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PREFACE

This manual describes Revision 2 of OS/32 MT, the multi-tasking real-time operating system for the INTERDATA 32-Bit
computer systems.

The major new features are:
Multiple task common segments with sizes limited ouly by the available memory.
Support of discontiguous memory.
Improved timer management, including repetitive interrupts and time slicing.
Double Precision arithmetic capability.
Support of new hardware, including 67MB disc and Mini 1/O.
Better disc management, including directory pre-allocation and OS images in files.
Appendix 6 describes the new features in more detail.

This revision of OS/32 MT is upwards compatible with previous revisions; tasks which use task common or the reentrant
library must be re-established with TET R0O2 to run under OS/32 MT RO?2.
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CHAPTER 1
SYSTEM OVERVIEW

INTRODUCTION

0S/32 MT is a Multi-Tasking Operating System for the INTERDATA 32-Bit Architecture processors. Both background and
foreground facilities are provided so that program preparation can proceed concurrently with real-time system operation.
Built-in functions of 0S/32 MT include system control via the operator’s console, interrupt handling and 1/O servicing.
Data file management features are provided for any system equipped with direct-access storage media.

0S/32 MT is upwards compatible with existing 32-Bit Operating Systems. The minimum hardware requirements to support
0S/32 MT are:

INTERDATA 32-bit processor with 96 KB of memory
Memory Access Controller (MAC)

Display Panel

Interval and Line Frequency Clock

Power Fail/Automatic Restart Option

Console Device

Teletype on local TTY Interface
CRT on local TTY or PASLA Interface
Carousel on local TTY or PASLA Interface

Paper tape, magnetic tape, cassette or LSU
(required to boot in system - may be TTY or Carousel Paper Tape)
Disc or any 2 magnetic media

800 BPI 9-track magnetic tape
1600 BPI 9-track magnetic tape
2.5 MB disc

10 MB disc

40 MB disc

67 MB disc

The reader should be familiar with the following documents describing the 32-Bit processors:

32-Bit Series Reference Manual, Publication Number 29-365
“Model 7/32 Reference Manual, Publication Number 29-399
Model 8/32 Processor User’s Manual, Publication Number 29-428

Other manuals related to OS/32 MT are:

0S/32 MT Pocket Guide, Publication Number 29-505

0S/32 Series General Purpose Driver Manual, Publication Number 29-384

0S/32 MT Program Configuration Manual, Publication Number 29-389

0S8/32 MT Task Establisher (TET/32) User’s Manual, Publication Number 29-412
ITAM/32 Reference Manual, Publication Number 29-541

0S/32 MT Program Logic Manual, Publication Number 29-391

0S8/32 Disc Initializer Program Reference Manual, Publication Number 29-508
Common Assembler Language (CAL) User’s Manual, Publication Number 29-375
Model 8/32 Micro-Instruction Reference Manual, Publication Number 29-438
Common Microcode Assembler Language (MICROCAL) User’s Manual, Publication Number 29-478
Model 8/32 Writable Control Store (WCS) User’s Guide, Publication Number 29-479

0S8/32 MT protects the foreground environment from the effects of undebugged background tasks. Memory is protected

via the Memory Access Controller (MAC), which also provides hardware relocation of both foreground and background
tasks at run time.
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0S/32 MT provides facilities for supporting up to 253 foreground tasks running concurrently. It supports up to 1
megabyte of memory, either as contiguous main memory of local memory and various shared memory banks.

0S/32 MT supports the single precision and double precision floating point features of the 32-Bit Processors. It also
contains software floating point packages to emulate the hardware facilities, for those configurations without floating
point support.

0S/32 MT provides the ability to generate up to 15 task dommon areas. It also contains support for the Precision Interval
Clock (PIC) and Line Frequency Clock (LFC) to enable tasks to schedule task level interrupts of a periodic and
non-periodic nature.

0S/32 MT contains file management techniques which include three types of file structures, and a disc directory structure
such that each disc contains complete information concerning all its existing files. Both static and dynamic protection
ITAM/32 provides telecommunications support for OS/32| MT. Refer to the ITAM/32 Reference Manual for a description

of its facilities.

IMPORTANT FEATURES
Outstanding features of OS/32 MT are:
Multiple application programs can operate concurrently through the use of interleaving techniques.

Tasks are scheduled by priority, with 240 distinct priority levels available to the user. An optional time slice
scheduler is provided which allows tasks of ¢qual priority to share processor time.

A highly modular structure and a system generation utility program allows system elements to be easily
added or deleted, thereby assuring the user of a compact, tailored OS environment.

The number of tasks in memory at any time; may be as great as 255, limited only by the amount of memory
available and by system generation considerations.

Tasks need not be totally memory-resident, but may be segmented and overlaid from any bulk storage
device.

Calendar and time of day are maintained byithe system; in addition, interval timing facilities are available to
user tasks, with a resolution of one millisecond.

Tasks may request the activation and execution of other tasks, and may pass parameters to one another.
Tasks may take traps on the reception of these parameters, thus providing timely response to communica-
tions between tasks.

Tasks may take traps upon the completion of a time interval or a series of time intervals, proceed 1/O
termination, or upon power restoration in chse of power failure.

I/O operations are device-independent, allowing device re-assignment without having to alter existing soft-
ware.

Comprehensive file management facilities are provided on direct-access devices; three distinct file structures
are provided for safe and efficient use of the disc. I/O devices and disc files are referenced by name; files are
allocated on a sector basis.

Sharable data and Reentrant Library facilities are provided.

A powerful command language (Command Substitution System) is provided which allows sequences of
commands to be invoked by a single command.

SYSTEM COMPONENTS
The 0S/32 MT system is divided into the following major groups:

System Manager (Command Processor)
Executive Functions

Task Manager

Timer Manager

Memory Manager

File Manager

1/O Subsystem

Resident Loader

Floating Point Support (optional)
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System Manager

The System Manager handles all interactions between the system and the console device. It provides the operator interface
to 0S/32 MT. It executes as a task in OS/32 MT and is designed so that many functions are performed through Supervisor
Calls. The System Manager contains routines to support the Command Substitution System (CSS), to do memory par-
titioning, and to support Direct Access devices. The System Manager controls all I/O requests to the Console and Log
devices.

The Systems Manager accepts commands from the system console device, decodes them and calls the appropriate executor.
It contains logic to provide the console operator with informative messages in case of error.

Command Substitution System (CSS)

The Command Substitution System routines provide the ability to build, execute and control files of OS/32 MT operator
commands. CSS consists of routines to execute CSS operator commands, to manage the CSS buffers and to provide the
command parameter substitution facility.

Direct Access Support

The System Manager provides the operator with the command functions necessary to allocate and delete files, display files,
rewind, and backspace files assigned to user tasks. It also contains commands used when mounting and dismounting direct
access volumes. These functions are executed via SVC I and SVC 7 calls.

Console Support

The System Manager controls user task communication with the system console. Because of this feature and the structure
of Task Management, commands can be entered and executed while user tasks are active, even if tasks have assigned the
console device.

Executive Functions

The Executive contains routines to handle supervisor calls. These include SVC 2, SVC 3, SVC 5, SVC6, SVC9, and
SVC 14. All functions are performed on behalf of the calling task.

Task Manager

The Task Manager handles task scheduling functions. A task is controlled through a Task Control Block (TCB). At
SYSGEN time the user determines the number of tasks the system being built is to contain. The user may choose to have
up to 254 tasks (plus the system manager) in a system.

Timer Manager

0S/32 MT makes use of both a line frequency clock and a precision interval timer to provide user tasks with a flexible set
of timer management/maintenance services. The following services are provided: time of day clock, day and year calendar,
interval and time of day wait, interval and time of day trap, and driver time-out. Time Trap functions may be set up to
occur periodically.

Memory Manager

The Memory Manager handles dynamic system space, partition memory space, and Task Common memory space. The
Memory Management system is more fully described in Chapter 3.

File Manager

The File Manager contains the SVC 7 Handler and the intercept routines for SVC 1 requests to Contiguous, Chained, and
Indexed Files.

I/O Subsystem

The I/O Subsystem is composed of the SVC 1 Handler, the Peripheral Device Drivers, and certain other routines, such as
the System Queue Handler.

The I/O System consists of system routines and control blocks necessary to provide device independent I/O requests.
Resident Loader

The OS/32 MT resident loader loads tasks, overlays and library segments. The input to the resident loader must be created
by the 0S/32 MT Task Establisher (TET/32). TET/32 outputs ‘load modules’ which contain a Loader Information Block

(LIB) followed by a memory image of the task or library. The LIB enables the loader to derive the various parameters of
the load module. :
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OVERVIEW

Figure 1-1 shows the principal interactions between the major groupings of the Operating System, including foreground
and background tasks, the Resident Library, and Task Common partitions. For clarity. many minor interactions between
these module groupings are not shown. For a more detailed explanation of system interactions, the reader is referred to the

0S/32 MT Program Logic Manual, Publication Number 291391
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Figure 1-1. 0S/32 MT Functional Block Diagram
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HARDWARE CONSIDERATIONS
Floating Point Support

0S/32 MT provides an optional Floating-Point Emulation Package for those installations without Hardware Floating Point
Support. At SYSGEN time, the user has the option of incorporating single precision, double precision or single and double
precision floating point support into the target system.

In systems without hardware floating point, if no software floating point support is selected, no task in the system may
execute floating point instructions. If a task does execute a floating point instruction, it will be treated as an illegal
instruction. The Resident Loader does not load a task in a system without floating point support, if the LIB of its load
module indicates that floating point is required.

If software floating point support is selected, a series of routines to simulate floating point instructions is included in the
system.

If either software or hardware floating point is specified, and a task’s options indicate it uses floating point, the operating
system saves and restores the current contents of the task’s floating point registers when the task is stopped and restarted.
This means that each task has its own unique copy of the floating point registers.

Using Writable Control Store

The Model 8/32 Processor contains an optional area of high speed control store memory called Writable Control Store
(WCS). The WCS provides the user with the ability to extend the architecture of the 8/32 Processor with user written
microcode.

The INTERDATA Model 8/32 WCS Support Program (Program Number 03-102), provides the user with the ability to
debug microcode routines written for WCS. This program executes as a task within an OS/32 MT Operating System

environment.

When using WCS within 0S/32 MT, the user should be aware that both E-tasks and U-tasks may use the instruction Enter
Contrel Store (ECS), which causes control to be transferred to WCS. Transferring to Control Store may overwrite the OS
image in memory, if:

1.  WCS is not set up at all.

2. WCS, especially the first 16 words, is set up incorrectly.

3. WCS Support Program is at a lower priority than any other task in the system which uses WCS.

4. WCS image, maintained by the WCS Support Program, is destroyed by another E-task.

To avoid this, ensure the following:

1.  WCS is set up all the time, i.e., the WCS Support Program must be at higher priority than any other
task in the system which uses WCS.

397

WCS contains fully debugged microcode.

3. The first 16 WCS words are set up to point to the debugged microroutines or to the illegal instruction
handler in the fixed ROM (ROM locaticn X'208' labeled ILEGAL).

The instructions Branch to Control Store (BDCS), Read Control Store (RDCS), and Write Control (WDCS) are permitted
only for use within E-tasks.

Improper use of these three instructions by an E-task can destroy the system. Hence, an E-task which uses these instruc-
tions, must be debugged beyond reasonable doubts.

Refer to the following manuals for detailed instructions concerning the use of WCS:
Model 8132 Micro-Instruction Reference Manual, Publication Number 29-438.

Common Microcode Assembler Language (MICROCAL) User’s Manual, Publication Number 29-478.
Model 8/32 Writable Control Store (WCS) User’s Guide, Publication Number 29-479.

29-390 R0O4 4/76 1-5/1-6






fr‘ N

CHAPTER 2
SYSTEM OPERATION

SYSTEM GENERATION

0S/32 MT must be tailored to the specific configuration it is to support. This is accomplished by the OS/32 MT System
Generation (SYSGEN) procedure. The 0S/32 MT Configuration Utility Program (CUP/MT) allows the user to select the
desired support from a library of object modules by specifying the desired target system with CUP/MT control statements.
CUP/MT processes the input control statements and a library of peripheral device driver object modules to produce a series
of programs. These are linked together with a library of system object modules by the OS/32 Library Loader (Program
Number 03-065) to produce an absolute OS/32 MT load module. The load module can then be converted by TET/32 to an
OS image, suitable for bootstrap loading.

An 0S/32 STARTER system is supplied with OS/32 MT. 0S/32 STARTER is a pre-SYSGENed OS/32 system which may
be used to run CUP/MT.
SYSTEM START UP
0S/32 MT is initially loaded into the 32-Bit Processor by the 32-Bit Relocating Loader (Program Number 03-067) or the
32-Bit Direct Access Bootstrap Loader (Program Number 03-074). On completion of the load, control is transferred to
0S/32 MT which prints:

OS32MTrr-uu

on the system console device, where rr is the release number and uu is the update number, and issues the command
prompt:

0S/32 MT is then ready to accept commands.

Once 0S/32 MT has been initially loaded, the OS/32 Disc Initialize Utility Program may be used to save an image of the
OS on a disc. This disc image may be loaded by the OS/32 Direct Access Bootstrap Loader Program.

Once loaded, OS/32 MT provides both program control via Supervisor call (SVC) instructions and operator control via the
System Manager command language.
ERROR HANDLING
There are three distinct types of error processing provided in OS/32 MT:

System Crash Handling

Unrecoverable Task Error Handling

Recoverable Error Handling
System Crashes
When OS/32 MT determines that further execution of the system may cause system or user data to be destroyed, the
system crash handler is entered. A system crash code is displayed on the Console Display Panel and the system is put into a
Wait state. Some of the conditions causing a system crash are:

Illegal Instruction in OS code

Invalid data on System Queue

Arithmetic Fault in OS code

For a complete list of system crash codes and their meanings refer to Appendix 5. After a system crash, the system must be
reloaded.
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Unrecoverable Task Errors
When OS/32 MT determines that further execution of a task may cause system or user data to be destroyed, the errant task
is either paused with a message indicating the nature and location of the error or is abnormally terminated (ABTERMed)
with a return code describing the error. Some of the conditions causin