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Preface

This manual is intended for use by experienced Assembly Language programmers. It details all of the
system calls (i.e., macros) available to AOS users and the many considerations pertaining to their use.

If vou are not experienced in programming ECLIPSE® Assembly Language, you should read the
following manuals:

Fundamentals of Small Computer Programming, 093-000090; a general introduction to Data
General computers.

Programmer’s Reference Manual, ECLIPSE™ -Line Computers, 015-000024; a complete description
of the ECLIPSE computers’ instruction set.

A0S Macroassembler Reference Manual, 093-000192; this manual contains information about the
AOS Macroassembler, its macro facility, and the pseudo-ops necessary to assemble and bind a
program under AOS. The preface to this manual has a more detailed list of other AOS features you
need to be familiar with in order to understand Macroassembler programming and where to find this
information.

A0S Software Documentation Guide, 093-000202; this manual describes other AOS manuals
which you may want to use.

The following manuals are referred to in text:

093-000198 AOS Library File Editor User’'s Manual

093-000254 AOS Link User’s Manual

093-000194 AOS Operator’s Guide

093-000193 AOS System’s Manager's Guide

093-000249 AOS/VS SED Text Editor User's Manual

093-000169 Array Processor Software (APS) User’s Manual

093-000122 Command Line Interpreter (CLI) (AOS and AOS/VS) User’s Manual
093-000158 HASP Workstation Emulator User’s Manual (A0S and AOS/VS)
093-000217 How to Load and Generate Your AOS System

069-000018 Learning to Use Your Advanced Operating System

014-000626 Programmer’s Reference Manual, ECLIPSE" -Line Computers
093-000178 XODIACTM Network Management System User’s Manual
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As we describe all of the AOS system calls in detail, we will also introduce you to a number of
fundamental AOS topics. Process and task concepts, memory management techniques, intertask and
interprocess communications, file structure and management, and file and peripheral 1/O are among
the concepts this manual covers. The following list summarizes the contents of each chapter.

Chapter 1

Chapter 2

Chapter 3

Chapter 4

Chapter 5

Chapter 6

Chapter 7

Chapter 8

Chapter 9

Chapter 10

Chapter 11

Chapter 12
Chapter 13

Appendix A

Appendix B

Appendix C

Introduces AOS basic features, such as multiprogramming and multitasking, file
structures, storing and retrieving files, and the syntax and use of system calls.

Discusses process creation and management: the hierarchy AOS uses to execute
processes, how the system identifies them, how you can create, access and monitor
processes, and finally, how you can recover process states, if need be.

Describes the structure of memory, and how to manage memory effectively using
AOS. Topics within this chapter include shared page concepts, resource calls, and
overlaying techniques.

Explains how to initiate and maintain communications among various processes
running under AOS.

Describes the AOS file structure: how to create and access AOS files and directories
of files.

Details file input and output methods, including the use of parameter packets and
file specifications. This chapter also describes the use of devices such as magnetic
tapes, character devices, card readers, MCAs (Multiprocessor Communications
Adapters), and full duplex modems.

Introduces task concepts, and gives specifics on managing a multitasking
environment within AOS.

Describes how AOS handles user defined devices, how the operating system services
interrupts, and how you can recover from a temporary powerfail.

Lists a number of miscellaneous system calls, used for such purposes as examining
the system’s error message file, issuing requests to the EXEC utility, using the
floating point unit, and obtaining current AOS, clock, and calendar information.

Explains how to use binary synchronous communications, a method of sending bits
of information over switched or dedicated communications lines.

Describes the AOS connection management facility and the connection
management system calls.

Explains how array processing system calls can be used on AOS.

Describes block 1/0 techniques; a method of bypassing the standard 1/0O calls and
moving blocks of data directly.

Lists the error messages AOS generates. We group the messages into generic
categories, and list the categories in the order they are most likely to appear.

Shows real-time programming in practice. The sample programs in this appendix
demonstrate program initialization, error processing, and the use .of offset
addressing in parameter packets.

Gives detailed information on the system tables the Binder utility builds to relocate
and manage object modules.
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Appendix D Shows the system’s PARU.LS file, which lists all of the system call parameters

and error codes. This appendix also provides information on how to generate

PARU.LS.
Appendix E Lists the Powers of 2 Table.
Appendix F Provides ancillary information on multitasking and multiprogramming techniques;

information to help you choose the best method to meet your needs.

Conventions Followed In This Manual

Unless the text specifies an alternate radix, we express all memory addresses in octal, and all other
numbers in decimal.

Mnemonics whose first character is a question mark (?) are symbols defined by Data General for
use in user programs. Such symbols include system calls, offsets (words) in parameter packets, and
bits within offsets.

We use a single asterisk to indicate the multiplication of two values; i.e., 2 times 15 is written as
2*15. We use a double asterisk to indicate exponentiation; i.e., 2*¥**15 means 2 to the 15th power.
When we use scalar quantities as parameters for system calls, we use them in two’s complement
notation.

Main memory and core memory refer to any type of memory you can address directly, such as
magnetic core memory or semiconductor memory.

When we refer to magnetic tape, we mean both 7- and 9-track magnetic tape.

When we enclose a location or offset in parentheses (), we mean the contents of the entity, not the
entity itself.

describing system calls, we use the following conventions:

Angle brackets <<>> surround required 8-bit quantities. Thus, <NEW LINE> indicates that a
NEW LINE character, octal 12, is required.

[talics indicate the paraphrase of a required argument. For example, filename means that the name
of some file is required.

An elipsis (...) means that you may repeat the preceding argument or group of arguments if you
choose. Thus, filename... means that you have the option of supplying one or more filenames.

Braces | | appear when you must supply one of a group of arguments. Thus, arg1, arg2 means that
you may choose either argt or arg2, but you must choose at least one of them.

Brackets [ ] appear when you have the option of using an argument, for a system call or value, or
passing the information to an accumulator.
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We show the syntax of each system call graphically, as follows:

In the figures illustrating parameter packets, some areas are shaded grey; these areas must be set to 0,
since they are not used by the particular call.

End of Preface
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Chapter 1
Introduction to AOS

Data General’s Advanced Operating System (AOS) combines the power found in large central
computer installations with the low cost and modularity of the ECLIPSE™® computers.

You can apply this operating system to manage and control a wide varicty of environments. AOS is a
real-time system suitable for the most demanding real-world process control application as well as a
multi-user system suitable for commercial and educational applications. Data General provides
high-level language support with the system so you can implement a wide range of applications.

In addition to high-level language support, several system utilities arc also provided to complete your
collection of program development tools. Included are @ macroassembler, a binder, symbolic editors,
and library builders. The Command Line Interpreter (CLI) is a commonly used interface between the
operating system and users working at a console.

Typical applications of this system are overseen by a System Manager who assigns programming
privileges to individual users. The System Manager can assign memory resources, execution priority,
and file access on a unique basis to cach user. The AOS System Manager’'s Guide and AOS Operator’s
Guide describe procedures for starting up and maintaining a running AOS system.

You may be permitted to execute only a restricted sct of programs, or you may be given wider privileges
such as the ability to examine and modify programs and data files. The system will ensure that
appropriate access privileges are enforced and will maintain the integrity of all files.

The operating system is simple to use. Applications programmers using high-level languages need learn
only a few CLI command sequences to compile and exccute their programs. Operation of the CLI is
described in the A0S Command Line Interpreter User’'s Manual. Programmers wishing to use more
advanced operating system facilities must acquire a deeper understanding of the system. They should
be familiar with topics such as process management, file structure, input/output processing, and task
management; and we present these topics completely in this manual.

Multiprogramming

An ECLIPSE® computer has only one Central Processing Unit (CPU), with its accumulators, carry
bit, and program counter.* The CPU can execute only one instruction at a time. However, under Data
General’s Advanced Operating System, you can obtain many of the features and advantages of
multiple CPU’s. AOS has two types of programming entities which can be used to achieve the illusion
of parallel processing: tasks and processes.

The system representation of a program in some phase of execution is a process. Each process may be
tailored by the system manager to have only those privileges and resources which it requires. This
resource allocation specified by the manager is maintained by the system to promote a high degree of
system efficiency and response.

The system provides a means for processes to intercommunicate and synchronize their activities. This
general-purpose Interprocess Communications tool, IPC, routes messages of arbitrary length between
processes.

*The ECLIPSE® M /600 computer has an additional 1/0 processor, but its operation is invisible to AOS users.
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Two categories of memory pages (shared and unshared) are allocated to each process, and each is 2048
bytes long. The total amount of main memory (shared and unshared) allocatable to each process is 32
pages or 65,536 bytes. Unshared pages contain information which is used only by one process, while
shared pages contain information that may be shared among processes according to their privileges.

The operating system maintains, in main memory, a cache-like collection of shared pages no longer in
use. So if they should be required again soon, and the system does not need the memory space for other
use, they can be used again without accessing the disk. This enhances system efficiency by doing away
with rereading the information from disk.

The system also provides a program overlay facility, permitting a process to increase its total effective
address space. Overlaying is a technique you can use for bringing files, or portions of files, from disk
into selective-areas of main memory. Distinct overlays can occupy the same main memory at different
times. A virtually unlimited amount of information can be placed into overlay files.

Multitasking

A task is an asynchronous flow of code execution through a process’s logical address space. Each task
has its own Task Control Block, which is a block of data maintained by the operating system with a
memory image of the CPU registers and other context data for each task. Since each task has its own
program counter, several tasks can appear to run simultaneously, either through a section of re-entrant
code (i.e., code which is not modified during execution), or through their own unique code paths. What
in fact occurs is that the system schedules tasks and allows them to run alternately on the basis of their
states and priorities. '

A given task may be ready for execution, suspended and awaiting the occurrence of an event to make
it ready, or it may actually be in control of the CPU and executing. At any moment, only one task in
one process may ever be executing. The system switches control from process to process, and in the
selected process the highest priority ready task will run.

The system provides an elaborate body of task management calls to permit the control of a dynamically
varying environment. Tasks are not only distinguished by their states; they are also differentiated by
priority and optionally by identification numbers. Although task priority is defined when each task is
initiated (that is, made known to the system), task priority can be changed as conditions change. Task
states can also be modified at will, and tasks can be queued for periodic execution based upon elapsed
time. Finally, a mechanism is provided for transmitting and receiving messages between tasks.

File Structures

A file is any collection of related data treated as a unit. Devices are the means for physically storing
and retrieving this information. Names assigned to files are independent of the device used to access
them. This device independence permits file references to be made in programs without knowing the
name of the device that will be used to access the file when the program is run.

The system organizes files into a hierarchical structure resembling a tree. The nodes of the file tree are
directories, which contain information used to catalog subordinate directories and files. Certain
directories are designated as Control Point Directories (CPDs), and these control the allocation of disk
space for all subordinate directories.

Disk storage found in separate disk units can be associated to form a logical disk (LD) of nearly any
size. Alternatively, each disk unit can be accessed as a single file within the tree structure. Accessibility
to each file in the hierarchy is controlled by a mechanism called the Access Control List (ACL). The
ACL lists the name of each user who can access the file, and it describes the kinds of access to which
the user is entitled.
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Storing and Retrieving File Data
The operating system supports and manages a wide variety of devices such as the following:

e card readers

« diskettes

¢ moving-head disks

+ fixed-head disks

 line printers

e magnetic tape units

« digital plotters

» paper tape readers and punches

e synchronous communications lines
e asynchronous communications lines
» multiprocessor communications adapters

The IPC facility can be treated like a device for communications between processes.

There are two types of 1/O which can be used in file accesses: record 1/O and block 1/0. Record 1/0O
causes transfers to occur in data units of one of four types:

« dynamic

+ fixed-length

+ data sensitive
s variable-length

We elaborate on each of these types later in this manual. Block 1/0O, by contrast, is applied only to
magnetic tape or disk units. This type of 1/0 causes data to be transferred in physical blocks, and does
not require system buffering. Block 1/O is described in Chapter 13.

System Calls

AOS executes system calls either in operating system space or in the user context. Calls executed in the
user context require code modules in user space. These modules are all found in the user runtime
library, URT.LB, and are described in Appendix D.

You express system calls in the source program as macros that begin with a question mark. Each macro
is expanded at assembly time. Calls which will not be executed in the user context are expanded into
two words: an indirect call to the system command processor (JSR @17), followed by a system
command word. SYSID.SR defines system commands.

Except where noted, two return locations must be reserved after each call: an exception return, followed
by a normal return. After system action is complete, control goes either to the exception return or to the
normal return. If an exceptional condition, such as an error or end-of-file condition, was detected in the
attempted execution of the command, then control returns to the exception return. Otherwise control
goes to the normal return. Thus the standard instruction sequence for system calls in a source program
is the following:

?macro name
exception return
normal return

The exception return must be reserved even though no exceptional condition may be currently defined.
Except in rare instances, the normal return is always reserved; the text will always indicate the proper
call format.

093-000120 Licensed Material-Property of Data General Corporation 1 "3






