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Notational Conventions
Most of the references to system calls in the text and graphics use C syntax instead of
PL/M (for example, the system call send_message instead of send$message). If you
are working in C, you must use the C header files, rmx_c.h, udi_c.h, and rmx_err.h.
If you are working in PL/M, you must use dollar signs ($) and use the rmxplm.ext and
error.lit header files.
This manual uses the following conventions:

•

Syntax strings, data types, and data structures are provided for PL/M and C
respectively.

•

All numbers are decimal unless otherwise stated. Hexadecimal numbers include
the H radix character (for example, 0FFH). Binary numbers include the B radix
character (for example, 11011000B).

•

Bit 0 is the low-order bit. If a bit is set to 1, the associated description is true
unless otherwise stated.

•

Data structures and syntax strings appear in this font.

•

System call names and command names appear in this font.

•

PL/M data types such as BYTE and SELECTOR, and iRMX data types such as
STRING and SOCKET are capitalized. All C data types are lower case except
those that represent data structures.

•

The following OS layer abbreviations are used. The Nucleus layer is
unabbreviated.
AL
BIOS
EIOS
HI
UDI

•

iv

Application Loader
Basic I/O System
Extended I/O System
Human Interface
Universal Development Interface

Whenever this manual describes I/O operations, it assumes that tasks use BIOS
calls (such as rq_a_read, rq_a_write, and rq_a_special). Although not
mentioned, tasks can also use the equivalent EIOS calls (such as rq_s_read,
rq_s_write, and rq_s_special) or UDI calls (dq_read or dq_write) to do the
same operations.
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This manual describes techniques for developing applications on the iRMX
Operating System (OS). You can also use this manual as a porting guide for your
iRMX applications.
This manual assumes you are familiar with these concepts:

•

Programming in the iRMX environment using either C, PL/M, or Assembler

•

Using iRMX jobs, tasks, mailboxes, files, and segments

•

Using object module linking

•

Using object libraries

See also:

iRMX objects, Introducing the iRMX Operating Systems
and System Concepts
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Examples Provided with the Operating System
The iRMX OS provides code examples to help you learn about the iRMX application
development environment. These examples are in various subdirectories of the
/rmx386/demo directory. This manual gives instructions on compiling and running
the examples, which are summarized in Table 1-1.
Table 1-1. Code Examples in this Manual
Example Description

Chapter

C language: Multitasking demo, basic concepts, compiling, binding

Ch. 3

Debug Session (PL/M)

Ch. 5

Porting code: PL/M language differences
Porting code: assembly language differences
Device Driver Porting (8274)

Ch. 6
Ch. 6
Ch. 6

Using Compact and Large Memory Models

Ch. 7

Using Flat Memory Model

Ch. 8

C language:
C language:
C language:
C language:
C language:
C language:

Ch. 10
Ch. 10
Ch. 10
Ch. 10
Ch. 10
Ch. 10

Multibus II, board scanning
Multibus II, creating a data transport protocol port
Multibus II, send/receive RSVP
Multibus II, send/receive a data chain message
Multibus II, sending a message in fragments
Multibus II, receiving a message in fragments

Assembly language:
Assembly language:
Assembly language:
Assembly language:

Macro definitions for common source code
Invoking system calls
Interrupt handler
OS Extension

PL/M: External declarations, interface libraries, and binding
PL/M: Multitasking, basic concepts, compiling, binding
PL/M: <Ctrl-C> handler

Ch. 11
Ch. 11
Ch. 11
Ch. 11
Ch. 12
Ch. 12
Ch. 12

Application Development Tools
Intel provides tools for developing iRMX applications for your system, including:

•

Assemblers

•

Compilers

•

Application building utilities

•

Debuggers

•

Non-Intel tool support

See also:
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Assemblers
Use the ASM386 assembler to produce code for your application. ASM386 supports
®
Intel386, Intel486, and Pentium microprocessors.
See also:

Developing Applications in Assembly Language, Chapter 11,
ASM386 Assembly Language Reference

Intel Compilers
Use these compilers to develop iRMX applications:

•

iC-386

•

PL/M-386

•

Non-Intel C compilers

The iC-386 compiler supports the ANSI standard for the C programming language
with some extensions.
The iC-386 and PL/M-386 compilers produce 32-bit code. Depending on the
compiler, non-Intel C compilers produce either 16-bit or 32-bit code.

✏
See also:

Note
Many non-Intel compilers can produce C or C++ code. The iRMX
OS supports only C code produced with such compilers, not C++
code.
iC-386 Compiler User's Guide,
C Library Reference,
PL/M-386 Programmer's Guide
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Intel compilers offer these features:

•

Separate compilation of source code files

•

Libraries containing external declaration calls and literal files

•

Inter-language programming in C, PL/M, or Assembler

•

Support for ROM-based applications

•

Code optimization for optimizing code performance or size

•

In-line functions and macros to access microprocessors and numeric
coprocessors

•

Run-time libraries to access floating-point support or the OS interfaces

See also:

Your compiler's programmer's manual

Optimizing Code
Use these iC-386 compiler controls to optimize your code:

•

The noalign control produces compact nonaligned data structures. Data
structures used for iRMX system calls require the noalign control. Non-Intel C
compilers provide data packing features to perform the same function.

•

The optimize control specifies the optimization level the compiler uses to
generate object code. Optimized object code is compact and runs faster but takes
longer to compile.

•

The nodebug control requests that the compiler not produce debug information.
This optimizes the code the compiler generates.

•

The segmentation controls specify the memory model for an application.
Segmentation controls include: compact, large, and flat.

See also:

4

C Compiler-specific Information, Chapter 4,
iC-386 Compiler User’s Guide

Chapter 1

Application Development Environment

Non-Intel Compilers
This table lists the non-Intel compilers supported in the iRMX OS.
32-bit compiler
32-bit linker
librarian
make utility
assembler

Supported in MSVC to version 6
yes (flat model)
yes
yes
yes
yes (in-line)

Application Building Utilities
Application building utilities aid in developing iRMX applications. These utilities
include:

•

The LIB386 librarian utility organizes object modules into libraries.

•

The BND386 binding utility binds object modules to produce an executable
module or a module for incremental binding.

•

The MAP386 map utility creates cross-reference maps of object modules.

•

The BLD386 system builder utility builds a working system. You can configure
the Interactive Configuration Utility (ICU) to automatically invoke the BLD386
when generating an application system for the iRMX OS.

See also:

Overlays, System Concepts,
LIB386, BND386, MAP386, Intel386 Family Utilities

Programming Techniques

Chapter 1

5

Debugging Tools
You can use several tools to debug your iRMX application programs, such as:
Soft-Scope debugger
For most debugging tasks, use the Soft-Scope debugger. It provides all
the tools you need for debugging iRMX applications, including sourcelevel and symbolic debugging capabilities.
SDM System Debug Monitor (SDM)
A debug monitor for debugging systems, disassembling code, executing
breakpoints, displaying memory, and downloading programs.
iRMX System Debugger (SDB)
A symbolic debugging tool for debugging iRMX applications and
system programs. This tool extends the SDM’s disassembly functions
for interpreting iRMX calls, data structures, and stacks.
See also:
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Application Development Process
The iRMX development environment provides the programming tools needed to
develop 32-bit applications. Figure 1-1 shows the development process for 32-bit
applications using Intel tools. Figure 1-2 shows the development process if you are
using non-Intel tools.
ACTIVITY

PROGRAM

Create
Source
Files

TOOL

FILE

AEDIT

Source Files

Fortran-386
ASM386
Translate
Source
Code

PL/M-386
iC-386
Object Files
LIB386
Library

Bind
Object
Files

Execute/Debug
Application
Software

Executable
iRMX 32 Bit
Program

Application
Loader

Soft-Scope
III

iRMX
Development/
Target
System

Load
RCONFIGURE

iRMX
iSDM III/SDB

BND386

iRMX 32 Bit
Interface
Libraries
Run-Time
Libraries

iRMX is a registered trademark of Intel Corporation
W-2503

Figure 1-1. The 32-bit Application Development Process (Intel Tools)
You can use the 32-bit compiler and utilities from iRMX using the RUN86 utility.
This is user-transparent through aliases provided by the iRMX OS.
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C App
source code

Non-Intel Tools

Intel Support

Intel
header files

Non-Intel
C/C++ compiler

Non-Intel
OMF

Non-Intel
librarian

Non-Intel
linker

Non-Intel
LIB format

Cstart
module
OS
independent
C library

iRMX C++
class library

16 bit .EXE or
32 bit .EXP

OMF-386
converter

iRMX
executable
OM02627-2

Figure 1-2. The 32-bit Application Development Process (Non-Intel Tools)

■■■

8

Chapter 1

Application Development Environment

Target Environment Development

2

This chapter describes the Multibus (MB) target file modification and generation on a
PC development environment.

Generating Target Files
The Interactive Configuration Utility (ICU) enables you to modify the definition files
(:icu:*.bck) to create Multibus (MB) target files in a PC-hosted system.
See also:

ICU User's Guide and Quick Reference

For example, you can generate files on a PC (using DOSRMX or iRMX for PCs),
and then copy these files to your target MB system.

Generating a Target File Example
You can use the ICU to generate new target files or modify existing files. In this
example, create a new target file by modifying an existing definition file for the SBC
486133SE board. You can create the file on a PC and then copy the file to a Multibus
system.
1.

Create a working directory called "icutest", attach to this directory, and then
copy the definition file to this directory.
- crdir icutest <CR>
- af :icutest: <CR>
- copy :icu:486133.bck to $ <CR>

2.

Invoke the ICU under the DOSRMX or iRMX for PCs OS and select the 486133
definition file.
- icu386 486133.bck <CR>

3.

The ICU outputs this query. Answer with a y.
Do you want to restore from the file ?

Programming Techniques

[y]/n: y <CR>
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4.

Answer the next query with a n.
Do you want to overwrite input file [y]/n: n <CR>

5.

At the next query, enter an output name different than that of the definition file.
Enter new output file name: icutest.def <CR>

6.

The ICU acknowledges and processes the command and outputs:
The Definition File has been restored to the file:
ICUTEST.DEF
To see the RESTORE messages, inspect the log file:
ICUTEST.LOG

✏

Note
A message may appear that the definition file has been modified.
Ignore this message.
The ICU queries:
Continue to the ICU Main Menu? [y]/n: y <CR>

The ICU command appears with the list of available ICU commands.
7.

For this example, we will change the target directory of the generation files.
First, view the main screen to list all changeable options in the definition file.
ENTER COMMANDS: c gen <CR>

8.

The Generation (GEN) screen appears.

9.

To change the target directory, type:
:raf=/msa32/boot/icutest <CR>

10. Press <CR> twice. The GEN screen re-appears with the modified settings.
11. Return to commands screen by quitting the GEN screen.
:q <CR>

12. Save the file before generating the new files.
:s <CR>

10
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13. Generate the new definition file at the commands screen.
ENTER COMMANDS:

g <CR>

14. You are queried for a prefix.
Enter a letter to be used as prefix:

r <CR>

15. The ICU generates the files used by the definition file. When the ICU finishes,
the ENTER COMMAND: prompt appears. Now exit from the ICU.
ENTER COMMAND:

e <CR>

16. On exiting, the ICU creates the definition file, icutest.def. It also creates the
submit file, icutest.csd. This file generates the target environment files. In this
example, the target environment is a Multibus system using a SBC 486133SE
board.
17. Run the submit file.
- submit icutest over icutest.out echo <CR>

18. Use AEDIT to access icutest.out to check for any generation errors. If there are
no errors, then copy the target environment file to the target system. If there are
errors, invoke the ICU using icutest.def.
- icu386 icutest.def <CR>

Correct the errors, save the changes and regenerate the target environment file.
19. To copy files to a target system, use either iRMX-Net or TCP/IP.
A. Use iRMX-Net by:
1)

Attaching to the Multibus system:
- ad remote_system as rem r <CR>

2)

Copying icutest to the Multibus system.
- copy icutest to :rem:msa32/boot <CR>

See also:

iRMX-Net, Network User's Guide and Reference,
FTP, TCP/IP and NFS for the iRMX Operating System

Programming Techniques

Chapter 2

11

✏

Note
The boot directory, msa32/boot, is for definition files on Multibus
II systems. For Multibus I systems, substitute /boot32 for
msa32/boot.
B. If both the development system and the target environment system have
TCP/IP running, use FTP to upload the files.

20. Test the files on the new target system.
21. Test and re-generate the files if required.

■■■
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Designing an Application

3

This chapter presents concepts for designing and creating an iRMX application. This
includes application code demonstrating the concepts. Details about the location and
running of the example application code, demo.c, are located at the end of the
chapter. This code is written in C using the iC-386 compiler. You should be familiar
with C syntax and structures to understand the examples.
See also:

Introducing the iRMX Operating Systems,
System Concepts,
iC-386 Compiler User's Guide,
C Library Reference
C Compiler-specific Information, Chapter 4
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Application Categories
Most iRMX applications are written for one of three categories: measurement,
process control, or data acquisition. There is no distinct differentiation between
categories and an application can overlap one or more categories.

Measurement
A point of sale terminal for a gas station is an example of an iRMX application
focusing on measurement. As the fuel tank on a car fills, the application tracks the
quantity pumped by interacting with a flow meter. When the fuel tank is filled and
flow stops, the flow meter signals the application to calculate the cost based on the
amount of fuel pumped.

Process Control
An assembly line conveyor belt is an example of an iRMX application focusing on
process control. Component parts are removed from the conveyor belt by human
operators and placed in certain devices. Electronic eyes monitor the number of
component parts passing at given points. If the human operators require more time to
remove a part from the belt, an electronic eye recognizes that fewer parts are being
removed from the belt. The electronic eye then triggers the application to slow the
speed of the belt.

Data Acquisition
A telephone communications network is an example of an iRMX application
focusing on data acquisition. The network is partitioned into specific sectors. The
application monitors the amount of telephone traffic that occurs in each sector.
Subsequent analysis identifies those sectors that have large amounts of telephone
traffic. Routing schemes could then be developed to handle the large amount of
traffic. Additionally, connection times could be recorded before and after to check
the efficiency of the routing schemes.

14
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Design Concepts
All iRMX applications, regardless of category, use some or all of these functions:

•

Handling I/O

•

Interprocess communication

•

Intertask synchronization

•

Creating and cataloging objects

•

Controlling devices

•

Allocating memory

•

Processing exceptions

•

Prioritizing tasks

•

Computing

•

Handling interrupts

•

File sharing

C Multitasking Demo Program
The demonstration program, demo.c, presents programming concepts which use some
or all of the functions listed above. Use this program as an aid in developing your
own application code. This program is described later in greater detail.

Demo Code Location
The /rmx386/demo/c/intro directory contains this source code and related files. It is
easier to understand the examples if you produce hard copies of the source code or
view them from a console screen using an ASCII text editor.
make
demo.c
task2.c
crbpool.c
except.c

file to generate example
main program code containing the initial task
second task code
buffer pool code
exception handler

Demo Example
iC-386 demo
Watcom C demo
Microsoft C demo
Borland C demo

Programming Techniques

Generation Environment
iRMX
DOS
DOS
DOS

Command
make
make -f makefile.w
make -f makefile.w
make -f makefile.w
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The C versions of the demo are generated from the same demo.c source. All versions
of the demo are functionally equivalent, and all run under the iRMX OS.
See also:C Compiler-specific Information, Chapter 4
Table 3-1 lists the functions and associated system calls used in demo.c.
Table 3-1. Demo.c Functions and System Calls
Procedure

Functions Demonstrated

System Calls Used

main()

IORS mailbox creation

rq_create_mailbox

Getting terminal attributes

rq_a_special

Receiving an IORS

rq_receive_message

Deleting an IORS

rq_delete_segment

Setting terminal attributes

rq_s_special

Getting iRMX version

dq_get_system_id

Building the job's object directory

rq_create_mailbox
rq_catalog_object
rq_create_semaphore
rq_catalog_object
rq_create_buffer_pool
rq_catalog_object
rq_get_priority
rq_create_task
rq_catalog_object

Getting buffer pool memory

rq_request_buffer

Using semaphores

rq_send_message
rq_receive_units

Displaying data to the console

rq_s_write_move

write_read

Console I/O

rq_a_write
rq_wait_io
rq_wait_iors
rq_a_read

prompt_and_wait

Console I/O

rq_a_write
rq_wait_io
rq_wait_iors

Job termination from console

rq_exit_io_job

16

Chapter 3

Designing an Application

Running the Multitasking Demo

✏

Note
Before running any C examples, load the clib.job or configure it
into the OS with the ICU. You can manually load it by entering
this command at the HI prompt:
- sysload /rmx386/jobs/clib.job
See also: clib.job, System Configuration and Administration

The makefile file first compiles and binds the source files using iC-386 and BND386
and then creates an executable program named demo. Enter these commands to first
attach to the directory where the demo files reside and then use the make command
to run the makefile:
- af /rmx386/demo/c/intro <CR>
- make <CR>

To execute demo, enter:
- demo <CR>

After typing the filename, the program prompts you with this message:
iRMX III C Multitasking Demo, VX.Y
Welcome to the C Multitasking Demo!
At the prompt you will be given 60 seconds to hit any key.
If you do not hit a key the demo will continue anyway.
You may hit an "E" if you wish to exit the program.
You now have <xx> seconds left to hit a key.

After you press a key, the program clears the screen and prompts you with this
message:
Please hit a key which will be forwarded to task2 for processing.

Assuming you enter the letter X for the first keystroke, the main program, containing
the initial task, reads the X from the terminal and passes it on to Task2. Task2 wakes
up and prints out this message to the screen:
TASK2 PROCESSING X

Please hit a key which will be forwarded to task2 for
processing
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX ....

Programming Techniques
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The X continues to appear at the rate of one per second and will repeat indefinitely
until you enter another keystroke. Also, notice that the prompt to enter another
keystroke is buried in the middle of Task2's processing message and the string of
letters that it displays.
Entering the next two keystrokes concludes the program. This output assumes you
enter the characters Y and Z:
TASK2 PROCESSING Y <CR>
Please hit a key which will be forwarded to task2 for
processing
YYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYY ....
TASK2 PROCESSING Z <CR>
This concludes the C Demo Program.
This would be a good time to examine the program code
to see how these features work.
We will now exit by generating an error.
INTERNAL ERROR IN MODULE demo.c at line #450
STATUS = 0023: E_SUPPORT

After you enter the final keystroke, the initial task recognizes that you have entered
three characters, signaling the code to end the program. The initial task ends the
program before Task2 begins to repeatedly print the third character to the console
screen.

Using the Makefile
Each of the demonstration programs has its own unique makefile for compiling and
binding the programs.
A listing of the makefile for generating demo follows:
#
#
#
#
#
#
#

*-*-*

*-*-*

This makefile generates the iC-386 multitasking demo
for iRMX III.
Invocation:
##
##
##
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DEBUG
TYPE

=
=
##
##
##

nodb
noty

Tool and library definitions

LANG
CLIBDIR
RMXLIBDIR

=
=
=

:lang:
:sd:intel/lib
:sd:rmx386/lib

RUN86

=

:utils:run86

##
##
##
BND3
BND
BNDFLAGS
##
##
##
CC3
CC
CFLAGS

Binder definitions

=
=
=

Compiler definitions

=
=
=
##
##
##

CLIB
CSTART
RMXLIB
UDILIB

$(LANG)ic386
$(RUN86) $(CC3)
cp dn(0) extend ot(3) si(:include:) nosrclines $(DEBUG)

Libraries

=
=
=
=
##
##
##

:sd:intel/bin/bnd386.exe
$(RUN86) $(BND3)
$(DEBUG) $(TYPE) rn(code to code32)

$(CLIBDIR)/cifc32.lib
$(CLIBDIR)/cstart32.obj
$(RMXLIBDIR)/rmxifc32.lib
$(RMXLIBDIR)/udiifc32.lib

Implicit rules

.SUFFIXES: .obj .c
.c.obj:
$(CC) $*.c oj($@) pr($*.lst) $(CFLAGS)

Programming Techniques
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##
##
##

Targets and explicit rules

default: demo
demo: crbpool.obj demo.obj except.obj task2.obj $(BND3) $(CSTART) $(CLIB) \
$(RMXLIB) $(UDILIB) makefile
$(BND)
&
$(CSTART),
& C startup module
demo.obj,
& C Demo modules
task2.obj,
&
except.obj,
&
crbpool.obj,
&
$(CLIB),
& iRMX III Shared C Interface library
$(UDILIB),
& iRMX III UDI Interface library
$(RMXLIB)
& iRMX III System Call Interface library
$(DEBUG) oj($@) pr($@.mp1)
&
rn(code32 to code) ss(stack(2400H)) rc(dm(4000h,0FFFFFh))
##
##
##
CMNCINCS

Dependency information

=

crbpool.obj :
demo.obj
:
except.obj
task2.obj
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:
:

:include:i186.h
:include:i86.h
:include:rmxc.h
:include:rmx_err.h
:include:rmx_c.h
:include:_noalign.h
:include:udi_c.h

:include:i286.h
:include:locale.h
:include:rmxtypes.h
:include:stdio.h
:include:yvals.h
:include:_restore.h
demo.h

:include:i386.h \
:include:reent.h \
:include:time.h \
:include:stdlib.h \
:include:_align.h \
:include:udi.h \
makefile

$(CMNCINCS) crbpool.c
$(CMNCINCS) demo.c :include:ctype.h :include:rmx_def.h \
:include:string.h
$(CMNCINCS) except.c :include:rmx_def.h
$(CMNCINCS) task2.c :include:rmx_def.h :include:string.h
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Programming Concepts
The specific programming concepts conveyed in demo.c are:

•

Creating objects using iRMX system calls

•

Cataloging objects so tasks can share them

•

Processing an Input/Output Result Segment (IORS) data structure to check the
status of an I/O operation

•

Using response pointers during inter-task communication

•

Simultaneous task processing and data sharing

•

Using buffer pools to create memory resources for a job

•

Processing in-line exceptions resulting from iRMX system calls in application
code

•

Getting and setting terminal attributes

•

Performing screen input/output to read and write data using the physical terminal
screen

•

Performing simultaneous input/output so tasks perform I/O operations
independent of one another

•

Accessing the IORS

•

Processing interrupt tasks

Creating and Cataloging Objects
Every iRMX object has attributes. These attributes enable you to customize the
object's use in an application. You specify these attributes when you create an object.
Listed below are iRMX objects used in the demo.c program.
Objects in demo.c

Description of use

Task

An initial task does input and a subtask does output

Semaphore

One semaphore synchronizes the initial task and subtask

Mailbox

Two local mailboxes exchange input/output and a global
mailbox transfers between the initial task and subtask

Buffer pool

One buffer pool passes messages and objects between
mailboxes

Programming Techniques
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Operations on Objects
The OS has an object-based architecture. There are three main advantages to
working in an object-based OS. These advantages are: design consistency, type
checking protection, and customization.
Design Consistency. The Nucleus provides objects and functionality found in most
normal OSs.
See also:

Objects, Introducing the iRMX Operating Systems,
Nucleus, System Concepts

Type Checking Protection. Because each object has a type attribute, the OS can
check for incorrect parameters (object token) in a system call, thereby avoiding
system call errors.
Customization. You can define additional object types and system calls (known as
operating system extensions). Use these features to customize the OS. However,
limit the OS extensions to one application for easy maintenance.

Creating Tasks
If you have tasks that need to share resources (such as data or code), consolidate
those tasks in the same job. If you have tasks that perform dissimilar functions,
separate those tasks into different jobs. This maximizes modularity and adds
protection because of separate memory spaces.
For simple applications that involve only one programmer and that have no
maintenance or expansion plans, it is simpler to put all the tasks in one job which lets
the tasks:

22

•

Share the same processor

•

Use one ready queue

•

Are removed from the task queue when waiting for a resource

•

Share the same memory space

•

Pass data by reference

•

Communicate using mailboxes and semaphores
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Tasks in different jobs on the same processor can:

•

Pass data by reference through global segments

•

Use one ready queue

•

Have different memory spaces but all in the processor's memory space

•

Share the same priority scheme

Dividing an application into jobs provides:
Functional partitioning

Each job is a group of tasks that perform similar
functions. This enables easier management and
understanding of large projects. Programmers only need
to understand how their code interfaces with the code
produced by other members of the project team. As long
as the interfaces between code modules are controlled,
the project itself can respond to significant design
changes without adverse schedule impact.

Memory separation

Each job has its own memory pool. This provides
protection from segmentation overflow. Tasks from
different jobs have a minimal impact on an application if
one becomes a runaway task.

Privilege

To isolate an environment in which privileged
operations occur, group those tasks with high priorities
into one job.

See also:

Jobs, System Concepts
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Task Creation Code Example
In this example, only two tasks exist: the initial task (in the file demo.c) and the
subtask Task2 (in the file task2.c). Regardless of the number of tasks in your
particular job, the principles for task creation remain the same.
The following code, from demo.c, shows how the initial task creates, assigns a
priority to, and catalogs Task2.
priority = rq_get_priority(CALLER,&status);
Get the priority of the calling task, which is the initial
task.
task = rq_create_task (-- priority,
Create the subtask and give it a lower priority than the
initial task.
&task2,
Set the start address by pointing to the first instruction
of Task2.
_get_ds(),
Set the data segment parameter to create its own data
segment.
(UINT_16 far *) NULL,
Set the stack pointer for automatic stack allocation.
(NATIVE_WORD) 0x2400,
Set the stack size to 2400H bytes. Set stack sizes to at
least 300H bytes for Nucleus system calls and 700H
bytes for C library calls.
(UINT_16) 0,
Set task flags to zero, indicating no floating point
instructions.
&status);
A pointer to where the condition code returns.
error_check (__LINE__, __FILE__, status);
Each time a system call is made, a subsequent call is
made to error_check, which checks the error of status
of the previous system call.
udistr((char *) &rmx_str,"TASK2");
Call iRMX procedure udistr to convert Task2 from a
null-terminated C string to a counted iRMX string.
rq_catalog_object(CALLER, task, &rmx_str, &status);
Catalog the subtask, Task2, in the object directory of
the initial task (in demo.c).

24

Chapter 3

Designing an Application

Creating and Cataloging Objects Code Example
The following code, from demo.c, catalogs and creates a mailbox, a semaphore and a
buffer pool.
See also:

✏

System Concepts, for information about creating these objects.
Note
If debugging with Soft-Scope debugger or the iRMX System
Debugger (SDB), catalog objects so TOKEN values correlate with
their respective names in the program. Although the $ character is
valid in a variable name, it should be omitted from variable names
used as input to the debugger.

mail_box = rq_create_mailbox (FIFO_QUEUING, &status);

Create a mailbox.
error_check (__LINE__, __FILE__, status);
udistr((char *) &rmx_str, (const char *) "MBX");

Convert MBX from a C string to an iRMX string.
rq_catalog_object (CALLER,

CALLER is null so the object is cataloged in the initial
task's object directory.
mail_box,

Catalog the mailbox object.
&rmx_str,

Give the object the catalog name of MBX.
&status);

A pointer to where the condition code returns.
error_check (__LINE__, __FILE__, status);
semaphore = rq_create_semaphore ((UINT_16) 0,

Create a semaphore and set the initial number of units
to zero.
(UINT_16) 3,

Set the maximum number of units to three.
FIFO_QUEUING, &status);

Use zero to indicate a FIFO queuing scheme.
error_check (__LINE__, __FILE__, status);
udistr((char *) &rmx_str,"SEMAPHORE");

Convert the C string to an iRMX string.

Programming Techniques
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rq_catalog_object (CALLER, semaphore, &rmx_str, &status);

Catalog the semaphore in the initial task's job directory.
error_check(__LINE__, __FILE__,status);
pool_tkn = create_buf_pool((UINT_16) 18, (UINT_16) 18, (UINT_16) 0,
(NATIVE_WORD) POOL_SEG_SIZE, &status);

Create a buffer pool through procedure
create_buf_pool in external file crbpool.c.
error_check (__LINE__, __FILE__, status);
udistr((char *) &rmx_str,"BUFFER");

Convert the C string to an iRMX string.
rq_catalog_object (CALLER, pool_tkn, &rmx_str, &status);

Catalog the buffer pool in the initial task's job directory.
error_check(__LINE__, __FILE__,status);

Processing Input/Output Result Segments (IORS)
IORS data structures are processed to check the status of an I/O operation. The I/O
system creates an IORS when a task requests an I/O operation, such as through the
a_special system call. The resulting IORS contains information about the request
and the device on which the I/O was performed.
The resulting IORS contains information such as error conditions, the type of
operation, the device, and pointers to where the data is stored. The status is checked
by accessing specific fields in the IORS data structure. For example, fields, such as
status and unit_status, would contain status (including error) codes after the
I/O operation.
An IORS is also an integral part of writing a device driver. Since a device driver
interacts between the I/O system and the related device, an IORS provides
information about the operation performed on the device as well as about the device
itself.
See also:
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Processing an IORS Code Example
The initial task, in demo.c, performs the I/O operation of getting the attribute of the
input device. The iRMX OS creates the IORS and then checks it to verify that the
attributes were successfully obtained.
rq_a_special (input_conn_t, SPECIAL_GET_TERM_DATA, (void far *)
&term_atts, read_mbx, &status);
This I/O operation gets terminal attributes of the input
device. The IORS will be placed in the read_mbx
mailbox when it arrives.
error_check(__LINE__, __FILE__,status);

The initial task then waits until the IORS arrives. This code illustrates how it waits:
#ifdef _FLAT_
If flat model is used, you must use the following call to
access the IORS.
rq_wait_iors (input_conn_t,
Return the IORS specified in the previous connection.
read_mbx,
Set iors_token to receive the terminal attributes.
INFINITE_WAIT,
Wait infinitely for the terminal attributes to arrive.
&iors, &status);
Point to a buffer where the IORS is placed.
error_check (__LINE__, __FILE__, status);
error_check (__LINE__, __FILE__, iors.status);
#else
iors_tkn = rq_receive_message (read_mbx,
Set iors_token to receive the terminal attributes.
INFINITE_WAIT,
Wait infinitely for the terminal attributes to arrive.
(SELECTOR far *) 0, &status);
Specify the mailbox which receives a status response.
error_check(__LINE__, __FILE__,status);
iors = (A_IORS_STRUCTURE *) buildptr(iors_tkn, (void near *) 0);
Build a pointer to the IORS.
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error_check (__LINE__, __FILE__, a_iors->status);
Check the status of the IORS.
rq_delete_segment (iors_tkn, &status);
Manually delete the IORS because a_special does not
recycle it.

Using a Response Pointer During Inter-task
Communication
Tasks usually need to communicate with one another. Examples of this are:

•

A serving task informing a requesting task that a process is done

•

One task informing another that it has received some information

•

A requesting task passing information to several serving tasks

•

One task passing data to another

•

Two or more tasks synchronizing their processing

Mailboxes in demo output messages, get user input, and transfer data. A semaphore
synchronizes tasks.
The application uses two local mailboxes to pass messages and capture data.
Messages to the terminal (output) are also sent to a mailbox. A task checks the
mailbox for a message and sends the message to the terminal. User response to the
message is captured in a data buffer and placed in another mailbox (in the same task)
and returned to the main program.
A mailbox is also used to pass a data buffer among tasks. The initial task places a
data buffer in the mailbox and catalogs the mailbox in its object directory. Demo
imposes a restriction by explicitly cataloging the subtask. The restriction means only
demo and its subtask (Task2) can access the mailbox. Depending on your
application, cataloging a subtask is optional. The subtask accesses the mailbox and
processes the data buffer it contains.
The semaphore synchronizes activities between the initial task and the subtask. The
initial task creates a semaphore which tracks units sent to it by the subtask. The
semaphore is assigned a maximum number of units which serves as a trigger. As the
subtask processes each data input from the initial task, it sends one unit to the
semaphore. The semaphore accumulates these units. The initial task stops and
checks the semaphore to see if it contains its maximum number of units. If it does,
the initial task knows that the subtask has completed all of its processing.
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Task Synchronization/Data Passing Code Example
The initial task synchronizes its processing with Task2, the subtask. The initial task
waits for, receives, and processes keystrokes at the same time that Task2 is writing
the previous keystroke to the terminal and waiting for the next one. This
synchronization enables input from and output to the terminal to be in separate tasks.
After the initial task obtains user input of a keystroke, it passes the data to Task2
through a mailbox. Task2 prints the keystroke to the screen and acknowledges the
input by incrementing the count in the semaphore. It continues printing while waiting
for another input from the initial task.
These are the functions and associated system calls used in the file task2.c (Task2).
Task Name

Functions Demonstrated

System Calls Used

task2

Getting object directory elements
Character and Semaphore I/O

rq_lookup_object
rq_receive_message
rq_create_mailbox
rq_a_write
rq_wait_io
rq_release_buffer
rq_send_units

This code from the initial task, in demo.c, shows data passing between tasks and the
synchronization of tasks among each other.
for (i = 1; i <= 3; i++)
{
Start a loop which will execute three times.
:
(code)
:
rq_send_message (mail_box,
Send a message to the mailbox signaling Task2 to
execute.
buff_tkn,
Send the data buffer, containing the user keystroke, in
the mailbox.
semaphore, &status);
Identify the semaphore as the object notified by Task2
when it finishes a process.
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:
(code)
:
rq_receive_units (semaphore,
Monitor the semaphore to see if it has received three
units from Task2.
(UINT_16) 3,
Set the trigger number to three units.
INFINITE_WAIT, &status);
The semaphore waits infinitely to get three units. Task2
sends one unit to the local variable semaphore, which
points to and increments semaphore in the initial task.
After the initial task sends the third and final keystroke to
Task2, the initial task examines the number of units in
the object semaphore and, since it matches the trigger
number of three, continues processing.
}
End the loop.

The initial task and Task2 communicate and synchronize through mailboxes and
semaphores. This code listing is for Task2, located in the file task2.c:
dummy = udistr ((char *) &rmx_str,"MBX");
mail_box = rq_lookup_object (CALLER, &rmx_str, INFINITE_WAIT,
&status);
Look up MBX as the mailbox defined in the object
directory of the initial task.
error_check (__LINE__, __FILE__,status);
dummy = udistr ((char *) &rmx_str,"BUFFER");
pool_tkn = rq_lookup_object (CALLER, &rmx_str,INFINITE_WAIT,
&status);
Use the buffer defined in the object directory of the initial
task.
error_check (__LINE__, __FILE__, status);
buff_tkn = NULL_TOKEN;
Set this buffer so Task2 does not release it back to the
buffer pool.
buff2_tkn = rq_receive_message (mail_box, INFINITE_WAIT,
(SELECTOR far *) &semaphore, &status);
Retrieve the buffer containing the keystroke from the
mailbox. If the mailbox is empty then wait until it is filled.
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write_mbx = rq_create_mailbox (FIFO_QUEUING, &status);
Create a local mailbox to output messages to the
terminal.
while (TRUE)
Start an infinite loop.
{
if (status == E_OK)
{
rq_a_write (output_conn_t, (UINT_8 far *) message,
(NATIVE_WORD) strlen (message), write_mbx, &status);
Output the message that Task2 is processing.
error_check (__LINE__, __FILE__,status);
#ifdef_FLAT_
If a flat model is used, use the following call.
rq_wait_iors (output_conn_t, write_mbx, INFINITE_WAIT, &iors,
&status);
Waits for an IORS and copies it to a user-provided
buffer.
#else
actual = rq_wait_io (output_conn_t, write_mbx, INFINITE_WAIT,
&status);
Returns the concurrent condition code for the prior call
to the calling task.
#endif
error_check (__LINE__, __FILE__,status);
if (buff_tkn != (selector) NULL)
{rq_release_buffer (pool_tkn, buff_tkn, (UINT_16) 0,
&status);
Release the buffer back to the buffer pool. However,
skip this the first time through since the buffer has not
been retrieved from the buff_tkn variable.
error_check (__LINE__, __FILE__,status);
}
buff_tkn = buff2_tkn;
Transfer the buffer from buff2_tkn to buff_tkn. This
enables buff2_tkn to monitor the mailbox and accept a
new buffer (keystroke) when it arrives.
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rq_send_units (semaphore, (UINT_16) 1, &status);
Every time Task2 receives a keystroke from the initial
task, Task2 sends a unit to the object semaphore.
Task2 knows where to send the unit because the initial
task passed the token for semaphore to the mailbox.
This token for semaphore is kept in Task2's version of
the variable semaphore (semaphore is a local variable).

:

error_check (__LINE__, __FILE__,status);
}

(code)

:

rq_a_write (output_conn_t, (UINT_8 far *) dummy,
(NATIVE_WORD) 1, write_mbx, &status);
Output the buffer (keystroke) to the terminal.
error_check (__LINE__, __FILE__, status);
#ifdef _FLAT_
rq_wait_iors (output_conn_t, write_mbx, INFINITE_WAIT,
&status);
#else
actual = rq_wait_io (output_conn_t, write_mbx, INFINITE_WAIT,
&status);
#endif
error_check (__LINE__, __FILE__, status);
buff2_tkn = rq_receive_message (mail_box, (UINT_16) 100,
(selector far *) &semaphore, &status);
Check the mailbox to see if a buffer has been sent by
the initial task. If a buffer does not arrive after one
second, return to the top of the loop and repeat
processing.
}

Using Buffer Pools
Buffer pools provide a shared resource of buffers, which are fixed-length segments of
memory. Any tasks can use these segments, eliminating the need to repeatedly create
or delete memory segments. Use this sequence when creating a buffer pool:
1.
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Create the buffer pool using the create_buffer_pool system call. One of the
pool's attributes is having its memory segments defined as contiguous or daisychained. Select the contiguous attribute for applications where few data objects
are passed or few object transfers are made. Select the daisy-chain attribute if
the application transfers a large number of data objects or has a large number of
transfers.
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2.

Once the buffer pool is created, initialize the pool by allocating a set of memory
segments (buffers), for the pool. Use the create_segment system call to define
segments. The size of the segment must accommodate the size of any objects
being passed. For example, demo uses one byte buffers. This size
accommodates the user-input keystroke captured in the buffer.

3.

Release the buffer into the buffer pool using the release_buffer system call.
This call initially populates the buffer pool, as well as recycles buffers when they
are no longer needed. The most efficient way to create buffers and release them
to the buffer pool is with a loop. Set the loop control variable to the initial
number of buffers in the pool.

See also:

✏

Buffer ports, System Concepts
Note
Create and fill buffer pools at the beginning of your job since
creating iRMX memory segments is a slow process relative to
other system calls.

Creating Buffer Pools Code Example
The initial task in demo.c creates and catalogs a buffer pool. Once the buffer pool
has been established, the calling task must request a buffer, assign data to it, and pass
the buffer to the subtask (Task2). After receiving the buffer, the serving task must
secure the data and release the buffer back to the buffer pool for possible use by other
tasks.
The file crbpool.c contains a procedure, called by demo.c, that creates a buffer pool.
This file also creates an initial number of memory segments, and releases them to the
buffer pool. A token for the buffer pool is returned to the caller. These are the
functions and associated system calls used in crbpool.c.
Procedure
create_buf_pool

Functions Demonstrated
Buffer pool creation
Buffer pool initialization

System Calls Used
rq_create_buffer_pool
rq_create_segment
rq_release_buffer

The initial task in demo.c calls procedure create_buf_pool (defined in crbpool.c)
as follows:
pool_tkn = create_buf_pool

This call passes parameters to an external procedure in
crbpool.c, which creates the buffer pool and the buffers
used in the pool.
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((UINT_16) 18,

Create a maximum of 18 buffers.
(UINT_16) 18,

Create a minimum of 18 buffers.
(UINT_16) 0,

Set the flags attribute to zero to create contiguous
buffers.
(NATIVE_WORD) POOL_SEG_SIZE, &status);

Set the size of each buffer to one byte.
error_check (__LINE__, __FILE__, status);
udistr((char *) &rmx_str,"BUFFER");
rq_catalog_object (CALLER, pool_tkn, &rmx_str, &status);

Catalog the buffer pool in the object directory of the
initial task.

The following is code from procedure create_buf_pool in crbpool.c:
SELECTOR create_buf_pool (
Receive the attributes sent from the initial task.
UINT_16

max_bufs,
Parameter declaring the maximum number of buffers in
the buffer pool.

UINT_16

init_num_bufs,
Parameter declaring the initial number of buffers in the
buffer pool.

UINT_16

attrs,
Parameter declaring attributes for the buffer pool as
contiguous buffers.

NATIVE_WORD

size,
Parameter declaring the size of each buffer as one byte.

UINT_16

*status_ptr )
Exception pointer.

{
SELECTOR buf_pool;
Variable declaration for the buffer pool.
SELECTOR buf_tok;
Variable declaration for the buffer.
int
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Variable declaration for the loop control variable.
buf_pool = rq_create_buffer_pool (max_bufs, attrs, status_ptr);
Create the buffer pool.
error_check (__LINE__, __FILE__,*status_ptr);
for (i = 1; i <= init_num_bufs; i++)
Set the loop counter variable to the minimum number of
buffers so the buffers are created when the loop
finishes.
{

buf_tok = rq_create_segment (size, status_ptr);
Create the buffer (memory segments).

if (*status_ptr != E_OK)
return (NULL_TOKEN);
Check if the segments are created correctly.
rq_release_buffer (buf_pool, buf_tok, (UINT_16) 2,
status_ptr);
Make the buffer part of the buffer pool.
if (*status_ptr != E_OK)
return (NULL_TOKEN); }
return (buf_pool); }
Return the token for the complete buffer pool back to the
initial task.
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Using Buffer Pools Code Example
In order to use buffers from the buffer pool, the initial task and Task2 must request
and release buffers. Recall that when the initial task was involved in its loop to send
user-supplied keystrokes to Task2, the object being sent was a buffer. This code,
from demo.c, shows how the main program requests a buffer from the buffer pool
and waits for data to come to it.
for (i = 1; i <= 3; i++)
Set the loop to capture three keystrokes.
{
buff_tkn = rq_request_buffer(pool_tkn, (UINT_32) 1, &status);
Request a token for a free buffer from the buffer pool.
error_check (__LINE__, __FILE__, status);
#ifdef _FLAT_
If the flat model is used, you must use a temporary
buffer.
*tmp_buff = write_read(message_2, INFINITE_WAIT, &status)
actual = rq_move_data(_get_ss(), tmp_buff, buff_tkn,
(void *) 0, (UINT_32) POOL_SEG_SIZE, &status);
error_check (__LINE__, __FILE__, status);
#else
buffer = (UINT_8) buildptr(buff_tkn, (void near *) 0);
Build a pointer to the buffer.
*buffer = write_read (message_2, INFINITE_WAIT, &status);
The program waits indefinitely for the user to enter a
keystroke. When a key is pressed, the character goes
into a buffer, which is a pointer constructed from
buff_tkn.
error_check (__LINE__, __FILE__, status);
#endif
rq_send_message (mail_box, buff_tkn, semaphore, &status);
A semaphore is passed as the exchange to which the
response should be sent.
error_check (__LINE__, __FILE__, status);
}

After Task2 receives the buffer in a mailbox, it processes it, and then releases the
buffer to the pool for recycling. This code is from task2.c.
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{
rq_a_write (output_conn_t, (UINT_8 far *) message, (NATIVE_WORD)
strlen(message), write_mbx, &status);
Output a message to the terminal that Task2 is
processing.
error_check (__LINE__, __FILE__,status);
#ifdef _FLAT_
If the flat model is used, use the following call.
rq_wait_iors (output_conn_t, write_mbx, INFINITE_WAIT,
&iors, &status);
#else
actual = rq_wait_io (output_conn_t, write_mbx, INFINITE_WAIT,
&status);
Retrieve the status of the a_write and delete the
resulting IORS.
#endif
error_check (__LINE__, __FILE__,status);
if (buff_tkn != (selector) NULL)
{
rq_release_buffer (pool_tkn, buff_tkn, (UINT_16) 0, &status);
error_check (__LINE__, __FILE__,status);
}
The first time through the loop, the variable buff_tkn is
NULL, or zero, so Task2 skips the code that releases
the buffer back to the buffer pool. The second and third
times through, Task2 releases the buffer before
capturing the currently received keystroke. The
parameter buff_tkn contains the token that indicates
which buffer to release (the same buffer requested by
the initial task for the previous loop pass).
buff_tkn = buff2_tkn;
After releasing the buffer, buff_tkn can be set equal to
buff2_tkn, the token of the buffer containing newly
arrived keystroke. The buff2_tkn token is now free to
accept the next user keystroke when it arrives at the
mailbox.
rq_send_units (semaphore, (UINT_16) 1, &status);
Task2 sends a unit to the semaphore. Task2 will send a
total of three units to the semaphore.
error_check (__LINE__, __FILE__,status);
}
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Methods of Screen Input/Output
Applications can write from a task buffer to a connected physical file. A connected
physical file can be any I/O device. This example obtains physical file connections
for the keyboard (input) and console screen (output). When dealing with I/O
connections, tokens must be used. This example shows two methods that you can use
to perform this type of I/O.
See also:

a_write and wait_io system calls,
System Call Reference

Screen Input/Output Code Example
A very simple type of I/O is used for clearing the screen. This code, from demo.c,
shows the procedure:
void clear_screen
(void)
{int i;
Declare the loop control variable.
for (i = 1; i <= 25; i++)
printf ("\n");
This loop clears the console by sending it 25 newlines.
}

The second method of I/O first establishes the input and output devices in procedure
main in demo.c:
input_conn_t = _get_rmx_conn (fileno (stdin));
Get the token for the read operation connection. The
token received is for the standard input, i.e., the
keyboard.
output_conn_t = _get_rmx_conn (fileno (stdout));
Get the token for the write connection. The token
received is for standard output, i.e., the console.
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In procedure write_read (demo.c), the program sends output to and waits for input
from the I/O devices established above.
rq_a_write (output_conn_t,
Write a message to the console by sending it the
console token.
(UINT_8 far *) msg_3,
Sends the message addressed by msg_ptr to the
screen.
(NATIVE_WORD) strlen(msg_3),
Sends the number of bytes to be written, which is the
size of the message addressed by msg_ptr.
write_mbx, &status);
The mailbox that receives the IORS.
error_check (__LINE__, __FILE__, status);
#ifdef _FLAT_
rq_wait_iors (output_conn_t, write_mbx, INFINITE_WAIT,
&iors, &status);
#else
actual = rq_wait_io (output_conn_t, write_mbx, INFINITE_WAIT,
&status);
Returns the actual number of bytes written in the
previous a_write call. The waiting period for wait_io to
return data is set to infinite. This tells the procedure that
no I/O will occur until data arrives. This call also
recycles the IORS and deletes the IORS for all other
BIOS calls. The user does not have to specifically
delete the IORS.
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In-line Exception Processing
Exceptions can be processed three ways: in-line, using the default exception handler,
or by assigning your own exception handler. Each one has advantages and
disadvantages. In-line handling is the simplest to create but you must also explicitly
pass control to your exception handler. Use one of several default handlers to let the
system handle the default. The appropriate default handler (selected in the ICU)
should be used for your application. Create your own exception handler to have
control over handling exceptions. Ensure that the exception is genuine, for example,
that the handler does not read an interrupt as an exception.

Writing Your Own Exception Handler
You need to consider several things when you write your own exception handler. For
example, 32-bit code requires 32-bit exception handlers, and 16-bit code requires 16bit exception handlers. The only time this is not true is when the exception handler
deletes the offending job, deletes the offending task, or suspends the offending task.
Another consideration is the type of exception you are processing. With this release
of the iRMX OS, you can write exception handlers that process hardware traps. This
means that your handler can process three groups of errors:

•

Hardware traps

•

Numeric Processor Extension (NPX) exceptions

•

All other programming and environmental conditions

Finally, if you set the system’s default exception handler in the ICU on the (NUC)
Nucleus screen by setting DSH equal to "User", your exception handler module must
have these characteristics:
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•

The public entry point must be named rqsysex.

•

It must be 32-bit code.

•

It must be compiled as Near using Intel OMF386 tools (iC-386, PL/M-386, or
ASM386).
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Exception Handler Control Flow
When writing a custom exception handler, follow these guidelines:

•

Use the /rmx386/demo/c/intro/nstexh.h file as a starting template for your
exception handler.

•

Code the exception handler initialization at the beginning of the application.

•

Pass control to the custom exception handler rather than to the system default
exception handler.

•

Check for the type of exception and handle appropriately. Hardware exceptions
can now be returned to your handler. Consequently, you need to check for these
exceptions as well as programming and environment exceptions.

See also:

get_exception_handler, rqe_get_exception_handler,
set_exception_handler, and rqe_set_exception_handler system calls,
System Call Reference

•

You can delete the calling task that encounters the exception by using a NULL
task token when invoking the delete_task system call. The system default
exception handler does this automatically.

•

Check if a task is interrupt-driven and if it is, use the reset_interrupt system call
to delete it. If your exception handler deletes tasks using the delete_task system
call, be sure that it does not attempt to delete an interrupt task. The delete_task
system call cannot delete an interrupt task. Attempting to do so causes an
exception, re-triggering the exception handler to try and delete the task again.
This causes an infinite loop.

See also:

•

delete_task and reset_interrupt system calls,
System Call Reference

Depending on your application requirements, your exception handler can have
full or partial control.

See also:

Exception Handling, System Concepts,
Default Exception Handler screen, ICU User's Guide and Quick
Reference
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Exception Processing Code Example
Demo calls except.c, which contains two procedures that handle exceptional
conditions. The first procedure gets the current exception handler and specifies the
level of control. The second is an in-line exception handler.
These are the functions and associated system calls used in except.c.
Procedure

Functions Demonstrated

System Calls Used

set_exception

Get the exception handler
Set the exception mode

rq_get_exception_handler
rq_set_exception_handler

error_check

Format the errors that occur
during system calls

rq_c_format_exception
rq_exit_io_job

The initial task (in demo.c) and Task2 (in task2.c) call procedure set_exception,
the exception handler.
See also:

get_exception_handler and
set_exception_handler system calls, System Call Reference,
Managing Exceptional Conditions, System Concepts

set_exception((int) NO_EXCEPTIONS);
Set the exception mode to zero, which tells the OS
never to pass control to default exception handler
routines. (NO_EXCEPTIONS) is defined as zero in the
header file rmx_def.h).

This code in procedure set_exception, from except.c, creates and invokes the
exception handler.
rq_get_exception_handler ((EXCEPTIONSTRUCT far *) &except_info,
&status);
Transfer exception handler information to the data
structure addressed by except_info.
except_info.exception_mode = except_mode;
Replace the exception mode with the zero parameter
passed from the initial task. This tells the system not to
use the default exception handler.
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rq_set_exception_handler ((EXCEPTIONSTRUCT far *) &except_info,
&status);
Set the exception handler information with the altered
data addressed by except_info (which is zero). This
system call tells the system under what condition to pass
control to the exception handler.

This code in procedure error_check, from except.c, formats the exception and tells
you which error has occurred and where in the application it occurred.
rq_c_format_exception ((char *) &local_string, (UINT_16)
_MAX_STRING, test_status, (BYTE) 1, &status);
Identify the type of error for the condition and place it in
local_string.
local_string.text[local_string.length] = 0;
Terminate the string with a null (0) for output purposes.
printf ("\nInternal Error in module %s at line # %d\n", module,
number);
Output where the error occurred.
printf ("Status = %s\n", &local_string.text);
Output what type of error occurred.
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Getting and Setting Terminal Attributes
Before accessing the terminal for input or output, you must retrieve the current
attributes and change them as necessary. Use the BIOS a_special system call and its
spec_func parameter or use the EIOS s_special call and its function parameter.
See also:

a_special and s_special system calls, System Call Reference

Getting/Setting Terminal Attributes Code Example
The initial task's code (in demo.c) uses both the a_special and s_special calls to
access terminal attributes. The two calls use different I/O Result Segments (IORS).
This code example in the initial task gets the current terminal attributes by calling
a_special.
rq_a_special (input_conn_t,
Select the token on which to perform the function.
SPECIAL_GET_TERM_DATA,
Specify the parameters to request the current terminal
attributes.
(void far *) &term_atts,
Specify the pointer to the array where the attribute data
is placed.
read_mbx, &status);
Specify the mailbox which receives the IORS.

The initial task then waits until the IORS arrives. This code (demo.c) illustrates how
it waits:
#ifdef _FLAT_
rq_wait_iors(input_conn_t, read_mbx, INFINITE_WAIT, &iors, &status);
error_check (__LINE__, __FILE__, status);
error_check (__LINE__, __FILE__, iors.status);
#else
iors_tkn = rq_receive_message (read_mbx,
Set iors_token to receive the terminal attributes.
INFINITE_WAIT,
Wait infinitely for the terminal attributes to arrive.
(SELECTOR far *) 0, &status);
Specify the mailbox which receives the IORS token.
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iors = (A_IORS_DATA_STRUCTURE *) buildptr(iors_tkn,
(void near *) 0);
Build a pointer to and check the status of the IORS.
error_check (__LINE__, __FILE__, iors->status);
#endif
#ifndef _FLAT_
rq_delete_segment (iors_tkn, &status);
Manually delete the IORS because a_special does not
recycle it.
error_check (__LINE__, __FILE__, status);
#endif
term_atts.connection_flags = ((term_atts.connection_flags
& (~CMASK_LINE_EDIT))|1) | CMASK_ECHO;
Modify two terminal attributes to cause no line editing
and no keystroke echoing to the screen. This long
assignment statement alters the least-significant three
bits of the 16-bit connection_flags element of the
term_atts data structure. The literals
C_MASK_LINE_EDIT and C_MASK_ECHO are equal to
3 and 4, respectively. (The NOT operator is defined in
the header file not.h. The literals C_MASK_LINE_EDIT
and C_MASK_ECHO are defined in the header file
tscrn.h. These header files are in the same directory as
demo.)
rq_s_special (input_conn_t, SPECIAL_SET_TERM_DATA, (void far *)
&term_atts, (IORSSTRUCT far *) 0, &status);
Write the modified terminal attributes back to the
physical terminal connection. When using the s_special
call, you can avoid specifically deleting the IORS.
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Interrupt Processing

✏

Note
Interrupt processing involves knowledge of interrupts, interrupt
controllers/lines, level of control, the Interrupt Descriptor Table
(IDT), and interrupt tasks. These concepts are described in the
Managing Interrupts chapter of the System Concepts manual.

Applications under the iRMX OS use interrupts to deal with external events.
Processing these events asynchronously enables the OS to facilitate real-time
processing.
These program examples cover interrupt handling, interrupt tasks, and interrupt
latency. These examples use this hardware setup:

•

PC Bus system running the iRMX OS

•

Data Translation DT2806 Multi-Function I/O Expansion Board jumpered as
follows:

✏

–

I/O address 370H: In - W25, W29, W30, W31, and W32; Out - W26, W27,
and W28

–

Timer 0 output to IRQ3: In - W24; Out - W2
Note
Since the application uses IRQ3, make sure no other card, such as a
network card, uses this interrupt. Also, since IRQ3 disables
COM2, ensure no other devices use COM2.

Interrupt Handlers
Use an interrupt handler to process interrupts when real-time speed and minimal
processing are required. You can use an interrupt handler to call an interrupt task,
which is slower to respond but enables more flexibility in processing. An interrupt
handler executes into the context (stack, data segments) of the task that was
interrupted. An interrupt task has its own context and runs with equal or lower
priority interrupts disabled.
There are two example applications that demonstrate interrupt handling and interrupt
tasks. The interrupt handling example is inthand.c and the interrupt task example is
inttask.c. Both of these examples are located in the /rmx386/demo/c/int directory.
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The inthand.c example generates an interrupt and uses an interrupt handler to process
the interrupt. The main program of the example sits idle while the interrupt handler
processes the interrupt in the background. Every time an interrupt occurs, the
interrupt handler increments a count. Finally, the main program prints the number of
interrupts processed by the interrupt handler while it was sleeping.
The inttask.c example processes interrupts using an interrupt task. Every time an
interrupt occurs, the interrupt task prints the message that it has processed that
interrupt. The main program sits idle until the interrupt task is finished.
A single makefile compiles and binds these examples. To run the examples, attach to
the directory, run make, and then run the executable.
- af /rmx386/demo/c/int <CR>
- make <CR>

To run inthand.c, type:
- inthand <CR>

To run inttask.c, type:
- inttask interrupts <CR>

where interrupts is the number of interrupts to process. The default value is 10
(minimum) and the maximum value is 100.

Interrupt Servicing
This section illustrates how interrupts are serviced. Tables 3-2, 3-3, and 3-4 outline a
scenario where an interrupt handler is assigned to a level, an interrupt arrives at that
level and is serviced, and the assignment of an interrupt handler is canceled. The
tables show these cases:

•

In Table 3-2, the interrupt handler deals with the interrupt (handler is assigned to
master level 4).

•

In Table 3-3, the interrupt handler invokes an interrupt task, either immediately
or after filling a single buffer of data (handler is assigned to master level 4).

•

In Table 3-4, an interrupt handler and an interrupt task use multiple buffers to
service interrupts (handler is assigned to slave level 35).

The Interrupt Levels Necessarily Disabled column of each table indicates that the
events of the example cause certain levels to be enabled or disabled. Other events
outside the scope of the example might cause other levels to be disabled as well.
See also:

Interrupts, System Concepts
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Table 3-2. Servicing Interrupts with an Interrupt Handler
Interrupt Levels
Necessarily
Disabled

Step

Events

Explanation

1

--

No interrupt handler assigned to level
M4.

M4

2

rq_set_interrupt
(LEVEL_4,0,...);

A task assigns an interrupt handler to
level M4.

None

3

Level 4 device
interrupts

An interrupt arrives at level M4.

All

The interrupt is serviced by the interrupt
handler.

All

4

.

5

rq_exit_interrupt
(LEVEL_4,...);

Interrupt hardware reset by the interrupt
handler.

All

6

Interrupt handler
returns.

Interrupts are re-enabled.

None

7

rq_reset_interrupt
(LEVEL_4,...);

A task cancels the assignment of an
interrupt handler to level M4.

M4
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Table 3-3. Servicing Interrupts with an Interrupt Task

Step

Events

Explanation

Interrupt Levels
Necessarily
Disabled

1

--

No interrupt handler assigned to level
M4.

M4

2

rq_set_interrupt
(LEVEL_4, 1, ...);

A task assigns an interrupt handler to
level M4 and assigns itself to be the
interrupt task for that level. It specifies
that one signal_interrupt request can be M4-M7,
outstanding.
50-77

3

rq_wait_interrupt or The interrupt task begins to wait for an
rqe_timed_interrupt.
interrupt
(LEVEL_4,...);

None

4

Level 4 device
interrupts

An interrupt arrives at level M4. The
interrupt handler gains control and
optionally, does some servicing. The
handler may service several interrupts by
performing steps 4 through 6 of
Table 3-2.

All

5

rq_signal_interrupt
(LEVEL_4,...);t

The interrupt handler invokes the
interrupt task.

M4-M7,
50-77

The interrupt is serviced by the interrupt
task.

M4-M7,
50-57

6

.
.

7

rq_wait_interrupt or
rqe_timed_interrupt.
(LEVEL_4,...);

The interrupt task finishes and begins to
wait for another level M4 interrupt.
Control passes back to the interrupt
handler and then back to an application
task.

None

8

rq_reset_interrupt
(LEVEL_4,...);

A task cancels the assignment of a
handler to M4.

M4
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Table 3-4. Servicing Interrupts with an Interrupt Handler, an Interrupt Task, and
Multiple Buffering
Interrupt Levels
Necessarily
Disabled

Step

Events

Explanation

1

--

No interrupt handler assigned to level 35 35

2

rq_set_interrupt
(LEVEL_35, 2, ...);

A task assigns an interrupt handler to
level 35 and assigns itself to be the
interrupt task for that level. It specifies
two signal_interrupt requests can be
outstanding (double buffering).

M4-M7
36-77

rq_wait_interrupt or
rqe_timed_interrupt
(LEVEL_35,...);

The interrupt task begins to wait for an
interrupt.

None

Level 35 device
interrupts

An interrupt arrives at level 35. The
interrupt handler gains control and does
some servicing.

All

The handler services all interrupts, as
described in steps 4 through 6 of
Table 3-2, until the first buffer is full.

All

The interrupt handler invokes the
interrupt task.

M4-M7,
36-77

The interrupt task processes the full
buffer. Meanwhile, the interrupt handler
services interrupts, as described in
steps 4 through 6 of Table 3-3, until the
next buffer is full.

M4-M7,
36-77

The interrupt task finishes and waits for
another signal from the interrupt
handler. Control passes back to the
interrupt handler and then back to an
application task.

None

A task cancels the assignment of an
interrupt handler to level 35.

35

3

4

5

6
7

8

9

50

.
.
.
rq_signal_interrupt
(LEVEL_35,...);
.
.
.

rq_wait_interrupt or
rqe_timed_interrupt
(LEVEL_35,...);

rq_reset_interrupt
(LEVEL_35,....);
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Interrupt Latency
The intlat.c example, in the /rmx386/demo/c/intlat directory, measures interrupt
latency. Interrupt latency is the delay between when a device issues an interrupt
request and when the microprocessor responds to the request.
See also:

Interrupts, System Concepts

The intlat.c example uses this software setup:

•

An Esubmit file, measure.csd, executes intlat a specified number of times,
saving each of the executions' data in a unique data file. See the comment
header of measure.csd for more information on this feature.

•

A file makefile, which compiles and binds intlat.c.

See also:

readme.txt, measure.csd, /rmx386/demo/c/intlat directory,
Driver Programming Concepts

A single makefile compiles and binds the example. To run the example, first attach
to the directory, and then run makefile to generate the proper files.
- af /rmx386/demo/c/intlat <CR>
- make <CR>

Now run measure.csd:
- esubmit measure(executions,timings_per_execution) <CR>

where executions is a number from 1 to 999 (3E7H), and timings_per_execution is a
number from 1 to 8192 (2000H).
The results are placed in the log directory in the file named intlat.xxx.

✏

Note
The intlat executable can be run alone but it requires certain
parameters. To view the parameters, enter:
- intlat -HELP <CR>

■■■
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C Compiler-specific Information

4

This chapter provides information on:
•

The iC-386 compiler

•

Non-Intel tools you can use

•

–

The iRMX-supplied elements and how to use them

–

Debugging your object code

Adding a first-level job created with non-Intel tools

Using the iC-386 Compiler to Develop iRMX
Applications
Support files supplied with the iC-386 compiler facilitate iRMX application
development. Using these files enables you to use iRMX system calls like C
procedures calls.

Using the C Language Header Files
The iRMX directory structure includes Intel-supplied header files in the /intel/include
directory. These files have an extension of .h. Header files provide data structure
definitions used by iRMX system calls and useful literal definitions used in iC-386
code. Use #include statements to include the header files.
These header files provided with the OS allow you to write programs with or without
underscores in system call names, structure data types, and condition code
mnemonics.
See also:

Header Files, System Call Reference, for a list of header files to include
in your programs.
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Binding Your Code to Interface Libraries
After you have written your programs and inserted include statements for the
necessary header files, compile the code and bind it to the appropriate iRMX
interface library.
Interface libraries supplied with the OS provide a standard interface to the system
calls. The interface libraries contain procedures that correspond to iRMX system
calls. The interface procedure performs operations needed to invoke the actual
system call, such as to call gates.
See also:

✏

Interface Libraries, System Call Reference,
Using the 80386 Binder, Intel386 Family Utilities,
Detailed bind sequence descriptions, iC-386 Compiler User's Guide
Note
When using header files or other external files, make sure you
specify the correct path to the file, especially when using a
makefile.

Condition and Error Codes
The header files rmxerr.h and rmx_err.h in the /intel/include directory define iRMX
condition codes that may occur during system operations. The condition codes are
divided into three categories:

•

Programmer errors

•

Environmental conditions

•

Hardware traps

A programmer error is a condition, such as a syntax error, that can be changed in the
application code. An environmental condition is an OS problem over which you have
no control. A hardware trap is when the microprocessor generates a hardware
interrupt request based on the occurrence of certain internal microprocessor events.
The header files list the condition codes by OS layer and by ascending numeric
values. Each entry includes the condition code mnemonic, the numeric value, and a
brief description.
See also:
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Using Non-Intel Tools to Develop iRMX Applications

✏

Note
C++ is not supported. Many of these tools allow you to develop C
or C++ applications. The iRMX OS supports only C applications
developed with these tools. There is no iRMX support for C++
applications.

The iRMX OS environment allows you to develop C applications using Microsoft
MSVC 32-bit versions to version 6.
For assembly code, you can use Microsoft MASM which produces 32-bit code
accepted by the Microsoft linkers.
The iRMX OS provides these elements:

•

A set of common C header files, compatible with all supported compilers.

•

A custom cstart module for each supported compiler, in each supported memory
model.

•

An iRMX Shared C Library that provides an iRMX/C interface and is
compatible with all supported compilers. It is compatible with existing iC-386
applications without recompiling or relinking.

Using Microsoft C /C++ Development Tools
Microsoft C/C++ tools are tailored to the Windows environment so you cannot use
the default compiler switches, libraries, and header files. Override the defaults with
options, libraries, and header files appropriate for the iRMX environment as listed
here.
This section describes only the switches known to be necessary or to cause problems.
Some switches not discussed here may be useful in your application, however, these
have not been evaluated.

✏

Note
The compiler and linker invocations in this section illustrate the use
of required switches, but this is not how the example programs
invoke these tools. Examine makefile.m in the
\rmx386\demo\c\intro directory to see the invocation used in the
examples.
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Microsoft Visual C++ Compiler Invocation
iRMX applications require certain project settings in Microsoft Developer Studio. To
view and verify settings required by iRMX software, select Microsoft Developer
Studio’s Project>Settings menu option. The table below lists the required settings;
leave all other settings at their default values.

✏

Note

The \iRMXIII\Project directory includes a flat model sample program
that is compiled using the Microsoft Developer Studio (MSVC 6.0).
Each subdirectory under the Projects directory is a separate workspace
for MSVC
Table 4-1. Build Settings for Microsoft Developer Studio
Tab

Category

General
Debug

Field

Value

Microsoft Foundation Classes

Not using MFC

This tab requires no special settings.

Custom Build This tab requires no special settings.
EC++

Common options
General

Display only field; shows values derived from other fields
on this tab.
Debug info

C7 compatible

Optimizations

Disable
Maximize Speed

Code Generation

Calling convention

__cdecl *

Precompiled
headers

Not using precompiled
headers

Enabled (checked)

Preprocessor

Preprocessor definitions

WIN32 _DEBUG
_WIN32

Ignore standard include paths Enabled (checked)
Link

Project Options

Display only field; shows values derived from other fields
on this tab.
Important: You must add value:
/heap:0x100000,0x2000

General
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Object/library modules

cstrtf3m.obj
ciff3m.lib
netiff3m.lib
rmxiff3m.lib

Generate debug info

Enabled (checked)

Additions library path

c:\irmxIII\lib

Ignore all default libraries

Enabled (checked)

C Compiler-specific Information

Customize

Debug

Output filename

Must have an .RTA
extension

Use program database

Disabled (not
checked)

Debug info

Input

Debug info

Enabled (checked)

Microsoft format

Enabled (checked)

Object/library modules

cstrtf3m.obj
ciff3m.lib
netiff3m.lib
rmxiff3m.lib

Additions library path

c:\irmxIII\lib

Ignore all default libraries

Enabled (checked)

Reserve

0x4000

Commit

0x2000

Major

21076

Minor

20052

Output
Stack allocations
Version information
Resources

This tab requires no special settings.

Browse Info

This tab requires no special settings.

Using Header Files
The iRMX OS provides a set of common C header (#include) files that work with
all supported compilers. The header files support all compiler-specific C data types
and compiler-specific aliases. One file, yvals.h, contains all compiler-specific
declarations, macros, and built-ins. It determines which compiler you are using and
automatically makes the necessary adjustments.
These are a few of the header files designed to use with non-Intel development tools,
with definitions and suggestions:
<_align.h>

Starts 2-byte/4-byte alignment (16-bit/32-bit compilers). This
header file (with <_noalign.h>) is required to support multiple
compilers.

<_noalign.h>

Ends multiple-byte alignment (see _align.h above); provides
compiler-independent byte alignment. You can include this
header file before structures to be affected, and then change
back to _align.h.

<_restore.h>

Returns structure alignment to the compiler default (as
specified on the command line).

<rmxtypes.h>

Defines iRMX kernel data types (UINT_8, etc.) to make them
available to C programmers.
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<yvals.h>
See also:

Contains standard C values, macros, built-in functions, and
support definitions for all supported compilers.
Header files, C Library Reference, for C functions,
iRMX header files, System Call Reference, for iRMX OS definitions

Existing iC-386 Applications
You must use iC-386 version V4.7 or later with the common header files, because the
headers use global align/noalign pragmas instead of individual alignment pragmas for
each structure. The global pragmas do not work correctly with earlier versions of iC386, and unexpected results may occur. The individual alignment pragmas for each
structure declaration have been removed from the header files since they are nonstandard.
See also:

Structure Data Alignment, in this chapter

Built-in functions
The yvals.h header file provides compiler-independent versions of the common builtin functions. ANSI C built-in functions are provided for new code, and the iC-386
built-in function names are provided for all compilers to simplify porting an existing
iC-386 application to other compilers.
Listed below are the generic built-in functions provided for all compilers. An
application that uses these built-in functions instead of the compiler-specific built-ins
will remain portable across all supported compilers. Refer to the iC-386 Compiler
User's Guide for more information on the use of these functions.
Function Name
buildptr
causeinterrupt
inbyte
inword
outbyte
outword
byte_rol
byte_ror
hword_rol
hword_ror
blockinbyte
blockinword
blockoutbyte
blockoutword
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Action
Construct a pointer from a selector and offset
Generate a software interrupt
Input a byte from an I/O port
Input a word from an I/O port
Output a byte to an I/O port
Output a word to an I/O port
Rotate a byte left
Rotate a byte right
Rotate a 16-bit word left
Rotate a 16-bit word right
Input a sequence of bytes from an I/O port
Input a sequence of 16-bit words from an I/O port
Output a sequence of bytes to an I/O port
Output a sequence of 16-bit words to an I/O port

C Compiler-specific Information

selector
disable
enable

16-bit selector data type
Disable interrupts
Enable interrupts

Calling Conventions
The iRMX system calls and Shared C Library functions require different calling
conventions. These conventions are supported by each compiler in different ways.
To achieve uniform function declarations, all functions and system call prototypes are
declared in the header files with one of the following modifier macros:
_Cdecl

Declares the VPL (Variable Parameter List) calling convention, used by
some Shared C Library functions.

_Pascal

Declares functions that use the FPL (Fixed Parameter List) calling
convention, including most Shared C Library functions. It also
indicates that the function preserves the (E)DI and (E)SI registers. The
compiler does not need to save these registers.

_Fparam

Used for FPL functions that do not preserve (E)DI and (E)SI. This
includes all iRMX system calls. The compiler will produce code
surrounding the call to save and restore these registers, if necessary.

These macros are resolved in yvals.h, where they are mapped into the correct
keyword for each supported compiler. Not all compilers support all of the calling
conventions. For example, the Intel iC-386 compiler does not fully support the
_Pascal convention (it does not preserve EDI/ESI). To resolve this, _Pascal is
mapped to _Fparam in the iC-386 section of yvals.h.

✏

Note
The Microsoft 32-bit compiler does not support the _Pascal calling
convention so _Pascal is mapped to _Cdecl for flat model
applications.

Structure Data Alignment
There are two types of data alignment required in the header files:

•

The iRMX Shared C Library accepts and returns structures that are 32-bit
aligned. This means that members of the structure are arranged so that they do
not cross a 32-bit boundary. The compiler adds bytes of 0 between elements as
necessary. The structures are aligned the same for both 16- and 32-bit
applications.
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•

The iRMX system calls accept and return structures that are byte-aligned (also
known as non-aligned).

To support both types of alignment on all supported compilers, the header files
change the setting of the compiler's global alignment switch during compilation.
Your application should therefore make no assumptions about structure alignment.
Instead, the application should include one of these header files before structure
declarations that require alignment or non-alignment:
<_align.h>

Enables structure alignment

<_noalign.h>

Disables structure alignment

<_restore.h>

Restores compiler default alignment (as specified on the
command line)

✏

Note
Do not use the #pragma noalign declaration in any application
that includes the new common header files, including iC-386
applications.

Alignment with iC-386
The iC-386 compiler does not provide a way to return to the default alignment, nor
does it provide a way to determine the default alignment at compile time. This is not
consistent with the common header files, which no longer use individual #pragmas
around every structure. To avoid this problem, set this macro on the command line
for compiler invocation:
__NOALIGN__

The <_restore.h> header file examines this macro when attempting to restore the
default alignment for iC-386. If __NOALIGN__ is defined, <_restore.h> sets the
alignment to noalign. If the macro is not defined, <_restore.h> sets the alignment
to align since this is the iC-386 default.
To use the macro, define it in conjunction with the iC-386 NOALIGN pragma and/or
command line switches. For example:
ic386 hello.c noalign define(__NOALIGN__)
#pragma noalign
#define __NOALIGN__

/* command line example */
/* program example */

Supported Memory Models
The iRMX OS and the C header files support these memory models:
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•
•
•
•

16-bit large model
16-bit compact model
32-bit compact model
32-bit flat model

If you attempt to compile a program in any other memory model, the header files
return an error message. This prevents you from using an incorrect model that would
not run correctly but would compile and link without errors. The error message is:
#error: Invalid memory model

This feature is not available on iC-386, since the compiler does not always set the
flags that determine the memory model (for example, subsystems do not cause the
compiler to set any of memory model flags).

Using Cstart Startup Code
The provided cstart modules initialize processes and call main( ). Link to the proper
cstart module for your compiler and memory model. The files are in the \intel\lib
directory.
Cstart Module
cstartli.obj
cstartci.obj
cstart32.obj
cstrtf3m.obj

Compiler
Intel 16-bit large
Intel 16-bit compact
Intel 32-bit compact
Microsoft 32-bit flat

Cstart provides the starting address for the program. The generic cstart algorithm is:
1.
2.
3.
4.
5.
6.
7.

✏

Set up stack and DS register.
Initialize any compiler-specific data.
Call any compiler-specific initialization routines.
Call get_arguments to obtain the command line arguments.
Call main().
Call any compiler-specific cleanup routines.
Call exit(0).
Note
Upon returning from main( ), the program calls exit( ) with a status
of zero (E_OK). Status from main( ) is ignored. Since most
programs do not return a value from main( ), it is left undefined.
Calling exit( ) with an E_OK status also prevents random error
messages from appearing on the terminal at program termination.
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Stack Size
The default stack size provided in the cstart modules is 4 Kbytes. You can override
this size in the link step.
Stack usage for a 16-bit application is actually greater than for an equivalent 32-bit
application, because the OS converts the 16-bit parameters to 32-bits by expanding
them and pushing an entire copy of the parameter frame on the stack before entry to
an OS primitive.

Using Interface Libraries
There are a variety of interface libraries supplied with the OS for the interface to C
library functions and iRMX system calls. For different Intel and non-Intel tools you
must bind (link) to different libraries.
See also:

Interface Libraries, System Call Reference, for a complete list of library
files

Debugging with the Soft-Scope Debugger
The Soft-Scope debugger is provided with the iRMX OS. You must convert your
final object module to OMF-386 format before you can debug it with Soft-Scope.
Use the standard Soft-Scope procedures for debugging. If you are using Microsoft C
or Watcom C compilers, you can also do remote debugging with Soft-Scope for
Windows. The debugging tools supplied with non-Intel compilers are not suitable for
on-target iRMX application debugging.
See also:

Soft-Scope Debugger User Guide

Summary of Debug Switches
Use the command-line switches shown below to produce debug symbols for the SoftScope debugger. To eliminate debug symbols from your final code, do not use these
switches when compiling, linking, and invoking STL.
Tool
Microsoft C 32-bit

Debug Switch
Compiler
Linker

/Z7 /Od
/DEBUG /DEBUGTYPE:CV /PDB:None

■■■
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This chapter contains a sample PL/M program demonstrating task communication. A
description of the program is included. The program compiles without errors,
however, it does not run due to an error. The error exists to show the debug process.
A debugged version of this program is also provided.
This chapter outlines a step-by-step process using the SDM monitor (SDM) and
System Debugger (SDB) commands to locate the error, fix it, and then test the
corrected code. Additional debugging techniques and commands are also provided in
addition to instruction on running the example.

Example Application Program
This program includes three tasks:

•

An initialization task, called Init, that creates a mailbox and the two other tasks

•

A task called Alphonse that exchanges messages using mailboxes

•

A task called Gaston which exchanges messages using mailboxes like Alphonse

The debug (error) version of the source code is listed in this chapter. These files are
located in:
/rmx386/demo/plm/sdb/alphonse.plm
/rmx386/demo/plm/sdb/gaston.plm
/rmx386/demo/plm/sdb/init.plm
The version of this program which does not contain an error is in:
/rmx386/demo/plm/intro/alphonse.plm
/rmx386/demo/plm/intro/gaston.plm
/rmx386/demo/plm/intro/init.plm
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✏

Note
To run the errorless program in the /rmx386/demo/plm/intro
directory, first attach to the directory, then compile the program by
entering make. Finally, run the program by entering tskcom32.
This makefile creates the PL/M multitasking demo and the
tskcom32 program described below.
See also: Designing an Application, Chapter 3, for more
information on the PL/M multitasking demo.

This is how the corrected program (tskcom32) works:
1.

The application code runs as a Human Interface (HI) program. Enter the name
of the program at the HI prompt.

2.

The task called Init runs first. This task creates a master mailbox and catalogs it
in the root directory under the name Master. It creates the tasks Alphonse and
Gaston then suspends itself.

3.

When Gaston receives control, it:

4.

–

Gets the token for the mailbox created by Init. Gaston looks up the name
Master in the root job's object directory.

–

Creates a segment in which it will place a message and a response mailbox
to which Alphonse will send a reply.

–

Loops and places a message in the segment after displaying it on the screen,
sends the segment to the master mailbox, then waits at the response mailbox
for a reply.

When Alphonse receives control, it:
–

Gets the token for the mailbox created by Init by looking up the name in the
root job's object directory.

–

Loops and waits at the mailbox for a message and checks to see if the token
it received is a segment. If so, Alphonse places its own message in the
segment (after displaying it on the screen), then sends the segment to the
response mailbox. If it is not a segment, Alphonse exits the loop and deletes
itself.

The two tasks, Alphonse and Gaston, synchronize by using the two mailboxes.
Gaston sends a message to the first mailbox and waits at the second one before
continuing. Alphonse waits at the first mailbox. When it receives a message, it sends
a reply to the second mailbox and waits at the first for another message. This cycle
continues for six messages.
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After sending its sixth message, Gaston exits the loop. Instead of sending a segment
to the master mailbox, Gaston displays a final message to the screen then sends the
task token (the token for the Init task) to the mailbox. When Alphonse receives this
token and finds it is not a segment, Alphonse exits its loop and deletes itself.
To finish the processing, Gaston causes the Init task to resume processing since Init
suspended itself earlier. When Init takes over, it deletes both offspring tasks and
returns control to the Human Interface level.

Include Files
The init.plm file uses both Nucleus and EIOS calls so it includes the external files for
both these layers. The alphonse.plm and gaston.plm files use Nucleus and HI system
calls so they include the external files for those two layers.
Each task must contain its own set of include files because each is a separately
compiled module. If the tasks were all contained in the same program module, only
one set of $include statements would be needed.

Compiling and Running the Code
The example code contains an error to invoke SDB. A makefile compiles and binds
the example code (init.plm, alphonse.plm, and gaston.plm).
The PL/M compiler commands in makefile do not include controls for selecting the
model of segmentation (small, compact, medium, or large) because the $compact
control was already included in the source files.
The compiler produces three files of object code. If the PL/M compiler command
did not specify names for the object code files, the files would be given the names
init.obj, alphonse.obj, and gaston.obj by default.
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After compiling, you must bind the object files with the iRMX interface libraries.
The section from makefile shows the bind command lines:
sdbIII:alphonse.obj gaston.obj init.obj
$(BND)
init.obj,
&
alphonse.obj,
&
gaston.obj,
&
$(PLMLIB),
&
$(RMXLIB),
&
pr($@.mp1)
&
oj($@)
&
renameseg(code32 to code) &
segsize(stack(+2400))
&
rc(dm(5000,0fffffH))

Bind the three object files, init.ob3, gaston.ob3, and alphonse.ob3, together with the
two libraries plm386.lib and rmxifc32.lib. The $(PLMLIB) alias is for the
/intel/lib/plm386.lib library. This library is the standard PL/M library distributed with
the compiler. The $(RMXLIB) alias is for the /rmx386/lib/rmxifc32.lib library. This
is the 32-bit compact version of the iRMX interface library.
The object control specifies the name of the executable file generated by BND386.
In this case, the file is called sdbiii.
The SEGSIZE(STACK(+2400)) control reserves 2400 bytes of stack in addition to
the amount required by the program. This amount represents the amount required by
iRMX applications that include the Human Interface.
See also:

Resource and Stack Size Guidelines, Appendix A

The rc(dm(5000,0fffffH)) control directs BIND386 to produce an STL (singletask loadable) module and to assign a minimum of 5000H bytes of dynamic memory
to the module.
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Debugging the Program
The sample program does not include error checking even though it contains an error.
This is to demonstrate more features of the System Debugger (SDB). This section
describes two approaches for using SDB to find the error and correct it.
The addresses and token values in these examples have been assigned by the system
in this debugging session. Most of these values will change from session to session.
In a debugging session, it is helpful to record the various addresses and tokens.
Invoking SDM freezes both the application code and the operating system code.
However, you can disassemble and execute the application instructions by using
SDM and SDB commands.
See also:

System Debugger Reference

To compile the program, first attach to the directory, then invoke the makefile by
entering:
- af /rmx386/demo/plm/sdb <CR>
- make <CR>

This command produces an executable file called sdbiii. To run sdbiii, type this at
the Human Interface prompt.
- sdbiii <CR>

Debugging Approach #1
When the sample program runs, the system displays this message:
Interrupt 13 at c4f0:00000399 General Protection ECODE =00000000

..

The values c4f0:00000399 are where the Code Segment and Instruction Pointer
Registers (CS:EIP) were pointing when the program halted. (The CS value of c4f0
varies with each invocation of the application.) The prompt (..) indicates that SDM
is active. However, since the program has been executed, you must re-enter SDM to
re-execute the code. Use the CLI-restart feature to return to the Command Line
Interpreter (CLI). This command works only if the existing CS:EIP is GDT-based
protected mode code.
To restart the CLI, enter:
..g 284:1c <CR>
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The system responds with the Human Interface prompt (-). Next, enter:
- debug sdbiii <CR>

The system responds with:
SEGMENT MAP FOR JOB: 84A8
NAME

BASE

NAME

BASE

NAME

BASE

LDT(2)

C998

LDT(3)

C9A0

LDT(4)

C9A8

NAME

BASE

Break At c998:00000000
..

Use SDM's g (go) command to set a breakpoint at the instruction where the program
halted (remember the CS:EIP value is given in the interrupt message displayed when
the program halts). The code segment (CS) value will change each time you re-enter
SDM, but the instruction pointer (EIP) will remain the same. Enter:
..g,399 <CR>
Break At c998:00000399

To find out where you are in the code, use SDM's d (display) command to display a
disassembled block of code. Enter:
..10 dx, <CR>

The system displays this code:
c998:00000399H
c998:0000039CH
c998:0000039DH
c998:0000039EH
c998:000003A3H
c998:000003A5H
c998:000003A6H
c998:000003A7H
c998:000003ACH
c998:000003B3H
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F366A5
1E
07
B800000000
8BD0
52
50
6800000000
668B057A000000
BF00000000

rep
push
pop
mov
mov
push
push
push
mov
mov

movsw
ds
es
eax,0
edx,eax
edx
eax
0
ax,word ptr 07a
edi,0h 
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The instruction at address c998:00000399 is a move string word instruction. The
only move word instruction in the sample program is the PL/M MOVW call when
Gaston enters the loop after creating the segment.
response$mbox = RQ$CREATE$MAILBOX (
fifo,
@status);

/* Create response mailbox */

seg$token = RQ$CREATE$SEGMENT(
seg$size,
@status);

/* Create message segment */

DO WHILE count < final$count;
message.count = 23;
CALL MOVW (@main$message, @message.text, SIZE(main$message));
CALL RQ$C$SEND$CO$RESPONSE (
NIL,
0,
@message.count,
@status);

/* Send message to screen */

If displaying the instruction does not provide enough information about why the
program halted, look at the surrounding code by displaying forward or backward
from the CS:EIP. Because you specified a comma in the previous DX command, you
can display forward another 10 instructions from the current CS:EIP by entering only
a comma (,). However, since the instruction where the exception occurred is
traceable to the sample code, you know where the program fails. Refer to Debugging
Approach #2 for displaying backward from the CS:EIP.
To examine what happens when the system tries to move the message, return to the
protected-mode prompt (by entering a <CR>) and examine register contents before
and after MOVSW is executed. Enter this command:
..x <CR>

The system displays this:
EAX=07e4ca88 CS=c998 EIP=00000399
EBX=00000072 SS=ca70 ESP=000007fc
ECX=00000017 DS=c9a0 ESI=0000007c
EDX=0000ca88 ES=ca88 EDI=00000001
GDTR .BASE=00110000 .LIMIT=0f9ff
IDTR .BASE=0011fa00 .LIMIT=007ff
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TR =0278
MSW =fffb
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To execute the MOVSW instruction, enter:
..n, <CR>

The system displays:
c998:00000399H F366A5

rep movsw

-

Enter a comma:
, <CR>

The system responds with:
Interrupt 13 at c998:00000399 General Protection ECODE =00000000

..

To see how executing this instruction changed register contents, enter:
..x <CR>

The system displays:
EAX=07e4ca88 CS=c998 EIP=00000399
EBX=00000072 SS=ca70 ESP=000007fc
ECX=00000008 DS=c9a0 ESI=0000009a
EDX=0000ca88 ES=ca88 EDI=0000001f
GDTR .BASE=00110000 .LIMIT=0f9ff
IDTR .BASE=0011fa00 .LIMIT=007ff

EFL=00003297
EBP=000007fc
FS =ca88
GS =0034

LDTR=02a0
TR =0278
MSW =fffb

In the assembly language MOVSW instruction, DS:ESI represents the source from
which the data is moving; ES:EDI is the destination and ECX is the count.
See also:
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To check the limit of the ES register, enter:
..ddt(es) <CR>

The system displays:
GDT(6481T) DSEG32 BASE=002ecce0 LIMIT=0001f P=1 DPL=0 ED=0 W=1 A=1 G=0

..

The LIMIT parameter shows that the segment limit is 1FH (31 decimal). Since the
system counts from zero, the segment size is 32 decimal, which is the value assigned
to seg$size in Gaston. The EDI register tries to move the word into memory at
ES:1FH and 20H when the error occurred. The system was trying to write past the
segment limit of 1FH into 20H when the program halted. This suggests the PL/M
MOVW instruction should be changed to a MOVB instruction. At this point, you could
exit SDM, change the PL/M code, then recompile and run it.
However, you can use SDM's x (examine/modify) command to change a register
value and the g command to execute the program. Making changes with the x and s
(substitute) commands enables you to test code without having to recompile and bind
it.
The ECX register contains the count of bytes or words moved. If you decrease the
count in the ECX register from 17 to 15 before you execute the MOVSW instruction,
you should be able to move all the data. Exit and re-enter SDM and set a breakpoint
at the MOVSW instruction by entering:
..g 284:1c <CR>
-debug sdbiii <CR>
..g,399 <CR>

Set the ECX register to 15. Enter:
..x ecx=f <CR>

Now, execute the rest of the program by entering:
..g <CR>

The system responds with:
After you, Alphonse
After you, Gaston
Interrupt 13 at cec8:00000399 General Protection ECODE =00000000

..

Since the change was valid for one pass through the code, the first pass through the
Gaston loop worked. The next pass failed.
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To return to the CLI, enter:
..g 284:1c <CR>

This partially successful run shows that if you reduce the number of words moved,
the program works. Therefore, to make a permanent fix, you should change the
PL/M MOVW call to MOVB in the sample code, then recompile and bind it.

Debugging Approach #2
You can also make changes in the disassembled code. Suppose you have run the
program for the first time, and the system displayed this message:
Interrupt 13 at 6368:00000399 General Protection ECODE =00000000

..

Restart the system using the CLI-restart feature as you did in Debugging Approach
#1, then re-enter SDM by entering:
-debug sdbiii <CR>

Set a breakpoint at the instruction that was executing when the program failed and
display a block of disassembled code by entering:
..g,399 <CR>
..5 dx <CR>

The system displays:
8340:00000399H
8340:0000039CH
8340:0000039DH
8340:0000039EH
8340:000003A3H
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1E
07
B800000000
8BD0

rep movsw
push
ds
pop
es
mov
eax,0
mov
edx,eax
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To look at the instructions preceding MOVSW, enter:
..14 dx cs:eip - 25 <CR>

The system displays this code:
8340:00000374H
8340:00000376H
8340:00000378H
8340:00000380H
8340:00000385H
8340:00000391H
8340:00000396H
8340:00000398H
8340:00000399H
8340:0000039CH
8340:0000039DH
8340:0000039EH
8340:000003A3H

7A00
0000
64C6050000000017
BE7C000000
668B057A000000
B917000000
8ECO
FC
F366A5
1E
07
B800000000
8BD0

jle
$+02 ;a=00000376
add
byte ptr [eax],al
mov
byte ptr fs:0,17
mov
esi,7c
mov
ax,word ptr 7a
mov
ecx,17
mov
es,ax
cld
rep movsw
push
ds
pop
es
mov
eax,0
mov
edx,eax

MOVSW is a repetitive move from DS:ESI to ES:EDI. Looking at the preceding
instructions, you see the instruction at address 8340:00000391 moves 017H into

ECX. Remember that ECX is the count of bytes or words moved. To display the ES
register contents, use this command line:
ddt(es) <CR>

The screen displays:
GDT(6481T) DSEG32 BASE=002ecce0 LIMIT=0001f P=1 DPL=0 ED=0 W=1 A=1

..
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As in the last example, you can check the limit. Since the segment size is 32
(decimal) and the system is trying to write 17H words, the system fails when it tries
to write past the segment limit. To reduce this count you must move the data.
Re-enter SDM and, using the SDM s command, change the code at 8340:00000391
by entering the following instructions outlined in bold:
Screen Input/Output

Comments

..g 284:1c <CR>
-debug sdbiii <CR>
..s cs:391 <CR>

e110:00000391 b9 -

Enter SDM to
substitute memory at
EIP=00000391.
,

e110:00000392 17 - f <CR>
..g <CR>

Enter comma to step the
count.
Enter the new count.
Re-start code execution.

The system responds with six iterations of this:
After you, Alphonse
After you, Gaston
.
.
.

After six iterations of the previous screen, the monitor displays:
If you insist, Alphonse
-
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Viewing System Objects
Consider that a problem you are experiencing could be deadlock. By looking at
system objects at various stages of execution, you can observe how synchronization
(or lack of it) is occurring. To do this you use SDM commands
You can view any object in a job using the vo (view job object) command (specifying
the job's token) to provide the broad picture of the system state, then the vt (view
token, or display iRMX object) command to focus on individual elements. Suppose,
you want to view the state of the objects before entering the loop in which Gaston
and Alphonse exchange messages. Assume you have stepped through the code,
verifying system calls until you located the CS:EIP for the Nucleus create_segment
system call in Gaston. Re-enter SDM and set a breakpoint at this CS:EIP by
entering:
-debug sdbiii <CR>
..g,352 <CR>

To get the job token, enter:
..vj <CR>

The system displays this screen output. The values in the output may differ from
yours. Comments have been added to the output.
Job Token (iRMX Job Tree)
0258
11b8
4f38
b7e0
3f70
3968
3238
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Root Job
Human Interface
Command Line Interpreter
Application Job
EIOS
iRMX NET
BIOS
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The token for the application job in this output is b7e0. To view objects for this job,
enter:
..vo b7e0 <CR>

The system displays:
Child Jobs:
Tasks:
Mailboxes:
Semaphores:
Regions:
Segments:

c250
c238 t

c170
c098

c108

c2a0
c700

c3c0
c740

c418
c1f0

Extensions:
Composites: bc10
Buffer Pools:
..

c100
c120

c8a8

c850

c7a0

At this stage of program execution, two mailboxes exist. The t following mailbox
c238 means one or more tasks are waiting at this mailbox (Alphonse was created
first and is waiting for a message from Gaston). Examine mailbox c238 by entering:
..vt c238 <CR>

The system responds with:
Object type = 3
Mailbox type
Queue discipline
Containing job
Task queue

Mailbox
Object
FIFO
b7e0

Task queue head
Object queue head
Object cache depth

c170
0000
08

c170

Use SDB’s u (display system calls in a task's stack) command to view the waiting
task's stack. To unwind the stack, enter:
..vu c170 <CR>
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The system displays:
gate #0430
Return cs:eip - c850:0000020f
c1f0:000007e4 00000040 8075c700 0000003e 0000c700 0000ffff 0000c238
c1f0:000007fc 00000000
(Nucleus)

receive message
|.....excep$p.....|...response$p....|..time..|..mbox..|

You can continue to examine objects or set a breakpoint at the return CS:EIP.
Set the CS:EIP by entering:
..g, 20f <CR>

This causes SDM to display:
Interrupt 13 at c850:00000399 General Protection ECODE =00000000

This message indicates that the program halts in Gaston and that c850:00000399 is
the last instruction executing.

Alternative Debugging Techniques
This chapter has shown two ways to find an error and two ways to make temporary
fixes from the SDM/SDB. The message displayed when the program halts contains
the CS:EIP of the last instruction executing. If setting the CS:EIP at this instruction
and displaying the surrounding code does not help you locate this point in your
application code, there is another method.
Use combinations of the vj, vo, vt, vu, and vs commands to locate the running task.
Then set the breakpoint at the CS:EIP of the last executing instruction and display
code, objects, and registers to determine how the system is executing that instruction.

■■■
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Porting Applications

6

This chapter discusses porting existing 16-bit iRMX II code to the 32-bit iRMX III,
DOSRMX, or iRMX for PCs OS. The topics covered are:

•

Three different approaches to porting iRMX code

•

The compiler switches used to port code

•

Language differences for PL/M, C, and ASM

•

An example of porting a device driver

•

Porting code to PC-bus systems

Before porting code, learn the data types recognized by iRMX OSs. Mismatching
data types when porting code cause program errors.
See also:

Data Types, System Call Reference

Porting Code from 16-Bits to 32-Bits
Migrating from 16-bit iRMX II-based applications to 32-bit iRMX III-based
applications increases performance if large data manipulations or numerics are
involved. It also makes code easier to maintain. Use one of these porting strategies
to port your code:

•

Use the existing 16-bit object files without any changes.

•

Port only the code that gains in performance due to the change to 32 bits.

•

Port the entire application to 32 bits.

In the following situations, however, you should not port to 32 bits:

•

If the platform on which the application will run uses an Intel 80286
microprocessor and there is no performance reason or other need to move to an
Intel386 or higher microprocessor. The iRMX III OS requires an Intel386 or
higher microprocessor.

•

If all computations only involve integers smaller than 64 Kbytes (65,536 bytes)
and there is no present or foreseeable need to use contiguous memory areas
larger than 64 Kbytes.
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•

Because the Intel386 microprocessor object module format (OMF386) does not
support memory overlays, iRMX III cannot support overlay loading in 32-bit
applications. iRMX II applications that use overlays can still execute in 16-bit
compatibility mode.

•

Applications written in 16-bit require more code and data space (an average of
30%) when ported to 32 bits. Additional space is required for the OS itself. If
there are severe constraints on memory in the system, you should not port to 32
bits.

•

In certain cases, the application may be written using a 16-bit compiler for which
no 32-bit compiler is available.

Using Existing 16-Bit Code
Most 16-bit iRMX II executable code does not need to be recompiled for 32-bit
iRMX systems. These 16-bit applications run together with 32-bit applications
without change. For example, the iRMX II dir command can be used on an
iRMX III system without changes.
iRMX II applications (either run-time loadable or configured as first-level jobs) will
run under iRMX III without modification as long as they do not include 16-bit
interrupt-handlers, device-drivers, and OS extensions. Such applications execute in
16-bit compatibility mode.
16-bit C (compiled with iC-286 V4.1 or later) and 16-bit PL/M programs are also
fully binary compatible with iRMX III provided no 16-bit device drivers, interrupt
handlers or OS extensions are used. However, C applications may be more stackintensive than PL/M applications. They may run out of stack space under iRMX III
unless they are allocated additional stack size using the SEGSIZE control in
BND286.

Advantages of 32-Bit Application Code
This list describes situations in which it is an advantage to port from 16 bits to 32-bit
code.
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•

Applications containing intensive computations with unsigned integers larger
than 64 Kbytes (65,536) or signed integers larger than 32 Kbytes (32,768) will
run faster.

•

Intel386, Intel486, and Pentium microprocessors offer several bit and bit-string
manipulation instructions. Applications that do bit-field manipulation in
software could improve their performance. Applications that previously used
bytes to store binary flags could be rewritten much more compactly.
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•

Applications where the processor might access memory across a 32-bit bus, like
Multibus II, will access it faster.

•

When there is a 32-bit interface between the microprocessor, the numeric
processor, and memory; floating-point applications will see a moderate
performance boost because operands are transferred in 32-bit blocks to and from
the processor.

•

When manipulating large data arrays, you can use fewer segments because you
are not constrained to the 64 Kbyte size limitation. Data is now accessed in a
single, large (up to 4 Gbytes) segment, which saves the overhead of multiple
segment manipulation. Reading and writing this segment from and to mass
storage is also faster because a single I/O call is used instead of multiple
64 Kbyte-constrained I/O calls.

Porting Entire Applications to 32-Bits
You must recompile and rebind all the code when porting your entire application
system. Although it requires greater effort, this method provides the best overall
performance.
This list describes important considerations when re-generating 16-bit code into
32-bit code.

•

The logical pathname (:rmx:) points to the /rmx386 directory instead of /rmx286.
The directory :rmx:inc contains files with EXTERNAL declarations for the
iRMX and UDI calls in the PL/M source.

•

You must bind the 32-bit iRMX III code with the 32-bit iRMX and UDI
interface libraries (rmxifc32.lib, udiifc32.lib, in this example).

•

When binding compact model object files, a RENAMESEG control must be
used to rename the code segment (output by PL/M-386) from CODE to
CODE32. The code segments of the rmxifc and udiifc libraries are already
named CODE32. In the compact model, only one code segment is allowed and
BND386 can only combine segments that have the same name.

•

Use 32-bit word sizes if the 16-bit application being ported has:
–

Any arithmetic operation involving DWORDs (in PL/M-286) or long/double
declarations in C-286.

–

String searching/copying operations (CMPB/ CMPW/MOVB/MOVW in
PL/M) are limited to 64 Kbyte segments with a 16-bit OS. All physical
memory can be covered by one 32-bit operation.
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–

Certain variable declarations at the start of each source module and
procedure/function, especially at the size of arrays. Any arrays of close to
64 Kbyte size, or 32 Kbyte 16-bit WORD size, may benefit from being
extended.

–

80286 code which performs bit manipulation routines. Performance may be
increased by re-coding with 32-bit microprocessor-based functions. These
functions may have to call assembler routines to access these bit
manipulation functions.

Porting 16-Bit PL/M Code to 32 Bits
Once you decide how much application code needs to be ported, you must choose
between two porting processes. The only difference between the two methods is the
invocation switches on the compiler:
WORD16 switch

This is typically the easiest method to use when porting code.
This switch causes all WORD values to remain 16-bits and all
DWORD values to remain 32-bits. First, edit your source file
to change the data types of variables that can be larger. For
example, variables containing the offset of indirect near calls
and those that indicate the size of data transfers should be
changed to a DWORD value. Then compile your source code
using the WORD16 switch.

No switches

Compile the code you select for porting using the PL/M-386
compiler and no switches. This forces a default value of 16
bits for each HWORD value, 32 bits for each WORD value
and a 64-bit value for each DWORD value. Because 64-bit
arithmetic is much slower than 32-bit arithmetic, you should
carefully review the existing DWORD variables. Those
variables that need to be only 32-bit values should be changed
to WORD variables.

When converting 16-bit PL/M code to 32 bits, you must:

82

•

Change the WORD data type to WORD_16

•

Change the DWORD data type to WORD_32

•

Use the WORD16 compiler switch
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Differences Between PL/M-386 and Previous PL/M Code
This section describes differences between code that was compiled using versions of
the PL/M compiler other than PL/M-386. If you are using binary compatibility and
not recompiling your code, you do not need to make changes. Some of these
differences are changes to the iRMX OS, others are changes to the compiler. Each
difference is explained along with any changes you need to make are:

•

OFFSET is a reserved word in PL/M-386. If you are porting code to 32 bits and
your code contains variables named OFFSET, change these variable names. For
example, change:
DECLARE OFFSET

WORD;

To:
DECLARE OFF_SET

WORD_32;

•

The limits of the PL/M built-in string functions, such as CMPB, FINDB, SKIPB,
SETB, MOVB, CMPW, SETW, and so on, have increased from 0FFFFH to
0FFFFFFFFH. This enables searches of buffers that are greater than 64 Kbytes
in length. You can force the buffer length to remain 64 Kbytes by means of
truncation. That is, you place the result of the CMPB and FINDB functions into
WORD_16 variables and truncate the upper 16 bits. Be sure your code does not
attempt to search past the end of your forced 64 Kbyte segment.

•

Change all WORD_16 variables that contain the offset of a POINTER to
WORD_32 variables. For example, change:
DECLARE
PTR$OVERLAY

LITERALLY 'STRUCTURE(offset WORD, base TOKEN)';

To:
DECLARE
PTR$OVERLAY
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•

Change all variables that reference data transfer counts from WORD_16 values
to WORD_32 values. For example, change:
DECLARE
save$count
WORD,
.
.
.
save$count = iors.count;

To:
DECLARE
save$count
WORD_32,
.
.
.
save$count = iors.count;
/* iors.count is now a 32-bit value /*

Porting 16-Bit C Code to 32 Bits
These sections describe the main concerns when creating or modifying 16-bit code
which will be ported to 32 bits. The two main concerns are:

•

Including the rmx_c.h file and using its types

•

Using the NATIVE_WORD type for variables which will expand from 16 bits to
32 bits when porting your application

Using the rmx_c.h Header file
The /intel/include/rmx_c.h file provides definitions for system calls, structures and
other items needed for iRMX application development. Including this file and using
its definitions throughout your application enables much easier conversion of that
code from 16-bit to 32-bit source.
See also:
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Using the NATIVE_WORD Type Definition
Type definitions of variables which expand from 16 bits to 32 bits when porting to
32-bit code should use the NATIVE_WORD type definition. Examples of these
variables are:

•

I/O counts

•

Memory pool sizes

•

Stack sizes

•

Segment sizes

•

Application-specific variables which must expand to 32 bits

This example uses NATIVE_WORD and includes a pointer overlay:
typedef struct exception_struct {
NATIVE_WORD
offset;
SELECTOR
base;
BYTE
exception mode;
};

The I/O count in this iRMX system call uses NATIVE_WORD:
rq$a$write (output$conn$t, (BYTE *) message,
(NATIVE_WORD) strlen(message), write$mbx,
&status;

Porting 16-Bit ASM Code to 32 Bits
If you use ASM386, you must use registers differently. These sections describe the
differences.

•

Properly clear all registers used as index or scratch locations to check for zero.
If they are not properly cleared, bits left in the extended (upper 16 bits) of the
register may interfere with the intended operation. To properly clear registers
change:
mov
or
jz

ax, word ptr ds:8
ax, ax
...

To:
movzx
or
jz

eax, word ptr ds:8
eax, eax
...
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•

Use two shl (shift left) statements before a jump in the index to a case
statement. To properly increment an index, change:
xor
mov
and
shl

bh,
bl,
bl,
bl,

bh
cdate.interrupt_type
ts_more_ints
1
; Make bx a pointer to a
; 16-bit word to index
; into case_table
cs:case_table[bx]

jmp

To:
xor
mov
and
shl

ebx, ebx
bl, cdata.interrupt_type
bl, ts_more_ints
ebx, 2
; Make bx a pointer to a
; 32bit word to index
; into case_table]
cs:case_table[ebx]

jmp

•

PL/M-like procedures that return pointers now place the POINTER in DX:EAX
instead of ES:BX. For example, change:
mov
mov
ret

es, ptr_base
bx, ptr_offset

To:
mov
mov
re

•

dx, ptr_base
eax, ptr_offset

Change interrupt handlers written in assembly language to run in the 32-bit
environment. This example shows an interrupt handler for the 16-bit system:
int_handler
public
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proc
near
cominthandler

pusha
push
push

ds
es

push
mov

cx
bp, sp
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push
push
call
push

ss
bp
rqgetlevel
ax
; returned level

push
push
call

ss
; ax = rq$get$level(status$p)
bp
rqsignalinterrupt

pop
pop
pop
popa

cx
es
ds

iret
int_handler
code
end

; return from interrupt
endp

ends

This is an interrupt handler ported to a 32-bit system. Note the IF-ELSE statement
that is added to this example. This IF block enables using the same code on 16-bit
and 32-bit systems, depending on which assembler is used and how it is invoked.
%IF (%r_32)
%define
%define
%define
%define
%define
%define
%define
%define
%define
%define
%define
%define
%define
%define
%define
%define

THEN (%'
; macro definitions which
(ax) (eax) ; allow code to go both ways
(bx) (ebx)
(cx) (ecx)
(dx) (edx)
(si) (esi)
(di) (edi)
(bp) (ebp)
(sp) (esp)
(mov16) (movzx)
(pusha) (pushad)
(popa) (popad)
(pushf) (pushfd)
(popf) (popfd)
(iret) (iretd)
(dw) (dd)
(dd) (dp)

) ELSE (%'
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%define
%define
%define
%define
%define
%define
%define
%define
%define
%define
%define
%define
%define
%define
%define
%define

(ax) (ax)
(bx) (bx)
(cx) (cx)
(dx) (dx)
(si) (si)
(di) (di)
(bp) (bp)
(sp) (sp)
(mov16) (mov)
(pusha) (pusha)
(popa) (popa)
(pushf) (pushf)
(popf) (popf)
(iret) (iret)
(dw) (dw)
(dd) (dd)

)FI%'
int_handler
public

%IF
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%pusha
push
push
(%r_32) THEN(push
push

proc
near
cominthandler
; save the processor state

ds
es
fs
gs)

FI

push
mov

%cx
%bp, %sp

; make room for status
; ss:bp is status$p

push
push
call

ss
%bp
rqgetlevel

; ax = rq$get$level(status$p)

push
push
push
call

%ax ; CALL rq$signal$interrupt(ax, status$p)
ss
%bp
rqsignalinterrupt

pop

%cx
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%IF

(%r_32) THEN(pop
gs
pop
fs)
pop
es
pop
ds
%popa
%iret
int_handler
code

FI

; return from interrupt
endp

ends

end

To assemble this example, select one of these statements:
ASM286 inthand.asm object(inthand.ob2) pr(inthand.ls2) %SET(r_32,0)
ASM386 inthand.asm object(inthand.ob3) pr(inthand.ls3) %SET(r_32,1)

Example: Porting a Device Driver
This section contains a portion of an example device driver (8274 Terminal Driver)
ported to the iRMX OS. Though changes to the driver are minimal, you must also
port the include files and libraries. In this code, the PL/M compiler's and Assembler's
SET controls, a PL/M identifier, permits IF-ELSE branches while compiling the
code.
PLM386 :F1:x8274.P28 SET(r_32)word16 ; for 32 bits
PLM286 :F1:x8274.P28 RESET (r_32)
; for 16 bits
PLM86 :F1:x8274.P28 SET(tsc) RESET(r_32)
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Two identifiers are used: tsc and r_32. The r_32 identifier is used to port the code
to the iRMX OS. IF-ELSE decision blocks were added so the same code can be
compiled into a driver for both the 32-bit and 16-bit versions of the OS. The LIB
statements for the 8274 Driver are:
LIB386 :F1:xcmdrv.lib nobu ; for 32-bit systems
delete x8274
add :F1:x8274.obj
compress
quit
exit
LIB286 :F1:xcmdrv.lib nb
; for 16-bit systems
delete x8274
add :F1:x8274.obj
compress
quit
exit
LIB86
delete :F1:xcmdrv.lib(x8274)
add :F1:x8274.obj to :F1:xcmdrv.lib
exit
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Figure 6-1 is a device driver example which uses the r_32 porting identifier.
$title('x8274: 8274 terminal device driver')
/*
* Allow iRMX I/II common source
*/
$IF tsc
$OPTIMIZE(3)
$COMPACT(tsc -CONST IN CODE- HAS x8274)
$large ( other_libs
$EXPORTS RQ$GetTaskTokens;
$EXPORTS RQ$LookupObject;
$EXPORTS RQ$CreateSegment;
$EXPORTS RQ$DeleteSegment)
$ELSE
$COMPACT
$ROM
$OPTIMIZE(3)
$ENDIF
$subtitle('Module Header')
/*
*
* TITLE:
x8274
*
* ABSTRACT:
This module is the interface between the iRMX286
*
Terminal Support, and the 8274 MPSC.
*
x8274:
DO;
$include(:f1:xcomon.lit)
$include(:f1:xnutyp.lit)
$include(:f1:xiotyp.lit)
$include(:f1:xexcep.lit)
$include(:f1:xtsdtn.lit)
$include(:f1:xtssow.ext)
$include(:f1:xgdlay.ext)
$include(:f1:xncall.ext)

Figure 6-1. Device Driver Example Using r_32 Conditional Statements
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$subtitle('Data structures and literals')
/*
*
*/

8274 register values

DECLARE
WR0
LITERALLY '00H',
WR1
LITERALLY '01H',
.
.
.
/*
*
8274 Device information Structure
*/
DECLARE
i8274$CONTROLLER$INFO

LITERALLY

'STRUCTURE(
i8274$INFO$1,
i8274$INFO$2,
i8274$INFO$3,
i8274$INFO$4,
i8274$INFO$5,
i8274$INFO$6,
i8274$INFO$7)';

DECLARE
$IF r_32
i8274$INFO$1
$ELSE
i8274$INFO$1
$ENDIF
i8274$INFO$2

i8274$INFO$3

LITERALLY

'filler(22)

WORD',

LITERALLY

'filler(13)

WORD',

LITERALLY

'ch_a_data_port
ch_a_status_port
ch_b_data_port
ch_b_status_port
'ch_a_in_rate_port
ch_a_in_rate_cmd_port
ch_a_in_rate_counter
ch_a_in_rate_freq

LITERALLY

WORD,
WORD,
WORD,
WORD',
WORD,
WORD,
BYTE,
DWORD',

.
.
.

Figure 6-1. Device Driver Example Using r_32 Conditional Statements (continued)
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$IF r_32
DECLARE
SIZE$OF$OFFSET LITERALLY 'DWORD'; /* Support for larger segments*/
$ELSE
/* Note that either type of segmentation is supported */
DECLARE
SIZE$OF$OFFSET LITERALLY 'WORD';
$ENDIF
DECLARE
BOOLEAN
TRUE
FALSE
FOREVER
PTR$OVERLAY
P$OVERLAY

STRING
NO$TIME$LIMIT
.
.
.

LITERALLY
LITERALLY
LITERALLY
LITERALLY

'BYTE',
'0FFH',
'000H',
'WHILE TRUE',

LITERALLY 'STRUCTURE(off_set SIZE$OF$OFFSET,
base TOKEN)',
LITERALLY 'STRUCTURE(off_set SIZE$OF$OFFSET,
base WORD)',
LITERALLY 'STRUCTURE(length BYTE, char(1) BYTE)',
LITERALLY '0FFFFH',

Figure 6-1. Device Driver Example Using r_32 Conditional Statements (continued)
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Figure 6-2 is a literal file which uses the r_32 porting identifier.

xtstdn.lit
/*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*/

xtsdtn.lit
Terminal Support cdata, udata, and bddata structures as
available to the user for the purpose of writing a terminal
driver which is compatible with the Terminal Support Code.
This file has the same structure as xtsdat.lit but only
defines that portion of the structure which is visible to the
user.
Defines RECV$INFO$STRUCT for MBII drivers
Defines a substructure TS$BDDATA4 which is the same as
TS$BDDATA3 minus driver$user$only. This enables drivers to
overlay a different structure over TS$UDATA (TS$UDATA1 +
TS$UDATA2 + TS$BDDATA1 + TS$BDDATA2 + TS$BDDATA4 + a driver
specific structure)
Adds 32 bit conditional support.

DECLARE
TS$CDATA

LITERALLY 'STRUCTURE(
ios$data$segment
status
interrupt$type
interrupting$unit
dinfo$p
driver$cdata$p

SEGMENT,
WORD_16,
BYTE,
BYTE,
POINTER,
POINTER,

reserved(46)

BYTE,

reserved(34)

BYTE,

udata(1)

BYTE)';

$IF r_32
$ELSE
$ENDIF

Figure 6-2. Literal File Using r_32 Conditional Statements
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*
*
*/

CDATA STRUCTURE duplicated here for use with UDATA members
for single structure overlay

DECLARE
TS$CDATA$INC LITERALLY
'ios$data$segment
status
interrupt$type
interrupting$unit
dinfo$p
driver$cdata$p
$IF r_32
reserved1(46)
$ELSE
reserved1(34)
$ENDIF
DECLARE
TS$UDATA

DECLARE
TS$UDATA1

SEGMENT,
WORD_16,
BYTE,
BYTE,
POINTER,
POINTER,
BYTE';
BYTE';

LITERALLY 'STRUCTURE(
TS$UDATA1,
TS$UDATA2,
TS$BDDATA1,
TS$BDDATA2,
TS$BDDATA3)';

LITERALLY
'uinfo$p
term$flags

POINTER,
WORD_16,

$IF r_32
in$rate
out$rate

WORD_32,
WORD_32,

in$rate
out$rate

WORD_16,
WORD_16,

$ELSE

Figure 6-2. Literal File Using r_32 Conditional Statements (continued)
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$ENDIF

TS$UDATA2

scroll$number
x$y$size
x$y$offset
LITERALLY
'raw$size
raw$data$p
raw$in
raw$out
output$scroll$count
unit$number

WORD_16,
WORD_16,
WORD_16',
WORD_16,
POINTER,
WORD_16,
WORD_16,
WORD_16,
BYTE,

$IF r_32
reserved(1099)

BYTE',

$ELSE
reserved(890)

BYTE',

LITERALLY
'buffered$device
buff$input$state
buff$output$state
select(2)
line$ram$p
function$id

BYTE,
WORD_16,
WORD_16,
BYTE,
POINTER,
BYTE,

$ENDIF
TS$BDDATA1

$IF r_32
in$count

WORD_16,

in$count

BYTE,

out$count

WORD_16',

$ELSE
$ENDIF

TS$BDDATA2

LITERALLY
'units$available
output$buffer$size
user$buffer$p
echo$count
echo$buffer$p
received$special

WORD_16,
WORD_16,
POINTER,
BYTE,
POINTER,
WORD_16,

Figure 6-2. Literal File Using r_32 Conditional Statements (continued)
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special$modes
high$water$mark
TS$BDDATA3

LITERALLY
'low$water$mark
fc$on$char
fc$off$char
link$parameter
spc$hi$water$mark
special$char(4)

WORD_16,
WORD_16',

WORD_16,
WORD_16,
WORD_16,
WORD_16,
WORD_16,
BYTE,

$IF r_32
bd$reserved(41)
driver$use$only(48)

BYTE,
BYTE';

bd$reserved(25)
driver$use$only(32)

BYTE,
BYTE';

$ELSE

$ENDIF
/* Note! TS$BDDATA4 must be same as TS$BDDATA3 minus
driver$use$only */
DECLARE
TS$BDDATA4
LITERALLY
'low$water$mark
WORD_16,
fc$on$char
WORD_16,
fc$off$char
WORD_16,
link$parameter
WORD_16,
spc$hi$water$mark
WORD_16,
special$char(4)
BYTE,
$IF r_32
bd$reserved(41)
BYTE';
$ELSE
bd$reserved(25)
BYTE';
$ENDIF

Figure 6-2. Literal File Using r_32 Conditional Statements (continued)
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DECLARE
$IF r_32
TS$UDATA$SIZE
TS$CDATA$SIZE
$ELSE
TS$UDATA$SIZE
TS$CDATA$SIZE
TS$UDATA$FACTOR
$ENDIF

LITERALLY
LITERALLY

'1280',
'40H';

LITERALLY
LITERALLY
LITERALLY

'1024',
'30H',
'10';

DECLARE
INPUT$ONLINE
INPUT$CMD$PENDING
INPUT$FULL
RAW$BUFF$FULL

LITERALLY
LITERALLY
LITERALLY
LITERALLY

'0001H',
'0002H',
'0008H',
'0010H';

DECLARE
OUTPUT$SEMAPHORE
OUTPUT$STOPPED
OUTPUT$SCROLL
OUTPUT$CONTROL

LITERALLY
LITERALLY
LITERALLY
LITERALLY

'001H',
'002H',
'004H',
'008H';

DECLARE
FLOW$CONTROL
SPECIAL$CHAR$MODE

LITERALLY
LITERALLY

'001H',
'002H';

DECLARE
NON$BUF$DEV$RAW$SIZE

LITERALLY

'100H';

/* Structure for passing MBII messages to term$check */

Figure 6-2. Literal File Using r_32 Conditional Statements (continued)
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DECLARE
RECV$INFO$STRUCT LITERALLY
'STRUCTURE(
data$p
POINTER,
flags
WORD_16,
status
WORD_16,
trans$id
WORD_16,
data$length
WORD_32,
forwarding$port
TOKEN,
remote$socket WORD_32,
control$msg(20)
BYTE,
reserved(4)
BYTE)';
/* Structure for passing Mailbox messages to term$check */
DECLARE
MBOX$RECV$INFO$STRUCT LITERALLY
'STRUCTURE(
object$t
TOKEN,
resp$mbox$t TOKEN)';

Figure 6-2. Literal File Using r_32 Conditional Statements (continued)
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Migrating Code to a PC-Bus Platform
This section discusses the differences between the way a PC-bus system and other
systems handle numeric processors. Be aware of these differences when porting code
to a PC-bus system from a different system.

Using a Numeric Processor Extension (NPX)
You can increase the performance of math-intensive tasks by using a Numeric
Processor Extension (NPX) or math coprocessor to perform the math functions. In
systems that use a math coprocessor, the processor and the microprocessor are
synchronized by a busy signal from the numeric processor. In a PC-bus system, this
numeric error signal is routed through the programmable interrupt controllers (PICs).
The numeric error signal is connected to the slave PIC interrupt 5, which is connected
to the master PIC interrupt 2.
The OS, through task prioritization, automatically disables certain interrupt levels
when a task runs. The levels disabled depend on the priorities of the current and
previous tasks. If a task can create a physical interrupt, make sure that the task's
priority does not mask the interrupt level that it uses. Failure to coordinate the task's
priority with the physical interrupts it uses can cause a system deadlock situation.
See also:

✏
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Disabled interrupt levels, System Concepts
Note
If a task's code includes instructions that execute on a NPX, the
task should not have a priority high enough to disable the interrupt
level of the NPX. The highest task priority for tasks using NPX
instructions is 45. Code written on a PC-bus system can be ported
to a Multibus system without change. Code written on a Multibus
system can be moved to a PC-bus system if the tasks that execute
on a NPX have a priority of 46 or numerically higher.
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Segmentation Considerations
The 32-bit interface libraries for the iRMX OS support only the compact
segmentation model. This requires 32-bit application code to reside in the same code
segment as the interface libraries. The best way to implement this is to structure your
application as one or more compact subsystems. When porting an existing 16-bit
large memory model application to a 32-bit compact memory model application,
consider this:

•

Compact model code runs faster than large model code. It takes 26 clocks for
each segment register load. Near calls used in a compact segmentation model
require no segment register loads; far calls in a large segmentation model require
at least 4 register loads per call. Register loading impacts application
performance quickly, especially if nested calls are made. A simple large model,
16-bit test program making recursive calls to just four system calls had a 6
percent performance boost when changed to compact.

•

When moving from large to compact, insure that a valid DS value is available to
jobs and tasks created by the create_job, rqe_create_job, create_io_job,
rqe_create_io_job, load_io_job, rqe_load_io_job, and create_task system
calls.

See also:

Using Compact and Large Memory Models, Chapter 7,
Using the Flat Memory Model, Chapter 8

The second option follows. The EXPORTS directive causes the compiler to provide
a FAR interface for the procedure task_1. This interface includes setting up DS upon
procedure entry.
$COMPACT(my_code -CONST IN CODE- HAS my_proc;
$
EXPORTS task$1)
...
...
my_proc:
DO;
...
...
task$1: PROCEDURE PUBLIC;
...
...
END task$1;
END my_proc;

■■■
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Using Compact and
Large Memory Models

7

This chapter provides information on using the compact and large memory models to
build iRMX applications. These guidelines apply only if you use a compiler that
supports segmentation, like the Intel compilers. Understanding the following
concepts will help you better understand the information presented in this chapter:

•
•
•

Segmentation models
Subsystems
iRMX jobs, tasks, and segments

See also:

Segmentation models and subsystems,
iC-386 Compiler User's Guide,
PL/M-386 Programmer's Guide

Choosing a Memory Model
When compiling your application source code, use compiler controls to specify the
memory model for the application.
Memory Segments
Initial CS:EIP

CS

Code

DS
(ES)

Data

SS

Stack

SS:ESP
OM04190

Figure 7-1. Basic Large/Compact Model Program
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32-Bit Applications
For 32-bit applications, use the compact model by specifying the compact compiler
control. If you need the efficiency and protection of multiple segments, divide your
code into subsystems.
The compiler places code sections from all linked modules in the same code segment,
which are addressed by the CS register. Data sections are placed into a single data
segment and addressed by the DS register. Stack sections are placed into a stack
segment and addressed by the SS register.
For 32-bit programming, only the compact model is allowed and there is no segment
size limitation.

16-Bit Applications
For 16-bit applications, follow these guidelines when choosing a segmentation
model:

•

Use the compact model if your code and data can each fit into a 64 Kbyte
segment.

•

Use the large model if you cannot use the compact model. There are fewer size
and iRMX restrictions with large, but this model results in the largest number of
segment register switches.

Compile and bind your application under the compact model to determine if it fits
into the compact model. If it is too large for the compact model, BND386 returns an
error message. If an error message occurs, use the large segmentation model or
compact subsystem.

✏

Note
When using the Soft-Scope debugger on 16-bit, multiple stack
applications, you must set the segsize(stack(x)) parameter to be
greater than or equal to 1024 bytes when binding the application.
This is because the iRMX OS assumes stack segments which are at
least 1024 bytes in length.

Code and data sections from each object module have their own code and data
segments. The total size of code and data can be more than 64 Kbytes. Stack
sections have a single stack segment and are addressed by the SS register. Code and
data segments are paired. During program execution, both the CS and DS registers
are updated whenever a public or external procedure is activated.
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Porting Applications
When porting iRMX source code from a 16-bit application to 32-bit application, you
must change the segmentation model if the code is not already compact. Use the
compact segmentation model because the iRMX OS supports only this model for 32bit applications.
If you use exception handlers with the compact model, use the exports subsystem
control to export the exception handler procedures. This enables other segments to
access the handler with a far call.
See also:

Porting Applications, Chapter 6

If you are porting from a large/compact application to a flat application, you must use
unique system calls and data types.
See also:

Porting Large/Compact to Flat, Chapter 8

Using ROM and RAM Compiler Controls
If your application will be loaded into RAM, you can use the ROM or RAM controls
to adjust segment sizes so that your application fits into the compact model.
Specifying the ROM or RAM compiler controls determines whether the constants
defined in your programs are placed in the code or the data areas. This provides
additional control on the size of those segments.
For example, if your application's data is slightly larger than 64 Kbytes, specifying
the ROM control (which places the constants in the code segment) might allow the
remaining data to fit in a 64 Kbyte segment. This could make your code eligible for
the compact model.
See also:

Developing Applications for ROM, Chapter 9

Subsystems
Subsystems are very efficient for applications with multiple program modules that
need to share data and communicate efficiently. You must use the compact or large
models when using subsystems. A subsystem is a collection of program modules that
have the same segmentation model and share the same code and data segments. For
large applications, set up your application to use multiple compact subsystems.
See also:

Subsystems, iC-386 Compiler User's Guide
or the PL/M-386 Programmer's Guide
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Subsystem Advantages
Subsystems are efficient for these reasons:

•

Code and data can be partitioned for easier maintenance.

•

Segment registers are changed only when an application calls procedures or
accesses data in another subsystem.

•

Calls made only within a subsystem are near calls.

•

Pointers referenced only within a subsystem are near pointers.

•

Data is protected from being overwritten by other subsystems.

•

Subsystems are useful for building loadable device drivers.

See also:

Making a Driver Loadable, Driver Programming Concepts

Closed Subsystems
Closed subsystems have these attributes:

•

The subsystem is named.

•

A module list is needed.

•

The exports control lists the functions and variables of a subsystem accessible
by outside subsystems.

•

Only the listed modules are combined in a closed subsystem.

•

You can add or delete modules from the subsystem by changing the list of
modules and regenerating the system.

The code and data segment names for a closed subsystem have the subsystem name
as a prefix. For example, a 32-bit closed subsystem named subsystem1 uses
subsystem1_code32 for the code segment and subsystem1_data for the data
segment. The stack segment is named stack. In a closed subsystem, the execution
stack is shared with other subsystems.
See also:
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Open Subsystems
Open subsystems have these attributes:

•

The subsystem is unnamed.

•

A module list is not needed.

•

Segmentation controls are the only subsystem-specific compiler controls used.

•

All modules using the same segmentation model are automatically combined.

•

Modules can be freely added or deleted.

The code segment for an open subsystem is named code32 for 32-bit applications.
The data segment for an open subsystem is named data for 32-bit applications. The
stack subsystem is named stack.

Subsystem Configurations
There can be only one open subsystem in a program, but there can be multiple closed
subsystems. Every module in a program is either part of a closed subsystem or by
default, part of an open subsystem. A program can consist of one of these subsystem
configurations:

•

Only the open subsystem, which is the default configuration

•

One or more closed subsystems

•

One or more closed subsystems and the open subsystem

You create a subsystem configuration when you compile and bind your application
program. You specify a subsystem as closed by declaring a name for it.
See also:

Subsystems, iC-386 Compiler User's Guide
or the PL/M-386 Programmer's Guide

Creating a Closed Subsystem
To create a closed subsystem, create a subsystem declaration at the beginning of your
source code. Specify this information:

•

The compact compiler control (to use the compact subsystem model)

•

Name of the closed subsystem

•

Segment in which to place constants

•

Modules that belong in the subsystem using the has control

•

Functions that are accessible outside the subsystem using the exports control
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The PL/M application ramdrv.p38, in the /rmx386/demo/plm/ldd directory, contains
this closed compact subsystem declaration:
$compact(ramdrv -CONST IN CODE- HAS
$
ramdrv,
$
xram;
$
EXPORTS
$
ram$init$io,
$
ram$finish$io,
$
ram$queue$io,
$
ram$cancel$io)

This declaration defines a closed compact subsystem named ramdrv. It contains the
modules ramdrv and xram. The declaration exports the four procedures:
ram_init_io, ram_finish_io, ram_queue_io, and ram_cancel_io. The
export declaration forces the interface to these calls to be far calls. This enables other
subsystems to access these procedures. This same subsystem declaration must be
added to each module of the subsystem.
To generate this subsystem, use the makefile to compile your source code modules
and bind the resulting object modules to the system. First attach to the directory
where the demo resides then invoke the makefile.
- af /rmx386/demo/plm/ldd <CR>
- make <CR>

This section from makefile in the /rmx386/demo/plm/ldd directory binds the closed
subsystem:
ramdrv:ramdrv.obj $(LIBS) $(BND3)
$(BND) ramdrv.obj,$(LIBLIST) &
oj($@) pr($@.mp1) $(BNDFLAGS) &
rn(code to $@_code32)

This instructs the binder to:
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•

Bind the RAM disk driver object module

•

Bind the libraries including the loadable device driver library, the iC-386 library,
the UDI interface library, and the iRMX interface library

•

Use the renameseg instruction to remap the code segment into the
ramdrv_code32 code subsystem

•

Use the rc instruction to allocate dynamic memory with an initial size of
5 Kbytes and a maximum size of 1 Mbyte
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Creating an Open Subsystem
To create an open subsystem, create a subsystem declaration at the beginning of your
source code. Specify this information:

•

The compact compiler control (to use the compact subsystem model)

•

Name of the compilation module

•

Segment in which to place constants

You can optionally specify the functions that are accessible outside the subsystem
using the exports control. Do not specify a name for the subsystem as this creates a
closed subsystem.
An example of an open subsystem is not included with the iRMX OS. However, you
can generate an open subsystem by modifying ramdrv.p38, described in the previous
section. First make a copy of ramdrv.p38 called ramdrv.org. This will be the
original backup copy. Modify the existing ramdrv.p38 to match this:
$compact(-CONST IN CODE- HAS
$
ramdrv,
$
xram;
$
EXPORTS
$
ram$init$io,
$
ram$finish$io,
$
ram$queue$io,
$
ram$cancel$io)

This open subsystem declaration is the same as the closed compact subsystem except
the subsystem is unnamed.
To compile the modified ramdrv.p38 file, first make a copy of makefile call
makefile.org. This will be the original backup copy. Modify the existing makefile to
match this:
ramdrv:ramdrv.obj $(LIBS) $(BND3)
$(BND) ramdrv.obj,$(LIBLIST) &
oj($@) pr($@.mp1) $(BNDFLAGS)
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This instructs the binder to:

•

Bind the RAM disk driver object module

•

Bind the libraries including the loadable device driver library, the iC-386 library,
the UDI interface library, and the iRMX interface library

•

Use the rc instruction to allocate dynamic memory with an initial size of
5 Kbytes and a maximum size of 1 Mbyte

For an open subsystem, do not use the renameseg instruction to remap the code into
the code subsystem.

■■■
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Using the Flat Memory Model

8

This chapter provides information on using the flat memory model with applications
for the iRMX OS. Only a small number of DOS-based compilers generate code for
32-bit segmented memory models, such as compact. Most DOS/Windows-based 32bit compilers produce flat-model applications. The iRMX OS supports these
compilers; follow the guidelines in this chapter.
See also:

Memory models, 80386 Programmer’s Reference Manual

Flat Model Overview
The flat model is a 32-bit memory model where an application runs entirely in a
single segment. All segment registers point to this segment. The application does
not modify the segment registers. The only pointers available to the application are
near (offset-only).
Memory Segment
Initial CS:EIP

Offset Zero

Code

CS, SS, DS, ES point
to the same segment

Data

Stack

Initial SS:ESP
OM04189

Figure 8-1. Basic Flat Model Program
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Developing 32-bit flat model applications with third party tools is similar to
development using the segmented third party compilers/tools (both 16- and 32-bit).
The resulting flat model Microsoft Portable Executable (MPE) object model is
loadable by the Application Loader. This record format is recognizable by the Soft
Scope Debugger.
See also:

C Compiler-specific Information, Chapter 4

Flat Model Advantages and Disadvantages
These are the advantages of using a flat model from an application point of view:

•

It uses fewer iRMX objects and GDT slots since fewer segment objects are
created.

•

There is no need to load segment registers to de-reference pointers since all
pointers are near, resulting in some performance enhancement.

•

It can use common off-the-shelf 32-bit compilers.

These are the disadvantages of using a flat model from an application point of view:

•

Memory allocation is less efficient since each distinct area of the application 
code, data, and stack  must be a minimum of 4 Kbytes, and must be a multiple
of 4 Kbytes.

•

Enabling paging in the microprocessor degrades system-wide performance by
approximately 4%.

•

There is less protection between the code, data and stack areas of an application.

Executing Flat Model Applications on iRMX
You can load and run a flat model application on the iRMX OS through the services
of the paging subsystem, flat model support code, and the Application Loader. Flat
model applications run in protection ring three of the microprocessor.
The paging subsystem provides an environment in which a flat model application can
dynamically add physical memory to or free physical memory from its own address
space.
The Application Loader recognizes a flat model application in MPE format, creates a
flat model environment for it, and loads the application into this environment. Once
loaded, control is passed to the flat model application.
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Using Flat Model With Paging Support
Paging support for flat model in iRMX means turning on the paging mode of the
processor but not implementing demand paging. Demand paging can interfere with
the running of a real-time OS because it swaps pages from memory to disk and back.
The iRMX OS uses paging for virtual address translation only. When a flat model
application is running, a page fault is equivalent to a general protection fault. This
provides the processor-based protection that you would normally lose by not using
segmentation.
With paging support, the flat model application resides in an iRMX "virtual
segment," which resides in part of a virtual memory space of 4 Gbytes. Physical
memory is only assigned to areas of the virtual segment that require it, such as the
code, data, stack, and any dynamic storage requested while the application is running:
iRMX Virtual Segment
Initial CS:EIP

Offset Zero
Code

Data

CS, SS, DS, ES point
to the same iRMX segment

Stack
Initial SS:ESP

Malloc
Area
Non-allocated areas
Task2 code,
data, & stack
Virtual segment limit
(GP fault if crossed)
OM04411

Figure 8-2. Flat Application Program on iRMX with Paging
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Paging Subsystem
The paging subsystem is an extension of the iRMX Nucleus and provides the
necessary paging support for flat model applications. It is available as a first-level or
a loadable job.
You can configure the paging subsystem into the OS with the ICU, or load it with the
sysload command. This subsystem is small, using less than 14 Kbytes of code and
data.

The Paging Job
You can load the paging job, paging.job, at any time iRMX is running. This job
contains the entire paging subsystem. Once loaded, the OS part of memory is
identity-mapped, paging is enabled, and the rqv_ system calls become available. To
load the job, type:
- sysload /rmx386/jobs/paging.job [block1, block2,...block8]

where:
blockn consists of memory_start, memory_end

The block parameter defines a block of physical memory that is outside the range of
physical memory managed by the Nucleus Free Space Manager (FSM). The paging
subsystem identity maps all physical memory known to the FSM. If there are blocks
of memory that are not known to the FSM, you should specify these so that they can
be identity-mapped as well. You can define up to eight memory blocks, however,
these memory blocks should not overlap. A memory block that overlaps with a
previously-defined block is ignored.
The memory_start and the memory_end parameters represent the start and the end
addresses of the physical memory block, respectively. The start address is rounded
up to the next 4 Kbyte boundary. The end address is rounded up to the next 4 Kbyte
boundary minus one. These addresses must be hexadecimal and do not need the “H”
(hexadecimal) suffix.

✏

Note
Any physical memory that is not known to either the Free Space
Manager (from the ICU configuration) or the paging subsystem is
not accessible from your application once paging is enabled.

Errors and initialization messages are reported to the :config:paging.log file.
Initialization messages include the identity memory map created by the paging
subsystem. Check the log file to verify that the actual physical memory has been
identity-mapped correctly.
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Identity Mapping
The paging subsystem identity-maps all physical memory known to the Free Space
Manager. This includes memory which is configured in the ICU as a first-level job
or which is added from using the sysload command. Identity mapping helps protect
dedicated memory, such as that found on dual port memory for a custom device
driver, from being over-written.
See also:

MEMF, PIMM Commands, ICU User’s Guide and Quick Reference

Flat Model Support Code
The flat model support code provides the flat-to-segmented pointer conversion
libraries required to allow flat applications to make iRMX system calls and C library
calls.
The flat model support code is a configurable part of the operating system. This code
may be loaded via the sysload command. This subsystem consists of approximately
20 Kbytes of code and data.

Conversion of Flat Model Pointers in System Calls
In a flat model application, all pointers are near (offset-only) pointers. The iRMX
OS requires all pointer parameters in system calls to be far pointers. Therefore, all
near flat model pointers must be converted to far pointers before entering the OS
itself. The flat.job automatically performs the conversion for each system call made
by your application.
This job contains the entire flat model support code and requires the paging
subsystem. Flat model applications can make iRMX system calls and C library calls
once flat.job is loaded. To load the job, type:
- sysload /rmx386/jobs/flat.job <CR>

Errors and initialization messages are reported to the :config:flat.log file.
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The Flat Model Job
You can load the flat model job, flat.job, at any time the iRMX OS is running.
There are no command line options for flat.job.

✏

Note
You cannot use the ICU to configure the flat memory model as a
first-level flat job.
You cannot configure flat model applications as first-level jobs but
you can configure them as loadable jobs.

Execution Model
The Application Loader recognizes a flat model MPE program and creates a flat
environment for the program using the paging subsystem (it must be loaded or
configured into the system). After the program is loaded into the flat environment, a
job gets created for the loaded code the same as it does for segmented programs.
Figure 8-3 shows the loading and execution flow of a flat model program.
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iRMX Flat
Executable

User Job
iRMX Virtual Segment
Application
Loader

Code

CS, DS, SS, ES point
to the virtual segment
Initial EIP

Data

Paging
Subsystem

Stack
Initial ESP

Nucleus

Malloc
Area
Non-allocated areas
Task2 code,
data, & stack
Note:
At run-time, CS is different because
it must be an executable selector.

Virtual segment limit
(GP fault if crossed)

OM04412

Figure 8-3. Execution of a Flat Model Program on iRMX
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System Calls
The following is a list of new system calls required to manage virtual segments and
provide other flat model support.
Since most flat model compilers do not support far pointers (or support “based”
variables), they cannot access normal iRMX segments. Instead, several system calls
are provided to either access iRMX segments, or eliminate the need for them entirely.
See also:

System Call Reference

Virtual Memory

Nucleus

Basic I/O System

rqv_create_segment

rq_move_data

rq_wait_iors

rqv_allocate

rq_get_buffer_limit

rqv_allocate_at

rq_validate_buffer

rqv_free
rqv_change_access
rqv_map_physical

Existing System Calls
These existing calls have been changed slightly for paging support. In all cases, the
changes add functionality to work with the new virtual segments. You can continue
to use these calls from segmented applications.

•

rq_delete_segment

•

rqe_get_address

•

rq_get_size

Using the Flat Model System Calls
When developing a flat model application, be aware of these unique issues, which are
not a concern if you are developing a segmented application:
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•

Virtual memory and the corresponding allocation and de-allocation of physical
memory

•

Use of iRMX segments by a flat model application
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Virtual Memory
New system calls provide two levels of access to the paging mechanism. The
rqv_allocate_at system call provides low-level access. The Application Loader, as
well as other system utilities, use this system call to gain direct access to a virtual
segment. Using this call enables an application to place the code, data, stack, and
other segments into a unique location in the virtual segment specified by the object
module being loaded.
The rqv_allocate_at system call provides high-level access. This allocation system
call provides management of the virtual address space within a virtual segment. The
call is meant to be used by applications and any other free space manager, such as
malloc and sbrk. It allocates physical memory, places it within an available area of
the virtual segment, and then returns a near pointer to the allocated memory. For the
flat model application, this system call is preferred over rq_create_segment, since
the latter returns a token which is not accessible using the flat memory model.
The memory required for page tables is charged to the calling job's memory pool.
The first allocation to a virtual segment will incur a 4 Kbyte overhead for a page
table. You should compute job memory pools with this page table overhead in mind.

Porting Compact/Large to Flat
If you need to access iRMX segments, use one of these mechanisms:

•

The rqv_allocate system call replaces the rq_create_segment call in flat model
applications. It allocates physical memory to the application's virtual segment
with no additional objects or slots being consumed.

To share this memory with another task, pass a near pointer through a data mailbox if
the other task is in the same virtual segment (job). Another method is to create a
descriptor around the allocated memory and pass the token for the descriptor
passed through a normal mailbox.

•

The rq_wait_iors BIOS system call replaces either rq_receive_message or
rq_wait_io after an I/O call. This call returns the asynchronous IORS into a
buffer in the caller's address space, instead of in an iRMX segment.
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Debugging Support
The System Debugger (SDB) understands and displays flat model versions of the
iRMX system calls. The debugging procedures are similar to those used for compact
and large model applications. However, with flat model applications, the stack
parameters are reversed. Take this into account when viewing the stack using the vs
or vu SDB commands.
See also:

vs, vu commands, System Debugger Reference

■■■
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9

Using the iRMX III OS, you can create ROM-based iRMX applications. Configuring
a ROM-based system has several benefits. You can write-protect your stable code,
load your system quicker than a RAM-based system, and incur lower costs than with
a RAM-based system.

✏

Note
You can only create ROM-based applications under the iRMX III
OS. You cannot use the DOSRMX or iRMX for PCs OS.

This chapter contains information on:

•

Testing your application from RAM

•

Calculating size and location parameters

•

Programming your application into ROM

•

Creating an example ROM application

You may need to refer to one or more of these manuals:

•

ASM386 Macro Assembler Operating Instructions/ASM386 Assembly Language
Reference

•

iC-386 Compiler User's Guide

•

C Library Reference

•

ICU User's Guide and Quick Reference

•

Intel386 Family Utilities

•

PL/M-386 Programmer's Guide

•

System Debugger Reference
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Testing a System
The normal development cycle is to load your system using the bootstrap loader, test
it, correct any errors, and then reassemble or recompile any appropriate program
code. Next, you must regenerate your system and load the system again. Continue
this procedure until you have created a functional target system.
Once you have created your final system, fine-tune the memory allocated for the
system by editing the MEMS and MEMF screens in the Interactive Configuration
Utility (ICU). If your target system will reside in ROM, enable the ROM feature by
entering “Yes” to the “System in ROM” entry on the ROM screen of the ICU. You
must also make any necessary changes to the ROM screen.
See also:

Setting the Memory Address and Size Values, in this chapter

Loading an Application into ROM
When you place an iRMX application system in EPROM/FLASH, a number of
hardware assumptions are made by the iRMX initialization code regarding memory
layout. These assumptions are:

•

The entire iRMX application system image (minus the ROM Initialization Code)
is in a contiguous section of memory described by a single entry on the MEMS
screen of the ICU definition file.

•

The ROM Initialization Code must reside within 64 Kbytes of the top of
ROM/FLASH memory and on a 4 Kbyte boundary.

•

Volatile System Memory (system RAM) must reside within the first megabyte of
memory, below and directly adjacent to Free Space Memory.

•

The first section of the Free Space Manager, defined on the MEMF screen of the
ICU, must be large enough to contain those parts of the application system that
are copied from ROM to RAM.

Preparing an Application to Reside in ROM
You can configure a ROM-based iRMX application as a first-level job. This job
often contains a single initialization task that creates or starts the creation of all other
objects required by the first-level job.
The root task creates the first-level jobs. Each time the root task creates a first-level
job, the root task suspends itself to allow the new job's initialization task to perform
synchronous initialization.

122

Chapter 9

Developing Applications for ROM

The root task creates first-level jobs using this programming loop:
Repeat for each first-level job
Create first-level job
Suspend root task (until resumed by a
first-level job finishing its initialization)
Until finished
End

Synchronous initialization consists of functions that must be performed before some
other first-level job is created. Typically, this requires creating objects or making
resources available that subsequent tasks will use. For example, the initialization task
in the EIOS job must ensure that the EIOS is ready before it can allow the root task to
create other first-level jobs that would use EIOS functions.
When the initialization task finishes its synchronous initialization, it must inform the
root task that it is finished so the task can resume execution and create another firstlevel job. The initialization task must always inform the root task that it has
completed its synchronous initialization process by calling the rq_end_init_task
system call. This call requires no parameters and causes the root task to resume
execution and create the next first-level job.

✏

Note
You must include the rq_end_init_task system call in the
initialization task of each of your first-level jobs even if they do not
require synchronous initialization; otherwise the root task remains
suspended.

The amount of synchronous initialization depends on your job structure. You must
determine how the pieces of your system interact and how they must synchronize.
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Another important factor in initialization is the order in which the root job creates
first-level jobs. Shown below is an example order. The order the root task uses to
create first-level jobs depends on where the jobs are started in relation certain OS
layers. This ordering depends what parameters you specify with the ICU, not on the
priority of the tasks.

Order

Root Job

1

Root Job

2

First-Level Job
System Debugger

3

Basic I/O System

4

Extended I/O System

5

I/O User Jobs

6
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User Jobs

7

Human Interface

8

Shared C Library

See also:

I/O User Job

Help message for the (SEQ) and (TPUJ) ICU screens, Interactive
Configuration Utility
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Methodology for Burning an Application into ROM
When burning an application into ROM, your ROM/Flash programmer should be
capable of handling OMF386 or Intel hex format code. The procedure is:
1.

Identify which format your ROM/Flash programmer takes.

2.

The builder generates the OMF386 output file. This file is specified in the ROF
entry of the ICU GEN screen. Load the code directly into the ROM/Flash
programmer, splitting the code between multiple devices if necessary.

3.

If your ROM/Flash programmer requires hexadecimal format, use the OH386
utility to convert the OMF386 code to OH386 code.

Both OMF386 and hex format contain both code and data. The presence of data in
the input file to the ROM/Flash programmer may cause a warning, which you can
ignore.
Use your Flash/ROM programmer to extract code only within the address range that
will be placed in ROM.

Developing a ROM-based Application System
When developing a ROM-based application, you should develop as much of the
application as possible to be a program loadable under the Human Interface CLI.
Remove all the bugs possible in the loadable version of the job. Use the Soft-Scope
debugger and other iRMX tools to help debug your system.
In case the target hardware does not support a full-featured iRMX environment with
a Human Interface, you can write intelligent stubs that simulate the target hardware.
Then run both the application and its hardware-simulating stubs in a loadable iRMX
environment. This allows you to complete as much of the debugging as possible with
a loadable job instead of a ROM-based job.
Once your application is ready for ROM/FLASH on the target hardware, you must
use the ICU to configure the iRMX application system containing your application.
Start with the Intel-provided ICU definition file that most closely fits your target
hardware. These files are located in the /rmx386/icu directory.
If you do not find the appropriate file, you can specify a new definition file using the
ICU. Once in the ICU, you must make modifications to the various layer/hardware
screens until your target hardware and software environment are fully described.
See also:

Example ICU Session, ICU User’s Guide and Quick Reference
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Overview of the ROM-based Application Example
The following example illustrates how a ROM-based application system is generated.
The example describes the instructions for generating the example MIX486 ROM
application located in the /rmx386/demo/rom/mix4demo directory. The application
system defined by this example has these attributes:

•

Runs on a MIX486 board (MIX486DX33, MIX486DX66, or MIX486SX33) in a
Multibus II backplane

•

Loads out of FLASH into RAM and executes out of RAM

•

Contains a simple Multibus II message passing program that waits at a specific
port for Multibus II messages and replies to them

First, develop the application as an Human Interface-loaded program. This program,
receive.c, does the message passing. After you make any changes to receive.c and it
is fully debugged, the following procedure converts it to a first-level job:
1.

Add a call to rq_end_init_task to the program's initial task after completing any
required synchronous initialization. You can leave the rq_end_init_task call in
even if you run the demo application from the Human Interface.

2.

Convert the program's initial task to a public procedure (already set up as main in
C programs).

3.

Modify the bind process to produce a linkable version of the program instead of
the Single Task Loadable (STL) version.

4.

Modify the bind process to suppress all Public symbols except the name of the
program's initial task and the name of one of the program's public variables.

Once the application program is ready as a first-level job, the next step is to configure
the iRMX OS to run on the target hardware.

Generating the ROM-based Application Example
The files used to generate the example ROM application are in the
/rmx386/demo/rom/mix4demo directory. These files are:

126

receive.c

Receives a message from sendmb2 and returns a new message

sendmb2.c

Sends a message to a port on a MB II agent running receive

makefile

File used to generate the example
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To generate the example:
1.

Change the directory to /rmx386/demo/rom/mix4demo.

2.

At the iRMX prompt, type: make <CR>

This creates the Human Interface programs receive and sendmb2, and the user job
module, receive.lnk.

Configuring the iRMX OS
You must configure the iRMX OS through the ICU to recognize that the target
hardware is a MIX486 board.

✏

Note
In the following ICU screens, enter the values listed in bold.
These values are specific to the example application and should not
be changed.

Setting the Hardware Values
In the following HARD screen, the hardware addresses are specific to the MIX486
board. Because the application does not need a finer time granularity than 10
milliseconds, set the KTR entry to 1. Specify “Yes” for the EMU entry so the system
includes an NPX Emulator. This Emulator is dormant if a math coprocessor is
present (MIX486DX33 or MIX486DX66 board) but provides numeric support when
no math coprocessor is present (MIX486SX33 board).
(HARD)
Hardware
(BUS) System Bus Type
[1=MBI / 2=MBII / 3=AT] 2
(TP) 8254 Timer Port
[0-0FFFFH] 0D0H
(CIL) Clock Interrupt Level
[0-7] 0
(CN) Timer Counter Number
[0,1,2] 0
(CIN) Clock Interval
[0-65535 msec] 10
(KTR) Kernel Tick Ratio
[1-65535] 1
(CF) Clock Frequency
[0-65535 khz] 1250
(TPS) Timer Port Separation
[0-0FFH] 02H
(EMU) Emulate Numeric Processor
[Yes/No] YES
(IF) Initialize On-board Functions
[0=No / 1-0FFH]
(BIP) Board Initialization Procedure
[1-45 Chars]
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Setting the Multibus II Addresses and Port Separation Values
In the following Multibus II screen, the Multibus II hardware addresses and port
separations are specific to MIX486 boards. The application uses only aligned buffers
so no message passing transfer/alignment buffers are included.
(MBII)
Multibus II Hardware
(MDP) Message Device Base Port Address
[0-0FFFFH] 0H
(MDS) Message Device Port Separation
[0-0FFH] 04H
(MDL) Message Interrupt Level
[Encoded Level] 04H
(MCO) Message Device Duty Cycle for One Cycle DMA
[0-0FFH] 052H
(MCT) Message Device Duty Cycle for Two Cycle DMA
[0-0FFH] 097H
(MDC) Message Device Duty Cycle for Burst DMA
[0-0FFH] 04AH
(DDP) Message Device ADMA Data Port
[0-0FFFFH] 0H
(GBR) ADMA Burst Register
[0-0FFFFH] 0H
(GDR) ADMA Delay Register
[0-0FFFFH] 0H
(AIB) ADMA Base Port Address
[0-0FFFFH] 0200H
(ACI) ADMA Channel for Input
[0-0FFFFH] 02H
(ACO) ADMA Channel for Output
[0-0FFFFH] 03H
(DIB) DMA Input Buffer Size
[0-0FFFFFFFFH] 0H
(DOB) DMA Output Buffer Size
[0-0FFFFFFFFH] 0H
(DDA) DAG Device Used
[Yes/No] YES
(DBA) DAG Base Port
[0-0FFFFH] 0300H
(WDP) Watchdog Present
[Yes/No] NO
(WDM) Watchdog Mboxes
[0-0FFH] 03H
(WDI) Watchdog Transmission Interval
[1-0FFFFFFFFH] 03E8H
(WDT) Watchdog Timeout
[1-0FFFFFFFFH] 03E8H

Setting the Master and Slave Interrupt Values
In the following INT and SLAVE screens, the Master and Slave Interrupt layout is
specific to the MIX486 board.
(INT)
Interrupts
(MP) 8259A Master Port
[0-0FFFFH] 0C0H
(MPS) Master PIC Port Separation
[0-0FFH]
(IS) Interrupt Slaves
[Yes/No] YES

02H

(SLAVE)
Slave Interrupt Levels
Slave = Slave_number, Level_Sensitive,
Port,
Separation
[0-7]
[Yes/No]
[0-0FFFFH]
[0-0FFH]
[ 1] Slave =
7 ,
NO ,
0C4H ,
02H
[ 2] Slave =
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Setting the Subsystem Values
In the following SUB screen, include the System Debug Monitor and System
Debugger subsystems only as an aid to debugging. Remove these when configuring
the production system.
The application does not require the services of other subsystems because those
provided by the Kernel, Nucleus, and Message Passing subsystem meet the
application’s needs.
(SUB)
(UDI)
(CLB)
(HI)
(AL)
(NET)
(EIO)
(BIO)
(PGS)
(VMD)
(SDM)
(SDB)
(OE)

Subsystems
Universal Development Interface
[Yes/No]
Shared C Library
[Yes/No] NO
Human Interface
[Yes/No] NO
Application Loader
[Yes/No] NO
Networking
[Yes/No] NO
Extended I/O System
[Yes/No] NO
Basic I/O System
[Yes/No] NO
Paging Subsystem
[Yes/No] NO
VM86 Dispatcher
[Yes/No] NO
System Debug Monitor
[Yes/No] REQ
System Debugger
[Yes/No] YES
OS Extension
[Yes/No] NO

NO

Setting the Memory Address and Size Values
In the following MEMS and MEMF screens, change the memory parameters to
reflect a ROM-based application.
(MEMS)
Memory for System
SYS = low [0-0FFFFFFFFH], high [0-0FFFFFFFFH]
[ 1] SYS =
0FFF80000H,
0FFFFFFEFH
[ 2] SYS =
(MEMF)
FSM =
[ 1] FSM
[ 2] FSM
[ 3] FSM

Memory for Free Space Manager
low [0-0FFFFFFFFH], high [0-0FFFFFFFFH]
=
020000H
,
09FFFFH
=
0C0000H
,
07FFFFFH
=

In a ROM/FLASH-based system, the MEMS entry reflects the physical address of
the ROM/FLASH devices once the system is switched to Protected Virtual Address
Mode. It is assumed to be contiguous, in other words, it is all defined in a single SYS
entry.
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On some boards, the ROM/FLASH is at a different address on reset and then is
switched to its final location through I/O output operations. On the MIX486 board,
this address range is fixed and encompasses the two 2 Mbit FLASH sites on the
board.

✏

Note
If you adjust the physical address of ROM/FLASH during the
system initialization process, you must do it in-line in the
custom_initial_hw_setup subroutine. No jumps or calls are
allowed.
See also: Debugging the ROM Initialization Process, in
this chapter

The FSM sections of the MEMF screen describe the RAM Memory available to the
Free Space Manager. The space in memory between 9FFFFH and 0C0000H is
required by the MIX486 board due to its use of a PC chipset. In a ROM/FLASHbased system, the first FSM section must provide enough RAM storage for system
objects copied from ROM/FLASH to RAM during the system initialization process.
Items that are copied from ROM to RAM are the system GDT, LDT, IDT and four
TSSs. Calculate the minimum size for the first FSM section of memory as:
Size(FSM(0)0 = ((Final GDT size * 8) * 2) +
Final IDT size * 8) + 200H

In cases where the application system executes out of RAM, the first FSM memory
section must be large enough to contain the minimum FSM size, calculated above, in
addition to the memory required to hold all code segments that make up the
application system. Refer to the Segment Map (Figure 9-1) portion of the .mp2 file
generated by BLD386 for the application system and add up the segment sizes for all
“ER” type segments listed there.
The final sum of the equation above plus the application code segments is the final
minimum size of the FSM(0) section of memory.
When the system initializes (during the ROM Initialization Code and the early stages
of Nucleus initialization), it removes memory from the FSM(0) memory section
(beginning at the lowest specified memory address) as needed to handle the items
copied from ROM to RAM. FSM(0)'s final low address is adjusted upwards
accordingly.
Figure 9-1 lists the Segment Map from the mix4dxro.mp2 file.
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SEGMENT MAP
TABLE BIT DPL

ACCESS

GDT
1
2
33
34
35
44
45
46
47
48
49
60
80
85
300
302
308
309
310
320
343
344
400
401
402
403
404
426

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

USE

BASE

LIMIT

RW
RW
RW
ER
RW
ER
ER
RW
RW
RW
RW
RW
ER
RW
RW
RW
ER
RW
RW
ER
ER
RW
RW
RW
ER
RW
RW
ER

16
16
16
16
16
16
32
32
16
16
16
32
32
32
16
32
32
32
32
32
32
32
16
16
32
32
16
16

FFF80000H
FFF80DC0H
0000FAA8H
FFFA8754H
FFFA0BB0H
FFFAB0C4H
FFFB1AD8H
0000A3C4H
0000FAA0H
0000FAA4H
FFFA0AE2H
00000000H
FFF80E50H
00006464H
0000FA18H
0000FB8CH
FFFC0A24H
0000B958H
0000B2FCH
FFFA3560H
FFFBEAC8H
0000AC28H
0000FA10H
0000FA14H
FFFAB0DCH
00007270H
000083C4H
FFFA85B2H

00000DBFH
0000008FH
00000003H
0000296EH
000013E5H
00000015H
0000BFC7H
00000860H
00000003H
00000003H
000000CCH
000060CAH
0001FC90H
000003FFH
00000087H
00000007H
00015AE5H
00001064H
00000659H
00000139H
00001F5AH
000006D3H
00000003H
00000003H
000069FBH
00001152H
00001FFFH
000001A1H

LDT.1 (LDT1)
1
1 0 RW
72 1 0 ER
73 1 0 RW
74 1 0 RW
75 1 0 RW

16
32
32
32
32

FFFA1F96H
FFFA369CH
00006C84H
00006E60H
000060CCH

00000DBFH
00004F15H
000001DAH
0000028FH
00000394H

SEGMENT NAME

GDT:
IDT:
?DUMMY_MODULE.SDM3_ALIAS_SEGMENT3
SDM_DASM.DASM_CODE
SDM_DASM.DASM_DATA
SDM_DASM.CODE
M3.SDMIII_CODE32
M3.SDMIII_DATA
?DUMMY_MODULE.SDM3_ALIAS_SEGMENT
?DUMMY_MODULE.SDM3_ALIAS_SEGMENT2
SDM_DASM.SDM_DASM_DATA
NUCDAT.DATA
NUCDAT.CODE
NUCDAT.STACK
?DUMMY_MODULE.SHADOW_IDT_SEG
?DUMMY_MODULE.CC_120_SEG_5
SDBCNF.CODE
SDBCNF.DATA
SDBCNF.NEWSTACK
NTRSTK.STK_OVFW
M3.CC_CODE32
M3.CC_DATA
?DUMMY_MODULE.MI_ALIAS_SEGMENT
?DUMMY_MODULE.MI_ALIAS_SEGMENT2
M3.MIII_CODE32
M3.MIII_DATA
M3.STACK
SDM_DASM.SDM_DASM_CODE

LDT1:
E80387.A?MED
E80387.A?MSR
E80387.STACK
NUCDAT.JOBDAT

Figure 9-1. Example Segment Map
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79
80
90
91
92
93
94
95
96
97
98
99
100
101
102

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

RW
ER
ER
ER
RW
RWD
RW
ER
ER
RW
RWD
RW
RW
RW
RW

32
32
16
16
32
16
32
16
32
32
32
32
32
32
32

00006864H
FFFA3538H
FFFFFFF0H
FFFFF000H
00006884H
FFFF7198H
00007198H
FFFBDAA0H
FFFD650CH
0000C9C0H
0000FA10H
0000FAACH
0000FB2CH
0000FB4CH
0000FB6CH

0000001DH
00000026H
00000003H
00000DCEH
000003FFH
0000FF57H
000000D4H
00001024H
0000050FH
0000004CH
FFFFCFFFH
0000007FH
0000001FH
0000001FH
0000001FH

NUCDAT.ESCAPE_SS
NUCDAT.ENTRY_CODE
NUCDAT.RESTART_CODE_ROM
NUCDAT.CODE_ROM
NTRSTK.SE_STACK
SDM_DASM.STACK
M3.DATA
M3.SDMIII_NPX_CODE
START.CODE
START.DATA
START.STACK
?DUMMY_MODULE.CC_120_SEG_1
?DUMMY_MODULE.CC_120_SEG_2
?DUMMY_MODULE.CC_120_SEG_3
?DUMMY_MODULE.CC_120_SEG_4

Figure 9-1. Example Segment Map (continued)

Setting the System Debug Values
In the following SDB screen, the System Debugger is entered through a NonMaskable Interrupt (NMI) generated across the interconnect space. Set the SLV
entry to 0FFH and set the NMI entry on the NUC screen to allow an NMI to trigger
the SDB.
(SDB)
System Debugger
(SLV) SDB Interrupt Level
[Encoded Level/NONE = 0FFH]
(ESC) Enable Screen Scrolling Control
[Yes/No] YES

0FFH

Since the MIX486 board has no on-board serial devices, set the RCI entry to Primary
in the SDM screen so the Remote Console Interface Driver is the SDM/SDB's I/O
device.
(SDM)
(D51)
(A54)
(B54)
(A74)
(B74)
(G79)
(A30)
(B30)
(RCI)
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System Debug Console MultiBus Drivers
8251 Console Controller Driver [Primary/Secondary/No] NO
354 Port A Console Controller Driver [Primary/Secondary/No] NO
354 Port B Console Controller Driver [Primary/Secondary/No] NO
8274 Port A Console Controller Driver [Primary/Secondary/No] NO
8274 Port B Console Controller Driver [Primary/Secondary/No] NO
SBX 279 Console Controller Driver [Primary/Secondary/No] NO
82530 Port A Console Controller Driver [Primary/Secondary/No] NO
82530 Port B Console Controller Driver [Primary/Secondary/No] NO
Remote Console Interface Driver [Primary/Secondary/No] PRIMARY
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PC Drivers
(SR1) Serial Port One
[Primary/Secondary/No] NO
(BP1) Serial Port One Base Address
[0-0FFFFH] 03F8H
(SR2) Serial Port Two
[Primary/Secondary/No] NO
(BP2) Serial Port Two Base Address
[0-0FFFFH] 02F8H
(CON) Console Port
[Primary/Secondary/No] NO

With the SDM/SDB present in the configuration, set the Default Hardware Exception
Handler and NMI Exception Mode entries in the NUC screen to enable an NMI
signal to break to the monitor.
(NUC)
(NGE)
(NIE)
(PV)
(ROD)
(DSH)
(EM)
(NEH)
(DHH)
(NMI)
(NEB)
(LSE)
(HSE)
(RRP)
(RRT)
(RIE)
(MCE)
(CS)

Nucleus
Number Of GDT Entries
[440-8190] 500
Number Of IDT Entries
[0-256] 256
Parameter Validation
[Yes/No] YES
Root Object Directory Size
[0-3840] 50
Default Software Exception Handler
[Job/Task/STask/User] JOB
Exception Mode
[Never/Program/Environ/All] NEVER
Name of Ex Handler Object Module
[1-55 Chars]
Default Hrdwr Exception Handler [Job/Task/STask/Monitor] MONITOR
NMI Exception Mode
[Ignore/Process] PROCESS
NMI Enable Byte
[0-255] 04H
Low GDT/LDT Slot Excluded from FSM [440-8189/NONE=0] 0
High GDT/LDT Slot Excluded from FSM [440-8189/NONE=0] 0
Round Robin Priority Threshold
[0-255] 140
Round Robin Time Quota
[0-255] 5
Report Initialization Errors
[Yes/No] YES
Maximum Data Chain Elements
[0-0FFFFH] 080H
Nucleus Communication Service
[Yes/No] YES

Setting the Nucleus Communications Values
In the NCOM screen, set the Nucleus Communications Services entries to standard
values.
(NCOM)
Nucleus Communication Service
(PMT) Message Task Priority
[0-255] 128
(PDT) Deletion Task Priority
[0-255] 128
(DPT) Default Number of Port Transactions
[0-255] 16
(DHI) Default Host ID
[0=None/1-254] 0
(VBP) Validate Buffer Parameters
[Yes/No] YES
(MST) Max No. of Simultaneous Transactions [0-0FFFFH] 040H
(MSM) Max No. of Simultaneous Messages
[0-0FFFFH] 080H
(RFT) Receive Fragment Failsafe Timeout
[0-0FFFFH] 0400H
(NTM) Number of Trace Messages
[0-255] 255

Programming Techniques

Chapter 9

133

Setting the System Job Values
In the SYSJ screen, no system jobs are required in this application system so set all
entries to “No.”
(SYSJ)
System Jobs
(PCI) PCI Server Job
[Yes/No] NO
(DL) MBII Downloader Job
[Yes/No] NO
(ATC) ATCS/279/ARC Server Job
[Yes/No] NO
(A50) ATCS/450 Server Job
[Yes/No] NO
(BS) MSA BootServer Job
[Yes/No] NO
(FPI) FPI Server Job
[Yes/No] NO
(SSK) SoftScope Kernel Job
[Yes/No] NO

Setting the User Job Values
Set the TP entry in the USERJ screen so the priority of the first-level job, receive,
starts at 155. Even though the job starts after the EIOS, it has no effect since there is
no BIOS or EIOS in the system. Therefore, the job starts immediately after the SDB
initialization job.
Since the job is written in C, the initial task's public name is main. Because it is
coded as a far procedure, no Public Variable Name is required for the VAR entry of
the USERJ screen. The initial task sets up its own data segment.
(USERJ)
User Jobs
(NAM) Job Name
[0-14 Chars] RECEIVE
(SEQ) Job Sequence
[Before/After] AFTER
(ODS) Object Directory Size
[0-3840] 10
(PMI) Pool Minimum
[20H-0FFFFFFFH] 010000H
(PMA) Pool Maximum
[20H-0FFFFFFFH] 0FFFFFH
(MOB) Maximum Objects
[1-0FFFFH] 0FFFFH
(MTK) Maximum Tasks
[1-0FFFFH] 0FFFFH
(MPR) Maximum Priority
[0-255] 129
(EHS) Exception Handler Entry Point
[1-31 Chars]
(EM)
(PV)
(TP)
(TSA)

Exception Mode
[Never/Prog/Environ/All]
Parameter Validation
[Yes/No] YES
Task Priority
[0-255] 155
Task Entry Point
[1-31 Chars] MAIN

(VAR) Public Variable Name

NEVER

[0-31 Chars]

(SSA) Stack Segment Address
[SS:SP] 0000:0000H
(SSI) Stack Size
[0-0FFFFH] 0500H
(NPX) Numeric Processor Ext. Used
[Yes/No]
NO
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In the USERM screen, the builder looks for the first-level job link file, receive.lnk, in
the local directory.
(USERM)
Module
[ 1] Module
[ 2] Module

User Modules
= 1-55 characters
= RECEIVE.LNK
=

Setting the RAM and ROM Values
(ROM)
(SYR)
(CPI)
(EOR)
(VSS)
(VSE)
(RBA)
(RDA)
(SRC)
(CRS)
(CRO)

ROM Code
System In ROM
[Yes/No] YES
Copy ROM Initialization Code to RAM
[Yes/No] NO
Execute System Out of Rom/Flash
Yes/No] NO
Volatile System Memory Starting Address
[0-0FFFFFFFFH] 0H
Volatile System Memory Ending Address
[0-0FFFFFFFFH] 01FFFFH
Base Address of ROM Init code at reset [0-0FFFFFFFFH] 0FFFFF000H
RAM Destination Address of ROM Init code [0-0FFFFFFFFH] 0H
Size of ROM Initialization Code
[0-0FFFFFFFFH] 0H
Custom ROM Initialization Source File
[1-45 Chars] MIXINIT.INC
Custom ROM Initialization Object File
[1-45 Chars] MIX4IN.LNK

In this application system, the ROM Initialization Code mode of operation is
RAM-less (CPI=NO). In the RAM-less mode, the ROM Initialization Code expects
to be entered using a near jump placed at the Reset Vector (at FFFFFFF0H). In this
case, the ROM Initialization Code immediately sets up its initial GDT/IDT in
nonvolatile memory before switching the microprocessor into protected mode.
Setting the ROM Initialization Code mode of operation to RAM-full (CPI=YES)
means that the ROM Initialization Code expects to be entered using a far jump from
some non-iRMX initial program, such as a Flash utility. In this case, the ROM
Initialization Code copies itself from nonvolatile memory into RAM and sets up its
initial GDT/IDT in RAM before switching the microprocessor into protected mode.
This mode allows nonvolatile memory to be remapped to a new physical address.
The RAM destination address of the ROM Initialization Code (RDA) must be within
the first megabyte.
See also:

Calculating Volatile Memory Size, in this chapter

The system copies the OS and its associated application from ROM to RAM as part
of the initialization process (EOR=NO). It defines system RAM memory excluded
from the Free Space Manager in the address space from 0 to 1FFFFH. The system
uses this memory as Volatile System Memory, which is static memory used for stack
and data by the OS layers and application program.
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This Volatile System memory must be below and contiguous to the first FSM section
for Free Space Memory. It must be at least 300H bytes in length since the ROM
Initialization Code uses 300H bytes of memory just below the start of the first FSM
section for its own stack and data area. The OS and/or application can also use this
memory since the ROM Initialization Code will already have completed its work by
the time the OS begins.
Calculating Volatile Memory Size
In configuring your application system to be ROM\Flash-based, you must reserve a
certain portion of Volatile System Memory as static data and stack. To identify the
minimum memory requirements for your specific application, you can calculate the
memory requirements based on information in the .mp2 file generated for your
application. The demonstration application generates the mix486dx.mp2 file (Figure
9-1).
As shown in Figure 9-1, the Segment Map of an .mp2 file lists the base address and
limit of each segment defined in the application system. Using the information in
both the GDT and LDT sections of the Segment Map, you can calculate the amount
of code (MEMS) and data (VSS and VSE) needed by your application system, as
follows.
1.

Find the highest code physical address in non-volatile ROM. These addresses
start with “FFF”. In mix486dx.mp2, the highest code address is LDT Slot 96
listed in this line:
96 1

0

ER

32FFFD650CH 0000050FH START.CODE

2.

Add the base address (FFF0650H) and the limit for the code address (50FH) to
obtain their sum (FFF06A1BH).

3.

Obtain the high address in the MEMS screen, which is FFFFFFEFH in the
example.

4.

The sum of the base address and limit (FFF06A1BH) must be less than or equal
to the MEMS high address (0FFFFFFEFH), as is the case in the example.

Now calculate the memory requirements for RAM:
1.

Find the highest data physical address in RAM. These addresses start with
“0000”. As seen in Figure 9-1, the highest data address is listed is GDT Slot
302:
302 1

2.
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0

RW

32 0000FB8CH 00000007H ?DUMMY_MODULE.CC_120_SEG_5

Add the base address (0FB8CH) and the limit for the data address (7H) to obtain
their sum (FB93H).

Chapter 9

Developing Applications for ROM

3.

✏

The sum of the base address and limit must be less than or equal to the VSE high
address (1FFFFH). Finally, adjust the VSE parameter to be equal to the low
address of the MEMF entry minus one.
Note
If you do not allocate enough Volatile System Memory, you will
see the following error message when you generate the system. If
the segment_name is a data segment, check the VSS and VSE
entries. If the segment_name is a code segment, check the MEMS
entries.
*** WARNING 177: SEGMENT ALLOCATED OUTSIDE SPECIFIED RANGE
SEGMENT: segment_name

Set the base address of the ROM Initialization Code to 0FFFFF000H using the RBA
entry in the ROM screen. This address must be on a 4 Kbyte boundary and be within
64 Kbytes of the system restart vector, which resides at 0FFFFFFF0H. The restart
vector does a near jump to this address.

✏

Note
Accessing an address of 0FFFFF000H while in Real Mode is based
on a feature of all Intel Architecture microprocessors. At reset, all
address lines are driven high by the microprocessor and stay that
way until the first far jump is made. The ROM Initialization Code
makes sure the hardware descriptor tables (GDT and IDT) refer to
this high memory address area by the time the first far jump is
made (immediately after switching to PVAM).

You can verify the size of the ROM Initialization Code by looking at the Segment
Map in the .mp2 file generated by the BLD386 utility. Refer to Figure 9-1, LDT Slot
91.
The size of the ROM Initialization Code varies based on the amount of code your
application requires to properly configure your system hardware. In the MIX486
example, the code is approximately 3500 bytes in length.
Since the RAM-less mode of ROM Initialization is used, this example sets the RDA
and SRC entries to 0H.
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When the ICU generates the configuration files for a ROM-based system, it creates a
ROM Custom Initialization include file whose name is
definition_file_base_name.inc.inc. The ICU places into it a set of empty ASM386
macros as well as a small amount of assembler code. In the MIX486 example, the
ICU definition file is mix486dx.bck, so the ROM Custom Initialization include file is
created as mix486dx.inc. See the comments in the .inc file for areas where you can
customize the initialization code.
When developing a ROM-based iRMX system, modify this ROM Custom
Initialization include file to use your custom code. Copy the file to a different file
whose pathname you list in the CRS entry. The System Generation submit file
copies the CRS-specified file over the ROM Custom Initialization include file. It
uses this file when generating the ROM Initialization Code object files. By giving it
a different name, you insure your modifications to the ROM Custom Initialization
include file will not be destroyed the next time you run the ICU.
As part of the modifications made to mix486dx.inc to yield mixinit.inc, calls are made
to two near procedures, mix4_init and init_486. Specify the link file containing
these two procedures as mix4in.lnk in the CRO entry of the ROM screen. These calls
are specific to the MIX486 board. The files mix4in.lnk, mix486dx.bck, and
mixinit.inc are located in the /rmx386/demo/rom/mix486 directory.

✏

Note
If you are programming ROM on different target hardware, you
can create your own external procedures. This means you must:

•

Use 16-bit code

•

Name the Code Segment as “code_rom”

•

Not use a data segment

•

Modify the .inc file to call your procedure

•

Modify the CRO entry of the ROM screen

(INCL)
Includes and Libraries [1-30 Characters]
(UDF) UDI Includes and Libs
/RMX386/UDI/
(HIF) Human Interface Includes and Libs
/RMX386/HI/
(EIF) Extended I/O System Includes and Libs
/RMX386/EIOS/
(ALF) Application Loader Includes and Libs
/RMX386/LOADER/
(BIF) Basic I/O System Includes and Libs
/RMX386/IOS/
(MNF) Intel Monitor Includes and Libs
/RMX386/SDM/
(SDF) System Debugger Includes and Libs
/RMX386/SDB/
(NUF) Nucleus Includes and Libs
/RMX386/NUCLEUS/
(ILF) Interface Libraries
/RMX386/LIB/
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(DTF)
(VMF)
(NET)
(CLF)
(ISL)
(SJM)

Development Tools Path Name
:LANG:
Virtual 8086 Mode includes and libs
/RMX386/VM86/
iRMX-NET Files
/RMX386/RMXNET/
Shared C Libraries
/RMX386/CLIB/
Intel Support Libraries
/INTEL/
System Jobs Object Modules
/RMX386/JOBS/

Use the standard iRMX generation screen and directory structure to generate the
application system.
(GEN)
(RMB)
(RBF)
(ROF)
(RAF)

Generate File Names
Remote Boot Translation
[Yes/No] NO
Remote Boot File Name
[1-55 Chars] /RBOOT32/RMX386.386
ROM Code File Name
[1-55 Chars] MIX486DX.ROM
RAM Code File Name
[1-55 Chars] MIX486DX.RAM

The file you specify in the ROF parameter is the OMF386 output of the builder. This
output is your iRMX application system which you can program into ROM/FLASH.
The comment record allows you to tag your definition file, specifying its contents.
This record is placed in the Nucleus code segment and is available through a pointer
to it in the RQSYSINFO segment cataloged in the root job.
(COMNT) Comments for Build file each line = 1-55 characters - IN QUOTES
[ 1] = 'iRMX III Release 2.2 Operating System
'
[ 2] = 'for MIX486DX33 and MIX486DX66
'
[ 3] = 'Nucleus/SDM/SDB in ROM using 28f020 flash devices '
[ 4] = 'RAM-LESS ROM Init Version
'
[ 5] =
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Debugging the ROM Initialization Process
To help debug the ROM Initialization process, there are debug write calls at strategic
points in the ROM Initialization Code path. The purpose is to send an output
character through an I/O port so you can track the progress of ROM Initialization
Code as it executes on your board.

✏

Note
BX register—Your code must preserve the contents of the BX
register at the beginning of the custom_init_real_mode macro
and restore this value to the BX register before leaving the
custom_init_real_mode macro.
When developing your own "DebugOp" code, be aware that the
character to be output is passed to the DebugOp macro using the
AL register.

The file mixinit.inc, derived from mix4dxro.inc, is listed below. This file identifies
those sections of the code you must change to support your MIX486 board.
If you wish to have debug characters sent to your output device, you must initialize
and activate your device by placing the appropriate code in DebugOp and
custom_initial_hw_setup macros.
%*define(DebugOp(val)) (%'
; Place any debug output/notification instructions here for aid in
; debugging the rom initialization code. Only I/O instructions are
; recommended since the same routine will operate in both real and
; protected mode
;
; Code which prints debug information to COM1
;
;
mov
dx, 03F8H
;
mov
al,
%val
;
out
dx, al
;
mov
dx,
03FDH
;do_input:
;
in
al, dx
;
and
al, 40H
;
jz
do_input
;purge do_input
;
nop
)%'
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%*define(custom_extrn_1) (%'
;
; Place any external procedure declaration here which will be jumped TO
; from custom_initial_hw_setup. Since the stack is NOT set up at this
; time, only a jump instruction is allowed if an external procedure is
; to be activated. In this case, a label must be placed after the jump
; instruction in custom_initial_hw_setup so that the execution flow can
; return there via a jump in the external procedure.
;EXTRN my_initial_hw_setup_proc
)%'
%*define(custom_extrn_2) (%'
;
; Place any external procedure declaration here which will be CALLED or
; JUMPED TO from custom_init_real_mode and/or
; custom_init_protected_mode. In the case of RAM-LESS rom
; initialization, the stack is NOT set up until just before the call to
; custom_init_protected_mode; therefore, only a JMP instruction is
; allowed in custom_init_real_mode if an external procedure is to be
; activated. In this case, a label must be placed after the JMP
; instruction in custom_init_real_mode so that the execution flow
; can return there via a JMP instruction in the external procedure.
; In the case of RAM-FULL rom initialization, the stack will be set up
; before custom_init_real_mode is called. Thus, a CALL instruction is
; allowed in the custom_init_protected_mode subroutine in both RAM-LESS
; and RAM-FULL modes of rom initialization but is only allowed in
; custom_init_real_mode in the RAM-FULL mode of rom_initialization.
;EXTRN my_custom_init_real_mode_proc
;EXTRN my_custom_init_protected_mode_proc
EXTRN
EXTRN
)%'

mix4_init: near
init_486: near

%*define(custom_initial_hw_setup) (%'
;
; Place any board initialization code here which must be done when the
; system resets, i.e. before the ROM Initialization code starts to run
;
mov
cr2, edx
)%'
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%*define(custom_init_real_mode) (%'
;
; Place any board initialization code here which must be done
; while the system is still running in Real Mode, i.e. before the
; ROM Initialization Code switches the processor to Protected
; Mode. If an external procedure must be accessed from
; custom_rom_init, be sure to use a JMP instruction if the rom
; initialization mode is RAM-LESS.
;
nop
)%'
%*define(custom_init_protected_mode) (%'
;
; Place any board initialization code here which must be done
; immediately after the ROM Initialization Code has switched the
; system to Protected Mode
;
;*********************************************************
push ds
push es
push fs
push gs
mov edx, cr2
push dx
call mix4_init
call init_486
internal cache */
pop gs
pop fs
pop es
pop ds
)%'

;

mix4_init(cpu_sig)

;

/* enable 486

%*define(custom_clear_rnc) (%'
;
; Procedure clear_rnc which is called after switch to protected mode
;
code_rom
segment er use16 public
;
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; Dummy procedure clear_rnc. The real clear_rnc procedure is
; required for Multibus II systems. Therefore, if your target
; system runs on Multibus II, comment out this dummy clear_rnc
; procedure by placing a ';' in front of each of its four lines.
;
;
public clear_rnc
;clear_rnc
proc
;
ret
;clear_rnc
endp
code_rom ends
)%'
%*define(monitor_break_option) (%'
;
; Variable used to indicate if the user wishes to break to the
; SDM monitor upon completion of the ROM Initialization Code and entry
; into the nucleus initialization code. Set to 0FFH if monitor break is
; desired, otherwise set to 0.
;
; NOTE: Only set MONITOR_BREAK to 0FFH if you have iSDM configured into
; the iRMX application system.
PUBLIC MONITOR_BREAK
MONITOR_BREAK DB 0H
)%'

To verify that the iRMX Nucleus initialization code has been entered, set the SLV
entry in the SDB screen to 0FFH (you can change this later if you do not want SDM
configured in your final system).
With the "DebugOp" macro modified and the output device initialized, the following
ASCII characters will appear on a terminal connected to your output device:
1 <====== Sent to output device by initialization code above
2 <====== Sent to output device immediately after call to custom_init_real_mode
macro - will probably be overwritten by the next character if code
switches successfully into protected mode
3 <====== Sent to output device immediately after call to
custom_init_protected_mode macro
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1 <====== Sent to output device before microprocessor type is determined
Next 8 characters are the base address in RAM in reverse order at which
the iRMX GDT will be placed
0 <===== Translates to 18000H
0
0
8
1
0
0
0
4 <====== Sent to output device as delimiter before the iRMX GDT has been copied
from nonvolatile memory to RAM and expanded
Next 8 characters are the base address in RAM in reverse order of the
iRMX GDT just prior to loading it using an LGDT instruction; this is the
address to which the LGDT instruction will point
0 <===== Translates to 18000H
0
0
8
1
0
0
0
5 <====== Sent to output device immediately after LGDT instruction has been
issued; ROM Initialization Code now running out of the iRMX GDT
6 <====== Sent to output device immediately after LIDT instruction has been issued;
ROM Initialization Code now running out of the iRMX IDT
7 <====== Sent to output device immediately after LTR instruction has been issued;
ROM Initialization Code now running out of a temporary Hardware Task
defined in the iRMX GDT
8 <====== Sent to output device immediately before jumping to the iRMX Hardware
Task; the ROM Initialization Code has just set up the iRMX Hardware
TSS to reflect the new Free Space Memory base address

After the series 5, 6, 7, and 8 appear on the terminal, the flow of control leaves the
ROM Initialization Code and enters the iRMX nucleus initialization code.
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Testing the Application
There are two ways to execute the test application. You can execute the receive
program from the Human Interface during RAM-based testing or as a user job which
is executed from ROM on the Multibus II target.
To run the receive application from the Human Interface on the Multibus II target,
attach to the /rmx386/demo/rom/mix4demo directory containing the application and
type:
- receive <CR>

No messages will be displayed and the program will continue to run until terminated
by a Ctrl-C character.
The receive program waits to receive a message at port 0x801 sent by the sendmb2
application. When it receives the message, it forms a new message and returns it to
sendmb2.
To run the receive application from ROM, first follow the directions in this chapter to
generate the application and burn the ROMs. Install the ROMs in the target and then
apply power to the system.
To test whether the receive application is running successfully, regardless of whether
it runs from the Human Interface or from ROM, execute the sendmb2 program.
From the Human Interface on another Multibus II board, attach to the
/rmx386/demo/rom/mix4demo directory containing the application and type:
- sendmb2 slot_id <CR>

Where slot_id is the slot number of the Multibus II agent running the receive
application.
The sendmb2 program sends a message to port 0x801 on the Multibus II agent
running the receive program.
The final display from the sendmb2 program is:
Attempting to send 50 messages to slot X
Messages sent/received [50]
Program terminated successfully.

■■■
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Developing Applications
for Multibus II

10

This chapter provides a conceptual explanation for most of the Multibus II examples
provided with the iRMX OS. These examples provide a more complete
understanding of message passing techniques using the iRMX OS.

Code Examples
Each example in the manual includes a brief description of the example. Source code
for each example is provided with the iRMX OS.

✏

Note
The files dcomext.h and dcomlit.h are common to the examples in
this chapter.

The source code for the examples are located in the /rmx386/demo/c/mb2/intro
directory. To attach to this directory, type:
-

af /rmx386/demo/c/mb2/intro <CR>

To generate the proper executable 32-bit modules for these examples, run the
generation command (DOS batch file) for your compiler:
Compiler

Generation Command

iC-386 demo

- make

Microsoft C

- mscdemo

Watcom C

- watdemo

If each host has its own disk, enter this command on both host's terminals. If one of
the hosts is diskless, use the file server to generate the example.
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Examples Using Nucleus Communication System
Calls
The examples in this chapter are presented in an order similar to their use in a real
system. The examples step you through these concepts:
Module

Use

icscan.c

Scanning the system to determine what boards are in the system. This
example runs independently of all the other modules.

tranport.c

Creating a data transport protocol port to use in message passing.

sndrsvp.c

Sending an RSVP message to another board and waiting for a reply.
This module must be run with rcvrsvp.c or sndfrag.c.

rcvrsvp.c

Answering an RSVP message from the receiving board. This module
must be run with sndrsvp.c.

sndmsg.c

Sending a contiguous buffer. This example must be run with either
rcvmsg.c or dcrcvmsg.c.

dcsndmsg.c Sending a data chain message. This example must be run with either
rcvmsg.c or dcrcvmsg.c.
rcvmsg.c

Receiving a contiguous buffer. This example must be run with either
sndmsg.c or dcsndmsg.c.

dcrcvmsg.c Receiving a data chain message. This example must be run with either
sndmsg.c or dcsndmsg.c.
sndfrag.c

Sending a fragmented message. This example must be run with
sndrsvp.c.

rcvfrag.c,
sfrag.c

Receiving a fragmented message.

✏
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Note
The examples make certain assumptions about the locations of the
host boards in the Multibus II system that they run on. The
REMHOSTID definition in the sndrsvp.c, sndmsg.c, dcsndmsg.c,
sfrag.c examples assume the processor location board is in slot 0.
Change this definition if you want to change the remote host to any
processor board in the board.
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Interconnect Space Example - iscan.c
Before passing messages between agents (boards) in your system, you need to
determine what boards are in your system and the message addresses (cardslot
number for boards on the PSB) for the boards. Writing a board scanner task will
provide you with this information. This task accesses an interconnect register,
allowing you to dynamically determine host IDs, board type, and multiple
occurrences (instances) of a board type.
This section presents an example of getting the interconnect information for an entire
system. The example performs the board scan, get the slot number and board type of
each board in the system and places the information into an array of structures called
sys_map. When the board scan is complete, sys_map is displayed on the console
screen.
Figure 10-1 presents a board-scanning algorithm. The read statements in this figure
refer to the rq_get_interconnect system call. For a map or template of a particular
board's interconnect registers, refer to the board's hardware reference manual.
FOR i = 0 to number of slots minus 1
DO;
Read board(i) vendor ID register;
IF vendor ID <> 0 then
DO;
Read board(i) class and subclass ID registers /*
Determine
board type */
Write the board information into the system map
END;
ELSE;
Write 'empty' into the sys_map for the slot number
END;
END;
Get ID of local host
FOR i = 0 to number of slots minus 1
DO:
Print slot numbers and board types to console screen
END;

Figure 10-1. Board Scanning Algorithm
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In the fourth line of the board scanner algorithm, a vendor ID of 0 (for PSB hosts
only) indicates that either the board was manufactured by a non-licensed vendor or
the cardslot is empty. If you are also scanning the iLBX II bus, replace the 0 with
0FFFFH.
To run the board scanner example, type:
-

icscan <CR>

The source code for this example is located in the /rmx386/demo/c/mb2/intro
directory.

Creating a Port for Message Passing - tranport.c
Once you have information on what boards are in your system, the next step is to
create a port for message passing and associate a buffer pool with it. This module
creates a buffer pool, releases a number of 400H byte buffers to it, creates a data
transport type port, and then creates a token to use as a reference to the port.
The source code for this example is located in the /rmx386/demo/c/mb2/intro
directory.

Sending Data Using Send_rsvp
Now that you have information on the boards in the system and a data port, you are
ready to send data in message form. The next example illustrates one of the most
common message passing formats, the request/response, typically used between two
iRMX hosts. Two terms, client and server, are used to describe the boards involved
in request/response messages. The client is the requesting board and the server is the
responding board.
Figure 10-2 shows the logical representation of the message-passing model for a
request/response transaction. A task on the client board initiates the transaction by
sending an send_rsvp call to a well-known port on the server board (see
Figure 10-3). Because the ports on a remote board cannot be dynamically
determined, this example assumes a port that is created on all boards as a starting
point for message passing. Once you have a host_id for a remote board
(REMHOSTID), you combine it with the port_id (REMPORT) of the well-known
port to create the socket for the destination of a message. When the server board
receives the message, it replies with the send_reply call (see Figure 10-4). The
request/response messages continue until the data requested in the original send_rsvp
system call is received by the task on the client board.
See also:
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For this example, we assume:

•

The port on the client board has one buffer large enough for the requested data.

•

The port receiving the RSVP message is not being used as a sink port.

Board issuing the RSVP call

Board replying to the RSVP call

Client Board

Server Board
Bus Interface

Bus Interface
RECEIVE

RECEIVE
Local CPU

Local CPU

9
4
2

1

SEND

10

5

SEND

6

7
3

8

TASK 2

TASK 1

Operations that are transparent to calling tasks
LEGEND
From Client Board
From Server Board
Message Passing Bus
W-0305

1.

Task 1 on the Client board issues a send_rsvp system call. In an RSVP/REPLY transaction,
the board that issues the call is the client; the board that replies is the server.

2.

The Nucleus Communication Service (NCS) turns the information from the send_rsvp system
call into a message then sets the buffer space for the expected reply.

3.

The Message Passing Coprocessor (MPC) sends the message across a message passing bus
to the remote agent specified in the send_rsvp system call.

4.

The CPU on the server board receives a PIC interrupt because a Multibus II message has been
received.

5.

The NCS on the server board directs the message to the appropriate port (and, therefore, task).

6.

Task 2 responds with a send_reply system call that contains information about the data being
sent.

7.

The NCS on the server board turns the information in the send_reply system call into a
message that is sent by the MPC.

8.

The message travels across the message passing bus, an operation transparent to the
operating systems on both boards.

9.

The MPC on the client board places the message into the buffer that was set up in step 2, and
then sends an interrupt to the CPU, informing it of the completion of the message transaction.

10. The NCS on the client board directs the message to the correct task using the port ID
(REMPORT). The CPU on the client board is aware of operations in steps 1, 2, 9, and 10.

Figure 10-2. An RSVP/REPLY Transaction between Two iRMX Hosts
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Figure 10-3 is an algorithm for the client board in this transaction.
Client board
Call an external procedure called get$dport that returns a
TOKEN for the local port to be used in the RQ$SEND$RSVP call.
Initialize the socket structure, declared externally.
Set the message size to be zero length.
Initialize the global variable rsvp_size to the LITERAL RSVPB
(128 bytes).
Issue the RSVP system call using the previously initialized
variables.
Use the RQ$RECEIVE$REPLY system call to wait for an answer.
Send the reply message, "This is a send$reply message" to the
console screen.
Exit from the example.

Figure 10-3. Algorithm for the Client Board

Figure 10-4 is an algorithm for the server board in this transaction.
Server board
Call an external procedure, get$dport, that returns a TOKEN to
be used in the RQ$RECEIVE and RQ$SEND$REPLY calls.
Perform an RQ$RECEIVE using the TOKEN returned from get$dport.
Perform an RQ$SEND$REPLY on successful completion of the
RQ$RECEIVE.
IF the data arrives correctly (msg_ptr <> NIL)
Return the buffer to the buffer pool.
End server procedure.

Figure 10-4. Algorithm for the Server Board
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The send message example must be run with the corresponding receive message
example. To run these examples, first type this command on the host in slot 0, or in
the slot as server defined by the REMHOSTID parameter:
-

rcvrsvp <CR>

Then type this command on the host in any slot:
-

sndrsvp <CR>

The source code for this example is located in the /rmx386/demo/c/mb2/intro
directory.

Sending and Receiving Messages
This section presents examples of sending and receiving buffers (messages) either as
contiguous buffers or as data chains. The example is presented in two modules, one
that sends a message and one that receives it. A port's ability to receive messages in
data chain form is set according to the attributes of the port's associated buffer pool.
The programs for sending messages:
File

Action

Object

sndmsg.c

Send

Contiguous buffer

dcsndmsg.c

Send

Data chain buffer

rcvmsg.c

Receive

Contiguous buffer

dcrcvmsg.c

Receive

Data chain buffer

The source code for this example is located in the /rmx386/demo/c/mb2/intro
directory.
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Receiving a Message
The receive example must be run with the corresponding send message example. To
run a receive example, first type one of these commands on the server in slot 0, or in
the slot as server defined by the REMHOSTID parameter:
-

rcvmsg <CR>

for sending a contiguous buffer

or
- dcrcvmsg <CR>

for sending a data chain

After setting the host in slot 0 to receive, run the respective send example on another
host. After receiving the message, the host terminal in slot 0 displays:
Message received by [rcvmsg|dcrcvmsg] as a
[contiguous buffer|data chain] is as follows:
This is the message sent by [sndmsg|dcsndmsg] as
a [contiguous buffer|data chain].

Sending a Message
The send example must be run with a receive message example. To run a send
example, type one of these commands on the host in any slot other than 0:
-

sndmsg <CR>

for sending a contiguous buffer

-

dcsndmsg <CR>

for sending a data chain

or

Sending a Message in Fragments
This section presents an example of sending and receiving a message that is broken
into fragments. The example is presented in two modules, one that sends the
fragmented message and one that receives it. A port's ability to receive messages in
fragment form is set according to the attributes given to the port at the time of its
creation.
The send fragment example must be run with the send RSVP procedure. To run
these examples, first type this command on the server in slot 0, or in the slot as server
defined by the REMHOSTID parameter:
-

sndfrag <CR>

This procedure breaks the data into fragments and sends them to a processor board.
Then type this command on the host in any slot other than 0:
-
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This procedure receives the fragmented data and displays it on the host terminal from
which the sndrsvp command was executed:
This is a reply sent in fragments.

Receiving a Message in Fragment Form
This section presents an example of sending a message and receiving it in fragment
form. The example is presented in two modules. The first module, sfrag, initiates a
transaction which forces receiving in fragment form. The second module, rcvfrag,
receives the message and prints it on the console screen. To run these examples, first
type this command on the server in slot 0, or in the slot as server defined by the
REMHOSTID parameter:
-

rcvfrag <CR>

Then type this command on the host in any slot other than 0:
-

sfrag <CR>

The host terminal from which the sfrag command was executed displays:
This is a reply to a fragmented message.

The host terminal in slot 0 displays:
This was received via fragmentation.
This is the second fragment.

The Name Server Example
This is the most complex example provided with the iRMX OS. This example
implements a table that dynamically catalogs the names of all the ports created in a
system. Two tasks, one for remote requests and one for local requests, manage the
name server table.
The remote server task uses both control and data messages to service requests. The
local server services requests through data mailboxes. The name server table is
implemented as a circular list which is accessed by procedures that insert or delete
port names, get or change socket information, and set up the table for these accesses.
When a client board makes a request to the name server, the request is sent, the
calling task waits for a reply, and the name server returns information specific to the
request (e.g., the result of modifying an entry in the table or the socket for a remote
port).
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The example, written in PL/M, for the name server is located in the
/rmx386/demo/plm/mb2/nservr directory. This command makes the directory
containing the name server example the current directory.
-

af /rmx386/demo/plm/mb2/nservr <CR>

To generate the executable name server, run the makefile by entering:
-

make <CR>

✏

Note
If an error is generated after running the makefile, you may need to
modify the file. Edit this file and delete the WORD16 switch from
this line:
PLMFLAGS=$(DEBUG) Set(r_32) word16

The name server can be run as a background job to one of the processors. To start
the name server running as a background job, enter:
-

background nservr > nservr.doc <CR>

See also:

background command, Command Reference

Two modules demonstrate the use of the name server: nssndmsg and nsrcvmsg,
which execute as a pair. Nsrcvmsg must execute first. It posts a socket with the
name server under the name receiver. Nssndmsg then executes, sending the name
server a look-up request on the name receiver. Nssndmsg then sends a message to
receiver and nsrcvmsg prints the message:
On the same host in which you invoked nservr as a background process, enter:
-

nsrcvmsg <CR>

On another host, enter:
-

nssndmsg <CR>

The host terminal displays:
This is a simple message.

This process can be demonstrated on either host board, but the order of module
execution cannot be changed.
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The General Examples
The two examples presented in this section are located in the
/rmx386/demo/plm/mb2/general directory. The concepts they demonstrate are:

•

Example 1: sending and receiving unsolicited messages

•

Example 2: sending and receiving asynchronous solicited messages

To examine the examples, attach their directory by entering:
-

af :rmx:demo/plm/mb2/general <CR>

To generate the executable modules for all of these examples, run the makefile by
entering:
-

make <CR>

If each host has its own disk, this command must be entered on both host's terminals.
If one of the hosts is diskless, enter this command on the host which is acting as its
fileserver.

✏

Note
The module utils.lit contain default client and server PSB slot
definitions. They can be changed for running the examples. All
PSB slot numbers are in hexadecimal.
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Example 1: Sending and Receiving Unsolicited Messages
This example demonstrates sending and receiving unsolicited messages. It can be
executed on any Multibus II boards running the OS or on any single board running as
both the CPU and the communications board (short-circuit mode). The client and
server boards must be situated in slot CLIENT$PSB$SLOT and
SERVER$PSB$SLOT, respectively. These slots are defined in utils.lit, located in
this example's directory.
In this example, the client is defined as host 4 and the server as host 2.

Execution of Client and Server Programs
This table shows the various steps the client and server programs perform during the
execution of example one.
Table 10-1. Flow of Program Execution for Example 1
Steps

Program

Action

1

client
server

Enable in-line exception handling
Enable in-line exception handling

2

client
server

Create port object; associate port with a default remote socket
Create port object; associate port with a default remote socket

3

client

Prompt user for message
Encrypt message
Send message asynchronously to server
Wait for response from board in slot SERVER$PSB$SLOT

4

server

Receive message and display in encrypted form
Decrypt message and display in decrypted form
Send decrypted message back to client board

5

client

Display decrypted message
Prompt user for another message

This cycle repeats steps 3 through 5 until six messages have been sent and received.
The programs then terminate.
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Running Example 1
To run this example, first enter this command on the host in slot 4:
-

clnt32 <CR>

The terminal displays:
Enter any string of characters:

Second, enter this command on the host in slot 2:
-

srvr32 <CR>

The server will wait for input from the host in slot 4. For example, your message on
host 4 can be:
My exciting message! <CR>

When host 0 receives the message, it first displays the encrypted version, then the
decrypted version.
Message received is: [encrypted version is displayed]
Converted message: My exciting message!

The server then sends the converted message back to the client, which displays the
message and prompts for the next input.
Message received is: My exciting message!
Enter any string of characters:

After six messages, both programs terminate.
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Example 2: Sending Asynchronous Solicited Messages
This example demonstrates sending asynchronous solicited messages and using
buffer pools. It can be executed on any Multibus II boards running the OS or on any
single board running as both the CPU and the communications board (short-circuit
mode). The client and server boards must be situated in slot CLIENT$PSB$SLOT
and SERVER$PSB$SLOT, respectively. These slots are defined in utils.lit, located
in this example's directory.
In this example, the client is defined as host 4 and the server as host 2.

Execution of Client and Server Programs
This table shows the various steps the client and server programs perform during the
execution of example two.
Table 10-2. Flow of Program Execution for Example 2
Steps

Program

Action

1

client
server

Enable in-line exception handling
Enable in-line exception handling

2

client
server

Create port object; associate port with a default remote socket
Create port object; associate port with a default remote socket

3

client
server

Create buffer pool; associate pool with the port created earlier
Create buffer pool; associate pool with the port created earlier

4

client
server

Create buffers and release them to the pool
Create buffers and release them to the pool

5

client

Prompt user for message
Encrypt message and send message asynchronously to server
Wait for asynchronous send transmission message

6

client
server

Wait for response from board in slot SERVER$PSB$SLOT
Receive encrypted msg from board in slot CLIENT$PSB$SLOT
Move message from buffer pool buffer to application buffer
Release the buffer back to the buffer pool
Decrypt message and display decrypted form
Send decrypted message synchronously to client board

7

client

Release buffer back to buffer pool; display decrypted message
Prompt user for another message

This cycle repeats steps 5 through 7 until eight messages have been sent and received.
The programs then terminate.
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Running Example 2
To run this example, first enter this command on the host in slot 4:
-

solclnt32 <CR>

The terminal displays:
Enter any string of characters:

Second, enter this command on the host in slot 2:
-

solsrvr32 <CR>

The server will wait for input from the host in slot 4. For example, your message on
host 4 can be:
-

My exciting message! <CR>

When host 0 receives the message, it first displays the encrypted version, then the
decrypted version.
Message received is: [encrypted version is displayed]
Converted message is: My exciting message!

The server then sends the converted message back to the client which displays the
message and prompts for the next input.
Message received is: My exciting message!
Enter any string of characters:

After eight messages, both programs terminate.

■■■
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11

Developing Applications in
Assembly Language

This chapter provides information on invoking system calls from assembly language.
It also provides an example of an interrupt handler and an OS extension interface.
Files referred to in this chapter are located in the /rmx386/demo/asm/intro directory.

Invoking System Calls from Assembly Language
To invoke system calls from assembly language programs, the assembly language
programs must obey the Fixed Parameter List (FPL) procedure-calling protocol used
by C and PL/M. For example, if your ASM386 program uses the SendMessage
system call, then you must call the RqSendMessage interface procedure from your
assembly language code.
In general, to call a C or PL/M procedure, do this:
1.

Push all the parameters onto the stack.
Push the parameters in the order they are listed in the system call reference
manuals; that is, starting with the leftmost parameter and working towards the
right.
Push long pointers (complete addresses consisting of a selector and an offset)
selector (as a 16-bit value) first, then the offset (as a 32-bit value for PL/M 32-bit
mode).

2.

Call the procedure.
The CALL instruction also places the return address of your calling procedure
onto the stack. This enables control to return to your program after the system
call completes.
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Some system calls return values. In assembly language, the returned values are
available in registers as listed in Table 11-1.
Table 11-1. Registers Containing Returned System Call Values
Type

32-bit Register

BYTE

AL

WORD

AX

DWORD

EAX

INTEGER

AX

POINTER

DX:EAX

SELECTOR

AX

The file reg.inc (used by the interrupt handler example) contains macro definitions
used to produce common source code for iRMX II and III. These macro definitions
define the register values shown in Table 11-1. The interrupt handler description on
page 167 shows how to invoke these definitions.
When writing assembly language routines that call iC-386 or PL/M-386 interface
procedures, use the compact model with ASM near calls.
If some of your application code is written in either C or PL/M, your assembly
language code should use the same interface procedures as those used by your code.
However, if your application is written entirely in assembly language, using the
compact interface library and coding your application to make NEAR calls will
produce size and performance advantages.
See also:
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This listing of reg.inc shows definitions for common sourced code.
%IF

)

)

; macro definitions for common sourced code
(%RMX EQ 3) THEN
(%'
%define
(ax)
(eax)
%define
(bx)
(ebx)
%define
(cx)
(ecx)
%define
(dx)
(edx)
%define
(si)
(esi)
%define
(di)
(edi)
%define
(bp)
(ebp)
%define
(sp)
(esp)
%define
(mov16)
(movzx)
%define
(pusha)
(pushad)
%define
(popa)
(popad)
%define
(pushf)
(pushfd)
%define
(popf)
(popfd)
%define
(iret)
(iretd)
%define
(dw)
(dd)
%define
(dd)
(dp)
ELSE
(%'
%define
(ax)
(ax)
%define
(bx)
(bx)
%define
(cx)
(cx)
%define
(dx)
(dx)
%define
(si)
(si)
%define
(di)
(di)
%define
(bp)
(bp)
%define
(sp)
(sp)
%define
(mov16)
(mov)
%define
(pusha)
(pusha)
%define
(popa)
(popa)
%define
(pushf)
(pushf)
%define
(popf)
(popf)
%define
(iret)
(iret)
%define
(dw)
(dw)
%define
(dd)
(dd)
FI%'
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This example shows how to call iRMX system calls from assembly language. The
example assumes that the compact segmentation model is used.
DATA segment RW PUBLIC
seg_tok DW ?
excep
DW ?
DATA ENDS
CODE segment ER PUBLIC
extrn rqcreatesegment:

near

my_prog PROC near
;
; Get addressability to parameters
;
push ebp
mov
ebp, esp
;
; Save caller's DS and obtain local DS
;
push ax
push ds
mov
ax, data
mov
ds, ax
.
.
Typical ASM statements
.
;
; seg_tok = rq$create$segment (400H, @excep);
;
movzx ax,400H
push
eax
push
ds
push
offset excep
call
rqcreatesegment
mov
seg_tok, ax
;
; IF except <> E$OK THEN GOTO error;
;
cmp excep, 0
jnz error
.
.
Typical ASM statements
.
my_prog ENDP
CODE
ENDS
END
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Interrupt Handler Example
The assembly language application, inthand.asm, provides an example of an interrupt
handler. The include file, reg.inc, used by this application provides macro definitions
used for various versions of the iRMX OS. The proper definitions are invoked using
one of these ASM invocation lines (from makefile):
asm86 .ob1 .ls1
asm286 .ob12 .ls2
asm386 .obj .lst

Generating the Interrupt Handler Example
The inthand.asm file contains the assembly language code for the interrupt handler.
To examine the example, attach to the directory by entering:
- af /rmx386/demo/asm/intro <CR>

The inthand.asm file contains the assembly language code for the interrupt handler.
To generate the object file from inthand.asm, run the makefile utility by entering:
- make <CR>

OS Extension Example
This assembly language code provides a listing of the recommended interface to an
OS extension.
Once a call gate has been reserved for use as an OS extension (either using the ICU
in the iRMX III OS, or using the rmx.ini configuration), it can be bound to an
application using the rqe_set_os_extension system call. Other applications can
access the OS extensions using assembly language interface procedures described
below.
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This ASM module is a sample interface to Call Gate 441, which is one of the
user-accessible gates. The OS Extension procedure tied to the gate has this FAR
external interface:
out$char: PROCEDURE(value, status$p) EXTERNAL;
GATE_441
equ
441
$GENONLY
%*DEFINE(CALL_G(ARG))
(DB
9AH
DD
0, %ARG*8)
Name

Interface

Code

Segment

ER

PUBLIC

Public Outchar
Outchar Proc
;
;

Near

PLM CALL -

CALL

OUT$CHAR

(VALUE, @STATUS);

Figure 11-1. OS Extension Code in Assembly Language
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;
;
;
;
;
;
;
;
;
;
;
;
;
;
;

STACK

ESP ->

push
mov
push
push
push

FRAME AFTER PUSHING EBP

,__________________________,
|
OLD EBP
|
|__________________________|
| OFFSET OF RET. ADD.
|
|__________________________|
| OFFSET OF STATUS
|
|__________________________|
| SEGMENT OF STATUS
|
|__________________________|
|
VALUE (PARAMETER)
|
'__________________________'

ebp
ebp, esp
dword ptr ss:[ebp + 16]
dword ptr ss:[ebp + 12]
dword ptr ss:[ebp + 8]

[EBP]
[EBP + 4]
[EBP + 8]
[EBP + 12]
[EBP + 16]

; value
; selector of status_p
; offset of status_p

%call_g(GATE_441)
;CALL gate_441 - Invoke entry procedure through the call gate
les
edi, pword ptr ss:[ebp + 8]
; Load status_p in es:edi
mov
cx,es:[edi]
; Load condition code
; in cx
jcxz
done
; If CX=0, then no error
;
; Error processing code IF CX <> 0
;
done:
;
pop
ebp
ret
12
Outchar Endp
Code
End

Ends

Figure 11-1. OS Extension Code in Assembly Language (continued)

■■■

Programming Techniques

Chapter 11

169

170

Chapter 11

Developing Applications in Assembly Language

Developing Applications in PL/M

12

This chapter contains specific information about using PL/M to create application
code. It discusses:

•

Making calls to the operating system

•

Using include files and libraries

•

Linking or binding object modules

•

A multitasking demo program that uses iRMX system calls

•

A <Ctrl-C> handler example

You should already be familiar with these concepts as well as the PL/M language and
PL/M segmentation models.
See also:

PL/M-386 Programmer's Guide,
Introducing the iRMX Operating Systems

You can compile, bind, and run the demo program from the Human Interface, or you
can use the code and this discussion purely as an example of how to perform certain
operations in PL/M under the OS.

Invoking System Calls from PL/M
Invoking iRMX system calls is just like calling any PL/M procedure. Because you
do not define the system calls in your programs, they must be external procedures.
Therefore, include external declarations for each system call you invoke.
See also:

Binding Your Code to Interface Libraries
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Including External Declaration Files
When you call a procedure that is not defined in your current program module (a
separately compiled portion of code), declare that procedure to be external. The
binder can then satisfy the references to that procedure as it links the program
modules together. A program in one module can then call a procedure in another
module.
Include files are supplied with the iRMX OS. These files are placed permanently in
one location and provide the external procedure declarations for all iRMX system
calls. The declarations are written once, placed in an include file, and then used in
place of repeating the actual declaration in each module.
For example, to use the PL/M include file nuclus.ext, place this statement at the
beginning of your PL/M source code. This statement declares all the Nucleus system
calls to be external.
$include(/rmx386/inc/nuclus.ext)

See also:

Header files, System Calls, for a list of external declaration include files
for PL/M which are supplied with iRMX

Because each include file contains external declarations for many system calls,
including a particular file will probably result in external declarations for several
system calls your program does not invoke. These extra external declarations pose
no problems for the compilers and cause no error conditions.

172

Chapter 12

Developing Applications in PL/M

Binding Your Code to Interface Libraries
After you have written your programs and inserted include statements for the
necessary system calls, compile the code and bind it to the appropriate iRMX
interface library.
Interface libraries supplied with the iRMX OS provide a standard interface to the
system calls. The interface libraries contain procedures that correspond to iRMX
system calls. These procedures have the same names and use the same parameters as
the system calls. The interface procedure performs operations to invoke the actual
system call. For example, iRMX interface procedures make calls to call gates when
accessing system calls.
After compiling the program code, satisfy the external references to the system calls
by using BND386, which binds the compiled code to the appropriate interface
libraries. There are several interface libraries to choose from. The library you
choose depends on the system calls and the segmentation model used.
See also:

Interface Libraries, System Call Reference, for the general iRMX
libraries and the UDI libraries

Using the UDI calls exclusively enables an application to be easily transported
between Intel OSs. To help you choose which library to bind your program to,
consider this:

•

If your code includes only UDI system calls or if it uses the I/O support provided
by the language, bind your program only to the UDI library.

•

If your code does not invoke UDI system calls, or you do not plan to include the
language's I/O support, bind the code just to the iRMX library.

•

If your code invokes both UDI and other iRMX system calls, bind the code to
both of the libraries for the segmentation model you chose.
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PL/M Multitasking Example
The PL/M example program is called exampl32. In addition to studying this program
and its discussion, you can use the files as a starting point in developing your
application code. This could save you time when creating the source module, adding
include statements, or producing code that attaches the console, etc.
These sections provide:

•

An overview of the demo program

•

The location of the code in the standard iRMX directory structure

•

Information on how to build and run the program

Example Overview
The multitasking example demonstrates some iRMX programming concepts by
printing prompts to the console screen and accepting input from the user. To
accomplish this, the program uses two tasks: the initial task and a second task called
Task2. The main program code contains the initial task and it creates Task2.
The function of the initial task in the main program code is this:

•

Set up the programming environment by creating objects, the second task, etc.

•

Prompt the user for and capture keyboard input

•

Pass the captured input to Task2

•

Exit with an error after receiving three user-supplied keystrokes

The function of Task2 is to receive user-supplied keystrokes from the initial task and
process them. The processing consists of printing the received keystroke to the
screen once every second.
Because the job uses two tasks, each task can perform its function separately from the
other task. Communication and data passing between the initial task and Task2 are
handled using some basic iRMX programming techniques.
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Location of Multitasking Example Code
The files for the multitasking example are in the /rmx386/demo/plm/intro directory.
Before attempting to understand this example, produce hard copies of the source code
or be able to view them from a console screen.
These files are the source files for the examples:
makefile

File to generate 32 bit example

demo.plm

Main program code containing the initial task

task2.plm

Second task code

crbpool.plm

Buffer pool code

except.plm

Exception handling code

strng.plm

String manipulation utility

condec.plm

Decimal conversion utility

Compiling and Binding the Multitasking Example Code
In addition to the example source code files, there is a file you can use to compile and
bind the example. The file makefile compiles and binds the source files using
PL/M-386 and BND386 and creates two 32-bit executable programs named
exampl32 and tskcom32.

✏

Note
The example, tskcom32, is the PL/M version of the task
communication example described in Chapter 5, Debugging
Applications.
Before running makefile, first attach to the directory where the examples are
kept. Then run the makefile utility:
- af /rmx386/demo/plm/intro <CR>
- make <CR>

Now run the example by entering:
- tskcom32 <CR>
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The make command executes makefile. This initiates the compilation and binding of
all the job's source code files.

✏

Note
If you wish to generate the example as another user, create a new
directory, copy the example's files to the new directory, move to
that directory and invoke makefile. Generating the example from
another directory enables you to alter source code, while keeping
the original version intact.

Running the Multitasking Example
You should now have a file called exampl32 that you can execute. To run the
example, type its name as follows:
- exampl32 <CR>

After typing the filename, the example prompts you with this message:
iRMX PL/M Example, Vx.y
Welcome to the PL/M Demo Program!
At the prompt you will be given 60 seconds to hit any key.
If you do not hit a key the demo will continue anyway.
You may hit an "E" if you wish to exit the program.
You now have <xx> seconds left to hit a key.

At this point, the example is executing code in the prompt$and$wait procedure from
the file demo.plm. The example is counting down from 60, waiting for you to press a
key to begin the demo. The string <xx> in the previous screen is the decrementing
count. To continue, press a key. After pressing any key, the example clears the
screen and prompts you with this message:
Please hit a key which will be forwarded to task2 for
processing.

Assuming you enter the letter X for the first keystroke, the main program, containing
the initial iRMX task, reads the X from the terminal and passes it on to Task2. Task2
wakes up and prints out this message to the screen:
TASK2 PROCESSING
Please hit a key which will be forwarded to task2 for
processing
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX ....
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The X characters that Task2 prints to the screen continue to appear at the rate of one
per second. The character will repeat indefinitely until you enter another keystroke.
Also, notice that the prompt to enter another keystroke is buried in the middle of
Task2's processing message and the string of letters that it displays. A close
examination of the initial task and Task2 show the synchronization used to time the
output of these tasks. The tasks use a semaphore to achieve task communication.
Entering the next two keystrokes concludes the example. This output assumes you
enter the characters Y and Z:
TASK2 PROCESSING Y
Please hit a key which will be forwarded to task2 for
processing
YYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYY ....
TASK2 PROCESSING Z
This concludes the PL/M Demo Program.
This demo now exits by generating an internal error.
INTERNAL ERROR AT # 340 STATUS = 0023: E$SUPPORT

After you enter the final keystroke, the initial task recognizes that you have entered
three characters. This signals the code to end the program. Notice that the initial
task ends the program before Task2 can begin printing the third character to the
console screen.
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Programming Concepts Illustrated by the
Multitasking Demo
This example demonstrates the use of iRMX system calls from a PL/M program. For
simplicity, in the discussions of these calls, the iRMX system call prefix (rq) is
usually dropped. The example illustrates nine common iRMX programming
concepts as listed below.
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In-line exception processing

The processing of all errors resulting from iRMX
system calls in your application code rather than
using the default exception handler, which deletes
tasks that get errors.

Using literal files

Using separate files that contain PL/M data structure
definitions and literal definitions needed to make
system calls. Providing separate literal files relieves
you from repeating data structure and literal
definitions throughout modules.

Getting and setting terminal
attributes

Using iRMX system calls to get the current terminal
attributes. After getting and altering the attributes,
you can use another iRMX system call to set them.

Creating tasks

Using an iRMX system call to create additional
tasks from an existing task.

Cataloging objects

Describing to the system where key objects the job
uses reside. Tasks can easily share cataloged
objects.

Using response pointers
during inter-task
communication

Instructing server tasks where to respond with
information that signals the completion of a request
task. Response pointers allow server tasks to keep
track of which request tasks they are responding to.

Using buffer pools

Creating areas of memory for a job that tasks can
use as a common memory resource. Once a buffer
pool and its buffers have been created, the system
can use the memory by simply requesting and
releasing buffers.

Performing screen
input/output

Reading and writing data to the physical terminal
screen.

Performing simultaneous
input/output

Tasks performing I/O operations independent of one
another. For example, one task may wait for
terminal input while another task processes data and
writes it to the terminal.
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In-line Exception Processing
In-line exception processing provides a way for your application to handle errors
generated from system calls. You can process them in-line, use the default exception
handler, or assign your own exception handler. The example in this section shows
how to process exceptions in-line. In order to do this, first create your own in-line
exception handler routine, and then, explicitly pass control to your exception handler
routine instead of to the default exception handler routines.
To get the OS to pass control to your routine instead of a default routine, reset the
value of the current task's exception mode and code your tasks to call your exception
handler routine.
The example uses a procedure called set$exception in the file except.plm to reset
the exception mode to a value of zero. A value of zero tells the OS never to pass
control to default exception handler routines. If you examine the beginning code of
both the initial task and Task2, you will see that the very first executable statement is
a call to the set$exception procedure as follows:
CALL set$exception(NO$EXCEPTIONS);

This call passes a zero value parameter (NO$EXCEPTIONS supplied from a literal file)
to the procedure. When set$exception executes, it calls
get$exception$handler, which returns exception handler information to the data
structure addressed by except$info.
The procedure then replaces the exception mode with zero using this statement:
except$info.mode = except$mode;

The procedure then calls set$exception$handler to reset the exception handler
information with the altered data addressed by except$info.
See also:

set_exception_handler and rq_set_exception_handler system calls,
System Call Reference

The technique of setting the exception mode to zero is not always desirable. You
should understand managing exceptions before deciding on a specific technique.
See also:

Exception handlers, Chapter 3,
Exceptional condition management, System Concepts
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Since (with exception mode set to 0) the OS will no longer pass control to exception
handler routines, your tasks must check for individual errors or provide your own inline exception handler routine. This example uses a procedure called error$check
in the file except.plm as the inline exception handler routine. Notice that in the
source code for the initial task and Task2, a call to error$check follows every
system call. This code is from task2.plm.
CALL rq$s$open (co$conn, WRITE$ONLY, 0, @status);
CALL error$check(510,status);
mail$box = rq$lookup$object (CALLER, @(3,'MBX'),
INFINITE$WAIT, @status);
CALL error$check(520,status);
pool$tkn = rq$lookup$object (CALLER, @(6,'BUFFER'),
INFINITE$WAIT, @status);
CALL error$check(530,status);

Each time a system call is made, a subsequent call is made to error$check; passing
it a line number and a word containing the status from the previous system call. The
routine error$check tests the value of status and returns to the calling task if it is
zero (no error occurred). If the value of status is not zero (an error occurred), then
error$check builds an error message, prints it to the screen, and exits the job.
The line numbers passed as the first parameter in calls to error$check have no
implicit meaning. These numbers are arbitrary numbers that can be associated with a
system call. This technique enables you to easily find a system call that generates an
error.

Use of Literal Files
Within the iRMX directory structure are find Intel-supplied literal files. These files
are located in the directory /rmx386/inc and have a file extension of .lit. Literal files
provide many data structure definitions used by iRMX system calls and useful literal
definitions for PL/M code. Use include statements to include those literal files that
apply to a code file.
These PL/M statements are from the initial task's code in the file demo.plm. These
statements show how to include six literal files.
$include(/rmx386/inc/error.lit)
$include(/rmx386/inc/common.lit)
$include(/rmx386/inc/nstexh.lit)
$include(/rmx386/inc/tscrn.lit)
$include(/rmx386/inc/iaiors.lit)
$include(/rmx386/inc/io.lit)
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Table 12-1 shows which Intel-supplied literal files are useful for various types of
system calls.
Table 12-1. PL/M Literal Files for Use with iRMX System Calls
Nucleus System Call

Literal File

create$job
get$exception$handler
get$task$tokens
get$type
set$exception$handler

nstexh.lit
nstexh.lit
ngttok.lit
ngttyp.lit
nstexh.lit

BIOS System Call

Literal File

a$get$connection$status
a$get$file$status
a$open
a$physical$attach$device
a$seek
a$special

iagtcs.lit, io.lit
iagtfs.lit, iotyp.lit, io.lit
io.lit
io.lit
io.lit
tscrn.lit

EIOS System Call

Literal File

create$io$job
e$create$io$job
exit$io$job
get$logical$device$status
get$logical$attach$device
s$get$connection$status
s$get$file$status
s$open
s$seek
s$special

nstexh.lit, iexioj.lit
nstexh.lit
iexioj.lit
io.lit
io.lit
isgtcs.lit, io.lit
isgtfs.lit, ifltyp.lit, io.lit
io.lit
io.lit
isiors.lit, tscrn.lit

Human Interface System Call

Literal File

c$get$output$connection
c$get$output$pathname

hgtocn.lit
hgtocn.lit

message passing calls
buffer pool calls

nmesgs.lit
nbpool.lit
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Aside from the literal files shown in Table 12-1, two other important literal files
exist: common.lit and iaiors.lit. The file common.lit contains many literal
declarations commonly used in PL/M programming. You should include this file in
all your PL/M programs. The file iaiors.lit contains the structure for the I/O Result
Segment (IORS) returned in most BIOS system calls. You should include this file in
all your PL/M programs that make BIOS system calls.
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Resource and Stack Size Guidelines

A

This appendix discusses guidelines for using memory to support iRMX object types.
It also discusses stack size requirements and calculations.

Resource Requirements
The Nucleus obtains memory from the calling job's memory pool when creating
objects or borrowing memory. When a job borrows memory from its parent, the
Nucleus uses three 16-byte paragraphs in addition to the amount it uses for object
creation. Table A-1 lists the memory requirements of the iRMX OS.
Table A-1. Nucleus Memory Requirements
Object

Number of 16-byte Paragraphs Required

job

3 + object directory

object directory

1 per entry in the directory

task

5 + 6 (if the task uses the NPX) + stacksize/16 (if the Nucleus
allocates the stack)

mailbox

2 + size of high performance queue/4

semaphore

2

region

2

segment

1 + segsize/16

extension

2

composite

3 + number of positions available for components/8
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The BIOS obtains memory from the calling job's memory pool when creating objects.
These values are shown in Table A-2.
Table A-2. BIOS Memory Requirements
Object

Number of 16-byte Paragraphs Required

I/O Result
Segment

4 (5 for an internal IORS that the operating system creates
when attaching a device)

Connection to
named file

6

Connection to
physical file

4

User object

3 (minimum)

RAM Requirements
This information helps estimate the amount of RAM needed to use the EIOS. The
descriptions that follow state explicitly from which pool the RAM is taken. Use this
information when deciding how large to make the memory pools of the jobs in your
application.

Attaching a Logical Device
Each time one of your tasks uses the rq_logical_attach_device system call, the EIOS
uses 98 bytes of RAM from your job's pool and 64 bytes of RAM from the pool of
the EIOS job created during the configuration process. This RAM is in addition to
the RAM required by the BIOS for a device connection.
Both quantities of RAM are eventually returned to the memory pools from which
they originated, but they are returned at different times. The memory taken from the
EIOS pool is returned only when the device is detached. In contrast, the memory
taken from your job's pool is returned as soon the rq_logical_attach_device system
call finishes running.
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Creating an I/O Job
Whenever one of your tasks creates an I/O job, the EIOS uses 176 bytes of RAM
from the pool of this new I/O job. This is in addition to the RAM used by the
Nucleus to create the job. All of this memory returns to the pool of the parent job
after the I/O job has been deleted.
In addition to the memory requirement, rq_create_io_job and rqe_create_io_job
also require five entries in the object directory of the I/O job being created.
See also:

Configuration, Programming Concepts for DOS and Windows,
Memory Screens, ICU User's Guide and Quick Reference

Opening a Connection
When a task opens a file connection using the rq_s_open system call, the EIOS uses
some RAM from the pool of the calling job to create objects. The amount of RAM
required depends on whether the connection is opened for buffered I/O or
nonbuffered I/O.

•

If the connection is not buffered, the EIOS uses 64 bytes of RAM.

•

If the connection is buffered, use this expression to compute the RAM size. This
amount is a function of the buffer size in bytes (S) and the number of buffers (N):
number_of_bytes = 80 + 5N + N(S + 64)

Regardless of whether the connection is buffered or not, all RAM returns to the
memory pool when the connection is closed or deleted.

Other RAM Requirements
For system calls other than those discussed above, the EIOS has varying memory
requirements. However, when you make an EIOS call, the call requires no more
than:

•

300 bytes of your job's memory pool

•

400 bytes of the calling task's stack

This RAM returns to your job's pool as soon as each system call finishes.
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Object Counts
You can assume that the EIOS creates no more than 10 objects during the execution
of any system call.
Except in a few cases, all of these objects are deleted before the system call has
finished running. The few exceptions are the system calls that explicitly create
objects at the request of your application tasks, such as the rq_s_attach_file system
call (which creates a file connection) and the rq_logical_attach_device system call
(which creates a device connection).

Stack Size Limitations
You must know the stack size limitations depending on your application. Three
primary cases are listed below and are explained in these sections:

•

Tasks that create iRMX jobs or tasks

•

Interrupt handlers

•

Tasks to be loaded by the Application Loader or tasks to be invoked by the
Human Interface

To use this information, you should already be familiar with the System Debugger
(SDB), and should know which system calls are provided by the various layers of the
OS. You also should know the difference between maskable and nonmaskable
interrupts.

Stack Size Limitation for Interrupt Handlers
Interrupt handlers, invoked by maskable or nonmaskable interrupts, use the stack of
the interrupted task. The OS assumes a maximum of 256 bytes of stack for interrupt
handlers. Exceeding this maximum causes stack overflow errors.
To stay within the 256 byte limitation, restrict the number of local variables that the
interrupt handler stores on the stack. For interrupt handlers serving maskable
interrupts, you can use up to 20 bytes of stack for local variables. For handlers
serving nonmaskable interrupts, use no more than 10 bytes. The balance of the
256 bytes is consumed by the rq_signal_interrupt system call and by storing the
registers on the stack.
See also:
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Stack Guidelines for Creating Tasks and Jobs
When you create a task by invoking the rq_create_task system call, you must
specify the size of the task's stack. Since every new job has an initial task created
simultaneously with the job, you must also designate a stack size when you create a
job.
Specifying a stack size that is too small causes the task to overflow its stack. If the
stack overflows, the hardware will detect the error and cause the Nucleus to invoke
an exception handler. The exception handler either deletes the offending task or
activates SDM. Specifying a stack size that is too large wastes memory. Ideally, you
should specify a stack size that is only slightly larger (500 to 1000 bytes) than what is
actually required. This also minimizes problems resulting from unforeseen
situations.
These sections illustrate arithmetic and empirical techniques for estimating a task's
stack size. For best results, start with the arithmetic technique and then use the
empirical technique to adjust your original estimate.
If your programs are recursive, do not rely solely on either of these techniques. Stack
usage in recursive routines varies because of run-time events and should be tracked
carefully.

Stack Guidelines for Tasks to be Loaded or Invoked
If you are creating a task which will be loaded by the Application Loader or invoked
by the Human Interface, you must specify the size of the task's stack during the bind
process. These techniques will help you estimate stack size requirements.

Arithmetic Technique for Estimating Stack Size
The arithmetic technique slightly overestimates a task's stack size. Estimate the stack
size by:

•

Accommodating the needs of two interrupt handlers: one for maskable interrupts
and one for nonmaskable interrupts.

•

Allocating enough stack to satisfy the requirements of the most demanding OS
layer to satisfy the requirements of all system calls used by your task.

•

Fulfilling requirements of the task's code (for example, the stack used to pass
parameters to procedures or to hold local variables in reentrant procedures).
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Estimate the size of a task's stack by adding the amount of memory required to
accommodate these factors. This section explains how to compute these values.
See also:

Stack Size Limitation for Interrupt Handlers

Table A-3 shows the stack size required by a task to support the system calls of each
layer. These figures include the 256 bytes required by the interrupt handlers.
Table A-3. Stack Requirements for Interrupts and System Calls
Layer

Number of Bytes Required

UDI

6000

Human Interface

5000

C libraries

5000

Application Loader

2000

Extended I/O System

2000

Basic I/O System

1200

Nucleus

800

Computing Stack Size
To compute stack size, add these numbers:

•

The number of bytes required for interrupts and system calls, according to the
most demanding layer you intend to use.

•

The amount of stack required by the task's code. This amount is determined by
looking at the information about the STACK segment in the .mp1 map file
thatBND386 produces. This usage is the result of calling local procedures and
using the stack for local variables when your code is reentrant.

This sum is a conservative, but reasonable, estimate of a task's stack size
requirements. For more accuracy, use the sum as a starting point for the empirical
method.
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Empirical Technique
This technique starts with a larger-than-needed stack and uses SDM to determine
how much of the stack is unused. Once you have found out how much stack is
unused, you can modify your task-creation and job-creation system calls to create
smaller stacks.
To use this technique, change your program code to break to the monitor at the
beginning and at the end of the program. Use the convention appropriate to your
application for breaking to the monitor.

•

When coding in C, use the void causeinterrupt (unsigned char 3);
statement.

•

When coding in PL/M, use the CAUSE$INTERRUPT(3) statement.

•

When using ASM, use INT3.

•

When using the Human Interface to load the application, use the debug
command.

When SDM first receives control, fill the unused portion of the stack with a value that
would not normally appear there. For example, use the SDM's s command to fill the
remaining stack with a value of 0CCH.
Continue running the program. When SDM receives control at the end of the
program, examine the stack and see how much of it still contains the value you filled
in earlier. That portion was unused throughout the entire execution of the program.
Use this technique to estimate stack usage; the value you determine usually will not
be exact because a typical run of the program may not take the deepest path (use the
most stack) through the program. Also, a typical run may not encounter interrupts on
these paths.
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Index
A
a_special call, 44
a_special call, 44
a_write call, 30, 38
alignment
with iC-386 compiler, 60
alphonse.plm file, 63
application development, see also resource
requirements
assemblers, 3
binary compatibility with iRMX II, 80
debugging tools, 6
design concepts, 15
functional partitioning, 23
memory separation, 23
optimizing controls, 4
outline, 7
porting code to 32 bits, 79
privilege, 23
utilities, 5
ASM example, see examples, ASM code
ASM language
advantages of compact model, 164
assembler invocation line examples, 167
calling conventions for PL/M interface
procedures, 164
compact model example, 166
demo files, location, 163
incrementing an index, 86
interrupt handlers, 86
macro defs for common sourced code,
listing, 165
mixed code, ASM and PL/M, 164
parameter passing, 166
porting code to 32 bits, 85
returning pointers, 86
segmentation model calling conventions,
164
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system calls, 163
system calls
from ASM source code, 166
assemblers, 3

B
binary compatibility with iRMX II, 80
BIOS memory requirements, 184
BLD386 utility, 5
BND386 utility, 5, 54
board-scanning algorithm, 149
buffer pools, 32, 36
buffer pools, 33
build settings, MSVC, 56

C
C
binding code, 54
condition codes, 54
debug switches, 62
debugging, 62
interface libraries, 54
iRMX-provided elements, 55
C demonstration program, 15
C example
cataloging objects, 25
inter-task communication, 28
IORS processing, 26
task creation, 22
type checking, 22
C interface library, 62
c_format_exception call, 42
catalog_object call, 25
cataloging objects, 21
clib.job file, 17
code blocks, displaying, 69
commands

Index
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debug, 189
common sourced code, macro defs listing, ASM
code, 165
common.lit file, 182
compact/large models
exception handler restrictions, 105
RAM compiler control, 105
restrictions, 105
ROM
compiler control, 105
selecting size, 104
compiler controls
noalign control, 4
nodebug control, 4
optimize control, 4
segmentation control, 4
compilers
features, 4
iC-386, 3
non-Intel, 3
PL/M-386, 3
supported, 3
condec.plm file, 175
connection, RAM needed to open, 185
crbpool.c file, 15, 33
crbpool.plm file, 175
create_buffer call, 32
create_buffer_pool call, 32
create_buffer_pool call, 32
create_mailbox call, 30
create_segment call, 32, 34
create_segment call, 32, 34
create_task call, 24
creating objects, 21

D
data chain messages, 153
dcomext.h file, 147
dcomlit.h file, 147
dcrcvmsg.c file, 148, 153
dcsndmsg.c file, 148, 153
ddt SDM command, 71
debug session
approaches, 67
breakpoints, 68
changing disassembled code, 72
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Index

code blocks, displaying, 73
code display, 69
code listing, PL/M, 65
corrected program description, 64
deadlock, 75
disassembled code
changing, 74
displaying, 72
include files, 65
job tree screen output, 75
mailbox display, 76
objects, viewing, 75
re-entering the SDM monitor, 72
register contents, 69
running tasks, 77
running the code, 67
SDM commands, 67
single line execution, 70
stack contents, examining, 76
tokens, displaying, 75
definition files, 9
delete_segment call, 27, 44
delete_segment call, 44
demo.c file, 15
demo.c file
system calls, 16
demo.plm file, 175, 176
development tools, 2
directories
/rmx386/inc, 172
dx SDM command, 68

E
end_init_task call, 123
environmental conditions, see C, condition
codes
error conditions, see C, condition codes
exampl32 example, 176
example code summary, 2
examples
ASM interrupt handler, 167
debug PL/M, 63
debugging, 67
breakpoints, 68
developing for different environments, 9
device driver, PL/M, 89

interrupt handler, 167
synchronizing tasks with mailboxes, 64
examples, ASM code
compact model, 166
interrupt handler, 167
invocation lines, 167
pushing parameters onto the stack, 166
system calls, source code, 166
except.c file, 15, 42
except.plm file, 175, 179
exception handler
restrictions, memory model, 105
exception handlers
32-bit and 16-bit, 40
exception processing, 40, 42
PL/M, 179, 180
external procedures
calls in PL/M, 172

F
flat model
advantages, 112
disadvantages, 112
execution model, 116
overview, 111
paging, 113
porting compact/large, 119
subsystem, 114
system calls, 118
flat.job file, 115, 116
fragmented messages, 154
FTP (File Transfer Protocol), 12

I
I/O job creation, 185
iaiors.lit file, 182
iC-386
#include statement, 53
alignment, 60
header files, 53
icscan.c file, 148, 149
ICU, 9
include files
PL/M, 172, 180
include files, C, 57
init.plm file, 63
Interactive Configuration Utility (ICU), 9
interconnect space example, 149
interface libraries
PL/M, 173
interrupt handler, 48
interrupt handlers
example, ASM code, 167
porting to 32 bits, 86
interrupt processing, 46
interrupt task, 49
interrupts
stack size, 186
inter-task communication, 28
inthand.asm file, 167
inthand.c file, 46
inttask.c file, 46
IORS (Input/Output Result/Request Segment)
processing, 26

L
G
gaston.plm file, 63
get_exception_handler, 42
get_exception_handler call
in PL/M example, 179
get_priority call, 24

H
header files, C, 57
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LIB386 utility, 5
libraries
C interface, 62
system call interface, 62
UDI, 62
literal files
PL/M, 180, 181
loading the stack, ASM example, 166
logical device, RAM needed, 184
lookup_object call, 180
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M

nuclus.ext file, 172

mailboxes, 76
make file, 15
MAP386 utility, 5
measure.csd file, 51
memory model, See segmentation model
memory requirements
BIOS, 184
EIOS object counts, 186
EIOS system calls, 185
logical device, 184
nucleus, 183
RAM, 184
stack size limitations, 186
stacks, 187, 188, 189
Microsoft C tools, 55
migrating existing code, see porting code
MSVC
build settings, 56
Multibus development, 9
Multibus II
data chain message, 153
fragmented messages, 154, 155
receiving buffers, 154
sending buffers, 154
Multibus II
board scanner, 149
client board algorithm, 152
examples, 147
general examples, 157
name server, 155
port creation example, 150
sending data, 150
server board algorithm, 152
multiple buffering, 50

O

N
n SDM command, 70
name server example, 155
noalign compiler control, 4
NOALIGN macro, 60
nodebug compiler control, 4
non-Intel C compiler support, 55
nservr file, 156
nucleus memory requirements, 183
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object counts, EIOS number, 186
optimizing application code, 4

P
paging.job file, 114
parameter passing
ASM example, 166
performance gain, 81
PL/M example
demonstration program, 174
exception handlers, 180
include files, 172, 180
literal files, 180
running the demo program, 175
PL/M language
demonstration program, 174
exception processing, 179
external procedure calls, 172
get$exception$handler call, 179
include files, 172, 180
interface libraries, 173
literal files, 180, 181
lookup$object call, 180
set$exception$handler call, 179
plm code examples, 63
porting code to 32 bits
ASM code differences
incrementing an index, 86
interrupt handlers, example, 86
register usage, 85
returning pointers, 86
C code differences, 84
C code differences, 84
device driver example, 89
no switch method, 82
performance gain, 81
PL/M code differences
CMPB function, 83
FINDB function, 83
OFFSET, reserved word, 83
WORD_16 variables to WORD_32,
83

porting application, 81
WORD16 switch method, 82
programmer errors, see C, condition codes

R
RAM compiler controls, 105
RAM required
I/O jobs, 185
RAM requirements, 184
ramdrv.org file, 109
ramdrv.p38 file, 108
rcvfrag.c file, 148
rcvmsg.c file, 148, 153
rcvrsvp example, 153
rcvrsvp.c file, 148
Read-only Memory, See ROM
receive.c file, 126
receive_message call, 44
receive_message call, 27, 44
receiving buffers example, 154
reg.inc file, 164
register contents, examining, 69
register usage
clearing registers, 85
incrementing an index, 86
returning pointers, 86
release_buffer call, 34
release_buffer call, 30, 32, 36
release_buffer call, 32, 34, 36
reset_interrupt call, 41
resources requirements, 183
response pointers, 28
rmx.ini file, 167
rmx_c.h file, 84
rmx_def.h file, 42
rmx_err.h file, 54
rmx_err.h file, 54
rmxerr.h file, 54
ROM
configuring the OS, 127
debugging, 140
developing an application, 125
example application, 126
ICU configuration, 122
placing an application into, 125
segment map, 130
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testing an application, 122
ROM compiler controls, 105
rq_a_special call, 44
rq_a_write call, 38
rq_a_write call, 30
rq_c_format_exception call, 42
rq_create_buffer call, 32
rq_create_buffer_pool call, 32
rq_create_io_job call, 185
rq_create_mailbox call, 30
rq_create_segment call, 34
rq_create_segment call, 32
rq_create_task call, 187
rq_delete_segment call, 44
rq_end_init_task call, 123
rq_get_exception_handler call, 42
in PL/M example, 179
rq_logical_attach_device call, 184
rq_lookup_object call, 180
rq_receive_message call, 27, 44
rq_release_buffer call, 32, 36
rq_release_buffer call, 34
rq_reset_interrupt call, 41
rq_s_special call, 44
rq_send_message call, 163
rq_send_units call, 30
rq_set_exception_handler call
in PL/M example, 179
rq_signal_interrupt call, 186
rq_wait_io call, 30
rq_wait_iors call, 30
rq_wait_iors call, 27
rqe_create_io_job call, 185
rqe_set_os_extension call, 167
RUN86 utility, 7

S
s_special call, 44
screen I/O, 38
sdbiii file, 67
SDM commands
vu, 76
segmentation compiler controls, 4
segmentation model, See flat model. See
compact\large model
segmentation models
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calling conventions, ASM language, 164
compact
advantages, ASM code, 164
ASM example, 166
send_message call, 163
send_reply call, 150
send_rsvp call, 150
send_units call, 30
sending buffers example, 154
sendmb2.c file, 126
set_exception_handler call
in PL/M example, 179
sfrag.c file, 148
sndfrag.c file, 148
sndmsg.c file, 148, 153
sndrsvp example, 153
sndrsvp.c file, 148
Soft-Scope III, 6
stack contents, examining, 76
stack size, see also memory requirements
computing, 188
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Notational Conventions
This manual uses the following conventions:
•

Computer input and output appear in this font.

•

Command names appear in this font.
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Introduction and Tutorial

1

AEDIT is an interactive, screen-oriented text editor with menu-style command
prompts.
AEDIT enables you to:

•

Display and scroll text on the screen

•

Move to any position in the text file or to any point on the screen

•

Rewrite text by typing new characters over old ones

•

Make insertions and deletions easily

To simplify text editing, AEDIT also provides features allowing you to:

•

Find any string of characters

•

Substitute one string of characters for another string

•

Move or copy sections of text within a file or between files

•

Create macros to execute several commands at once, thereby simplifying
repetitive editing tasks

•

Perform arithmetic functions

•

Edit two files simultaneously

•

View lines over 80 characters long

•

Perform basic word processing operations

AEDIT Text Editor
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AEDIT Tutorial
This session is a short tutorial that illustrates the most basic AEDIT commands.
These functions are covered:

•

Activating the editor

•

Entering text

•

Changing text

•

Deleting text

•

Copying text

•

Using the other command

•

Exiting the editor

The purpose of this tutorial is to get you started, not to fully document AEDIT
commands. Only a few of the most basic AEDIT commands are presented in this
tutorial.

Activating the Editor
Activate AEDIT by typing:
AEDIT <CR>

The editor displays this prompt at the bottom of the screen:
-??- system-id AEDIT Vx.y Copyright yyyy Intel Corp.
Again
Block
Calc
Delete
Execute
Find
-find

--more--

The question marks (-??-) in front of system-id indicate that AEDIT is waiting for
your input. When AEDIT is busy, the question marks are replaced by two
exclamation points (-!!-). System-id is a string identifying the operating system,
x.y is the AEDIT version number, and yyyy is the copyright year(s). The vertical
bar (|) (initially in the upper left corner of the screen) marks the end of the file
(EOF). As you type text into the file, the vertical bar moves and continues to mark
the end of the file. The cursor initially covers the EOF marker.
When first invoked, AEDIT is at the main command level waiting for your input.
The menu prompt line displays a selection of main commands or modes (xchange
and insert are considered modes). AEDIT does not return automatically to the main
command level after executing some commands (e.g., block). To return to the main
command level or to exit the insert or xchange modes, press <Esc>.
To specify a menu selection for a command or mode, press the initial letter of the
selection (for instance, B for block).
The word --more-- on the prompt line indicates that there are more commands or
modes. Press <Tab> to display the next line of prompts. Pressing <Tab> at the last
line of prompts returns you to the first line of prompts.
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Entering, Changing, and Deleting Text
Before typing text into the file, you must press I to enter insert mode. The word
[insert] is displayed at the bottom of the screen, indicating that you are in insert
mode. Type a word but misspell it. To correct the typing error, press the key
configured to rubout. Each time you press the key configured to rubout, the cursor
backs up one column and erases the character. When the erroneous character is
erased, type the correct character.
The line you just typed may be deleted character-by-character with the key
configured to rubout, or in its entirety with the key configured to delli, delete line
(usually configured to <Ctrl-Z>). Delete the line. The file is now empty, and the
EOF marker is back in the upper left-hand corner of the screen. The cursor, however,
remains in the same position on the screen until the next command is given.
Now type this sentence, exactly as shown. Several words are deliberately misspelled.
High-levell languages (Pacal in particular) more <CR>
closely modal the human thought process than <CR>
low-level languages such as assembly language.<CR>

The first word in the sentence, levell, is misspelled. To correct this error, use the
cursor control keys to position the cursor on the erroneous l. Move the cursor by the
cursor control keys (arrows) in the direction indicated by the arrow. Press <Up>
twice to move the cursor to the first line. Then press <Left> followed by <Home> to
move the cursor to the first position in the line. The <Home> key is used in
conjunction with the cursor control keys for fast cursor movement. Press <Right>
nine times to position the cursor on the first l. Then press the key configured to
delch, delete character (usually <Ctrl-F>) to delete the extra l.
The s in Pascal has been omitted. To correct this error, position the cursor on the c in
Pacal and type s. Text automatically moves to the right as the s is inserted.
Press <Esc> to leave insert mode and return to the main command level.
The word model is misspelled modal. To correct the error, type X to enter . The
word [exchange] is displayed at the bottom of the screen, indicating that you are in
xchange mode. Position the cursor on the a and type e.
Press <Esc> to leave xchange mode and return to the main command level.
You have learned how to insert text, exchange text, and delete individual characters.
Now type this sentence exactly as shown. First, press I. Then, position the cursor
below the lines you just typed. Move the cursor to the end of the line using the right
arrow key followed by <Home>, then press <Down> twice and <CR> once. The
cursor is now positioned at the end of the file and at the beginning of an empty line.
Type these lines exactly as shown:

AEDIT Text Editor
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Thus, high-level languages are easier and faster to <CR>
write than low-level languages, since one less less <CR>
translation step is required from concept to code. <CR>

Press <Esc> to leave insert mode and return to the main command level.
The word less is typed twice. To correct this error, position the cursor on the l of the
second less. Because it appears at the end of the line, it may be deleted with delr,
delete right. Press the key configured to delr (usually <Ctrl-A>). The delr
command deletes all text to the right of the cursor.
Suppose you wish to delete the phrase from concept to code from the text, leaving the
period at the end of the sentence. To do this, block (i.e., delimit) this section from
the rest of the text using the block command followed by the delete subcommand.
First, position the cursor over the first character of the section. In this case you want
the period to close the sentence, so position the cursor on the space before the f in
from. Then press B for block. The @ sign covers the space. Then position the cursor
one character past the end of the section you wish to block, in this case on the period
immediately after the e in code. When you pressed B for block, the menu displayed
several alternative subcommands: buffer, delete, find, -find, jump, and put.
To delete the phrase, press D for delete.
The phrase is deleted from the text and the space is closed automatically. The result
is:
High-level languages (Pascal in particular) more
closely model the human thought process than
low-level languages such as assembly language.
Thus, high-level languages are easier and faster to
write than low-level languages, since one less
translation step is required.

For faster cursor movement, use the (-)find or jump command. In the example
above, to move the cursor to the word human (assuming that the current cursor
position is at the end of the file), press the hyphen. You will see this prompt for a
"target string":
-Find {Sh} ""

4
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Type human (it will be between the quotation marks) and press <Esc>. The cursor
moves to the h in human. To move forward in the file with the find command, press
F, then type the target string, human, followed by <Esc>. Press <Esc> to terminate
the -find command.
To jump to the beginning or the end of the file, press J for jump followed by S for
start or E for end.

Copying Text
Use the block command to copy existing text. If you want to copy a section of text to
another part of your file, delimit the text using the block command and press B at the
other end to specify the buffer subcommand. The text is held temporarily in a
buffer. Then, position the cursor where you want the text to appear and press G, the
get command. This command prompts for an input file. Pressing <CR> retrieves the
contents of the buffer (where the text had been held temporarily) and places it at the
current cursor position.
To move a section of text to another part of your file and delete it from its present
position, delimit the text at one end using the block command and press D at the other
end to specify the delete subcommand. The text is held temporarily in a buffer.
Then, position the cursor where you want the text to appear and press G, the get
command. The command prompts for an input file. Press <CR> to place the buffer
contents at the current cursor position. Copying or deleting a section of text is
controlled by either the buffer or delete subcommand under the block command.
To copy a section of text to another file, delimit the text at one end using the block
command, and press P at the other end to specify the put subcommand. The menu
prompts for an output file. Type in the filename and press <Esc> or <CR>. If the
specified file already exists, the message overwrite existing file? (y or
[n]) is displayed. The file is copied only if you respond with Y. If the specified file
does not exist, it is created, and the text is copied to the specified file.

Using the Other Command
AEDIT has two distinct and equivalent files: the main file and the OTHER file. This
enables you to edit two files simultaneously. To enter the OTHER file, use the other
command. Press O to enter the OTHER file. Press O a second time to return to the
main file.
See also:

AEDIT Text Editor
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Exiting the Editor
To exit from the editor, press Q for quit.
This prompt appears at the bottom of the screen:

Abort

-??- no input file
Init

Write

There are three alternative subcommands: A aborts the session and W saves the file.
If you do not want to save the contents of this practice session, press A to abort the
session.
See also:

init command, Chapter 3

This prompt is displayed:
all changes lost? (y or [n])

Pressing Y returns control to the operating system without saving the file.
If you want to save this file, press W and enter a name under which the file will be
saved, e.g., myfile,. You can now exit using the quit abort sequence.

■■■
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The Editor Basics

2

These editor basics are described in this chapter:

•

Keyboard

•

AEDIT display format

•

Message line

•

Text area

•

Beep warning

•

Lines and line terminators

•

Printing and nonprinting characters

•

Tags

•

Repeat function (count)

•

Buffers

AEDIT Text Editor
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Keyboard
In AEDIT, certain keys are configured to perform functions. These function keys are
enclosed in angle brackets throughout this manual. Some of these functions are also
configurable.

8

See also:

Configuration commands, Chapter 9

Arrows

The four keys labeled with directional arrows are the cursor control
keys <Left>, <Right>, <Up>, and <Down>.

Caps lock

The Caps Lock key provides uppercase alphabetic characters.

Control
<Ctrl>

The Control () key changes the function of some keys on the
keyboard. For example, <Ctrl-C> serves as a soft command abort
and is a configurable key. <Ctrl-C> is recognized as soon as it is
typed, even if a command is in progress.

<Esc>

The <Esc> (escape) key exits modes, terminates commands, and
returns the editor to main command level.

<Home>

The <Home> key allows faster cursor movement. Press an arrow
key followed by <Home> to page backward or forward through a
file, or to move rapidly to the beginning or end of a line. <Home> is
also used to enter the reedit mode for line-edit prompts.

<Return>

The <Return> key moves the cursor to the beginning of the next line
in insert and xchange modes and at the main command level. It also
terminates the line-edit prompt except for the search commands ()find and (?)replace.

<Tab>

The <Tab> key rotates the menu prompt line to display the next line
of commands. In insert or xchange modes, <Tab> inserts the Tab
character (or optionally, replaces it with an equivalent number of
blank spaces).

Chapter 2
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AEDIT Display Format
AEDIT requires a CRT terminal (or a CRT section) with at least a 5-line, 80-column
display screen (columns are numbered from 0 to 79). The screen is divided into three
sections (listed from the bottom up):

•

Prompt line

•

Message line

•

Text area

Figure 2-1 shows the screen after AEDIT is called but before any text has been typed.

EOF
Marker
Cursor

Text Area

Message
Line
Prompt
Line

-??-

system-id

Again Block

AEDIT

Vx.y

Copyright

yyyy

Intel Corp.

Calc

Delete

Execute

find

-find --more--

W-2860

Figure 2-1. AEDIT Display
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Prompt Line
The prompt line is the bottom line of the display. The first position of the prompt
line is blank. The prompt line contains information on the options of commands or
subcommands. The two types of prompts are menu prompts and line-edited prompts.

Menu Prompt
When you start AEDIT, the editor is at the main command level and the menu
prompt is displayed. Menu prompts are a partial list of up to eight words indicating
available commands. Pressing <Tab> displays the next line of prompts. Figure 2-2
shows the four prompt lines available at the main command level.
To select the desired command, type the first character of the prompt word.
Uppercase letters are used in Figure 2-1, but you can type the letter in either
uppercase or lowercase. The prompt for a command does not have to be visible to
invoke it.
-??Again

Block

Calc

Delete

Execute

Find

-find

--more--

-??Get

Hex

Insert

Jump

Kill_wnd

Macro

?replace

set

Other

--more--

-??Paragraph

Quit

Replace

Tag

View

--more-

-??Window Xchange

--more--

Figure 2-2. Menu Prompt Lines

10

Chapter 2

Editor Basics

Line-edited Prompt
Line-edited prompts ask for information (such as a filename) that requires more than
a single-character response. The response can be up to 60 characters. It is terminated
and the information is sent by pressing <Esc>.
The prompt line always contains the parameters of the last command entered. To edit
this previously entered information, press <Home> to enter reedit mode. Press
<Esc> again when you are finished editing the parameters.
To enter a character using its ASCII value in the line-edit prompt, type hex (usually
configured as <Ctrl-R>) followed by two hexadecimal digits. For example, hex4l
enters an A. This option enables you to enter control characters (such as
ESCAPE(1BH)) into the text.
Entering <Ctrl-C> returns control to the main command level, leaving the original
edited string unchanged.

Message Line
The message line is directly above the prompt line. Status messages indicate the
command mode.
-??-

The feature is on and AEDIT expects input.

-!!-

The feature is on and AEDIT is executing a command.

- - - -

The feature has been turned off with an AEDIT configuration
command; or that the feature is on, but the message line is for the
nonactive window.

Following the busy/waiting indicator, one or more of these status words may appear:
Macro

Indicates that a macro is being defined.

Other

Indicates that the OTHER file is being edited.

View

Indicates that the viewonly control is in effect.

Forward

Indicates that the forwardonly control is in effect.

This part of the message line does not change unless the other, macro, or editing
mode of the file is changed. Other messages displayed on the message line are status
messages, count (repeat function), and the line-edit prompt <Home> to re-edit.
AEDIT does not write past the last column of the message line. If a message does
not fit, ! is printed as the last character.

AEDIT Text Editor
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Beep Warning
The editor beeps when you try to do something illegal, for example:

•

Attempting to execute an illegal command

•

Typing an invalid character during insert or xchange mode

•

Typing more than 60 characters in a line-edited prompt

•

Entering a repeat count greater than the maximum value

The editor also beeps when displaying error messages.

Lines and Line Terminators
A line of text consists of a sequence of characters terminated by a carriage return and
line feed pair. This pair, called the line terminator, is entered in the file when you
press <CR>, and it is displayed on the screen as a blank at the end of the line.
If a line is over 80 characters long, an exclamation point (!) is displayed in the last
column on the screen. The portion of the line that does not fit on the screen is not
displayed. To view the portion that is not displayed, use the set leftcol command.
See also:

set leftcol command, Chapter 3

A line may contain any number of characters. AEDIT breaks lines longer than 255
characters into 255-character segments. A plus sign (+) is displayed at the end of
each segment.

Printing and Nonprinting Characters
In general, all characters except those with ASCII values under 20H and characters
with hexadecimal values equal to or above 7FH are displayed on the screen. All
characters that are not displayed on the screen print as a question mark (?). The line
terminator and tab print as blanks. If the highbit feature (described in Chapter 3) is
set, characters with hexadecimal values over 7FH are displayed as-is.
See also:

highbit feature, Chapter 3

Tags
Tags identify locations in a file. You can specify four locations, A through D, with
the tag command and use them as destinations for the jump command. Tags are
invisible and are not saved when you exit the file.
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Repeat Function (Count)
Count is displayed on the message line and indicates the number of times to repeat a
command. Some commands ignore count or, like delch (delete character) limit
count. Enter count before typing a command letter. It is then displayed at the left
side of the message line. Use Rubout to delete the value being entered for count.
The cursor position after a command has been executed count times is its location
when count is exhausted or no more occurrences are found. When the message line
contains a count, the count is blanked when the next prompt is issued. The repeat
count is an optional decimal repetition factor in the range 0 to 65535 ([2** 16]-1).
Any attempt to type a larger value for count causes AEDIT to beep. A forward
slash (/) is accepted as a count and means repeat forever. The default count is one.

Buffers
AEDIT has three buffers: the main buffer, the OTHER buffer, and the block buffer.
All three buffers are allocated space in the user's free RAM.
The main buffer is the text area at startup. It always contains a portion of the main
file.
The OTHER buffer is accessed with the other command and always contains a
portion of the OTHER file (if one exists).
The buffer that is accessed and active is referred to as the current buffer; the one that
is not being edited is called the secondary buffer. For example, if you are editing a
file in the OTHER buffer, it would be referred to as the current buffer, and the main
buffer would be referred to as the secondary buffer.
If either the main or OTHER buffer is too small for the text file, AEDIT extends the
buffer with additional free RAM if it is available. When all free RAM is exhausted,
AEDIT writes to temporary files, usually on disk or diskette. AEDIT's performance
improves with the amount of free RAM available.
The block buffer is the storage area for text that you move, copy, or delete, using the
block/delete commands. The block buffer allows you to move text between the
main and the OTHER file. The block buffer has a fixed size of 2K bytes. If more
than 2K bytes are required, AEDIT uses a temporary file.

■■■
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This chapter describes all AEDIT commands.

Delete Commands and Function Keys
Each of these delete commands are configurable to a key: rubout, delch, dell, delr,
delli. Each performs a specific delete function.

Rubout
The rubout command deletes the preceding character, including a carriage return if
present.
There is no recovery from this deletion.
Count: rubout ignores count.
See also:

count command, Chapter 2

Delete Character or Delch
The delete character or delch command is configurable, usually as <Ctrl-F>. It
deletes the character that the cursor is on, including a following carriage return if
present.
There is no recovery from this deletion.
Count: This command limits count to 32 to prevent accidental destruction of the
file. If count is greater than 32, the message cannot delete more than 32 is
displayed on the message line.

Delete Left or Dell
The delete left or dell command is configurable, usually as <Ctrl-X>. It deletes all
characters to the left of the cursor on the line on which the cursor is positioned.
The deletion can be recovered with the undo command.
Count: the delete left command ignores count.
Related Commands: undo
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Delete Commands and Function Keys

Delete Right or Delr
The delete right command is configurable, usually as <Ctrl-A>. It deletes all
characters to the right of the cursor on the line, excluding the carriage return.
The deletion can be recovered with the undo command.
Count: the delete right command ignores count.
Related Commands: undo

Delete Line or Delli
The delete line or delli command is configurable, usually as <Ctrl-Z>. It deletes the
entire line on which the cursor is positioned. All lines below the deleted line move
up one row. The cursor is left in the same position on the new line.
The deletion can be recovered with the undo command.
Count: the delete line command ignores count.
Related Commands: undo
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Undo Command
The undo command restores characters deleted by the last delete left, delete right,
or delete line command at the current cursor position. If the previous command was
delete line, the cursor moves to the beginning of the current line before the
restoration. Consecutive undo commands repeat the restoration of the same string.
The undo command is configurable. On many terminals, <Ctrl-U> is the typical
default. However, AEDIT relies on the Terminal Support Code (TSC), and TSC
interprets a <Ctrl-U> as a command to empty the type-ahead buffer. Thus AEDIT
never receives a <Ctrl-U> command.
We suggest using <Ctrl-Y> as the Aedit undo command. To configure this, edit the
:config:termcap file. At the end of the configuration for your terminal type, add this
configuration code:
AFXU = 19;

See also:

Configuration commands, Chapter 9

Count: the undo command ignores count.
Related Commands: dell, delr, delli
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Insert Mode

Insert Mode
Insert mode enables you to enter text. To enter insert mode, press I. To exit insert
mode and return to the main command level, press <Esc>.

Description
Press I; AEDIT prompts:
[insert]

The prompt [insert] is displayed whenever AEDIT is in insert mode. Move the
cursor to any location in the text and begin typing; the characters are inserted into the
text.
<Esc> causes the editor to leave insert mode and return to the main command level.
<CR> inserts a carriage return and moves the cursor to the beginning of the next line.
<Ctrl-C> deletes all text inserted since the beginning of insert mode, or since insert
mode was restarted by one of cursor movement commands or delete commands but
does not restore characters deleted with rubout, delch, delli, dell, or delr. After
restoration, <Ctrl-C> returns the editor to the main command level.
In insert mode, macro execution usually restarts the insert process. The only
exceptions are non-modeless macros that contain non-restarting commands only.
See also:

Macro modes, Chapter 5

Insert mode is modified if it is preceded by a forward slash (/). All text past the
cursor in the current line is moved down one line. The text is restored before any
delete or move subcommand (except rubout) or when insertion is complete.
Count: repeat count is not a valid option in insert mode.
Related Commands: set indent, set autonl, hex, mexec, fetn, fets
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Xchange Mode
Xchange mode enables you to overwrite existing text. To enter xchange, press X.
To exit xchange mode and return to the main command level, press <Esc>.

Description
Press X; AEDIT prompts:
[exchange]

The prompt [exchange] is displayed whenever AEDIT is in xchange mode. Move
the cursor to any location in the text and begin typing; characters are replaced on a
one-for-one basis. The carriage return is not replaced; instead, the line is extended.
<Esc> causes the editor to leave xchange mode and return to the main command
level.
Rubout works as normal except if the cursor is at the original replacement location,
rubout then moves one character to the left but does not delete the character.
<Ctrl-C> restores original text (text before it was exchanged), however, once you
have exchanged text and pressed <Esc> or restarted xchange with any of the cursor
movement commands, changes cannot be revoked by pressing <Ctrl-C>.
Count: repeat count is not a valid option in xchange mode.
Error: xchange limit is 100 is displayed if you attempt to exchange over 100
characters without restarting xchange mode. Xchange mode has a limit of 100
characters.
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Find Command

Find Command
The find command searches forward from the current cursor position to the end of
the file for a string of characters.

Description
Press F; AEDIT prompts:
---- <HOME> to re-edit
Find {mode} "target_string"

The last target_string (if any) is displayed within quotes. Mode refers to the set
options currently in effect that may influence the find command.
Pressing <CR> when specifying a target string inserts a carriage return into the target
string and adds the carriage return symbol, <nl>, to the prompt line. You must press
<Esc> to complete the string specification and execute the find command.
The cursor is placed immediately after the next occurrence of the target string. If the
string is not found, the message not found: "target_string" is displayed in the
message line and the find command is marked as failed.
The message found: (number) is displayed when the command is complete.
Number refers to the number of found strings.
These attributes affect how the find command works. Select them through the mode
value:

•

Case - mode value Cs

•

Showfind - mode value Sh

•

K_token - mode value Tk

Case, showfind, and k_token refer to features set through the set command.
See also:

set command, described later in this chapter

Count: the find command accepts any count where count indicates the number of
times to search for a target string. The search stops after the last occurrence of the
target string is found or count is exhausted.
Error: not found: "target_string" is displayed if no match is found, and the
editor returns to the main command level.
Related Commands: set case, set k_token, set showfind
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-Find Command
The -find command is identical to the find command with these exceptions:

•

-Find searches backward from the current cursor position to the beginning of the
file.

•

The showfind option is ignored.

•

The cursor is positioned on the first character of the matched string.

Description
Press the hyphen (-); AEDIT prompts:
---- <HOME> to re-edit
-find {mode} "target_string"

The last target_string (if any) is displayed within the quotation marks.
Related Commands: set case, set k_token

AEDIT Text Editor

Chapter 3

21

Replace Command

Replace Command
The replace command is similar to the find command except that it enables you to
replace the old target string with a new string. The replace command also enables
you to delete a target string.

Description
Press R; AEDIT prompts:
---- <HOME> to re-edit
Replace {mode} "target_string"

The last target string (if any) is displayed within the quotation marks.
The prompt line contains two line-edited arguments. The first argument is the string
to search for. After entering this string press <Esc> to enter the replacement string.
This prompt will appear:
---- <HOME> to re-edit
Replace {mode}"target_string" with "replacement_string"

Pressing <Esc> finishes editing and starts the replacement process.
These attributes affect how the replace command works. Select them through the
mode value:

•

Case - mode value Cs

•

Showfind - mode value Sh

•

K_token - mode value Tk

Case, showfind, and k_token refer to features set through the set command.
See also:

set command, described later in this chapter

To abort a replace command, press <Ctrl-C>.
The (?)replace and (-)find commands share the same target string and each changes
the other's default target.
Count: the replace command accepts any count where count indicates the
number of times to replace a target string. Replacement stops when there are no
more target strings.
Error: not found: "target_string" is displayed if no match is found, and the
editor returns to the main command level.
Related Commands: set case, set k_token, set showfind
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?Replace Command
The ?replace command is the conditional replace command.

Description
Press ?; AEDIT prompts:
---- <HOME> to re-edit
?Replace {mode} "target_string"

The ?replace works exactly the same as the replace command except that this
prompt is displayed on each find:
ok to replace?

(y or [n])

If y (or Y) is typed, the replacement is made. Any other key is considered a negative
response.
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Tag Command

Tag Command
Use the tag command to specify four locations in a file and, with the jump
command, move the cursor to one of these locations. The tag command relates to the
current cursor position. Tags are invisible and are not saved when you exit the file.
After the tag is set, the editor automatically returns to the main command level.

Description
You can set four tags: A, B, C, and D.
The cursor's current position determines the tag location.
Press T; AEDIT prompts:
A_tag

B_tag

C_tag

D_tag

Set the tag by pressing A, B, C, or D.
If the section containing the tag is deleted, AEDIT moves the tag to the first position
after the deleted section.
Each input file (main or OTHER) has its own set of tags.
Count: the tag command ignores count.
Error: invalid command is displayed if a key other than A, B, C, or D is pressed.
Related Commands: jump
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Jump Command
The jump command moves the cursor to a specified location in text. The editor
automatically returns to the main command level.

Description
Press J; AEDIT prompts:
A_tag

B_tag

C_tag

D_tag

Start

End

Line

Position

Count: the jump command ignores count.
A_tag, B_tag, C_tag, D_tag
Execute the tag subcommand by pressing A, B, C, or D. The cursor jumps to the
specified tag, previously set with the tag command.
Error: no such tag is displayed if the specified tag does not exist.
Related Commands: tag
S-Start
The start subcommand, executed by pressing S, moves the cursor to the start of the
file.
E-End
The end subcommand, executed by pressing E, moves the cursor to the end of the
file.
L-Line
The line subcommand, executed by pressing L, prompts for a line number to jump to.
Error: illegal value is displayed if a value larger than the maximum value or
any other illegal value is entered.
P-Position
The position subcommand, executed by pressing P, prompts for a column position to
jump to.
Error: illegal value is displayed if a value larger than the maximum value or
any other illegal value is entered.
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Block Command
Invoke the block command by pressing B (or D; typing either B or D initially is
equivalent). The block command enables you to select a section of text to delete,
move, or copy. The buffer subcommand copies the section to the block buffer. The
delete subcommand deletes the section and places it in the block buffer. The put
subcommand copies the section to an external file.
Use the get command to retrieve text saved in the block buffer (or in an external
file). The get command copies the contents of the block buffer (or external file) at
the current cursor position in your file.

Block Buffer
The block buffer has a fixed maximum size of 2K bytes. If text copied to the block
buffer is over 2K bytes, the remainder is written to a temporary work file. The
contents of the buffer remain unchanged until you execute another block or delete
command, when a new section of text overwrites the old contents in the buffer.

Description
To mark a section of text, first invoke the block command by pressing B. This
prompt appears:
Buffer

Delete

Find

-find

Jump

Put

Move the cursor to the first character of the section and press B to mark the beginning
of the block; the @ sign marks the start. Then move the cursor to the end of the
section and press B to mark the end of the block. The section is copied into the block
buffer and the @ markers are removed. To delete a block of text, use D to mark the
start and end points of the text to be deleted.
To copy the block from the buffer, move the cursor to the target location. Press G
and the press <CR> at the prompt for the input file. The block will be copied to the
new location.
Count: the block command ignores count.
Related Commands: get
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B-Buffer
To execute the buffer subcommand, press B. It copies text to the block buffer. The
@ signs are removed; the delimited section of text is copied to the block buffer. The
delimited section of text is not affected.
D-Delete
To execute the delete subcommand, press D. It deletes the delimited section from
the text and moves it to the block buffer. If the deleted text does not fit in the portion
of the block buffer that is in memory, the menu prompts:
cannot save in memory--save anyway?

([y] or n)

If n is specified, the delimited section of text is deleted, but the block buffer is not
updated. If you press any other key, the delimited section is written to a temporary
file. Press <Ctrl-C> to abort the command.
F-Find
To execute the find subcommand, press F. It works the same as it does at the main
command level.
(-) -Find
To execute the -find subcommand, press the hyphen (-). It works the same as it does
at the main command level.
J-Jump
To execute the jump subcommand, press J. It works the same as it does at the main
command level.
P-Put
Use the put subcommand to copy a section of text to a named output file.
Press P; AEDIT prompts:
---- <HOME> to re-edit
Output file: filename

The filename of the previous command (if any) is displayed to the right of the colon.
You can copy the marked section of text to this file or a different filename may be
specified. The marked section is not affected.
The specified file can also be written to an output device supported by your system.
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Delete Command

Delete Command
Invoke the delete command by pressing D. The delete command enables deletion of
a section of text by typing D at both endpoints.
See also: block command, described in this chapter
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Get Command
The get command retrieves the contents of the block buffer or an external file and
inserts it at the current cursor position in your file.

Description
Move the cursor to the point in your file where you want the contents of the buffer
(or external file) to be placed.
Press G; AEDIT prompts:
---- <HOME> to re-edit
Input file: filename

The filename previously specified for the get command (if any) is displayed to the
right of the colon.
To insert the contents of the block buffer at the current cursor location, press <CR>.
To insert the contents of an external file, type the name of the file, then press <Esc>
or <CR>.
The editor returns to the main command level with the cursor on the first inserted
character.
Count: this command accepts any number less than 64K. The named file is copied
to the current location count times. The repeat count / is not valid with the get
command. If /G is typed, AEDIT returns to the main command level without issuing
an error message.
Related Commands: block
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View Command
To execute the view command, press V. This command rewrites (move) the text on
the screen so that the row containing the cursor (the viewrow) is positioned on the
row that you have defined. View is also useful to refresh the screen image. The view
row is set with the set viewrow command; the default is R/5, where R is the number
of rows in the screen.
View also issues an abbreviated sign-on message, which includes the busy/ waiting
indicator, system-id, and AEDIT version number.
Count: the view command ignores count.
Related Commands: set viewrow, window
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Other Command
AEDIT has two distinct buffers. The text area at startup is called the main buffer; the
other is called the OTHER buffer. The other buffer enables you to edit a second file
in the same way as the main buffer. To execute the other command, press O. Use
this command to switch from editing text in one buffer, the current buffer, to editing
text in the other or secondary buffer.
Pressing O a second time returns the editor to the main buffer.
The main and OTHER buffer text may be displayed simultaneously by splitting the
screen into two windows using the window command. Typing O displays the
OTHER file in one window. In this case, switching from one window to the other
results in switching from one text buffer to the other.

Description
Press O; the message Other Editing input file or, if no input file has been
specified, Other no input file is displayed at the start of the message line
whenever the secondary text is displayed:
---- Other Editing input file
Again Block Calc Delete Execute

Find

-find

--more--

Each buffer has a separate set of tags. A jump command is valid only within its own
buffer; it cannot jump to the other buffer. Also, each buffer has its own value for set
leftcol. The block buffer is common to allow moving text between buffers.
Press O to exit the other buffer and return to the main buffer.
Count: count has no meaning for the other command.
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Again Command
To execute the again command, press A. It causes the last command, or in some
cases the last subcommand, to be repeated.
In these commands, again repeats the entire command, including subcommand
arguments:

•

paragraph

•

(-)find, (?)replace

In this command, again repeats the entire command including subcommands, but
without its arguments:

•

hex command

Count: count is the count for the repeated command. The value of count given
for the last command is ignored.
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Set Command
The set command enables you to set/reset several features that determine how
AEDIT will operate, e.g., if case (upper case, lower case) should be considered in the
target string of a search command.
Most set subcommands relate to switches. A switch is an option that has only two
states: yes or no. When a subcommand of this type is activated, a yes/no question is
displayed on the prompt line. The value currently in effect is enclosed in square
brackets. Each feature has a default value; this value is in effect until it is reset using
the set command.

Description
Press S (press <Tab> to view the remaining prompt lines); AEDIT prompts:
Autonl
Indent
Tabs

Bak_file Case Display E_delimit Go Highbit
K_token Leftcol Margin Notab Radix Showfind
Viewrow

--more---more---more--

To specify an option, press the initial (upper case) letter of that option.
Count: the set command ignores count.
A-Autonl
This option automatically creates a new line at the right margin, in insert mode.
AEDIT prompts:
insert <nl> automatically?

(y or [n])

•

If y, a carriage return is inserted in the right margin whenever an attempt is made
to insert a character in that position. If the character to be inserted is not a white
space (i.e., not a space, tab, carriage return, or line feed), the carriage return is
inserted before the token, if possible. Trailing blanks and tabs are deleted, and
the carriage return is inserted between words. The right margin is set using set
margin (described later).

•

If n (the default), the option is turned off.

Related Commands: insert, set margin
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B-Bak_file
Under this option, AEDIT saves a backup file that contains the last version of your
file. AEDIT prompts:
create

.BAK

files?

([y] or n)

•

If y (the default), the file you are editing is renamed file.bak when quit exit or
quit update is executed, before the edited text is written.

•

If n, this option is turned off.

✏

Note
Keep this option turned on. If your file is accidentally lost or
damaged and bak_file is yes, the previous version of the file
would be saved in the backup file.

C-Case
Under this option, AEDIT uses case as a criteria when searching for a target string in
a search command. AEDIT prompts:
consider case of Find target?

(y or [n])

•

If y, you can type the target string in upper case, lower case, or a combination of
both, and the case is significant.

•

If n, (the default), you can type the target string in upper case, lower case, or a
combination of both, but the case is ignored.

Related Commands: (-)find, (?)replace
D-Display
Use this option to display the text changes resulting from macro execution. Set
e_delimit is used by the find/replace commands under token mode.
AEDlT prompts:
display macro execution?

34

(y or [n])

•

If y, during macro execution all cursor movements and text changes are
displayed on the screen.

•

If n (the default), this option is turned off. Thus, when macro execution starts,
cursor movements or changes in the text outside the current screen are not
displayed on the screen.
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E-E_delimit
You can display and change the current delimiter set using this option. Set
e-delimit is used by the find/replace commands under token mode.
AEDIT prompts:
---<HOME> to re-edit
delimiter set: current delimiter set

All characters currently specified as delimiters are displayed to the right of the colon
on the prompt line.
Delimiters have these properties:

•

A delimiter is always one character.

•

Characters with hexadecimal values from 00H-20H, and 7FH or more are
predefined delimiters. They are not displayed, and they cannot be excluded from
the delimiter set.

•

ASCII characters with the values 21H-7EH are displayed (if specified).

•

Delimiters are displayed with no separating characters.

Delimiters specified by set e_delimit are used to define a token for the
(-)find/(?)replace operation. A token is any nonempty string surrounded by
delimiters.
When you specify a set of delimiters, you may include the same delimiter more than
once. For example, you may separate input delimiters with blanks.
The default e_delimit string is:
! " # % & ' ( ) * + , - . / : ; < = > ? @ [ \ ] ^ ` { | } ~

Related Commands: (-)find, (?)replace, set k_token
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G-Go
This option relates to macro execution continuation after a (-)find/ (?)replace
command failed. AEDIT prompts:
continue macro execution after a failure?

(y or [n])

This option is meaningful only in macro execution; it has no meaning at the main
command level. The default for the set go option, when a macro is started, is no for
all macros regardless of the current setting of the option. To use this option, specify
set go yes in your macro. It may be reset within the same macro. The set go option
affects only the current macro and not the enclosing or enclosed macros.

•

If y is in effect for the current macro and a (-)find/(?)replace command fails,
execution of the current macro continues, i.e., the next command is activated.

•

If n (the default), is in effect for the current macro, and a (-)find/(?)replace
command fails, execution of the current macro is terminated, and control is
returned to the caller, either a macro or the main command level.

During macro create, the set go command is inserted into the macro definition, but
the macro currently defined is executed as if set go is yes.
Related Commands: macro create, execute
H-Highbit
Under this option, AEDIT displays characters with hexadecimal values over 7FH.
AEDIT prompts:
display parity-on characters as is?
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(y or [n])

•

If y, all text characters with hexadecimal values over 7FH are written to the
screen as-is.

•

If n (the default), all text characters with hexadecimal values over 7FH are
displayed as ?.
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I-Indent
Use this option when entering code in a structured language such as PL/M or Pascal.
AEDIT prompts:
automatically indent during insertion?

(y or [n])

•

If y is chosen, when <CR> is pressed in insert mode, the next line is
automatically indented to as the preceding line. When <CR> is pressed at the
main command level, the cursor moves to the first nonblank, nontab character in
the next line.

•

If n (the default) is chosen, this option is turned off.

This option is not active in xchange mode.
Related Commands: <CR> (<Return>), insert
K-K_token

✏

Note
K-tokens are not the same as iRMX tokens.

This option enables you to find a string only if it is enclosed by delimiters and is not
part of a larger string. AEDIT prompts:
find only token strings?

(y or [n])

Token characters are all the characters that are not delimiters. A token is defined as a
nonempty string surrounded by delimiters. Delimiters in this context are the
characters specified in set e_delimit.

•

If y, a string is found by the (-)find or (?)replace command only if the string fits
the token definition.
A string in the text that is found by (-)find or (?)replace commands when set
k_token no is in effect will also be found when set k_token yes is in effect
only if that string is a nonempty string surrounded by delimiters. In general,
delimiters include the beginning and end of a file, the cursor position, and
carriage return.

•

If n (the default) is pressed, a string in the text is found regardless of the
characters that surround it.

Related Commands: (-)find, (?)replace, set e_delimit
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L-Leftcol
Use this option to view lines over 80 characters long on the screen.
AEDIT prompts:
left column:

current_left_column

The current left column is displayed to the right of the colon. This command accepts
any number from 0 to 175 (position count starts at 0). The number input indicates the
number of characters at the start of a line that should not be displayed.
For example, if a line is 90 characters long, you can set leftcol to 20 and the screen
will display the line from position 21 to the end of the line.
An exclamation point (!) is printed in column 0 when characters to the left are not
displayed.
Leftcol can also be set by typing the plus sign (+) or the minus sign (-) followed by a
valid decimal number. This sets the left column at the current value plus or minus
the number given.
AEDIT may have two different values for leftcol simultaneously, one for the main
file and one for the OTHER file. The default leftcol for both files is zero.
For example, if the left column is currently set at position 15 and you type S(et)
L(eftcol) -10, the new left column is position 5.

Error: bad Leftcol is displayed if you attempt to set a value out of range.
M-Margin
This option sets values for indenting left and right margins for reformatting a
paragraph. AEDIT prompts:
---- <HOME> to re-edit
indent, left, right: current indent, left and right margins

The current values for indent, left, and right are displayed to the right of the colon
separated by commas. The first number sets the indentation, the second the left
margin, and the third the right margin. Indent may be set at any value from 0-253;
left, from 0-253; and right, from 1-254. The value of the right margin must be
greater than the indentation and the left margin. When entering the values, separate
them by one or more blanks or a comma. The values of all three numbers are
absolute and offset from position 0. The default values are 4, 0, and 76.
Press <Esc> or <CR> to execute the command and return to the main command
level.
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To set indent to 0, left to 5, and right to 70, type:
S(ET) M(argin) 0, 5, 70 <CR>

To reset the left margin to 2, type:
S(ET) M(argin), 2 <CR>

Related Commands: paragraph, set autonl
N-Notab
This option instructs the editor to replace inserted tabs with the appropriate number of
blanks. AEDIT prompts:
insert blanks for tabs?

(y or [n])

•

If y, blanks are inserted instead of tabs whenever you press the <Tab> key in the
insert or xchange mode.

•

If n (the default), this option is turned off.

This option does not affect tabs that are entered using the <hex> prefix ( for instance,
<HEX>09).
Related Commands: set tab
R-Radix
This option determines the radix (base) in which an AEDIT numeric variable will be
inserted in the text. AEDIT prompts:
---- current Radix: current radix
Alpha
Binary
Decimal

Hex

Octal

This option affects values inserted or exchanged by the fetch operation. The radix
default is decimal.
See also:

radix operation, Chapter 6

Related Commands: insert, xchange
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S-Showfind
Use this option to display all lines containing the target string in a find/replace
command. AEDIT prompts:
list lines on multiple finds?

(y or [n])

•

If y, when you execute a find or replace command and count is greater than 1,
the screen is cleared, and each text line that contains the target string is displayed
on the screen.

•

If n (the default), the find and replace commands execute as usual, but the
screen is not cleared, and text lines that contain the string are not displayed on
the screen.

Related Commands: find, replace
T-Tabs
This option sets tabs. AEDIT prompts:
---- <HOME> to re-edit
Tabs: current tab setting

The prompt line lists the current tab settings. If you want to inspect the tab settings,
type <Ctrl-C> to return to the main command level.
To enter tabs, type a list of decimal numbers separated by at least one blank or a
comma. Specify the numbers in increasing order, from 1-253. Changing the tab
settings does not change the file contents, but it may affect its display on the screen.
The default tab settings are every fourth position, i.e., 4, 8, 12, and so on.
The difference between the last two numbers specified for tabs is repeated, up to 253.
For example:
4

sets tabs at 4, 8, 12, 16,...

5,6,10 sets tabs at 5, 6, 10, 14, 18,...

✏

Note
Columns start at 0, not 1. Therefore, FORTRAN tabs should be
6,10, not 7,11.

Error: bad tabs is displayed if you attempt to set an illegal tab.
Related Commands: insert, xchange
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Set Command
V-Viewrow
This option selects a view row for rewriting the screen. AEDIT prompts:
row for View:

current viewrow

The current viewrow setting is displayed to the right of the colon. Type the number
of the row on which you wish the cursor to be positioned by the view command.
This value must be between 0 and the text size –1. If, for example, your screen size
is 25 rows, then text size is 23 (25 minus the message line and the prompt line).
Therefore, the legal values are 0-22.
The default viewrow setting is the number of rows in the screen, divided by 5,
(which means 5 on most terminals).
If the screen is split using the window command, the viewrow is determined
separately for each window.
Error: bad Viewrow is displayed if viewrow is illegal.
Related Commands: view, window
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Hex Command

Hex Command
The hex command inserts the ASCII equivalents of hexadecimal values in the text.
This command also displays the hexadecimal values of text contents in the message
line.

Description
Press H; AEDIT prompts:
Input

Output

To specify a subcommand, press the initial letter of that subcommand.
I-Input
Press I; AEDlT prompts:
---- <HOME> to re-edit
Hex value:

The last values entered for hex input are displayed to the right of the colon. Legal
input values consist of one or more strings separated by one or more blanks. A legal
string has these characteristics:

•

Every character is a valid hexadecimal digit (0-9, A-F)

•

Contains 1 or an even number of characters

Values entered are regarded as hexadecimal; therefore, the suffix H is an illegal
character. The values may be separated by one or more blanks.
These are examples of legal input values:
9
5A5B60
3456
65

78F0

8

98C8A7

If the input is legal, the equivalent characters are inserted in the text at the cursor
position.
Error: invalid hex value is displayed if an illegal value is entered, and the
editor returns to the main command level.
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Hex Command
O-Output
Press O.
The hexadecimal value of the character immediately to the right of the actual cursor
position is displayed on the message line. The count that preceded the hex
command gives the number of bytes in hexadecimal format. Up to 10 bytes of
hexadecimal values can be displayed in the message line. If more bytes need
displaying, the message hit space to continue is displayed.
Press the space bar to display the next 10 bytes. Any other key returns AEDIT to the
main command level.

Examples
To insert the form-feed character (hexadecimal value 0C) to the current location,
type:
H(EX) I(nput) C <CR>

To insert the digits 1, 2, and 3 to the text, type:
H(EX) I(nput) 31 32 33 <CR>

Position the cursor over the one and type 3 H(EX) O(utput) to display the
characters. The characters are displayed on the message line.
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Quit Command

Quit Command
The quit command performs several functions depending on its subcommand. It
ends the editing session, it initializes processing a new input file, or it updates your
edited file. Quit has different prompts depending on whether or not a filename has
already been specified for the file you are editing.

Filename Specified
Press Q; AEDIT prompts:
---- Editing input file [to output file]
Abort
Exit
Init
Update

Write

To specify a subcommand, press the initial letter of that subcommand.
A-Abort
When abort is activated, if any changes have been made to the current file, AEDIT
prompts all changes lost? (y or [n]) to avoid inadvertent loss of text. A y
continues the abort process; the same procedure is then applied to the secondary file.
Control returns to the operating system only after both questions have been answered
with y. All changes (if any) that were made to the input file(s) are lost. If either
question is answered with a response other than y, AEDIT returns to the main
command level.
Note that:

•

You are questioned concerning only input files that have been changed.

•

The first question (if any) relates to the current file and the second one (if any)
relates to the secondary file.

•

If you answer y to the first question and n to the second while AEDIT is still
active, the next time you type quit abort, you will not be asked further about
the file about which you have already answered y unless new changes have been
made.

E-Exit
When exit is activated, AEDIT rewrites the current file. Then, if the OTHER file has
also been changed, AEDIT automatically performs the other command and asks all
changes lost? (y or [n]). A y returns AEDIT to the operating system
without rewriting the OTHER file. Any response other than y returns the editor to
the main command level.
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Quit Command
I-Init
Use this option to start editing a new file without returning to the operating system.
If any changes have been made to the current file, the menu prompts all changes
lost? (y or [n]). If y is answered (or if no changes have been made since the
last update), AEDIT prompts:
---- <HOME> to re-edit
enter [file [TO file | VO | FO ]]:

Enter the input file (or <CR>) followed optionally either by an output file name or by
the VO or FO controls. VO is the abbreviation of the control viewonly; FO is the
abbreviation of forwardonly. File is the file you want to edit, TO file indicates
the output file. The TO option can be used only when the input file exists.
See also:

viewonly, forwardonly commands, Chapter 4

U-Update
When update is activated, the updated version of your file is written without
returning to the operating system.
After the file has been written, the message file has been written is displayed.
After completing the quit update command, the editor is at the quit prompt level,
not at the main command level. Press <Esc> to continue editing, or enter another
quit subcommand, such as init.
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Quit Command
W-Write
This option writes your file to the specified filename. This prompt is displayed:
---- <HOME> to re-edit
Output file:

Enter the output filename. If the specified file exists, the editor beeps and this
question is displayed;
overwrite existing file?

(y or [n])

•

If y, the entire text file is written to the named file, overwriting the existing file.
AEDIT returns to the quit prompt level.

•

Any other response returns the editor to the quit write prompt level.

After the file has been written, the message file has been written is displayed.
The quit prompt is always reissued after an update or write subcommand. Press
<Esc> or <Ctrl-C> to return to the main command level. Two points to remember
are:

•

Quit abort and quit exit relate to the entire AEDIT session, i.e., to both the
current file and the secondary file. Quit init, quit update, and quit write relate
only to the file you are currently editing.

•

An output file indicated by the TO clause can be specified for a file in either the
invocation line or at the quit init command. Only the subcommands update and
exit relate to this output file; write does not.

Filename Not Specified
If you are editing a new file and have not yet specified a filename, the exit and
update subcommands are not available as both subcommands require a filename.
The AEDIT prompt is altered as:
---- no input file
Abort

Init

Write

The subcommands function the same as discussed above.
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Paragraph Command
To invoke the paragraph command, press P. The paragraph command reformats a
paragraph using the values set for indent and left and right margin in the set margin
command. The default is to reformat one paragraph.

✏

Note
The paragraph command execution starts by identifying the
beginning of the current paragraph. AEDIT searches backward for
an empty line; then, AEDIT finds the end of the paragraph by
searching forward for an empty line. This implies that if your file
has no empty lines, paragraph will process the entire file as one
paragraph, wherever the cursor is currently positioned in the file.

Description
Move the cursor to any position in the paragraph to be reformatted.
Press P; AEDIT prompts:
Fill

Justify

To specify an option, press the initial letter of that option.
Count: count defines the number of consecutive paragraphs to reformat.
Related Commands: set margin
F-Fill
Filling means that the white space sequences are reduced to one blank, and every
blank after a sentence terminator (such as a period or question mark) is extended to
two blanks. Words are moved to fill the line between the right and left margins or
from line to line if necessary. The first line is indented according to the value of
indent. Words are moved to the left as much as possible. Words are not split and
lines are not right-justified.
J-Justify
In justification, the first step is as described in the filling process. The second step is
performed separately for each line: words are shifted to the right (if necessary), and
the space between words expanded so that the last word of every line ends at the right
margin and the spaces between words are approximately even. The last line of the
paragraph is not right-justified.
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Window Command

Window Command
To invoke the window command, press W. It horizontally splits the text area of the
screen into two partitions. Each partition or window contains the text, message, and
prompt sections. The window command enables you to view two different parts of
the same file or two different files, using the main file and the OTHER file.
The screen is split above the cursor row. If the cursor is placed so that one window's
size is less than five rows, the screen is not split, and this message is displayed:
window too small

After the screen is split, pressing W causes the cursor to jump between the two
windows.
If the same file is displayed in both windows, a change in one window is not reflected
in the other window until you press W and jump to the other window.
See also:

kill_wnd command

Related Commands: kill_wnd, set viewrow, view
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Kill_wnd Command

Kill_wnd Command
Invoke the kill_wnd command by pressing K. It returns the screen to one window.
The current (active) window is the dominant one.
Related Commands: window
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!system Command

!system Command
The !system command enables you to execute a system command from within
AEDIT. Activate it by typing an exclamation point (!) at the main command level.
The prompt line then displays the previous system command (if any). You may reedit the previous command or enter a new string. Terminate the input string or
command by entering either <Esc> or <CR>. Before the string is executed, the
command clears the text area of the screen.
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Calc Command
To invoke the calc command, press C. It provides you with computation capabilities.

Description
Press C; AEDIT prompts:
---- <HOME> to re-edit
Calc:

The last statement entered under the calc command is displayed to the right of the
colon.
See also:
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Execute Command

Execute Command
To invoke the execute command, press E. Execute is used to execute macros.

Description
Press E; AEDIT prompts:
---- <HOME> to re-edit
Macro name:

The last macro name entered for this command is displayed to the right of the colon.
When the macro name is entered, the specified macro is executed.
See also:

execute command, Chapter 5

Related Commands: set display, set go

52

Chapter 3

Editing Commands

Macro Command

Macro Command
To invoke the macro command, press M. It is used for manipulating macros.

Description
Press M; the menu prompts:
Create

Get

Insert

List

Save

To specify a subcommand, press the initial letter of that subcommand.
When a macro file is specified in the invocation line (explicitly or implicitly), it is
read and processed immediately after the AEDIT invocation. This has the same
effect as using a macro get as the first command after invocation.
See also:

Macro files, Chapter 5

Related Commands: set go

■■■
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4

This chapter describes the AEDIT invocation and invocation controls, and operation
specific to iRMX OS. The iRMX OS may be used with various terminals.

Invocation
This is the syntax that invokes AEDIT:
[directory]AEDIT [input_file [TO output_file|file_processing_mode]]
[recover]
[,other_input_file[TO other_output_file|file_processing_mode]]
[execution_mode]

Where:
input_file

The file you want to edit. If a file is not specified, a
new file is created, and it is named when you call the
quit command.

output_file

The name of the destination file for the file you are
editing. It is written when you call quit update or
quit exit. If you specify viewonly or forwardonly
for the input file, you cannot specify an output file.

other_input_file
other_output_file

Filenames for the OTHER input and output files.

file_processing_mode

[viewonly | noviewonly]
[forwardonly | noforwardonly]

recover

[recover | norecover]

execution_mode

[macro[(macro_file)] | nomacro]
[macrosize(macro_buffer_size)]
[batch | nobatch]

Use a comma to separate the main filename from the OTHER filename.
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Invocation Line Examples
1.

Invoke AEDIT by itself to create a new file:
aedit<CR>

2.

This example shows invoking AEDIT with an existing file:
aedit filename<CR>

3.

This example shows invoking AEDIT with a main input file, an OTHER input
file, and a macro file:
aedit a1.txt, 2.txt macro(txt.mac)<CR>

4.

This example shows invoking AEDIT with a main input file, an OTHER input
file that is viewonly, and specifying a macro file and macro size:
aedit main.txt, second.txt vo macro(prog.mac)
macrosize(1024)<CR>

Error: Cannot Open Input File is displayed if an output file is specified and
the input file does not exist.
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Invocation Controls
AEDIT controls can be divided into three groups: file processing mode controls,
recover control, and execution mode controls. Table 4-1 lists the AEDIT invocation
controls. The remainder of this chapter explains each control in detail.
Table 4-1. AEDIT Invocation Controls
Control Name

Abbreviation

Default

Meaning

File Processing Mode Controls
forwardonly
noforwardonly

FO
NOFO

NOFO

Enables faster editing of large
files, but the files are
truncated.

viewonly
noviewonly

VO
NOVO

NOVO

Enables fast viewing of large
files; no changes allowed.

Recover Control
recover
norecover

RC
NORC

NORC

Enables file reconstruction

Execution Mode Controls
macro
nomacro
macrosize
batch
nobatch

AEDIT Text Editor

MR
NOMR
MS
BA
NOBA

MR(:HOME:aedit.mac)

Specifies macro file.

MS(3072)

Defines macro buffer size

NOBA

Activates AEDIT in
noninteractive mode; used if
AEDIT is activated from a
command file.
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The processing mode for an input file uses the viewonly and forwardonly controls.

•

Specify these controls for either the main input file, for the OTHER input file, or
both. Viewonly and forwardonly cannot be specified together for the same file.
However, if you specify either one in the negative form, any combination is
legal, e.g., noviewonly forwardonly.

•

Give a filename if either of these controls is specified in the positive form in the
invocation line.

•

When specifying an output file, these controls may only be used in their negative
form, e.g., noviewonly.

•

Use only the viewonly and forwardonly controls under quit init.

The processing mode for the main input file uses the recover control. This control
may be specified only in the invocation line and only for the main input file.
The execution mode uses the macro, macrosize, and batch controls. These controls
may be specified once per AEDIT invocation. They cannot be specified for a
particular file, and they cannot be specified under quit init.
A control may be specified only once, except for viewonly and forwardonly, which
may be specified once for the main input file and once for the OTHER input file.
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Forwardonly
Syntax
FORWARDONLY|NOFORWARDONLY

Abbreviation
[NO]FO

Default
NOFORWARDONLY

Control Type
Processing mode for an input file

Description
Forwardonly enables faster editing of large files because it instructs AEDIT to
allocate a fixed amount of memory for the file. If the file is larger than the amount of
memory allocated, some text may be lost. This loss applies only to the current
editing of the file; the original file is not affected.
Forwardonly can be specified for either the main input file or the OTHER input file.
Forwardonly can also be specified under the quit init command. Forwardonly
cannot be specified simultaneously with viewonly. When forwardonly is in effect
for the input file, an output file may not be specified.
While the forwardonly control is in effect, the message line displays the word
Forward.

Error: some text lost is displayed if text is lost during the current edit. If this
error is displayed, you are unable to execute quit update or quit exit; however, you
may execute quit write.
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Viewonly
Syntax
VIEWONLY|NOVIEWONLY

Abbreviation
[NO]VO

Default
NOVIEWONLY

Control Type
Processing mode for an input file

Description
You can view a large file, such as a large listing file that you do not want to change,
much faster using the viewonly control. It is also an advantage to use viewonly if
you want to be certain that no changes are made unintentionally.
You can specify viewonly for: the main input file, the OTHER input file, or under the
quit init command. It cannot be specified simultaneously with forwardonly. When
viewonly is in effect for the input file, an output file may not be specified.
If using the viewonly control, the input file may not be changed. These keys are not
valid with viewonly: rubout, delch, dell, delr, delli.
These commands are still displayed on the prompt line; however, they are not valid
with viewonly: (?)replace, block delete, get, hex input, insert, macro insert,
macro save, paragraph, quit exit, quit update, quit write, and xchange.
All other commands are legal. You may save a viewonly file or a portion of it using
the block put command.
While the viewonly control is in effect, the message line displays the word View.
Error: illegal command is displayed if a command is given that is invalid with
viewonly.
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Recover
Syntax
RECOVER|NORECOVER

Abbreviation
[NO]RC

Default
NORECOVER

Control Type
Processing mode for the main input file on invocation

Description
The recover option can be used to help you reconstruct edited files if a fatal system
error occurs during AEDIT operation, or if an unintentional termination of an AEDIT
session occurs using quit abort.
If a crash occurs, reinvoke AEDlT with the recover control. The recover control can
be specified only for the main input file and only in the invocation line.
When recover is specified, AEDIT takes the entire memory contents as the input file.
If the memory contains previously edited file(s), your file must be reconstructed.
Recover is, however, only a means for the reconstruction. You must identify, gather,
and connect the relevant text portions in memory.
Recover may be used only if the memory allocated to AEDIT in the current
activation is the same as that used in the previous activation. This implies that
recover is probably useless on virtual-memory-based systems or in a multitask
environment.
The reconstruction process is difficult or impossible if the edited file is so large that it
is spilled to extra memory or to temporary files. The memory content in such a case
does not reflect the entire file contents.
If an input file is specified, the input file is not read when recover is in effect, but it
serves as an output file for the quit update command.
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Macro
Syntax
MACRO [(macro_file)]|NOMACRO

Abbreviation
[NO]MR

Default
MACRO (AEDIT_filename.MAC)

Control Type
Execution mode

Description
Use the macro control to specify a macro file for the current AEDIT invocation. The
nomacro option prevents AEDIT from reading a macro file. Not specifying this
control or just specifying macro is equivalent to the default. When using the macro
control with a filename, the filename can have any extension.
The default macro file is aedit.mac in your :home: directory.

62

Chapter 4

AEDIT Invocation

Macrosize
Syntax
MACROSIZE (macro_buffer_size)

Abbreviation
MS

Default
MACROSIZE(3072)

Control Type
Execution mode

Description
Use this control to allocate more macro buffer space if, for example, a huge batch
operation is implemented using macros. Also, more macro space may be required if
many macros or long macros are used.
Macrosize enables you to specify the macro buffer size for the current AEDIT
invocation. Macro_buffer_size is a decimal number specifying the number of
bytes to be allocated. The minimum macro_buffer_size is 1024 (400H) bytes;
the maximum allowed is 32767 (8000H) bytes. The default size is 3072 bytes. The
maximum size actually allowed also depends on the amount of RAM available;
therefore, it may be less than the maximum listed.
The buffer that is allocated for macros is not available for text; therefore, allocating a
large macro buffer is not recommended.
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Batch
Syntax
BATCH|NOBATCH

Abbreviation
[NO]BA

Default
NOBATCH

Control Type
Execution mode

Description
Use the batch control to activate AEDIT in a noninteractive mode, usually from a
command file. When batch is in effect, AEDIT suppresses all output except the
MESSAGE line.
Although AEDIT may receive input from the console in batch mode (implying a
semi-batch mode where input is from the keyboard), this is not recommended. For
example, in this mode yes/no questions (such as ok to replace?) are suppressed.
AEDIT commands specified after the invocation line can be given in the init macro if
it is present in the default or specified macro file. Executing batch commands using
the init macro is preferable because it works equivalently on different operating
systems and different terminals.

Activation with Batch Control
If AEDIT is invoked from a command file, all input is from the command file. The
sequence of commands and characters should be exactly the same as if you were
executing AEDIT interactively. Input is echoed to the system console.
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Examples
1.

If you want to change dog to cat throughout your file, you can create this
command file:
...
AEDIT EXAMPL.SRC BATCH
/Rdog<Esc>cat<Esc>QE
...

Where:
EXAMPL.SRC

is the input file.

/R

means replace all occurrences.

QE

is the quit exit command.

Insert <Esc> in the command file using the hex input command or using the
function key for hex under insert.
2.

If all operations are defined in a macro, the command file requires only two
AEDIT commands. In this example, given a macro with the required operation
sequence called pass1 and a macro file called pass1.mac, the command file is as
follows:
...
AEDIT EXAMPLE.SRC BATCH
MGPASS1.MAC<Esc>EPASS1<Esc>
...

Where:
EXAMPLE.SRC

is the input file.*

MG

is the macro get command.

Pass1.MAC

is the macro file.

E

is the execute command.

PASS1

is the file containing the operation sequence.

See also:

AEDIT Text Editor

Macro files, Chapter 5

Chapter 4

65

Default Macro File
The name of the default macro file is aedit.mac; it is assumed to be in the home
directory. If it is not, you must explicitly specify the macro(filename) control.

Work File
The predefined file :work: must be properly assigned when AEDIT is invoked. This
assignment should be done automatically when iRMX is booted.
See also:

Logical Names Created by the Operating System, Command Reference

iRMX-specific Information
When using AEDIT on iRMX Operating Systems, do not perform these operations:

•

Do not use the attachfile facility to redefine the default directory.

•

Do not press <Ctrl-C> more than once when a !system command is being
executed; pressing it twice in succession may abort AEDIT.

If you are using an integrated environment where upper and lower case characters are
significant in filenames, note that AEDIT always creates uppercase filenames. You
must manually convert the filenames to lowercase if your environment requires it.

■■■
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5

AEDIT macros are sequences of AEDIT commands (sequences of keystrokes) that
have been collected and given a name.
The AEDIT macro set uses these subcommands for processing macros. These
subcommands are listed under the macro command.
create
get
insert
list

create a macro interactively
processes a macro file
create a macro directly
displays all available macros

Additional information concerning deleting macros, executing macros, and
processing macro files is listed later in this chapter.
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Macro Command
Invoke the macro command by pressing M, which allows you to manipulate macros.
A macro definition is a series of commands written in macro form. Define macros
interactively through the macro create command, or directly through the macro
insert command. To save interactively defined macros, you must write them to a
separate macro file in macro form. Use the macro get command get the macro file.

Description
Press M; AEDIT prompts:
Create

Get

Insert

List

Save

To specify a subcommand, press the initial letter of that subcommand.
C-Create Subcommand
The create subcommand creates a macro interactively by accumulating a sequence of
keystrokes. The macro is executed and created concurrently.
Press C; AEDIT prompts:
---- <Home> to re-edit
Macro name:

The name of the last macro specified for macro create, macro save or execute (if
any) is displayed to the right of the colon. Type in the macro name followed by
<Esc> or <CR>.
A macro name can consist of either a single character or a character string of up to 60
characters. The macro name may contain any characters, for instance +, 6, a.
After you type the macro name, the word Macro is displayed on the message line,
and remains there until the macro definition is complete. AEDIT returns to main
command level, and the entire set of AEDIT commands is now available for macro
create.
All subsequent keystrokes are executed in the regular manner, but they are also
trapped by the editor. These keystrokes make up the macro definition. This includes
special keys like <Esc> and the key for hex.
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Terminate the macro by typing one of these characters:
<Ctrl-C>

Terminates macro mode without defining the macro; the
macro is deleted.

M (main level only)

Successful termination of macro definition.

By defining a single-character macro, you can configure keys to execute the macro in
a single stroke, thus making them powerful new function keys.
See also:

execute command, described later in this chapter

Examples
This is an example that interactively creates the macro dot (.) that finds the next
occurrence of the last target string:
M(ACRO) C(reate)
Macro name:.<Esc>
F<Esc>M

This is an example that interactively creates a macro to configure <Ctrl-L> to mean
jump to start of line.
M(ACRO) C(reate)
Macro name:<Ctrl-L><Esc>
<Right><Left><Home>M

Error: no more room for macros is displayed on the message line if macros
exceed the amount of memory allocated to macros. The definition is terminated, and
the current incomplete macro definition is deleted.
G-Get Subcommand
The get subcommand reads and processes a macro file, with the result that:
•

The macro definitions in the file are available for execution.

•

The configuration commands in the file are executed.

•

The set commands in the file are executed.

The new macro definitions are added to the current set of available macros. If a
macro in the new set has the same name as a macro already available, the new macro
overrides the previous one. Configuration commands and set commands are
executed.
See also:
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Press G; AEDIT prompts:
---- <Home> to re-edit
Macro file:

The name of the last macro file read (if any) is displayed to the right of the colon.
Edit the macro filename, if required, then press <CR>.
You may insert an empty string as a filename (e.g., by typing M(acro)
G(et)<CR>); AEDIT gets the present text buffer as a macro file.
Errors: Errors may be issued during a macro get. The error is displayed, the area
causing the error is skipped, and processing continues.
Related Commands: The invocation controls macro, macrosize
I-Insert Subcommand
The insert subcommand causes all subsequent input, including function keys (such as
<Esc>) to be inserted in the text in macro form and not executed. Use it to change
and correct macro files. For example, pressing <Up> in macro insert inserts the
character sequence \CU in to the text. The macro definition may then be saved in a
macro file. This command is terminated by pressing <Ctrl-C>.
Press I; AEDIT prompts:
Control C to stop

In macro insert, all keys are entered as-is (e.g., f(ind) is entered as F). Thus, keys
such as <Esc> do not perform a function but are inserted as their macro codes. These
are exceptions:
•

When <CR> is typed it is not converted to \NL because the line terminator is used
to break macro definitions into more readable lines. Therefore, you must type
\NL if a line terminator is required in the definition.

•

If the backslash is not a lead-in character, you must enter it twice (\\).
However, the backslash is not doubled when it is typed, which enables you to
type \MM to terminate the macro or \NL for line terminator.

Type <Ctrl-C> to terminate macro insert mode.
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Example
This macro defines <Ctrl-L> to mean jump to start of line. Remember that what you
type does not execute but is inserted in macro form.
AEDIT filename
M(ACRO)I(nsert)M<Ctrl-L><Esc><Right><Left><Home>
\MM(end macro)
<Ctrl-C>
Q(UIT u(pdate) or Q(UIT) E(xit)

This text is inserted into filename:
M\00C\BR\CR\CL\CH\MM
MM terminates the macro definition.

See also:

Macro modes, described later in this chapter

L-List Subcommand
The list subcommand displays on the message line the names of all currently
available macros. If there are more macros available, press the space bar to continue;
any other character returns the editor to the main command level.
S-Save Subcommand
The save subcommand translates an available macro to macro form and inserts the
definition at the current position in the text. The macro may subsequently be
modified or saved in a macro file. If you want to look at a macro definition, use
macro save to translate and display the macro, review it, and delete it (if desired).
Press S; AEDIT prompts:
---- <Home> to re-edit
Macro name:

The name of the last macro specified (for macro create, macro save or execute) is
displayed to the right of the colon. Type a macro name followed by <Esc> or <CR>.
If the macro exists, it is inserted in the text at the current cursor location in macro
form.
You may use this procedure to save a new, interactively created macro for future use:
1.

Press O to enter the OTHER buffer.

2.

Use the quit init command to start editing your macro file.

3.

Insert the macro in macro form using the macro save command.

4.

Update the modified macro file using the quit update or quit exit command.
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Deleting Macros
To delete a macro from the set of available macros, use the macro create command.
Type:
M(ACRO)C(reate) macro_name <Esc><Ctrl-C>

Where:
macro_name

is the name of the macro to be deleted.

This procedure does not delete a macro from a macro file. To delete from a macro
file, you should edit the macro file like any other file, and use the delete commands.

Macros and AEDIT Variables
When AEDIT variables are referenced during macro create, the actual variable
value is fetched for the current activation of the macro, and a reference to this
variable is inserted into the macro definition. AEDIT variables provide a primitive
way to simulate passing a parameter to a macro.
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Macro Modes
A macro may be either modeless (terminated with \MM after it is converted to macro
form) or non-modeless (terminated with \EM after it is converted to macro form). All
macros created with macro create are modeless. You can create a non-modeless
macro by using macro insert or by editing a saved modeless macro.
You can use any modeless or non-modeless macro at the main command level or in
either insert or xchange modes.
A modeless macro is independent of whether it is called from main command level,
insert or xchange mode. This enables you to use the same macro at the main
command level and in insert or xchange mode. When you execute a modeless
macro, it executes as if it is at the main command level.
When the macro finishes execution, it restores the mode (insert or xchange) that was
in effect when it was activated.
A non-modeless macro is executed at the AEDIT prompt level that was in effect
when the macro was activated. When the macro finishes execution, it does not
restore the mode that was in effect when it was activated. Instead, AEDIT remains in
the mode determined by the macro. Non-modeless macros provide compatibility and
upgrading with respect to AEDIT V1.0.
Modeless macro execution always gives the same result regardless of the mode from
which it was executed. Non-modeless macro execution results usually depend on the
context mode from which they were called. Use modeless macros whenever
possible.
For example, compare these macros:
MA\BRi*\BR\MM
MB\BRi*\BR\EM

The first macro is modeless. When it is executed, the character * is inserted whether
or not it was called from main command level, insert, or xchange mode; when the
macro finishes, the initial mode is retained.
The second macro is non-modeless. If it is called from the main command level, the
results are the same as for the first; i.e., the character i is inserted and the editor
remains at main command level. But, if it is called from insert mode, for example,
the characters i* are inserted into the text, and the <Esc> command (\BR) causes the
editor to leave insert mode and return to the main command level.
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Execute Command
The execute command requests a macro name and executes the specified macro.
In macro execution all input is taken from the macro except for answers to these
questions/requests:

•

?Replace: ok to replace?

•

Quit init or quit abort: all changes lost?

•

Block delete: cannot save in memory, save anyway?

•

hit space to continue

•

quit write or block put: overwrite existing file?

In the prompts listed above, the response to the prompt is taken from the console.

Description
Press [count] E; AEDIT prompts:
---- <Home> to re-edit
Macro name:

The name of the last macro specified (for macro create, macro save, or execute) is
displayed to the right of the colon. Type a macro name followed by <Esc> or <CR>.
If the macro exists, it is executed.
If the busy/waiting indicator is active, the prompt line displays -!!- when a macro is
being executed. This is important in single-character macro execution where there
may not be any other indication that a macro is still executing.
The macro terminates when it has been executed the specified number of times or has
failed. Macro execution termination is described in more detail later in this chapter.
Macro activation may be nested up to eight levels.
Type <Ctrl-C> to force termination of macro execution.
Errors:

•

no such macro is displayed if the macro specified does not exist.

•

macro nesting too deep is displayed if you attempt to nest macros to more

than eight levels.
Count: the execute command accepts any count.
Related Commands: set display, set go

74

Chapter 5

Macro Commands

Single-character Macros
You can write macros with single-character names. You can activate a singlecharacter macro by simply typing its name if this character has no other function in
the context from which it is being activated. Single-characters that can be used as
macro names are referred to as "free" characters, e.g., L,U,Z, +.
Single-character macros can be activated in these ways:

•

Using the execute command at the main command level (as in the case for all
macros).

•

By pressing the macro character preceded by the key for mexec.

•

By pressing the key itself, if the key is "free", as follows:
— In insert and xchange modes: all nonconfigured control characters. These
control characters also cannot be used as macros in this way: <Ctrl-M>
(<CR>), <Ctrl-I> (<Tab>), and <Ctrl-J> (line feed).
— In the main command levels: the same as for insert and xchange modes
with the addition of all printable characters that are not used as AEDIT
commands.

The command mexec is configurable to a key (usually <Ctrl-E>). To activate the
single-character macro, press <Ctrl-E> followed by the macro name. For example,
if you are using the macros from useful.mac in insert mode, typing <Ctrl-E>^
converts the word that the cursor is on to uppercase letters.
A digit may not be used as a single-character macro at the main command level
because it is always interpreted as a count. A function key may not be used as a
macro name because the key's function overrides the macro definition.
This is an example to demonstrate using a single-character macro in insert or
xchange mode. You can define a macro called <Ctrl-P> as the word procedure and
save this macro in a file called plm.mac. If you are editing a PL/M source file, you
can call plm.mac with macro get; then, each time you type <Ctrl-P> the word
procedure will be inserted into the file. This saves having to type out the word each
time you want to insert it.
Errors:

•

illegal command is displayed when you type a character that is not a

command abbreviation, a decimal digit, or a macro name, at the main command
level.

•

no such macro is displayed if the character following the execute command

or the mexec key is not a macro name; i.e., no macro with that name exists.
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Macro Files
A macro file may consist of:

•

Configuration commands

•

Set commands

•

Macro definitions

•

Macro comments

Set commands and configuration commands are the only commands used in a macro
file. However, by using the init macro you can specify any command. Using the set
commands enables you to specify the mode of operation. For example, you may
include the command set k_token yes if you want the AEDIT search mode
initialized to search for tokens only. In the macro file, this command appears as SKY.
A macro definition is a series of commands written in macro form. It has this format:
M macro_name \BR characters_in_macro \MM

Where:
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M

declares that a macro definition follows.

macro_name

is any name given to the macro being defined.

\BR

stands for <Esc>.

characters_in_macro

is the macro contents.

\MM

signals the end of a modeless macro.

\EM

signals the end of a non-modeless macro.
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These representations of control characters and control codes are used in the macro
definitions:
Name

Represents

\BR

<Esc>

\CL

<Left>

\CR

<Right>

\CU

<Up>

\CD

<Down>

\CH

<Home>

\NL

<CR>

\RB

rubout

\TB

<Tab>

\XF

delch, delete character

\XX

dell, delete left

\XA

delr, delete right

\XZ

delli, delete line

\XU

<Undo>

\XH

hex, hex prefix character

\XE

mexec, macro execute

\XN

fetn, fetch numeric

\XS

fets, fetch string

\0h

hexadecimal value of a character

\MM

end of modeless macro definition

\EM

end of non-modeless macro definition

The backslash ( \ ) must appear twice if it is not used as a code lead.
A macro definition and configuration commands should be ended with either a
semicolon (;) or line terminator <nl>. The <nl> (as opposed to \NL and \0A) is
ignored in a macro file, even within macro definitions. This enables you to split the
macro definition into lines so that it is easier to read.
Mark the beginning of a comment in a macro file with a backslash/asterisk character
pair ( \*) and end-mark with an asterisk/backslash pair (*\).
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Macro Execution After a Failure
A command execution is marked as failed if:

•

An attempt is made to move forward (<Right>, <Down>, <Home>, or <CR>) at
the end of the file.

•

An attempt is made to move backward (<Left>, <Up>, or <Home>) at the start
of the file.

✏

Note
A cursor movement command prefixed by +/ is never marked as
failed.

•

A command prefixed by a finite count is marked as failed if any of its execution
is thus marked.

•

A (-)find or (?)replace command fails to find the target string.

•

A (-)find or (?)replace command prefixed by / is marked as failed only if it
fails on its first execution.

✏

Note
If the set go option is on, the (-)find and (?)replace commands are
never marked failed.

When a command in a macro is marked as failed, macro execution is terminated, and
control is returned to the caller. If the caller is main command level, AEDIT simply
waits for the next command. If the caller itself is a macro, execution continues with
the caller's next command.
Examples
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Macro A:

/E(XECUTE)B
E(XECUTE)C
E(XECUTE)D

Macro B:

J(UMP)S(tart)
/R(EPLACE)"<nl><nl>" with "<nl>"
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Macro C:

S(ET) G(o) Y(es)
J(UMP)S(tart)
/R(EPLACE) "DCL" with "DECLARE"
J(UMP) S(tart)
/R(EPLACE) "IS" with "LITERALLY"

A value for set go in macro A is meaningless, because it does not contain a (-)find
or (?)replace command. When /EXECUTE B is terminated either normally or
because macro B failed, macro C is executed. Likewise, when macro C is
terminated, macro D is executed.
Set go must be set to no (the default) for macro B. The replace command is
successful as long as the file contains at least one <nl><nl> sequence. When the file
contains no <nl><nl> sequences, macro B fails, execution of macro B is terminated,
and macro C is executed. If set go is yes for macro B, it will never fail, and
execution of macro B would enter an infinite loop.
Set go must be set to yes for macro C. This option ensures that the second replace
command is performed regardless of the results of the first replace command.
S(et) G(o) Y(es) could be placed after the jump command, and the effect would
be the same.
If you are not careful in coding your macro, it might enter an infinite loop when it
executes. To exit from such a macro or to terminate any macro, press <Ctrl-C>.
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Screen Display During Macro Execution
To speed up macro execution, the amount of data written to the screen while a macro
is executing is reduced to a minimum. Only selected text or information is sent to the
screen. The information in this section is given for reference.

Text
If set display no (the default) is in effect, changes in the text and cursor movements
are displayed on the screen as long as the cursor does not leave the current display
screen, or until a view command (either explicit or implicit) is issued. When the
cursor leaves the screen or a view command is issued, screen display is frozen until
the macro execution terminates. Then, an implicit view command is performed using
the current logical cursor location.
If set display yes is in effect, all changes and cursor movements are displayed on the
screen, even if the cursor leaves the screen or a view command is given.
Regardless of the set display value, the text is updated if you give the ?replace
command or the find/replace command and set showfind yes is in effect.

Message
The message line is updated only in these cases:

•

Error message display. The error message display lasts for at least a second. The
find/replace command message not found is not considered an error.

•

Calc command messages. For an argument that is an expression rather than an
assignment statement (e.g., N3+1 versus N2=N3+1 or S9 versus S9="abc").

•

Hex output and macro list command messages.

•

Quit or other command filename messages.

When macro execution is terminated, the last message remains on the screen.
However, the status (e.g., other, viewonly) is updated if needed.
The found: (number) message is a special case; it is displayed only if it is the last
message of the macro execution at main command level.
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Prompt
The prompt line is changed only when a macro requests an answer to one of the
questions listed in the earlier section on the execute command in this chapter.
After macro execution terminates, the prompt line reflects the current mode of the
editor. This mode is either main command level, insert mode or xchange mode.

Window
When a new window is constructed, the text is updated immediately, which is an
exception to the previous description. The reason for this exception is to create a
place for a future message that may refer to the upper window. The kill-wnd
command operates in the usual manner. That is, when the cursor leaves the screen,
the screen will be updated only when macro execution terminates.
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Macro Examples
1.

This example resets the left column. The single-character macro right square
bracket (]) sets the left column one position to the right each time it is executed,
and the single-character macro left square bracket ([) sets the left column one
position to the left each time it is executed:
M ] \BRsl+1\NL \MM
M [ \BRsl-1\NL \MM

These macros can be defined interactively using the macro create command.
For example, the first macro can be created by entering:
M(ACRO)C(reate)
Macro name:]<Esc>
S(ET) L(eftcol)+1<CR>
M(to terminate macro definition)

After you define these macros, typing a right square bracket (]) at main
command level, or the key for mexec and ] in insert or xchange mode, sets
leftcol one position to the right of its current setting; typing a left square bracket
([) at main command level, or the key for mexec and [ in insert or xchange
mode, sets leftcol one position to the left of its current setting.
2.

These single-character macros, named dot (.) and comma (,) find the next
occurrence of the target string, or find the previous occurrence of the target
string, respectively.
M.\BRf\BR\MM
M,\BR-\BR\MM

You can define these macros interactively using the macro create command.
You could create, for example. the first macro as:
M(ACRO)C(reate)
Macro name:.<Esc>
F(IND)<Esc>
M (to terminate the macro definition)

After you define these macros, typing a dot (.) at main command level or the
mexec key followed by a dot in insert or xchange modes finds the next
occurrence of the target string; typing a comma (,) at main command or the
mexec key followed by a comma in insert or xchange modes, finds the
previous occurrence of the target string.
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3.

This example sets visual breakpoints in programs. For example, you can use
comment lines filled with hyphens to separate procedures in a language. This
macro creates a break line:
M@\BRI(*--------------------*) \NL\BR\MM

You can create this macro interactively with these commands:
M(ACRO) C(reate)
Macro name: @ <CR>
I(*----------------------*)<CR><Esc>
M

After you define this macro, typing @ at main command level, or the mexec key
and @ in insert or xchange mode, inserts the break line at the current cursor
position in text.
4.

This sequence of commands saves, in a new file named exmpl.mac, an
interactively defined macro named asterisk (*) that allows you to scroll
backwards ten lines.
M(acro) C(reate)

Creates macro * interactively

Macro name:*<CR>
<Esc>10<UP>M

Command sequence

O(ther)

Invokes the macro save command, which
prompts for the macro name.

Q(uit) I(nit)
EXMPL.MAC<CR>
M(acro) S(ave)
Macro name:*<CR>

Executes the macro save command, translates the
macro * to macro form.

Q(uit) U(pdate)

Updates the macro file (exmpl.mac), which now
includes the macro *.

■■■
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AEDIT Variables

6

You can access a set of AEDIT variables with the following characteristics: string
variables versus numeric variables, read only variables versus read-write variables,
local variables versus global variables.

•

Read-only variables reflect internal AEDIT values that you can retrieve but not
modify. Read-write variables can be modified freely. Read-write variable
assignment can be done only in the calc command.

•

Local variables can be accessed only in the calc command. Global variables can
be accessed in other contexts as well.
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Global Variables
The two types of global variables are numeric and string. The global numeric
variables are all read-write. The global string variables can be read-only or
read-write.

Global Numeric Variables
The ten global numeric read-write variables (N variables), are N0-N9, which are 32bit numbers. Values are assigned to the N variables only in the calc command. To
fetch an N variable, type <fetn>i, where <fetn> is the fetch numeric key (usually
configured to <CTRL-N>), and i is any digit from 0-9. When AEDIT is invoked,
the N variables are initialized to zero.
The N variables may be used in the following ways:

•

In any line-edit prompt such as target-string or replacement-string, or
for the get command. The contents are inserted and displayed as signed decimal
numbers; leading zeros are suppressed.

•

As a count (or part of a count) for a command. Count cannot be negative;
therefore, the absolute value of the N variable is used. In this case, the value of
the N variable should be in the valid range, 0-65535. The contents are displayed
as an unsigned decimal number; leading zeros are suppressed.

•

In insert and xchange modes. For example, if you type <fetn>1 , the contents
of N1 are inserted in the text according to the value of set radix. For example, if
variable N1 contains the hexadecimal value 45H, the following text would be
inserted:
If SET Radix is:
alpha
binary
decimal
hex
octal

Text inserted:
E
1000101
69
45
105

The value is inserted without a suffix and leading zeros are suppressed.

•

Under the calc command. The variable may be retrieved as in any line-edit
prompt. Also, you can use the variable name as-is, for example, N1 instead of
<fetn>1. In this case the name, rather than the value, is displayed, for example,
N1 instead of 45. The entire processing is done by the calc command, not by the
line-editing mechanism. A variable may be modified only if it appears in calc
with its name on the left-hand side of an assignment statement.
When you press the key for <fetn>, the message <FETN> appears on the
message line. This message disappears on the next keystroke.
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Global String Variables
The two groups of global string-variables (S variables) are:

•

Read-write string variables

•

Read-only string variables

Read-Write String Variables
The ten read-write variables are S0-S9. Value assignment is done only in the calc
command. When AEDIT is invoked, these variables are initialized to a null string.
Read-Only String Variables
The following is an alphabetic list of the read-only variables. No assignment of
values is allowed.
SB

Up to 60 characters of the block buffer. By using SB, a portion of the
text file may be used later as, for example, an argument in a find
command.

SE

The name of the current edited file (as opposed to the secondary file).

SG

The name of the last file specified in the get command.

SI

The name of the main input file.

SM

The name of the last file specified for the macro get command.

SO

The name of the OTHER input file.

SP

The name of the last file specified for the block put command.

SR

The replacement string of (?)replace.

ST

The target string of (-)find and (?)replace.

SW

The name of the last file specified in the quit write command.
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Using String Variables
To fetch the value of a string variable, type <fets>x, where <fets> is the key
configured to fetch string (usually <Ctrl-V>), and where x is a digit (0-9) or a letter
appearing as the second letter in a name in the above list (e.g., B, E, G). For example,
<fets>7 fetches the value of S7, and <fets>G fetches the value of SG. An S variable
contains a string of 0-60 characters.
The S variables may be used in the following circumstances:

•

In any line-edit prompt such as target-string, replacement-string, get
filename. The contents are inserted and displayed as an ASCII string.

•

In insert and xchange modes. For example, if you type <fets>1, the contents of
S1 are inserted in the text.
Note that a character that is inserted in this way loses any special meaning it may
otherwise have. For example, 0DH is inserted as-is and not as a carriage return,
or 01BH (<Esc>) does not cause mode termination.

•

Under the calc command. The S variable may be retrieved as with any line-edit
prompt. Also, you can use the S variable name as is, for example, SB instead of
<fets>B. In this case, the name rather than the value is displayed, for example,
SM rather than aedit.mac. All processing is done by the calc command and not
by the line-editing mechanism. An S variable may be modified only if it appears
in calc with its name on the left side of an assignment statement.

An S variable is always considered as if all its characters are literalized. This means
they are interpreted as regular characters even if in other cases they may have a
special meaning, such as <hex>. Thus an S variable is never searched to determine if
it fetches another S variable.
When you press the key for <fets>, the message <FETS> appears on the message
line. This message disappears on the next keystroke.
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Local Variables
All local variables are read-only numeric variables. Therefore, they cannot be
assigned, and they can be used only in the calc command.
The following is an alphabetic list of positional values:
BOF

Logical value: true if the cursor is at the beginning of file.

COL

The current logical cursor position in the line. This value is not affected
by the setting of leftcol.

CURCH

ASCII value of the current character.

CURWD

ASCII value of the two bytes at the current cursor location.

EOF

Logical value: true if the cursor is at the end of file.

INOTHR

Logical value: true if you are in the OTHER buffer.

ISDEL

Logical value: true if the character at the current position is in the userdefined delimiter set.

ISWHTE

Logical value: true if the character at the current position is whitespace
(space, tab, LF or CR).

LOWCH

If the current character is an uppercase character (41H to 5AH), LOWCH
is the ASCII value of the lowercase character. Otherwise, LOWCH is the
same as CURCH.

NXTCH

ASCII value of the next character.

NXTTAB

The column number of the next tab position (to the right of the cursor)
as defined by set tab. If there are no tabs to the right of the cursor in
the current line, the value of NXTTAB is zero.

NXTWD

ASCII value of the second and third bytes following the current cursor
location.

ROW

Current cursor row (actual row, not the logical line in the text).

UPCH

If the current character is a lowercase character (61H to 7AH), UPCH is
the ASCII value of the uppercase character. Otherwise, UPCH is the
same as CURCH.
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The following values are offset from the beginning of the currently processed input
file. If the file is edited using the forwardonly control, the offset is from the current
beginning of text. This position may vary as the cursor is moved forward.
CURPOS

Offset of current location in file. CURPOS is zero for the first character
of the file.

TAGA

Offset of tag A.

TAGB

Offset of tag B.

TAGC

Offset of tag C.

TAGD

Offset of tag D.

The following value relates to the S variables:
The length of the global S variable, SLx, where x is 0-9 or the second
letter of a read-only string variable.

SLx

The following is an alphabetic list of counters that contain the actual number of
command repetitions from the last time the command was specified with count
greater than one. The CNT prefix signifies COUNT.
CNTEXE

The number of times the macro that is currently executing has executed
in the current activation. The first execution is number one. If none,
the value is zero.

CNTFND

Relates to (-)find.

CNTMAC

The number of times that the last macro (which has finished executing)
was executed.

CNTREP

Relates to (?)replace.

The following values relate to the margin and indentation settings used by paragraph
and set autonl commands:
IMARGN

The value of current indent margin setting.

LMARGN

The value or current left margin setting.

RMARGIN

The value of current right margin setting.

The following values are returned using the system real-time clock services:
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DATE

Date in decimal format MMDDYY

TIME

Time decimal format HHMMSS
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The following are other values:
LSTFND

Logical value: true if the target of the last find or replace string was
found. (Note that an infinite find (/f) sets this variable to TRUE if at
least one find succeeded.)

NSTLVL

Nesting level of the currently executing macro, console input is
level 0.

Global Variables in Macros
When the value of any AEDIT variable is fetched during macro create, the actual
value is used for the current activation. A reference to this variable is inserted into
the macro definition. Therefore, when you activate the macro at a later time, it will
use whatever the value of the variable is at that time. It will not use the value of the
variable at the time you created the macro.
For example, assume the following is a macro:
I(NSERT)<FETS>7<ESC>

If S7="abc" at the time the macro is defined, abc is inserted the first time the macro
is run. If the definition of S7 is changed to xyz and the macro is activated again, xyz
is inserted.

■■■
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Calc Command

7

The calc command provides you with computation capabilities. Using these
capabilities coupled with AEDIT variables, you can perform functions such as
centering a phrase on a line, finding the size of an input file, or changing a letter from
lower case to upper case or vice versa.

Overview
To execute the calc command, press C; AEDIT prompts ---- <Home> to re-edit
Calc:

The last statement entered under calc is displayed to the right of the colon.
Input to the calc command is either a numeric statement or a string statement:
numeric_statement:==[N_variable =]...numeric_expression

or
string_statement:==[S_variable =]...string_expression

Thus, a calc statement can be a numeric (or string) expression, optionally assigned to
one or more N (or S) variables.
The calc command evaluates the numeric or string expression and displays its value
in the message line. If the assignment form is used (e.g., N1 = N2+1), the left-side
variable is assigned that value. As specified by the ellipsis you can include multiple
assignments in a single statement. Furthermore, you can embed a numeric statement
in a numeric expression if it is enclosed in parentheses.
A numeric expression can only be assigned to an N variable. Similarly, a string
expression can only be assigned to an S variable.
Here are some simple examples:
S1 = "A simple string
assignment"
SB

— string statement

N1 = N2 = CURPOS + 1

— multiple-assignment numeric statement
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The various components of a calc statement are:
•

N_variable or S_variable

Indicates one of the 10 N (S) variables. It can have one of two forms:
— N (or S) followed by a decimal digit, statically identifying the variable, e.g.,
N1, N8, S5.
— N (or S) followed by a parenthesized numeric expression that yields a value
from 0-9. This sets the execution-time specification of a variable and is best
suited for macro definitions.
Example: N(N9+1)
•

Numeric expression is comparable to expressions in other high-level languages
like C, Pascal, and PL/M.
The operands of a numeric expression can be either:
— Numeric constants, e.g., 4, 100, 5FH
— Local or global numeric variables, e.g., CURPOS, N4, N(N2+ 1)
— Parenthesized numeric statement, e.g., (N1 = CURPOS + 1)
The operators are the usual set of arithmetic, logical, relational and shift
operators. For example (NO SHL 4) + 1, shifts the variable NO four places to the
left, then adds 1 to it.

•

String expressions can be either:
— String constants, e.g., "This is a constant"
— Global string variables, e.g., S2, SM, SB, S(N2+N3)
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Numeric Constants
The calc command numeric constants are integer numbers. They can be binary,
octal, decimal, or hexadecimal. The calc command recognizes these constants by the
suffix B, O (or Q), D, or H, respectively. Numbers without a suffix are considered
decimal. A numeric constant may be in the range
- (2**31) to +([2**31] - 1)

String Constants
A string constant may be 0-60 characters long with same delimiter at both ends. The
same delimiter means that there is no predefined string delimiter; rather, the character
immediately to the left of the string constant is identified as a delimiter. Then the
second occurrence of that character signifies the right end of the string. To prevent
ambiguity, the following characters may not serve as string delimiters: letters, digits,
blank, and tab.
A natural delimiter choice is a quotation mark. However, if the string constant
includes a quotation mark, then a different character, one that does not appear in the
string, should be used as the delimiter.
The case of the letters within the string is preserved.
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Operators
Table 7-1 displays a functional grouping of operators. The groups are: logical
operators, relational operators, shift/rotate operators, and arithmetic operators.
Table 7-1. Operators' Precedence and Associativity
Operator
Class

Operator

Interpretation

Associativity

Parentheses

()

Controls evaluation order:
expressions in parentheses are
evaluated before the items in the
parentheses

From inside to outside

Unary

+-~`
!#

Single positive operator,
Single negative operator, 1's
complement (~ or`) POS
operator (!) NEG operator (#)

From right to left,
e.g., !#3 is !(#3)

Power

**

Raising to the power of

From right to left,
3**4**5 is 3**(4**5)

Arithmetic
(mul/div)

*/\

Multiplication, division, mod
(remainder) div

From left to right,
e.g.,11 * 12 * 13 is
(11 * 12) * 13

Arithmetic
(add/sub)

+-

Addition, subtraction

From right to left e.g.,
2-3+4 is (2-3)+4

Shift/rotate

SHL, SHR,
SAL, SAR,
ROL, ROR

Shift left, shift right, shift
algebraic left, shift algebraic
right, rotate left, rotate right

From left to right, e.g.,
5 SAR 1 SAR 1 is
(5 SAR 1)SAR 1

Relational

< <= ==
<> => >

Less than, less than or equal to,
equal to, not equal to, greater
than or equal to, greater than

From left to right, e.g.,
3<4<2 is (3 < 4) < 2

Logical

&|∧

AND, OR, XOR

From left to right, e.g.,
5 & 3 ∧ 7 is
(5 & 3) ∧ 7
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Table 7-1 lists all the calc command operators with a brief description of the
semantics of each operator. These are more detailed descriptions of the nontrivial
operators:

•

~ and ' (1's complement) have the same meaning. The duplicate notation
prevents possible difficulties on terminals where one of these characters may
have a special meaning. 1's complement means for every 0 bit, a 1 bit is
returned and vice versa.

•

! and #:
The POS operator (!) is defined as follows:
If number ≥ 0 then return true (-1)
else return false (0).
The NEG operator (#) is defined as follows:
If number ≥ 0 then return false (0)
else return true (-1).

•

\ (modulo division) returns the remainder of an integer division, for example,
7 \ 4 = 3; 16 \ 4 = 0.

•

∧ (XOR) returns true only if one operand is true and the other is false; otherwise
it returns false. This is done for each bit in the argument, for example, 5 ∧ 1 = 4.

Shift/ Rotate Operators
In the shift/rotate operations, the left operand is handled as a pattern of 32 bits. It is
moved to the right or to the left by the number of bits specified by the right operand.
In a shift, bits moved off one end of the pattern are lost, and 0 bits or 1 bits are moved
into the pattern from the other end. In a rotate, bits moved off of one end move onto
the other end.
SAL and SAR are algebraic shift operators. This means that the high order bit is the

sign bit, and there is no shift of bits between the sign and the rest of the number. In a
left shift (SAL), 0 bits move into the pattern from the right. In a right shift (SAR),
either 0 bits (if pattern is positive) or 1 bits (if pattern is negative) move into the
pattern from the left.
In every shift/rotate operation, the right operand (count) is always taken as modulo
256.
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Expression Evaluation
Operators in the calc command have an implied order that determines how operands
and operators are grouped and evaluated.
Table 7-1 lists the calc command operators from highest to lowest precedence (i.e.,
those that take effect first are listed first). Operators in the same line are of equal
precedence.
The evaluation order is the same as that used in most programming languages. It is
controlled first by parentheses, then by operator precedence, and finally by operator
associativity. The calc command first evaluates operands and operators enclosed in
paired parentheses as subexpressions, working from innermost to outermost
parentheses pairs. The value of the subexpression is then used as an operand in the
remainder of the expression.
The precedence and associativity rules are demonstrated by these examples.
These two statements are equivalent:
n1 + n2 * n3 ** – n4
n1 + (n2 * (n3 ** (–n4)))

These two statements are equivalent:
n1 SHR 3 ≥ n2 SHL n7 + 4 * #2
(n1 SHR 3) ≥(n2 SHL (n7 + (4 * (#2))))

These two statements are equivalent:
n2 + 3 < > n4 – 5& n4 – 2 == n5
((n2 + 3) < > (n4 – 5)) &((n4 – 2) == n5)
Upper case and lower case letters are not distinguished from each other except in
string constants. For example, curpos and CURPOS are interchangeable.
The value TRUE is represented by -1; i.e., 0FFFFFFFFH, and the value FALSE is
represented by 0. Whenever an operator produces a logical (Boolean) value, that
value is either TRUE or FALSE.
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Examples
The two examples show how to use the N and S variables.
Example 1
S3

The value of the S variable S3 is displayed at the message line; no assignment.
Example 2
n1 = n(n(n2 = 2* n3))

Assuming that N3 contains 3 and N6 contains 8, and all other N variables are 0. Then
2 * N3 = 6; therefore, N2 gets 6, and N6 is the index for the "outer" N because N (6) is
equivalent to N6, thus giving N1 = N (N6). N6 contains 8; thus N1 = N8. Because N8
contains 0, N1 gets this value (0), and 0 is displayed on the message line.
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Errors
The calc command returns these messages. When an error is detected, the
corresponding error message is displayed on the MESSAGE line, followed by a portion
of the command where the error was detected.
Divide by zero error

An attempt was made to divide by zero.
Expression too complex

The expression is too complex; simplify the expression.
Floating point not allowed

Real values (e.g., 5.2) are not allowed.
Illegal exponential operation

Usually occurs when a negative value is used as the right operand. The illegal
exponential expression is displayed on the message line. Correct it and rerun calc.
Illegal expression

The illegal expression is displayed on the message line. Correct it and rerun calc.
Invalid base character

The base character is not valid, e.g.,18A.
Invalid numeric constant

The numeric constant is not valid, e.g.,1AD.
MOD by zero error

An attempt was made to take MOD with zero.
Numeric constant too large

A numeric integer constant must be in the range –(2**31) to +([2**31] – 1).
Unbalanced parenthesis

Either the right or left parenthesis is missing.
Unrecognized identifier

The illegal identifier is displayed on the message line. Correct it and rerun calc.

■■■
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8

Macros give AEDIT great flexibility and power. You can write macros to
incorporate the calc command and AEDIT variables. These macros can print dates,
directories, use an on-line calculator, and convert letters from upper case to lower
case and vice versa.
Several macros are included with AEDIT in the file useful.mac. You must have
AEDIT version 2.0 or later to use this macro file. To activate these macros, type:
M(ACRO) G(et) USEFUL.MAC

However, you should append useful.mac to your default macro file (aedit.mac), or
include the macros you find useful in your default macro file.
The macros in useful.mac occupy about 1900 bytes of the macro buffer. The default
macro buffer size (3072 bytes) is usually sufficient for useful.mac. However, you
may use the invocation control macrosize if you need to increase the macro buffer
capacity.
The macros in useful.mac use the N variables N7, N8, and N9, and the S variables S0
and S9. Use the calc command to define N and S variables.
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The Useful.Mac File
These macros are contained in useful.mac. They are listed by name with a short
descriptive sentence.
Macro
Name

Description

<Blank>

The space bar may be used in addition to the <Tab> key to scroll the menu.

.

Find the next occurrence of the target string from the last find/replace.

,

Find the previous occurrence of the target string from the last find/replace.

L

Convert the character the cursor is on to a lower case character.

U

Convert the character the cursor is on to an upper case character.

–

Convert the word starting at the cursor from upper case to lower case letters.
Convert the word, starting at the cursor, from lower case to upper case letters.
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<Ctrl-W>

Move the cursor right to the next word.

<Ctrl-K>

Move the cursor left to the previous word.

]

Set leftcol one position to the left.

[

Set leftcol one position to the right.

}

Set leftcol three positions to the left.

{

Set leftcol three positions to the right.

+W

If a white space, skip to the right to the next nonwhite character.

+N

If a nonwhite character, skip to the right to the next white space.

+B

If a blank, skip to the right to the next nonblank.

+W

If a white space, skip to the left to the next nonwhite character.

+N

If a nonwhite character, skip to the left to the next white space.

+B

If a blank, skip to the left to the next nonblank.

DT

Insert the date in mmm dd, yyyy format (e.g., July 24, 1984)

DM

Insert the date in dd-mmm-yyyy format (e.g., 24-Jul-1984)

<Ctrl-B>

Insert the contents of the block buffer into the text at the cursor position.

PG

Page the text. Header is always written as Heading.
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PP

Page the text. Header is stored in the S0 S variable.
PG and PP are meant for paging text. These macros attempt to put headers on
empty lines, if possible. They use tag C and tag D for internal computations.

CNTR

Center the text in the current line.

DETAB

Convert all tabs from the current position to the end of the file to blanks, using
current tab setting.

ENTAB

Convert all blanks from the current position to the end of the file to tabs. This
macro works very slowly.

SHL

Display the current line number.

SFL

Display the total number of lines in the file.

SFC

Display the total number of characters in the file.

SHP

Display the current position in the line.

C

On-line calculator. In insert or xchange modes you may enter an arithmetic
expression. Press the key configured to mexec, then C, and the expression value is
displayed at the cursor position.

SMP

Set the indentation and left and right margins according to the values for the
paragraph in which the cursor is currently positioned.

NUM

Insert line number prefix on each line in a text file. The macro uses tag D for
internal computations.

0

Set paragraph with indentation 0, left margin 0, right margin 70

2

Set paragraph with indentation 0, left margin 3, right margin 70

3

Set paragraph with indentation 3, left margin 3, right margin 70

4

Set paragraph with indentation 3, left margin 5, right margin 70

5

Set paragraph with indentation 5, left margin 5, right margin 70

6

Set paragraph with indentation 5, left margin 7, right margin 70

7

Set paragraph with indentation 7, left margin 7, right margin 70
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Tips for Writing Macros
The techniques described in this section will help you to understand the macros in
useful.mac and to write your own macros.
Sending Text to the Message Line
Sending a message to the message line is done using the calc command with an
expression, rather than an assignment statement, as the argument. As stated in
Chapter 7, when the argument is an expression, its value is output to the message line
even if it is executed within a macro.
Suppose, for example, that N9 contains the current line number, and you want to
output this value, with an appropriate title, to the message line. This is done as
follows:
C(alc) N9 = expr
C(alc) S9 = "current line: <FETN>9"
C(alc) S9

Or in macro form:
...CN9= expr \NLCS9="current line:
\XN9"\NLCS9\NL\MM

Simulate "IF cond THEN RETURN" (to the caller)
This construct is done by using the "fail" characteristic of the find command. Recall
that searching an empty string always fails (assuming that set go no is in effect), but
searching zero times always succeeds, regardless of the operand. The following
method may thus be used:
C(ALC) N9= cond
\ * cond is any logical expression * \
<fetn>9 F(ind) ~<rubout> <ESC>
\ * Find argument is an empty string * \

...

Or in macro form:
...CN9= cond \NL\XN9F~\RB\BR...

Note that cond must be a logical expression, so that it will have the value of 0 (false)
or -1 (0FFFFFFFFH, true). When it is used as a count, the absolute value, 0 (false)
or 1 (true) is used.
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Simulate "IF cond THEN statement"
In this case, statement is implemented as a separate macro (named statement). This
macro will be executed 0 or 1 times depending on the value of cond:
C(alc) N9= cond
<FETN>9 E(XECUTE) statement

Or in macro form:
...CN9= cond\NL\XN9E statement\NL...

Note again that cond must be a logical value to ensure that N9, when used as a count,
is either 0 or 1.
Simulate "IF cond THEN statement1 ELSE statement2"
This is based on the example given above:
C(alc) N8=!(N9=cond)
\*"!" is the NEG operator * \
<FETN>9 E(XECUTE) statement1
<FETN>8 E(XECUTE) statement2

Or in macro form:
...CN8=!(N9=cond)\NL\XN9E statement1\XN8E statement2\NL...

Note that statement1 may not change N8; if it does, statement2 may be executed
unintentionally.
Simulate "Advance_While cond"
This construct is usually needed for macros like skip to next blank, skip to next word,
etc. This is done using the "IF cond THEN RETURN" method described above.
Cond in this case must be a logical expression that involves the current cursor
location (e.g., ISDEL, CURCH=20H). The method consists of two nested macros.
The "low level" macro advances one character and fails when the condition is not met
(named advance_one). The "main" macro executes the first one an infinite number
of times and actually terminates when the condition is not met, and continues with the
next instruction:
Advance_While:.../E(xecute)Advance_One...
Advance_One:C(alc) N9=!cond
<fetn>9 F(ind)~<rubout><ESC>
<RIGHT>
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Or in macro form:
MAdvance_While\BR.../EAdvance_One\NL...
MAdvance_One\BRCN9=!cond\NL\XN9F~\RB\BR\CR...

If, for example, you want to implement skip to the next blank/tab, then cond is
CURCHC< >20H & CURCHC< >09H.
To implement Backward_While (cond), the same method is used, but the last
command in advance_one should be <LEFT> ( \ CL) instead of
<RIGHT> ( \ CR).

Examples
The examples included in this section are macros from useful.mac. They are
explained in greater detail to show the usage of the above techniques.
1.

The following set of macros converts single letters or words from upper case to
lower case or vice versa. It executes nested macros (e.g., macro L calls macro
U2L), uses the calc command (e.g., C(alc) n8=(n9=lowch) and read-only
variables (e.g., lowch, curch, upch), calls the set command (S(et)
R(adix) A) and the fetch function (e.g., <fetn>8).
ML\BReu21\NL\CR\XN8eLU11\BR\MM;
\*
MU\BRe12u\NL\CR\XN8eLU11\BR\MM;
\*
M_\BRe+W\NL/el12\NLe+W\BR\MM;
\*
MÙ\BRe+W\NL/eu12\NLe+W\BR\MM;
\*
MU2L\BRCN8=(N9=lowch)<>curch\NL\MM;
ML2U\BRCN8=(N9=upch)<>curch\NL\MM;
MLU11\BR\CLsrax\XN9\BR\MM;
ML12\BRCN7=iswhte \NL\XN7f~\RB\BRl\MM
MU12\BRCN7=iswhte \NL\XN7f~\RB\BRu\MM;

letter to lower case *\
letter to upper case *\
word to lower case *\
word to upper case *\

Note the use of the following techniques:
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•

The L Macro executes LU11 using the IF cond THEN statement

•

The L12 Macro simulates advance_while the current character is not a
white space. In this case, it also converts the character to lower case.

•

The “_” (underscore) Macro uses +B to skip to the next nonwhite space
character.
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2.

The <Ctrl-W> Macro moves the cursor one word to the right. A word (in this
case) is defined as a sequence of characters enclosed by delimiters. Delimiters
are defined as white spaces or the user defined delimiters (listed under set
E_delimiter). The technique IF cond THEN RETURN is used here. In the
nested macros, N9 defines whether or not the cursor is on a delimiter. If the
value fetched by <fetn>9 is 0 (false), the find succeeds and the macro is
repeated. If the value fetched by <fetn>9 is 1 (true), the find fails and
execution returns to the calling macro.
M\017\BR0f~\RB\BR/e\0171\NL/e\0172\NL\MM;

\ * word right macro *\
M\0171\BRcn9=iswhte\NL\XN9f\BR\CR\MM;
M\0172\BRcn9=!isdel\NL\XN9f\BR\CR\MM;

The <Ctrl-K> Macro differs from the <Ctrl-W> Macro only in that it moves the
cursor one word to the left.
M\00B\BR0f~\RB\BR\CL/e\0111\NL/e\0112\NL\CR\MM;

\ * word left macro * \
M\0112\BRcn9=iswhte\NL\XN9f\BR\CL\MM;
M\0111\BRcn9=!isdel\NL\XN9f\BR\CL\MM;

Note that the macros are optimized to some extent. A find empty string is
issued first; therefore, a future find command uses <Esc> as an argument, not
the sequence ~rubout<Esc>.
3.

The CNTR Macro centers the text on the line. This macro strips all blanks from
the left side, then all blanks from the right side. It calculates the number of
blanks to be added and adds the blanks from the left margin to the first character
so that the text is centered on the line. Skipping blanks is done with the +B and
the -B macros. The number of blanks to be added is calculated using the readonly variables rmargn, lmargn, and col. +B and -B use advance_while macro
techniques.
MCNTR\BRjp0\NLe+b\NL\XXjp254\NLi\BR\CLe-b\NL\CR
\XA cn9=(rmargn+1+lmargn-col)/2\NLcn9=-n9*(n9>0)\NLjp0\NLi\BRb
\CLb\XF\XN9g\NL\NL\MM;
M+B\BR/e+B1\BR\MM;
M+b1\BRcn9=!(curch= =20H)\NL\XN9f~\RB\BR\CR\MM;
M-B\BR/e-B1\BR\MM;
M-b1\BRcn9=!(curch= =20H)\NL\XN9f~\RB\BR\CL\MM;

■■■
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Configuration Commands

9

Introduction
AEDIT is designed to run with various terminals. In some cases, for example
VT100, AEDIT is able to identify the host environment. In other cases, you should
specify the characteristics of your particular terminal.
For the iRMX version of AEDIT, specify the terminal characteristics with
configuration commands in the :config:termcap file. The parameters and control
sequences are listed in Table 9-1.
A configuration command must be terminated with a semicolon (;) or a carriage
return. For some terminals, such as the Series-III, Series-IV and ANSI/VT100
family of terminals, only the appropriate hardware identification configuration
command, AH=string, is required. Appendix D lists configurations for several nonIntel terminals. If your terminal is not included in the list of tested terminals, refer to
your terminal user manual for the terminal characteristics and add the appropriate
commands to your :config:termcap file.
AEDIT requires that the terminal meet the following conditions:
•

ASCII codes 20H - 7EH display some symbol that requires one column space.
Carriage return (ODH) and linefeed (OAH) perform their usual functions.

•

The following cursor functions have cursor key input codes and CRT cursor
output codes: left, right, up, down, home and carriage return. Output codes
such as clear screen, clear rest of screen, clear line, clear rest of line, and
direct cursor addressing are desirable for faster screen plotting, but not
required. The codes, shown in Table 9-1, can be changed with the configuration
commands.

•

The CRT accepts a blankout code that blanks out the former contents of the
screen location to which it is output. The default, 20H, can be changed with the
configuration commands.

•

AEDIT automatically generates a linefeed each time a carriage return is entered.
Your terminal should not transmit a linefeed with a carriage return. In some
terminals, this feature can be switched on and off.
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Table 9-1 lists the configuration commands and their meanings. These commands
are divided into three groups:
•

Terminal attributes and generals

•

Input codes, which specify codes sent from the keyboard to the terminal (i.e.,
AEDIT)

•

Output codes, which specify codes to be sent from the terminal (i.e., AEDIT) to
the display.

A configuration command may be used to set a value to a specific feature or to
indicate that the feature is not available. To indicate that the feature is not available,
the command is specified without an associated value, for example, AFER=;.

Configuration Command Notes
AS

It is highly recommended to set this feature off (AS=F), if one of the
following is true:
•

Your terminal does not have the direct cursor addressing feature
(e.g., AH=S3, the terminal is a SERIES-II terminal).

•

If your terminal operates at a relatively low baud-rate, less than
9600 baud.

•

If the AT configuration command is off (AT=F). In this case,
setting AS=T causes the busy/waiting indicator to toggle for each
input character.

In all the cases listed above, setting AS=T degrades performance due to
slow output or huge amounts of output to the screen.
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AT

Setting AF=F directs AEDIT to not support type-ahead. When AT is
off (AT=F), the AFCC function is not fully functional. The synonym
works only for synchronous operations (e.g., to terminate insert mode),
but not for asynchronous operations (e.g., exit from a loop within a
macro).

AB

The natural choice is ESC (1BH). However, this value cannot be used if
other terminal input function begin with ESC (e.g., VT100).

AFCC

AFCC is not fully functional if AT is off (AT=F). See notes on AT
above.
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Table 9-1. Configuration Commands
Terminal Attributes and Generals
Command

Meaning

AH=string

Hardware Identification: where string is one of the following values,
implying a set of configuration commands
<null> Equivalent to specifying the minimal default set, which is specified
with AH =;. The default set is not sufficient for interactive use and
must be completed with other explicit configuration commands.
S3

Series III systems. Equivalent to specifying all configuration
commands with the Series III default values.

S3E

Equivalent to S3 with the following changes:
- New console output functions, including:
Various clear text functions
Direct cursor addressing
Local scrolling
- Fast block move command for data to the CRT

S3ET Equivalent to S3E without the fast-block-move command for data
to the CRT. S3ET is used when the Series IIIE is used as a
terminal.
S4

Series IV systems. Equivalent to specifying all configuration
commands with the Series IV default values.

ANSI

Equivalent to specifying all the configuration commands with the
default values according to ANSI X3.64 (1977).

VT100 Equivalent to specifying all the configuration commands with the
default values for the DEC VTl00 family of terminals.
AV=n (5:66)

Sets the number of rows in the display.

AW=T or F

True if the terminal wraps when a character is printed in the last physical
column.

AS=T or F

True to display the busy/waiting indicator.

AT=T or F

True if type-ahead is to be done by AEDIT.

AG=T or F

True if bell signal is to be issued along with warning messages (e.g.,
rewriting files on quit write).

Notes:

n(n1:n2)
h
hhhh
hhhh...
T

an integer in the inclusive range, n1 to n2.
a 1-byte hexadecimal number.
a 1-byte to 4-byte hexadecimal number.
the same as hhhh, but the length may be up to 40 bytes.
T or t indicates true.
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F

F or f indicates false.

string

a 0- to 60-character string.
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Table 9-1. Configuration Commands (continued)
Output Codes
Command

Meaning

Cursor moves:
AFMB=hhhh
AFML=hhhh
AFMR=hhhh
AFMU=hhhh
AFMD=hhhh
AFMH=hhhh

Moves cursor to start of line
Moves cursor left
Moves cursor right
Moves cursor up
Moves cursor down
Moves cursor home

Erase:
AFES=hhhh
AFER=hhhh
AFEK=hhhh
AFEL=hhhh

Erases entire screen
Erases rest of screen
Erases entire line
Erases rest of line

Cursor addressing:
AFAC=hhhh
Addresses cursor lead-in. When used, code will be followed by column
number (0 to max_col_value) and row number (0 to max_row_value).
AO=h
Offset to add to both row and column number with address cursor
commands.
AX= T or F
True if X (column) precedes Y (row) in address cursor command.
Delete/insert:
AFIL=hhhh
Insert line code. Used in line 0 for reverse scrolling.
AFDL=hhhh
Delete line code. Used to speed up display on the Hazeltine 1510 and
similar terminals.
Reverse video:
AFRV=hhhh
AFNV=hhhh
AI= T or F
AC= T or F

Start reverse video character(s). Used on the PROMPT line display.
Return to normal video characters. Used to restore the display after a
reverse video line.
True if the CRT has invisible attributes, or False if the attribute occupies a
position on the screen.
True if the CRT has attributes per character, or False if the attributes are
per field.

Initialization/termination:
AFST=hhhh...
Start-sequence. This sequence is output to the terminal when AEDIT
encounters it. Can be used to intialize the terminal, e.g., to initialize a
scrolling region.
AFEN=hhhh...
End-sequence. Output to the terminal when AEDIT exists. Can be used
to unset values that have been set by AFST.
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Table 9-1. Configuration Commands (continued)
Input Codes
Command

Meaning

Escape keys:
AB=hhhh
AFCC=h

Sets <ESC>
Sets <CTRL-C> synonym

Cursor move keys:
AFCL=hhhh
Sets <LEFT>
AFCR=hhhh
Sets <RIGHT>
AFCU=hhhh
Sets <UP>
AFCD= hhhh
Sets <DOWN>
AFCH=hhhh
Sets <HOME>
Delete keys:
AR=hhhh
AFXF=hhhh
AFXX=hhhh
AFXA=hhhh
AFXZ=hhhh
AFXU=hhhh

Sets rubout
Sets delete character-delch
Sets delete left-dell
Sets delete right-delr
Sets delete line-delli
Sets undo

Prefix keys:
AFXE=hhhh
AFXH=hhhh
AFXN=hhhh
AFXS=hhhh

Sets macro exec key-mexec
Sets hex character-hex
Sets fetch numeric-fetn
Sets fetch string-fets

Others:
AFIG=h

Sets character(s) to be ignored. This specification is needed on terminals
(such as the Hazeltine 1510) that have multiple character key codes for up
and down. AFIG should be set to the lead-in (tilde), and up and down
should be set to the second letter of the cursor up or down key code. This
avoids problems caused by the lack of a type-ahead buffer.

Notes:

n(n1:n2)
h
hhhh
hhhh...
T
F

string

114

an integer in the inclusive range, n1 to n2.
a 1-byte hexadecimal number.
a 1-byte to 4-byte hexadecimal number.
the same as hhhh, but the length may be up to 40 bytes.
T or t indicates true.
F or f indicates false.
a 0- to 60-character string.
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Configuration Values
An AH command value implies a complete set of values for the entire configuration
command set. Table 9-2 lists the default configurations for various terminals or
systems.

Delay Codes
Some CRTs are too slow with respect to some AEDIT output functions. To enable a
smooth operation of AEDIT with these CRT types, AEDIT should be informed how
long it has to wait before it may issue a new output operation.
You can specify delay codes for the various output functions with configuration
commands of the form ADxx=n, where xx is the function code in the corresponding
AFxx code, and n is a decimal number specifying the delay in milliseconds. For
example, ADDL=3O defines a delay of 30 milliseconds for the function AFDL (delete
line). An ADxx value may be specified for every AFxx output function.

Determining the Configuration Values
Table 9-2 lists the default configuration values. AEDIT processes configuration
commands in this order:
1.

Sets the default value for each configuration command.

2.

Checks to see if the system is one of the default types listed in Table 9-2. If so,
AEDIT sets the configuration as defined in Table 9-2.

3.

Processes configuration commands in the :config:termcap file. For every valid
command under your terminal type, AEDIT overwrites the previous value with
the new one.

4.

Checks the configuration to make sure these values are defined:
AFMB
AFMH
AFMU

✏

AFMD
AFML
AFMR

Note
If any of the values in step 4 are undefined, AEDIT terminates and
displays the following message:
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Table 9-2. Configuration Default Values
AH=;
Command Default

AH=S3

AH=S3E

AH=S4

AH=ANSI

(S III)

(S IIIE)

(S IV)

AH=VTl00

Meaning

Input Codes
AV=
AW=
AS=

24
T
F

25
T
F

25
T
T

25
T
F

24
T
F

AT=
AG=

T
T

T
T

T
T

T
T

T
T

Screen length
Terminal wraps?
Display busy/
waiting indicator
Type-ahead
Bell signal

1B
03

1B
03

1B
03

1B4F53(2)
03

Sets <ESC>
Sets <CTRL-C>

--(1)
-----

1F
14
1E
1C
1D

1F
14
1E
1C
1D

89
8A
87
88
81

1B5B44
1B5B43
1B5B41
1B5B42
1B4F50(3)

Sets <LEFT>
Sets <RIGHT>
Sets <UP>
Sets <DOWN>
Sets <HOME>

7F
06
18
01
1A
15

7F
06
18
01
1A
15

7F
06
18
01
1A
15

7F
80
18
01
82
15

7F
06
18
01
1A
15

Sets rubout
Sets delch
Sets dell
Sets delr
Sets delli
Sets undo

--

--

--

--

--

Ignore character

05
12
0E
16

05
12
0E
16

05
12
0E
16

05
12
0E
16

05
12
0E
16

Sets mexec
Sets hex
Sets fetn
Sets fets

Escape keys:
AB=
AFCC=

1B
03

Cursor move keys:
AFCL=
AFCR=
AFCU=
AFCD=
AFCH=
Delete keys:
AR=
AFXF=
AFXX=
AFXA=
AFXZ=
AFXU=
Others:
AFIG=
Prefix keys:
AFXE=
AFXH=
APXN=
AFXS=

Notes:
1. -- means the feature is either unavailable or meaningless.
2. Because 1B is used as a prefix for input sequences on ANSI terminals, it may not be used as <ESC>.
The choice of the FP4 key (for AH=VTl00) or 04H (for AH=ANSI) is arbitrary and maybe changed.
3. In the absence of a "natural" <HOME> key, the choice of the FP1 key (for AH=VT100) or 0CH (for
AH=ANSI) is arbitrary and may be changed.
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Table 9-2. Configuration Default Values (continued)
AH=;
Command Default

AH=S3
(S III)

AH=S3E
(S IIIE)

AH=S4
(S IV)

AH=ANSI
AH=VTl00

Meaning

Output Codes
Cursor moves:
AFMB=
AFML=
AFMR=
AFMU=
AFMD=
AFMH=

0D
------

0D
1F
14
1E
1C
1D

0D
1F
14
1E
1C
1D

0D
08
1B43
1B41
1B42
1B48

0D
1B5B44
1B5B43
1B5B41
1B5B42
1B5B48

Carriage return
Cursor left
Cursor right
Cursor up
Cursor down
Cursor home

-----

1B45
1B4A
1B4B
--

1B45
1B53
1B4B
1B52

1B45
1B4A
0D1B4B
1B4B

1B5B324A
1B5B4A
1B5B324B
1B5B4B

Entire screen
Rest of screen
Entire line
Rest of line

----

1B59
20
F

1B59
20
F

1Bx; y48(4)
---

Address lead in
Row/column offset
X (column) before
Y(row)

---

1B57603F
1B573F60

---

1B5B4C(5)
1B5B4D(5)

Insert line
Delete line

-----

1B4C90
1B4C80
F
F

1B7C50
1B4C40
F
F

1B5B376D
1B5B6D
T
T

Reverse video
Normal video
Invisible attributes
Character
attributes

---

---

---

Start-sequence
End-sequence

Erase:
AFES=
AFER=
AFEK=
AFEL=

Cursor addressing:
AFAC=
AO=
AX=

----

Delete/insert:
AFIL=
AFDL=

---

Reverse video:
AFRV=
AFNV=
Al=
AC=

-----

Initialization/termination:
AFST=
AFEN=

---

---

Notes:
4. The ANSI escape sequence for cursor addressing is hard-coded in AEDIT. The table shows the
format only. This format cannot be coded using AFAC.
5. Insert/Delete line functions, although available on the VT100, are disabled because of poor performance.
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AEDIT Command Summary

A

This appendix lists the AEDIT commands and subcommands, with their formats and
functions. Angle brackets (< >) indicate a key configured for a function, and <Ctrl>
represents the Control key.

Function Keys
Execute these commands by pressing the specifically labeled key on the keyboard or
by typing the indicated <Ctrl> commands. Some function keys are configurable. If
so, the default is shown; if not, N/A is shown. These functions are also available,
where applicable, in line editing.
Table A-1. Function Keys
Key

Default

Function

<Left>

N/A

Left arrow, moves the cursor left.

<Right>

N/A

Right arrow, moves the cursor right.

<Up>

N/A

Up arrow, moves the cursor up.

<Down>

N/A

Down arrow, moves the cursor down.

<Home>

N/A

Allows fast cursor movement, permits entry into reedit mode.

rubout

backspace
(upper
backarrow)

Deletes the character to the left of the cursor at the main
command level or insert mode. In xchange mode, rubout
exchanges the new character to the left of the cursor with the
original character.

delch

<Ctrl-F>

Deletes the character that the cursor is on.

delli

<Ctrl-Z>

Deletes the entire line on which the cursor is positioned.

dell

<Ctrl-X>

Deletes all characters to the left of the cursor.

delr

<Ctrl-A>

Deletes all characters to the right of the cursor.

undo

<Ctrl-U>

At the cursor position, restores the characters deleted by the last
dell, delr, or delli command.
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Table A-1. Function Keys (continued)
Key

Default

Function

<Esc>

<Esc>

Terminates line editing input and sends the entire string, or exits
the mode and returns the editor to the main command level.

<Ctrl-C>

<Ctrl-C>

Aborts the command in progress and returns the editor to the
main command level.

<CR>

N/A

1. Moves the cursor to the start of the next line.
2. In (-)find/(?)replace commands, adds a line terminator
character to the target string, displaying <nl>.
3. In line editing input, terminates the line at the cursor position
and sends the string to the left of the cursor to be processed
by the command.

<Tab>

N/A

Rotates the menu prompt line to display the next line of
commands or, in insert or xchange mode, inserts tab or
equivalent number of blanks.

hex

<Ctrl-R>

Inserts a character in the text as its ASCII value. Should be
followed by two digits that are interpreted as the hexadecimal
value.
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AEDIT Editing Commands
This table lists the AEDIT editing commands, with their subcommands, formats and
functions. The main commands are in alphabetical order.
Table A-2. AEDIT Editing Commands
Command

Format

Function

again

[count] A

Repeats the last command or subcommand.

block

B or D

Delimits a section of text that can then be deleted, moved, or
copied. Has the following subcommands:

buffer

B

Copies text to the Block buffer.

delete

D

Deletes the delimited section and moves it unchanged to the
Block buffer.

find

F

Same as in the main command level.

-find

-

Same as in the main command level.

jump

J

Same as in the main command level.

put

P

Copies the delimited section of text to a specified output file.

calc

C

Provides computing capabilities.

delete

B or D

Delimits a section of text that can then be deleted, moved, or
copied. (Same as in block command.)

execute

[count] E

Executes the specified macro.

find

[count] F

Searches forward from the current cursor position for string.
Moves the cursor if found.

-find

[count] -

Searches backward from the current cursor position for string.
Moves the cursor if found.

get

[count] G

Retrieves the contents of the Block buffer or external file;
places the contents at the current cursor position. Count must
be a number less than 64K.

hex

[count] H

Hex command

input

I

Inserts the ASCII equivalent of hexadecimal values in text.

output

O

Displays hexadecimal values of ASCII characters in the
message line.
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Table A-2. AEDIT Editing Commands (continued)
Command

Format

Function

insert

[/] I

Begins insert mode; inserts text at the cursor position.

jump
A_tag
b_tag
c_tag
d_tag
start
end
line
position

J
A
B
C
D
S
E
L
P

Moves the cursor to a specified location in text.
Moves the cursor to tag A.
Moves the cursor to tag B.
Moves the cursor to tag C.
Moves the cursor to tag D.
Moves the cursor to the start of the file.
Moves the cursor to the end of the file.
Moves the cursor to the start of the designated line.
Moves the cursor to the designated position in the current line.

kill_wnd

K

Deletes the secondary window and extends the current
window. The cursor remains at its current position.

macro

M

Allows you to manipulate macros with the following
subcommands:
Creates macros interactively by accumulating a sequence of
keystrokes.
Retrieves macros from an external file or from the current text
buffer.
Inserts subsequent input in text in macro form.
Lists the names of all currently defined macros on the
message line.
Translates macros to macro form and inserts the definition at
the current position in the text.

create

C

get

G

insert
list

I
L

save

S

other

O

Switches between the main and OTHER files.

paragraph

[count] P

Reformats the paragraph using the values for indentation, left
and right margins set with the set margin command.
The paragraph is reformatted with no right-justification
The paragraph is reformatted with right-justification.

fill
justify
quit
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F
J
Q

Ends, updates, restarts, etc., the editing, depending on which
subcommands are used.

abort
exit
init

A
E
I

update
write

U
W

Returns to the operating system; all changes are lost.
Returns to the operating system; the file is updated.
Restarts editing; initializes a new file without returning to the
operating system.
Updates the file without returning to the operating system.
Writes the file to the output file specified without returning to
the operating system.
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Table A-2. AEDIT Editing Commands (continued)
Command

Format

Function

replace

[count] R

Searches forward for target string; replaces it with new string if
found.

?replace

[count]?

Conditional replace command.

set

S

Sets several AEDIT features, with the following subcommands:

autonl

A

bak_file

B

case

C

display

D

e_delimit

E

go

G

highbit

H

indent
k_token

I
K

leftcol
margin

L
M

notab

N

radix

R

While in insert mode, inserts a new line in the text
automatically when the line is full (default = no).
Creates a backup file of the file being currently edited when
quit update or quit exit is executed (default=yes).
Tells the editor to consider case of strings during (-)find and
(?)replace commands (default=no).
Displays any movements in or changes to the text during
macro execution (default=no).
Defines the token delimiters (default = ! " # % & ' () * + , - . / : ;
< = > ? @ [ \ ] ^ ` { | } ~ ).
Continues macro execution even if a (-)find/(?)replace
command in the macro fails (default=no).
Displays all text characters with hexadecimal values over 7FH
as-is instead of ? (default=no).
Indents inserted/exchanged text automatically (default = no).
A string in the text needs to be a token string to be found
(default=no).
Enables you to view lines over 80 characters long (default =0).
Sets indentation, and left and right margins used by the
paragraph and set autonl commands (default: indent=4,
left=0, right =76).
Inserts blanks in place of tabs in insert or xchange mode
(default=no).
Sets the radix by which a numeric variable is output by fetn in
insert or xchange mode (default = decimal).
Alpha A
Binary B
Decimal D
Hex H
Octal O
Lists target-string lines of multiple search commands
(default = no).

showfind S
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Table A-2. AEDIT Editing Commands (continued)
Command

Format

Function

set subcommands (continued)
tabs
viewrow
tag

T
V

Sets tab positions (default = 4).
Sets the row to which text is moved relative to the screen on
view command (default= row 5).

T

Specifies locations in a file; used with the jump command.
These are valid tags:

A
a_tag
b_tag
c_tag
d_tag

B
C
D

view

V

Rewrites (moves) text on the screen leaving the cursor in
viewrow (default= row 5).

window

W

Splits the text area of the screen in two, enabling the user to
look at two different parts of the same file or two different files.

xchange

X

Enters xchange mode; replaces characters on a one-for-one
basis.

!system

!

Allows executing system commands from within AEDIT,
executed by pressing the exclamation point (!).
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AEDIT Error Messages

B

This appendix lists the error messages reported by AEDIT when a problem is
encountered in the invocation line, an editing command, the calc command, or a
macro file.

Invocation Errors
When an error occurs in the invocation line, AEDIT displays the sign-on message
followed by the error message, and control returns to the operating system.
Invocation errors have the following form:
***ERROR:

illegal invocation, NEAR:

***ERROR:

message

token

or

Where:
token

is an invocation command specification.

message

is one of the following error messages.

Conflicting controls

An illegal combination of viewonly and forwardonly controls is used.
Insufficient configuration commands

The interactive session has been initialized; however, required configuration
commands of the type AFMx or AFBK are undefined.
Insufficient memory

AEDIT does not have a large enough RAM partition.
Macro buffer too large

The macro buffer size specified is too large, and the buffer size remaining is
insufficient for the text to be edited.
Macro buffer too small

The macro buffer size specified is less than the minimum allowed.
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Editing Command Errors
bad indent margin

Attempt to set indent margin out of the legal range. Editor returns to main command
level.
bad left margin

Attempt to set left margin out of the legal range. Editor returns to main command
level.
bad margins

Attempt to set margins out of the legal range. Editor returns to main command level.
bad right margin

Attempt to set right margin out of the legal range. Editor returns to main command
level.
bad tabs

Attempt to set bad tabs; e.g., 4,2 is illegal since the second value is less than the first.
Editor returns to main command level.
bad Leftcol

Attempt to set bad left column, leftcol accepts any number from 0 to 176. Editor
returns to main command level.
bad Viewrow

Attempt to set bad viewrow. This value must be between 0 and (text size -1). Editor
returns to main command level.
block buffer too large for SB
Attempt to specify fets B or SB when the current block buffer is greater than 60

characters.
cannot delete more than 32
Attempt to use count greater than 32 with delch command. Editor returns to main

command level.
illegal command

Attempt to enter illegal and/or unknown command. Editor ignores command.
illegal invocation

Attempt to invoke AEDIT with an illegal invocation line, or an illegal invocation
under quit init.
insufficient terminal capabilities

Attempt to set windowing on a terminal that does not have AFEK or AFEL output
functions. Editor returns to main command level.
invalid hex value

Attempt to input an invalid hexadecimal value. Editor returns to main command
level.
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invalid variable name

Attempt to input an invalid value for fets or fetn.
macro creation is forbidden while executing a macro

Attempt was made to define a macro while a macro was being executed.
macro nesting too deep

Nesting level for macros exceeded. A maximum of eight levels is allowed.
no more room for macros

Macro buffer is full.
no such macro

Attempt to execute macro that does not exist. Editor returns to main command level.
not found: "target string"

Target string not found. Editor returns to main command level.
some text lost

In forwardonly, the file is larger than the allocated memory.
text does not fit

Attempt to edit a file that is too large under the forwardonly control. Editor returns
to main command level.
filename (error message supplied by operating system)

An error occurs during a quit exit, quit init, quit update, get, or block put
command. Editor returns to main command level.
xchange limit is 100

Attempt to exchange over 100 characters without restarting xchange mode. Editor
remains in xchange mode.
window too small

Attempt to split screen with one window size less than five lines.

AEDIT Text Editor

Appendix B

127

CALC Command Errors
The following messages are issued only under the calc command. When an error is
detected, the corresponding error message is displayed on the message line,
followed by a portion of the command where the error was detected.
Divide by zero error

An attempt was made to divide by zero.
Expression too complex

The expression is too complex; simplify the expression.
Floating point not allowed

Real values (e.g., 5.2) are not allowed.
Illegal exponential operation

Usually occurs when a negative value is used as the right operand. The illegal
exponential expression is displayed on the message line. Correct it and rerun calc.
Illegal expression

The illegal expression is displayed on the message line. Correct it and rerun calc.
Invalid base character

The base character is not valid; e.g., 18A.
Invalid numeric constant

The numeric constant is not valid; e.g., 1AD.
Mod by zero error

An attempt was made to take mod with zero.
Numeric constant too large

A numeric integer constant must be in the range -(2**3l) to +([2**31]-1).
Unbalanced parentheses

Either the right or left parenthesis is missing.
Unrecognized identifier

The illegal identifier is displayed on the message line. Correct it and rerun calc.
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Maro File Errors
If any error is found in a macro file, one of the following messages is printed. Macro
file processing continues.
Macro errors have the following form:
Error in line nnn: <message>

Where:
nnn

is the line number containing the error in the macro file.

<message>

is one of the following error messages.

bad \ code

Backslash (\) is not followed by a valid value.
bad AC type

Illegal value configuration command.
bad AF type

Illegal AF configuration command.
bad AH type

Illegal value configuration command.
bad AI type

Illegal value configuration command.
bad AS value

Illegal value configuration command.
bad AT value

Illegal value configuration command.
bad AV value

Illegal value configuration command.
bad AW type

Illegal value configuration command.
bad AX value

Illegal value configuration command.
bad command

Macro file contains a bad command_ unknown control code or character; i.e., not A,
M, or S.
bad hex value

Configuration command contains bad hex value, e.g., 3G.
missing '='

A configuration command is missing an equal sign.
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missing ';'

A configuration command is not terminated with a semicolon or line terminator.
no macro name

Macro definition does not include macro name.
no more room for macros

Attempt to create a macro when macro buffer is full. Macro definition is terminated.
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Summary of AEDIT Variables

C

The following table summarizes the string, Boolean, and numeric variables that may
be used in the various commands. Local variables can be used only within the calc
command.
Table C-1. AEDIT Variables
Name

Type

Scope

Description

bof

Boolean

local

True if the cursor is at the beginning of the file.

cntexe

numeric

local

The number of times the macro that is currently
executing has executed in the current activation. The
first execution is number one. If none, the value is
zero.

cntfnd

numeric

local

Relates to (-)find.

cntmac

numeric

local

The number of times that the last macro (which has
finished executing) was executed.

cntrep

numeric

local

Relates to (?)replace.

col

numeric

local

The current logical cursor position in the line. (This
value is not affected by the setting of leftcol.)

curch

numeric

local

ASCII value of the current character.

curpos

numeric

local

The offset of current location in file.

curwd

numeric

local

ASCII value of the two bytes at the current cursor
location.

date

numeric

local

Date in decimal format MMDDYY.

eof

Boolean

local

True if the cursor is at the end of file.

imargn

numeric

local

The value of the current indent margin setting.

inothr

Boolean

local

True if you are in the OTHER buffer.

isdel

Boolean

local

True if the character at the current position is in the
user-defined delimiter set.

iswhite

Boolean

local

True if the character at the current position is
whitespace (space, tab, LF or CR).

lmargn

numeric

local

The value of the current left margin setting.
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Table C-1. AEDIT Variables (continued)
Name

Type

Scope

Description

ldwch

numeric

local

If the current character is an uppercase character
(41H to 5AH), ldwch is the ASCII value of the
lowercase character. Otherwise ldwch is the same
as curch.

lstfnd

Boolean

local

True if the last find or replace string was found.

n 0-9

numeric

global

Read-write n variables, assigned only in the calc
command.

nstlvl

numeric

local

The nesting level of the currently executing macro;
main command level is level zero.

nxtch

numeric

local

ASCII value of the next character.

nxttab

numeric

local

The column number of the next tab position (to the
right of the cursor) as defined by set tab.

nxtwd

numeric

local

ASCII value of the second and third bytes following
the current cursor location.

rmargn

numeric

local

The value of the current right margin setting.

row

numeric

local

The current cursor row (the actual row, not the logical
line in the text).

sb

string

global

Up to 60 characters of the block buffer.

se

string

global

The name of the current edited file.

sg

string

global

The name of the last file specified in the get
command.

si

string

global

The name of the main input file.

s 0-9

string

global

Read-write s variables, assigned only in the calc
command.

slx

numeric

local

The length of the global s variable slx, where x is 09; or the second letter of a read-only string variable.

sm

string

global

The name of the last file specified for the macro get
command.

so

string

global

The name of the OTHER input file.

sp

string

global

The name of the last file specified for the block put
command.

sr

string

global

The replacement string of (?)replace.

st

string

global

The target string of (-)find and (?)replace.

sw

string

global

The name of the last file specified for the quit write
command.
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Table C-1. AEDIT Variables (continued)
Name

Type

Scope

Description

tagA

numeric

local

The offset of tag A.

tagB

numeric

local

The offset of tag B.

tagC

numeric

local

The offset of tag C.

tagD

numeric

local

The offset of tag D.

time

numeric

local

Time in decimal format HHMMSS.

upch

numeric

local

If the current character is a lowercase character (61H
to 7AH), upch is the ASCII value of the uppercase
character. Otherwise, upch is the same as curch.
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Summary of AEDIT Variables

Configuring AEDIT for
Other Terminals

D

Tested Configurations
This appendix lists the configuration functions and values required to run AEDIT on
several terminals. The :config:termcap file supplied with the iRMX OS contains
configuration commands for these terminals. You can add AEDIT configuration
commands for other terminals to that file.
Each terminal's configuration in the :config:termcap file has two parts, separated by a
blank line. The first part is used by both AEDIT and the CLI (Command Line
Interpreter). The second part is used only by AEDIT.
Most CRT terminals have switches to set certain screen or keyboard characteristics.
These switches must be set as in Table D-1 for AEDIT to function correctly.
Table D-1. Switch Settings
Switch

Setting

Baud Rate
Full Duplex
RS232
Communication
Self Echo
Parity
Parity Sense
Bits/Char
Stop Bits
Scrolling
EOM (End Of
Message)
Auto Line Feed
or EOL Char
or New Line
or Return
DTR
25th Line
Chars/Lines
Lines/Page

Must match system. Use the maximum baud rate possible
On
On
Conversational
Off
Inhibit if available, otherwise space or 0 (zero)
Even or odd (don't care)
8
1
On
Off

AEDIT Text Editor

Off
CR Only
CR Only
CR Only
Off
Match your AEDIT configuration
80-255 (AEDIT only uses 80 characters/line)
5-66
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Table D-1. Switch Settings (continued)
Unique to the Lear Seigler ADM3A
Switch

Setting

Xon/Xoff
Wraparound

Off (Xon/Xoff protocol should be disabled, if available.)
On if AW=T, or off if AW=F (Wraparound must correspond to the
AW configuration command.)
Space (destructive space)
Enable

Space/Advance
<CTRL-Z>Clear Screen

AEDIT Don't Care Settings
Switch

Setting

Scroll Type
Character Set
Cursor Style
Autorepeat
Margin Bell
Keyclick
Screen Background
Uppercase Only or
Upper-/Lowercase

Jump or Smooth

136

Appendix D
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Normal, reverse
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DEC VT52
This terminal displays 24 lines of 80 characters per line. The characters are
generated in a 7x9 dot matrix. The maximum transmission rate is 19.2K baud. Note
that the Escape character has to be changed so that the default Escape code can be
used; <Ctrl-K> is typed instead of <Esc>. This terminal does not have a <Home>
key; <Ctrl-O>is typed instead of <Home>.
AB =
AFCL
AFML
AFXA
AFEK

0B; AR = 7F;
= 1B44; AFCR = 1B43; AFCU = 1B41; AFCD = 1B42; AFCH = 08;
= 1B44; AFMR = 1B43; AFMB = 0D;
= 01; AFXF = 06; AFXX = 18;
= ; AFEL = 1B4B; BELL = 07;

AV =
AFMU
AFES
AFDL
AFAC

24; AW = F;
= 1B41; AFMD = 1B42; AFMH = 1B48;
= ; AFER = 1B4A;
= ; AFIL = 1B49;
= 1B59; AO = 20; AX = F;

✏

Note
<Ctrl-K> is used for <Esc>.
<Ctrl-O> is used for <Home>.
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DEC VT100 and VT102
This terminal can be formatted with 132 characters per line or 80 characters per line.
The characters are generated in a 7x9 dot matrix. The maximum transmission rate is
19.2K baud; do not use baud rates above 9600. You may choose between the DEC
VT52 compatible and the ANSI standard (X3.41-1974, X3.64-1977) compatible
terminal escape sequences for cursor control and screen erase functions. See the
DEC VT52 description for the VT52 codes. Note that the Escape character has to be
changed so that the default Escape code can be used; <PF4> is typed instead of
Escape. This terminal does not have a <Home> key; <PF1> is typed instead of
Home.
AB =
AFCL
AFML
AFXA
AFEK
BELL

1B4F53; AR = 7F;
= 1B5B44; AFCR =
= 1B5B44; AFMR =
= 01; AFXF = 06;
= 1B5B324B; AFEL
= 07;

AV =
AFMU
AFES
AFDL
AFRV
AI =
AH =

24;
= 1B5B41; AFMD = 1B5B42; AFMH = 1B5B48;
= 1B5B324A; AFER = 1B5B4A;
= ; AFIL = ;
= 1B5B376D; AFNV = 1B5B306D;
T; AC = T;
VT100;

✏
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1B5B43; AFCU = 1B5B41; AFCD = 1B5B42; AFCH = 1B4F50;
1B5B43; AFMB = 0D;
AFXX = 18;
= 1B5B4B;

Note
<PF4> is set as Escape.
<PF1> is set as Home.
Wraparound must be turned off.
Automatic Xon/Xoff must be turned off.
The delete/insert line output function codes are not used because
of poor performance, although they are available on the VT100
and VT102.
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Hazeltine 1510E (with escape lead-in)
This terminal displays 24 lines of 80 characters per line. The characters are
generated in a 7X10 dot matrix. The maximum transmission rate is 19.2K baud.
You may choose between the Esc or the tilde (~) character as the control sequence
lead-in. It is advisable to use the tilde; if you use the Esc character, you must change
the Break character.
AB =
AFCL
AFML
AFXA
AFEK

7E; AR = 7F;
= 08; AFCR = 10;
= 08; AFMR = 10;
= 01; AFXF = 06;
= ; AFEL = 1B0F;

AV =
AFMU
AFES
AFDL
AFAC
AFRV
ADDL

24;
= 1B0C; AFMD = 1B0B; AFMH = 1B12;
= ; AFER = 1B18;
= 1B13; AFIL = 1B1A;
= 1B11; AO = 0; AX = T;
= 1B1F; AFNV = 1B19; AC = T; AI = T;
= 20; ADIL = 20;

✏

AFCU
AFMB
AFXX
BELL

=
=
=
=

1B0C; AFCD = 1B0B; AFCH = 1B12;
0D;
18;
07;

Note
Tilde is used for <ESC>. <CTRL-V> is used for <HEX>.
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Hazeltine 1510T (with tilde lead-in)
AB =
AFCL
AFML
AFXA
AFEK

1B; AR = 7F;
= 08; AFCR = 10;
= 08; AFMR = 10;
= 01; AFXF = 06;
= ; AFEL = 7E0F;

AV =
AFMU
AFES
AFDL
AFAC
AFRV
ADDL

24;
= 7E0C; AFMD = 7E0B; AFMH = 7E12;
= ; AFER = 7E18;
= 7E13; AFIL = 7E1A;
= 7E11; AO = 0; AX = T;
= 7E1F; AFNV = 7E19; AC = T; AI = T;
= 20; ADIL = 20;

✏

AFCU
AFMB
AFXX
BELL

=
=
=
=

7E0C; AFCD = 7E0B; AFCH = 7E12;
0D;
18;
07;

Note
<Ctrl-V> is used for <Hex>.

Lear Siegler ADM3A
This terminal displays 24 lines of 80 characters per line. The characters are
generated in a 5X7 dot matrix. The maximum transmission rate is 19.2K baud.
AB =
AFCL
AFML
AFXA
AFEK

1B; AR = 7F;
= 08; AFCR =
= 08; AFMR =
= 01; AFXF =
= ; AFEL = ;

AV =
AFMU
AFES
AFAC
ADES

24;
= 0B; AFMD = 0A; AFMH = 1E;
= 1A; AFER = ;
= 1B3D; AO = 20; AX = F;
= 5; \ * 19200 baud * \

✏
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0C; AFCU = 0B; AFCD = 0A; AFCH = 1E;
0C; AFMB = 0D;
06; AFXX = 18;
BELL = 07;

Note
<Ctrl-V> is used for <Hex>.
Switch
Space/Advance
<Ctrl-Z> Clear Screen
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PC
This is the standard PC console used for iRMX for Windows or iRMX for PCs. It
displays 25 lines with 80 characters per line.
AB =
AFCL
AFMB
AFXA
AFEK

1B; AR = 7F;
= 1F; AFCR =
= 0D; AFML =
= 01; AFXF =
= 02; AFEL =

AV =
AFMU
AFES
AFDL
AFAC
AFRV
AT =

25;
= 1E; AFMD = 1C; AFMH = 1D;
= 0C; AFER = 01; AFEN = 05;
= 05; AFIL = 06; AFBK = 20;
= 04; AO = 20; AX = F;
= 0B5F; AFNV = 0B0A; AFST = 15010B0A; AFEN = 15021503;
F; AC = T; AI = T;

19;
1F;
06;
03;

AFCU
AFMR
AFXX
BELL

=
=
=
=

1E; AFCD = 1C; AFCH = 1D;
19;
18;
07;

Qume QVT102
This terminal displays 24 lines with 80 characters per line. The maximum
transmission rate is 19.2K baud.
AB =
AFCL
AFML
AFXA
AFEK

1B; AR = 7F;
= 08; AFCR = 0C;
= 08; AFMR = 0C;
= 01; AFXF = 06;
= ; AFEL = 1B54;

AV =
AFMU
AFES
AFDL
AFAC
ADIL

24;
= 0B; AFMD = 0A; AFMH = 1E;
= 1B2B; AFER = 1B59;
= 1B52; AFIL = 1B45;
= 1B3D; AO = 20; AX = F;
= 140; \ * 19200 BAUD * \

✏

AFCU
AFMB
AFXX
BELL

=
=
=
=

0B; AFCD = 0A; AFCH = 1E;
0D;
18;
07;

Note
<Ctrl-V> is used for <Hex>.
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Televideo 910 PLUS
This terminal displays 24 lines with 80 characters per line. The maximum
transmission rate is 19.2K baud.
AB =
AFCL
AFML
AFXA
AFEK

1B; AR = 7F;
= 08; AFCR = 0C;
= 08; AFMR = 0C;
= 01; AFXF = 06;
= ; AFEL = 1B54;

AV =
AFMU
AFES
AFDL
AFAC
ADIL

24;
= 0B; AFMD = 16; AFMH = 1E;
= 1B2B; AFER = 1B59;
= 1B52; AFIL = 1B45;
= 1B3D; AO = 20; AX = F;
= 20; \ * 19200 BAUD * \

✏

AFCU
AFMB
AFXX
BELL

=
=
=
=

0B; AFCD = 16; AFCH = 1E;
0D;
18;
07;

Note
<Ctrl-V> is used for <Hex>.

Televideo 925 and 950
This terminal displays 24 lines with 80 characters per line. The maximum
transmission rate is 19.2K baud.
AB =
AFCL
AFMR
AFXA
AFEK

1B; AR = 7F;
= 08; AFCR = 0C;
= 0C; AFML = 08;
= 01; AFXF = 06;
= ; AFEL = 1B54;

AV =
AFMU
AFES
AFDL
AFAC
AFRV
ADIL

24;
= 0B; AFMD = 0A; AFMH = 1E;
= 1B2B; AFER = 1B59;
= 1B52; AFIL = 1B45;
= 1B3D; AO = 20; AX = F;
= 1B4734; AFNV = 1B4730; AC = F; AI = F;
= 60; \ * 19200 baud * \

✏
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AFCU
AFMB
AFXX
BELL

=
=
=
=

0B; AFCD = 16; AFCH = 1E;
0D;
18;
07;

Note
<Ctrl-V> is used for <Hex>.
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Wyse 50
AB =
AFCL
AFML
AFXA
AFEK

1B; AR = 7F;
= 08; AFCR = 0C;
= 08; AFMR = 0C;
= 01; AFXF = 06;
= 0D1B54; AFEL =

AV =
AFMU
AFES
AFDL
AFAC
ADIL

24;
= 0B; AFMD = 0A; AFMH = 1E;
= 1B2B; AFER = 1B59;
= 1B52; AFIL = 1B45;
= 1B3D; AO = 20; AX = F;
= 140;

AFCU = 0B; AFCD = 0A; AFCH = 1E;
AFMB = 0D;
AFXX = 18;
1B74; BELL = 07;

X-Terminal
AFCL
AFML
AFXA
AFEK

=
=
=
=

1B5B44;
1B5B44;
01;
1B5B324B;

AFCR
AFMR
AFXF
AFEL

=
=
=
=

1B5B43;
1B5B43;
06;
1B5B4B;

AFMU
AFES
AFDL
AFRV
AI
AH
AB
AV

=
=
=
=
=
=
=
=

1B5B41;
1B5B324A;
;
1B5B376D;
T;
VT100;
1B;
24;

AFMD
AFER
AFIL
AFNV
AC

=
=
=
=
=

1B5B42; AFMH = 1B5B48;
1B5B4A;
;
1B5B306D;
T;

AR

= 08;

AEDIT Text Editor

AFCU
AFMB
AFXX
BELL

=
=
=
=

1B5B41; AFCD = 1B5B42;
0D;
18;
07;

AFCH = 1B5B48;
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Zentec Zepher and Cobra
This terminal displays 24 lines of 80 characters per line. The maximum transmission
rate is 19.2K baud. To rub out a character on this terminal you must use the <Shift><Esc> key sequence.
AB =
AFCL
AFML
AFXA
AFEK

1B; AR = 7F;
= 08; AFCR = 0C;
= 08; AFMR = 0C;
= 01; AFXF = 06;
= 0D1B54; AFEL =

AV =
AFMU
AFES
AFDL
AFAC
AFRV
ADIL

24;
= 0B; AFMD = 0A; AFMH = 1E;
= 1B2B; AFER = 1B59;
= 1B52; AFIL = 1B45;
= 1B3D; AO = 20; AX = F;
= 1B4734; AFNV = 1B4730; AC = F; AI = F;
= 60; \ * 19200 baud * \

✏

AFCU = 0B; AFCD = 0A; AFCH = 1E;
AFMB = 0D;
AFXX = 18;
1B54; BELL = 07;

Note
The <Del> key (<Shift>-<Esc>) is used for <Rub-out>,
<Ctrl-V> is used for <Hex>.
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ASCII Codes

E

This appendix lists ASCII codes. Table E-1 is a list of codes and Table E-2 is a list
of code functions.
Table E-1. ASCII Code List
Dec
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

AEDIT Text Editor

Hex
00
01
02
03
04
05
06
07
08
09
0A
0B
0C
0D
0E
0F
10
11
12
13
14
15
16
17
18
19

Character
NULL
SOH
STX
ETX
EOT
ENQ
ACK
BEL
BS
HT
LF
VT
FF
CR
SO
SI
DLE
DC1
DC2
DC3
DC4
NAK
SYN
ETB
CAN
EM

Dec
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

Hex
1A
1B
1C
1D
1E
1F
20
21
22
23
24
25
26
27
28
29
2A
2B
2C
2D
2E
2F
30
31
32
33

Character
SUB
ESC
FS
GS
RS
US
SP
!
"
#
$
%
&
'
(
)
*
+
,
.
/
0
1
2
3
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Table E-1. ASCII Code List (continued)
Dec
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
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Hex
34
35
36
37
38
39
3A
3B
3C
3D
3E
3F
40
41
42
43
44
45
46
47
48
49
4A
4B
4C
4D
4E
4F
50
51
52
53
54
55
56
57
58
59

Appendix E

Character
4
5
6
7
8
9
:
;
<
=
>
?
@
A
B
C
D
E
F
G
H
I
J
K
L
M
N
O
P
Q
R
S
T
U
V
W
X
Y

Dec
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127

Hex
5A
5B
5C
5D
5E
5F
60
61
62
63
64
65
66
67
68
69
6A
6B
6C
6D
6E
6F
70
71
72
73
74
75
76
77
78
79
7A
7B
7C
7D
7E
7F

Character
Z
[
\
]
^
`
a
b
c
d
e
f
g
h
i
j
k
l
m
n
o
p
q
r
s
t
u
v
w
x
y
z
{
|
}
~
DEL

ASCII Codes

Table E-2. ASCII Code Definition
Abbreviation
NUL
SOH
STX
ETX
EOT
ENQ
ACK
BEL
BS
HT
LF
VT
FF
CR
SO
SI
DLE
DC1
DC2
DC3
DC4
NAK
SYN
ETB
CAN
EM
SUB
ESC
FS
GS
RS
US
SP
DEL

Meaning
NULL Character
Start of Heading
Start of Text
End of Text
End of Transmission
Enquiry
Acknowledge
Bell
Backspace
Horizontal Tabulation
Linefeed
Vertical Tabulation
Form Feed
Carriage Return
Shift Out
Shift In
Data Link Escape
Device Control 1
Device Control 2
Device Control 3
Device Control 4
Negative Acknowledge
Synchronous Idle
End of Transmission Block
Cancel
End of Medium
Substitute
Escape
File Separator
Group Separator
Record Separator
Unit Separator
Space
Delete

Dec
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
10
20
21
22
23
24
25
26
27
28
29
30
31
32
127

Hex
0
1
2
3
4
5
6
7
8
9
0A
0B
OC
0D
0E
0F
10
11
12
13
14
15
16
17
18
19
1A
1B
1C
1D
1E
1F
20
7F
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busy/waiting indicator, 2
! lines and line terminators, 13
!system command, 51
/ in Insert mode, 19
/ repeat function, 14
? printing and nonprinting characters, 13
?replace command, 24
@ in block command, 4
@ sign, 27

A
again command, 33
algebraic shift operator, 96
ascii codes, 145

B
backslash in macros, 70
BATCH control (BA), 64
beep warning, 13
block buffer, 27
block command, 27
block buffer, 27
buffer, 28
delete, 28
find, 28
-find, 28
jump, 28
put, 28
buffer, 14
block, 14
current, 14
main, 14
other, 14
secondary, 14

Programming Techniques

C
calc command, 52
calc command, 93
commands
jump
tags, 13
other, 5, 32
configuration command, 109
configuration values, 115
copying text, 5
count (repeat function), 12
current buffer, 32
current file, 45
cursor, 2
cursor control keys <Left>, <Right>, <Up>,
and <Down>, 8

D
DEC VT100 terminal, 138
DEC VT52 terminal, 137
delay codes, 115
delch command(<Ctrl-F>), 15
delete command, 29
delete commands, 15
deleting
macros, 72
text, 3
dell command (<Ctrl-X>), 15
delli command(<Ctrl-Z>), 17
delr command(<Ctrl-A>), 17
display, 9

Index
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recover (RC), 61
viewonly (VO), 60

E
editing commands, 121
ending an editing session, 6
end-of-file (EOF), 2
error messages, 125
errors
AEDIT, 115
Esc key, 8
examples
macro, 82
Exchanging text, 20
execute command, 53
execute commands, 74

J
jump command, 26
end, 26
line, 26
position, 26
start, 26
tags, 26

K
keyboard, 8
kill_wnd command, 50

F
filenames, case, 66
find command, 21
Forwardonly control (FO), 59
function key, 8
function keys, 15, 119

L
Lear Siegler ADM-3A terminal, 140
line terminator, 13
line-edited prompt, 12
local variables, 89

G
get command, 30
global variables, 86

H
Hazeletine 1510E terminal, 139
Hazeletine 1510T terminal, 140
hex command, 43
input, 43
output, 44
Home key, 8

I
insert command, 19
insert mode (I), 19
inserting text, 3, 19
invocation commands, 55
invocation controls, 57
forwardonly (FO), 59
macro (MR), 62
macrosize (MS), 63
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M
macro
conditional statements, 105
control, 62
control codes, 77
definitions, 68
deleting, 72
examples, 82
failure, 78
files, 76
messages, 80
prompt, 81
screen display, 80
single-character, 75
useful.mac file, 101
window, 81
writing, 104
macro command, 54
create, 68
get, 69
insert, 70
list, 71

save, 71
macro command, 68
macro modes, 73
modeless macro, 73
non-modeless macro, 73
macrosize control (MS), 63
main buffer, 14
main command level, 4
mde
insert, 19
menu prompt, 8
message line, 9
Mode
Exchange, 20

Qume QVT102 terminal, 141

N

S variables, 87
secondary
buffer, 32
file, 45
set command, 34
autonl, 34
bak_file, 35
case, 35
display, 35
e_delimit, 36
go, 37
highbit, 37
indent, 38
k_token, 38
leftcol, 39
margin, 39
notab, 40
radix, 40
showfind, 41
tabs, 41
viewrow, 42
Set commands in macro files, 76
setdisplay command, 80
shift/rotate operator, 96
single-character macros, 75
starting an Editing session, 2
string constant, 95
string-variables, 87

N variables, 86
numeric constant, 95

O
operators, 96
algebraic shift, 96
binary, 96
shift/rotate, 96
unary, 96
Other buffer, 32
other command, 32

P
paragraph command, 48
fill, 48
justify, 48
PC terminal, 141
printing and nonprinting characters, 13
prompt line, 10

Q
quit command, 45
abort, 45
exit, 45
init, 46
update, 46
write, 47
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R
radix (set subcommand), 86
read-only variables, 87
read-write variables, 87
recover control (RC), 61
reedit mode, 12
repeat function (count), 14
replace command, 23
rubout command, 15

S

T
Tab key, 8
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tag command, 25
Televideo 910 Plus terminal, 142
Televideo 925 and 950 terminal, 142
termcap file, 135
terminal
Televideo 910 Plus, 142
Televideo 925 and 950, 142
Wyse 50, 143
X-terminal, 143
Zentec Zepher and Cobra, 144
terminal configuration, 135
terminals
DEC VT100, 138
DEC VT52, 137
Hazeletine 1510E, 139, 140
Lear Siegler ADM-3A, 140
PC, 141
Qume QVT102, 141
text area, 14
token, 38
tutorial, 2

V
variables
AEDIT, 72, 85
global, 86
numeric, 86
N-variables, 86
read-only, 87
read-write, 87
string, 87
S-variables, 88
variables in Aedit, 131
view command, 31, 80
viewonly control (VO), 60

W
window command, 49
Work files, 66
Wyse 50 terminal, 143

X

U
undo command, 18
uppercase filenames, 66
useful.mac macro, 101

xchange command, 20
xchange mode, 3
X-terminal, 143

Z
Zentec Zepher and Cobra terminal, 144
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