (see
2)

1419P primary control unit address on
127571419 dual address adapter

1419s secondary control unit address on
127571419 dual address adapter

7770

and 7772 Audio Response Units



TELEPROCESSING DEVICES:

e Teleprocessing devices specified in the
BTAM and QTAM publications referenced
in the Preface.

NOTES:

1. A combined total of eight 1285 and/or

1287 Optical Readers and/or 1288
Optical Page Readers is supported by
the system.

2. The maximum number supported depends
upon the system configuration.

Minimum System Requirements for
Multiprogramming

Multiprogramming, using only single program
initiator facilities requires 24K bytes of
main storage. Multiprogramming with
batched-job foreground capability requires
32K bytes of main storage to support a
single foreground partition in this mode,
and 64K bytes to support both foreground
partitions as batched-job processors.

Since separate system input/output files
are required for batched-job foreground
processing, additional disk extents or
additional input/output devices are
required. Multiprogramming also requires
either a 1052 Printer-Keyboard or a 3210 or
3215 Console Printer-Keyboard.

ORGANIZATION OF A DOS SYSTEM PACK

The DOS disk resident system may be on a
2311, a 2314, or a 2319 (if attached to a
2314) disk pack. Figure 1 shows the
organization of the pack.

Control Statement Conventions

The conventions used in this publication to
illustrate control statements are as
follows.

1. Uppercase letters and punctuation marks
(except as described in items 3 through
5) represent information that must be
coded exactly as shown.

2. Lowercase letters and terms represent
information that must be supplied by
the programmer.

3. Information contained within brackets
[ 1 represents an option that can be
included or omitted, depending on the
requirements of the program.

4. oOptions contained within braces { }
represent alternatives, one of which
must be chosen. :

5. An ellipsis (a series of three periods)
indicates that a variable number of
items may be included.

6. Underlined elements represent an
assumed option in the event a parameter
is omitted.

7. SYSmax represents the highest numbered
programmer logical unit available for a
partition. The largest number of
programmer logical units available in
the system is 222 (SYS000-SY¥S221) when
MPS=BJF, and 244 (SY¥S000-S¥YS243) when
MPS=YES or MPS=NO at system generation
time. The value of SYSmax is
determined by the distribution of the
programmer logical units among the
partitions.
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Name

T >
jstarting Address, If Present

w— vl

—— e —

| IPL Bootstrap Records
| System Volume Label
|User Volume Label
{System Directory

EIPL Loader Program

| System Work Area

=Transient Directory

|OPEN Routine Directory

|Library Routine Directory
Foreground Program Directory
Problem Program Phase Directory
Core Image Directory

I
|

Core Image Library

|Relocatable Directory (Optional)
Relocatable Library (Optional)
Source Statement Directory (Optional)
Source Statement Library (Optional)
Label Cylinder

Provides Storage For:
Background Usexr Labels

Background PARSTD Labels
Foreground 2 User Labels

Track

Foreground 1 User Labels

or Standard Labels (2311)

ANV EWNRO

Volume Table of Contents
(vroc)

[ e oo . et e s e G e, S i, St e Gt S, M S S G S S S i . St

Foreground 2 PARSTD Labels
Foreground 1 PARSTD Labels

-9
-19 Standard Labels (2314, 2319)

Record 1, track 0, cylinder
|Record 3, track 0, cylinder
Record 4, track 0, cylinder
Record 1, track 1, cylinder
|Record 5, track 1, cylinder
Record 1, track 2, cylinder
Record 1, track 5, cylinder
Record 1, track 6, cylinder

|Record 1, track 7, cylinder

O O O o o o o o o

|Record 1, track 8, cylinder
Record 1, track 9, cylinder 0

Track 0 of Cylinder 1, on a 2311.
of Cylinder 0 on a 2314 or 2319.
|
Beginning of the first available track
following the core image directory.

Track 0 of the first available cylinder
following the core image library.

Beginning of the first available track
following the relocatable directory.

Track 0 of the first availahle'cylinder
| following the previous library.

| _ -
|Beginning of the first available track
following the source statement directory.

|Pirst full cylinder after the last system
|library.

Location assigned by you.

D

Track 10

b o s s s o s v e S

Figure 1. Organization of a DOS System Pack
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The Supervisor is the control program that
operates with problem programs. Control is
always given to the active program with the
highest priority. Priority to programs in
the system has been assigned as follows:

1. sSupervisor (highest priority).

2. System operator communication routine.
3. Foreground-one program.
4. Foreground-two program.
5. Background program (lowest priority).
Part of the Supervisor resides in main
storage at all times. Certain other
routines are kept in the core image library
in the resident disk pack or a private core
image library and are called into transient
areas when needed. The functions performed
by the Supervisor are:

e Storage protection (required for
multiprogramming)

e Interrupt handling
¢ Channel scheduling
e Device error recovery

e Collection of tape error statistics by
volume

¢ Error Volume Analysis

e Error Logging and recovery

s Operator communication

e Program retrieval (fetch or load)

e End-of-job handling

e Timer services

e Checkpoint/Restart

e Job Accounting Interface.

All functions except certain interrupt
handling (SvC, I/0, and machine check) and
job accounting interface are available to
the problem program by issuing macro
instructions. The programmer is not
concerned with machine interrupt

conditions, since these are handled
automatically by the Supervisor.

Supervisor

The DOS system can record machine check
interrupt conditions for use as a customer
engineering diagnostic aid if you specify
the I/0 error logging and machine check
recording and recovery options at system
generation time.

To process ASCII (American National
Standard Code for Information Interchange)
tape files, the ASCII parameter must be
specified in the SUPVR macro at system
generation time. The supervisor contains
translate tables used to convert ASCII to
EBCDIC (on input) and EBCDIC to ASCII (on
output). All ASCII tape files are
processed in the EBCDIC mode.

The Supervisor also contains a
communications region for holding
information useful to problem programs and
to the Supervisor itself.

The Supervisor is generated from a set
of source statements by way of an Assembler
run.

Main Storage Organization

The Supervisor occupies the low area of
main storage. The transient routines are
called into the transient area (overlaying
the previous routine in the area) and
executed when needed. The area occupied by
the background program begins just past the
transient area. The background program
area must be a minimum of 10K bytes.
(IBM-supplied programs such as the Linkage
Editor require at least 10K bytes to
perform their functions. Certain language
translators may require an area larger than
10K bytes.) Following the background
program area is the foreground-two program
area. This area must be defined in
increments of 2K. (Storage protection
requires that main storage be divided into
blocks of 2K bytes.) Following the
foreground-two program area is the
foreground-one program area. As with the
foreground-two area, the foreground-one
area must be defined in increments of 2K.
The minimum size of a foreground area is OK
(zero K); the maximum is 510K. Each
foreground area operating in a batched-job
foreground mode requires a minimum of 10K
bytes. A foreground area operating in
single program initiation mode requires a
minimum of 2K bytes. The main storage map
in Figure 2 shows the relationship between
the Supervisor and the problem program
areas.
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Each foreground area contains a save
area (for storing the program name, the old
program status word, and registers), a
label area for storing file-label
information, and the area for executing the
problem program. The save area and the
label area are in the low part of the
foreground problem program area.

In a batch-only system, the transient
area can have a storage protection key of 0
"or 1, dependent upon 2K boundaries. 1In a
multiprogramming environment, the last 500
bytes can be 0 or 1.

If the physical transient area overlap
feature specified at system generation
time, storage protection of the physical
transient area is necessary to prevent
destruction of information before the
system is finished with it. Since the
physical transient area is not considered
to be part of the Supervisor for the
purpose of storage protection, ensure that
it is protected by defining the supervisor
end (SEND) address large enough to include
the physical transient area. Contention
for the physical transient area is reduced
and overall system performance is improved
if Independent Directory Read-In Area
(IDRA) is specified at system generation
time. This option generates an independent
directory read-in area, -allowing fetching
of phases while the physical transient area
is busy. The IDRA is used for all
supervisor calls which require reading of
directories.

I/0 UNITS CONTROL TABLES

The principal components of the I/0 Units
Control Tables are the Logical Unit Blocks
(LUB), Physical Unit Blocks (PUB), Job
Information Blocks (JIB), Tape Error Blocks
by unit (TEB), and Tape Error Blocks by
Volume (TEBV). These tables, defined when
the system is generated, are required for
channel scheduling, input/output unit
assignment and control, file protection and
maintenance of miscellaneous information
about jobs, such as multiple I/0
assignments and tape error statistics.

Each LUB is two bytes, represents one
logical (symbolic) I/O unit, and references
an entry in the PUB. LUBs corresponding to
logical units are ordered according to the
logical units they represent. The LUBs are
grouped into two classes: system logical
units and programmer logical units. For
information concerning the ordering of
LUBs, see Logical Unit Block (LUB) and
Physical Unit Block (PUB) in the Job
Control section. The number of LUBs must
not exceed 222 when MPS=BJF or 244 when
MPS=NO or YES is specified in the SUPVR
macro at system generation time.
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Supervisor

Storage
Protection
Key: 0

Permanent Storage Locations-Used by CPU

Communications Region

EXCP Routine
I/0 Interrupt Routine Channel
Start I/O Routine Scheduler

Storage Protection (required- for
multiprogramming)

Supervisor Call Routine
Program Check Routine
Machine Check Routine
External Interruption Routine

Timer Services (optional) .

Job Accounting Interface (optional)
System Loader (Program FETCH and LOAD)
Resident Error Processing Routines
Program Information Block (PIB)

I/0 Units Control Tables
{LUB/PUB/JIB/TEB/TEBV)

Transient
Areas

Stbrage
Protection
Key: 0

Open

Close

Dump

Operator Communications
Checkpoint

End of Job

Error Processing Routines
Attention Routine

Background
Program Area

Storage
Protection
Key: 1

Minimum Size:
10K

Job Control
Linkage Editor
Librarian

Installation Processing Programs

Foreground-two
Program Area

Storage
Protection
Key: . 2

Minimum Size:
2K for Single
Programs

10K for
Batched-job
programs

Job Control or

Single Program Initiator

Linkage Editor 1

Librarian Maintenance Function 2

Librarian Core Image and Directory Service 3

Installation Processing Programs

Foreground-one
Program Area

Storage
Protection
Key: 3

Minimum Size:
2K for Single
Programs

10K for
Batched-job
programs

Job Control or

Single Program Initiator

Linkage Editor 1

Librarian Maintenance Function 2

Librarian Core Image and Directory Service 3

Installation Processing Programs

1. MPS=BJF must be specified and a private
core image library must be assigned.

2. MPS=BJF must be specified and the
maintenance function must be performed
on an assigned private core image library.

3. MPS=BJF must be specified.

Figure 2.

Main Storage Organization




Each PUB is eight bytes and represents
one physical I/O unit. Contained in each
PUB is such information as the channel and
unit numbers of the device, the
characteristics of the device, references
to the channel queue, and indicators used
by the Channel Scheduler, Supervisor, and
Job Control. The PUBs are ordered by the
number of the channel to which the various
devices are attached and the priority
within a channel. The number of PUBs is
specified at system generation time with a
minimum of 5 and a maximum of 255.

Each JIB is four bytes and contains LUB
or extent information. The number of JIBs
is specified at system generation time with
a minimum of 5, and a maximum of 255.

The JIB contains one of the following:

e LUB entry of the standard assignment
when a temporary LUB assignment is
made.

e PUB pointer for an alternate LUB
assignment.

¢ Extent information when DASD file
protection is selected as a supervisor
generation option.

Each TEB is six bytes and contains error
statistics for one magnetic tape unit. The
number of TEBs is specified in the TEB=
parameter of the FOPT macro at system
generation time. :

Each TEBV is 18 bytes and contains error
statistics for one magnetic tape volume.
The number of TEBVs is specified in the
TEBV= parameter of the FOPT macro at system
generation time. When both TEB and TEBV
are specified, both must specify the same
number.

vCOMMUNICATIONS REGION

The communications region is a storage area
within the Supervisor region for use by the
Supervisor and problem programs. The MVCOM
and COMRG macro instructions are available
to allow access to the information
contained in this region. Fields in the
communications region are addressed
relative to the first byte of the region.

If a batched job foreground environment
is specified at system generation time,
individual communications regions are
defined for each of the three partitions.
This facility allows each partition to
modify its respective communications region
by using the MVCOM macro instruction or to
access the region by using the COMRG macro
instruction.

Figure 3 shows the portion of the
communications region that contains
information that may be of interest to you.
For a complete layout of the communications
region, see the System Programmer's Guide,
listed in the Preface.

Bytes|Length Description

0-7 |8 bytes |Calendar date. Supplied
from the system date
whenever a JOB statement
is encountered. 1In one of|
| two forms: mm/dd/yy or |
dd/mn/yy where mm is |
month, dd is day, and yy |
is year. The calendar
date for a partition can
be temporarily overridden
|by a DATE statement.
L

T
2 bytes |Address of first byte of

| problem program area
(PPBEG, see Note). The
problem program area
follows the second part of
| the supervisor, composed
|of the Logical Transient |
|Area, the Physical |
Transient Area, the CE
Area (if any) and the BG
Register Save Area. This
is the same for all
partitions.

2 bytes {Address of first byte
following the supervisor
area (EOSSP, see Note.)
|If storage protect is

| |specified, the address is
that of the first byte
with a storage protect key|
of 1. If storage protect |
is not specified, the |
|address is that of the |
first byte of the problem
program area. This is the
same for all partitions.

Note: These fields are
normally reserved for
|control program use. A
|discussion of the
relationship of PPBEG,
EOSsSP, and the end of

| supervisor macro
|instruction SEND is given |
in the System Generation
manual listed in the
|Preface.

L

Figure 3. Communications Region in

Supervisor (Part 1 of 2)
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v L]
| Bytes|Length | Description

[ 4

T L}

112-22}11 bytes|User (problem program)

| | area (for interprogram or
intraprogram
communications). All 11
|bytes set to binary zero
when the control statement
JOB is encountered.

23 1 byte UPSI (user program switch |
indicators). set to ]
binary zero when the

control statement JOB is

| |encountered. Initialized
| |by UPSI job control

| statement.
1

| | JOB control statement.
[

|

|

|

} {

24-31]|8 bytes |Job name as found in the |
|

1

|

1]
4 bytes |Address of the uppermost
| |byte of the program area.
| |The corresponding value is
|contained in general |
| register 2 when the first
| phase of a background or
| foreground program is
| fetched.
L

32-

w
(5]

36-39|4 bytes |Address of the uppermost |
byte of a phase placed in
the problem-program area

by the last FETCH or LOAD.

40-43|4 bytes |Highest ending main
storage address of the
phase among all phases
having the same first four
|characters as the operand
|on the EXEC statement.

| | For background programs
only, job control builds a
problem program phase
directory of these phases.
The address value may be

| |incorrect if the program |
|loads any of these phases |
| above its link-edited
origin address. If the
EXEC statement has no

| operand, job control
places in this location
the ending address of the
program -just link-edited.

—— —— —————— —————— ————— — —— —— —

— e . e — —— . c———

-
— e i e

44,45]|2 bytes |Length of batched job or
| | | background program label
| | |area.

L L L

e e e . s — —— — q—

Figure 3. Communications Region in

Supervisor (Part 2 of 2)
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Communications Region Macro Instructions

Macro instructions allow the problem
program operating in batched job mode to
access the communications region. A brief
discussion of these macro instructions
follows. Details can be found in the
Supervisor and I/0 Macros publication
listed in the Preface.

(Get address of communications
region.) Allows the problem
program to address information
stored in the communications
region (obtain date, test
switches, etc). The address of
the first byte of the region is
placed in general register 1.

COMRG

MVCOM (Move to communications region.)
Allows the problem program to
modify the content of the user
area and UPSI (bytes 12 through
23) of the communications region.
The operand field of the MVCOM
macro instruction contains three
operands. The first specifies
the first communications region
byte to be modified. The second
specifies the number of bytes to
be inserted. The last specifies
the address (or a register
containing the address) of the
bytes to be inserted.

Storage Protection

A storage protection key of 0 is set for
the Supervisor and for all or part of the
transient areas. A key of 1 is set for the
background program area. A key of 2 is set
for the foreground-two program area. A key
of 3 is set for the foreground-one program
area.

Interrupt Handling

An interrupt can be caused by either a
program instruction or a machine condition.
The Supervisor automatically handles all
interrupts so that the programmer need not
be directly concerned with them. If,
however, you wish to record machine check
interrupt conditions, you must specify this
option at system generation time. 1In most
cases after an interrupt is handlegd,
control returns to the point of interrupt
as if no break had occurred in the
instruction sequence.
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|
Interruption

10)

PROBLEM
PROGRAM

SUPERVISOR

Interruption

[/O Error
Cannot be
Recovered

OBR Records
Pertinent Data

SDR Records
Cumulative Error
Status of 1/O Device
MCAR/CCH Records

Handling
Routines Channel Error, or
Machine Check
{} Optional {Damaged
Partition(s)
Load Old PSW Canceled
PROGRAM DefaUva Wait State
: Entered

(Problem Program State)

(Supervisor State)

Figure 4.

There are five kinds of interrupts:

1. Supervisor call
2. External

3. Program check
4. Machine check
5. Input/output.

Figure 4 shows the flow of control
between the Supervisor and a problem
program during an interrupt. Control is in
the problem program initially. An
interrupt occurs, transferring control to
the Supervisor. The status of the program
is saved in the program old PSW. Depending
on the type and reason for the interrupt,
control is given to an appropriate handling
routine. Upon completion of the routine,
the program can be restored to its original
condition (via the old PSW). Control is
normally given back to the problem program
at the point where it was interrupted. The
problem program may have control of the
processing of program check and external
interrupts.

Flow of Control Between Supervisor and Problem Program During an Interrupt

SUPERVISOR CALL INTERRUPT

The supervisor call interrupt is caused
when the SVC instruction is executed.
Certain macros use the SVC (supervisor
call) instruction to provide communication
between the problem program and the
Supervisor. The SVC in each macro has a
specific interrupt code that indicates to
the Supervisor which routine is to be
executed. The macro instructions that
allow problem programs to have access to
control functions, some of which are
transient, via an SVC instruction are:
CANCEL To cancel all remaining steps of
a job.

CHKPT To cause checkpoints to be taken
in a problem program.
(Checkpoints may not be taken in
batched-job foreground programs
if a teleprocessing device is in
operation at the time of the
CHKPT request. Programs to
process ASCII files may not be
checkpointed.)

CLOSE To close an input/output file.
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COMRG To allow the problem program to
address information stored in the
communications region (obtain
date, set switches, etc).

DUMP To get a printout of main storage
and terminate the problem

program.

EOJ To indicate the problem program
is completed.

EXCP (Execute Channel Program) To

request an 1I/0 operation to be

performed by physical IOCS.

To return to the user's main
program after the user's handling
an external or program check
interrupt. .

EXIT

FETCH To load a program from a core
image library into main storage
for execution.

GETIME To obtain the time of day at any
time during program execution.
LBRET To return from the problem
program to an OPEN, CLOSE, or
end-of-volume routine.

LOAD To load into main storage from a
core image library a phase that
is not to be executed
immediately.

MVCOM To modify the content of the user
area in the communications
region.

OPEN To open an input/output file for
processing.

PDUMP To get a printout of main storage
between specified limits.

SETIME To request the Supervisor to
interrupt the execution of a
program after a specified period
of time has elapsed.

STXIT To establish a linkage from the
Supervisor to a user routine
(program check, operator
communication, or interval timer
interrupt) or to cancel the use
of such a routine.

WAIT To indicate a problem program is
in a not-ready state, waiting on
a specified event. '

Each macro instruction generates a
supervisor call interrupt with a specific
parameter. The interrupt routine analyzes
the parameter and gives control to another
routine for the actual handling of the
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interrupt. The SVC and the macro
instruction that caused it are listed in
the Problem Determination section.

EXTERNAL INTERRUPT

An external interrupt can be caused by the
timer feature, or by the operator pressing
the console interrupt key, or by an
external signal.

If the proper exits were provided in
problem programs operating in the
foreground partitions, the SYSLOG request
key can be used to cause an interrupt,
through access to the .problem program
communication routines.

If an interrupt-key or timer interrupt
occurs, control is immediately given back
to the interrupted program unless you have
provided an address of your routine through
a STXIT macro instruction. When this is -
the case, control transfers to the address
specified.

The timer feature enables the control
program to provide three functions:

1. Maintain the time of day which the user
can reference at any point within the
execution of the problem program.

2. Time-stamp the beginning and end of a
job. This information can be used for
accounting information and is printed
on the devices assigned to SYSLOG and
SYSLST.

3. Enable you to set the timer for a
specified interval of time and either
wait on it or to get control at a
prespecified address after the time
interval has elapsed. The interval
timer can be used with only one class
of program (background, foreground-one,
or foreground-two) at a time.

If the presence of the timer feature was
not specified when the system was
generated, all timer interrupts are ignored
and cause control to return immediately to
the interrupted program.

Five macro instructions are provided for
use with external interrupts. These macro
instructions are TECB, GETIME, SETIME,
STXIT, and EXIT. Figure 5 shows a typical
sequence of events following an external
interrupt.
TECB Timer event control block. This
macro instruction generates a
control block for communicating
interval timer status to the
problem program. TECB can be
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used in conjunction with the WAIT
and SETIME macro instructions.

Get time of day. This macro

instruction can be used at any
point in the execution of a
problem program to get the time
of day. The value returned to
the problem program can be in one
of three forms, depending upon
your requirements. The time can
be in hours, minutes, and
seconds, or it can be a binary
integer (in seconds), or it can
be in units of 1/300 seconds.
This macro instruction is useful
only if the timer feature is
installed and if its presence is
indicated when the system is
generated.

Set interval timer. This macro

instruction can be used to
request the Supervisor to
interrupt the execution of a
problem program after a specified
time limit has elapsed or to

STXIT

EXIT

allow the problem program to wait
for the time interval to elapse.
This macro instruction is useful
only if the timer feature is
installed and if its presence is
indicated when the system is
generated.

Set linkage to user interrupt

routine. This macro instruction
can be used to establish a
linkage from the Supervisor to a
user routine. It can also be
used to cancel the linkage to
such a routine. This macro
instruction can be used for
timer, operator communications,
and program-check interrupts.

Set exit. This macro instruction
is used with the STXIT macro
instruction to return from the
user's routine to the point of
interrupt.

A complete description of these macro
instructions is supplied in the Supervisor
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and I/0 Macros publication listed in the
Preface.

PROGRAM CHECK INTERRUPT

When a program check occurs, each program
can select one of these options:

1. Abort. The job being executed is
terminated and a message output on
SYSLOG and SYSLST describes the cause
of the termination of a program.

2. Dump and Abort. This is requested by a
system generation parameter, or by use
of the DUMP option in the OPTION
control statement. In addition to a
message, all registers and main storage
are printed on SYSLST. The job is then
terminated.

3. Transfer to User Routine. If the
address of a subroutine is supplied by
you via the STXIT macro instruction,
the program-check interrupt routine
branches to that subroutine when an
appropriate interrupt occurs. The
subroutine can determine the cause of
the interrupt. Return to the point of
interrupt is possible by the EXIT macro
instruction. This facility is a system
generation option.

4. Program Mask in PSW. The program mask
bits of the PSW (Program Status Word)
are initially set to zero. If you wish
to enable a program interrupt, change
this configuration by the Set Program
Mask (SPM) instruction. The program
mask bits are reset to zero after each
job step and after each FETCH of a
problem program phase.

MACHINE CHECK INTERRUPT

A machine-check interrupt results from a
machine malfunction. The machine-check
interrupt places the system in the wait
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state with a unique message code (0S) in
bytes 0 and 1 of main storage. The SEREP
program, supplied to IBM customer '
engineers, can then be run. The system can
be restarted only through an IPL procedure.

When the machine check recording and
recovery (MCRR) function is specified for
IBM System/360 these conditions, which
formerly prevented the system from
continuing to process, can be overcome.
MCRR records and analyzes pertinent data,
and cancels the damaged partition(s).

The machine check analysis and recording
(MCAR) function, when included for IBM
System/370, gather information about the

" system hardware that aids in diagnosing

failures.

A machine-check interrupt also results
from an I/0 channel failure. The message
code 1S is in bytes 0 and 1 of main
storage.

INPUT/OUTPUT INTERRUPT

An input/output interrupt can be caused by:

1. I/0 completion (Channel End). This is
the end of transfer of data into or out
of main storage or completion of a
control operation.

2. Device available (Device End). A
device that was busy or not ready is
now available for use.

3. Control unit available (Control Unit
End). A control unit that was busy is
now available for use.

4. I/0 attention. This results from
pressing the request key on SYSLOG.

When one of these conditions is
detected, control transfers to the Channel
Scheduler. (For nonteleprocessing devices,
a program—-controlled interrupt (PCI) is
ignored by the Channel Scheduler.)



Channel Scheduler

The Channel Scheduler functions are:

1. Schedule I/0 requests on each channel
(queuing).

2. start input/output operations.

3. Handle I/O interrupts--normal com-
pletion of data transfer, error
detection, end-of-file detection,
attention (SYSLOG).

4., Perform error detection and correction.

5. Detect end-of-job or end-of-job-step
control statements on SYSRDR and
SYSIPT.

6. Monitor DASD channel programs for file
protection and address continuity for
disk system input/output.

7. Optionally provide seek separation for
DASD channel programs. Any seek that
causes disk arm movement is separated
from its channel program and executed
separately. Channel time during the
execution of that seek is available for
scheduling other I/0 activity on that
channel. In a multiprogramming
environment, this feature has
particular significance when the
different partitions have a mix of I/O
requests for a single channel, and DASD
devices (such as the 2314 or multiple
2311s) are on the channel.

I/0 devices in the System/360 are
attached to channels rather than directly
to the CPU. A channel provides a path for
data transfer between the CPU and the I/O
device and allows I/0 operations to be
overlapped with the CPU processing the I/0
operations on other channels. That is,
instructions can be executed simultaneously
with data movement in one or more
input/output channels. For instance, at a
given point in time, one channel may be
reading data from a Direct Access Storage
Device (DASD), another channel may be
writing data on a printer, and a previously
read record may be being processed. This
is referred to as read/write/compute
overlap.

The two types of channel in this system

are: gelector channels and the multiplexor
channel. The selector channels allow I/O

operations for devices on these channels to
overlap with CPU processing and 1/0
operations on other channels. On the
multiplexor channel, tape and DASD I/O
operations cannot overlap with other I/0
operations on the same channel. On IBM
System/360 Models 30 and 40 and IBM

System/370 tape and DASD devices operating
on the multiplexor channel must not overlap
with processing. Card, printer and other
low-speed (byte interleave mode) I/0
devices on the multiplexor channel can
overlap with each other, with CPU
processing, and with I/0 operations on
other channels. Thus, greater throughput
can be achieved if high-speed devices (tape
and DASD) are attached to selector
channels, and low-speed devices (card and
printer) are attached to the multiplexor
channel.

"

Overlapping I/O operations with CPU
processing is- inherent in the design of the
machine and the Channel Scheduler.

However, achieving maximum overlapping also
partially depends on the problem program.
For instance, if overlap is desired in tape
or DASD operations, the problem program

~should provide for two I/O areas (or

buffers). This allows data to be read
into, or written from, one I/0 area while
records are being processed in the other
area. Certain devices, however, have
buffers built into the device (1403) and
require only one I/0 area in main storage.
to achieve overlap. The use of multiple
I/0 areas and separate work areas is
discussed more fully in the Data Management
publication listed in the Preface.

All requests for I/0 operations are
handled by the Channel Scheduler. When a
request is received and the affected
channel and device are not busy, the
requested operation starts and control
passes back- to the problem program. If the
channel or device is busy, the request is
placed at the end of a list (or queue) of
I/70 requests, and the operation is
performed as soon as all previous requests
have been handled. (Separate queues are
maintained for each device.)

The Channel Scheduler also handles all
I/0 interrupts. If the interrupt indicates
the normal end of an I/0 operation (channel
end and no errors), the Channel Scheduler
posts completion, and removes the. request
from the queue. It then examines the
queues for the affected channel or
subchannel. If the queues are empty,
control returns to the problem program at
the point of interrupt. If instead a
request is pending, the Channel Scheduler
starts the.-I/0 operation and then returns
to the problem program. Requests for
devices for which device~end interrupts are
outstanding cannot be serviced until the
device end is received. These requests are
bypassed when the Channel Scheduler is
selecting an I/0 operation to be started.
As an example, for a 1403 Model N1, channel
end is received as soon as the buffer is
completely loaded (about 2ms), but device
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end is not received until completion"of the
print operation (55ms).

The Channel Scheduler detects the
following specific status conditions:

1. Wrong Length Record (WLR)
2. Unit Exception
3. Channel and device errors.

Wrong-length record and unit exception
are treated as normal conditions. They are
posted to the user's CCB along with the
other Channel Status Word information
(residual count, status bytes, and CCW
address). The physical IOCS user is
responsible for checking and handling these
conditions.

If an error is detected, the Channel
Scheduler passes control to the appropriate
device error recovery routine, which takes
appropriate action: retry, operator
intervention, notify problem program, or
terminate job.

The operator can initiate an I/0
operation through SYSLOG. To do so, he
presses the request key on the device.
When the Channel Scheduler detects an
attention status condition, it passes
control to a message processing routine.

A problem program can perform I/0
operations in two ways:

1. The problem program can issue physical
I/0 macro instructions directly.

2. The problem program can use logical

I0Cs, which in turn issues the physical
I/0 macro instructions.

Physical I/O0 Macro Instructions

The physical I/0 macro instructions are:
EXCP ‘*  (Execute Channel Program.) This
macro instruction communicates
directly with the Channel
Scheduler to request that an I/0
operation be started. WwWhen the
EXCP macro instruction is used,
the problem program must supply
the appropriate channel program
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consisting of channel command
words (CCWs).

WAIT This macro instruction suspends
program operation until an I/0
operation (referenced in the WAIT
macro instruction) is complete.
The problem program must use this
macro instruction at the point
where processing cannot proceed
until the I/0 operation is
complete. For instance, a
problem program may issue the
EXCP macro instruction to read a
DASD block. At the point where
the program needs the block for
processing, a WAIT macro
instruction must be issued. The
instructions generated from this
macro test a program switch to
determine if the operation has
been completed, and give control
to the Supervisor if it has not
been completed. The Supervisor
places the program in the wait
state until the operation is
completed, and gives control to a
ready lower priority program, if
one exists. The completion of
the operation causes an 1/0
interrupt to the Channel
Scheduler. The program is taken
out of the wait state, the switch
is set to show the completion,
and control returns to the
problem program.

CCB (Command Control Block.) This
declarative macro instruction
generates a command control block
for a channel program to be
executed. The command control
block contains information
required by the Channel Scheduler
to execute the EXCP and WAIT
macro instructions. The block is
used to pass information between
the problem program and the
Channel Scheduler, such as
symbolic I/0 unit address,
channel program address, status
of the operation, action to be
taken in the event of an error,
etc.

A complete description of these macro
instructions is supplied in the Supervisor
and I/0 Macros publication listed in the

Preface.



Device Error Recovery

Each I/0 device or class of I/0 devices has
a unique ‘device error recovery routine.

The appropriate routine is entered from the
Channel Scheduler upon detection of an
error. All these routines have one
function in common. That is, an attempt is
made to recover from the error. This may
be by programming (rereading tape) or by
operator action (2540 not ready).

If recovery is not possible, the
following choices are available, where
applicable.

1. An error can be ignored.
2. The job can be terminated.

3. The problem program can take action (an
exit to a user routine is allowed).

4. The record in error can be bypassed.

Depending on the type of error, the type
of device, and whether logical IOCS is
used, some or all of the options are
available. Choices 3 and 4 are available
only through logical IOCS. In the absence
of any other options, only choice 2 is
available. Tape error statistics by unit
can be printed on SYSLOG, and tape error
statistics by volume can be printed on
SYSLOG or collected on disk (for later
transfer to tape or printer), if such
statistic recording was specified when the
system was generated. Another option is
provided at system generation time to
notify the operator by a message on SYSLOG
when a specified number of temporary read
or temporary write errors has been exceeded
on a volume.

System Availability Aids

The I/0 error logging (OBR/SDR and IBM 2715
Transmission Control Error Recording) and
either the machine check recording and
recovery (MCRR) or the recovery management
support (RMS) features increase system
availability. These features support all
devices supported by the system. If these
features are desired, you must specify the
options at system generation time. For
teleprocessing devices, you must also
specify the OBR/SDR option in the BTAM or
QTAM program. (See the DOS QTAM Message
Control Program and the DOS Basic
Telecommunications Access Method
publications listed in the Preface.) The
features are generated as part of the
Supervisor. You need only allocate a file
once for the collection of error records.

Determination section.)

No further intervention is required. The
error records can be displayed by the
Environmental Recording, Editing, and
Printing (EREP) program and used as a
diagnostic aid. (See the Problem
Certain conditions
that formerly prevented the system from
continuing to process can now be overcome
by using these features. These features
require a system with a minimum of 24K
bytes of storage.

I/0 ERROR LOGGING

I/0 error logging is an additional option
to the Supervisor that can be specified at
system generation time in the SUPVR macro.
The error logging option includes these
features:

e Outboard Recorder (OBR). When an I/O
error occurs that cannot be retried or
is not corrected after a standard
nunmber of retries, OBR records
pertinent data and stores it in a
recorder file on the logical unit
SYSREC (the operand used in ASSGN and
EXTENT statements). The file name of
the recorder file is IJSYSRC (the
operand used in the DLBL statement).
The information contained in the OBR
record includes channel unit address,
device type and characteristics, date
and time of day, job name or program
name, channel status word, logical
unit, first and failing CCWs, and
volume ID (tape only). OBR records are
not created for conditions that are
considered to be operator or programmer
errors such as intervention required,
command reject, or invalid seek.

e Statistical Data Recorder (SDR). SDR
records the cumulative error status of
an I/0 device. The recorder file
normally contains one SDR record for
each I/0 device. .However, when
specifying the I/0 error logging
option, the number of SDR records may
be increased by specifying this at
system generation time. The SDR
feature also contains limited error
recording capabilities for unsupported
devices. The information contained in
the SDR record includes channel unit
address, and device type and
characteristics. Each SDR record also
contains 16 two-byte counters, each
representing an error condition to be
counted for the device. SDR retains 16
half-byte counters in main storage that
correspond to the error counters in the
SDR record on the recorder file.

e IBM 2715 Transmission Control Error
Recorder. IBM 2715 error records are
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recorded in the OBR portion of the
recorder file.

When an I/0 error occurs, the
counters in main storage are updated.
Whenever any one of the 16 counters in
main storage is filled, the contents of
all 16 counters are added to the
counters in the SDR record on the
recorder file for that device. When
the Record On Demand (ROD) command is
given, all counters for all
nonteleprocessing devices on the
recorder file are updated. When an OBR
record is written onto the recorder
file, the SDR record on the recorder
file for the device in error is also
updated. When the SDR record is
updated, the main storage counters for
that device are reset.

MACHINE CHECK RECORDING AND RECOVERY (MCRR)

If the MCRR option is specified at system
generation time in the SUPVR macro, MCRR
records pertinent data after a machine
check or a channel inboard error (channel
control check, interface control check, or
channel data check) has occurred. MCRR
analyzes this data and cancels the damaged
partition or partitions. No attempt is
made to retry on any error involving this
function.

After a channel failure occurs, all
devices that are active on the channel are
considered to be damaged. Any partition
that has an I/0 interrupt outstanding on
these devices is canceled. In some cases,
it can be determined that the channel
failure caused damage to a particular
device. In that case only that partition
having an I/0 interrupt outstanding on the
damaged device is canceled.

A CPU machine check causes the
interrupted partition to be canceled,
unless the partition was the Supervisor.
In this case the system enters an
uninterruptable wait state with a unique
message code (0S) in bytes 0 and 1 of main
storage.

The MCRR function is CPU dependent and
specific definitions of what constitutes
channel failures or device failures differ
for each model. MCRR is only available for
System/360 Model 30, Model 40, and Model
50. .

The MCRR record formats differ for
machine check interruptions and for channel
inboard errors. Information in the machine
check record includes record entry type,
CPU model number, date and time, job name,
machine check o0ld PSW, and content of
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general registers. Information in the
channel inboard error record includes
record entry type, CPU model number, date
and time, job name, failing CCW, and
channel status word.

RECOVERY MANAGEMENT SUPPORT. (RMS)

The Recovery Management Support for the
IBM System/370 consists of two functions: .
Machine Check Analysis and Recording (MCAR)
and the Channel Check Handler (CCH). These
functions of IBM Disk Operating System
gather reliability information about the
system hardware. This information can
reduce system downtime caused by hardware
failures. The MCAR and CCH programs
contain error recovery procedures that
reduce the number of conditions that put
the system in a hard wait state. The
channel error recovery function is
performed by the Channel Check Handler,
Error Recovery Procedures (CCH/ERP).

Because the MCAR/CCH programs gather
information about the system hardware and
produce environmental records to aid in
diagnosing failures, system reliability,
availability, and serviceability are
increased.

If the machine check or channel check
hardware does not function properly, the
results of MCAR/CCH are unpredictable.

If MODEL=155 is not specified in the
CONFG macro during system generation, the
system enters a hard wait on all machine
checks and channel checks. CCH support
returns control to the problem program
under some channel check conditions if the
accept unrecoverable I/0 error bit in the
CCB is turned on.

MCAR/CCH is only functional after IPL is
completed. Thus, any MCI or channel
detected errors occurring before IPL is
completed results in immediate system
termination without an attempt to. record
externally or issue an operator message.

In such a case a unique message code is in
bytes 0 and 1 of main storage. When
MODEL=155 is specified at system generation
time OLTEP hooks, OBR/SDR, and MCAR/CCH
functions are automatically included in the
supervisor. The minimum size supervisor
supported for the MCAR/CCH feature is 1UuK.

The RMS function records data on the
recorder file. This file is identified as
the system-logical unit SYSREC. The
filename operand (in the DLBL statement) is
IJSYSRC, and must be defined as a disk
extent on either the system resident disk
or any IBM 2311, 2314, or 2319 DASD device
with a minimum of ten tracks.



MCAR/CCH supports the following IBM I/O
devices:

e 1403 Printer

e 1442 Card Read/Punch

e 1443 Printer Model N1

¢ 3210 Console Printer-Keyboard Model 1

e 3215 Console Printer-Keyboard

e 2311 Disk Storage Drive

e 2314 Direct Access Storage Facility

e 2319 Disk Storage Facility

e 2321 Data Cell Drive

e 2400-Series Magnetic Tape Units

e 3420-Series Magnetic Tape Units

e 2501 Card Reader

e 2520 Card Read Punch

s 2540 Card Read Punch
Resident MCAR/CCH components follow:
Machine Check Handler: The machine check
handler determines the severity of the
error, informs the operator with a message
on SYSLOG and performs one of the following
actions:

e Continues processing.

¢ Cancels the affected partition.

e Puts the system in hard wait.
Channel Check Handler: The channel check
handler dgtermines the seyerity of the
error, prints any appropriate message on

SYSLOG and performs one of the following
actions:

e Provides information for the ERP.
e Cancels the affected partition.
e Puts the system in hard wait.

Error Handling Monitor: This functional
component monitors I/O requests from the
recovery transient area (RTA). The RTA is
a 1000-byte resident area where analysis
and recovery procedures for machine checks
and channel checks are performed. All
MCAR/CCH non-resident modules use this
area.

To control the RTA, the error handling
monitor:

e Fetches R-transients into the RTA.
e Schedules I/0 requests from the RTA.

e Provides an exit interface from RTA
transients.

Error Handling Communication Area:
Contains the RTA tables and information

‘bytes for the MCAR/CCH functions.

Supervisor Interface: Provides linkage
between MCAR/CCH and the supervisor.

DASD_CCH/ERP: Retries the applicable DASD

device.

Machine Check Analysis and Recording (MCAR)

Whenever possible, recovery from a hardware
malfunction is attempted by RMS (CPU retry,
and Error Correction Code, ECC). If
recovery from hardware failure is
unsuccessful, .processor activity is
terminated, and MCAR attempts to isolate
the failure to a partition(s) in order to
cancel the job (or task) selectively and,
if possible, continue system operation.

The MCAR facility (software) isolates
partitions and selectively cancels jobs.

If a soft MCI occurs, system operation
can continue. When a soft MCI occurs, MCAR
externally records pertinent error
information on SYSREC, and returns control
to the interrupted code. Processing then
continues in recording or quiet mode.

If system operation cannot continue,
external recording is attempted, after
which the system enters a hard wait state.

In the case of a hard machine check, the
problem program does not regain control,
but the system does not enter a hard wait
state. Whenever an MCI occurs,
communications with the operator and
requests for his decisions take place.

MCAR MODES OF OPERATION: An Error
Frequency Limit (EFL) algorithm prevents
SYSREC from filling up too quickly if a
large number of intermittent failures (soft
MCI) occur. The initial IBM-supplied EFL
threshold values are eight soft HIR MCI,
and eight soft ECC MCI within an eight-hour
period. These values are set at system
generation time, and can be changed by the’
MODE command. MCAR supports EFL for two
hardware facilities:

e Hardware Instruction Retry (HIR)

e Error Correction Code (ECC)
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Both HIR and ECC are recovery. facilities
of System/370. ’

EFL Threshold Values: At Initial Program
TLoad (IPL) time, the EFL threshold values
are effected so that the EFL algorithm
controls the number of soft MCI recorded.
These values are:

¢ The number of soft MCI.
e A specific time period.

When these EFL values are reached, a
change in mode of operation occurs. Until
the EFL threshold values are reached, the
system operates in recording mode.
the normal mode of operation in which an
MCI occurs for all machine check
conditions. After the EFL threshold values
are reached, ECC (and/or HIR) is placed in
quiet mode. In quiet mode, no soft MCI
occurs, and the number of corrected errors
will be unknown.

Hardware Instruction Retry (HIR) Modes:
The two HIR modes are:

e Recording. A soft MCI occurs for every
hardware instruction correction

e Quiet., No soft MCI occurs for hardware
instruction corrections

If HIR is in quiet mode, ECC is also.

Error Correction Code (ECC) Modes:
ECC modes are:

The two

e Recording. A soft MCI occurs for every
main storage correction

e Quiet. No soft MCI occurs for main
storage corrections

When ECC is in quiet mode HIR can still
be in recording mode. System Reset places
HIR in quiet mode. Full recording mode is
entered for both HIR and ECC when IPL is
completed. At this time, the DOS system
has the IBM-supplied EFL threshold values
in effect. These values can be changed by
the MODE command.

Channel Check Handler (CCH)

Preceding each channel check is a soft MCI.
The CCH resident program (the Channel Check
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This is’

Severity Detect Routine) analyzes the
severity of the malfunction and assigns it
a disposition. Every channel check is
submitted to a severity analysis and
assigned a disposition. Thus, the CCH
resident program does not attempt to
recover from a channel malfunction.

If channel error information is logged
and an interrupt is generated, CCH examines
the error information to determine if the
system is to be terminated. If the system
termination is not required, the following
occur:

e Error information is gathered and saved
in the Error Recovery Procedure
Interface Bytes (ERPIB) for use by the
appropriate CCH/ERP in the RTA.

e Error information is recorded on the
recorder file.

If the error cannot be isolated to a
device, CCH cancels all problem programs
using the malfunctioning channel. If the
accept unrecoverable error bit on in the
CCB, the error is posted and control is
returned to the problem program.

If the error cannot be retried, CCH
cancels all problem programs using the
malfunctioning channel.

Channel Check Handler Exrror Recovery
Procedures (CCH/ERP)

When a channel error occurs, and CCH has
determined that recovery is possible, the
proper CCH/ERP is loaded into the RTA, and
activated. The ERP examines the ERPIB
supplied by CCH and determines the severity
of the error. Whenever possible, the
failing channel command is retried. If the
failure cannot be retried, or if the retry
fails, a message is issued by the ERP
Message Writer to the operator on SYSLOG
and the problem program is canceled. If
the accept unrecoverable error bit is on in
the CCB, the error is posted, and control
returns to the problem program. A message
is issued if the error recovery was
successful, except for SYSLOG. Certain
retry conditions require manual operator
intervention to enable proper retry:

Make request to run the program EREP or
SEREP for any of the following conditioms.

e When the first record on the last track
in the OBR/MCAR section of the recorder
file is reached, run EREP to avoid the
risk of losing statistics.



e When an unrecoverable I/O error on the
recorder file occurs while accessing
the record indicated, the record is
ignored, and processing continues.
When this error persists, run EREP to
retrieve the information from the file,
and the file should be recreated at a
different location.

* When the SYSREC becomes full, no
further recording occurs until the file
IJSYSRC is purged. To avoid the risk
of losing statistics, run EREP. No
recycling . of the file occurs.

e For system termination type situations
(for example, a machine check was
unrecoverable, the channel caused
system reset, or two channels are
damaged) encountered by MCAR/CCH,
recording is attempted. Depending on
the success of recording, the execution
of EREP or SEREP is requested. An
attempt is made to write an operator
awareness message. If the attempt is
unsuccessful, the message code will be
in low core.

e If the recorder file is at least 90%
full at IPL time, the operator is
requested to run EREP to prevent the
loss of pertinent error data.

Note: After running SEREP, the system
must be re-IPLed.

RECORDER FILE (SYSREC)

A recorder file must be created using the
file definition statements of the system,
when either the I/0 error logging or the
MCRR functions or when a Systems/370 CPU is
specified during system generation. The
recorder file is not CPU or SYSRES
dependent. Thus, it can contain records
from more than one DOS system as long as
the supervisor PUB tables are identical.
The file definition statements must be
preceded by the // OPTION STDLABEL
statement to ensure that they are retained
on the standard label section of the label
cylinder on SYSRES.

To create a recorder file: Assign
SYSREC after IPL but before the first job.
SYSREC must be assigned to a disk device
that is always on line, such as the system
resident disk. Add the necessary file
definition statements to the standard label
deck and build the standard label portion
of the label cylinder. Do not include a

JOB card, until all information applicable
to SYSREC is supplied. Instruct the system
to create the recorder file (SET
RF=CREATE). This operand in the SET
command is accepted only by Job Control, so
that the SET command must be given twice
(once for date at IPL, and once for
recorder file after IPL). The file must be
defined as an extent on an IBM 2311, 2314,
or 2319 disk device. Split cylinder cannot
be used. The recorder file requires a
minimum of two tracks.

once the file is created, no further
operator intervention is required. On
subsequent IPLs the system opens the
recorder file and continues updating it.

Whenever the system is shut down, the
operator must issue the Record on Demand
(ROD) command to ensure that statistical
data in core storage is recorded on the
recorder file. The command ROD has no
operand. BTAM and QTAM use their own
separate methods of updating all disk
counters during closedown or cancel.

Recording on the Recording File is
suppressed when the EREP program is
executed.

Figure 6 shows an example of recorder
file creation. The recorder file begins at
cylinder 170 and is 43 tracks long. The
recorder file is created when the // JOB
NAME card is processed.

Each track on the recorder file can
contain the following number of error
records.

r 1 1) 1
| Type of Error | 2311 | 2314/}
I I | 2319 |
1 i 4 i
T 1 T v 1
OBR | | 25 | 40 |

[l [ L [

¥ Ll T 1

2715 | | 25 | 40 |

i L i ]

13 1 1) 1

SDR | I 29 | 38 |

f + + {

MCRR | Channel Inboard | | |
or | Model 30 | 25 | 4o |
MCAR/| Model 40 | 6 | 10 |
CCH | Model 50 | 6 | 10 |

| | Model 155 | 25 | 40 |
| b + t 4
| cPu | I I

| Model 30 | 8. | 13 |

i | Model 40 | 5 | 8 |
| | Model 50 | 5 | 8 |
| | Model 155 | 1 | 2 |
L 4 L ] ]
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ADD

. If not in system generation
SET DATE=mm/dd/yy
ASSGN

. If not in system generation
ASSGN SYSREC,X'190°'
SET RF=CREATE

// OPTION STDLABEL

// DLBL IJSYSRC, 'DOS RECORDER FILE'
// EXTENT SYSREC,,,,1700,43

// JOB NAME

o e o S . e — i S S G St S S e s S S S

Submit with the
rest of the
STDLABEL statements |

. Continue with the normal job stream

Figure 6.

DOS Volume Statistics

A major factor affecting the quality of an
operating system is the condition of the
volumes stored on a magnetic medium, such
as tape or disk. Such media are subject to
contamination from dust, foreign materials,
fingerprints, and particles of oxide
coating.

Because of these environmental factors,
it is desirable to record the number of
read and write errors occurring on each
tape volume. By monitoring the error rate,
it is possible to judge the condition of a
volume and to take remedial action against
environmental contaminants.

Read and write errors per volume for IBM
2400 series tape units can be monitored by
a facility called DOS Volume Statistics.
This facility has two options: Error
Statistics by Tape Volume (ESTV), and Error
Volume Analysis (EVA).

Error Statistics by Tape Volume provides
a set of tape volume error data, which
includes the time of day the errors
occurred, the unit on which the volume was
mounted, tape density, and other statistics
necessary to evaluate the data.

You have the option of specifying, at
system generation time, whether to record
the data on the direct access storage
device (DASD) or on SYSLOG. If DASD is
chosen, the data can be retrieved by
executing ESTV Dump File Program (see
Problem Determination).

Error Volume Analysis produces a message
to the operator (at SYSLOG) when a certain
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number of temporary read or temporary write
errors occurs on the tape volume currently
in use.

You can specify either or both of these
options when the system is generated.

ERROR STATISTICS BY TAPE VOLUME (ESTV)

ESTV collects data on tape errors by volume
for any tape volumes used by the system.
Although DOS itself does not require it,
the ESTV program requires that each problem
program contain an OPEN(R) statement to
collect volume statistics.

Specifying ESTV at system generation
time causes the system to collect the
following set of records for each tape
volume whenever the volume is in use.

Volume serial number of standard
labeled volumes (blank for nonstandard
and unlabeled volumes).

Date this set of records was collected.

Time of day this volume was closed
(time the record was.collected).

Address of the unit on which the volume
was mounted and the channel to which
the unit was attached.

Number of temporary read errors that
occurred while the volume was open.

Number of temporary write errors that
occurred while the volume was open.



Number of permanent read errors that
occurred while the volume was open.

Number of permanent write errors that
occurred while the volume was open.

Number of noise blocks encountered
(records less than 12 bytes on a read
operation, or less than 18 bytes on a
write operation).

Number of erase gaps (three and
one-half-inch lengths of erased tape)
encountered.

Number of cleaner actions (passing the
record in error back and forth under a
cleaner blade) taken while trying to
correct read errors.

Number of START I/0s issued to the tape
(does not include SIOs issued for or
during error recovery).

Bit density of the volume (in bits per
inch for 7-track tape, and the
designation 8/1600 for 9-track tape).

Block length of each record if the
volume has fixed-length blocked
records. When the type of record is
undefined or variable length, or when
the program terminates abnormally
(ABEND), a 0 appears in the space
allocated for block length. A 0 also
appears when physical IOCS is being
used.

Note 1: The temporary error counter
is incremented whenever a data check
error is detected. If the error is
permanent, the permanent error
counter is incremented. However, the
temporary error counter is not
decremented by permanent errors, and
therefore contains the sum of true
temporary errors and of permanent
errors.

Note 2: The cleaner. action counter
is not incremented during
read-opposite recovery.

ESTV Output Modes

Mode 1:

Two modes of operation for ESTV are
available, Mode 1 and Mode 2. They provide
two different standard output formats. The
user selects the desired mode (at the time
the system is generated) in the FOPT system
generation macro. The mode selected
determines the method in which the
collected statistics will be written.

Mode 1 formats the ESTV records
and records them on a system direct access
storage device in a file named ESTVFLE.
ESTVFLE may later be dumped to a tape or
printed on the printer attached to the
system by the system control program ESTVUT
(see ESTV Dump File Program (ESTVUT) under
Problem Determination).

Figure 7 shows the format of the Mode 1
printout of the ESTV error statistics when
dumped to the printer by ESTVUT (shown as
two lines instead of one because of space
restrictions):

The volume serial is the volume accessed
when the error is recorded if standard
labeled tapes are used. Otherwise, this
field is blank.

The date is given in the form yr/day,
where:

yr is a two-digit number representing
the year (for example, 70 represents
the year 1970).

day is a three-digit number
representing the sequential day (Julian
day) of the year (for example, 032
represents February 1).

The time of day is given in the form

hr.mn.sc, where:

hr is a two-digit number representing
the hour of the day on a 24-hour clock
(for example, 18 represents 6 p.m.).

mn is a two-digit number representing
the number of minutes after the hour.

13 1
| VOLUME TIME CHANNEL TEMP TEMP PERM |
| SERIAL DATE OF DAY /UNIT READ WRITE READ |
| xxxxxx yrs/day hr.mn.sc cuu nnn nnn nnn |
1 4
r 1
| PERM NOISE ERASE CLEANER SIOs TAPE BLOCK |
| WRITE BLOCKS GAPS ACTIONS USAGE DENSITY LENGTH]|
|nnn nnn nnn nnn nnnnn nnn nnnnn |
L ]
Figure 7. Format of Mode 1 Printout of ESTV Error Statistics
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sc designates the number of seconds
after the minute.

The channel/unit designation is given in
the form cuu.

The next four fields give the number of
errors (type indicated by heading) that
occurred while the volume was open.

The next field is a count of the noise
blocks (blocks of 12 bytes or less for read
operations, or 18 bytes or less for write
operations) encountered while the volume
was open.

The number of erase gaps while trying to
write on the tape, and the number of
cleaner actions taken, are the next two
fields in the record.

A count of the START I/Os encountered
while the volume was in use is the next
field. :

The tape density, in bits per inch for
7-track tape, and designated 8/1600 for
9-track tape, is in the next-to-last field.

Block length (the last column) is the
length of the blocks when records of
fixed-length are accessed on the volume.
For volumes not having fixed-length -
records, or when the program terminates
abnormally, a 0 is put into that record
field. A 0 is also put into that field
when physical IOCS is being used.

The headings correspond to the items
that are collected into the ESTV record.

Mode 2: Mode 2 prints the ESTV data
collected at SYSLOG each time a particular
volume is ended by CLOSE, EOJ, EOV, or
CANCEL. When Mode 2 is the selected method
of writing ESTV records, a subset of the
Mode 1 ESTV record is printed as follows:

r

|UE00X xxxxxx cuu TW=nnn TR=nnn NB=nnn
| PW=nnn PR=nnn SIO=nnnnn
L

b e e

NB=nnn Number of noise blocks (records
less than 12 bytes in length on
a read operation or less than 18
bytes in length on a write
operation).

PW=nnn Number of permanent write
errors.

PR=nnn Number of permanent read errors.

SIO=nnnnn Number of START I/Os.
After the message is printed, the error
counters for that volume are reset to zero.

Note: The temporary error counter is
incremented whenever a. data check error
is detected. If the error is
permanent, the permanent error counter
is incremented. However, the temporary’
error counter is not decremented by
permanent errors, and therefore
contains the sum of true temporary
errors and of permanent errors.

ERROR_VOLUME ANALYSIS (EVA)

Specifying EVA at system generation time
sends a message to the system operator when
a predetermined number of temporary read
errors or temporary write errors is
exceeded on a currently accessed tape
volume. The user must specify (in the FOPT
system generation macro) the number of
errors to be reached before the message is
sent to the console, if EVA is to be in
effect. -

EVA can be used with both labeled and
unlabeled tape volumes.

The message EVA sends to SYSLOG contains
the number of temporary read errors,
temporary write errors, and START I/0s, the
physical unit, and if standard labeled tape
is used, the volume serial number or
jidentification. The message format
follows:

where:

xxxxxx=serial number of standard label
volume (blank when nonstandard or unlabeled
volume is being used).

cuu=channel/unit address

TW=nnn Number of temporary write
errors.
TR=nnn Number of temporary read errors.
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r 1
|4E10I xxxxxx cuu TR=nnn TW=nnn SIO=nnnnn |
L J

where:

xxxxxx=serial number of standard label
volume (blank when nonstandard
or unlabeled volume is being
used).

cuu=channel/unit address (physical unit)

TR=nnn Number of temporary read errors.



TW=nnn Number of temporary write

€rrors.

SIO=nnnnn Number of START I/Os.

Either the TR=nnn or TW=nnn field
contains one more than the predetermined
error threshold specified in the FOPT
macro. Reaching the error count when
notification is sent to the system operator
does not cause any interruption in the
execution of the problem program. When
using an unlabeled or nonstandard labeled
tape, the system operator should note the
volume identification of the volume in use
when the message is received so he can
monitor it.

On-Line Test Executive Program

(OLTEP)

The On-Line Test Executive Program (OLTEP),
together with the On-Line Tests (OLTs),
make up the On-Line Test System, which is
designed to test I/0 devices with minimum
interference to other programs running on
the system. OLTEP functions as an
interface between the system and the test
programs, and provides communications with
the operator via SYSLOG during the running
of the tests.

For its execution, OLTEP must be
specified during system generation and the
appropriate OLTEP phases for either a
batched-only or a multiprogramming system
must be cataloged to a core image library.
Because the minimum supervisor size to
execute OLTEP is 8K, it requires a 2U4K or
larger system.

For a more detailed description of OLTEP
and the operating procedures, see the DOS
OLTEP manual listed in the Preface.

Operator Communication

Communication with the operator is through
use of full-text messages issued via a
SYSLOG (either IBM 1052 Printer-Keyboard
for IBM System/360 or a 3210 or 3215
Console Printer-Keyboard for System/370).
Two-way communication is possible: from
the system to the operator and from the
operator to the system.

The Supervisor permits:

1. Full-text messages to the operator.
These messages are either information
only or indications of required
operator action.

2. Operator-initiated instructions to the
control program.

3. Communication between the operator and
the problem program.

COMMUNICATION TO THE OPERATOR

The control program communicates with the
operator by issuing messages on SYSLOG. If
no communication with the system is
required, an I indicator is included in the
message. If an operator action or reply is
required, an action indicator A or D is
included in the message. The program
issuing the message waits until the
operator keys in a response.

Each system-to-operator message consists
of a 2-character program identifier (if
multiprogramming support is provided), a
four-character message code, a
one-character operator action indicator, at
least one blank, and the message itself.
The first character of the message code is
0 for the Supervisor; 1 for Job Control; 2
for the Linkage Editor; 3 for the Librarian
and EREP; 4 for logical IOCS, PDAID,
DUMPGEN, and ESTV; 5 for PL/I (D); 6 for
RPG; 7 for Sort/Merge; 8 for the Utilities;
9 for Autotest; A for the Assembler; B for
FORTRAN; and C for COBOL. The second,
third, and fourth characters are the
message number. The action indicator
specifies the type of operator action
required. The message contains all
information pertaining to the operator's
decision and/or actionms.

The program identifiers used in
multiprogramming are as follows.

Identifier Proqram
BG Background program
F1 Foreground-one program
F2 Foreground-two program
AR Attention routine
SP Supervisor

When a Supervisor routine such as OPEN
or device error recovery is operating on
behalf of a program, any messages it issues
contain the identifier of that program.
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The action indicators are as follows.

Indicator Meaning

A Action: The operator must perform a
specific manual action
before continuing. An
example of this is the
mounting of a magnetic
tape, or the readying of an
I/0 device.

The operator must choose
between alternate courses
of action.

D Decision:

I Information: The message does not
require communications with
the system. For example,
this type of message can be
used to indicate the
termination of a problem
program.

Used when a condition (such
as an error on SYSRES)
occurs that makes it
impossible to continue
processing. This indicator
is not printed on SYSLOG.
Instead, a message number
is placed in byte 0 of main
storage. The indicator W'
is placed in byte 1 of main
storage. The Wait state is
entered, and all L
interruptions are disabled.
The only way that the
system can be restarted is
through the IPL procedure.
S SEREP: Used when a hardware
condition occurs that makes
it impossible to continue
processing. This indicator
is not printed on SYSLOG,
but may be displayed on the
console. A 0 in byte 0 of
main storage indicates a
machine-check interruption;
1 indicates an I/0 channel
failure. The indicator S
is stored in byte 1 of main
storage. A special
diagnostic storage display
program (SEREP: System
Environmental Recording,
Editing, and Printing
Program) supplied by
customer engineers should
be used when an S condition
occurs. Re-IPLing is
necessary after running
SEREP.

Following is an example in multiprogram-

ming format of a system-to-operator
message.
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BG 1C10A PLEASE ASSIGN SYSRDR

The characters BG indicate the back-
ground program. The character 1 indicates
that Job Control issued the message. The
characters C10 are the message number. The
character A indicates action is required on
the part of the operator. (The operator
must enter via SYSLOG the assignment for
SYSRDR.) PLEASE ASSIGN SYSRDR is the con-
tent of the message.

COMMUNICATION FROM THE OPERATOR

The operator may enter information to the
system via SYSLOG in any of the following
instances.

1. The operator has pressed the request
: key so that commands can be issued.

2. The system has requested operator
response.

3. The programmer or operator has
requested operator response with a
PAUSE statement.

Once a command is processed, SYSLOG is
unlocked to permit the issuing of further
messages. Operator-to-system Job Control
commands are recognized on SYSRDR as well
as on SYSLOG.

Each operator-to-system command consists
of two parts. The first part is an opera-
tion code of from one to eight alphabetic
characters describing the action to be
taken. Separated from the operation code
by at least one blank are any necessary

parameters. The parameters are separated
by commas. The command ends with an
EOB/END.

In order that processing continue, an
end-of-communications command consisting of
only EOB/END must be given by the operator
following the last command. See EOB_or END
—-- End-of-Communication Command.

There are three types of operator-to-
system commands.

1. Job Control commands (JCC).
2. Message (ATTN) commands (AR).

3. Single-program initiation commands
(SPI).

Job Control commands may be issued only
between job steps of the batched-job
program. A suspension of processing
between job steps can be achieved by the
programmer using the PAUSE or STOP control
statement, or by the operator using the



PAUSE command. When Job Control is ready
to process these commands, the message
READY FOR COMMUNICATIONS is printed on
SYSLOG. dJob Control commands are accepted
for a foreground partition following the
ATTN command BATCH.

ATTN commands may be issued at any time.
Pressing the request key on SYSLOG causes
the message READY FOR COMMUNICATIONS to be
printed on SYSLOG. ATTN commands may then
be issued. If a partition has an
outstanding intervention required
condition, the following message is issued:

0P60D INTER REQ {BG,F1,F2} cuu

Single-program initiation commands may
be issued following the ATTN command START.
The START command gives control to the
single-program initiation routines.

e For a brief description of the Job
Control and ATTN commands, see Job
control Commands and ATTN Commands

e For commands for initiating a single
foreground program, see Single Program
Initiation.

e For a complete description, including
formats, refer to Descriptions and
Formats of Commands and Statements.

e For a listing of all commands, see
Appendix C.

Job Control Commands (JCC)

The Job Control commands are:

ALLOC Allocate Main Storage Command.
Permits the operator to allocate
main storage among foreground
and background programs.

ASSGN Assign Logical Name Command.
Assigns a logical I/O0 unit to a

physical device.

Cancel Job Command. Cancels the
execution of the current job in
the partition in which the
command is given.

CANCEL

CLOSE Close Output Unit Command.
Closes either a system or
programmer output logical unit
assigned to a magnetic tape, or
a system logical unit assigned

to a 2311, 2314, or 2319.

Device Down Command. Informs
the system that a device is no
longer physically available for
system operations.

DVCDN

pvcup

EOB ox END

HOLD

LISTIO

LOG

MAP

MTC

NOLOG

PAUSE

RELSE

RESET

ROD

Device Up Command. Informs the
system that a device is

available for system operations
after the device has been down.

End-of-Communication Command.
Must be issued whenever the
operator is finished
communicating with the system.

Hold Foreqround Unit Assignments
Command. Causes all I/O
assignments for the single
program foreground area(s)
specified to stay in effect from
one job to the next.

List I/0 Assignment Command.
Causes the system to print a

listing of I/0 assignments.

Log Command. Causes the system
to log columns 1-72 of all Job
Control statements on SYSLOG
until a NOLOG command is sensed.

Map Main Storage Command.

Causes the system to print on
SYSLOG the areas of main storage
allocated to programs in a
multiprogramming environment.

Magnetic Tage Contrxrol Command.
Controls IBM 2400/3420 series

magnetic tape operations.

Suppress Logging Command.

Causes the system to suppress
the logging of all Job Control
statements except JOB, PAUSE,
ALLOC, MAP, HOLD, RELSE, UNA,
DVCDN, DVCUP, *, and /&, until a
LOG command is sensed.

Pause Command. Causes Job
Control processing to pause (in
the partition which the command
specifies) at the end of the
next batched-job job step, or at
the end of the current
batched-job job.

Release Foreground Unit
Assignments at EOJ Command.
Causes all I/0 assignments for
the foreground area(s) specified
that are operating in
single~-program mode to be set to
unassigned at the end of any job
that is initiated for that area.

Reset I/0 Assignments Command.
Resets certain I/0 assignments
to the standard assignments.

Record on Demand Command.
Causes all SDR counters for all
nonteleprocessing devices on the
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SET

STOP

ucs

UNA

UNBATCH

recorder file on SYSREC to be
updated from the SDR counters in
main storage.

Set Value Command. Initializes
the date, clock, and UPSI
configuration; specifies the
number of lines to be printed on
SYSLST; and specifies the
remaining disk capacity when
SYSLST or SYSPCH is assigned to
disk, and defines to the system
the status of the recorder file
on SYSREC used by the I/0 error
logging (OBR/SDR) and machine
check recording and recovery
(MCRR) features.

Stop Batched-Jdob Processing
Command. Can be used in any
batched-job partition to
indicate that there are no more
batched-jobs in that partition
to execute.

Load Universial Character Set
Buffer Command. Causes the
240~-character Universal
Character Set contained in the
core image library phase
specified by phasename to be
loaded as buffer storage in the
IBM 2821 Control Unit.

Immediately Unassign Foreground

Unit Assignments Command.
Immediately causes all 1I/0

assignments for the single
program foreground area(s)
specified to be set to
unassigned.

Terminate Batched-Jdob
Processing. Terminates
batched-job foreground
processing and releases the
partition.

ATTN Commands. (AR)

The ATTN commands are:

ALLOC

BATCH

CANCEL

Allocate Main Storage Command.
Permits the operator to allocate
main storage among foreground
and background programs.

Start, or Continue Batched-Job
Operation. Causes batched-job
operation to start in F2 or F1,
or to continue in BG, F2, or Fl.

Cancel Job Command. Cancels the
execution of the current job in
the specified partition.
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EOB or END End-of-Communication Command.

LOG

- MAP

| MODE

MSG

NOLOG

PAUSE

START

TIMER

Must be issued whenever the
operator is finished
communicating with the system.

Log Command. Causes the system
to log columns 1-72 of all
single program initiation
commands on SYSLOG until a NOLOG
command is sensed.

Map Main Storage Command.

Causes the system to print on
SYSLOG the areas of main storage
allocated to programs in a
multiprogramming environment.

Mode Command. Changes the mode
of operation between recording
and quiet, changes the EFL
threshold values, and gives
status information. MODE, which
is only valid for System/370,
provides the following MCAR/CCH
information:

1. Current error count.
2. Error count threshold.
3. Current elapsed time.
4. Time threshold.

Transfer Control Command. Gives
control to a foreground program
operator communications routine
previously activated by a STXIT
instruction.

Suppress Logging Command.

Causes the system to suppress
the logging of all single
program initiation commands
until a LOG command is sensed.

Pause Command. Causes Job
Control processing to pause at
the end of the current program
job step in the specified
partition or, optionally, at
end-of-job of the current
program.

Start Processing Command.
Initiates a foreground program
or resumes batched-job
processing in any partition.

Interval Timer Command. Gives
interval timer support to the
partition specified.

Single Program Initiation (SPI)

Single program foreground programs are
initiated by the operator from SYSLOG. The
operator may initiate a single program



whenever an allocated foreground area does
not contain a program.

The operator initiates a single program
by pressing the request key on SYSLOG.
Control is given to the message (ATTN)
routine, which reads commands from the
operator via SYSLOG. The START command
(discussed in ATTN Commands) indicates a
single program is to be initiated. The
ATTN routine determines if the area
specified in the START command is allocated
and does not contain a program. If so, it
transfers control to the single program
initjation routine; otherwise, the operator
is notified that he has given an invalid
command.

The single program initiator reads
subsequent commands required to initiate
the program. These commands are used
primarily to specify I/0 assignments and
label information. When an I/O assignment
is attempted, the following verification is
made:

1. The symbolic unit is a valid logical
unit.

2. The symbolic unit is contained within
the number specified for the area when
the system was generated.

3. If the symbolic unit is to be assigned
to a non-DASD, the device is neither in
use by the other foreground program (if
applicable), nor is it assigned to a
background job either as a standard,
temporary, or alternate unit.

Each set of label information is
incorporated into a label information block
and written on the system residence pack
for later retrieval and processing by IOCS.
A main storage area for label information
is required under the same conditions as
for background jobs, and may be calculated
and reserved by the initiator as specified
in the LBLTYP command for self-relocating
foreground programs. For
non-self-relocating foreground programs,
the label information area is determined at
link edit time by the LBLTYP statement,
described in the Job Control section of
this manual.

When the EXEC command is encountered,
the single program initiator directs the
Supervisor to provide loading information
for the program to be executed. If the
program has not been cataloged to a core
image library of the system, the operator
is notified so that he may correct the EXEC
command (for example, the name may have
been misspelled), or cancel the initiation
of the program.

Following receipt of the loading
information from the Supervisor, the
initiator checks to determine if a
self-relocating program is to be loaded.
(This is determined by the load address
being zero.) The single program initiator
directs the program to be loaded following
the label information area in the
foreground area. Its entry point is given
by the Supervisor when it is loaded. A
non-self-relocating program is loaded using
the information obtained when the program
was cataloged. Diagnostics for such
conditions as the program being outside the
limits of the foreground area, are issued
by the Supervisor when the program is
loaded.

When control is given to program in
foreground, register 2 contains the address
of the uppermost byte of storage available
to the program. This value may be used to
calculate the total storage available to
the program. A foreground program may
dynamically determine the storage available
to it by storing the contents of this
register for later reference.

A single program is terminated under its
own control by issuing an EOJ, DUMP, or
CANCEL macro instruction; or through
operator action, program error, or certain
input/output failures. When a single