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are: :

e The capabilities and advantages of time
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e The programming languages and system
facilities available to a TSO terminal user.

* The system configurations TSO requires.

e How to generate and maintain a TSO system.
The Program Products available with TSO.
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The Time Sharing Option is a general
purpose time-sharing facility for the MVT
configuration of the operating system.
This manual is an introduction to TSO for
the system manageér, system analyst, and
system programmer. It helps those with
system responsibilities to evaluate the
capabilities of TSO, and to design and
implement a TSO configuration.

The first part of this publication is a
functional description of TSO, covering:

e The advantages of a time-sharing
system, the system environment required
for TSO, the relationship of TSO to the
operating . system, and the capabilities
of the command language.

e The facilities available through the
command language.

e The facilities available through IBM
Program Products for TSO.

The last three chapters of the manual givé
implementation planning information:

e A discussion of the TSO routines that
have been added to the MVT control
program. .

e A discussion of implementation
techniques.

e A discussion of TSO storage
requirements.

There are four appendixes.
e A list of the TSO commands by function.
e A list of the IBM Program Products
available for TSO users, and references
to further documentation for them.

e A list of the Time Sharing Driver Entry
Codes.

e A list of terminal messages requiring
installation action.

e A glossary of terms.
Readers interested in the implementation of
the system should be familiar with the
information in:

IBM System/360 Operating System:

MVT Guide, GC28-6720.

Preface

Planning for the Telecommunications
Access Method (TCAM), GC30-2020.

Storage Estimates, GC28-6551.

TCAM Programmers Guide and Reference
Manual.

For more detail on specific components or
subjects discussed in this publication, the
following publications may be of interest.
For system operation and management:

IBM sSystem/360 Operating System:

Operator's Reference, GC28-6691.

System Management Facilities, GC28-6712.
For I/0 devices and control units:

IBM 2701 Data Adapter Unit, Component
Description, GA22-6864.

IBM Component Description, 2702
Transmission Control, GA22-6846.

IBM 2703 Transmission Control, Component

Description, GA27-2703.

IBM 2741 Communications Terminal,
GA24~-3415.

IBM 1050 System Summary, GA24-3471.

IBM Component Description, 2260 Display
Station -- 2848 Display Control,

GA27-2700.

Program Product references are included in
Appendix B.

Note: For planning purposes, this manual
includes information for components and
capabilities that have been announced for
availability after the delivery date for
the Time Sharing Option. See your local
IBM representative for the availability
dates for:
o TSO with Model 65 Multiprocessing.,

e PL/I Optimizing Compiler Program
Product.

e ASCII Capability for the TSO Data
Utilities Program Product.

e 0S PL/I Checkout Compiler.
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Summary of Major Changes

Release 20.1 c¢c28-6698-2

Item

Description

o — g

L)
System Implementation|A section has been added describing the techniques

.|Specifying TSO System Parameters

i
1
|
|used in implementing a TSO system. This section
|consists of discussions of:

|

|Generating a Message Control Program
| Writing Cataloged . Procedures Used With TSO

|Tuning the Time Sharing Driver

|Writing Installation Exits for:

| The SUBMIT Command

| The OUTPUT, STATUS, and CANCEL Commands
| The LOGON Command

1

Y e e e B s e e e e e S e S e e s . e S . P e S . 28}

|

|

|

I

|

|

|

|

|

|

|

|

1 1 i

Storage Estimates |Mcst of the information in the Storage Estimates |

| section, including the sample TSO configuration, |

|has been deleted and moved to the publication IEM | |

| System/360 Operating System Storage Estimates | |

|GC28-6551. : ] |

t + -

Driver Entry Codes |An appendix has been added containing the format | |

|and meaning of the TSEVENT macro instructions used] |

| to notify the Time Sharing Driver of system | |

|events. : i |

+ + -

|Terminal Messages |An appendix has been added containing messages | |

|Requiring |which when received at a terminal requires the | |

|Installation Action |installation to take certain actions. | |

L iR 4 |

L) T . 1 1

|Message Control |An appendix has been added containing the text of | |

|Program Assembly | error messages generated by the macro instructions| |

|Error Messages |used to generate the Message Control Program. | |

L L i 3

Release 20.1 Gc28-6698-3

H T T i)

| Item | Description |Areas AffectedJ

t t + !

| TMP Step Library |A discussion of the advantages of concatenating | 20,74 |

| |Command Library to SYS1.LINKLIB, the Linkage | |

| | Library. | |

: ¢ ¢ :

[0S PL/I Checkout |A discussion of the uses and facilities of the |35-36 |

| Compiler | Checkout Compiler. | |

F t 1 1

|12260,2265 |The macro instructions for generating the MCP have|63-69 |

| | additional operands for 2260 and 2265 support. | }
L - L L

Summary of Major Changes -- Release 20.1






The IBM System/360 Operating System Time
Sharing Option (TSO) adds general purpose
time sharing to the facilities already
available through the MVT configuration of
the control program. As a result, the
system provides a number of new
capabilities:

e It gives users access to the system
through a command languagqge which is
entered at remote terminals --
typewriter-like keyboard-printer or
keyboard-screen devices connected
through telephone or other
communication lines to the computer.

e It gives those who may not be
programmers the use of data entry,
editing, and retrieval facilities.

e It makes the facilities of the
operating system available to
programmers at remote terminals to
develop, test, and execute programs
conveniently, without the job =~ =
turnaround delays typical of batch
processing. Both terminal-oriented and
batch programs can be developed at
terminals.

e It allows the management of an
installation to dynamically control the
use of the system's resources from a
“terminal. :

e It creates a time-sharing environment
for terminal-oriented applications.
Some applications, such as
problem-solving languages,
terminal-oriented compilers, and
text-editing facilities, are available
as IBM Program Products. Installations
can add others suited to their
particular needs.

A major consideration in the design of
TSO is ease of use. The way in which a
user communicates with the system can be
kept simple to encourage people who may not
be programmers to take advantage of the
speed and versatility of a computing system
to solve their problems. There are four
ways in which TSO achieves this goal:

e The physical medium is easy to use.
Most users are already familiar with
the conventional typewriter keyboard.
Information is easy to enter through
the terminal's typewriter-like
keyboard, and no complex procedures are
required to obtain output from the
computer.

Introduction

e The way in which a terminal user
defines his work is uncomplicated. He
enters commands which resemble English
language woxrds to describe the general
function he wants to accomplish. If
the user chooses, he can create his own
commands and command system.

e If a user doesn't know how to define
his work to the system, he can type
HELP and receive information pertinent
to the type of operation he is trying
to perform. In most cases, he doesn't
need to enter detailed parameters
describing every aspect of the work he
is doing; the system uses default
values that are appropriate for most
jobs. If he fails to provide
parameters the system needs to do the
work he requested, the system will ask
him for the missing information, item
by item, by "prompting" him for it in a
conversational way.

e The system keeps the terminal user
aware of what is happening, so he knows
what to do next. He "converses" with
the system on a step-by-step basis.
The system lets him know when it is
ready to accept input from him, and it
tells him immediately when there has
been a change in the status of his
program or when an error has occurred.
He may interrupt the processing of his
program at any time. If the user
receives a message he doesn't
understand, he can request more
information about the situation simply
by typing a question mark. The
nmessages he receives use uncomplicated
language to describe the situation.
When the messages become familiar to
him, he may request the system to use
the abbreviated messages that are
available with some of the programming
languages.

Advantages of a Time Sharing System

In a simple batch processing system, one
job at a time has access to the resources
of the system (main storage, the central
processing unit, and I/0 equipment). A
programmer's job is loaded into the
computer and its operation is controlled by
the system operator. The job acquires. the
resources it needs as it runs to
completion; resources the job doesn't need
are unused. When the job is finished,

Introduction 9



results are produced, a new job is loaded
and executed, and the output for the
completed job (for example, a primtout) is
sent to the programmer. An inherent
problem with this type of processing is
turnaround time, the elapsed time between
the submission of a job to the computer
center for processing and the return of
results to the programmer. Another problem
is the inefficient use of resources.

In a multiprogramming system (e.g., a
system that operates under the control of
the MVT configuration of the System/360
Operating System), several jobs share the
resources of the system concurrently, so
the use of resources is mach more
efficient. -Although jobs are processed
faster, the operator at the system console
still controls the system, and the
programmer still must wait for results to
be returned to him.

A time sharing system reduces delays in
receiving results. A larger number of job
share the resources of the system :
concurrently, and the execution of each job
is controlled primarily by a remote
terminal user. Thus, time sharing can be
defined as the shared, conversational, and
concurrent use of a computing system by a
number of users at remote terminals.

The system resources shared by the time
sharing jobs (foreground jobs) entered from
the terminals are also shared by batch jobs
(background jobs) that are being processed
at the same time. Each foreground main
storage region handles many active
foreground jobs, although only one job is
actually in the region at any moment in
time. A foreground job is assigned to a
main storage region and has access to the
system's resources for a short period of
time called a time slice. The other
foreground jobs assigned to that region are
saved on auxiliary storage while the job
being executed in main storage receives a
time slice.

At the end of the job's time slice, or
if the job enters the wait state for
terminal I/0, the main storage image of the
job (that is, programs, work areas, and
associated control blocks) is stored on a
direct access device and another job is
brought into the same region of main
storage and given a time slice. TSO
schedules a similar time slice for each
ready foreground job. The apportionment
and duration of time slices is discussed in
detail in the "System Summary" section of
this manual.

10 Time Sharing Option Guide (Release 20.1)

The process of copying job images back
and forth between main and auxiliary
storage is called swapping. Writing an
image to auxiliary storage is a swap out;
reading one into main storage is a swap in.

All foreground jobs are assigned the
same priority. The order in which
foreground and background jobs are
processed is determined by the operating
system task dispatcher. Job priorities,
job classes, and the dispatching of tasks
are discussed in IBM System/360 Operating
System: Concepts and Facilities,
GC28-6535.

The apportionment of slices of
processing time to foreground jobs is not
apparent to a terminal user. At the
terminal, the response of the system to
requests for action is fast enough so that
he has the impression that he is the sole
user. As far as the user is concerned the
distinctive feature of a time-sharing
system is the way in which it "converses"
or interacts on a step-by-step basis with
him as he does his work. He is prompted
for information the system needs to execute
his job, he receives immediate responses to
his requests for action, and he is notified
immediately of errors the system detects,
so that he can take corrective action at
once.

In general then, a time-sharing system
differs from a batch processing system in
three ways:

1. A terminal user concurrently shares
the resources of a computing system
with other terminal users.

A terminal user can enter his problem
statements and other input into the
system as he develops them, and he
receives immediate results. Thus the
problem of turnaround time (the amount
of time between when he submits his
job for processing and when he
receives results) inherent with batch
‘job operations is greatly reduced.

A terminal user is constantly aware of
the progress of his job. He requests
results from the system one step at a
time, he is prompted for any
additional information the system
requires, he receives immediate
notification of the status of his
work, and he is apprised of errors as
soon as the system detects them. The
terminal user can change his problem
statements or correct errors
immediately after entering each
statement or at any time during the
current terminal session. Thus, he
minimizes the need for reruns.



Using a Terminal

A terminal session is designed to be an
uncomplicated process for a terminal user:
he identifies himself to the system and
then issues commands to regquest work from
the system. As the session progresses, the
user has a variety of aids available at the
terminal which he can use if he encounters
any difficulties. '

Commands specifically tailored to an
installation's needs can be written and
added to the command language or used to
replace IBM-supplied commands.

Starting and Stopping a Terminal Session

When the user has some work to perform with
the system, he dials the system number if
he has a terminal on a switched line, or he
turns the power on if he has a terminal on
a non-switched line. A switched line is
one in which the connection between the
computer and a terminal is established by
dialing the system's number from the
terminal. A non-switched line is one with
a connection between the computer and the
terminal. With an IBM 2741 terminal or an
IBM 1050 terminal, the system responds by
unlocking the keyboard. In any case, the
user identifies himself by entering "LOGON"
and one or more of the following fields:

e A user identification, for example, the
user's name or initials, which the
system will use to identify his
programs and data sets.

o A password assigned by his
installation, usually known only to the
user and the system manager.

e An account number, which defines the
account in which his system usage
totals are to be accumulated.

e A LOGON procedure name, which
identifies a cataloged procedure that
specifies what system resources he will
be using.

The user may omit the last three fields if
the system manager has defined only one
account number and LOGON procedure for him
and no password is used.

The LOGON processor verifies that the
user is an authorized TSO user, then checks
the password, if it is required, and
account number in a record it keeps of user
attributes, called the User Attribute Data
Set (UADS). From the attributes, the LOGON
command operands, and a LOGON cataloged
procedure, the system builds a user
profile, which is used to control the

processing of his job. The system assigns
the user's job to a time-sharing
(foreground) region of main storage and
allocates other resources, such as
auxiliary storage space and user data sets
according to the LOGON procedure.

LOGON marks the start of a terminal
session. When the user completes his woxk,
he enters "LOGOFF" to end the session. The
system then updates his job's system use
totals, releases resources allocated to it,
and releases the terminal from TSO. A
session is also terminated any time the
terminal user enters LOGON to start a new
session. In this case, the old session is
terminated and a new one is begun; the
terminal is not released in the process.

Working at_the Terminal

The user enters commands to define and
execute his work at the terminal. He
enters a command by typing a command name,
such as EDIT and possibly some additional
operands. The system finds the appropriate
command processor--a load module in a
command library--and brings it into the
foreground region assigned to the user for
execution. For example, in response to
entering the EDIT command, the system
brings in the EDIT command processor, the
data handling routine used to create and
update data sets.

If a user does not enter all the
operands associated with a particular
command name, default values are assumed
where possible. If necessary operands are
missing, the system prompts the user for
them with a message such as "ENTER DATA SET
NAME." The user can reply with the missing
value, or enter a question mark for a
further explanation of what the system
needs. If the user chooses, he can specify
that prompting messages be suppressed.

A terminal user can also receive
assistance through the HELP facility. He
can request information regarding the
syntax, operands, or function of any
command, subcommand, or operand. If he
enters HELP followed by a command name, he
receives an explanation of the command and
the operands required with it. HELP
followed by a subcommand name furnishes an
explanation of the subcommand if you are
working with the command at that time.
Entering HELP by itself returns a
description of the command language, a list
of the commands, and an explanation of how
to use HELP to obtain further information.

Introduction 11



During a typical session, the user
enters a series of commands to define and
perform his work. If the sequence is one
that is used often, he can store the
sequence in a data set and then execute the
sequence whenever he needs it by entering
the EXEC command.

The commands provided with the system
handle data and program entry, program
invocation in either the foreground or the
background, program testing, data
management, and session and system control.
IBM Program Products are available to
support problem solving, data manipulation,
and text formatting, to provide
terminal-oriented language processors, and
to make these processors more convenient to
use from the terminal.

System Configurations

TSO is an extension of the MVT
configuration of the control program on
System/360 Models 50 through 195, or
System/370 Models 155 and 165. TSO also
operates with the Model 65 Multiprocessing
(M65MP) configuration. The minimum machine
confiquration for System/360 models must
include 384K of main storage, the required
I/0 devices for MVT, plus at least one each
of the following: :

e A terminal (IBM 1050, 2741, 2260 Local
or Remote, 2265, or Teletypel Model 33
or 35 KSR and ASR).

e A transmission control unit (IBM 2701,
2702, or 2703), unless all terminals
are locally attached 2260 Display
Stations.

e sufficient direct access storage space
(IBM 2301, 2311, 2303, 2305, 2314, or
3330) for command libraries and system
data sets.

o sufficient direct access storage space
to swap data sets.

In a System/360 with 384K of main storage,
TSO is, in effect, a "dedicated" time
sharing system. In other words, with 384K
the system can run as a time sharing system
or as a batch job processing system, but
not both at the same time. To run both
time sharing and batch jobs concurrently or
to execute on M65MP or Systemv370 models,
at least 512K of main storage is required.
At least 128K of main storage is required
for system generation.

iTrademark of Teletype Corporation, Skokie,
Illinois.
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Terminals

Some remote terminals suitable for
interactive applications have keyboards for
entering input data and either
typewriter-like printers or display
screens. A remocte terminal incorporates or
is attached to a control unit. The control
unit is in turn connected to the system by
either of two ways:

e Through a device such as a data set to
a dialed (switched) line to the system.

e Through either a direct or a leased
line to the system.

At the computer site the communication
line connects to a Transmission Control
Unit, which in turn is attached to one of
the computer system's multiplexor channels.
The IBM 2260 Display Station can be an
exception to this general configuration.
Its control unit, the IBM 2848 Display
Control, can be attached directly to a
multiplexor or selector channel. This mode
of operation is called local attachment.

TSO uses the Telecommunications Access
Method (TCAM) for terminal access. TSO
provides terminal handling programs for the
following terminals:

e IBM 2741 Communication Terminal.

e IBM 1050 Printer-Keyboard.

e Teletype! Model 33 and 35 KSR.

e IBM 2260 and 2265 Display Stations.

The IBM 2741 Receive Interruption
Feature and the Transmit Interruption
Feature are recommended for use with the
2741. These features are described in the
publication IBM 2741 Communications
Terminal. The Transmit Interrupt, Receive
Interrupt, and Text-Timeout Suppression
features are recommended for use with the
IBM 1050. 1050 multidrop is not supported.
These features are described in the
publication IBM 1050 System Summary.
that some of these features are not
available through the IBM 2701 Data Adapter
Unit.=2

Note

Transmission Contxol Unit

TSO requires at least one of the following
transmission control units to handle
terminal communications:

2Terminals which are equivalent to those
explicitly supported may also function
satisfactorily. The customer is
responsible for establishing equivalency.
IBM assumes no responsibility for the
impact that any changes to the
IBM-supplied products or programs may have
on such terminals.



e IBM 2701 Data Adapter Unit.
e IBM 2702 Transmission Control.
e IBM 2703 Transmission Control.

The Terminal Interruption Features are
reconmended for use with the 2702 and 2703

transmission control units and must be
present if the terminals are to use the
features. These units are described in the
following publications:

e IBM 2701 Data Adaptexr Unit,

Description.

e IBM System/360 Component Description,
IBM 2702 Transmission Control.

e IBM 2703 Transmission Control,
Component Description.

Component

Swap Data Set Devices

The process of copying images back and
forth between main and auxiliary storage is
called swapping. Writing an image to
auxiliary storage is a swap_out; reading
one into main storage is a swap in. The
pre-formatted data sets into which jobs are
written are called swap data_sets. A swap
data set is divided into swap allocation
units, each of which consists of a
device-dependent number of 2048-byte
records. An integral number of swap
allocation units, not necessarily
contiguous, are assigned to each job to
contain the swapped out image of the job.

If there is more than one foreground
region, they share the available swap data
sets, but the cycle of swapping for each
region is essentially independent of other
regions. However, the system avoids
queuing on swap data sets if possible.

TSO requires sufficient storage capacity
on one or more of the following for swap
data sets:

e IBM 2301 Drum Storage.

e IBM 2303 Drum Storage.

e IBM 2305 Fixed Head Storage,
Model 1 or 2.

e IBM 2314 Direct Access Storage
Facility.

e IBM 3330 Disk Storage Facility.

See the Storage Estimates section of
this publication for information on swap
data set sizes.

The record overflow feature is required
for the devices used to store the swap data
sets. One or more data sets on any of the
above devices can be used for swap data
sets.

The direct access storage space required
for the swapped data may be divided among
the devices listed above in either of two
ways. The user may specify that swapped

data be distributed serially among a
hierarchy of data sets, or he may specify
parallel distribution of data onto two
devices. With serial distribution, the
first data set in the hierarchy is filled
with swapped data, and then the next data
set in the hierarchy is used. For example,
a drum, because of its higher access speed,
could be assigned as the first unit in the
hierarchy, with a 2314 assigned to receive
any overflow of swapped data.

With the parallel distribution scheme, two
devices are used concurrently to receive
swap data sets. The exact order in which

" data sets are written on either of the

devices is determined by the system, based
on the I/0 activity taking place in the
channel at the time of a swap out. For
example, if the two data sets are on
devices on separate channels, swap
performance improves substantially.

Before a terminal jcb can be swapped out
of main storage, activity associated with
the job must be brought to an orderly halt.
The halt must be performed in such a way
that the job is not aware of it, and
information must be saved to restart the
job when its next time slice is scheduled.
The orderly suspension of a job's activity
before a swap out is called gquiescing the
job. Quiescing includes the removal of the
ma jority of the control blocks associated
with the job from the system queues so they
can be written to the swap data set along
with the contents of the main storage
region assigned to the job.

The Relationship of TSO to the
Operating System

For the data processing center, TSO is
compatible with operating system standard
formats and services, while providing the
flexibility needed for various time sharing
and terminal-based applications.

TSO is not necessarily intended to be
used as a dedicated time-sharing system,
that is, a system on which only
time-sharing operations take place. TSO
augments the facilities already available
with the operating system: batch
processing, teleprocessing, and other data
processing activities can take place
concurrently on the same system.

Once an installation has generated a
system that includes TSO, time sharing
operations can be started and stopped at
any time by the system console operator.
The operator can specify how many regions
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of main storage are to be assigned to time
sharing users. Each region can serve many
users, whose programs are swapped back and
forth between main and auxiliary storage.
Time sharing, or foreground operations, can
take place concurrently with batch or
background operations. (Background jobs
are not swapped.) If the user chooses, he
can dedicate his system to time sharing and
run only foreground jobs. If there are
periods when TSO is not needed in the
system, time sharing operations can be
stopped, and the system will then process
background jobs in the usual way with MVT
and TCAM.

Terminal communications are handled by
the Telecommunications Access Method (TCAM)
through an interface that allows the use of
standard sequential access method I/0
statements and macro instructions.

All of the MVT facilities are available
to a background job. Foreground jobs can
use most of the operating system access
methods for data set access (e.g., BSAM,
QSAM, BDAM etc.). All devices available to
these access methods are usable by
foreground jobs. A detailed list of
restrictions is in the "Restrictions and
Limitations™ section of this manual.

Execution of Background Jobs from the
Terminal

In addition to the foreground execution of
programs, TSO allows jobs to be submitted
for execution in the background, or batch,
portion of the system. If his installation
authorizes it, a user can submit a
background job at his terminal, be notified
of the job's status, and then receive
results of the job at the terminal. If he
chooses, he can specify that the output of
his job be produced at the computing
center, rather than at the terminal.

Foreground-Background Compatibility

Because time sharing is carried out within
the framework of MVT job and task
management, the foreground and background
environments are compatible. TSO uses the
same data formats, programming conventions,
and access methods as the rest of the
operating system. The programming
languages and service programs available
with TSO are compatible with their
background counterparts.

The TSO command languagée is also
generally compatible with the
Conversational Remote Job Entry (CRJE)
command language. Programs can be
developed in the foreground and stored in
background libraries. These programs are
compatible with other operating system
programs. Most problem programs can be

.
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executed in either the background or the
foreground without revision or
recompilation.

Restrictions and Limitations

Certain facilities are unavailable to
foreground jobs, although they remain
available to background jobs. These
include:

e The BTAM and QTAM telecommunications
access methods.

e The Graphics Access Method (GAM).

o The EXCP equivalents of the BTAM, (QTAM,
and GAM access methods.

e Main storage requests for hierarchy 1
(all foreground regquests for main
storage are allocated to hierarchy 0).

e Use of Job Control Language in the
foreground for other than single-step
jobs (the TSO command language is used
to provide the equivalent of multi-step
jobs).

e Checkpoint/Restart Facility (foreground
requests for checkpoint are ignored).

e Rollout/Rollin Option.
e TESTRAN Facility.
e Tape volumes are not supported.

e Multivolume data sets are not supported
by Dynamic Allocation.

SVC numbers 92 through 102 (decimal) are
added to the system for TSO. The following
SVCs can be issued by problem programs in
the foreground region:

e SVC 93--TGET/TPUT (execute terminal
I/0).

e SVC 94--STCC (specify terminal control
characteristics).

'® SVC 95--TSEVENT (notify the supervisor
of an event).

e SVC 96--STAX (specify a terminal
attention exit).

e SVC 97--Breakpoint (used by TEST
command) .

e SVC 98--PROTECT (protect a data set
with a password).

e SVC 99--Dynamic Allocation (of a data
set).



e SVC 100--Submit a job to the
background.

e SVC 102--AQCTL -- used by TCAM to
communicate with problem programs.

Of these, only SVC 98--PROTECT--can be
issued by programs executing in the
background. SVCs 92 (TCB EXCP) and 101
(TCAM-TSO Communication) are used only by
supervisor programs.

Including TSO in a system adds no
restrictions to programs executed in the
background. For example, other
teleprocessing applications can be run
simultaneously.

System Control

The management of an installation can shift
most of the responsibility for controlling
the time sharing system from the operator
at the system console to users at remote
terminals, called control terminals. A
control terminal user can alter the system
configuration to meet changing work loads.
For instance, he can assign an extra region
of main storage to time sharing operations
during peak periods, and then release it to
be used for batch operations during slack
periods. Such changes require no shutdown
of TSO and are not noticed by the users of
cther regions. Even the starting and
stopping of TSO operations is accomplished
without shutting down the system or
affecting background operations.

Job Definition and Scheduling

To the operating system, each terminal
session from LOGON to LOGOFF is one
terminal job, corresponding to a single
step batch job. The job control statements
that define a terminal job are stored in
the LOGON procedure used to begin the
session. The “EXEC" JCL statement in the
LOGON procedure identifies the program the
user wants loaded into his region for
execution. The program may be the
TSO-provided command language handler or an
installation provided application program.

An important feature of TSO is the
dynamic allocation of data sets for time
sharing users. A user may defer definition
of his data sets until he requires them.
During LOGON processing, any data sets
named on Data Definition (DD) statements in
the procedure are allocated to the terminal
job. Any data sets requiring volume
mounting by the operator, must be defined
here. The procedure also includes dynamic
DD statements (similar to a CD DUMMY),
which reserve control block space for data
sets the user may allocate during the
session. The dynamic allocation facility

allows data sets to be created, deleted,
concatenated, or separated without previous
allocation at the beginning of the job
step.

Tuning the Time Sharing System

In a time sharing system, execution time is
divided among the active foreground jobs
and background jobs in brief time slices.

A time slice must be long enough to perform
a meaningful amount of processing, but not
so long that the time between successive
slices prevents quick response to
conversational users. At the same time,
time slices cannot be so short and frequent
that system overhead for swapping and task
switching becomes excessive. Balancing
these factors depends on the number and
type of jobs the system is processing. A
solution for one job mix is not necessarily
suitable for another job mix. The TSO time
sharing algorithms -- the formulas used to
calculate the division of time among jobs
-- are based on several variables, most of
which can be specified by the installation
to tune the system for their particular
workload. sSome of the tuning variables
such as the number of foreground regions
and the maximum number of users, can ke set
by the system operator or a user at a
control terminal whenever the system is
running. Others are specified as
parameters in SYS1.PARMLIB. These
parameters are used when the operator
starts the time sharing operations.

The time sharing algorithms are
described in detail in the "System Summary"
section of this manual. They are
implemented by a subroutine called Time
Sharing Driver. The Driver makes decisions
about system functions such as swapping and
task switching. An installation may
experiment with other time sharing
algorithms by modifying or replacing the
driver, and specifying use of the new
Driver in the SYS1.PARMLIB parameters used
when the operator starts time sharing
operations.

Monitoring System Use and
Performance

By extending the services of the system to
many concurrent users, TSO makes the
operating system more useful to more
people. However, installation management's
job of monitoring system use and
performance becomes more complex. Three
tools are provided to help management
maintain a clear picture of what the system
is doing.
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System Management Facilities (SMF): The
SMF Option can be used with TSO. Both the
data collection and dynamic control
facilities are extended to the foreground
environment.

With the data collection facility,
records describing both the system
environment and individual user activity
are written to the SMF data sets in a
format similar to that used for background
records. The system environment data
includes:

e Machine configuration.
e Resource status.
e Library management information.

This information is recorded whenever
time-sharing operations are started,
modified, or stopped by an operator. The
user data includes:

I/0 device use.

Data set use.

Main storage used.

Time resident in main storage.
Time actually spent executing.

The user data is recorded at LOGON and
LOGOFF and during a terminal session
whenever a user changes the status of his
data sets with the dynamic allocation
facility. The information on the use of
data sets is particularly useful to the
installation for controlling the use of
secondary storage in the time-sharing
environment.

The SMF dynamic control exits give the
installation access control program
information at key points during the
processing of jobs, including foreground
jobs. The step initiation and termination
exits are taken, if present, when a user
begins or ends a terminal session. These
routines can record information and control
processing for foreground jobs just as they
do for background jobs. SMF is discussed
in detail in the publication IBM System/360

Operating System: System Management
Facilities, GC28-6712.

An additional installation exit,
separate from the SMF dynamic control
exits, is provided from the routine
handling user LOGON. This exit allows the
installation to establish its own user
verification and control procedures,
independent of those supplied with the
system. The section of this publication
Writing a Logon Pre-prompt Installation
Exits describes the parameters passed and
what actions the exit may take.
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MONITOR Command: The MONITOR command
allows the operator to watch the changing
workload on the system over a period of
time. In addition to the job initiation,
data set, and volume information formerly
available with the DISPLAY command, he can
request notification of time-sharing users
logging on and off the system. The DISPLAY
command now gives the system workload at a
particular point in time, and has been
extended to include information relative to
the time-sharing environment, such as the
number of foreground regions and the number
of active terminals. Both MONITOR and
DISPIAY, like other operator commands
concerned with the time-sharing operation,
are available to a control user at a remote
terminal as well as the system operator at
the console.

TSO_ Trace Program: The TSO Trace Writer
Program provides a detailed history of what
the system does over a period of time. The
Trace Program records a stream of
information that all components of the
system are continuously passing to the Time
Sharing Driver. The Driver uses this
information in its calculations of resource
allocation. When the operator starts the
Trace Program, it intercepts these event
signals and records them with a time stamp
in a data set. Typical events recorded are
"job requesting terminal input® and "swap
completed.” The TSO Trace Data Set
Processor can be used at a later time to
format and print out the information
recorded by the Trace Program. The Trace
Data Set Processor can be requested to list
only those events associated with a
particular component of the system, such as
the dispatcher, or to list only those
events associated with a particular
terminal or set of terminals. Using this
information, system management can
determine how well the system is responding
to the workload and make adjustments to the
tuning variables if necessary.

System Security

The need for adequate data and program
protection is increased in the time-sharing
environment, where many persons are
simultaneously using the system. The
system itself must be protected against
unauthorized users. Each user's programs
and data must be protected against
accidental destruction by other users.
Confidential data must be safegquarded
against unauthorized access.

User Verification

Any user starting a terminal session is
required to supply a user identification
recognized by the system; that is, one that



has been defined by the system
administrator. The installation may also
require the user to supply a unique and
confidential password with the LOGON
command .

Further verification of a user's
identity can be performed by the optional
installation routine called when a user
logs on. This routine can request further
information from the applicant and deny him
access to the system if he fails to provide
it.

Program Protection

Although a number of users may have jobs
assigned to the same foreground main
storage region, only one user's job is
present in the region at a particular time
-- the other jobs are temporarily stored i
the swap data sets. No user can '
accidentally destroy or tamper with another
user's job. Like the background regions
under MVT, the foreground regions have
unigue storage keys, preventing a job from
modifying any area of main storage outside
its assigned region.

Data Set Security

Beca