
OS-9®

Technical Manual
OS-9 Technical Manual i



Copyright and Revision History Copyright and Revision History
COPYRIGHT AND REVISION HISTORY

Copyright 1994  Microware Systems Corporation.  All Rights Reserved.  Reproduction of this document, in part or
whole, by any means, electrical, mechanical, magnetic, optical, chemical, manual, or otherwise is prohibited, without
written permission from Microware Systems Corporation.

Source Code Version: OS-9 Version 2.4
Revision: K
Publication Date:  May 1994
Product Number:  OST68NA68MO

DISCLAIMER

The information contained herein is believed to be accurate as of the date of publication.  However, Microware will
not be liable for any damages, including indirect or consequential, from use of the OS-9 operating system, Microware-
provided software or reliance on the accuracy of this documentation.  The information contained herein is subject to
change without notice.

REPRODUCTION NOTICE

The software described in this document is intended to be used on a single computer system.  Microware expressly
prohibits any reproduction of the software on tape, disk or any other medium except for backup purposes.  Distribution
of this software, in part or whole, to any other party or on any other system may constitute copyright infringements
and misappropriation of trade secrets and confidential processes which are the property of Microware and/or other par-
ties.  Unauthorized distribution of software may cause damages far in excess of the value of the copies involved.

For additional copies of this software and/or documentation, or if you have questions concerning the above notice, the 
documentation and/or software, please contact your OS-9 supplier.

TRADEMARKS

OS-9 and OS-9000 are registered trademarks of Microware Systems Corporation.
All other product names referenced herein are either trademarks or registered trademarks of their respective owners.

1900 N.W. 114th Street, Des Moines, Iowa 50325-7077  Phone: (515)-223-8000
ii OS-9 Technical Manual



Table of Contents Table of Contents
Introduction

OS-9 Technical Overview

System Overview
System Modularity .......................................................................................................... 1-1
I/O Overview ................................................................................................................. 1-4
Memory Modules............................................................................................................. 1-7

Basic Module Structure ....................................................................................... 1-8
The CRC Value.................................................................................................... 1-8
ROMed Memory Modules................................................................................... 1-9
Module Header Definitions ................................................................................. 1-9
Additional Header Fields for Individual Modules ............................................. 1-13

The Kernel
Responsibilities of the Kernel.......................................................................................... 2-1
System Call Overview 2-2

User-state and System-state ................................................................................. 2-2
Installing System-state Routines.............................................................. 2-3

Kernel System Call Processing............................................................................ 2-4
System Function Calls ............................................................................. 2-4
I/O Calls ................................................................................................... 2-5

Table
Of

Contents
OS-9 Technical Manual iii



Table of Contents Table of Contents
Memory Management ..................................................................................................... 2-6
OS-9 Memory Map.............................................................................................. 2-7
System Memory Allocation ................................................................................. 2-8

Operating System Object Code................................................................ 2-8
System Global Memory ........................................................................... 2-8
System Dynamic Memory ....................................................................... 2-8
Free Memory Pool ................................................................................... 2-9

Memory Fragmentation ..................................................................................... 2-10
Colored Memory................................................................................................ 2-11

Colored Memory Definition List ........................................................... 2-11
Colored Memory in Homogeneous Memory Systems .......................... 2-14
System Performance .............................................................................. 2-14
Re-configuring Memory Areas .............................................................. 2-14

System Initialization ..................................................................................................... 2-15
Init:  the Configuration Module ......................................................................... 2-15
Sysgo ............................................................................................................... 2-21
Customization Modules ..................................................................................... 2-22

Process Creation ............................................................................................................ 2-23
Process Memory Areas ...................................................................................... 2-25
Process States..................................................................................................... 2-25

Process Scheduling ........................................................................................................ 2-27
Pre-emptive Task-switching .............................................................................. 2-27

Exception and Interrupt Processing ............................................................................... 2-29
Reset Vectors:  vectors 0,1 ................................................................................ 2-31
Error Exceptions:  vectors 2-8, 10-24, 48-63..................................................... 2-31
The Trace Exception:  vector 9.......................................................................... 2-31
AutoVectored Interrupts:  vectors 25-31, 57-63 (68070 only) .......................... 2-32
User Traps:  vectors 32-47................................................................................. 2-32
Vectored Interrupts:  vectors 64-255 ................................................................. 2-32

OS-9 Input/Output System
The OS-9 Unified Input/Output System .......................................................................... 3-1
The Kernel and I/O .......................................................................................................... 3-3

Device Descriptor Modules ................................................................................. 3-4
Path Descriptors ................................................................................................... 3-7

File Managers ................................................................................................................. 3-9
File Manager Organization ................................................................................ 3-10
File Manager I/O Responsibilities ..................................................................... 3-11

Device Driver Modules.................................................................................................. 3-14
iv OS-9 Technical Manual



Table of Contents Table of Contents
Basic Functional Requirements of Drivers ........................................................ 3-14
Driver Module Format ....................................................................................... 3-15
Interrupts and DMA........................................................................................... 3-16
OS-9 Technical Manual v



Table of Contents Table of Contents
Interprocess Communications
Signals ............................................................................................................................. 4-2
Alarms ............................................................................................................................. 4-4

User-state Alarms ................................................................................................ 4-4
Cyclic Alarms ...................................................................................................... 4-4
Time of Day Alarms ............................................................................................ 4-5
Relative Time Alarms .......................................................................................... 4-5
System-state Alarms ............................................................................................ 4-6

Events ............................................................................................................................. 4-8
The Wait and Signal Operations .......................................................................... 4-9
The F$Event System Call ................................................................................. 4-10

Pipes ........................................................................................................................... 4-11
Named and Unnamed Pipes ............................................................................... 4-11
Operations on Pipes ........................................................................................... 4-12

Creating Pipes ........................................................................................ 4-12
Opening Pipes ........................................................................................ 4-12
Read/ReadLn ....................................................................................... 4-13
Write/WriteLn ....................................................................................... 4-13
Close ..................................................................................................... 4-14
Getstat/Setstat ..................................................................................... 4-14
Pipe Directories...................................................................................... 4-15

Data Modules ................................................................................................................ 4-16
Creating Data Modules ...................................................................................... 4-16
The Link Count.................................................................................................. 4-16
Saving to Disk.................................................................................................... 4-17

User Trap Handlers
Trap Handlers .................................................................................................................. 5-1
Installing and Executing Trap Handlers .......................................................................... 5-3
OS9 and tcall:  Equivalent Assembly Language Syntax ................................................ 5-3
Calling a Trap Handler (Two Examples)......................................................................... 5-4
An Example Trap Handler ............................................................................................... 5-6
Trace of Example Two using the Example Trap Handler ............................................... 5-9

The Math Module
Standard Function Library Module.................................................................................. 6-1
Calling Standard Function Module Routines................................................................... 6-3
Data Formats.................................................................................................................... 6-4
The Math Module ............................................................................................................ 6-4
Math Functions ................................................................................................................ 6-5
vi OS-9 Technical Manual



Table of Contents Table of Contents
OS-9 File System
Disk File Organization..................................................................................................... 7-1

Basic Disk Organization ...................................................................................... 7-1
Identification Sector............................................................................................. 7-2
Allocation Map .................................................................................................... 7-3
Root Directory ..................................................................................................... 7-3
Basic File Structure.............................................................................................. 7-3
Segment Allocation.............................................................................................. 7-4
Directory File Format .......................................................................................... 7-5

Raw Physical I/O on RBF Devices.................................................................................. 7-6
Record Locking................................................................................................................ 7-7

Record Locking and Unlocking ........................................................................... 7-7
Non-sharable Files ............................................................................................... 7-8
End of File Lock .................................................................................................. 7-8
Deadlock Detection.............................................................................................. 7-9

Record Locking Details for I/O Functions .................................................................... 7-10
File Security ................................................................................................................... 7-11

Appendix A:  Example Code ................................................................................................... A-1
Init Module...................................................................................................................... A-1
Sysgo Module ................................................................................................................ A-6
Signals:  Example Program............................................................................................. A-8
Alarms:  Example Program........................................................................................... A-10
Events:  Example Program ........................................................................................... A-12
C Trap Handler ............................................................................................................. A-14
RBF Device Descriptor................................................................................................. A-20
SCF Device Descriptor ................................................................................................. A-25
SBF Device Descriptor ................................................................................................. A-27

Appendix B:  Path Descriptors and Device Descriptors...........................................................B-1
RBF Device Descriptor Modules.....................................................................................B-1
RBF Definitions of the Path Descriptor.........................................................................B-10
SCF Device Descriptor Modules ...................................................................................B-13
SCF Definitions of the Path Descriptor .........................................................................B-18
SBF Device Descriptor Modules ...................................................................................B-20
SBF Definitions of the Path Descriptor .........................................................................B-23
Pipeman Definitions of the Path Descriptor ..................................................................B-24

Error Codes ...........................................................................................................Error Codes -1
OS-9 Technical Manual vii



Table of Contents Table of Contents
OS-9 System Calls
Introduction .................................................................................................................................. i
User-state System Calls ........................................................................................................ 1-1
I/O System Calls ...................................................................................................................... 2-1
System-state System Calls................................................................................................... 3-1
System Call Indexes (by name and function)
viii OS-9 Technical Manual



Introduction Manual Organization
Manual Organization

The OS-9® Technical Manual is organized into two main sections:  The OS-9 Technical Overview
and the OS-9 System Calls. 

The OS-9 Technical Overview contains the following chapters and appendixes:

• Chapter 1 - System Overview
Provides a general overview of OS-9’s four levels of modularity, I/O processing, memory
modules, and program modules.

• Chapter 2 - The Kernel
Outlines the responsibilities of the kernel.  Explains user and system state processing, memory
management, system initialization, process creation and scheduling, and exception and
interrupt processing.

• Chapter 3 - OS-9 Input/Output System
Explains the software components of the OS-9 I/O system and the relationships between those
components.

• Chapter 4 - Interprocess Communications
Describes the five forms of interprocess communication supported by OS-9: signals, alarms,
events, pipes, and data modules.
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• Chapter 5 - User Trap Handlers
Explains how to install and execute trap handlers, and provides an example of trap handler
coding.

• Chapter 6 - The Math Module
Discusses math module functions, and lists descriptions of the assembler calls you can use with
the math module.

• Chapter 7 - RBF File System
Explains OS-9’s disk file organization, raw physical I/O on RBF devices, record locking, and
file security.

• Appendix A - Example Code
Contains example code that you can use as a guide when creating your own modules.  Provides
examples of RBF, SCF, and SBF device descriptors.

• Appendix B - Path Descriptors and Device Descriptors
Includes the device descriptor initialization table definitions and path descriptor option tables
for RBF, SCF, SBF, and PIPEMAN type devices.

• Error Codes
Provides descriptions of OS-9 error codes.

The OS-9 System Calls section contains descriptions for the following types of system calls:

• Chapter 1 - User-State System Calls

• Chapter 2 - I/O System Calls

• Chapter 3 - System-State System Calls

The OS-9 Technical Manual is designed for you to use in conjunction with the OS-9 Technical I/O
Manual.
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