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In addition to the product line handbooks listed below, the INTEL PRODUCT GUIDE {(no charge.
Order No. 2I0846-003) provides an overview of Intel’s complete product lines and customer services.

Consuit the INTEL EITERATURE GUITIE (Order No. 2106240 (ot a listing of Intel literature. TO
ORDER literature in the U.S_, write orcall the INTEL LITERATURE DEPARTMLENT, 3065 Bowers
Avenve, Santa Clara, CA 95051, (800) 538-1876, or (800) 672-1833 (Calitornia only). TO ORDER
literature from international locations, contact the nearest Intel sales office or distributor (see listings in
the back of most any Intel literature).

Use the order blank on the facing page or call our TOLL FREE number listed above to order literature.
Remember to add vour local sales tax.

1985 HANDBQOKS

Product line handbooks contain data sheets, application notes, article reprints and other design
information.

*U.S. PRICE

QUALITY/RELIABILITY HANDBGOOK (Order No. 214997-001) $15.00
Contains technical details of both guality and reliability programs and principles.
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MICROSYSTEM COMPONENTS HANDBUHK (Order No. 230843-002) 25404
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DEVELOPMENT SYSTEMS HANDBOOK (Ovder No. 210940-083) 2500
OEM SYSTEMS HANDBOQOK (Order No. 210941-003) S18.00
SOFTWARE HANDBROOK (Order No. 230786-062) 312.00
MILITARY HANDBQGOK {Order No. 210461-003) $15.00
Not available until June.

COMPLETE SET OF HANDBOOGKS (Order No. 231003-002) $120.00

Get a 256 discount off the retail price of $160.

*1.S, Price Only
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Abaut Our Cover:

Tha design on our front cover Is an absiract portrayal of the role Intel software plays in
systems development. The haart of systems development is surrounded by a sphere of
petipheral development through which Intel software can guide the designer to reaching
development goals.
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Intel Corporation makes no warranty for the use of its products and assumes no
responsibility for any errors which may appear in this document nor deesitmake a
commitment to update the information contained herein.

Intel software products are copyrighted by and shall remain the property of Intel
Corporation. Use, duplication or disclosure is subject to restrictions stated in
Intel’s software license, or as defined in ASPR 7-104.9(a) (9). Intel Corporation
assumes no responsibitity for the use of any circuitry other than circuitry
embodied in an Intel product. No other circuit patent.licensas are implied.

No part of this document may be copied or reproduced in any form or by any
means without the prior written consent of tnie! Corporation.

The following are trademarks of Intel Corporation and may only be used to identify’
intel products: :

BITBUS, COMMputer, CREDIT, Data Pipeling, GENILIS, i,i, ICE, iCS, iDBR,
iDIS, IRICE, ILBX, im, IMDDX, iIMMX, Insite, Intet, intgl, intglBOS, Intelevision,
intgligent Identifier, intgligent Programming, inteliec, Intellink, iOSF, iPDS,
iISBC, iSBX, iSDM, iSXM, KEPROM, Library Manager, MCS, Megachassis,
MICRO-MAINFRAME, MULTIBUS, MULTICHANNEL, MULTIMODULE,
OpeNat, Plug-A-Bubble, PROMPT, Promware, QUEST, QueX, Ripplemade,
RMX/80, RUPI, Seamless, SLD, SYSTEM 2000, and UPY, and the combination
of ICE, iC8, iRMX, iSBC, iISBX, MCS, or UiPI and a numerical suffix.

The following are trademarks of the companies indicated and may only be used to
identify products of the ownars.

CP/M is a trademark of Digital Research, Inc.

DEC, DEC-10, DEC-20, PDP-11, DECnet, DECwriter, RSTS, and VAX are trade-
marks of Digital Equipment Corporation.

MDS is an ordering code only and is not used as a product name or trademark.
MDS® is a registered trademark of Mchawk Data Sciences Corporation.
Microsoft is a trademark of Microsoft, ing. '

DIntet Corporatian, 1984
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SOFTWARE HANDBOOK OVERVIEW

Welcome to the inte! Software Hanghook. This handbook is a complete guide to the software products and
services offered by Intel.

Intel's software products follow the open systems strategy that allows Intel products to be purchased at the
customers’ desired level of integration. Hence these products are available for component, board, or systems
applications. This open systerns philosephy is backed by software standards that insure that the software can
aperate at numerous levels of integration. These software standards are described in the appendix.

Software for Intel's products is availabie both from Intel and from Independent Softwars Vendors (ISVs}. Fora
complete listing of software availabie from 1SVs, see the Int<t Yellow Pages which is published annuaily by Intel.
This handbook describes software products that are avail2i.ia through Intel, consisting of Intel-developed 2nd
1SV-developed products. Products that are offered by Intei have all besn evaluated and tested to meet Intel’s
quality standard. They are backed by an extensive support organization described in the appendix.
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OPERATING SYSTEMS

INTRODUCTICN

The ability to convert advanced microprocessor technology inta solutions for modern day problems begins with
effective and efficient designs for new hardware products and architectura. However, a mostcritical elementin
the success of any microcomputer sclution is the availability of a high quality, reliable operating system.
Without this software counterpart, the technological advances cannct be fully implemented, nar their banefits
fully realized.

The classic rele of the microcomputer operating system can be outlined by viewing its major functions and
purposes. The functions of the micracomputer operating system are threefold: 1) to manage system resources
and the zllocation of these resources to users; 2) to provide automatic functions such as initialization and
start-up procedures; and 3} to provide an efficient, straightforward and consistent method for user programs to
interface with the hardware subsystems, including a simple and friendly human interface. Typically, the
operating systems have one of two main purposes. First, they can be used to develop a new software system
that runs on anothar machire. These systems are usually large and fairly sophisticated. 1815 and *XENIX are
examples of such developmental operating systems. The second purpose for microcomputer operating
systems is directed toward the execution of software programs for targeted application. The largest number of
operating systems are of this type, including the RMX systems. The most critical regquirement is for these
systems to be effective and efficient since they are usually small, fast systems dedicated to a specific real-time
application.

This rather neat and simpie categorization ¢f microcomputer operating systems, which has been useful in the
past, is quickly becoming blurred. The rapid developments in microcomputer technology have increased the
power and decraasad tha cost of microcomputers, aliowing them to become applicable to the solution of a
broader variety and more sophisticated set of problams. Microcomputer systems must increasingly provide
such capabilities as multipragramming, multitasking, multiprocessing, networking, as wel! as scheduling and
priority determination. As systems become more complex, they must stili remain responsive to real-time
applications. Operating systems must be abie to capitalize on the trends toward placing more and more
software into silicon. This trend is blurring the distinction between the hardware and software subsystems.
Microcomputer systems are lso evolving to encompass both the developmental and target application
purposes into one system.

These dramatic changes in technology place additional demands on operating systems. We see operating
systems undergoing changes to consider the need for: 1) modularity and ease of configurability,
2) evoiutionary, not revoluticnary, path of growth; and 3) standardization in languages, networks and the
operating system itself. The first need is required to ailow the system to be a powerful development toal yat
configurable to more specialized applications. The last two items are needed to provide protection of afirm's
software investment, including the opticn to move toward silicon software.

The operating systems and executives in this section are state-of-the-art microcomputer systems that have
taken to task the challenges posed by advancing microprocessor technotogy. These operating systems offer
the widast range of solutions with the highest quality and most futurg-oriented software available today.
Consequently, our customers can select the appropriately optimized option to achieve their price/perfarmance
goals and give them time-to-market advantage over their competitors.

*XENIX is a trademark of Microsoft Corp.

2-1
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DIGITAL RESEARCH INC.
CP/M* 2.2 OPERATING SYSTEM

= High-performance, single-console
operating system

= Simple, reliable file system matched to
microcomputer resources

= Table-driven architecture allows field
* reconfiguration to match a wide variety

= More than 1,000 cqmmerclally available
compatible software products

= General-purpose subroutines and
table-driven data-access algorithms
provide a truly universal data
management system

of disk capacities and needs

= Extensive documentation covefs all
facts of CP/M applications

n Upward compatibility from all previous
versions

CP/M 2.2 is a monitor control program for rﬁscrocomputer system and application uses on Intel 8080/3085-
based microcomputer. CP/M provides a general environment for program execution, construction, storage,
and editing, along with the program assembly and check out facilities.

The CP/M monitor provides rapid access to programs through a comprehenswe file managemen{ package The
file subsystem supports a named file structure, allowing dynamic allocation of file space as well as sequential
and random file access. Using this system, a large number of distinct programs can be stored.in both source-
and machine-executable form.

CPiM also supports a powerful context editor, Intef-cémpatible assembler, and debugger subsystems. Nearly all
personal software programs can be bought configured to run under CP/M, several of which are available from

intal.

. FEATURES

CP/M is logically divided into four distinct modules:

BIOS-—Basic I/O System

—Provides primitive operations for access to disk
drives and interface to standard peripherals
{teletype, CRT. paper tape reader/punch, bubble
mamaory, and userdefined peripherals)

—Allows user modification for tailoring to a particu-
lar hardware environmen{

BDOS--Basic Disk Operating System

—Provides disk management for one to sixteen disk
drives containing independent file directories

—Implements disk aliocation strategies for fully
dynamic fite construction and minimization of
head movement across the disk

—MUses less than 4K of memory allowing plenty of
memory space for applications programs

—Uses less than 4K of memory

—Makes programs transportabla from system to
system

—Entry points include the following primitive
operations which can be programmatically

accessed:

SEARCH  Look for a particular disk fila by
name :

CPEN Open a file for further operations

CLOSE Close a file after processing

RENAME  Change the name of a particular file

READ Read a record from a particuiar file

WRITE Write a record to a particular file

SELECT Select a particuiar disk drive for

further operations

£ INTEL CORPORATICN 1983
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DIGITAL RESEARCH, INC.
CP/M 2.2

CCP—Console Command Processor

—Provides primary user interface by reading and
interpreting commands entered through the
console

—Loads and transfers control to transient programs,
such as assemblers, editors, and debuggers

~—Processes built-in standard commands including:

ERA Erase specified files

DIR List file names in the directory

REN Rename the specified file

SAVE Save memory contents in a file

TYPE Display the contents of a file on
the console

TPA—Transient Program Area

—Hoids programs which are loaded from the disk
under command of the CCP

—Programs created under CP/M can be checked out
by leading and executing these programs in
the TPA

—User programs, loaded into the TPA, may use the
CCP area for the program’s data area

—Transient commands are specified in the same
manner as built-in commands

—Additional commands can be easily defined by the
user

—Definad transient commands inciude:

PIP Peripherai Interchange Program
—~implements the basic media transfer
operations necessary to load, print,
punch, copy, and combine disk files,
PIP also performs various
reformatting and concatenation
functions. Formatting options include
parity-bit removal, case conversion,
fntel hex file validation, subfile
extraction, tab expansion, line number
generation, and pagination

ED Text Editor—allows creation and
modification of ASCII files using
extensive context editing commands:
string substitution, string search,
insert, delete and block move; ED
aliows text to be located by context,
line number, or relative position with a
macro command for making extensive
text changes with a single command
fing

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com

ASM Fast 8080 Assembler—uses standard
Intel mnemonics and pseudo
operations with free-format input, and
conditional assembly features

oDT Dynamic Cebugging Tool—contains
an integral assembler/disassembler
module that iets the user patch and
display memory in either assembler
mnemonic or hexadecimal form and
trace program execution with full
register and status display;
instructions can be executed betweean
breakpoints in real-time, or run fully
monitored, one instruction at a time

SUBMIT  Altows a group of CP/M commands to
be batched together and submitted to
the operating system by a single

command

STAT Lists the number of bytes of storage
remaining on the currently logged
disks, provides statistical information
about particular files, and displays or
alters device assignments

Converts Intel hex format to absolute
binary, ready for direct load and
execution in the CP/M environment

SYSGEN Creates new CP/M system disks for
back-up purposes

MOVCPM Provides regeneration of CP/M
systems for various memory
configurations and works in
conhjunction with SYSGEN to provide
additional copies of CP/M

LOAD

BENEFITS

—Easy implementation on any computer configura-
tion which uses an Intel 8080/8085 Central Pro-
cessing Unit (see the CP/M-86 data sheet for CP/M
applications on the iAPX86 CPU)

—iPDS version supports bubble memory option as
an additional diskette drive. Also allows diskette
duplication with a single drive

—Extensive selection of CP/M-compatibte programs
allows production and support of a comprehen-
sive software package at low cost

—Field programmability for special-purpose operat-
ing system requirements

-—Upward compatibility from previous versions of
CP/M release 1

AFN-021T16
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DIGITAL RESEARCH, INC.
CP/Mm 2.2

—Provides field specification of one to sixteen logi-
cal drives, each containing up to eight megabytes

—Fites may contain up to 65,536 records of 128 bytes
each but may not exceed the size of any single disk

—Each disk is designed for 64 distinct files—more
directory entries may be allocated if necessary

—Individuat users are physically separated by user
numbers, with facilities for file copy operations
from one user area to another

—Relative-record random-access functions provide
direct access to any of the 65,536 records of an
eight-megabyte file

SPECIFICATIONS

Hardware Required

—Modet 800 with 720 kit

—DS 235 kit or MDS 225 with 720 kit {integral drive
supported except as system boot device)

—iP3S Personal Development System
Optional:
RAM up to 64K
—Additional floppy disk drives
—Single density via 201 controller

—Bubble memary and optional Shugart 460 514"
disk drive for iPDS

Documentation Package

Title

CP/M 2.2 documentation consisting
of 7 manuals:
An Introduction to CP/M Features
and Facilites
CP/M 2.2 User’s Guige
CP/M Assembler {(ASM) User's
Guide
CF!M Dynamic Debugging Toaol
{DOT) User's Guide
ED: A Context Editor for the CPIM
Disk System User's Manual
CP/M 2 interface Guide
CP/M 2 Alteration Guide

Shipping Media

{Specify by Alpha Character when crdering.}
A—singte density (IBM 374011 compatible)
B—double density '

F —double-sided, double density 54" floppy (iPDS
format)

Order Code Product Dascription

CP/M (Control Program for
Microcomputers) is a disk-based
oparating systemn for the Intal
5080/8085-based systems. CP/M
provides a general environment for
progrem development, test, execution
and storage. CP/M storage is available
via a comprehensive, named-file
structure supporting both sequential
and random access CP/M support
toois include a Text Editor, a
debugger, and an BOB0/B085
assembler.

See Price List

SUPPORT:

Intel offers several levels of support for this product, depending on the system configuration in which it is used.
Please consult the price list for a detailed description of the support options avaiiable.

An Intel Saftware License required.
*CP/M is a registered trademark of Digital Research, Inc:

*CP/M-86, MP/M, CF/NET and MP/NET are trademarks of Digital Research, Inc

2-4 AFN-02111€
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iIRMX™ 86 OPERATING SYSTEM

m Real-time processor management for a Configured systems for the iAPX 86 and
time-critical iAPX 86, iAPX 88, iAPX 186, IAPX 286 processors In Intel integrated
iAPX 188, and iAPX 286 (Real Address system products (iISYS 86/300 and iISYS
Mode) applications 286/300)

& On-target system development with 2 Multi-terminal support with multi-user
Universal Development Interface (UDI) human interface

m Configurable system size and function m Broad range of device drivers included
for diverse application requirements for industry standard MULTIBUS®

m All iRMX™ 36 code can be (P)ROM’ed to peripheral controllers
support totally solid state designs m Complete support of 8087 and 80287

m Compatible operating system services processor extension

for tAPX B6/30, 88/30, 186/30 and 188/30 = Powerful utilities for interactive
Operating System Processors (l0SP™ 86) configuration and real-time debugging

The iRMX™ 86 Operating System is an easy-to-use, real-time, multi-tasking and multi-programming software
system desighed to manage and extend the resources of ISBC® 86, iISBC 88, iSBC 186, iSBC 188, and iSBC 286
Singte Board Computers, as well as other IAPX 86, IAPX 88, iAPX 186, IAPX 188, and iAPX 286 (Real Address
Mode} based microcomputers. iIRMX B& functions are available in siiicon with the iAPX 86/30, 88/30, 186/30
and 188/30 Operating System Processors, in a user configurable software package. iRMX B6 functions are also
fully integrated into the SYSTEM 86/300 and SYSTEM 286/300 Family of Microcomputer Systems. The Oper-
ating System provides a number of standard interfaces that allow iRMX 86 applications to take advantage of
industry standard device controllers, hardware components, and a number of software packages developed
by Independent Software Vendors (ISVs). Many high-performance features extend the utility of iRMX 86 Sys-
tems intc applications such as data collection, transaction processing, and process control where immediate
access to advances in VLS| technology is paramount. These systems may deliver real-time performance and
explicit control over resources; yet also support applications with multiple users needing to simuitaneously ac-
cess terminals. The configurable iayers of the System provide services ranging from interrupt management and
standard device drivers for many sophisticated controllers, to data file maintenance commands provided by a
comprehensive multi-user human interface. By providing access to the standard Universal Development Interface
(UDI) for each user termina¥, Original Equipment Manufacturers (OEMs) can pass program development and
target application customization capabilities to their users.

TTUMAN INTERFACE
TYTENDED /0 SYSTEM

APPLICATIONT
0,
nS\C WO SYSTE 40
S

NUCLEUS

USER APPLICATIONS

IRMX™ VLS| Operating System
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The iRMX 86 Operating Syster is a complete set of
system software modules that provide the resource
management functions needed by computer systems.
These management functions allow Criginal Equip-
ment Manufacturers (OEMs) to best use resdurces
available in microcomputer systems while getting their
products to market quickly, saving fime and money.
Engineers are relieved of writing complex system soft-
ware and can concenirate instead on their application
software,

This data sheet describes the major features of the
iRMX 86 Operating System. The bensfits provided to
engineers who write application softwarée and to users
who want to take advantage of improving microcom-
puter price and performance are explained. The first
section outlines the system resource managerment func-
tions of the Operating System and describes several
system calts. The second section gives a detailed over-
view of iAMX 86 features aimed at serving both the
iRMX 86 system designer and programmer, as well
as the end users of the product into which the Operat-
- ing System is incorporated.

FUNCTIONAL DESCRIPTION

To take best advantage of iAPX 86, 88, 186, 188, and
286 (Real Address Mode) microprocessors in applica-
tions where the computer is required to perform many
functions simultanecusly, the IRMX 86 Operating System
provides a multiprogramming envircnment in which
many independent, muklti-tasking application programs

Process Management

To implement multi-tasking application systems, pro-
grammers require a method of managing the differ-
ent processes of their application, and for ailowing the
processes to communicate with each othet, The
Nucleus layer of the IRMX 86 System provides 2 num-
ber of facilities to efficiently manage these process-
es, and to effactively communicate between them,
These facilities are provided by system calls that
manipulate data structures callad tasks, jobs, regions,
semaphores and mailboxes. The iAMX 86 System
refers to these structures as ‘objects™.

Tasks are the basic element of all appfications built
on the iRMX 86 Operating System. Each task is an
entity capable of executing CPU instructions and issu-
ing system calls in order to perform a function. Tasks
are characterized by their register values (including
those of an optional 8087 or 80287 Numeric Proces-
sor Extension), a priority between 0 and 255, and the
resources associated with them.

Each iBMX B6 task in the system is scheduled for op-

" eration by the iRMX 86 Nucleus. Figure 1 shows the

#ive states in which each task may be placed, and some
exampies of how a task may move from one state to
another. The iRMX 86 Nucleus ensures that each task
is placed in the correct state, defined by the events

* in its external envircnment and by the task issuing sys-

may tun. The flexibility of independent environments

allows appiication programmers to separately manage
each application's resources during both the develop-
ment and test phases.

The resource management functions of the iRMX 86
System are supported by a number of configurable
software tayers. While many of the functions supplied

by the innermost layer, the Nucleus, are required by

all systems, all other functions are optional. The /O
systems, for example, may be omitted in systems having
no secondary storage requirement. Each layer provides
functions that encourage application programmers to
usa modular design technigues for quick development
of easily maintainable programs.

The componants of the iIRMX 86 Operating System pro-
vide both implicit and explicit management of system
resources. These resources include processor sched-
uling, up to one megabyte of system memory, up to
57 independent irterrupt sources, all input and output
devices, as wel as directory and data files containad
on mass storage devices and accessed by a number
of indeperdent users. Management of these system
resources and methods for sharing resources between
multiple processors and users is discussed in the fol-
lowing sections,

2-6

tem calls. Each task has a priority to indicate its rela-
tive importance and need to respend to its
erwircnment. The Nucleus guarantees that the highest
priority ready-to-run task is the task that runs.

Jobs are used to define the operating environment of
a group of tasks. Jobs effectively limit the scope of an
application by collecting all of its tasks and other ob-
Jects into one group. Because the environment for ex-
ecution of an applicatior is defined by an iIRMX 86 job,
separate applications can be efficiently developed by
separate development teams.

The iRMX 86 Operating System provides two primary
technigques for realtime event synchronization in mutt-
task applications: regions and semaphores.

Reglons are used to restrict access 1o critical sections
of code and data. Once the iRMX 86 Operating Sys-
tem gives a task access to resources guarded by a
region, no other tasks may make use of the resources,
and the task is given protection against deletion and
suspension. Regions are typically used to protect data
structures from being simultaneously updated by mul-
tiple tasks. :

Semaphores are usad to provide mutual exclusion
betwsen tasks. They contain abstract "'units’ that are
sent between the tasks, and can b used to implement
the cooperative sharing of resources.

Order Number: 210885-002
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Figure 1. Task State Dlagram

Multi-tasking applications must communicate informa-
tion and share system resources among cooperating
tasks. The iRMX 86 Operating System assigns a unique
16-bit number, called a token, to each object created
in the System. Any task in possession of this token is
able to access the object. The iIRMX 86 Nucleus al-
lows tasks to gain access to objects, and hence sys-
tem resources, at run-time with two additional
mechanisms: mailbaxes and object directories.

Mailboxes are used by tasks wishing to share objects
with other tasks. A task may share an object by send-
ing the object token via a mailbox. The receiving task
can check to see if a taken is there, or can wait at the
mailbox until a token is presant.

Object Directories are also used to make an object
available to other tasks. An cbject is made public by
cataloging its token and name in a directory. In this
manner, any task can gain access to¢ the object by know-
ing its name, and job environment that contains the
directory.

Twe example jobs are shown in Figure 2 to demon-
strate how two tasks can share an object that was not

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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TASK A3

OBJECT DIRECTORY
MAILEOX AM JOB A
SEMAPHORE RS JOB B
TASK B2

. Figure 2. Multiple Jobs Example

known to the programmer at the time the tasks were
developed. Both Job ‘A’ and Job ‘B’ exist within the
environment of the ‘Roct Job’ that forms the founda-
tion of ait tAMX 8B systems. Each job possesses a
directory in which tasks may catalog the name of an
object. Semaphore ‘RS’, for example, is accessable
by all tasks in the system, because its name is cataloged
in the directory of the Root Job. Mailbox *AN’ can be
used to transfer objects between Tasks ‘'A2' and ‘A3’

‘because its token is accessable in the object directory

for Job ‘A’

Table 1 lists the rmajor functions of the iIRMX 86 Nucleus
that manage system processes.

Memory Management

Each job in an iRMX 86 Systermn defines the amount
of the one megabyte of addressable memory to be used
by its tasks. The iRMX 86 Operating System manages
systern memory and allows jobs te share this critical
resource by providing another object type: segments.

Segments are contiguous pieces of memory between
16 Bytes and 64K Bytes in length, that exist within the
environment of tha job in which they were created. Seg-
ments form the fundamental piece of system memory
used for task stacks, data storage, system buffers,
lcading programs from secondary storage, passing in-
formation between tasks, etc.

The example in Figure 2 also demonstrates when in-
formation is shared between Tasks ‘A2’ and 'A3’; ‘A2’
only nesds 1o create a segment, put the information
in the memaory allocated, and send it via the Mailbox
'AM’ using the RQSSENDSMESSAGE systom calt (see
Table 1). Task ‘A3’ would get the message by using
the RQSRECEIVESMESSAGE system call. The Figure
also shows how the receiving task could signal the
sending task by sending an acknowledgement via the
second Mailbox "AN’,

Orrdar Number: 210845-002
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Table 1. Process Management System Calls

System Cal

Function Performed

RQSCREATESIOB

- RQ$DELETESJOB

ROSOFFSPRING
RQSCATALOGIOBJECT
AQIUNCATALOGSCBJECT
ROSLOOKUPSOBJECT

ROSGETSTYPE
AQSCREATESMAILBOX

RQFDELETESMAILBOX
RQESENDIMESSAGE

RO$RECEIVESMESSAGE

ROEDISARILESDELETION
ROSENABLESDELETION

ROQSFORCESDPELETE
RQ$CHREATESTASK
RQSDELETESTASK

ROSSUSPENDSTASK

ROSRESUMESTASK

AQSSLEEP
ROQSGETSTASKETOKENS
AQ$SETSPRICRITY
AQEGETHPRIDAITY
AQSCREATESREGICN
RQ$DELETESREGION
ROSACCEPTSCONTROL
ROSRECEIVERCONTROL

ROSSENDECONTROL
RQ$CREATESSEMAPHORE
RQSOELETESSEMAPHORE
AQESENDEUNITS
RQSRECEIVESUNITS

Creates an environment for a number of tasks and other objects, as well as creating an
initial task and its stack.

Deletes a job and all the objects currently defined within its bounds. A memcry used
is returned to the job from which the deleted job was created.

Provides a list of all the current jobs ereated by the specified job.
Enters a name and token for an object into the object directory of a job.
Removes an object’s token and its name from a job's object directory

Returns a token for the abject with the specified name found in the object directory of
the specified job.

Returns a code for the type of object referred io by the specified token.

Creates a mailbox with queues for walting tasks and objects with FIFQ or PRICRITY
discipline.

Deletss a mailbox.

Sends an ofyject o a specified mailbox. if a task is waiting, the object is passed to the
appropriate task according to the queuing discipline. {f no task is waiting, the objact is
gueued at the maifbox.

Attermnpts 1o receive an objgct token from a specified mailbox. The caling task may
choose to wait for a specified number of system time units if no token is available.

Prevents the deletion of & specified object by increasing its disable count by one.

Reduces the disable count of an object by one, and if zaro, enables deletion of that
object.

Forces the deletion of a specified object if the disable count is either 0 or 1.
Creates a task with the specifiad priority and stack area.

Deletes a task from the systam, and removes it from any queues in which it may be
waiting. -

Suspends the operation of a task. If the task 15 already suspended, its suspension
depth is increased by one.

Resumes a task. i the task had been suspended multiple times, the suspension depth
ts reduced by one, and it remaing suspended,

Causes a task to enter the ASLEEP state for a specified number of system time uruts.
Gets the token for the calling task or asscciated objects within its environment.
Dynamicaily alters the priority of the spetified task,

Obtains the current pricrity of a specified task.

Creates a region, with an associated queus of FIFQ or PRICRITY ordering discipline.
Deletes the specified region if it.is nét currently in use.

Gains control of & region only if the region is immediately available.

Gains control of a region. The calling task may specify the number of system time
units it wishes to wait if lhe region is not immediately available.

Rslinquishes control of & region.
Creates a semaphore.
Deletes a semaphore.

-increases a semaphare counter by the specified number of units.

Attempts to gain a specified number of units from a semaphore If the unlts are not
immediately available. the calling task may choose to wait.

2-8 Order Number: 210885.002
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Each job is creatsd with both maxirmum and mirimum
limits set for its memory pocl. Memory required by all
obiects and resources created in the job is taken from
this pool. if more memory is required, a job may be al-
lowed to borrow memaory from the pool of its containing
job (the job from which it was created). In this manner,
initia! jobs may efficiently allocate memory to jobs they
subsequently create, without knowing their exact re-
guirements.

The iRMX 86 Operating System supplies cther memary
managment functions to search specific address ranges
for available memory. The System performs this search
at system initialization, and can be configured fo ig-
niore non-existent memory and addresses reservad for
IO devices and other application requirements.

Table 2 lists the major system calls used to manage
the system memory.

Interrupt Management

Real-time systems, by their nature, must respond to
asynchronous and unpredictabie events quickly. The
iRMX 86 Operating System uses interrupts and the
event-driven Nucleus described earlier to give real-time
response to events. Use of a pre-emptive scheduling
technigque ensures that the servicing of high priority

events always takes precedence over other system
activities.

The iRMX B6 Operating System gives applications the
flexibility to optimize either interrupt response time or
interrupt rasponse capability by providing two tiers of
Interrupt Management. These two distinct tiers are
managed by Interrupt Handlers and Interrupt Tasks.

interrupt Handlers are the first tier of interrupt
service. For small simple functions, interrupt handlers
are often the most efficient means of responding to an
evant. They provide faster response than interrupt
tasks, but must be kept simple since interrupts (except
the {APX B6, 88, 186, 188, and 286 non-maskable in-
terrupt) are masked during their execution. When ex-
tended service is required, interrupt handlers “signal™
a waiting interrupt task that, in turn, performs more
complicated functions.

interrupt Tasks are distinct tasks whose priority is as-
sociated with a hardware interrupt level. They are per-
mitted to make any {AMX 86 system call. While an
interrupt task is servicing an interrupt, interrupts of
lower pricrity are not allowed to pre-empt the system.

Table 3 shows tha iIRMX 86 System Calls provided to
manage interrupts.

Table 2. Memory Management System Calls

Function Parformed

System Call
ROSCREATESSEGMENT Dynamically allocates a memory segment of the specified size.
RCQEDELETE$SEGMENT Deletes the specified segment by deallocating the memory.

RQ3GETSPOOLSATTRIBUTES

RQ$GETESIZE
RQSSETFPOOLIMIN

Returns attributes such as the minimum and maximum, as well as current size of
the memory 1n the enviranment of the caling task's job.

Returns the size (in bytes) of a segment.
Dynamically changes the minimum memory requirements of the job envirenment

sontaining the calling task.

Table 3. Interrupt Management System Calls

System Call

Function Performed

RO$SETSINTERRUPT

ROSRESETHINTERRLUPT

ROSGETSLEVEL
RO$SHGNALSINTERRUPT

ROSWAITSINTERRUPT

RQEEXITSINTERRUPT
RO$ENABLE
RO$DISABLE

Aszsigns an intarrupt handler and, if desired, an interrupt task to the specified interrupt
level. Usually the calhng task becomes the interrupt task.

Disables an interrupt level, and cancels the assignment of the interrupt handler for that
lavel. If an interrupt task was assigned, it is deleted

Returns the number of the highest prionty interrupt level currently being processed.

Used by an imerrupt handler to signal the associated intertupt task thal an interrupt has
cocurred

Used by an imerrupt task ta SLEEP until the associaled mterrupt handler signals the
occurrence of an interrupt.

Used by aninterrupt handler to relinguish contrgl of the System.
Enables the hardware to acecepl interrupts from a specidied level
Disables the hardware from accepting interrupts at or below a specihed tevel.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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INTERRUPT MANAGEMENT EXAMPLE

Figure 3 illustrates how the iIRMX 86 Interrupt System
may be used to output strings of characters to a printer.
In the example, a mailbox named ‘PRINT' is used by
all tasks in the system fo queus messages 1c be printed,
Application tasks put the characters in segments that
are transmitted 1o the printer inferrupt task via the PRINT
Mailbox. Once printing is complete, the same interrupt
task passes the messages on to anothér application
via the FINISHED Mailbox so that an operator message
can be displayed,

PRINT
MAILBOX

CALLTO
ROSRECEIVE
SMESSAGE

'l [ITT] PRINTER ..l'

PRINTER
DATA

PRINTER
INTERRUPT
TASK

EXTERNAL
CALLTO y INTERRUPT
RQSSENDS

MESSAGE

FINISHED
MAILBOX

PRINTER
INTERRUPT
HANDLER

CALLTO
ROSSIGNALSINTERRUPT

IRMX'™ B6 SYSTEM

Figure 3. interrupt Management Example

Basic I/0 System

The Basic I/C System (BIOS) provides the direct ac-
cess to /O devices needed by real-time applications.
Tha BIOS allows /0 functions to overlap other system
functions. In this manner, application tasks make asyn-
chronous calls to the iRMX 86 BIOS, and proceed to
perform other activities. When the YO request must
be completed before an application can continue, the
task waits at a mailbox for the result of the operation.

Some system calls provided by the BIOS are listed in
Table 4. . .

The Basic I/C System communicates with peripheral
devices through device drivers. These device drivers
provide the System with four basic functions needed
to control and communicate with devices: Initiatize /O,
Finish /O, Queue IO, and Cancel I/0. Using the de-
vice driver interface, users of non-standard devices may
write custom drivers compatible with the /O System.

The iRMX 86 Operating System includes a number of
device drivers to allow applications to use standard
USART serial communications devices, multiple CRTs
and keyboards, bubble memories, diskettes, disks, a
Centronics-type paraltel printer, and many of Intel’s
iSBC and iSBX™ device controllers (see Table 8}, If
an application reguires use of a non-standard device,
users need only write a device driver to be included
with the BIOS, and access it as if it were part of the
standard system. For most common random-access
devices, this job is further simplified by using standard
routines provided with the System. Use of this techni-
que ensures that applications can remain device inde-
pendent.

Multi-Terminal Support

The iRMX 86 Terminal Support provides line editing
and terminal control capabilities. The Terminal Support
communicates with devices through simgile drivers that
de only character HO functions. Dynamic terminat re-
configuration is provided so that atiributes such as ter-
minai type and fine spead may be changed without
modifying the application or the Operating System.
Dynamic configuration may be typed in, generated pro-
grammatically or stored in a file and copied to a termi-
nal IfQ connection.

Table 4. Key BIOS IO Management Systemn Calls

ROSASCREATESDIRECTORY
RQ$ASCREATESFILE
RO$ASDELETESCONNECTION
AQSASGETSFILESSTATUS
ROFASOPEN

RO$ASREAD

ROBASSEEK

ROSASWRITE

ROSWAITSIO Synchronizes a tas

results ’ ’

System Call Funetion Performed
ROSASATTACHEFILE Creatss a Connection 1o an existing file
RO$ASCHANGESACCESS Changes the types of accesses permitted to the specified user{s) for a speciic fite
RO$ASCLOSE Closes the Conneclion to the specitied file so Lhal it may be used agan, or o that

the type of access may be changed.

Creates a Named File used to store the names and locations of other Named Files
Creates a data file with the specified access rights

Peletes the Connection to the specified file

Returns the current status of a specified hle.

Opens a file for either read, wnite, or update access.

Reads a number of bytes from the current position in a specified file

Moves the current data pointer of a Named or Physical file

Wnitas a number of bytes at the current position 11 a file

k with the |/ Systemn by causing it to want for /O operatian

2-10
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The iIRMX 86 Terminal Support provides automatic
translation of control characters to specific control se-
quences for each terminai. This translation enables
apptications using standard controf characters to func-
tion with non-standard terminals. The transiation re-
quiraments for each terminal can be stored in terminal
description files and copied to a connection, as des-
cribed above.

Disk 1/O Performance

Figure 4 shows iIRMX BE& petrformance obtained using
the iSBC 215 Winchester Disk and iSBX 218A Dis-
kette Controllers under the specified conditions. The
vertical axis is a linear scaie of throughput in units of
10,000 bytes per second. The herizontal axis is a
logrithmic scafe showing the transfer size for the reads
and writes. Each data point on the graph indicates the
time required for a read/write request of 84K bytes.
Therefore each transfer size on the horizontal scale
less than 64K was rapeated until a total request of 64K
was read or written.

Each device driver can be used to interface to a num-
her of separate and, in some cases, differant devices

(see Figure 5}. The iSBC 215 Device Driver, supplied
with the system, is capable of supporting the iSBC 215
Winchester Disk Controller, the iISBC 220 SMD Disk
Controller, and the iSBX 218A Flexibie Disk Controlier
{when mounted on an iSBC 215 board). Each device
controller may, in turn, control a number of separate
device units. In addition, each driver may control a
number of like device controllers. This capability allows
the use of l[arge storage systems with a minimum of
/O system code to write or maintain.

Extended 1/O System

The iIRMX 86 Extended 1/0O System (EIOS) adds & num-
ber of IfO managsment capabilities to simplify access
to files. Whereas the BIOS pravides users with the basic
system calls needed for direct management of KO re-
sources, many users prefer to have the system perform
all the buffering and synchronization of 1/O requests
automatically. The EXOS allows users to access IfQ
devices without having to write procedures for buffer-
ing data, or to specify particular devices with constant

device names.
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Figure 4. iRMX™ 88 Disk IO Performance
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Figure 5. Device Driver and Contreller Relationships

By performing device buffering automatically, the
iRMX 86 EIOS optimizes accesses to disks and other
devices. Often, when an application task asks the Sys-
temn to READ a portion of a file, the System is able to
respond immediately with the data it has read in ad-
vance of the request. Similarly, the EIOS will not de-
lay a task for writing data to a device unless it is
specifically told to, or if its output buffers are filled.

Logicsi file and device names are provided by the
EIOS to give applications complete file and device in-
dependence. Applications may send data to the ‘line
printer’ (:LP:) without neading to know which specific
device will be used as the printer. This legical name
may, in fact, not be a printer at all, but it could be a disk
file that is later scheduled for printing.

The EIOS uses the functions pravided by the BIOS ta
synchronize individual 110 requests with results returned
by device drivers. Most EIOS system calls are similar
to the BIOS cails, sxcept that they appear to suspend
the operation of the calling task until the IfO requests
are completed. . .

Two new primitives have been added to the EIOS.
Thase are: RA$SHYBRIDSDETACHSDEVICE and
ROSGETSLOGICALSDEVICESSTATUS.

RQ$HYBRID$DETACHS$DEVICE aliows a programmer
to temporarily detach a device physically so it can be
temporarily attached another way.

2-12

RQEGETSLOGICALSDEVICE$SSTATUS provides infor-
mation about a logical device: the physical device name,
fite driver, number of connections to the device, and
the owner of the device.

File Management

The iIRMX 86 Operating System provides three distinct
types of files to ensure efficient management of both
program and data files: Named Files, Physical Files,
and Stream Files. Each file type provides access 1o
IO devices through the standard device drivers men-
tioned eariier. The same device driver is used to ac-
cess physical and named files for a given device.

NAMED FILES

Named files allow users to access information on se-
condary storage by referring to a file with its ASCII
name. The names of files stored on a device are stored
in special files called directories. As directories are
themselves named files, the iIRMX 86 Fiie System allows
directories to contain the names of ather directories.
Figure 6 illustrates the resulting hierarchical file strue-
ture. This structure is useful for isolating file names
to particular user applications, and for tailoring system
data to the requirements of users and applicationis
sharing storage devices. Using different branches on
the directory tree, different users do not have to coor-
dinate in naming their files to ensure unique namas.
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DEPT 1J:
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BATCH-1 BATCH-2

= NAMED
DATA FILE

Flgure 6. Hierarchical Named File Structure

Whenever a request is made invalving a fiie name, the
Systemn will search the appropriate directory in order
to find the necessary information about the file's size,
access rights, and specific location on the storage
device,

The iRMX 86 BIOS uses an efficient format for writing
the directory and data information into secondary stor-
age. This standard {AMX 86 format is fully compatible
with the ISO Media standard, and other Inte? systems
such as the iRMX 88 Operating System. This structure
enablas the system to directly access any byte in a file,
often without having to do additional /O to access

space allocation information. The maximurm size of an

individual file is 4.3 billion bytes.

EASE OF ACCESS

The hierarchical file structure is provided to isolate and
organize collections of named files. To give operators
fast and simple access to any levei within the file tree,
an ATTACHFILE command is provided. This command
allows operators to create a logical name to a point in
the tree so that a long sequence of characters need
net be typed each time a file is referred to.

ACCESS PROTECTION

Access to each Named File is protected by the rights
assigned to each user by the owner of the file. Rights
fo read, append, updais, and delete may be selectively
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granted to other users of the system. In general, users
of Named Files are classified into one of two cateqorias:
User and World. Users are used when different pro-
grammers and programs need to share information
stored in a file. The World ciassification is used when
rights are to be granted to alt who can use the system.

PHYSICAL FILES

Physical Files allow more direct device access than
Named Files. Each Physical File occupies an entire de-
vice, treated as a single stream of individually access-
able byies. No access control is provided for Physical
Files as they are typically used for such applications
as driving a printing device, translating from one device
format to another, driving a paper tape device, real-
time data acquisition, and controlling analog mech-
anisms.

STREAM FILES

Stream Files provide applications with a method of us-
ing iRMX 86 file management methods for data that
daes not need to go into secondary storage. Stream
Files act as direct channels, through system memory,
from one task to another. These channels are very use-
ful to programs, for example, wishing to preserve file
and device independence allowing data sent to a printer
one time, to a disk file another time, and to another
program on a different occasion.
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BOOTSTRAP AND APPLICATION LOADERS
Two utilities are supplied with the System to load pro-

grams and data into system memory from secondary .

storage devices;

The iRMX 86 Bootstrap Loader can be configured to
a size of less than 1K Bytes of P(ROM), and is typically
used io load the initial system from the system disk
into memory, and begin its execution. Error reporting
and debug switch features have been added to the Boot-
strap Loader. When the Bootstrap Loader detects er-
rors such as: file does not exist or device not ready,
an error message is reported back to the user. The de-
bug switch will cause the Bootstrap Loader to load the
system but not begin its execution. Instead the Boot-
strap Loader will pass control to the menitor at the first
instruction io be executed by the system.

The Application Loader is typically used by application
programs already running in the system to load addi-
tional programs and data from any secondary storage
device. The Human Interface layer, for example, uses
the Application Loader to load the non-residant Human
Interface Commands. The Application Loader is capable
of loading both relocatabie and absolute code as well
as program overtays.,

Human Interface

The flexibility of the interface between computer con-
trolled machines and their users often determines the
usabifity and ultimate success of the machines. Table
11 lists iRMX 86 Human Interface functions giving users
and applications simple access to the file and system
managernent capabilities described earlier. The pro-
cess, interrupt, and memory managment functions de-
scribed earlier, are performed automatically for Human
Interface users. )

MULTI-USER ACCESS

Using the mult-terminal support proviged by the BiOS,
the iRMX 86 Human Interface can support several si-
multaneous users. The reai-time nature of the system
is maintained by providing a pricrity for each user, and
using the event-driven iRMX B6 Nucleus to schedule
tasks. High-performance interrupt response is guaran-
teed even while users interact with various application
packages. For example, multi-terminal support aliows
one person to be using the iIRMX 88 Editor, while an-
other compiles a FORTRAN 86 or PASCAL 86 program,
while several others load and access appiications.

Each terminal attached to the iRMX 86 multi-user Hu-
man Interface is automatically associated with a user,
amemory poot, and an initial program to run when the
terminal is connected. This association is made using
a file that may be changed at any time. Changes are
effective the next time the system is initialized.

The initial program specified for each terminat can be
a special application program, a custem Human Inter-

face, or the standard iRMX 86 Command Line
Interpreter (CLI). For example, you may choose to use
the Microsoft Basic Interpreter as this initial program.
After system start-up, each terminal user would be able
to run the interpreter without asking for it to be Inaded.
From the BASIC interpreter, an operator, for example,
could run a data collection program, written ir BASIC,
that communicates with several laboratory instruments,
ang prints charts and reports based on certain test re-
sults. When finished entering, changing, or running
a BASIC program, the terminal would remain in BASIC
for the next user.

Specifying an application program as a terminal’s
initiat program makes the interface betwesn operators
and the computer system much simpler. Each operator
need only be aware of the function of a pariicular appii-
cation; not needing to interact with any unfamiliar func-
tions also available on the application system.

Specifying the standard iIAMX 86 Human Interface CLI
as the initial program enables users of the terminals
to access all IRMX 86 functions. This CLI makes it easy
to manage iIRMX B6 files, kad and execute Inteksupplied
and customn programs, angd submit command files for
gxecution. -

FEATURE OVERVIEW

The iRMX 86 Operating System is weil suited to serve
the demanding needs of real-time applications execut-
ing on compiex microprocessor systems. The iRMX 86
Systern also provides many tools and features needed
by real-time system developers and programmeérs. The
following sections describe features useful in both the
development and execution environments. The descrip-
tion of each feature outlings the advantages given to
hardware and software engineers concerned with over-
afl system-cost, expandability with custom and industry
standard options, and long-term maintenance of iRMX
86-based systemns. The development environment fea-
tures also describe the ease with which the iIRMX 86
Operating System can be incorporated into overall
system. designs. .

Execution Environment Features

REAL-TIME PERFORMANCE

The iRMX 86 Operating System is desighed to offer
the high performance, muiti-tasking functions required
by real-time systems. Designers can make use of the
latest VLS1 devices such as the BOS? or 80287 Numaric
Processor Extension, and the 80130 Operating System
Firmware Component o improve their systermn cost/per-
formance ratio or the IMMX™ 800 MULTIBUS® Message
Exchange software package to divide and coordinate
various system activities among multiple processors.
Typical IRMX 88 systern performance characteristics
are shown in Table 5. o
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Many real-time systems require high performance op-
eration. To meet this requirement, all of IRMX 86 can
be put into zero wait-state P{ROM). This approach elimi-
nates the possibility of disk access times slowing down
performance, while allowing system designers to take
advantage of high performance memory devices.

CONFIGURABILITY

The iRMX 86 Operating System is configurable by sys-
tem layer, and by system call within each layer. In addi
tion all the IfQ port addresses used by the System are
configurable by the user. This flexibility gives designers
the freedom to choose configurations of hardware and
software that best suit their size and functional
reguirements. Two example configurations are shown
in Figure 7.

Table 5. iIRMX™ Real-Time Performance
Using ISBC® 86/30 and 1SBC® 286/10
Single Board Computers

ISBC* 86/30 [ISBC® 286/10
Aeal-Time Execution | Execution
Functlon Time {msec) |Time {msac)

Suspand Task 1.02 0.83
Interrupt Latency 0.29 Q.20

(to handlar) {Max) {Max}
Interrupt Latency o.02 0.03

(to handier) (Typical) (Tygicall
Context Switch Caused 0.84 0.78

By Interrupt {Max} {Max)
Send Message Q.32 0.25

(no context switch)

Sand Message 0.58 0.45

(with context switch)

Sand Contral 0.21 0.18

{no context switch)
Send Control 0.64 0.54
{with context switch)
Receive Control 0.26 0.19

{no walting)

SYSTEM BUFFERS
AND DATA

APPLICATION CODE

OPERATOR
CONSOLE
APFLICATIONS

COMMON
UTILITIES

BACKGF OUND
APPLICATION

HUMAN INTERFALE

EIOS
WINCHESTER FLOFPY
BIDS DiSK MSK
DRIVER DRIVER
NUCLEUS
PROM { BOOTSTRAF LOADER

BUILDIMG SECURITY
SYSTEM

I SYSTEM
AAM BUFFERS
TATA

16K BYTES
APPLICATION GUDE

PROM
5K BYTES NUCLEUS CODE

105F 86 INTERFACE

BO130 OSF

DATA COMMUNICATION
CONTROLLER

Context swiich time is the time between executing in the
context of a task, and the first instruction to execute in the
cantext of another task. .

The execution times shawn in Column 2 were measured us-
ing an 8MHz iISBC Single Board Computer, 256K on-board
RAM, and alt program and data stored in on-board RAM.
The execution times shown in Column 3 were measured us-
ing a SMHz iSBC 286/10 Singls Board Computer, no on-
board RAM. and all program and data stored in LBX RARM.
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Flgure 7. Typical IRMX™ 86 Cenfigurations

Most configuration options are selected during system
design stages. Others may be selected during system
operation. For example, the amount of memory devoted
to queues within a Mailbox can be specified at the time
the Mailbox is created. Devoting more memory to the
Mailbox allows more messages to be transmitted to
other tasks without having fc degrade systemn perform-
ance to aflocate additional memory dynamicaity.

The chart shown in Table 6 indicates the actual memory
size required to support these different configurations
of the iIRMX BB System. Systems requiring only Nucleus
level functions may require no more than 13K bytes
for the Operating System. {Use of the iAPX 86/30 re-
quires only 4K bytes of RAM, 7K bytes of initiafization
code in EPROM and the 18K bytes of code in the 80130}
Other applications, needing I/Q management functions,
may select portions of additional fayers that fit their
needs and size constraints.

This configurability also applies to the Terminal Mand-
ler, Dynamic Debugger, and System Debugger. The
Terminal Handier provides a serial terminal interface
in a system that otherwise doesn’t nsed an /O system.
Either one of the debuggers need to be included only
as debugging toois (usually only during system devel-
opmeandt).
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Table 6. iRMX™ 86 Configuration Size-Chart

Min. ROMable Max. Data

System Layer * Size Size Size

Bootstrap Loader 1K 1.5K 6K
Nucleus 10.5K 24K 2K
BIOS . 26K 78K 1%
Application Leader 4K 10K 2K
EiGS 10.5K 12.5K 1K
Human Interface 22K 22K 15K
uDI 8K aK [

Terminal Handler 3K K 0.3K
System Debugger 20K 20K 1K
Dynamic Debugger 28.5K 28.5K 1K

Human Interface Commands 118K

Interactive Configuration Litility 308K

* UUsable by System after bootioading

MULTI-PROCESSING

- The resources provided by a single processor are often
not encugh to perform certain functions, With the stand-
ard interfaces provided by the IMMX 800 MULTIBUS

- Message Exchange package, the iRMX 86 Operating

Systemn supports a loosely-coupled multi-processing
enviranment. Task running on one processor may com-
municate with tasks running on other processors, even
if they operate under different operating systams. The
iMMX 800 software is capable of sending messages
over the MULTIBUS to tasks operating under gither
the iRMX 85 Executive, or the JRMX 86 Operating Sys-
tem. Using this message exchange mechanism, appli-
cations may increase their system performance quite
easily, improve overall interrupt response, gain access
10 the iSBC® 550 Ethernet Controller, and leave room
for future product enhancements..

MULTI-USER ACCESS

Many reaHime systems must provide a variety of users
access to system control functions and collectad data.
The iRMX 86 Systern provides easy-to-use support for
applications to access multiple terminals. It also en-
ables multiple ang different users to access different
applications concurrently.

Figure 8 illustrates a typical iRMX 86 application si-
multansously supporting multi-terminal data collection
and real-time environments. Shown is a group of ter-
minals used by machinists on a shop floor to commu-
nicate with a job management program, a building
security system that constantly monitors energy usage
requirements, a system operator console capable of
accessing all systemn functions, and a group of termi-
nals in the Production Engineering department used
to monitor job costs while developing new device con-
trol specifications instructions. The ISBC 544 Intelligent
Terminal Interface supports multipie user terminals
without degrading system performange to handle char-
acter 1O,

2-16

SYSTEM

CONSOLE g
Q‘/ TERMINALS

1SBC 534 —9

=

| iSBC 544 ._1 Fl
I DATA
LIGHTS COLLECTION
lﬁ_!_\_l g TEAMINALS
g=

CUSTOM
INTERFACE

Figure 8. Muld-Terminal and Multi-User
Real-Time System;

EXTENDABILITY

The iRMX B6 Operating System provides three means
of extensions. This extendability is essential for support
of OEM and volume end user value added features.
This abifity is provided by: user-defined operating sys-
tem calls, user-definad objects (similar to Jobs, Tasks,
etc.), and the ability to add functions tater in the pro-
duct life cycle. The modular, layered structure of the
System easily facilitates later additions to iIRMX 86 ap-
plications. User-defined objects are supporied by the
functions listed in Table 7.

Using standard iIRMX 86 systern calls, users may define
custom abjects, enabling applications to easily rmani-
pulate commonly used structures as if they were part
of the original operating system.

Qrder Number: 210885-002
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Table 7. User Extension System Calls

System Call Function Performed

RQSCREATESCOMPOSITE Creales a custom object built of previously defined objects.

RQSDELETESCOMPOSITE Deletes the custom object, but not the various objects from which 1t was built

RQSINSPECTSCOMPOSITE Returns a list of Token Identifiers for the component objects from which the Specihed
composite object is built. ;

. ROSALTERSCOMPOSITE Replaces a component object of a composite object.

AQSCREATESEXTENSION Creates a new type of object and assigns a maifbox usad for collecting thess objects
when they are deleted.

ARQ$DELETESEXTENSION Deletes an extension definition.

EXCEPTION HANDLING

The System includes predefined exception handiers
for typical IO and parameter error conditions. The error
handiing mechanrism is both configurable and extend-
able.

SUPPORT OF STANDARDS

The iIAMX 88 Operating Systern supports the many
hardware and software standards needed by most ap-
pfication systems t0 ensure that commonly available
hardware ang software packages may be interfaced
with a minimum of cost and effort. The iIRMX 86 System
supports the ISBC family of products built on the Intel
MULTIBUS (IEEE Standard 796), and a number of
standard software interfaces such as the UDI and the
commaon device driver interface (See Figure 9). The
procedural interfaces of the UDI ara listed in Table 9.

The Cperating System includes support for the pro-
posed IEEE 80-bit extended real-variable format of
the 8087 Numeric Data Processor, and the IEEE 736
{MULTIBUS) hardware interface. Other standards such

as the iMMX 800 MULTIBUS Message Exchange, and
an Ethernet communication interfaze are supported
by optional software packages available to run on the
iRMX 86 System.

SPECTRUM OF CPU PERFORMANCE

The iRMX 86 Operating System supports a broad range
of inted processoss. In addition to support for IAPX 86
and 88 based systemns, the iRMX 86 system has been
enhanced to support IAPX 186, 188, and 286 (Real Ad-
dress Mode)-based Systems. This new suppart ena-
bles the user to take advantage of the faster speed
and higher performance of tntel's 286 based micro-
processors such as the iSBC 286/10 single board
computer. By choosing the appropriate CPU, designers
can choose from a wide range of performance options,
without having to change application software.

COMPONENT LEVEL SUPPORT

The iRMX 86 System may be tailored to suppart specific
hardware configurations. In addition to system memory,

FORTRAN

1 PASCAL

i

COBOL

APPLICATIONS
SUPPORT

INTEL
LANGUAGES

SOFTWARE

LANGUAGES

VENDOR APPLICATIONS

SOFTWARE ARCHITECTURE INTERFACE

LANGUAGE
SUPPORT

STANDARD 11O
SUPPORT

FLOPPY

ANSI
WINCHESTER
DISK DISK

~ UNIVERSAL DEVELOPMENT
INTERFACI
__wen

ETHERNET*

RESOURCE
MANAGEMENT

MULTIPROCESSING
SUPPORT

S
REAL TIME NUCLEUS

IMMX ™ MULTIBUS MESSAGE EXCHANGE

MULTIPROCESSING SYSTEMS BUS
MULTIBUS

. [IEEE
s FLOATING
- POINT

* ETHERMET 15 & reassiared nagemark of Teron Corg

Figure 9. iRMX™ 86 Standard Interfaces
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only an IAPX 86, iAPX 88, iAPX 186, 1APX 188, or IAPX

286 microprocessor, an 8259A Programmable Interrupt
Controller {PIC}, and either an 8253, 8274,.0r 82530
Programmabile Interval Timer (P{T) are required as
follows: )

+ iAPX 86 and iAPX 88 systems need either:

— 8253 PIT and 8259A PIC {master) or
~ BO130 firmwars {PIC is master)

« |APX 186 and iAPX 188 systems where 186 PIC is
slave, needs seither:
- 8253 PIT and 8259A PIC {master) or
— 80130 firmware (PIC is master)

where 186 PIC is master:
- Uses 186 PIT for the system clock; no external
PIT is needed .
— Can use sither
186 PIC (master) only or
8259A/80130 PIC (slave)

iAPX 286 systams need
-~ 8253 PIT and 8259A PIC.

Alternatively, the iRMX 86 Operating System may be
used in conjunction with the 80130 Operating System
Firmware Component that not only provides these hargd-
ware functions, but eliminates the need for approxi-
mately 16K bytes of the iRMX 86 Nucleus code (see
Figure 7). For systems requiring extendad mathematics
capability, an 8087-or 80287 Mumeric Data Processor
may be added to perform these functions up to 100 times
faster than equivalent software. For applications servic-
ing more than 8 interrupt sources, additional 8259A's
may be configured as slave controllers.

BOARD LEVEL SUPPORT

The iRMX 86 Operating System includes device drivers
to support a broad range of MULTIBUS device con-
trollers. The particular boards and types of devices
supported are listed in Table B. The device controllers
all adhere to industry standard electrical and functional
intarfaces.

In aadition to the on-CPLU board terminal drivers, the
. IRMX 86 BOS includes two iSBC board-leve! device
drivers-to support muttiple terminal interfaces:

The iSBC 544 Intelligent Four-Channel Terminal In-
terface Device Driver provides support for multiple
controllers each supporting up to four standard RS232
terminals. The iISBC 544 driver takes advantage of an
on-board BO8S processor to greatly reduce the system
processor time required for terminal O by locally
managing input and output buffers. The iSBC-544
firmware provided with the operating system can off-
load the system CPU by as much as 75% when do-
ing character outputting.

The iSBC 534 Four-Channel USART Controller Device
Driver also provides support for multiple controller

boards each supporting up to four standard RS232
terminals.

The new RAM disk feature in IRMX 86 makes a por-
tion of the memory address space look tike a disk drive
to the 1fQ system.

Table 8. Supported Devices

ISBC® Device
Controller Description
iSBC* 86,88 |Serial Port to CRT, Parallsl Port to
Centronics-type Printer, Interval Timer
and Interrupt Controller.
iSBC®™ 186/02 | Small Computer System Interface
{SCSI) Supporting All Random
Access “Extended Standard™
SCSI/SASI hard disk controllers.
iSBC™ 204 Single Density Dishette.
ISBC® 206 Cartridge-Type Hard Disk.
iSBC® 208 Single & Double Density, Single &
Dauble Sided, 8" & 5.25" Diskettes.
iSBC* 215((G) | Standard Winchester Disks.
iSBX® 18 Singks or Doubte density, Single or
dauble sided, 8-inch diskettes
{when used on an1SBG 215{3)).
iSBX® 218A Single or Double Density, Singls or
Double Sided, 8" & 5.25" Diskette
{fwhen used on an jSBC 215G Win-
chester Controller).
iSBC® 220 Standard Storage Module Beard.
iSEX® 251 Bubble Memory Multimodule Board.
ISBC* 254(S) | Bubble Memory Board.
iISBX® 353 1-Channel Serial Port to CRTs,
. Modems.
ISBC® 534,544 1 4-Channel Serial Ports to CHTs,
Modems.
18BX™ 270 Black and White CiiTs and full
ASCIl keyhoards.
NOTE: {G) = optional iS8C 215, iSBC 2158,
or iSBC 215G
{8) = optional iSRG 254 or iISBC 2548

Development Environment Features

The iRMX 86 Operating System supports the efficient
utilization of programming time by providing important
tools for program development. Some of the tools nec-
essary to develop and depbug realtime systems are in-

_ cluded with the Operating System. Others, such as

language compilers, are available from Intel and from
leading Independent Software Vendors.

LANGUAGES

The iIRMX 86 Qperating System supports 31 standard
system calls known as the Universal Development In-
terface {UDD). Figure 9 shows the iRMX 86 standard
interfaces to many compilers and language translators,
including the iAPX 66 and 88 Macro Assembler; the
PASCAL 86/88, PL/M 86/88, FORTRAN 86/88 and C86
compilers available from Intel. Also included are ather
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Iitel development tocls, language translators and utili-
ties available from other vendors. Any application that
ran ¢n the iRMX 86 Release 5 Liniversal Auntime inter-
face (URI) will run on the iRMX 86 Ralease 6 UDI. The
full set of LD calls {(which includes the URi system
calls) is required to run a compiler.

These standard software interfaces (the UDI) ensure
that users of the iRMX 88 Operating System may trans-
port their applications to future releases of the IRMX 86
Operating System and other Intal and indepandent
vendor software products. The calls available in the
UDI are shown in Table 9,

Table 9. UDI System Calls

System Call

Function Performed

Memory Management:
DOSALLGCATE

DOSFREE
DOSGET$SIZE"
DO$RESERVESIOSMEMORY "

File Management:
DOSATTACH

DQSCHANGESACCESS”
DQSCHANGESEXTENSION
DQ3CLOSE

DQSCREATE *
DQSDELETE

DQEDETACH

DQ3OPEN

DQ$SGETSCONNECTIONSSTATUS:

DQSFILESINFQ™
DQSREAD
DOSREMAME
DOSSEEK
DOSTRUNCATE
DQSWRITE

Process Management:
DOSEXIT

DQSOVERLAY*
DQSSPECIAL

DQETRAPSCC

Exception Handling:
DOS$GETSEXCEPTIGNSHANDLER

DQSDECODESEXCEPTION
DQETRAPSEXCEPTION

Agpplication Assistance:
DOSDECODESTIME

DOSGET$ARGUMENT®

DOSGETESYSTEMSID
DOSGETSTIME* .
DOQSSWITCHEBUFFER

Creates a Segment of & specified size
Returns the specihied segment to the System
Returns the size of the specified Segment.
Reserves memory to OPEN and ATTACH files

Creates a Connachion to & specified file.

Changas the user access rights associated with a file or directory.
Changes the extension of a fila name n memory.

Closes the specified file Connection.

Creates a Namsd File.

Deletes a Named File.

Closes a Named Fite and deletes its Connection

Cpens a file for a particular type of access.

Returns the current status-of the specified file Connection
Returns data about a file Gonnection.

Reads the next sequence of bytes from a file,

Renames the specihed Named File,

Maves the position pointar of a fila.

Truncates & file.

Whites a seguence of bytes to a file.

Exits from the current application joh.
Causes ihe specified overlay 1o be loaded

Performs speaiat /O refated functions on terminals with special control
features.

Captures control when CNTRL/C is typed.

Returns a pointer to the program currently being used to process errors.
Returng a short descnption of the specified error code.
{dent/fies a custom exception processing program for a parbcular type of error,

Raturns systerm trme and date in inary and ASCI character format.

Rsturns the next argument from the character stnng used to invoke the ap-
plicatien program.

Returns the name of the underlying operating system supporting the UDI
Returns the current time of day as kept by the underlying operating system
Selects a new buffer from which to process commands.

" Calls avalable ondy through the LDI
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The high performance of the iIRMX 86 Operating Sys-
tem enhances the throughput of compilers and other
development utilities. Table 10 indicates the average
performance of typical development environment
functions operating in the same configuration
described in Figure 4.

Table 11. Major Human Interface Utilities (Con.t.)

. Command Function
TIME Set the system time-of-day clock.
VERIFY Verify the structure of an IAMX™ BB -

Named File volume, and chenk for
possible disk data errors,

Table 10. Development Environment Performance

Function Avgrage.
Execution Time

Directory Command

{S Format with 25 files) 5.3 sec
Load the COPY Command 1.2 sec
Copy a 1K Byte File

(Winchester to Winchestet) 1.0 s8¢
Copy a 168K Byte File 1.7 sec
Copy a 64K Byte File 3.9 sec
Copy a 1K Byte File

{Winchester to Diskette) 1.4 sec
Compile PL/W 86 393 ipm
Compile PASCAL 86 453 Ipm

Program

TOOLS

Certain tools are necassary for the development of
microcomputer applications. The iAMX 86 Human In-
terface includes many of these tools as non-resident
commands. They can be included on the system disk
of a application system, and brought into memary when
needed to perform functions as listed in Table 11.

Table 11. Major Human Interface tHilities

Command Function

BACKUR Copy directories and files from one
device to anather. '

COPY Copy one or more files 1o one or
mara destination files.

CREATEDIR Create a directory file to store the
names of cther files

DR List the names, sizes, owners, etc.
of the files contained in a directory.

ATTACHFILE Give a logical name to a specified
lacation n a file directory tree.

PERMIT Grant or rescind user access to a
file.

RENAME Change the name of a fille

susmMmIT Start the processing of a senes of
commands slored 1 a file.

SUFER Change operator's |15 to that of the
System Manager with global access
rights and privileges.

INTERACTIVE CONFIGURATION UTILITY

The iRMX 86 Operating System is designed to provide
OEMs the ability to configure for specific system hard-
ware and software requirements. The Interactive Con-
figuration Utility (ICU) builds iRMX 86 configurations
by asking appropriate guestions and making reasonable
assumptions. it runs on either an Inteftec® Series Nl
development system or iIRMX 86 development system
that includes a hard disk and the UDI. Table 12 lists
the hardware and support software requirements of
different iIRMX 86 development system environments.

Table 12. iRMX™ Development Environment

Intellec® Series |H: ]
MDS 313 PL/IM 86/88 Compiler
One hard disk and one diskstte drive

iRMX™ 8§ Development Systam

iRMX™ 860 ASM BG Assembler and
thilities

iRMX™863 PL/M 86/88 Compiter

iSDM 86 or 286 System Debug Monitor

512K Bytes ot RAM

5M Byte On-Ling Storage and ong
double-density disketta drive

SYSTEM 86/300 or 2B6/300 Series
Microcomputer Systemn Basic configuration

Figurs 10 shows one of the many screens displayed
during the process of defining a configuration. It
shows the abbraviations for each choice on the left,
a mare complete description with the range of possi-
ble answers in the cernter, and the current (sometimes
default) choice on the right. The bottom of the screen
shows three changes made by the operator (lower
case iettering), and a request for help on the Excep-
tion Mode question. In response to a-request for halp,
the ICU displays an additional screen outlining pos-
sible choices and some overall system effects.

The ICL) requests only information required as a result
of previous choices. For example, if no Extended 1/0
System functions are required, the ICU will not ask
any further questions about the EIOS. Once a config-
uration session is complete, the operator may save all
the information in a file. Later when small changes are
necessary, this file can be modtfied. A completely new
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Figure 10. ICU Screen for IRMX™ 86 Nucleus

REAL-TIME DEBUGGING TOOLS

The iRMX 86 Qperating System supports three distinct
debugging environments: Static, Oynamic, and Post-
Mortem. While the iRMX 86 Operating System does
support a multi-user Human Interface, these reaktime
debugging aids are usually most useful in a single-user
environment where modifications made to the system
cannot affect other users.

System Debugger

The static debugging aid is the iRMX 86 Systemn De-
bugger. This debugger is an extension of the iSDM 86
arxt the iSDM 286 Systern Debug Monitors. The Systemn
Debugger provides static debugging facilities when
the system hangs or crashes, when the Nucieus is in-
advertently overwritten or destroyed, or when synchron-
ization requirements prevent the debugging of certain
tasks. The System Debugger stops the system and al-
low you to examine the state of the system at that in-
stant, and allows you to:

— Identify and interpret iRMX 86 system calls.
— Display information about iRMX 86 objects.

— Examine a task's stack to determine system call
history.

iRMX™ 86 Dynamic Debugger

The iRMX 86 Dynamic Debugger runs as part of an
iRMX 86 application. It may be used at any time during
program develapment, or may be integrated intc an
OEM system to aid in the discovery of latent errors.
The Dynamnic Debugger can be used to search for errors
in any task, even white the other tasks in the system
are running. The iRMX 86 Dynamic Debugger com-
municates with the developer via a terminal handler
that supports full line editing.

System Crash/Dump Analyzer

The often difficutt job of debugging real-time applica-
tions is made much simpler with the System
Crash/Dump Analyzer. The analyzer allows program
deveiopers to record systern memaory for later analy-
sis even if the system has halteg. This analysis lists
such vital information as which jobs have active tasks,
which system queues contain which tasks, and what
segments contain which data.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com

PARAMETER VALIDATION

Some IRMX 86 System Calls require parameters that
may change during the course of developing iRMX 86
applications. The iIRMX 86 Operating System includes
an optional set of routines to validate these parameters
to ensure that correct numeric values are used and that
correct object types are used where the System expects
to manipulate an object. For systems based only on the
iRMX 86 Nucleus, these routines may be removed to
improve the performance and code size of the System
once the development phase is completed.

START-UP SYSTEMS

Two ready-to-run, multi-user start-up systems are in-
cluded in the iRMX 86 Operating System package.
These iRMX 86 start-up systems are fully configured,
multi-user iRMX 86 Operating Systems ready to be
loaded into memory by the Bootsirap Loader. Both
start-up systems are configured to include ail of the
system calls for each layer and most of the features
provided by iIRMX 86. iIRMX start-up systems include
UDI support so that users may run languages such as
PL/M-86, Pascal, FORTRAN, and software packages
from independent vendors.

The start-up system for the iAPX 86 processoris con-
figured for Intel SYSTEM 86/300 Series microcom-
puters with a minimum of 384K bytes of RAM. The
following devices are supported.

» iSBC 215/iSBX 218 or iSBC 215G/iSBX 218A

* iSBC 254(S)

* Ling Printer

s B8251A Terminal Driver

* iSBC 544 Terminal Driver

The start-up system for the iIAPX 286 processor is con-
figured for intel SYSTEM 286/300 Series microcom-
puters with a minimum of 512K bytes and & maximum
of 896K bytes of RAM. The following devices are sup-
ported.

* iSBC 208

* iSBC 215/iSBX 218 or iSBC 215G/iSBX 218A

+ iSBC 254(S)

» Line Printer for iSBC 286/10

» 8274 Terminal Driver

+ {SBC 544 Terminal Driver

Either system will run without hardware or software
configuration changes and can be reconfigured on a
standard system with at least 512K bytes of RAM. Def-
inition files are also included for {SBC 186/03, 186/5%
and 188/48 configurations.

This start-up system may be used to run the ICU {ifa
Winchester disk is attached to the system) to develop
custorn configurations such as those pictured in Figure
8. As shipped, the Human interface supports a singte
user terminal. However, the Start-up System terminal
configuration file may be altered easily to support from
two to five users.

Order Number: 210885-002
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SPECIFICATIONS
Supported Software Products

iAMX 860 iRMX 86 Development Utiiities
Package, including the iAPX 86
and B8 Linker, Locater, Macro
Assembler, Librarian, and the
iRMX 86 Editor.

iRMX 861 PASCAL 86/88 Compiler

iAMX B&2 FORTRAN 86/88 Compiler

IRMX 863 PL/M 86/88 Compiler

iIRMX Be4 TX Screen-orignted Editor

iMMX BOO MULTIBUS Message Exchange
software package for iRMX 86,
and 88 application systems

ISP 86 Suppart Package for iAPX 86/30,

88/30, 186/30, and 185/30 Oper-
ating System Processors
iAMX PSCOPE 86 High Level Language Debugger

Supported Hardware Products

COMPCONENTS

iAPX 86 and 88 Microprocessors

iAPX 186-and 188 Micropracessors

iAPX 286 Microprocessors (Real Address Mode only)
8087 Numeric Data Processor Extension

80287 Mumeric Data Processor Extansion

iAPX 86430 (80130) Operating System Firmware Com-
ponent .

8253 and 8254 Programmable interval Timers

8259A Programmable Interrupt Controller

8251A USART Terminat Controller

8255 Programmable Parallel interface

8274 Terminal Controller

82530 Serial Communications Controfler

ISBC® MULTIBUS BOARD AND SYSTEM PRODUCTS

iSBC 86/12A, 86/05, 86/14, 86/30, 86/35, 88/25, and
88/40 Single Board Computers

iSBC 186/03 Single Board Gomputer

iISBC 186/51 Ethernet Controtier

iSBC 188/48 Communications Controller

iSBC 286/10 Single Board Cornputer{Real Address
Mode only) :

iSBC 204 Diskette Controlter
iSBC 206 Hard Disk Controller
iSBC 208 Diskette Controtier
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iSBC 215(G) Winchester Disk Controller

iSBX 218(A} Flexible Diskette Multi-Module
Controller

iSBC 220 SMD Disk Hard Controfier
iSBC 254(S) Bubble Memory System
iSBC 534 4-Channel Terminal Interface

iSBC 544 Intelligent 4-Channe! Terminal Interface
and Controller

iSBX 251 Bubble Memory Multi-Module

iSBX 350 Paraliel Port (Centronics-type Printer
Interface)

iSBX 351 Seriai Cormmunications Port

iSBX 270 CRT Light Pen and Keyboard Interface
SYSTEM 86/300 Family )
SYSTEM 286/300 Family

AVAILABLE LITERATURE

The iRMX 88 Documentation Set is comprised of the
following four volumes of reference manuals, Order
numbers are associated with these four volumes only.

iRMX 86 INTRODUCTION AND OPERATOR’S REF-
ERENCE MANUAL FOR RELEASE 6

Order Number: 146545-001

Introduction to the iIRMX 86 Operating System
iRMX B& Operator’s Manual

iRMX 86 Disk Verification Utility Reference Manual
iRMX 86 PROGRAMMERS REFERENCE MANUAL
FOR RELEASE 6, PART |

Order Number: 146546-001

iRMX 88 Nucleus Referance Manual

iRMX 86 Basic IO System Reference Manual
iRMX 86 Extended 1/0 System Reference Manuat
iRMX 86 PROGRAMMERS'S REFERENCE MANUAL
FOR RELEASE 6, PART |l

Order Number: 146547-001

iRMX 86 Application Loader Reference Manual
iRMX 86 Human Interface Reference Manual

iRMX 86 Uiniversal Development Interface Reference
Manuat

Guide to Writing Device Dri\}ets for iRMX 86 and iAMX
88 /O Systemns

iRMX 86 Programming Techniques

iRMX 86 Terminai Handler Reference Manual
iRMX 86 Debugger Reference Manual

iRMX 86 System Debugger Reforence Manual
IRMX 86 Crash Analyzer Referance Manual
iIRMX 86 Bootstrap Loader Reference Manual

Order Number; 2108485-002
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iRMX 86 INSTALLATION AND CONFIGURATION
GUIDE FOR RELEASE 6

Order Number: 146548-001

iRMX 86 Installation Guide

iRMX 86 Configuration Guide

Master Index for Release 6 of the iRMX 86 Operating
System

Application Notes

Ap Note 130 — Using Operating System Processors
to Simplify Microcomputer Designs. (Order Number:
230786-001

Ap Note 174 — Optimizing the iRMX 86 Operating
System Performance on System 86/310 and Systern
86/330 (Order Number: 230980-001)

TFraining Courses
The iRMX 86 Operating System

Customer Seminars

Contact local Intel Sales Office for details on available
video-tape and slide presentations.

ORDERING INFORMATION

The iRMX 86 Operating System is available under a
number of different licensing options as noted here.
Source listings are available on microfiche. Reconfig-
urable object iibraries are provided on double density
i1SIS-formatted diskettes or on either double density,
single sided iRMX 86-formatted 8” disketies, or double
density, double sided, 5.25" diskettes. iSIS-format disk-
eftes may be used on Intel Intellec Development Sys-
tems. The iRMX 86-format may be used on any iIAMX
86-based sysiom supporiing the appropriate compilers
and development environment.

The OEM license options listed here allow users to
incarporate the iRMX 86 Operating System into their
applications. Each use requires payment of an incor-
poration Fee.

ORDER CODE DESCRIPTION
iRMX 86 KIT BRO: Double density, single-sided 8%
ISIS format OEM license
iRMX 86 KIT ERO: Double density, singie sided 8*

iRMX 86-Format OEM license
for use on iRMX 86-based en-
vironments. :

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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iAMX 86 KIT JRO: Doubie density, double sided
5.25" iIAMX 86-Format OEM li-
cense for use on iIAMX B6-based

environments.

Other licensing options include prepayment of all future
incorporation fees, single use rights for a single mach-
ine, use at a second devalopment site, one year update
service extensions, the right to make copies for addi-
tional devetopment systems, and source listing materials.

Each option includes 90 days of support service that
provides the quarterly IRMX 85 Tachnical Report, Soft-
ware Problem Report Service, and copies of System
Updates that occur during this period. Except for source
listings, all initial licenses include a complete set of
iRMX 86 Documentation.

As with ali intel software, purchase of any of these op-
tions requires the execution of a standard Intel Master
Software License. The specific rights granted to users
depends on the specific option and the License signed.

Ordet Humbear: 210385-002
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iOSP™ 86
iAPX 86/30, iAPX 88/30, IAPX 186/30 and
- 1APX 188/30 SUPPORT PACKAGE

m Development and run-time 'suppon for m Compatible with Intel® PL/M 86, PAS-
iAPX 86/30, 88/30, 188/30, and 188/30 CAL 86, FORTRAN 86, and ASM86 MAC-
Operating System Processors RC ASSEMBLER

E Total iRMX™ 86 Operating System soft- ® Supports (P)ROM or RAM based system
ware compatibility

m Extendable with iRMX™ 86 Operating
System calls m Interactive Configuration Utllity

m Supports custom system Initiallzation

The Intel iOSP™ 86 Support Package for the IAPX B6/30, 88/30, 186/30, and 188/30 Qperating System
Processors contains a comprehensive set of easy-to-use tools needed to develop (PYROM or RAM-based ap-
plications that use the 80130 Operating System Firmware component. This Support Package is compatible
with all versions of the 80130 component. All of the system initialization and run-time facilities are provided
in libraries that may be configured to specific requirements, and linked o appiication programs written in aither
ASMB6 MACRCO ASSEMBLER or a high level programming language such as PASCAL 86, FORTRAN 86,
and PL/M 86, The iOSP 86 Package provides users with the basic initiafization and interface routines needed
to build application software based on the fundamental operating system functions of tha IAPX 86/30, B8/30,
186/30, and 188/30 Operating System Processors. The iDSP 86 Package also enables users to add higher
levei HO functions from the fully compatible iRMX™ 86 Operating System, or to form customn, real-time
systems. :

Inted Corporation Assumas No Rasponsibility for the Use of Any Cireuitry Other Than Circuitry Embodied in an {nvtel Product. No other Glreut
Fatent Licenzes are implied. ’

DINTEL CORPORATION, 1984 JUNE, 1984

2-24 GRDER NUMBER: 210236002
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FUNCTIONAL DESCRIPTION

The iAPX 8630, 88/30, 186/30, and 188/30 Operat-
ing System Processors (OSPs) provide an easy-to-
use foundation on which many real-time applications
may be built. They provige the functions and system
support needed to impiement both simple and com-
plex applications that require multiple tasks to run
concurrently (see Figure 1). These services are made
possible by the addition of the five new data types
integrated into the 80130 Oparating System Firmware
(OSF) component. The 80130 OSF extends the bas-
ic data types of the CPU (integer, byte, character, eic.)
by adding new system data types (JOB, TASK, MAIL-
BOX, SEGMENT, and REGION), and extensive timer,
interrupt, memory, and error management designed
ta give real-time response to multitasking and mul-
tiprogramming applications, As shown in the second
half of the figure, other operating system functions
such as mass storage /0 services and an easy-to-
use Human Interface can be added easily, by using
maodules from the iIRMX 86 Operating System. The
iQSP 86 Support Package provides both an interface
between application software and the Operating Sys-
tem Processors, and development tools designed to
make the implementation and initialization of real-
time, multitasking systems much easier.

The iQSP 86 Support package provides system de-
velopers with the configuration options necessary to
tailor the IAPX_B86/30, BB/30, 186/30, and 188/30 Oper-
ating System Processors to custom applications. Cen-
tral to the entire configuration process is the
interactive Configuration Utility (ICU8E). This utility
is an easy-to-use tool which allows you to make con-
figuration decisions by responding to screen-criented
displays. Using the ICU, users can build the neces-
sary support code. The interface libraries form a sim-

ple interface between application software and the
operating system primitives of the 80130 OSF com-
panent.

Memory and I/O Addressing

The 80130 OSF raquires that a 16K byte block of,
memory address space be reserved for accessing in-
ternal functions. The ICU is used to specify the base
address of the 80130 and the beginning of the initiali-
zation support code.

All Interrupt and Timer management of the OGF is
controlled via & reserved 16 byte /O address block
that may be selected by the user. In addition, from’
1 10 7 slave B259A interrupt controllers can be speci-
fied in order to provide the system with up to 57 pri-
ority interrupt sources. The 80130 baud rate generator
may also be configured to support an optional termi-
nal interface.

Extending the 80130 OSF

The 80130 OSF allows users to add their own oper-
ating system extensions. These extensions may take
advantage of the detailed and efficient intertask com-
munication and synchronization primitives already
provided by the 80130, andfor may utilize custom
functions tailored to specific applications. The Sup-
port Package also snables users to extend the OSF
with the extansive services of Intel’s iRMX 86 Oper-
ating System, thereby allowing applications to grow
without having to changeé or alter application software
aiready written, or having to write other operating sys-
tem software.

Usa of the 80130 OSF with the iRMX 86 Operating
Systemn reduces the amount of memory needed for
the iRMX 86 Nucleus layer by 14K bytes, and ena-
bles applications to take advantage of the increased

MULTITASKING, REAL-TIME
APPLICATION SOFTWARE

COMPLEX
APPLICATION SOFTWARE

COMPILERS
HUMARK INTERFACE
EIQS
BASIC YO SYSTEM
IRMX™ 86 NUCLEUS

i05P™ 86 INTERFACE LIBRARIES

OSP™ 3§ INTERFACE LIBRARIES

a0a6
8087 2088
(OPTIONAL) 80186 BO130
CR
80188

BD&6
B033
8087 -
(OPTICNAL} 80186 80130
OR
80188

Flgure 1. Structure of Typical Systems
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iQSP™ 86 .

performance and reduced size requirements inher-
ent in the IAPX 86/30, 88/30, 186/30, and 188/30
Operating System Processors. Since each of the serv-
ices provided by the 80130 component is totally com-
patible with iRMX 86, applications have an automatic
upward path to support complete file systems and
multiple processor snvironments.

Application interfaces

Two interface libraries are included in the iOSP 88
Suppost Package. The first allows programmers to
write application software modules in the Compact
Mode! of computation supported by Intel’s compilers.
The second provides an inferface to program seg-
ments written in either the Medium or Large Models.
The iOSP 86 Support Package does not support pro-
gram segments written in the Smalft Model.

The interface libraries provide the means of access-
ing all of the primitives supportaed by the Operating
System Processors. With this interface, and all the
memory management primitives of the OSPs, appli-
cations have full access to 1M byte of memory, and
all of the addressing modes of the CPU.

These libraries are fully compatibile with object mod-
ules produced by the ASMBE MACRO ASSEMBLER,
and the PASCAL 86, FORTHAN 86, and PL/M 56
Compilers. : '

Application Initialization

The iOSP 86 Support Package provides, via the ICU,
for the configuration of the system ROOT JOB, and
all user application JOBs that require initialization
when the system is started. The user also specifies
the configuration of the interrupt system {including
the optional iIAPX 186/188 interrupt controller in either
master or slave modes and any slave 8259A inter-

rupt controllers) and the clock rate used for system '

timing. These choices are automaticafly programmed
into the various devices when the system is initialized,

Parameter Validation

Parameter validation is a configuration option of an
OSP-based system. The OSP can check the
parameters of the primitive that you invoke either on
a systemwide basis or on a per job basis.

Operating System Calls

The 80130 OSF performs a total of 38 operating sys-
termn primitives all of which are completely compati-
ble with the equivalent iRMX 86 Operating System
calls, The {OSP 86 Support Package provides user-
level interfaces to these primitives to enable appli-
cations to create, delete, control, and exchange the
new data types provided by the 80130 OSF. In gener-
al, these interfaces allow application software to
manage all of the resources of an IAPX B86/30, 88/30,
186/30, or 188/30 OSP (and an optional 8087 Numeric
Processaor Extension) system via any of the 38 sys-
tem calls shown in Figure 2.

Requiired Development Hardware

Use of the iOSP 86 Support Package requires a Ser-
ies Il Intellec Development System with double den-
sity flexible diskette drives or any iMX 86 system
supporting a standard 5,25 inch or 8 inch flaxible dis-
kette drive and the iRMX 860 Assembler and Utili-
ties Package. Use of the B0130 requires only a
minimal system including either the iAPX 86/30,
88/30, 186/30 or 188/30 Operating System Proces-
sor, ahd enough system memory to contain the ap-
plication programs and initialization and interface
software provided in the iOSP 86 Package.

Board Level Product Support

Intel microcomputer boards which use the 80130 OSF
include the iSBC 186/03 and the iSBC 186/51 Sin-
gle Board Computers. An iOSP 86 application may
be written specifically to run on these boards.

MaILBOX GROUP
CREATE MAILBOX
DELETE MAILBOX
SEND MESSAGE
RECEIVE MESSAGE

GET TYPE

JOB GROUP SEGMENT GROUP INTERAUPT MANAGEMENT GROUP
CREATE JOB CREATE SEGMENT SET OS5 EXTENSION
END {NIT TASK DELETE SEGMENT SET INTERRUPT

ENTER INTERRUPT

TASK GROUP REGION GROUP EXIT INTERRUPT
CREATE TASK GREATE AEGION WAIT INTERRUPT
DELETE TASK DELETE REGION SIGNAL INTERRUPT
SUSPEND TASK SEND CONTROL RESET INTERFRUPT
AESUME TASK RECEWE CONTROL ENABLE
SLEEP ACCEPT CONTROL DISABLE
GET TASK TOKENS . GET LEVEL
SET PRIOAITY QBJECT MANAGEMENT GROUP

CATALOG OBJECT
LOOKUP OBJECT
DISABLE DELETION
ENABLE DELETION

ERRCA CONTROL. GROUP
SET EXCEPTION
SIGNAL EXCEPTION
GET EXCEPTION

Figure 2, Operating System Primitives
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Part Number Description OSP 86 E iOSP 86 Support Package con-

tained on an iRMX 86 format,

OSP 86 B iOSP 86 Support Package con- g{nﬁle-scded. doubte density & inch
tained on an ISIS-Il compatible, iskette.

single-sided, double density 8 inch OSP 86 J iOSF 86 Support Package con-

diskette. tained on an iRMX 86 format

double-sidad double density, 5.25
inch, 48 tracks-per-inch diskette.

ORDERING INFORMATION

Each of the ordering options listed balow include all
the necessary initialization and interface procedures
needed to use the iAPX 86/30, 88/30, 186/30, and
188/30 Operating Systemn processors. Purchase of the
{OSP 86 Package requires verification of an Intal
Master Software License, Each package aiso includes
an iOSP 86 User's Manual (Document Number
146798-001), and a 90 day update service.

2-27
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iIRMX™ 86-MULTIBUS® 1l
- SUPPORT PACKAGE

m MULTIBUS® ll support for ISBC® 286/100 ® Automatic software configuration of
applications in Real Address Mode, memory boards
including support for the SCSI peripher-
al interface and up to 1 megabyte
addressabllity

m Functions in conjunction with the :
iRMX'™ 86 Release 6 Operating System m Extendable to allow addition of custom
& Interprocessor Signal Support device drivers

u Support for battery backed-up, global -
time-of-day clock

The IRMX™ 86-MULTIBUS® Il Support Package, functioning with the iRMX 86 Release 6 Operating System soft-
ware, provides the ability to execute ail configurable layers of the iRMX 88 software in the MULTIBUS 1l environ-
ment iIRMX 86-MULTIBUS Il Operating System). Applications in Real Address Mode are supported for the 1SBC®
286/100 board, including support for the SCS| peripheral interface and all ISBX™ boards supported by iRMX 86
Release 8, as well as support for IAFX 286 component applications,

HUMAN INTERFACE
EXTENDED /O SYSTEN
APPLICATION o3
BASIC /O SYSTE, )
NUCLEUS

ubi
ICU

MULTIBUS" 1l
SUPPORT

USER APPLICATIONS

NEW IN IRMX™ a&
© MULTIBUS (I D
OPERATING SYSTEM

iRMX™ VLSI Operating System

This following are trademeanics of intel Corporatan and may be used only to describe Infel progucts’ Intel, ICE, IMMX, WX, 1SBC, iSBX, iISXM, MULTIBUS,
MULTICHANNEL and MULTIMODULE. intel Corporation assumes na fesponsibility for the use of any circuliry other than CHultry embodied in an intel
product, Mo other circurt patent hcensss are implisd. Information contzined herein supercedas. previousty published specrficatons on these devices from Intel,

5 INTEL CORPORATION, 1884 : SEPTEMBER, 1384
2-28 CRDER NUMBER: 230057-001

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



intel

iRMX™ 86-MULTIBUS® Il Support Package

PRELIMINARY

FUNCTIONAL DESCRIPTION

Overview

The iRMX 86 MULTIBUS H package containg system
modules that replace portions of the iRMX 86 Roelease
& Operating Systemn, allowing the iRMX 86 Operating
System {0 execute in a MULTIBUS il envirgnment. All
the functions available in the IRMX 86 Operating Sys-
tem are available in the iRMX 86-MULTIBUS Il Oper-
ating System. For a complete description of these
functions, their value, and performance, please refer
to the Release 6 IRMX 86 Operating System Data Sheet
{order number 210885-002).

This functional description section describes the new
features provided by the iIRMX 86 MULTIBUS 1l pack-
age. These new features adgd the new capabilities re-
quired for OEMs to execute the iRMX 86 Operating
System in a MULTIBUS |l environment for iSBC 286/100
or iAPX 286 apphcations in Real Address Mode,

Interprocessor Signal Support

in a MULTIBUS Il system, interprocessor communi-
cation and synchronization is done via messages aver
the bus. This communication includes data-less mes-
sages to signal that an event has occured. Tha iIRMX
86 MULTIBUS Il package supports signal messages
using the Message Interrupt Controller {MIC) Com-
_ponent. The major advantage of signal message sup-
port is the ability for a host cpu board to send or
receive signal messages from up to 254 distinct
sources, with the priorities of each message being
based on the sending or receiving task’s priority. Sig-

nal messages are not tied to hardware interrupt lev-
ols and priorities as external interrupts were in the
MULTIBUS | environment.

Automatic Software Configuration of
Memory Boards

The IRMX 86-MULTIBUS Il Operating Systam has the
option of automatically configuring memory boards. The
addresses for each board are defined sequentially in
relation to the physical placement of each board in the
card cage. This feature allows for the swapping, ad-
ding, and deleting of memory boards in the system on
a dynamic basis.

Accurate Time-of-Day Clock Support

Resident in every MULTIBUS N system is a Central
Services Module (iISBC CSM/001 board). The CSM
board contains a battery backed-up, global time-of-day
clock. The iAMX 86-MULTIBUS Il Operating System
uses this clock to automatically initialize the time-of-day
clock maintained by the operating system.

Custom Device Driver Support

Like the iRMX 86 Operating Systermn, the iAMX 86
MULTIBUS Nl Operating System is extendable to sup-
port user value-added custom device drivers. This
feature allows the system to be more closely tailored
o meet a specific appiication requiremant ahd expands
the list of supported hardware products. The user need
nat purchase source code to write a custom driver and
can configure the driver into the system at configura-
tion time. Custom drivers can use the Message Inter-
rupt Cantroller {MIC) to pass signal messages.

SPECIFICATIONS

Below is the list of supported products for the iIRMX
86 MULTIBUS H Support Package.

Supported Software Products
iAMX 86 Release 6 Operating System

Supported Hardware Products

Components:

iAPX 286 Microprocessor {Real Address Mode only)
80287 Numeric Data Processor Extension

8253 and 8254 Programmabile Interval Timers
8258A Programmable interrupt Controller {PIC})
8255 Programmable Parallel Interface {PP!}

82530 Serial Communications Controller {SCC)
82268 Advanced DMA Controlier (ADMA}

Bus Arbiter Controller {BAC)

Message Interrupt Controller (MIC)

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com

iSBC® MULTIBUS® Il Board Products:

iSBC 286/100 Single Board Computer (Real Address
Mode only)

iSBC CSM/001 Central Services Module

iSBC MEM/312, 310, 320, 340 cache-based memory
iSBEX 218{A) Flexible Diskette Multi-tModute Controtler
iSBX 251 Bubble Memory Multi-Module

iSBX 270 CRT Light Pen and Keyboard Intetface
iSBX 350 Parallel Port (Centronicstype Printer Interface)
iSBX 351 Serial Communications Port

AVAILABLE LITERATURE

iAMX 86-MULTIBUS Il Support Package Reference
Manuai (order numbar 147127}

There are four manual kits supplied with the iRMX 86
Release 6 Operating System and are available under
the order numbers shown in the iRMX 86 Operating
Systers Data Sheet {order number 210885-002)
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iRMX™ 86-MULTIBUS® Il Support Package

PRELIMINARY

ORDERING INFORMATION

The iRMX 86 MULTIBUS H Package is avallable under
a number of different licensing options. Obtaining a
license for the IRMX 88 Relase 6 Operating System
is a pre-requisite to iicensing the IRMX 86 MULTIBUS
i Package. Reconfigurable object libraries are provid-
ed on: 1) Double-density singie-sided 1S15-formiatted 8"
diskettes; 2) Double-density, single-sided iRMX
86-formatted B” diskettes; 3) Double-density, double-
sided, iRMX 86-formatied 5.25" disketies. [SIS-format
diskettes may be used on Series iit Development Sys-
tems. The iIRMX 86-format may be used on Senes IV
Development Systems (5.25" diskettas) or any IAMX
86-based system supporting the appropriate disk drivers,
compilers and development environment.

The QOEM license options listed here allow users fo in-
corporate the iIRMX 86 MULTIBUS |l package into their
applications. Each use requires payment of an ncor-
poration Fee,

ORDER CODE DESCRIPTION

iRMX 86 Il BRO: Double-density, single-
sided 8" 1SIS-format OEM
license.

iAMX 86 H ERO: Double-density, single-

siged 8" iIRMX 86-formal
QOEM license. :

iRMX 85 It JRO: Doubla-density, double-
sided 5.25" iIHMX
86-format OEM license.
Includes iRMX 86 Releass
6. Double-density, single-
sided 8" ISIS format OEM
liconse.

Inchides iRMX 86 Reloase
6. Double-density, single-
sided 8" iIAMX 86-format
QEM license,

Includes IRMX 86 Release
8. Double<density, double-
sided 5.257 iRMX
86-format OEM licensse.

iRMX 86 Il KIT BRO:
iRMX 86 1l KIT ERO: .

iAMX 86 1l KIT JRC:

Other licensing options include prepayment of alf future
incorporation fees and single use rights for a single
maching. :

Each option inciudes 90 days of support service that
provides Software Problem Report Service and copies
of System Updates that occur during this period.

As with all Intel software, purchase of any of these op-
tions requires the exacution of a standard Intel Master
Software License. The specific rights granted to users
depsnd on the specific option and the license signed.

280057001
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IRMX™ » High-performance, real-time, multi-

tasking operating system for Intel’s
OPERATING 86/300 and 286/300 microcomputer
SYSTEM systems
» Highly configurable, modular structure
for easy system expansion

* Wealth of design facilities and industry-
standard languages to support fast, easy
development

* Application software portable to pext
generation of Intel VLSI

* Supported by Intel’s post-sales software
support organization

EXTENDED
IfO SYSTEM

(& INTEL CORPORATION, 1984 ORDER NUMBER 230751 -003
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The Total Solution for the
Real-Time Application OEM

Intel’s iIRMX™ 26 Operating System is a
real-time, multi-tasking, multivser,
multiprogramming operating system de-
signed 1o support high performance,
time-critical applications such as factory
automiation, industrial control and com-
municetions networks. The iRVIX
operating system serves as an optimized
event-driven executive for managing and
extending the resources of Intel s 86/300
and 286/300 systems in real-time appli-
cations where high speed and low inter-
Tupt latency are required. Added per-
Formanwe for dernanding nemeric-
intensive tasks comes from support of
Titel's floating point math coprocessors.

Comprised of modular layers, Intel's
iRMX operating systern 15 highly con-
figurable, allowing the OEM to easily
custormize the system to meet the needs
of target applications. In addition, the
iRMX operating system provides OEMs
with complete development capabilities.
Tt has systems debuggers, crash analyz-
ers, screen editors, utilities, and an Inter
active Configuration Utility (JCU)—
everything the development engineer
needs to design and configure efficiently.

To further reduce development time, a
complets set of industry-standard lan-
guages enables OEMs to take advantage
of existing application software. This’
shaves months off development time and
is a key advantage to the competitive
OEM. :

Speed, the Name of the
Real-Time Game

Tn a real-time system the compeuter must
respond to interropts instantly; time is
always at a premium. Intel s iRMX
Operating System delivers superior
real-time performance, thanks to ulta-
fast context switching, task synchroniza-
tion and memory-based message passing.

The iIRMX 86 Operating Systern man-
ages the resources of the 286/300 systems
in real-address mode, IRMX 86 makes
possitle the utilization of the high-

other boards, even if they operate under
different Intel operating systems or
TUCTOPracessors.

Multiprocessing is possible due to the
hardware capabilities of Tniel’s Systemn
300 MULTIBUS System Bus and the
software support provided by iMMX™
800, Overall systern performance and
flexibility can be greatly enhanced by
off-loading the matn CPU with such in-
telligent I/C boards as Intel's quad serial
— communication covtroller, digital con-

performance capabilities of Intel’s iAPX trodler or Ethernet cunnnuuicagtions

286 microprocessor for those demanding 1
high-speed applications. contoller.

Modular Software for
Further accelerating processing power in Vergatile, Easy Configuration
mumbercronching and floating point The iIRMX operasting systems shipped
math applications is iRMX operating with Entel’s 86/300 and 286/300 hardware
system’s support of Intel's math systems are praconfigured at the factory
COPIOCEsSOrs. to support 2 standard board set; however,

the OEM can additionally configure or
Our 8087 numeric data processar in our .
iRMX 86-based systems can perform
floating point operations four times faster ENTENDED
than competitive minicomputers with 110 BYSTEM
hardware math processors. For even
greater performance, OEMs can select
the iAPX 286 and the 80287 coprocessor
working in tandem in the IRMX 86
syster.

The superior price/performance ratio that
results from combining Entel s iR MX
operating systers and the System 3030
family makes the choice clear: a more
corapetitive Intel micra-based system
OVer a more expensive minicomputer
based system.

Add More Processors for
More Power, More Speed

Need still more micro-muscle in your
application? In an iIRMX-based system,
additional intelligent bowrds can be
added to enhance system throughput.

With the IMMX ™ 800 (MULTIBUS®
Message Exchange) saftware package,
the iRMX 86 Operating System supports
a loosely-coupled multiprocessing

environment. Thsks running on one board

€
may communicate with rasks running on USER ARPLIGATIONS

2-32
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extend the operating system to meet
specific needs.

Intel’s iRMX operating systems are con-
figurable by system layer and by system
call within each layer. Such flexibility
gives desigaers the ability to choose
software features that best suzt their ap-
plications size wnd functional require-
ments. The iIRMX Operating System also
includes I/O drivers for many of Intel’s
MULTIBUS bourds and industry-

BASIC
110 §YSTEM

standard peripherals. You simply select
the ones you need.

The Interactive Configoration Utility
{ECTN) is & built-in Facility for assisting
the OEM in the configuration process.
The ICU prompts the nser for system
parameters and requirements, then builds
a command file to compile, assemble,
link, and locate necessary files.

The net resuits for the OEM: fast, easy -
systemn configuration with quick time-
to-market benefits.

For customtizing and extending your
iRMX systent, Intel has provided all the
*hooks™’ necessury to muke the job easy.
The iRMX 86 Operating Sysien: contains
extendabrility features that enable the
OEM to add custorm operating system
cails, custom features, and custom
functionality to his application— at any
time in the application s life. The abiliry
to add functions late in a product s hfe is
key to an OEM’s competitive edge ina
fast-changing market.

iRMX™ Operating System
Has All the Fundamentals,
Too!

In addition to multiprocessing, Intel’s
iRMX operating systems have all the
basics you would expect to find in a
minicomputer operating system. . .
capabilities such as multitasking,
multiprogramming, and multiterminal
support.
Multitasking requires a method of
managing the different processes of
an application and for allowing
these processes to communicate
with each other. The iRMX Nuc-
leus provides these facilities plus
task scheduling. The Basic I/O
System provides users with the
system calls for direct manage-
ment of I/O devices needed for
real-time applications. The Ex-
tended I/O System adds a number
of I/0O management capabilities to
simplify access to files, such as
automatic buffering and syn-
chronization of I/O requests.

The Human Interfzce functions give
users and applications simple access to
the file and system munugement capa-
bilittes. Using the multiterminal support
provided by the Bagic I)O system, the
Human [nterface can support several
simultangous nsers. For example,
multi-termmnal support allows one person
to nse the iIRMX Editor, while another
compiles a FORTRAN or Pascal pro-
gram, while several others load and
access applications.

On-Target Development:
One System Does It All -

The beauty of Intel systems lies in their
flexibility. Engineers developing an
iRMX-based target system can use the
sumne iIRMX-based system In the de-
velopment process; the development and
target systems are one in the same. The
bottom-line benefit 15 low eniry-level
costs for the OEM.

On-target development contributes im-
measurably to a shorter development
curve and decreased time-to-market,
since it isn't necessary to purchase and
learn separate development systems.
With Intel’s iRMX-based system, one
system does it all.

Tap into a Wide Range of
Languages and Utilities

An Intel iRMX-based system supports
many industry-standard and widely
available languages: FORTRAN 77,
Pascal (ISO Draft Standard) and PL/M
compilers; Intel Assemblers, and popular
independent vendor products, such as
Microsoft’s BASIC and Mark Williams®
C compiler. ’

iRMX operating systems also have a
menu-driven, screen-oriented text editor
and a variety of utilities for manipulating

Artisan Technology Group - Quality Instrumentation ...

233

Guaranteed | (888) 88-SOURCE | www.artisantg.com



object code to facilitate the development Y

process.

Maultipie-language support is made’
possible by a set of systerns calls known

s the Universal Development Interface
{UDI) which enables the iRMX systerns
o interface with many compilers and
lznguage translators. VDI ensures that
users will be abig 10 transport applica-
tions to futwee releases of IRMX oper-
ating systems as well as use language and
wtilities of other software vendors that
support UDL, (For more information on
Trte) iIRMX Jangnages, see the IRMX
Langnage Fact Sheet}

As an option, a cormercial extension
package iCEX is available. It provides
such vseful utilities as: a Shared IO
System (SIOS) that slicws multiple tasks
o access mass storage datu through
shared butfers in main storage; a Re-
entrant Program Manager (RPM) that
eliminates the need to have multiple
copies of the same program in memory to
support concurtent applications; a File
Printer; Multi-user LOG ON facilities;
and many more,

intel’s Open Systems
Approach Means Freedom -
to Grow

At Intel, we believe that systems need to
expand in order to meet the needs of a

changing market; and that is how we -
design our products. .

Standards are the key to systems
that are open to future expansion,
future technology and future
markets.

Intel s iIRMX aperating systems are
built from the inside-out with indus-
try standards: UDI {Universal
Development Tnterface), RTI
(Rustime Interfacey, MULTIBUS

System Bus (IEEE 796), IMMX

800 Package (MULTIBUS multi
processing), Ethernet {IEEE
802.3), extenched math format
{1EEE F?#34), and industry-standard
peripheral device interfaces.

An OEM who builds his prolduct urovnd
one of Tntel s RVIX-board systems is as-
sured of multi-vendor hardware/software
alternatives and a future upgrade path. In
today 's highly competitive markets, that
is the only ldnd of system to build.

Today, you’ll have the ability to tap into
readily available application software
packages, langnages, and ntilities,
MULTIBUS boards, and peripherals.
Tomorrow, you will be able to tap into the
latest, high-performance VLSI without
sacrificing today’s software inveshinent.
Applications written on iRMX 86 will
run on Intel s iAPX 86, IAPX 88, iAPX
186, 1APX 188 and iAPX 286-based
systems.

Not to be forgotien are the advantages of
starting from the systems level to begin
with, Intel has invested hundreds of
man-years in software and hardware de-
velopment for its systems products, For
the OEM trying to meet a market win-
dow, time-to-market is much faster when
starting with & system instead-of boards
or components, It makes good business
sense ko fet Inted provide the *‘micro-
engine”, 5o you can concentrite on your
area of expertise and get to markel
sooner!

Worldwide Service and
Support

The iRMX 86 Operating Systern is a
matvre proven product. with thousands of
installations at the component, board and
systems levels. Poat-sales sofiware sup-
port is available to Intel iRMX 86
Operating System OEMs in the form of
software updates and routine systems
software maintenance. Software support
is extendable in one-year increments after
the initial 90-day wartanty,-Hotline
service is available separately to cus-
tomers needing quick regional software
support. All software is completely
decumented, and users receive monthly
technical reports, newsletters and access
to the IRMX users gronp and software
libraries.

IRMX users can also take advantage

of Intel s worldwide staff of irained
hardware and software engineers for
upplication design assistance. We offer
complete training for operating sysiem
software and associated system
hardware, bringing OEM's up to speed
and helping get their products to market
quickly.

intel, the Technology Leader
... With the Total Solution

Intel started the microprocessor revolo-
tion with the 4004 and has been the
matket leader with every generation of
advanced microprocessor VLSI since.
We not only invented the microprocessor
but MULTIBUS single board computers,
as weill, . . .

Inte)’s technology leadership has, by
necessity, extended from micre- '
processors into operating system
software. iIRMX is recognized as the
industry standard real-time VLS1
operating system.

OEMs can enhance their product’s mar
ketability by leveraging their value-added
on top of the solid foundation of un
iRMX-based Intel 300 microcomputer
system. Intel’s solution offers the most
price/performance with the least tisk to
progressive OEMs. . . because we know
the real-time game from the inside out.

»
-
]

IMX OPERATING SYSTEM==
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Specifications

Supported Software Products ISBC 254 Bubbte Memory System {RMX B8 Programmet’s Reference
IRMX 860 1RMX 88 Development ISBC 534 4-Channet Terminal Interface g%ﬂ%ﬁ;gﬂaﬁ%g%% f
LHilities Package including ISBC 544 Inteligent 4-Channel AIMX 36 Apoh Loadsr Fef
the 1APX 86 ard 88 Linker, Tarminal Ifterface and ! phcaton Losdsr Reference
Locator, Macro Assembier, Controller Manual
Liorarian, and the IRMX 86 ISEX 218 Fiexible Disk Controtier IRMX 86 Human Interface Refersnae
IRMX BE1  Pascal 86/68 Compller I1SBX 350 Eﬁ“;llﬁ?gf(a%%r;tmﬂwtype VX 86 Unersal Deveiopment
/ ) nterface Referance Manual
IRX B62  FORTRAN 86/88 Compiler I5BX 351 Senal Communicahions Fort ) .
IRMX B3 PL/M BB/EB Compllsr Guide to Writing Device Drivers for IRMX
15BX 270 CHT, Light Pen and Keyboard 86 and IRMX 88 I!0 Systems
IRMX 864 TX-Screen-Onented Editor Interface IRMX 86 Programming Techiguss
RMX 865 BASIC Interprater System BE/300 Family IR 86 Terminat Handler Reference
IRMX 2886 C Compiler System 2B6/300 Farmly Manual
IMMX 800 MULTIBLIS® Mezsage
Exchangs sofrware% Sckage Available Literature uiMX 45 Debugger Reference Manual
fﬂor 'ﬁgﬂaﬁgfg;ﬁéand 286 The IAMYX 86 Documentation Set 1s ¥ w;&sgystem Debugger Peference
PP ¥Sl compnsed of the following four velumes
of reference manuals Gider numbess iRMX B6 Crash Analyzer Reference
Supported Hardware Products are agsociated with these four volumes Manuat

iSBC* MULTIBUS® Products

ISBC 86124, 8R0S, 8614, B6/30, B35,
28/25, 88/40, and 268610
Single Board Compliters

1SBC 186/03 Single Board Computear
I1SBC 18651 Etherngt Controller
15BC 18848 Communicatians Contraliar

1ISBC 286/10 Single Board Computer
{Real Address Mode only)

only

iRMX 86 Introduction and Operator's
Reference Manual for Relaase 6
Order Number. 148545-001

Intredugtion to the IRMX 86 Qperating
System

IRMX 86 Operators Manual

IRMX 86 Disk Varificaton Wity
Reference Manual

1RMX 86 Programmers Reference

ISHC 204 Flexible Disk Controller Manual for Felease &, Part 1

I5BC 206 " Hard Drak Conteollar Order Number 145548-001

iSBC 208 Flaxible Dhsk Contraller P BB Nucleus Reference Manual
1BEC 215 Winchester Disk Controfler AN BE Bases 110 Systern Feference
|SBC 220 SMD Disk Controller Marwial

ISBX 251 Bubble Memory System IRMX 86 Extended /0 Systern Relerence

Manual

1AM BE Bootstrap Loader Reference
Manual

IRMX 86 Installation and Gonfiguration
Guida for Ralease 5
Order Mumber 146548-001

IRMX 86 Installation Guide
IRMX 86 Configuration Gurde

Master Index for Release 6 of the IRMX
B8 Operating Systemn

iRMX™ 86 Configuration Slze Chart

System Layer Min. ROMable Max. Data

Size Size Slze

Bootstrap Loader 1K 1.5K K
Nucleus 10.5K 24K 2K
BIOS 26K 78K 1K
Application Loader 4K 10K 2K
ENs - 10.5K 12.5K 1K

Human Interface 22K 22K 15K
upl 11K K o}

Terminal Handler 3K 3K 0.3K
Debugger 28.5K 28.5K K

Human Interface Commands 116K

Interactive Configuration Utility 308K

System 86/300 Memory: 348KB
Maximurm Addressable Memory: 1MB
Minirmurm Memory Required with ICU Loaded:  448KB
*Usahla by Syatem alter Boodlaading -
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Ordering Information

Each iRMX operating system includes two stariup systems Refer to Intel's OEM ptica ist, OEM Misroromputsr System section, for
suppoeting Intel’s System 300 standard hardware and Tntel ordaring information.
grooessur boards. Intel System customers atso receive the iIRMX

60 (Assembler, Linker, Locator, Litraries, Editor, Utilities) and
iRMX 863 (PL/M Language) products and are entitled to one

id incorporation fee. Alse included: Software Problem
ing Service (SPR), and 2 90 day System Software

Subscription (new sfw release updatss). Also includes System
Software documentation,

2-38

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



XENIX* 30
OPERATING
SYSTEM

» XENIX 3.0 Industry Standard
Multiuser Operating System

* Fully licensed version of the UNIXT
operating system optimized for the Intel
80286 processor

# Leading edge microprocessor imple-
mentation of UNIX, fastest floating
point performance on a microprocessor

# Important commercial OEM
enhancements

* Supports multiple levels of integration:
componeits, boards and systems

* Supported by Intel’s worldwide post-
sales service and support organizations

NN

FINTEL CORFORATION 1584
“HEMIX 1B & iradamark of Moot Sorporasan
UMY 13 8 rademark of Bell Labagratones

ORDERNUMEER 2075708
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ry Standard
ng System

{Pperating System for
§-licensed derivation
es” UNIX System I1I.
ludes not only all the

bf UNIX System III, but
il enhancements from

and Intel that meet the needs
cgmmercial OEM. : :

¢ Best Foundation for
" Bpfilding OEM Solutions

ENIX 3.0 provides the OEM with a--

J complete software base on which to build
valve-added functionality. It includes the
operating system, the C language, text
processors, development tools, system,
accounting and security fearres, and

“XENIX 13 8 rademark of Myerosoll Corporaton

commercial enhancements that make it

the optimum foundation for OEM appli-

cation software
solutans.

NENIX:

XENIX has become
the indusiry-standard
microcomputer aperat-
ing system for inter-
active, multi-user
applications. Tt has
gained wide popu-
larity in applica~
tions such as distrib-
uted data processing,
business data process-
ing, word processing,
software development, sci-
entific and engineering ap-
plications, and graphics.

XENIX has achieved this mir-
ket success through a solid com-

bination of UNIX system technol-
ogy, Microsoft value-added product
development, and Inte]’s experience in
microprocessor technolagy, Tn the fu-
tre, XENIX 3.0 wifl benefit from ad-
vances in AT&T UNIX technology,
Microsoft software technology and Tniel
semiconductor and system technology.

XENIX is also an extremely powerful
operating system, providing the applica-
tions programmer with a wealth of de-
velopment tools and utilities for bring-
ing OEM products to market guickly.

XENIX 3.0: Leading Edge
UNIX Performance on a Micro
As the first UNIX operating systetn de-
rivative optimized for the iAPX 286,
XENIX 3.0 alorne can take full advan-

- tage of the 80286 s unigue features:

NCR TOWER:
—'"Illllllll'"lj

On-chlp memory management
and protection provides two key ad-
vankages for XEMIX 3.0 over other
microprocessor UNIX implementations.
First, on-chip memory management and
protection drastically reduces the over-
head in accessing sysEm memory as
compared to the vsual separate memory
management unit. With this func-
tionality right on the chip, the operating
system works more smoothly and
efficiently.

Second, on-chip memory management
and protection cirenitry ensures that each
version of XENIX 3.0 will be very com-
patible with every other version. This
heretafore impossible tevel of compati-
bility aids OEM, software developers,
and end users due to the wider
availability of compatible software.

Advanced microprocessor
architecture provides pipeline
processing, wherein a continual flow of
instructions s kept in the CPU queve,
results in throughput several times faster
than the fastest competing
MICTOPIOCEssar.

1 76x INTEL 286/3

CONVERGENT TECHNOLOGY MiNIFRAME

1.5% ALTOS 386
SUN @MODEL 100

1.25x%

1.0x

Fast flcating pcint processing
is due to XENIX 3.0 support of the Intel
iAPX 287 math coprocessor, Floating
point processing defivers throughput that
is an order of rmagpitude faster than
non-floating point processing. Extra high
processing specds are needed in applica-
tions such as data base processing,

ial dsta reduction and IL‘
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Faster, More Reliable Stili
When Teamed with Other
Intel Systems Componenis

The throughput enhancements in

the XENIX 3.0 software are pushed

t even greater speeds by special
hardware architecture in Intel’s systems
and board products.

MULTIBUS® System Architec-
ture is the industry-standard system
bus. It accommodates any of the gpectal-
purpose Intel iSBC® boards, us well as a
multitude of third party Multibus boards
and standard peripherals, for easy sys-
em expansion.

{LBX™ {Local Bus Exchange)

is an Inte]l hardware innevation that
increases the amouat of local memory
accessible by the operating system o sig-
niticandy improve system throughput.

Error Correction Circuitry (ECC)
autnmaticatly detects and corrects soft
eriots in RAM. This on-board, self-
correction facility reduces errors and
further nuderscores data integeity.

(1Ll

Bew Irlal henshmaik serlns

A Faster Operating System
Means Market Leadership

The combination of the industiv s most
widely acceptad operating system for
multi-user, interactive applications with
the industry’s fastest and most advanced
microprocessor gives the OEM a far
superior price/performance ratio than is

MICROSOFT

( 4 4

BERKELEY

( [ 4

INTEL

(LA

XENIX 288 combines UNIX technology from thesy

aveifable through other options. The re-
sult for the QOEM: market leadership due
to the ability to more attractively price
products based on superior performance.

XENIX 3.0: The Best of
Everything

The XENIX 3,0 Operating Sysem con-
tains the best of many vendors ' UNIX/
XENIX development efforts doring the
{ast ten years (see Fig. above). We have
taken the best features of many UNIX
versions —ease of use, flexibility, per-
formance, security, reliability —and
added our own enhancements (not the
least of which 1s compatibility with the
iAPX 286) 10 make XENIX 3.0 the op-
titmum seftware foondation for the
commercial OEM.

Superior Date Reliability and
Integrity

XENIX 3.0 contains enhancements to
provide extremely high data reliability
and inwegrity, particulady important to
the OEM who is adding valve to a system
product. The following enhancements in
XENIX 3.0 contribute to uniformly reli-
ahble data ar all stages of application
development. :

Automatic disk recovery is an
improvement of the UNIX file system
thut allows automatic recovery of the file
system in the event of unexpected system
shutdown.

p organizations.

Record and flle locks atbitrate
multiple-access requests to the same re-
cord or file, allowing the programmer o
extend lacks 0 a single record, group of
records or the entire file, This is im-
portant in multi-user applications to pre-
vent two Of MOTe users aceessing and
updating the same information
simultaneonsty.

XENIX Systern Analysis Test
{XSAT} is 2 complete hardware-
software diagnostic package included
with all Inte] integrated system products.
XSAT provides a total anatysis of a
XENIX-based system, ensuring relia-
bility even after the OEM configures
new drivers into the system.

Tools for Easy System
Configuration

In addition to increased data relia-
bility measures, XENIX 3.0 has
beea functionally enhanced for
easier system configuration,
An interactive configura-
tion vtility allows the

user 10 specify device
drivers, disk buffers,
memoty size, ete., making
it easy for the OEM to meet uniqu
design requirctnents. XENIX 3.0
inctudes over 12 device drivers for high-
speed controllers,

Friendlier Interface

The standard UNTX human interface has
been enhanced in XENIX 3.0, with the

TITIININIINSNSSSNSENEaA
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addition of vi, a full-screen editm;, for

The XENIX C shell augments the capa-
bilities of the standard UNTX shell with
the ability to maintain histories of in-
voked processes and provide the alias
feagure, saving re-keying of often-used
commands, XENEX 3.0 also provides
the visual shell, a menu driven com-
mand interpreter which males full vse of
the screen to display status and envivon-
mental information to the user. It has a
huilt-in HELP facility and allows users
to add new applications to the meny.

Intel’'s Open Systems
Approach

Inie] believes that system componenis —
hardware or software—shouid be fully
compatible with other farmily members
at any level of integration and open
future VLSI advancements. XENIX 3.0
was designed o be part of the Open
Systems concept.

Portability from Chip to
Board to System

Intel s XENTX 3.0 Operating System is
available for &nd fully compatble across
[ntel cormponent, board and system de-
signs, something that no other XENTX
version offars.

Such portability gives OEMs the Flexi-

tility to choose the most appropriate and

profitable level of integration for their

1 applications. Component-level integra-

?f tion allows the OEM to meet unique
design requirements; beard and

o

Ef% system-level integration afford

k ,ﬁ:) reduced time to market.

==  Thereis no loss in

software development
investment as your

g needs change, since

®  you can port XENIX-

P based applications from the

I chip to the system Jevel or
even from one lntel processor to

another. '

easier and faster application development.

Open to Still Greater
Configurability through
Third-Party Software and
Hardware

XENIX 3.0 users can tap into an exten-
sive base of existing third-party lan-
guages and applicaton packages for
almost endless versatility in system
configorability. There are hundreds of
such packages available today with
many more on the way. To assure the
availability and quality of these pack-
ages on our systems, we have the Inde-
perdent Software Vendor Program.
Theough this activity, software vendors
are given Intal systems as well as techni-
cal assistance to aid them in porting their
packages. The resulting product is
thoroughly evaluated by Intel prior 1o
certification for eperation on our system
products.

Supetior Documentation

In line with the OFM orientation of the
Intel hardware and software combina-
tion, the documentation for lotel %
XENIX 286 product provides excellent
support for system bullders. In addition
1o the mature UNIX docomentation from
AT&T and the value-added feature
documentation by Microsoft, Inte] adds
a wealth of publications aimed at help-
ing the DEM to successfully launch
KENIX 3.0 based products.

Worldwide Support and
Service

XENTX 3.0 customers can take advan-
tage of [ntel s worldwide staff of trained
hardware and softwaré engineers in
contracting {or upplication design assis-
tance. A liberal warranty, including
software updates and a technical news-
letter, tallows the sale. Once the war-

ranty expires customers can choose from
a variety of support contracts.

Intel offers complete training on the
XENIX 3.0 Operating System as well as

the IAFX 286 processor and associated
hardware.

Intel, The Technological
Leader...

Intel is committed to pushing the fron-
tiers of VLSI design to their ultimate
limits. Tn the process, we move our
customers along the techrology cueve
without interruptions in application

‘development or expensive mid-stream

architecture changes.

Tnte] started the micro revolution with
the 4004 and has been the market leader
with every generation of advanced pro-
cess0rs since.

Systems and system software are a
natural for us: who better knows the
pieces and how to make them work
together?

...In Total Solutions

The XENIX 3.0 Operating System fully
exploits the iAPX 286, the fastest and
most sophisticated microprocessor on
the market. No other processor/operat-
ing system combination will give OEMs
a [aster and more economical path to
getting systems and applications on the
market.

Intel has always been first with the latest
and most advanced VLSI and now with
systern software tailor-made for Intel
VLSI. Because we're there first, our
customers are Tirst in their respective
markets with state-of-the-urt OEM and
end-user products.

VAVAYAVANAAR XENIX 3.0

2-4C¢
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XENIX 3.0 includes support for the following intel
computers and processors.

Systems, single boa
* Systermn 286/310
® System 286/380

* iSBC® 286/10 Processor Board
—16mb of addressing
—On-chip memory protection
® CX Series RAM board
—ECC (Error Correction Circuitry)
—iLBX™ (Local Bus Extension}
* iSBC 215 Winchester Controller
« iSBX 218 Floppy Controiler
* iSBC 534 Serial /O Expansion Board
* iSBC 544 Intelligent Serial ¥O Expansion Board
® iSBC 188/48 8-channel Serial /O Expansion Board
# iSBC 552 Ethernet Controlier Board
® iSBX 217 Tape Controller Board

* 80286 Central Processor
® 20287 Fast Floating Point Processor

Documentation

Documentation Includes:

® Overview of the XENIX 286 Operating System
& XENIX 286 Installation and Configuration Guide
& XENTX 286 Systern Administrator’s Goide

& XENIX 286 Communications Guide

® XENIX 286 Visuel Shell Users Guide

® XENIX 286 User’s Guide

« XENIX 286 Reference Manual

#® XENIX 286 C Library Guide

* XENIX 286 Programmer s Guide

# XENIX 286 Device Driver Guide

* XENIX 286 Text Formatting Guide

Text Books

The UNTX Book—Banahan & Ruiter

The UNIX System—Bourne

The UNIX Operating System— Kaare

Understanding UNEX: A Conceptual Guide—Groff & Weinberg
The UNIX Programmiog Environment— Kernighan & Pike
Intrducing the UNEX System— MeGilton & Morgan

A Practical Guide to the UNIX System-—Sobell

A User Guide to the UNTX System—Yates & Thomas

A Business Guida o the UNIX System— Yates and Emerson
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ntel

Ordering Information

XNX 286 HRO XENIX Obiect Softwars (8" double side, double density) plus license rights
XNX 286 KRD XENIX Obiect Softwere (5% double-sided, donble density) plus ticense rights
XNX 286 RF Software Incorporation Fee

SYS 310-17X ) Systern Kit including System 310-17 and XENIX Software

SYS§ 310-17MX System Kit including System 310-17, XENIX Software, § user support

SYX 286 RO ~ License rights exiension for system customers

5YX 286 RE Systemn incorporation fee
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Ordering Informatlon

XNX 286 H XENTX Object Software (8 double side, double density)
XNX 286K XENIX Object Software (5% doable-sided, double density)
XNX 285 RO Software License Riphts Extension

XWX 2860 RF Software Incorporation Fee

173258 XENIX Documentation Package

CTW 14PF XENIX Customer Training

SPRTECHREP XENIX Support Subscription Services

HOTLINE XENIX Hotline Phone Service

5PE6 330 XINSTALL XENIX Software Installation

CONSULT-FIELD XENIX Onsite Field Consulting

CONSULTLT KENIX Onsite Field Consulting for extended time periods.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com




intel

APPLICATION AP-130
NOTE
B
¢
' o)eé:f;
@*,90 &Qo‘b"{bé N
O
F PR F
Q»o & © &
é‘o & (QQ (é‘ |
NN
© 7 e
> | ée“:.:‘*‘&
b

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



AP-130

INTRODUCTION

Intel recently introduced a pew set of extensions to its
microprocessor product line. The iAPX 86/30 and
iAPX88/30 Operating System Processors (OSPs) aug-
ment the general-purpose instruction set of the well-
known BOS6/8088 architecture to ingchude common,
real-time, operating system capabilities. A single
device, the 80130 Operating System Firmware compo-
nent (OSF), now provides hardware support for func-
tions previously relegated to software.

The 80130 introduces new concepts in the areas of both
hardware and software. At first glance, traditional
component-level hardware designers could feel some-
what intimidated by the esoteric concepts and un-
familiar buzzwords encountered in the software world.
Even the experts in conventicnal operating system
(DS} design may initially find it strange that what used
to be “soft” software routines are now cast in silicon.

This application note is intended for readers at both
levels. The first section reviews the deveiopment of
processor extensions in general and operating system
firmware in particular, Later sections should help you
understand what a real-time operating system can do,
how the 80130 provides these capabilities, and how to

2-45

design system hardware and software to take advantage
of such features.

The note also documents a complete (albeit simple)
systern, including schematics and listings. The reader
may wish to reconstruct this system to get started with
OSPs. Finaily, a siep-by-step description of the so-
cailed ‘‘configuration™ process shows how physical
system parameters are incorporated into the software
as the software is “‘installed” in memory. Through-
out the note are a number of “exercises’ —-questions
relating to concepts just presented. Please take a
few moments to think about these questions before
reading on.

The reader need not have worked with operating sys-
tems previously, though such background would be
helpful. The reader should also kmow something about
micreprocessor hardware-—at a minimum, how the
8086 or BOBS devices operate. For simplicity, most of the
software examples are written in PL/M-85, s0 the
reader should be familiar with PL/M-80 or some other
block-structured langunage. Finally, be forewarned that
the configuration steps make use of several 1S1S utility
programs, including EDIT, SUBMIT, ASME6,
LINKE&6, and LOCE6. Readers who wish to brush up on
any of the above should consul: the appropriate Intel
reference manuals.

AFN-GROTEA
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EVOLUTION OF PROCESSOR
EXTENSIONS

In the early days of microcomputing (circa 1974), things
were simple. The first microprocessors comprised just
the central processing unit of a simple computer. Sys-
tems built up from these processors were generally
small, dedicated-purpose device controllers-—often
replacing the random logic of an earlier design. The
system designer had responsibitity for the development
of the hardware and all application software.

Semiconductor technelogy has progressed rapidly
since then. Devices have become more sophisticated,
as have the applicalions in which they are used. System
functions teday are more complex than they used to be,
and are demanding more in the way of both system
hardware and software.

To help designers cope with this complexity, semicon-
ductor vendors are building increasingly more
*functionality’ into their standard product lines.
Whereas the general arithmetic functions of the 8080
and 8085 were limited to addition and subtraction of
eight-bit unsigned {ordinal) values, for example, the
Intel® R088 and 3086 now add, subiract, multiply, or
divide eight- or 16-bit, signed or unsiguned variables
—an obvious improvement.

The evolution of floating-point arithmetic provides an-
other example of technology growth. Initially, design-
ers of numeric and process-contral systems each
developed the floating-point arithmetic routines they
needed. Intel eased this task considerably in 1977 when
it introduced a standard floating-point format and a
floating-point arithmetic software library, FPAL-80. In
1978, the iSBC 310 High-Speed Mathematics Unit im-
plemented these same functions with dedicated hard-
ware and executed them an order-of-magoitude faster.

The 8231A Arithmetic Processor Unit (introduced in
1979) provided similar functionality in one chip at mach
lower cost. To accommodate the needs of today’s
world, the Intel RealMath™ software standard and the
8087 numeric coprocessor perform 80-bit fioating-point
arithmetic for high-performance 8088 and 8086
systems.

This evolution of floating-point hardware illustrates two
recurring themes in the microcomputer industry. First,
there is a natnrat trend toward componentization:

t. New applications reveal a need for new types of
functienality (in this case, floating-point arithmetic).

2. As common requirements become evident, vendors
develop software to serve these needs.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com

3. Specialized hardware is developed to support the
established functions more simply and effectively
than software alone.

In time, everything ends up in silicon.

The second theme is this: different functions should be
implemented in different ways to fit the customer’s
needs. “Universal’” requirements—Ilike 16-bit
multiplication—are best incorporated into the CPL.
Functions needed only by certain applications—like
high-speed, extended-precision square roots—should
be provided as optional Processor Extensions so that
their expense is incurred only by these who need them.
In keeping with this philosophy, Intel currently offers
several processor extension products {see ‘“What's in a
Name?”).

What's in a Name?

The 80130 Operating System Firmware (OSF) device is
only the latest member of an extremely flexible famity
of Intel microprocessors. Its siblings include the 3086
and RO88 Central Processing Units (CPUs), the 8089 [/O
Processor (IOP), and a floating-point math coproces-
sor, the 8087 Numeric Processor Extension (NPX]}.
These individual standard components may be mixed
and matched in numerous ways to create combinations
optimized for widely varying applications.

To make it easier to discuss the most common con-
fignrations, Intel has defined an “*Advanced Processor
Series” (iAPX) numbering scheme, something akin to
those used in the minicomputer and mainframe worlds.
The 8086 CPU by itself, for instance, is calied the iAPX
86/10. The 80B&/8087 combination is dubbed the iAPX
86/20. An 3086/80130 pair has the name iAPX 86/30. The
8086, 8087, and 80130 together would form an iAPX
86/40.

When each of these combinations uses an 8088 in liex
of the 8086, each of the numbers above substitutes
88" for the “86™. An 8088 teamed with an 80130 is
therefore called the IAPX 88/30. Finally, adding an 8089
to any system changes the final zero to a one. So, an
{APX 88/41 systern would be one using the 8088/B087/
8089/ 80130 chip set.

Real-Time Operating Systems

Let’s turn our attention now to the subject of micro-
computer operating system software--an area steadily
growing in importance. The trends toward standardized
fonctions with specialized implementations will be-
come evident.

AFH-I2058 4
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But first, what is an operating system? The phrase
means different things 1o different people. In 20 words
or less: An OS is 4 tool, a set of programs or routines
which reduce and simplify the problemr of managing
systent resources. (Well, 21, actually . . .)

Most microcomputer programmers have encountered
single-user diskette operating systems, Intel’s [SIS-II®,
and CP/M® and CP/M-86® from Digital Research Incor-
porated among thew. In essence, an OS of this sertis a
collection of run-time subroutines which perform
device T/O operations and give application programs
access to a disk-based file system. Along with these are
routines to supervise the loading and execution of ap-
plication programs. Historically, this type of OS is
oriented toward user-interactive applications; software
development, business computing, and the like.

In the mainframe world, the geal of an operaiing system
is 1o use expensive equipment as efficiently as possible.
Batch processing systems ensure that programs waste
as little CPU time as possible, though each monopalizes
the CPU until it has compteted. A time-sharing OS
aliots short periodic “slices’ of time to each of several
independent users, during which each has access to the
CPU. memeory, and other system resources.

A step above the traditional time-sliced OS are “‘real-
time, multitasking operating systems.” But what is a
“real-time’”’ application? (**Don't all programs execute
in real time?™)

A real-time system is one in which the CPU must do
many different things (tasks), all more-or-less simulta-

neousiy. Unlike the sequential time-sharing of
mainframe 0Ss, though, the tasks are prioritized. Low-
priority tasks are preempted if any of higher priority
have work to do. The higher-priority task then runs
vntil it aust wait for some external event to occur or no
longer neads the CPUJ for some other reason. Thats, the
CPU services tasks in their order of importance.

A computer controiling factory machinery, for in-
stance, might perform five separate tasks:

1. Monitor inpu¢-switches to detect emergency condi-
tions, determine intended operating mode, or npdate

indicator lights showing machine status;
2. Drive a stepper mator to positicn a took;
3. Keep track of the time of day;

4. Send output to the console (e.g., CRT), either in
response to explicit commands or as part of some
other task;

. Read and process characters entered from a console
keyboard.

These tasks seern largely unrelated, though the first few
may be more important to system operation
than the others. Let’s consider some alternate
ways to accompiish these functions with today’s
microcompuiers, )

Congeptually, the mest straighiforward approach might
be to dedicate a separate computer to each. The pro-
gram for each would then be quite simple: an initializa~
tion phase followed by an endless loop pérforming the
dedicated functior. Algerithms for the first four tasks
are flowcharted in Figure 2.

MONITOR STATUS CONTROL MOTOR

INITIALIZE CURRENT SET INITIAL
STATUS MOTOR POSITION

( xeep TRack oF TiME ) ( consoLeoutrur )

Y

DELAY TIME INTER-
VAL CORRESPONDING
TO SAMPLING RATE

!

READ STATE OF
INPUT SIGNALS

!

WRITE MACHINE
STATUS TO INDI-
CATOR LIGHTS

L]

WAIT UNTIL ONE
STEP TIME HAS
EXPIRED

STEP IN APPRO-
PRIATE DIRECTION

S

INITIALIZE COUNTERS INITIALIZE CONSOLE
'WITH CURRENT TIME INTERFACE DEVICE
DELAY ONE WAIT UNTIL A
SECOND

MESSAGE IS READY_

!

OUTPUT MESSAGE
TO CONSOLE

I |

'

INCREMENT TIME-
OF-DAY COUNTERS

Figure 2. Flowcharts for Concurreht Machine-Tool Tasks
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What's wrong with this approach? Ignoring cost, the
need for multiple CPUs becomes physically unrealistic
for more than a few tasks—&0, say, or 600. And tasks
arg rarely fully independent; note that the switches

monitored by task 1 could affect task 2, and that tasks 4 .

and 5 interact with the rest of the system in as yet
undefined ways. So, some sort of communications
would have to be set up between the micros.

Exercise 1, Suppose five tasks are all interrelated.
How many communications channels would have
1o be set up between different processors? If each
channel requires two dedicated communication

chips, how would the number of peripheral
devices compare with the number of CPUs?

In each task, the CPU spends most of its time waiting
for time to pass or for something to happen. One CPU
would be able to implement alt five tasks if its time were
properly divided among them. An alternate approach,
then, might be for a single processor to attend to each
task in turn, performing the actions called for by each.
Figure 3 shows a flowchart for this scheme. Only one
CFPU is required and the tasks can communicate be-
tween themselves and share physical resources like the
console.

D)
'

INITIALIZE CURRENT
STATUS

!

SET INITIAL MOTOR
POSITION

1

INITIALIZE COUNTERS
‘WITH TIME

|

INITIALIZE CONSOLE
INTERFACE

READ STATE OF
INPUT SIGNALS

WRITE MACHINE STATUS
TO INDICATOR LIGHTS

EYEP ™M APPHO-
PRIATE DIRECTION

READY? YES

ANY OUTPUT
TO CONSOLE

Flgure 3. Machine-Toot Tasks implemented Via Poiling Scheme
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The problem here is the heavy interaction between
tasks. Before it can be serviced, an important task may
have to wait for many other less critical tasks to com-
plete. This imposes a consiraint that each task release
the CPU as quickly as possible. Alse, fumping tasks
together obscures the boundaries between them. lis-
itialization sequences must be grouped with each other,
rather than with the sections of code affected. Adding to
or deleting any task may affect the others. It's not clear
how to structure the program such that programmers
could cooperate on such a program.

Moreover, the various tasks can mterfere with each
other. Suppose on a given pass through the processor
loop, three tasks each send one new character of a
message to the console display screen. The resulting
ouiput would be most interesting.

The third, and optimal approuch, would be one which
combined the advantages of the first two approaches,
while avoiding the pitfails, Each function of the overail
system could be designed, written, and tested sepa-
rately, as in the first approach, yet all the ‘software
would run on a single computer system as in the
second. Tasks could therefore commupnicate with each
other easily, and share peripherals such as CRTs. This
maltitask control and commuaication function could be
performeid largely through software.

The key is finding a way to properly budget CPU time
between the various tasks. Early pioneers of complex,
real-time, contrel system design found that they needed
special routines, apart from the application tasks them-
selves, to supervise the execution of application tasks,
It was (at best) an inconveaience for so many engineers
to independently define, design, document, test and
debug software with the same general purpose. At
worst, schedules slipped or projects were cancelled for
the lack of reliable executive software.

Toe help avoid these hazards and free up the designers to
concentrate on more immediate goals, Intel developed
iRMX 80, the first real-time, multitasking, executive
operating system for microprocessors. iRMX 86 was
introduced to the 16-bit world two years later in 1980,

Because of the critical real-time nature of such operat-
ing systems, they require certain hardware cupabilities
in the host system, such as special timer logic clocked at

certain frequencies to measure the passing of time, and

interrupt controllers to monitor assorted asynchronous
events. Combine all this with a handful of memory
chips to house just the O8 software, and the address
decode and control logic needed by all of the above, and
yvou'll find vou need the equivalent of a single-bourd
computer system just to support a multlta‘;klng
environment,

Artisan Technology Group - Quality Instrumentation ...

Until now, that is. The currens tfend is to integrate 08
software and hardware functions into silicon. Intel’s

iAPX 432 32-bit MicroMainframe™ system does fhis
within the CPU. For the t6-bit world, however, Intel
provides a separate chip, the 80130, which confains
operating system firmware as we]l as tlmer and inter-
rupt control functions.

What is the 80130 OSF? It is an extremely sophisticated
integrated circuit, fabricated using Intel’s high-
performance HMOS technology, which contains over
160,000 devices. In one 40-pin package (Figure 4}, the
80130 combines several timers, multiple-mode inter-
rupt control logic, and a large control store memory
—plus buffers, decoders and the like—to form the in-
tegrated heart of a multitasking operating system.
Compared with the iIRMX 86 Nucleus, for example, the
80130 replaces an 8259A PIC, an 8253 PIT, a special
oscillator, 16K bytes’ worth of memory, and associated
control logic.

The 80130 operates in conjunction with the 8086 CPU.
Together, the twa chips are called the iAPX B6/30 OSP
The same device may be paired just as easily with an
‘8088 forming the iAPX 88/30. From here on, though,
references to the 8086 or ““host processor’” apply to
both CPUs. Due to the high speed of HMOS, the 50130
currently runs at system clock rates up to 8 MHz with-
out inserting any wait states, Firmware in the 80130
supports the 35 primitive functions listed in Tabie 1.
Many of these are discussed in Chapter TV,

SYSTEM HARDWARE DESIGN

The 8013¢ supports a wide range of system architec-
tures, from compacf to quite complex. Most, however,
have in commeon the fuonctional blocks represented in
Figure 5. After a brief review of iAPX 86/30 systems in
genéral, we'll examine 80130 requirements in greater
detail.

Basic Functional Blocks

In addition to the 84130, the central processing “*core”
of a typicat OSP system would include an 8088 or 8086
operating in maximum mode, an 828434 clock
generator, and an §288 system controller, all connected
according to the standard rules, More on the 80130-
specific interconnects later.

Address latches (e.g., 8282s or 8283s) are genmeraily
needed to demultiplex the processor address bus for
standard memory devices and for memory and /O
device-select logic. The number (from zero to three
octal latches) depends on the host processor,
meémories, and the addressing scheme emploved. Data

2-50
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Table 1. Operating System Primitives Supported by 80130

Tusk Management
Suspend Task
Resume Task
Sleep
Create Task
Delete Task
Set Priority
Got lask Tokens

Interrupt Management
Set Interrupt
Signal Interrupt
Eeset Interrupt
Enter Tnterrupt
Wait Interrupt
Exit Interrupt
Enable
Disable
Get Level

Intertask Comununications and Synchronizution
Send Message
Receive Message
Create Mailhox
Delere Mailhox

”T, (¥

Free ¥

fSystem Partitioning
Create Segment

Delete Segment

Create Job

Mutual Exclusion Cantrol
Receive Control
Accept Control
Send Control
Create Region
Delete Region

Mise. Support
Signal Exception
Get Type
Disable Deletion
Enable Deletion
Set 0.5, Extension
Get Exception Handler
Set Exception Handler

transceivers {8286s or 82873) may also be needed for
increased bus buffering.

Any complete microprocessor system must also have
some combination of I/Q peripherals and memory, col-
lectively indicated by the box labeled “Local Re-
sources.”” As we shall sec, some of the system RAM
and ROM (or EPROM) must be reserved for OSP itself.
Additional logic decodes the latched address lines 1o
generate chip-select signals for the memory and /O
devices.

This note only discusses simple, single-processor sys-
tems. More sophisticated architectures may incor-
porate a multimaster system bus, in addition to a local
processor bus. This would require additienal system
controllers, address latches, and bus transccivers for
bus iselation, and address mapping logic (not shown) to
select between the various busses, euable the respec-
tive transceivers, generate a System Ready signal, and
s¢ forth. For design information on such techniques,
refer to application note AP-67 in the iAPX 86,88 User's
Marnual.
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80130 Pin Functions

Back to the 80130. Certain pins on the 801301(in particu-
lar, AD15-ADO) attach directly to the CPU. The AD
pins are bidirectional, accepting addresses from the
host and returning instructions or data. By monitoring
the system clock and status signals, 53-50, the 80130
can decode the processor status internally and respond
automatically to the appropriate bus cycles. The BHE
input lets the 80130 determine the width of data frans-
fers and distinguishes an 8088 host from an 8086. 1f vou
refer back to Figure 1, you'll notice that these 80130 pin
assignments were selected to simplify P.C. board
layout.

Because of the 80130’s location on the CPU side of any
latches or data transceivers {on what {s sometimes
called the “'pin bus™), the transceivers (if used) must be
disabled when the 80130 is driving the processor bus.
Whenever the 80130 is responding to any type of bus
cycle, it generates an ACK signal. As Figure 4 suggests,
one way to avoid contention is to simply disablc the
transceivers when ACK is active. ACK can also be used
to prevent the insertion of wait states.

AFN-JZ0EEA,
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Figure 4. 60130 Internal Block Diagram

Additional pins on the 80130 inclnde eight interrupt-
request inputs. Internal interrupt control logic provides
many of the functions of the 8259A. During system
configuration (Chapter V), cach of the eight may be
individuatly defined as a direct level-sensitive or edge-
triggered interrupt request, or cach may be cascaded
with a standard 8259A in slave mode.

The INT cutput must be connected to the host CPU to
inform it of an enabled interrupt request. In very large
systems with multiple, cascaded interrupt controllers,
Local Interrupt Request (LIR) indicates to the bus
contention logic whether a requesting slave is local, o
must be accessed via a multimaster bus. :

The 80130 also contains dedicated timer logic to provide
the OS time base, which is output on SYSTICK.
Software operating in conjunction with the 81030 as-
sumes one of the interrupt inputs {INT2 in this case) is

driven by SYSTICK, so this connection must be made
externally, Routines within the 80130 initiatize and per-
form all bit-level control of the interrupt and timer
logic, according to options and parameters specified
during the configuration process. Freeing the program-
mers from this tedinm allows them to devote more
thought to solving their own unique problems.

An additional, independent timer generates a user-
programmable, square-wave cutput signal called
BAUD to clock an off-chip USART.

Since the R0130 displays some of the characteristics of
both memeory and /O, it requires chip-seleci signals for
both the memory (MEMCS) and 1/Q (TOCS) address
spaces. These are discussed at tength below. Finally,
Intel has reserved one output pin (called “DELAY™)
for use in fuiure desigris. Leave it unconnected iniAPX
86/3( systems.

2-b2 -
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Additional System Requirements

The OSP requires a certzin amount of off-chip memory
for its own operation. The system must provide at least
1K bytes of RAM at address 00000H for the CPU
interrupt vectors, plus another 1300, bytes for OSP
system variables, data structures, stacks, and the like.
This RAM may reside anywhere in the 8086 megabyte
address space, although it is often contiguous with the

. interrupt vector up front. Application tasks must each
have their own stack, so aflow at least an additional 300
bytes of RAM for each.

Any iAPX 86 system must have ROM or EPROM at the
upper end of memory to hold the CPU restart vector.
About 3400 more bytes are consumed by code to initial-
ire and access the OSP This code is generated awio-
matically from libraries on a diskette provided with a
product called the tAPX 86/30 and iAPX 83/30 Operat-
ing System Processor Support Package (iOSP 36).
Space left in the initialization EPROMs is available for
application tasks. N

As code is being written, the systermn designer should
count on another 1500 bytes of code from the suppart

libraries being added to his application during the link-
ing and system configuration steps. These memory re-
guirements are shown in Figure 6. In practice, the
separate blocks in this figure would be grouped together
for more efficient use of RAM and EPROM chips.

The 80130 occupies a 16K-byte block of addresses in the
host-processor memory space, so external logic should
decode address bits Ajg-A;4 to generate MEMCS.
Similiarly, the timer and interrupt contraol logic occupy
a 16-byte block of addresses in the I/O space; at least
some of the bits A;x~A; must be decoded to generate
TOTE. The 80130 decodes all the lower-order address
bits (14 for memory, four for I'O internally).

Firmware in the 80130 {eaves a great deal of flexibility in
decoding the chip-select signals, to be compatible with
whatever decode logic is already present in the system.
The YO starting address may be on any 16-byte bound-
ary in the full CPU I/O space. The memory block has
only two restrictions: the off-chip initialization and in-
terface code memory must be placed immediately
above the MEMCS block, so the 80130 may not occupy
the extreme top of memory, nor may the 80130 reside at
address 00000H since this area is reserved for interrupt
vectors.

IAPX 86/30 SYSTEM MEMORY REQUIREMENTS
OFFFFOH LT POWER ON-LOCATION
z
80130 INITIALIZATION AND CONFIGURATION
CODE {ROM!EPROM}
MusT BE ¥
CONTIGUOUS
16K EGA 80130 ON 16K BOUNDARY
X
] 1.9K GODE BYTES SYSTEM INITIALIZATION [RGM/EPROM)
\\
1.5K AAM BYTES FOR iAPX B8/30 STACK AND LaTA [am)
R
A0
K BYTES
RESEAVED FOR
INTERRUSTE (RAM)
a

Figure 6. Operating System Processor System Memt}ry Requiremants
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Timing Requirements

System timing analysis is often the most tedious part of
digital hardware design. This discussion can be rela-
tively short, though, because the 80130 timing is quite
simple: by design, the part is compatible with the timing
of the host processor. Since it interfaces directly with
the CPU pins, traditional set-up, hold, and access times
no longer matter.

There are really only two areas of concern in analyzing
the timing of most OSP systems, both of which relate to
the user-generated chip-select signals. Figure 7 il-
lustrates the relevant timing signals of a standard 8086
four-state Read cycle (memory or I/0), along with the
timing responses of the 80130. /O Write cycle timing is
the same. {Full timing diagrams are part of the respec-
tive data sheets.)

respond during T;. In each case, the chip-select signals
must be active Tegey, before the end of state Ty,
Assuming wait states aren’t desired, addresses
generated by the CPU must propagate through the ad-
dress katches and be decoded during T) or T;.

How much time does this leave the decode logic? As
we'lt see, ample.

By convention, Tep, sy 1% the delay from the start of
T; until address information is valid on the CPU pins;
Tryoy is the propagation delay through an 8282 latch;
and Tegep is the 80130 chip-select set-up time. The
mnemonic Ty g represents the chip-select logic prop-
agation delay, after the latch outputs are stable. The
sum of these four delays must be Jess than two system
clock cyeles, reduced by the clock transition time.

Terav + Tivov + Toves + Teser = Teren + Tewon

Toves = Tever + Tever — Terav = Tivovy — Teso
The first concern is that MEMCS and IQOCS must be =125 +125 -0 - 30 — 20 (nsec.)
active early in a memory or YO cycle if the 80130 is to = 146 nsec.
T4 a3l T2 | T3 ] Ta
™

TCHGL Toien

CLK

TSYCH

TCHSY TCLGL
i

'!CI.SI‘!I TSHCL

[N

[ 7

TAECH TCLAH
o=

‘ BHE, Av,-A, VALID X___ __

@HE, AD 5-4D,

TCSCL

—] TCHES
MERICS, 10CE \ f
oS TCHOH
WRITE CVCLE ]
(_ ADBRESS VALID m WRITE DATAVALI | }n-«-«-
Al o-AD,
i ’»chcsnK | == TCEAK ¢
ACK
TSAGK \ /
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] Y FLOAT I FLOAT
AD+4-AD, i ADDAESS VALID } { READ DATAVALID S
’ . [Lreree
..... " TCHEH
AR oAtk _\ -_4—
T

Flgure 7. QOperating System Processor Timing Dlagrams
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The propagation delay numbers plugged into the equa-
tipn are worst-case values from the appropriate Intel
data sheets. The CPU is an 8086-2 operating at 8 MHz.
This means the address decode logic must produce
stable C§ outputs within 140 nanoseconds,

Exercise 2. Using standard, low-power Schotiky
TTL, does it make semse for a circuit to take
longer than 140 nse¢. to decode 6 program or 12
1/0, address bits? Even if the rather liberal setup
specs are not met, the 80130 would still work fine.
Wait states would be needed until the chip-select
signal wag active, however, so performance
would degrade some. ’

The second point of concern relates to ready signal
timing. The 8¢130°s acknowledge output signai, ACK,
can be used to control the CPUJ's ready signal. For this
case, the chip-select signal must be active early in a
memory or /0 cycle to allow activation of ACK early
enotgh to prevent wait states. There are twa schemes
for implementing ready signals; ““normally ready”™ and
“normally not ready.” {For more details, refer to AP-
67, “*8086 System Design.”) Chip-select timing is more
critical in some “‘normally not ready’™ systems.

In a “normally not ready™ design, acknowledge signals
are generated when each resource is accessed. The
mdividual acknowledgements are combined to form a
system-wide ready signal which is synchrorized by the
8284A clock generator via the RDY and AEN inputs,
The 8284A can be strapped to accept asynchronous
ready signals {asynchronous operation) or to accept
synchronous ready signals (synchroncus operation).
Synchronous 8284A operation provides more time for
address latch propagation and chip-select decoding, In
addition, inverting ACK off chip produces an active-
high ready signal compatible with the 8284A RDY in-
puts, which have shorter set-up requirements than
AEN inputs. {As a side benefit, a NAND gate used like
this can combine ACK with the active-low acknowl-
edge signals from other parts of the system.) Based on
these assumptions, the time available for address latch
propagation and chip-select decoding at 8 MHz is:

Terav + Toves + Tesak + Rriver = Tecen + Tevow

Toves = 2 Tepen — Terav — Tesax — Travew
= 25 - 60 -~ 1i¢ - 35
= 45 nsec,

The circuit in Figure 8 which uses Schottky TTL. com-
ponents leaves about i5 nsec. to produce MEMCS from

8288
BEi30
%”,;'3 ALE OSF
k.
I s0® sa G vp—
AlE o Aaze YEE—
SR | memory
ary € ed ‘QG2a Y40~ }pEcapE
At6 50 5@ ¢ Yip—
20—
AD1S 40 ag B oy
ADTE 30 o & Tl 3 MEMCTS
745373 743135 RER
READY
v ADY ﬂ SYSTEM
ACKNOWLEDGE
o AW
| 52844
ABVHC -
READY :

Figure 8. High-Speed Address Decoding Clrcult
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ti'ne high-order address bits—more than encugh for the
745138 one-of-eight decoder shown.

Granted, this does net leave much leeway to fully
decade the /O address bits. A 12-input NAND gate on
AD15-AD4 could be used, introducing only a single
propagation delay but forcing the /() register block to
start at OFFFOH. Incomplete decoding is also legal: it is
safe to drive IOCS with the (latched) AD15 signal di-
rectly, provided all other ports in the system are dis-
abled when this bit is low. In this case, the effective
address of the 1/O block {which must be specified dur-
ing the system configuration step) could be 0000H, or
any other multiple of 16 between 0000H and 7FFOH.

Again, the OSP system will still operate even if the
memory of V() decoding is slow. The acknowledge
signal returned to the host CPU would just be delayed
accordingly, 'so unnecessary wait states would be in-
serted in access cycles, but the 80130 would 2ot mal-
function. Only rarely does the OSP access resources in
its I/0 space. Even if slow decode logic were to insert
several wait states into every 1O cycle, the overall
effect on system performance would be insignificant.
A few words of caution, though. If the 8284 A is strap-
ped for synchronous operation, external circuitry must
guarantee that ready-input transitions don’t violate the
latch set-up requirements. Alse, the chip-select signal
must no remain low so long after the address changes
that the 80130 could respond to a non-80130 access
cycle.

Exercise 3. Suppose the typical timing values for
a particular decoder would casily meet the ready-
input set-up requirements presented above for
asynchronous 8284 A operation, but pathelogical
worst-case figures were just a little slow. Could
that circuit still be used safely in most applica-
tions? What would happen if the worst-case com-
bination of worst-case conditions ever actaally
did occur? These occasional extra wait states
woutld probably not cause a hard system failure.

Exercise 4. Earlier it was mentiored that the ac-
knowledge signat could also be used to avoid bus
contention. Prove that with any decode logic
which meets the above requirements, ACK would

" disable the bus transceivers before the host CPU
samples the bus.

Example System Design

Appendix A incindes full schematics for a complete
1APX B6/30 system providing considerable function-
afity with only 27 chips. In addition te the OSFE the

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com

system has 4K bytes of 2114 RAM (with sockets for
ancther 4K}, from 8K to 32K bytes of 2732A or 2764
EPROM, an 8251 A USART operating at 9600 baud, and
an 8255A Programmable Peripheral Imterface with 24
parallet 1/0) lines. Eight of the inputs read logic values
off DIF switches; eight outputs drive smali LEDs, Four
more outputs connect to the coil drivers of a four-phase
stepper motor. A layout diagram of the prototype ap-
pears in Figure 9.

The system is even simpler than the discussion of
“typical’” requirements implied. The 8086 direct-bus
drive capability is adequate to make the data trans-
ceivers unnecessary. (To equalize the bus loading, the
8255A is connected to the upper half of the bus.) Ad-
dress decoding logic was minimized by making the
high-order address bits “don’t-cares.”” Moreover, the
part ¢count could bave been reduced to 16 using an 8088
and multiplexed-bus 8185 RAMs and 8755A EPROMs.
{The reader may be surprised to learn that, except for
wire-wrapping mistakes, the prototype system hard-
ware worked when it was first powered up. The anthor
certainly was!)

APPLICATION SOFTWARE

 DEVELOPMENT

Like other well-structured programs, application
software to run on the iAPX 86/30 is written s a num-
ber of separate procedures or subroutines. In conven-
tional programs, thoupgh, executicn begins with a
section of code (the program body) at the outermost
levet. The program calls application procedures, which
may call other procedures, but which eventually run to
completion and return to the program body.

1n an OSP application, though, there iz no “ outermost
level” in the traditional sense; rather, the procedures
are started, suspended, and resumed as siteations war-
rant under the contrel of the OSE The term “task™
refers to the execution of such a procedure in this way.
While an instruction stream is suspended, the OSP
keeps track of the task state (instruction counter, CPU
register contents, etc.) so that it may be resumed later,

Each task is assigned arelative priority by the program-
mer, on a scale of 0 {high priority) to 255 {low). Tasks
with higher (numerically lower) priority arc given pref-
erential treatment by the OSP; the task actually control-

. ling the CPU at any given instant will be the one with the

highest priority which is not waiting for some event to
occur. {If all this sounds confusing, examples coming
later may help.)

A task which operates independent of other tasks can
be written without knowing anything about the others.

AFN-02058A
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Figure 9. Example System Prototype Layout

This makes it easy to divide a very large programming
job among a team of programmers, each writing the
code for some of the tasks. Moreover, a task need not
even know if other tasks exist. They may be tested and
debugged before others have even been written. As an
application evolves, new tasks may be added or un-
necessary ones removed without affecting the rest.

The number of tasks in an application may need to be
quite large. The number of tasks allowed in one applica-
tion is essentially unlimited, as is the number of other
objects—regions, mailboxes, segments, and the like.
(The term ‘‘object” relates to different types of data
structures maintained internally by the OSP) Each ob-
Jject is internally identified by a unique 16-bit *‘token,”

which means the theoretical maximum total is over _

65,000, The more pragmatic issue of physical memory
consumption limits the number of simultancous congur-
rent tasks to “‘only™ several thousand.

{When a number of tasks cooperate to accomplish some
common goal, the collection of tasks is referred to as an
application “*joby.”* The Q8P also allows for an unlimited
mimber of applicaticn jobs, though only onc is il-
lustrated in the example discussed here. A second
similar machine, with different status switches, a differ-

-2-58

ent motor, and a different console might make up a
second job.)

All OSP appﬁcation jobs must have one special in-
itialization task (often called INTT$TASK) just to get

-started; this one may, in turn, create other tasks as.it

execntes, The initialization task for this example is
discussed at the end of this chapter.

Hardware Initialization

The life of any task can be broken into three phases:
start-up, executioa, and termination, The start-up
phase initializes variables, data structures, and other
objects needed by the task. During the execution phase
the task performs its useful work. Depending on the
application, this may be a single sequence of actions, or
aloop executed repeatedly. When the task completes, it
must terminate itself so as not to use any more CPU
time. One or more phases may be omitted. For exam-
ple, some tasks are intended to execute “‘forever,” in
which case the termination phase is not required.

This life cycle is suggested by Example 1, a segment of
code called HARDWARESINITSTASK. This task first

AFN-020584
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programs thce 80130 internal timer logic to generate a
square-wave cycle on the BAUD pin every 52 system
clock cycles, which corresponds to a system console
data ratc of 9600 baud. The task then sets the system’s
8255A PPI and 82514 USART devices to operate in the
desired modes, and outputs a short sign-on message to
the CRT. For the sake of reader’s unfamiliar with the
protocol for interfacing with the 8251 A, simple input
and output routines (C$EN and C$OUT) are reproduced
in Example 2.

HARTHJARE®INI T#TACK
BECLARE
DECLARE
DECLARE
DECLARE

LCRY
DECLARE

FROGEDURE.

HARDYIMITEEXCEFTSCODE WORD,

FARAMSCL (#] BYTE DATA {40M, 8DH, OOH, 404, 4EH: 27HI1,
FARAFIIS 1R INDEX EYTE.

SICMSONSMESEACE (#) BYTE RATA

LF. “1ARX B&/80 HAROMARE IMITIAL1ZED®, CX. LFI.
SECHEQNE TNBER BYTE.

DUTRUT (FPE$CME) =F0H.
DUTPUT (TIHER%CFD) nOB&H,
OUTPUT tBAUDET ] MER 1 =33,
OUTPUT (BAVDSE TIMER b0,
00 PARAMS31SIMDEX=0 TO [SEZE‘PARANRIZI-11.

AP UTICHMORS] b mPARAMSS L (PARAMESI S THDEX 3,

EMD. so0F USART INITIALIZATIDN DO-LOCA&S
DO SIGMEDHEIMDEX=0 TO (ETZE<SICH$OMEMESSAGE)—-11,

CaLl CHOUT:STSNEINEMESEAGE (S IANSINS INDEX T ),

. +#0F S1GMN-ON DO-LOOPS S

CALL RGRAESUME%TASH ¢ ENITETASHETOREN. BHARDS INTTRENCER YRLUE0S 1.
CALL ROSCRLETESTASMK (4, 8HARDEINITSENCEF THCO0E) .
ENU  HARDWARESIMITSTAGH.

FAGENERATES 9400 BAUD FROM & MHI#s

Example 1. System Hardware Initlalization Task

CEOUT PAOCEDURE (CHAR:.
DECLARE CHAR EBYTE,
GO WHILE (INSUTC(STATH01; AMD Qiki=D, .
S NOTHING  #f

ENT,
OUTPUT1CHARES ) =CHAR,
ENG  CEOUT,

CEIN FROCEDURE OWTE.

DD WHILE (INFUTSSTATEIL) AND Q2H)LD,
Ao MNOTHIMG 4
END.
RETURN I

MFUT (CHARSDLH,
EMC  C¥IM

Example 2. Simple 8251A Input and Output
Routines

The baud timer should be initialized by a code sequence
tike that shown here. The 80130 logic is actnally com-
patible with the initialization sequence which would be
needed to configure timer 2 of an 82534 as & program-
mable rate generator. The baud rate parameter loaded
into the timer is simply the system clock frequency
divided by the desired output frequency. No other
timers should be affected by user programs.

When the hardware has been initialized, the task
calls an operating system procedure called RQ$
RESUMESTASK. This signals the (O3P that the task’s
start-up phase has completed, and that the initialization
task (which in this case suspended itself after creating
HARDSINITSTASK} may continue. Since its function
is hardware initialization only, HARD$INITSTASK
has no execution phase per se. 1t terminates by calling
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the procedure RQSDELETESTASK, suicidally
specifying itself as the task to be deleted.

Exercise 5. Beginners may make two common
programming errors when developing OSP tasks.
The first is when a task deletes itself without ever
resuming the suspended task that created it. The
second is to net terminate a task praperly, with the
result that the processor executes a return in-
struction when the task's work is done. (However,
execution of the task did not originate with a cafl
from the 08.) As with all computers, an OSP will
do exactly what itis told. How do yeou suppose the
system would react in each case? (Hint: only one
of the two failure modes is predictable.)

You may have noticed three things from this short ex-
ample and Table L. First, every OSP call begins with
the letters RQ. (PL/M compilers totally ignore dollar
signs within symbols; they serve only to split long sym-
bol names to make them easier for humans to read. ) The
letters RQ don't mean anything in particular: their pur
pose is to make sure OSP routine names don't conflict
with any user symbols. These particular letters were
chosen te be compatible with the historical naming
convention used by iRMX B6. It may be useful, though,
to think of R(QQ as an abbreviation for REQUEST, imply-
ing that the OSP provides useful services at the bidding
of application code.

The sccond thing to notice is that the OSP routine
names imply pretty well what each routine does. On the
onc hand, long procedure names take a little longer to
type; on the other, they make code listings much easier
to read and understand. In effect, the long names help
make OSP code self-documenting. The long names
shouldn’t hinder code development: rarely can pro-
grammcrs think faster than they can type. If they could,
programmer productivity would be measured in
thousands of lines per day.

The third thing is that the last parameter in every OSP
system call points to a word in which the OSP proce-
dure will return an exception code to the application
task. The procedure will return a non-zero exception
code in this word if it cannot do its job correctly. This
does not always imply that an error occurred; some-
times it just means another task isn’tready to ceoperate
yet. Sometimes an exception value indicates whether
the OSP request was pracessed immediately or delayed
for some reason. In fact, some OSP routines are guaran-
teed never to return a non-zero exception code, vet the
pointer is still required for the sake of consistancy. For
a full explanation of the other purameters for the OSP
procedures and details on what the different exception
codes meun. consult the (APX 86/30, 8830 User's
Manual.
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To illustrate how the OSP procedures are used, the
following code examples implement the machine con-
troller tasks introduced earlier. Appendix B puts all the
code examples together, though not in the exact order
discussed. Be Forewarned: the examples border on
trivial. They are in this note to demonstrate how to call
system routines with as few lines of code as possible,
not to tax the capabilities of the OSP. In fact, noas of the
tasks even check for exception codes returned by the
OSP, under the naive assumption that nothing witl go
wrong in a debugged program. If you're interested in
more elaborate software examples, consult application
notes AP-86 and AP-110. These notes focus specifically
on iRMX 86, but their methods and much 'of the code
apply equally to the OSP systems.

Simple Time Delays

The STATUSSTASK routine simply monitors eight
switches through an input port, and updates eight
LEDs with a pattern determined by the switch settings
and task status. Specifically, the LEDs display the bit-
wise Exclusive-OR function of the inputs and an eight-
bit software counter maintained by the task. This action
will repeat twice per second. The task does nothing
between iterations.

The RQ$SLEEP routine gives application tasks a way
to release the CPU when it is not needed. Any tusk
calling this routine is **put to sleep’ for the amount of
time it specifies {from 1 to 65,000 SYSTICK intervals),
releasing the CPU to service other tasks in the mean-
time. Afier the requested lime has transpired, the OSP
task will reawaken the task and resume its execution,
provided a more importaat task is not then executing.

The 80130 timer logic generates the fondamentat Sys-
tem Tick by dividing the system clock frequency by
two, then subdividing that frequency by a 16-bit value
specified during the configuration process. The period
used here is 5 msec., which would result in an § MHz
system by dividing the 2.5 MHz internal frequency by
12,500, .

Exercise 6: At this rate, what's the longest nap
that would result from a singte call to
RQS$SLEEP? Hew could this duration be
extended? :

PL/M listings for the complete STATUSSTASK routine
appear in Example 3.

2-60

STATUESTASK PROCEDURE.
RECLARE BTATUSFLOUNTER OYTE,
DECLARE STATUSSEXCEPTSLOME wWOUARD.
ETATUSSCDUNTER =D,
CALL RGOREEUMEFTAEMW t INT TR TAEKE TOKER. BETATUSHENCEFTHCODE ! .
oD FAOREVER, .
OUTHUT{FPISBI=INPUTIFF %Al X¥OR SEATUSSCOWNMTER.
STATUSSCOUNTER=STATUSSCOUNTERYE .
CALL ARG®ELEEP (1003 BBTATUEREXCEPTSCODE) .
ENL:.
END  STATUSHTAZM,

Example 3. Status Polling and Reporting Task

Stepper Moter Control

Conceptuully, a stepper moetor consists of four coils
spaced evenly around a rotating permanent magnet, By
energizing the coils in varicus combinations, the mag-
net can be induced to alignitself with the coils, individe-
ally or in pairs. A microcomputer can make a stepper
motor rotate, step-by-step, in either direction, by emit-
ting appropriate coil control signal patterns at intervals
corresponding to the step rate.

The stepper-moter sequencer (Example 4) is an embel-
tished version of STATUSSTASK. The QOSP calls are
intermixed with a few more statements of application
code, and the task uses giobal variables as delay
parameters, The reader may wish to adapt the com-
mand interpreter task at the end of this chapter tolet the
operator modify (read: “play with"') these parameters
to adjust the motor speed as the program runs.

DECLARE CW&STEFSDELAY BYTE,
LOWEETEP®1IELAY BYTE.
CUSPALSESDELAY BYTE.
LOWEPALISE SLFLAY BYTE,

MOTORETASK FROCEDURE.

DECLARE MGTORSEXCEF THCODE WORD.
CECLARE MOTDR®FOEITION BYTE:
MOTORSPHAEE BYTE.
DECLARE PRASEECORE 4) DYTE
DATA (DDOCDEI01B, 000005 OB, DU0010L10E, GOO0100EH) .

CHESTEP$DELAY xS0,
COWSSTERSDELAY=30,

F#INITIAL ETEP DELAYE = 1/4 EECOMD#/

CWEPAUSERDEL AY=200, AHPAUSES AFTER ROTATIGN = 1 JECONGE!
COWEFAUSE SDELAY =00

CALL REAAESUMENTASM( INITRTASKSTOREM, BNDTORYEXCEF THUOQDE) .
DO FOREVER:

OO MOTORSAGEITION=D Td 1090,
MOVORSFHASE=MOTURSPOSITION AND CH303H.
GUTPUTI PP T80 1 =PHAST #CORE L MOTORSH HAZE 1,
ThLL RGTSLEER{CHASTER$DELAY BROTORIEATER THOODE ),
CALdl, RGHSLEEP (CH#PAUEERDELAY, GHOTOAKE KCEF TRCODE !,
) MCTORSPOSTITION=G TO 1G0.
MOTORAFHASE={ 100-MOTOREPOSLYTON Y AN COUOH.
DUTFUT TEF TR ) sPHARERCORE [MOTOREPHASE 1,
CALL ROWSLEES {CCWSETEPSDELAY, BMOTORSEXCEPTHOONED .
END.
CALL RGHFSLEEF (CCHIF AUSESDELAY, BHOTORSEXTEF THEULE T,

ERMD.
END FHOTOR®TASH.

Exampie 4. Stepper-Motor Controller Task

ReaI;TIme Interrupt Processing

The 80130 supports a two-tiered hierarchy of interrupt
processing. The lower-level tier corresponds to the
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traditional concept of hardware interrupt servicing; a
routine called an “‘Interrupt Handler is invoked by the
80130 internal interrupt conirol logic for immediate
response to asynchronous external events. A short
routine like this might, for example, move one charac-
ter ffom a USART to a buffer. Interrupt handlers oper-
ate with lower-priority interrupts disabled, so it is a
good idea to keep these routines as quick as possible.

“Interrupt Tasks,” on the other hand, are higher-level
tasks which sit idle until ‘‘released’ by an interrupt
handler. The task thenr executes along with other active
tasks, under the control of the OSE Such 4 task should
be used to perform slower but less time-critical pro-
cessing when occasions warrant, such as when the
aforementioned buffer is full. Moving such additiona}
processing outside the hardware-invoked interrupt
handler reduces the worst-case interrupt processing
time.

This hierarchy alzse decreases interrupt latency. Most
OS8P primitives execute in their own, private
“environment’ {(e.g., with their own stack and data
segments) rather than that of the calling task. Interrupt
handlers, on the other hand, run in the same environ-
ment as the interrupted task. (In fact, the 80130
primitives may themselves be inierrupted!} Leaving the
CPU segment registers unchanged minimizes software
overhead and interrupt response time, but also means

that interrupt handiers may not call certain O8-

rontines. An interrupt task, on the other hand, is in-
itiated and suspended by the OSP itself, with no such
restrictions.

Let’s see how these capabilities would be used. The
tima delays introduced by the RQ$SLEEP call are only
as accurate as the crystal frequency from which they
are ultimately derived. This may not be exact enough
for critical time-keeping applications, since oscillators
vary slightly with temperature and power fluctuation.

To keep track of the time of day, the example system
uses a 60-Hz A.C. signal as its time base. (Most power
utility companies carefully regulate line frequency to
exactly 60 Hz, averaged over time.) A signal from the
power supply is made TTL-compatible to drive one of
the 80130 interrupt request pins. An interrupt handler
responds to the interrupts, keeping track of one
second's worth of A.C. cycles. An inferrupt task counts
the seconds by incrementing a series of variables.

Example 3 illustrates the former routinec. ACS$
HANDLER simply increments a variable on each 60-
Hz mterrupt. Upon reaching 60, it clears the counter
and signals TIME$TASK (Example ).
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DECLARE AC#CYCLEACOUNT BYYE.

ACEHANDLER PROCEDURE INTERRUPT 5%.
DECLARE ACKEXCEFTSCODE WORD.

FRVECTOR DR BO13Y 1IWNTORS

CALL RERENTERWINTERAUPT [ACRINTERRUP TSLEVEL . RACSERCEF TRCODE b,
ACACYCLESCOUNT=ACSCYOLESEGAMT+1,
IF ACKRCYCLESCOUNT = &0
THEN D3,
ACHCYL L ERCOUNT=D,
Carl RGESICNAL#THTERRUPT (ACHINTERARUPTELEVEL.
BALSENCER THCODE Y .
END:
ELSE CALL RA$EXITHIMTERAUFT (ACSINTEARUP THLEVEL .
GACSEXCERTSCODE ! .
END  ACH¥HMAMNTHLER.

Example 5. 60-Hz A.C. Interrupt Handler

In its initialization phase, TIMEITASK sets up the
interrupt handler by calling the RQ$SETS
INTERRUPT routine. The body of TIMESTASK (the
execution phase} is just a series of nested loops count-
ing hours, minutes, and seconds. When TIMESTASK
calls RQSWAITSINTERRUPT inside its inner-most
loop, the OSP suspends execution of the task until
ACSHANDLER signals that another second’s worth
of A.C. cycles has elapsed. Thas, interrupt handlers
can serve to ““pace” interrupt tasks. After a day,
TIMESTASK compictes and delstes itself,

DECLARE BECOND$COUNT BYTE.
MIMUTESLOUNT BYTE.
HOURSCDUNT BYTE,

TIME£TASKE FROC EDLRE.
BELEARE TIMESEXCERYECODE woAD.

ACECYCLESCOUNT=0,
CALE RO®SETHINTERRUFT!ACHIINTERRUFTSLEVEL. O1H,
INTERRUPTHPTR (ACEHANILER ) DATASIEGHADDR JASE,
ATIMESEXCEPTECODE b,
CALL RRFRESUMESTASK! INITSYACKSTOKER. RTIMCSEXCERPT#CODE !,
DT HMOURSCOUNT=D TD 23,
GD MINUTESCOUNT=0 TG 2%,
DO SECOMDECOUNTD TO 5%
Call ROSWATTEINTERRUPT!ACE INTERRU? THLEVEL.
ATIMESEXCEF TELOME) .
1F BECOMIMCODUNT HMOD % = O
THEM CALL FROTECTEDSCRT4IUT(HEL Y.

ENT. /% SECOND LOOP k/
END. ##  MINUTE LOOP @/
END. S OHBUR LOCF S

cALL RGSRESET2INTERRUPT [ACS iNTERRURTHLEVEL,
BTIHME$EXCEF T#CODE !,

CALL ROMCELETELTASH (D, ATIMENEXCERTHCODE ».

END TIMEETAEGK.

Example 8. interrupt Task to Maintain Time of Day

Exercise 7: The time maintained by TIMESTASK
is consistently wrong, unless the system resets at
midnight. Aside from that, how much error would
accumulate per month had TIMESTASK pacedits
inner loop by calling RQFSLEEP if the system
oscillator was 00.01% off? How does this com-
pare with a cheap digital watch? How much error
will accumulate from the 60-Hz time base
described?

TIMES$TASK incorporates another gimmick: every five
seconds it sends an ASCIL “BEL” character (07H) to
the console to make it beep, by calling a routine calied
PROTECTEDSOUTPUT. This lead-in gives us a
chance to discuss OSP provisions for task synchroniza-
tior and mutual exclusion.
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Mutual Exclusion

Whenever system resources (e.g., the console) are
shared among multiple concurrent tasks, the software
designer must be aware of the potential for conflicts. In
single-threaded (as opposed to multitasking) programs,
the easiest way to transmit characters is by calling a
console output routine {written by the user or supplied
by the OS) which outputs the character code.
(Remember the examples following the hardware in-
itialization routine?)

This approach preserits two problems in a multitasking
system. One is efficiency: a high-priority task could
‘hang up the whoie system while it waits for a printer
solenoid to energize, induce a magnetic field, accelerate
the hammer, contact a daisy-wheel spoke, move itup to
the ribbon, and press them both against the paper. This
waste of time is termed *“busy waitiog,” and should
always be avoided. By OSP standards, even 1/30 of a
second can seem interminable; if the printer is other-
wise occupied, the whole system could shut dewn
indefinitely.

Aside from efficiency, though, there is & more sericus
synchrenization problem here. Assume Task A has a
higher priority than Task B. Task A is asleep. Task B
calls 4 subroutine to poll the USART and transmit a
character. The WSART becomes ready. When this is
detected, the subroutine prepares to output the charac-
ter to the USART . . ..

Time out! Task A just woke up and starts running. Task
A wants to transmit its own character. It calls its own
output routine, checks the USART, finds it available,
sends it a new character, and goes back to sleep
(or suspends itself, or awaits another interrupt-—
whataver),

Now Task B continees. It “knows" the USART is
available, having dutifully monitored it earlier. Task B's
character goes out to the USART. The USART goes out
to lunch. {In practice, the USART will probably just
transmit corrupted data; still, its operating. reguire-
ments have been violated.)

In Task B's cutput routine, the sequence of statements
from when the peripheral is found to be ready to when
the next character is written constitutes a “‘critical
region’ (a.k.a. *‘critical section™ or ““non-interruptable
sequence’’). Recognizing such regions and handling
them: ¢cotrectly is un important concern in any multi-
tasking system, so the OSP provides several facilities
—interrupt control, regions and mailboxes—to help
handle general synchronization and mutual exchision
problems. Which one to choose depends on the
circumstance.

Exercise 8: In this example, would it be better if
Tasks A and B shared a single output routine, so
that only 'one section of code sent data to the
USART? Convince yourself that the same (or
worse!) problems could still arise,

Sometimes critical sections can be protected by just
disabling interrupts at appropriate points in the applica-
tion software, To maintain the integrity of an iAPX
86/30 system, application code must never execidte the
STI, CLI, or HLT instructions (ENABLE, DISABLE,
or HALT statements in PL/M), nor can it access the
interrupt control logic directly. Instead, the interrupt
status should be controlled with the OSP
RQSENABLE and RQ$DISABLE procedares;
routines should be halted via RQ$SUSPEND or
ROSWAITSINTERRUPT.

BRack to TIMESTASK: we want to transmit BELSs to the
console every five seconds. The console output task
witl be transtmitting other characters. A *‘clever” pro-
grammer may recognize that this will lead to a critical
section and analyze the situation as follows:;

1. A hazard would arise if TIMESTASK sends out a
beep when CONSOLESOUTSTASK is wsing the
USART; '

2. TIME$TASK will only execute after being signaled
by ASCSHANDLER;

3. ASCSHANDLER oniy reponds to an external
interrupt.

“Therefore, all CONSOLE$O'UT$.TASK has to do to
be safe iz disable the 60-Hz interrupt around its ontput
routine.”* .

Not quite. There are stifl potential hazards. Suppose
CRTSOUTSTASK has the same priority as
TIMESTASK. TIMESTASK may aircady have been
signaled by ASCSHANDLER and be ready to run when
CRT$0OUTSTASK completes. An otherwise unrelated
event—another interrupt, for instance—could mo-
mentarily suspend CRTSOUTSTASK during the criti-
cal region with A.C. interrupts disabled, When the OSP
returns to that level, it might resume with
TIMESTASK, rot CRTSOUTSTASK. This could lead
to the same malfunctions as before, so disabling 60-Hz
interrupts didn’t help. This series of worst-case as-
sumptions is admittedly convoluted, but the resulting
sporadic errors are among the hardest of all bugs to-
squash, '

The problem is that this attempted solution involves too
much interaction between tasks, making it confusing
and error-prone. Even if some scheme of priority-level

‘assignments and task interactions could be made to

work, later modifications or simpte additions to the job

AFN-G2058A

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



AP-130

could cavse bugs to reappear. (The analogy of an unex-
ploded time bomb comes to mind.)

A simpler solution would be one corresponding mare
closely with the problem. Accordingly, the OSP sup-
ports several primitives just to supervise and control
access to critical regions,

One of the OSP “'datatypes’ is a data structure called a
“Region,” which can be used by application code to
control access to a shared port or some other resource.
A task wishing access to the resource should call the
OSP procedure RQIRECEIVESCONTROL before
trying to access that resource; when done it must call
ROSSENDSCONTROL.

The OSP keeps track of which regions are in use, As
Iong as a region is busy (i.e., has been entered but not
yet exited), the OSP will prevent other tasks from enter-
ing the region by putting them to sleep. The OSP keeps a
queue of all tasks waiting for the busy region. When the
region later becomes available {i.e., when the task con-
trofling the region calls RQ$SENDSCONTROLY), one
of the sleeping tasks—either the highest pricrity or the
most patient—will be awakened, granted control of the
region, and sent on its way, {When a region is created,
the OSP is told whether to awaken tasks waiting for the
region based on their priority or how long they
have been waiting.) Effectively, .a call to RQ$
RECEIVESCONTROL will niot return to the applica-
tion task until the resource in question becomes
available.

The PROTECTED$CRTSOUTPUT {Example 7) dem-
onstrates this protocoi. The routine is declared
reentrant which means (by definition) the routine may
be interrupted and restarted safely. A reentrant roatine
may be shared by a number of tasks, instead of replicat-
ing the same code throughout the application.

FROTECTED®CATROUT PFROCEDURE [CHAR) REENTRANT,
DECLARE CHAMR EYTE.
DECLARE CRTHEXCEF r3CODE WORLD-
CALL RSAECEIVESCONTROL (CRTARESIOMNETLKEN, RCH TSEXCEFTHCODE D,
DO WHILE « INPUTIBTATESL) AND GlH}=O.
FE NOTHING  #r
EMD.

OUTFUTI(CHAR $31 }oCHAR .

CALL ROWSENDSCONTROL (RCATSEXCERTRCADE],
ENC PROTECTED®CRT#OUT.

Example 7. CRT Ouiput Routine Protected by
Region Protocol

As a concession to simplicity, PROTECTEDS
CRT$OUTPUT does use a form of the busy waiting
method described earlier. The maximum delay at 9600
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baud is only one miilisecond, however, much shorter
than a system tick, Besides, tasks performing character
I/Q will all have low priority levels, so the OSP would
just delay them if anything more urgent comes up.

Exercise 9: Decide whether this explanation is a
feeble attempt at rationalization, or a well-
justified engineering trade-off.

Inter-Task Communicatlon

But what if a high priority task must output & string of
characters, or the peripheral response time is too long?
Busy-waiting may not be acceptable. Alternatively, the
antput routine couid buffer the data and service the
USART within an interrupt routine. Another would be
to simply pass the data off to a special {low-priority)
output task and continue.

Tasks pass information to each other via something
called a “‘message.” A message may be the token for
any type of QOSP object, but the most common and most
flexible type is called a “memory segment.” In our
example, segments will be used to carry strings of
ASCII charactets between tasks, so we'll examine seg-
ments first. Message formats are defined by the individ-
ual application programmer—make sure the sending
and receiving tusks assueme the same format!

A memory segment is just a section of contiguous-sys-
tem RAM allocated (set aside} by the OSP at the re-
guest of an executing task. The OSP keeps track of a
free memory *‘pool,” which is initially ail unused RAM
it the system. When a task needs some RAM, it tells the
RQ$CREATESSEGMENT procedure how much it
wants. The QSP finds & spitable memory block in the
pool, and returns a 16-bit token defining its location. (If
aot enough memory is available, the procedure returns
an exXception code.) .

The toker is the base portien of poiater to the first
usable byte of the segment, with the offset portion
assumed to be zero. (The token values for ali other
objects have no physical significance.) Knowing this,
it’s possible to access elements of the segment as the
application warrants.

The subroutine in Example & shows how to reguest a
segment and construct a message, PRINT$TIME sends
the ASCII values of the time-of-day counters
{maintained in TIME$TASK) to the CRT cutput task
described later. The message format adopted for these
examples will consist of a byte giving the message
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i lenpth, followed by that number of ASCII characters.
Figure 10 shows this format.

FRINTSTON PROCEDURE.
DECLARE TOMRESEAGESTOMEN HORD.
DECI ARE TODWEXCEPTHCOLE HORD:
DECiARE TOD#SEGMEMT®OFFIET WORD.
. TODSEESHEMTREAGE WORD:
DECLAHE TODESEGMENTSFNTR POIMTER AT (@TOLESECMENT4DFFEET ..
DECLARE TUDRYERMPLATE (28 BYTE .
DATA (387, 'THE TIME I8 MM hh'mm 23, 2GR LFF.
DECLARE TODMSTRING BMASED TOCABEGMEMTAFNTR (E2BF BYTE.
DECLARE TOD#ETRINGSINIEX BYTE.

i T{28, @TOCEXCEFTRCODE .
T IENTSBASE=TL TOKEN,
TULREEGMENT MFFSE =,
DO TUDASTRING INDEX+O TQ 27.
TODETHR F1éiz ¢ TODESTRIMGS INGEX fni
TOB4TEMFLAYE  TODSSTRINGS (NDEX Y.

END
TOUDSATRIMEC 17 wASCIIRCO0E | HOURNCOAHT A L.
TODWATRING! 18 ' maSC I IECODE (HOURSCOUMT MOD 107,
TODSSTH LNG 20 i =ASC I TECODE1MENUTERCDUNT 104,
TODRETA IMG {2} beAST I IECODE {MINMUTERCOUNT MOD 120,
TODMETH ING (23 b =ASC I ISCODE L EECOMORCOUNT /103,
TODESTA ING {24 ;=ASC I [4CODE (SECONDECBUNT MOD 100,
CALL RUSSENDWMESSAGECRTSMAILEDXSTEREN.
TODSMESSASE BPTOKEN, 0. 2TUDSEXCEF TRCUDE
RETURHN.
END FRINT$TODI

Exampie 8. Subroutine to Send Time-of-Day
Message to Output Task

We're coding PRINT$TIME here {(see Example 8),
while TIMESTASK is fresh in our minds. It will acteally
be called by (and is therefore considered a part of)
KEYBOARDSTASK. Note that while tasks are written
as individual procedures, they need not be fully self-
contained: cutside procedures should be used te help
organize and structure the code.

The first 1hin§ PRINTS$TIME does is have the OSP
create a segment of suitable length, and copies a
“message template™ into the segment, byte by byte.
Then it converts the TIMESTASK counter values to
ASCII, filling ir blanks in the template. Finally, it sends
the token for the message to the CRT mailbox.

To repeat, these examples are intended to illustrate use
of the OS8P routines assuming minimum familiarity with
PL/M. Better programming practices might take advan-
tage of PL/M literals, structures and the array
LENGTH function to build the message, rather than
the inflexible constants shown here. Some of these
techniques are suggested by PRINT$STATUS
{Example 9), which indicates the binary status of the
input switches.

PRINTSSTATUN, PROCEDURE!
DECLARE STATUBMIEESAGENTOKEN WORD.
DECLARE STATUBSTXCENTACODE WORDS
TECLARE STATUSSSECHENT#DFFEET WORD.
BTATUSSSEQMENTHBASE WORD:
DECLARE STATURSSRGMENTRPNTR POINTER
AT (RETATUSHEECHENTRUFFSET b1
DECLARE STATUBSTEMFLATE {40) BYTE DATA
(3%, *THE BWITCHES ARE NOW BET TO By CRe LF b
DECLARE STATUSSETRING BASED STATUSMHEGHEMTERNTR (4{) BYTE.
DECLARE ETATUSSSTRIMGAINDEY BYTE. :
DECLARE BITEFATTERN BYTE: .

ETATL

T AENT t40,
BSTATUSSEACEPTECRCE .
E=tiTaT

ENT =) TOHER:.
HTATUSRSEGMEN THOFFSET MO,
00 STATUB4STRINGRINLEX=C TO 3%,
STATUS#STRING (STATUBSETRINGSINDEX )4
ETATUSBTEMPLATE (ETATUSHETRING S THDE ).
END.
BITSPATTERN=INFUTI(PFINA].
DIt STATUSWSTRIMGAINDEX=25 TO 3k
ETATUS€STRTNG { STATUSSETR INGEINDEY ) =
ASCITSCODE{BITHATTERN AND O4H).
BIT#PATTERN=ROR (BITAPATTERN. 1))
END»
CALL RG®SENDAMECEAGE (CRTEMATLEDXFTOKEN.
BTATUSEMESEAGESTOHEN, O, #STATUSFENCER THEODE :
EMC  PRINTHSTATUE.

Exampie 9. Subroutine to Send Status Report
Message to Output Task

Exercise 10: One input port is read by beth
STATUSSTASK and PRINT$STATUS. Does this
constitute a shared resource? A critical region?

Exercise 11: PRINTS$TIME reads the counts

" maintained by TIME$TASK, but doesn't atter
them. Forced mutual exclusion is generally
mandatory when multiple tasks perform
read/modify/write sequences on a given variable.
Can PRINT$TIME ntake TIME$TASK maifunc-
tion? What about the opposite case? If this fatlure
mode was deemed unacceptable, how could it be
protected?

Mailboxes

The data in a message doesn’t actually move or get
copied from source to destination when the message is
sent; this would be toc slow with long messages.
Rather, the OSP ‘‘carries” the message’s token from
“task to task via a data structure cleverly termed a
mailbox. If one task must send messages to another, a
mailbox must be created to hold them. The sender calls
the RQISENDSMESSAGE to put a message
token into the mailbox. If the receiver isn’t ready for
the message yet, the OSP puts the message token
into an ordered queue, When the receiver calls RQ3

OFFSET~ 0 1 z 3 4 5 m 12

14 15 16 17 18 18 20 21 2 23 M B 8 I

L] [ [=[e ]

anEonnD|

o[ P ] [0

SEGMENT STARTING ADDRESS « TOCSMESSAGESTOKEN 0L00H

Figure 10. Message Formats Expected by Quiput Task
T 264
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RECEIVESMESSAGE later, the OSP will give it the
tokens one at a time,

What happens if a task tries to receive a message when
the mailbox is empty? {This is quite possible, since
tasks do run asynchronously.) What token would the
OSP return?

In the simple case . . . it doesn’t! Instead of returning
right away with no data, the OSP will wait until data is
available. In the meantime, the OSP puts the receiving
task to sleep, remembering that it is waiting for a
message at that mailbox. The next time a message is
sent to that maitbox, the OSP will awaken the receiving
task, give it the token, and—if its priority is high
cnongh—resume its execution. Alternatively, receiving
tasks may elect to not wait if the mailbox is empty, or to
wait only a specified time.

Many tasks may actually send and receive messages
through a single mailbox, with messages being queuved
in the order that the RQFSENDSMESSAGE calls are
executed. The OSP also maintains a list of tasks waiting
to receive messages from an empty mailbox, analogous
to the quened tasks waiting for region control. As each
message is sent to the mailbox, it is passed immediately
to a waiting task, either the one waiting the longest or
the one with the highest priority (likewise determined
by a parameter specified when the maifbox is created),

Exercise 12: Under what conditions could a mazl-
box’s message guene contain messages waiting to
‘be received, while the task gueue contains tasks
waiting for messages? 1gnore the possibility that
this may happen momentarily during the imple-
mentation of either routine. If you think of any
such circumstances, please contact the author.

Example 10 shows a task which prints the messages
sent above. Upen receiving a message token,
CRT$OUTS$TASK determines the message length from
the first two bytes, and sequentially prints each element
of the string through the PROTECTED$CRTS
OUTPUT routine explaingd earlier. When done, the
segment containing the messuge is deleted, returning its
RAM to the free-memory pool.

A few words are in order about the segment accessing
techniques demonstrated heve, PL/M-86 has a special
data type, called a “pointer,” used to indirectly access
other PL/M variables. OSP application programs must
be compiled with the “compact™ or “large™ model spe-
cified. This tells the compiler to implement pointers as
32-bit double words corresponding to the two paris
(base:offset) of the BOB6 machine-segmented address-
ing scheme, PL/M-86 tries to shield the progtammer
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CRTHOUTSTASK,  FROGEDURE.

DECLARE MESSAZESLENGTH EYTE.

DECLARE MESSACESTOREM WORD.

DECLARE RESPONSE#TOKEN WORD.

IECLAE MESBAGENECER THCDIE WORD.

DECLARE MESEBACESSEGMENTSOFFGET WORD,
TEEEAREAEEGMENTREASE WORD:

TECLARE MESSAGEWSECHMENTAPNTR POINTER AT
[SMESEAGERSERMENTSOFFSET 5,

DECLARE TR BASET

ENTHFNTR OYTE.

CALL RGSRESUME® TAEK{ INITSTAEKS TOKEN, BMESEAGEVEXCEPTHCODE ),
£C FOREVER: )
MESSACES TUMEN=FASRECE I VESMESSADE [ CATSMAIL BDX S TOMEN. OFFFFH.
@RESPONSES TUMEN, RMESSACEREXCEPTACODE !,
MESSADE+SEGMENTHOFFBE =0

4 TSBASE: TOKEH.
MESSAGESL EMOTHeMESSAGESS TH INGSCHAR -
bila] #OFFSET=1 TO ENETH,

CALL PAOTECTEDSCRTADUT (MERBAGESSTRINGRCHAR 1)

END:
CALL RG¥DELETI 1l
ENT. /= DOF FORE'
END  CRTSOUTHTASK)

TOKEN, KCEFPTSCODE) .

T(
VER-LOOF  #/

Example 10. Task to Transmit Messages
to the CRT

from the details, yet at times the two parts must be
manipulated separately (for instance, to access data in
an OSP segment knowing only the sepment token/base
value).

To get around this, these examples assign a pair of word
variables to the same address as a PL/M pointer vari-
able. Each representation is then an alias for the other,
To determine the bage or offset value of an item of data,
load the pointer variable with a pointer to the item and
then reference the appropriate field of the overlayed
pair of word variables. To **build’’ an arbitrary pointer,
assign computed values to the base and offset fields and
then access the data item via the composite pointer.

Exercise 13: PL/M 86 does not have built-in func-
tions to separate the high and low-order words of a
pointer variable. Does this seem to be a weakness
in the languape? Bear in mind that the machine
representation for pointers varies depending on
which programming mode! is specified at compila-
tion time. When the ““small” model is selected, the
compilers take advantage of a 16-bit pointer
representation for faster and more compact code.

Console Command Interpreter

If a system has a console keyboard, it's probably nsed
to accept and interpret operator commands. For this
demonstration system, the lowest priority of alf tasks is
a simple-minded routine which polls the USART untif a
character has been received, and immediately echoes it
by calling—you guessed it!—PROTECTED
SCRTSOUTPUT. Thus, the keyboard is “‘alive’; it
responds immediately to keystrokes, so the operator
can type whatever nonsense he desires while every-
thing else is going on.

Ten of the keys (digits 0 through 9}, invoke special
commands which illusirate interactions between the

AFN-D2DEEA
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multiple tasks. Commands 0 and 1 print out the time
and status messages; the rest suspend and'resume
various tasks, as shown by Table 2. The code for
COMMANDSTASK appears in Example 11.

Inittalization Task

Now that the application tasks have been written, we
can write the iaitialization task.

All applications require a special type of task to initial-
ize system variables and peripherals and create tasks
and other objects used by the application. It, too, is
written: as a PL/M procedure, and can thus be divided
conceptually into the same three phases.

Example 12 shows such a task for the demonstration
system. The first thing INTT$TASK does is determine
the base address of the job data segment by assigning
pointer DATASSEGSPTR with its own address. Next it
calls the RQIGETSTASKSTOKENS routine, which
telis the task what token value the OSP assigned it at
run time. It then initializes the system peripherals by
creating the hardware initialization task discussed
above; this code could have been integrated into
INIT$TASK itself just as easily. During its own
“execuiion’ phase, INITSTASK calls routines to
create the OSP data structures shared by the applica-
tion tasks: the REGION controlling access to the
USART, and the MATLBOX repository for output mes-
sages. INITSTASK creates the application tasks them-
selves by calling RQ$CREATESTASK.

Though not always required, it is common practice for
the overall initialization task to suspend itself afier
creating each offspring, to let the newborn tusk get
started, Under this convention, each offspring task
must resume the initialization task by calling the

LUMMANDETASK  PROCEDURE.
DECLARE CONIOLESCHAR BYTE.
DECLARE COMAAMO®EXNCEFTRCODE WORD.

CALL RGERESUMESTAEK( INIT&TASKETOKEN, BCOMMANDEE XCEN THCODE 5.
bo FUREYER.
CHNSOLESCHAR=CEIN AND ZFH.
CALL PROTECTEDSCRTHOUT (CONSOLESCHAR .
IF CONSOLESCHAR=CH
THEN CALL PROTECTEDSCRTHOUT(LFI1T
SIF (EQRSOLESCHAR $= 0°) AND (GONBOLE®CHAR <m 7°3
THEW DO,
CALL FROTECTED®CRTHEWT (CRY,
CALL PROTECTEDRCRTHCUTILF Y,
O CASE (CONSOLESCHAR-'0‘).
CALL PRINT$TOD.
CaLL PRINTSSTATUS,
CALL ROMEUGPENDSTAIK (LR TSOUTATASNETOREN.
BOOMMANDSE X CEPTSL0TE ]
CALL RGHRESIMESTADW (TR TEDUTHTASHETIKEN,
ECOMMANDEXCEFTELOCE] .
CHLL ROSDISABLE1ACHTMTERRUFTSLEWEL..
BCOMMAMNCHEXCERT#CODE) .
CALL ROSENAOLE{AC®INTERRUPTOLEVEL.
BCOMMANDISEXCEPT#COIE ) -
CALL REESUSFEMDS TASK (MOTOR+TASKFTIEN,
BCOMMANDSEXCEFTE RME L.
CALL RGEREIUMESTADM (PO TDAETASHETOREN.
. ACOMMANDSEXCEFTAZGDE] .
CALL RGESUSPCHDETACK (STATUSETARK STEKEN.
BCOMMANDYEXCERFTHCODE ).
Cal L RGHRESUMEN TASK (STATUSHTAEK® TOHEM,
BLOMMANDSEXCEP THUO0EL. -
EMD. f4 OF CAgE-LIST
OF COMMAND PROCESSIMNG

B2
EWMDO. LTS

END.
END  COMMaRDETASK.

Example 11. Task to Accept and Process Keyboard
Commands

INIT$TASK FROCEDURE FUBLIC.
DECLARE IMITHEXCRPT#CODE WORD.

DATA$SECHPTRA=ZINITEFASHETOKEN,  /£LDAD DAtA SEGMENT HASEx)

CRTEMA ] A0S TOREN=RESCREATESMATLEOK {0, E1NITHEXCERTACGIE ),

CRTEREC TONSTOKEN=RGNCREATESREGTONS 0y @INT THEXCER TRCODE i

THITETAGH S TOKENSR GHGETHTASHSTOMENS (0, @INITHEXCEP TRCODE 1,

HARDWARE S INI THTABHSTOMEN=AGHCREATES TASK
{110, BHARDHAREF INITSTACK, DATASSEGFADIR RASE, 0. 40U,
0 BETTHERGCERTHCODE |,

CALL RAMBUBPENDSTASK (O, &TNT TSEXCER TELODE Y,

STATUSSTAEKETOKEN=RGECREATESTASR (] 10, RSTATUSSTASH,
DATAYEEGHIADDR BAGE, O 300, 0, EENITHEXCEF T#CDDEY

CALL RESSUSPENDETASK [0, 81Ki TOELCERPTROODE !,

MOTORWTASKE TOKEN=RG$CREATES TASK (110, @MOTORE &gk,
DATAREEG$ADDR BASE. 0. 300. 0. @INITSE LCE~ THCOUE .

Cakl AGHSUSFENDSTAGH [t RINITSENCER THCODE ) .

FIAE S TASKATOMEN-REYCREATESTASM ¢ 120, ETIMERTAGK,
DATALSEGSATDR BABE. 0, 300, 0. @IN] TEEXCERTHCADE S,

CALL RO+GUSPENRETASK(O. @INITSEXCEPTHCOME]) .

CRTROUTETASKS TONEN=RESCREATES TASK {120, BLETSOUTHTAGH,
TATARSESSADER UASE. O, 30, 0. RINITSEXCEPTSCODE? -

Call ROESUSPENDHTASK S @INITSEACERFTELO0EY.

COMMANDS Y A5K $ TOREN=RUSCREA TES TASK ( 130, RLIMMANDATASH,
VATARSESAADDR BASE, 9. 300, 0. BINI THEXCEF T4CODE ),

CALL RGIUIPENTTASK D, BINITSEXCERTHCIOGE? .

CALL REAENDSINT THTASK,

CALL REMDELETEMTASHK D, RINITHEXCEFT&CODE L,

EMD  INMITETAGH.

Example 12. Task to Initialize System Software

Table 2. Special Console Commands

Key Function

1] Send Time-of-day message to CRT.

1 Send status update message o CRT.

2 Suspend CRT output task. The OSP will automatically save messages to the task
in the CRT mailbox queue.

3 Resume CRT output task. Queued messages will be displayed.

4 Disable 60-Hz interrupt-driven time base. Time-of-day clock will stop,

5 Enuble 60-Hz time base to resume clock execution.

] Suspend motor control task, Motor will stop.

7 Resnme motor control task. Note that if task was suspended 17 times, it ust be
resumed 17 times.

8 Suspend status polling task, Lights indicating system status will frecze in current state,

9 Resume statas polling task.

Artisan Technology Group - Quality Instrumentation ...
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RQSRESUMESTASK routine when its own local in-
itialization is complete. This convention is called
synchronous initialization; its purpose is to ensure that
each task is allowed to complete its own start-up phasc
before the next task is created. Otherwise, there's a risk
that higher-priority tasks created later could start exe-
cuting before earlier tasks were ready for them, with {at
best) unpredicatable resaults.

When all the tasks have been created, INTT$TASK has
served its purpose. It must then call RQ$SENDS
INIT$TASK. This short procedure (actually self-
contained in an OSP Support Package interface library,
not built into the 80130) tells the OSP that all the off-
spring tasks have been created for a given job. At this
point, INIT§TASK could continue with non-initializa-
tion activilies. The code for KEYBOARDSTASK might
have been implemented here, for example. Since this
example has nothing more to do, INTTFTASK deletes
itself with a final call to RQSDELETE$TASK.

Code Translation

That's all, folks. Mix together the above code frag-
ments, declare literals and global variables, and com-
pile until done (about four minutes). The source file
name selected for this example is AP130.PLM. The
compiler will produce two files: an annotated source
listing (named AP130.LST) reproduced in foto in Ap-
pendix B, and a relocatable object file (AP130.0BJ)
which wili be used in the installation procedure dis-
cussed next.

High-Level Parameter Passing
Conventions

Well-designed programs generally rely on subprograms
{*‘procedures” in PL/M terminolegy) for often-
repeated instruction sequences, or to perform
machine-level operations within High-[.evel Language
programs. PL/M-86 and other Intel high-level lanpuapges
use a standard set of conventions to pass parameters
and results between procedures; assembly language
programmers are advised to adhere to these conven-
tions for software compatibility.

Before cailing a subroutine or function, input
parameters must be pushed sequentially onto the stack,
in the order {left-to-right) they appear in the procedure
parameter list, When eight-bit parameters are pushed,
the high-order byte associated with them is undefined.
Thirty-two-bit pointer values are pushed in two steps,
offset word before base word. The stack ““grows™
down, so the feft-most parameter will have highest-
numbered address. -
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Functions which return a byte or word value (i.e., typed
procedures) do so in the CPU AL or AX registers.
Pointers are returned through the ES:AX register pair.
The PL/M Programming Manua! explains these con-
ventions more fully.

One way to see how an assembly language toutine
would interface with PL/M is to first write a dummy
P1/M procedure using the same parameter sequence as
the desired assembly language routinc. Compile this
procedure with the compiler CODE switch set. The
listing will then include the appropriate assembly lan-
guage instruction sequence, and may be followed as a
pattern for the final routine.

SOFTWARE CONFIGURATIONS &
INTEGRATION

When the application code has been written and com-
piled, the hardest part of program development is over,
Before the code muy be executed, though, the OSP
must be told various things about the system hardware
envirgnment, desired software options, application job
characteristics, and so forth.

This information is conveyed during a multi-phase se-
quence of steps collectively called the Configuration
process. Though the process is somewhat leagthy and
time-consuming, it is alse very “mechanical™; the per-
son doing the work does not nced to understand any of
the application code or even know what it does. Nor-
mally, configuration would be performed by a fechni-
cian or a single member of the programming team, aided
by appropriate SUBMIT command files, This chapter
ghows the full configuration and instailation process for

the demonstration system. For more details, refer to

the OSFP User's Manual,
Fhe three phases of the configuration are:
1. Generating, linking, and locating OSP support code

required for the EPROM immediately above the
80130 address spuce;

2. Linking and locating the object file for the applica-
tion job developed in Section IV

3. Creating, linking, and locating & short module
(called the Root Job) which initializes the OSP and
application jobs when system is reset.

Finally, of course, the absclute code resulting from each
phase must be programmed into EPROMs or loaded
into a test system before it can be executed.

Before starting, though, it iz beneficial to draw up a
memory map for host system hardware, to determine
what sections of memory are available. This map will be
filled in as each module is linked and localed.

AFN-OE\OEBA
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The prototype systemn memory space has two areas of
interest: addresses 0Q000H through 01FFFH contain
RAM, while 0FCO00H through OFFFFFH contain
EPROM. Since the CPU uses the first IK bytes of RAM
for the CPU iaterrupt pointers, and the last 16 bytes for
the restart sequence, these ar¢as should be recorded on
the map. For reference purposes, Figure 11 also indi-
cates that addresses OFBOOOH through OFBFFFH
enable the 80130 firmware. All this is shown in
Figure 11.

Generating the OSP Support Code

The OSP support code **customizes’ the OSP firmware
for a particular hardware environment, initializes the
system, and supports extended soft_ware capabilities.

To define the hardware environment, the user creates a
source file which invokes a series of Intel-supplied
macros. Parameters for these macros specify the 80130
O base address, SYSTICK interval (in system clock
cycles), and how the interrupt request pins will be used,

For instance, the code example in Figure 12 defines the
prototype system hardware. This source file must be
assembled, linked with several libraries from the OSP
support disk, and Jocated to produce the actual OSP
support code. Figure 13 shows the actual sequence of
commands needed. The DATA starting address speci-
fied within the LOCS6 parameter list (00400H) is the
first free byte of sysiem RAM (see Figure 11); the
CODE address (0F8000H) is simply the 80130 firmware
starting acdress.

STARTING ENDING
_ MEMORY MODULE ADDRESS ADDRESS
80BE REGTART VECTOR OFFFF | OFFFFF
e st i
EPROM i
pareq) i
S ———— = —
I —
#0130 MEMODRY BPACE UFB00:0 | OFBFFF |
] - [ oiFes
[
e -
6086 INTERRUPT VECTOR | “ono:0 "} 0G3FF
APPLICATION .10 STARTING ARDRESS: .. ...
ROOT JOB STARTING ADDRESS:

Figure 11. Exarﬁpla System Memory Map

NAMEDDEYLF
#TMCLUDEY Fi NDEYCF MAC)

EMASTER _PIC (80130, 2000, 0, 02

#TITLE(BQL13G DEVICE CIMFIGURATION TABLEY

JELAVE_FIC{ SLAVE TYPE, BASE_FORT, EDUR VB_LEVEL. MASTER LEVEL !
LT IMER (80130, ZODBH, ZOH, 17500)

. NDR_SUPPORTL ENCDDED, LEVEL 1

END

Figure 12, 80130 Device Conflguration Table
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MACRO(E0) PAREWIDTHI 132!

Fd LINKBE &

F1 0S¥ LIB(DOSKB& QFHCNFY, &
F1 fUCy LIB{MBEGIN:,
F1 ODEVCE O

Fit OS% LIB.

F1 NUCY LId.

F1 Os¥ LIB.

Fi NUCZ LIB.

FLOOEE LI,

FI nUCa L1B.

F3 OSx LI,

F1 HURSLY LIG.

F1 05X LIB

Al el ol

FO LOCA&
SERSIZE(ITACKIDI

ORDER { CLABSESIDATA. STACK ) }

FO ASMas F1 SUPL3D ASS PRINT: FL SUPIZ0 LSTH ERRORFRINT &

&
To F1 SUPL30 LKW MAF PRINT! F1 SUP13D MP1) MAME(MINIMAL BO130)

F1 SUPL130 LMk TO F1 SUP130 MAP PRINT! F1 SUP130 MP2y SC(3) %
%
ANDREEBES{CLARSEN CONE (OFHQOOH . DATA (OOAODH) 1 2 -]
&

OBJECTCOMTROLS ( NOLIMES, NOCOMMENT S, NOSYMEOLS !

&

Figure 13. Support Code Configuration Commands

A reliable and relatively straightforward way to per
form this step is to create a file containing the exact
command sequence shown in Figure 13 and execute
this file using the SUBMIT utility program. Of course,
the exumple assumes SUBMIT, ASM86, LINKS6,
and LOCRG are all on drive :F0:, and that the various
libraries have been copied from the support disk to
drive :F1:,

{An alternate, support-code configuration scheme lets
the vser modify the OSP software characieristics in
special sitnations. A programmer working with iRMX
86, for instance, may wish to augment the OSP
firmware to support all the iRMX Nucleus prinzitives.
This would be done by editing and assembling file
‘OTABLE.AS86 to select from a menu of software op-
tions, and modifying the linkage step slightly to include
one of the iRMX 86 libraries. The OSP buiit-in features
are more than sufficient for the purposes of this note,
though, so only the first approach is illustrated.)

Appendix D reproduces the Locate map file produced
during this phase. Near the end of fite SUP130.MP2is a
table of memory usage, showing that the iast bytes of
RAM and ROM consumed are 00A6: FH and 0FC61:
FH, respectively. Update Figure 11 with this informa-
tion. (The final version of the demonstration-system
memory map appears in Appendix C.) This phase
needn't be repeated unless the system hardware char-
acteristics change. :
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Applicatlon Code Configuration

After compiling the application job, it must be linked
with a library of interface routines from the support
diskette, and located within available memory. Use
RPIFC.LIB or RPIFL.LIB, depending on whether the
job was compiled with the Compact or Large software
model, Figure 14 is a command sequence file suggested
for this purpose. Again, the starting addresses specified
for LOCEG are taken from the system memory map.

Whenever the support code is reconfignred, check
SUP130.MP2 1o see if its memory needs have changed.
If so, the application-job-configuration command file
wiil need to be edited. This is still a lot simpler (not to
mention mere reliable) than retyping the whole se-
quence gach time application jobs are revised. Readers
familiar with the capabilities of the SUBMIT program
may prefer to represent these variables by parameters,
such that they may be easily specified each time the
command file is invoked.

As in the first phase, examine the locate map
(**AP130.MP2”", repreduced in Appendix E) after the
application code has been configured and update the
memory map. Also, note the segment and offset values
assigned to the initialization task. These will be needed
later.
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Creating the Root Job

By now, all of the code needed to execute the applica-
tion program has been prepared and is ready to run
—except it has no way to get it started! The OSP hard-
ware and system data structures must be initialized
before INITSTASK can be created. A short module
called the Root Job performs this function.

The process closely resembles the one which produced
the OSP support code. First, determine varions system
characteristics. Then create a file defining these charac-
teristics as macro input parameters. Finally, assemble,
link, and locate the file to produce the final code.

Figure 15 is the Root Job source file for the demonstra-
tion system, dubbed RYB130. A86. It consists ofjust five
macro calls. The %JOB macro defines certain charac-
teristics af the application job; for a full description see
the OSP User's Manual. One of these parameters is the
initinlization-task starting address {noted in the Iast
step), which will likely change with each iteration of the
application software.

The two %SAB macros define ‘““‘System Address
Blocks™”—sections of the overall memory space which
the OSP should not consider “free space.” Note that
the first invocation blocks off the RAM addresses con-
sumed so far in the memory map, plus an extra 140H
bytes reserved for the Root Job initialization stack.

REVISED 10/33/81 — JHW

SEGBIZE {HTACK (Q))

CHE&
COPY . FL. &F130 MR{ TQ LP

COPY Fi &P130 M2 TD LP

EUBMIT FILE TO {IMK APFLICATION OB TO INTERFACE LIERARY
AND LOCATE RESLTING QUTPUT.

LINKES "Fl AF130.DBEJ. F1 RPIFC LIBE TO F1 API30 LMK
HAF PRINT(-FL, AP130 MPL)

LOCAs F1 AFI30. LMK TD F1 AP130
ORDER 't CLASSES (DATA, STACK, MEMORY})

ADTIRESSEE (CLASSES (DATA (00A7O0H),
CODE (OFC&20HKI

MAP PRINT i-FI:APL30 MPR} .

JBJECTCONTROLE {NOLINES. NOCOMMENTS. NOPUBLICS, MOSYMBDLS)

Fl AP120 TO Fl-AP130 HBEE

E ol

Figure 14. Job Configuration Commands

: SOURCE
» AP-~130 DEMONSTRATION FROGRAM

$INCLUDE(- F1. CTABLE MAC)

ABAB (D, GOCO. W)
WESAB L0200, FFFF, U

woEx {OFS000H, N
ASYSTEM{FEOC, O- 4 RN, 1)

END

PROGAAM DEFINING CHARACTERISTICS DF RODT JOB FODR

Sk

AJOE (O OCOH, 100H. QFFFFH, OFFFFH, 1, 0 0. 1, 0, 100, OFCES: GAE5. 0, O Ty 200H, O}

- IQ/2%/81)

Figure 15. Root Job Configuration File
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{After completing this phase, examine RYB130.MP2 to
confiem that 140H is the correct number.) The second
%SAB invocation excludes addresses 02000H through
OFFFFFH, all of which is non-RAM, cither EFROM,
80130 firmware, or non-existent. The %SYSTEM
macro defines system-wide software parameters.

Figure 16 is a command file to transiate, link, and locate
the root job. Once again, the TOCS6 parameters come
from Figure 11. The listings produced during this phase
are yeproduced in Appendix E The final memory map
appears in Appendix C.

EPROM Praogramming

We are now ready to program EPROMs with the pro-
gram modules linked and located above, Intei’s Univer-
sat PROM Programmer (UPP) and a control program
catled the Universat Prom Mapper (UPM) will be used
int this step. Particular commands to the UPM wiil vary
with program size, memory location, and EPROM type,
but the peneral sequence should resemble that shown
here. ’

The first step is to invoke UPM and initialize the pro-
gramming system, following a command sequence
similar to that in Figure 17. The example system incor-
porates two 2764 devices, so 16K bytes of memory
buffer are cleared.

Next, alt the final code madules produced above {e.g.,
SUP130, AP130, and RIB130) must be loaded into the

UPM memory buffer. The three commands in Figure 18
perform this function.

When the final system is reset, execution must branch
into the root job initialization sequence. When the abso-
lnte code modules have finished loading, manually
patch a jump instruction into the buffer area corres-
ponding to the CPU reset vector. The opcode for the
8086 or 8088 intersegment jumnp is OEAH; the instruc-
tion’s address field must contain the address assigned to
label RQ$STARTEADDRESS (read from the root job
locate map), the 16-bit segment offset {low byte first)
followed by the segment base address (ditto). The UPM
CHANGE command should be used to make this
patch, as illustrated in Figure 19.

The UPM memory buffer now contains a complete
image of the code needed for the system EPROMs. Up
until now, all software-related steps—source code
preparation, transtation, linking and locating—have
been the same for 8086- or B0B8-based systems. At this
peint, however, the software installation precedures
diverge slightly.

Recall that the 3086 fetches instructions 16 bits at a
time, from coordinated pairs of EPROMSs. One contains
only even-numberad program bytes, the other, odd. To
separate the limear UPM buffer mto high- and low-order
bytes for ;APX 86/30 designs, vuse the UPM STRIP
command as shown in Figure 20.

Now “burn’ the EPROMSs with the PROGRAM com-
mand in Figure 21.

MOLIFIED FOR

ASHEE
L Ink3é

AJBLE0 ab .
croat lak

Lutga  f1 AJH130 tnk

T #1 RJHEITD

Dimyia.
PCipnali, pl.
HEGBITELstachiO) )

nopl.

OHES  F

RJHAZ0 TO 1

[

RIE130 LST T

LOPY  F

BJE130 MPL TR

-

COPY  FI RJALAO MP2 TO

LIMk AMR LOCATE THE aRMF BS ROUY JOB

TWO-HRIVE OPERATION
REVTSED I0/2% - JH4

f1 RJEIZ0 ABE MACRO{7S)
rragt Iihitoot],

#1 RJBLIO lok
FRINTL #1 RJBI3ZG mpl)

AP FRINT( F1 RJEL3C mpd)
natn,
rocm. mosbl

ARCER(clausyeideta,
ABDRESSESfclasses(codn (OFDIBOH ),

RJH130 HBE

Fallol

LELL-R]

Lol

Ftach, memaryl) g
&

data (ODALDMY Y )

LP
LF
LP

Figure 16. Root Job Conflguration Commands
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fill from 0 to 3#ffh with Cffh

Figure 17. UPM Initialization Sequence

read BShex fia : f1: sup130. h& from 0 to IR start o000k
repd B5hex file : f1: ap1:30. hBS from © to Jfih star? cO00h
read BShaex file : 1 : nb130. hB5 from © ta 2ifth stari 0fc000h

Figure 18. UPM Commands to Load Hex Flles

" ehange 3f0h=0aah, 11h, 00h, 18h, Ofdh

Figure 19. UPM Command to Patch Restart Vector

sisip low from O 10 3fifh into 4000h
strip hl fram 0 to 3ffth into G00CHh

Figure 20. UPM Commands to Strip High and Low Bytes

prograrna from 4000h 1o Eitth start 0
program trom £0G0h ip Fiith start O
[=

Figure 21. UPM Commands to Program EPROMs

To save some trouble, the UPM invocation and all com-
mands except the manual patch can be combined into a
SUBMIT command file. Replace the CHANGE com-
mand with a control-E character 5o the operator can
adjust the starting address for the iteration. Also place
control-Es before each PROGRAM step to give the
operator titne to socket the next memory device,

SUMMARY

The development of the 80130 marks a migjor milestone
in the evolution of microcomputer systems. For the

first time, a single VL.SI device integrates the hardware

facitities and operating svstem firmware needed by
real-time multitasking applications. The 80130 offers
the system hardware designer the advantages of higher

-integration-—reduced device count, smaller boards,

greater reliability-—along with faster design cycles and
optimal system performance.

The 80130 gives the software eugi.m:ér built-in support
for 35 standard operating system primitives, Applica-
tion problems may now be solved at a higher level than

-

272

before. It is now possible for concurrent tasks to be
dispatched, memory segments allocated, and messages
relayed through mailboxes nearly as easily as sab-
routines, dynamic variables, and O ports were used in
the past. In effect, Jobs, Tasks, Segments, Mailboxes,
and Regions become new OSP data types, manipulated
entirely by firmware in the 80130,

Yet despite standardizing these functicns, the OSP does
not restrict the user’s flexibility, The device can accom-
modate a variety of hardware environments, and both
the hardware and software capabilities are desired.

ACKNOWLEDGEMENTS

The auther would like to thank Peter Pederson for
designing and implementing the demonstration system
breadboard discussed in this note, Pam Johnson for her
assistance in typing the manuscript, and Hal Kop,
Lionel Smith, George Alexy, Chuck McMinn, and
Sandy Wharton for their help in reviewing the drafis
and providing many thoughtful comments and
criticisms.

AFN-020584

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



AP-130

APPENDIX A
EXAMPLE SYSTEM SCHEMATICS

2-73
AFN-020584

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



SoIBWRYIS WNsAg ejdwexg -y aunbig

-AP-130

2-74

AFN-DIDEEA .

Guaranteed | (888) 88-SOURCE | www.artisantg.com

SNA-vLYQ
Lov-0a¥ Lav-nay, sigv-aay
L0
o Eis]
30
WATH
NIILSAS
\ 21 |- s
b —— siavoay Jeavoar oo 00 0
. ] ¥ 4 st | aND
»| 5004 EET R
SOWAK €l |TH 08
=) =3 = = m
= = -4 anvad . 2Ht
: & e : 3 o G 1] e L
* - = h * w1 2 quleano
e o ~r SNASSIY o —= = M
= * = g 3Ha k)
=2 ¢ < B1g 30
¥
= Fialad . m L "
T — e 1 o
axL 3 | o A slav-oav | siav-oay
[+ ] anNg—w]5ia u g . _\
ane—=Jusqa 3 2719 a =
=5 m B 51 p—e-1815 30 pu- z5 XHNN a
1+ o 9 4 AN 1§, 1sathelans
na & - L an
1353y M - aHa
ox 8 1555 b
2 — -
El- 2 - s L i S - -
w1z |
2 M AT S fons
m ul_lcA 1T0LS
» 9w
¥ £ B DMAED ™
r & olon 2 w
2 aawad 4! . - -
THaY W 1353
zage  l3%3d 471
heway 3 wi104—e
2 iy = say I |
Wpwguia & a0
oN—D T wie
s 2t ..13:“ 0oL
2 o

Artisan Technology Group - Quality Instrumentation ...



AP-130

a1
U PO L
an Heia  enzaf
Az s saalt?
ERIGE Hivo ¥ seal
e S 8 oaof2  pics
EF3CS ez 8 o oR2cs
: 3 v .;Lm-___onacs
fTTo P 1Y), S ] N —. TV,
L
F1
a5 * Mewe  vgppus
a3 e enzcPE
a4 Heip  soaPt 4 T
$—5~ e 3 se 13 A5
{80130) TS cl P P L
TSAAT T8 Hive 8 avi[UL LEPGS (2764}
[T ivs Py L - Y
J-—“ GND vl WEFCS (2764
-

Figure A-1. Example System Schematics (continued)
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TEIS~I1 P../M-8& V2 0 COMPILATION OF MODULE DEMOiI30
ORJECT MUDULE FLACED IN -F1-AF130. 0D
COMBILER INVOKED BY: PLMBS . FL:APIZ0.PLM DATE(12/21)

SDEBUG COMPACT ROM TITLE(‘AP—130 APPENBIX B -~ 12/21/81°)
1 DEMO%$130. Do,
s4 BYSTEM-WIDE LLITERAL DECLARATIONS: #/
2 i DECLARE FOREVER LITERALLY ‘WHILE OIH’,
/% I1/0 PORT DEFINITIONS., %/
L 1 DECLARE CHAR®S51 LITERALLY ‘d4D00H°‘,
CMD$31 LITERALLY ‘4002H",
STATHES! LITERALLY ‘40052H°,
4L BECLARE PPI$A LITERALLY ‘&00iH’,
PRI%B LITERALLY ‘&0O03H",
FRIBC LITERALLY ‘6005H’,

PPISCHD LITERALLY ‘&4007H’,
PRISSTAT LI1TERALLY “&007H-,

[l

LECLARE TIMERSCMD LITERALLY ‘20CEH’,
BAUDSETIMER LITERALLY “200CH’;

& 1 DECLARE ACHINTERRUFTHLEVEL LITERALLY ‘001110003 ¢,
7 1 DECLARE LR LITERALLY ‘ODH‘.

LF LITERALLY *O0AM‘,

BEL LITERALLY “O7H’.

& i DECLARE ASCII$CODE (1&) BYTE DATA (’012345&478%ABCDEF ‘)i

SEJELT

STNCLUDE ¢ F1 NUCLUS EXT:
# SEAVE NOL ST

SIWMCLUDE ( F1 NEXCER LIT)
= Hsave nolist

o GLOBAL VARTABLE DECLARATIONS. #/

EALE L DELCLARE DATASSEGEPTR POINTER.
DATASSEGSADDR STRUCTURE (OFFSET WORD, BASE WORD)
AT (RDATA¥SEGHEPTR),

Rl L DECLLARE HARDWARE®INITSTAGKSTOKEN WORD,
STATUSSTASKETOKEN WORD,
MOTORSTASKS TOKEM WORD,
TIME%TASKSTOKEN WORD,
ACSHANMDLER$TOKEN WORD,
CRTHOUTETASKSTOREN WORD,
COMMANDS TASKSTOREN WORT.
INITHTASKETUREN WORD.

jele} L DECLARE CRTSMAILBOXSTOKEN WORD.
. CRTEREGIONSTOKEN WORD:
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202
3
304

305
30
el

305
3

01y
3t
3R

[

[ 3R L3 AN

oy LE

LY

FEEIR L Bt

ny

FUVIE SR O PRI (R I P o ST o B E

LA

[ A AR IR Y]

SEJECT,
s#  CODE EXAMPLE 2 SIMPLE CRT INPUT AND GUTPUT ROUTINES. #/

CsOUT:  FROCEDURE (CHARD;
DECLARE CHAR BYTE:
DO WHILE {(INPUT(STATSS1) AND O1H)=0;
S NOTHING %/
END;
CQUTFUT (CHARSSE T =CHAR:
EMD  CHOUT.

CsIn: PROCEDURE BYTE:
DO WHILE {INPUT{STAT®51) aAND 0=2H)=0; .
F#  NOTHING #/
EMNI;
RETURN INFUT(CHAR®S12,
END  CHIN;

%EJECT
/% CODE EXAMPLE 1. MHARDWARE INITIALIZATION TASK., #/

HARDWARESINMIT®TASK. PROCEDURE:
DECLARE HARDEINIT$SEXCEPTSCODE WORD;
DECLARE PARAM%51 (%) BYTE DATA (40H. BDH. GOH, 40H. 4EH, 27H).
DECLARE FARAMESISINDEX BYTE:
DECLARE SIGNSONSMEESAGE (#) BYTE DATA
(CR.LE, “1ARX 84730 HARDWARE INITIALIZED‘, CR.LF);
DECLARE STGNEONSINDEX DYTE.

OUTRUTLRP TSCMD ) =201, .
OUTPUT{ TIMERSCMD ) =0B&H; .
OUTFUT{BAUDETIMER)=33; /#GENERATES 600 BAUD FROM 5 MHZ#/
QUTRUT {BAUDETIMER ) =0
DO FARAMESISINDEX=0 TO {(SIZE{(PARAMSIL1I-1);
DUTEUT{CMD$S1 ) =PARAMSS L (PARAMESLSINDEX ) ;
END, JHOF USART INITIALIZATION DO-LODP#/
PO SIGN$ONFINDEX=C0 TO (SIZE(SIONSONEMESSAGE)-1):
CAall, CEDUT (SIGNSONSMESSACE {STONSONS INDEX Y )
EnD; /#0F SIGN-OM DO-LOGP+/
CaLl RASREBUMESTASK{INITS$TASKETOKEN, @HARDS INI TSEXCEPTSCODE)
CALL FOsDELETESTASK (3, EHARDSINITSEXCEFTHCODE ),
END  HARDWARESINITSTASK

FEJEC]

Jv CODE EXAMPLE 3. STATUS POLLING AND REPORTING TASHK. */

ETATUESHTASK PROCEDURE, -
DECLARE ETATUSSCOUNTER BYTE:
DECLARE STATUS$EXCEFT$CODE WORD:

ETATUSECOUNTER=0;
CALL RO®RESUMESTASK{ INITSTASKSTOKEN, @STATUSSEXCEPTSCODE);
DO FOREVER:
OUTROUT (PRISRI=INPUTI(FPI&®A) XDOR BTﬁTUSSCUUNTER,
ETATUSSCOUNTER=STATUSSCOUNTER+1;
Call RG$SLEEP (100, @STATUSSEXCERT$CODE ),
END;
END  STATUSETASHK,
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343

354
345
346

347

349
3479
350
a:
a5z
ash3
A4
355
a9é
357
358
ase
340
o3
3e2
353
3564
389
364
3467

3583

=T
70

SEJECT
/% CODE EXAMPLE 4, STEFPER MOTOR CONTROL TASK. */
1 DECLARE CWSSETEPSDELAY BYTE,

CCUWSSTEPSDELAY BYTE
CWEPAUSESDELAY BYTE
LCWEP AUSESDELAY BYTE:

1 MOTOR®TASK. PROCEDURE;
2 DECLARE MOTOR$EXCEPT®CODE WORD:
& DECLARE MOTORSPOSITION DYTE.
MOTOR®FPHASE BYTE:
2 DECLARE PHASE$CODE (4) BYTE
D&Ta {QO0OCOLCG1B, 000001 10B, OOOR1Q10B, D0QO1001E):
CWBETEPSDELAY=50; /#INITIAL STEP DELAYS = 1/4 SECOMD®S
COWSETEPSDELAY=50;
CWSPAUSESDELAY=200, /#PAUSEE AFTER ROTATION = 1 SECOND#/

CCUEPAUSE $DELAY=200;
CALL ROGSRESUMESTASK (INITSTASKSTDKEN, @MOTOR%EXCEPT$CODE)
b0 FOREVER:

DO MOTORSFOSITION=0 TD 100;
MOTOR$PHASE=MOTOR$POSITION AND QOO3H:
QUTPUT(PPISC ) =PHASESCODE (MOTOR$PHASE ) ;

CALL ROSSLEEP (CUSSTEF$DELAY, @MOTORSEXCEF TSCODE ) ;
END;

CALL RGSSLEEP{CWSPAUSE$DELAY. @MOTIR$EXCEPTSCONE !

DO MOTOR4POSITION=D TO 100;
MOTOR$PHASE={100-MOTORSPOSITION) AMD OOO03H:
OUTPUT (PP I $C)=PHASESCODE (MOTORSPHASE )5
CalLl. ROSSLEEP (CCWSSTEPSDELAY. @MOTORSEXCEPTSCODE ) »
END:

CALL ReSSLEEP{CCWSPAUSESDELAY, @MOTORSEXCEPTSCODE ) ;

END:

END  MOTOR$TASK;

MWW E b DLW E S D D WM R

BEJECT
F# CODE EXAMPLE 3. INTERRUPT HANDLER TO TRACK 50 HZ INPUT, #4
1 DECLARE ACSCYCLESCOUNT BYTE:

i ACSHANDLER. FPROCEDURE INTERRUPT 59 AAVECTOR FOR BOI130 INT3#/
DECLARE ACSEXCEPTSCODE WORD:

EE

2 CALL RGSENTERSINTERRUPT (ACSINTERRUPTYLEVEL, @ACSEXCEFTSCODE Y
2 ACSCYCLESCOUNT=ACSCYCLESCOUNT+1;
2 IF AC#CYCLE®CDUNT 2= &0

THEN D0
3 ACHBCYCLESCOUNT=0;
3 CALL RGESIGNALSINTERRUPT{ACSINTERRUPTSLEVEL .,

RACSEXCEPTSCODE };
3 © END.
2 ELSE CaAlLl RGSEXITHINTERARUPT{ACKINTERRUF TSLEVEL
@ACEEXCEFTSCODE ),
2 END  ACSHANDLER;
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HEJECT

/# CODE EXAMPLE 7. PFROTECTED CRT OUTPUT SUBROUTINE. #/

fcic ] H FROTECTEDECRTHOUT. PRUOCEDURE (CHAR) REENTRANTI
381 2 DECLARE CHAR BYTE;
382 o) PECLARE CRTSEXCEFT$CODE WORD:
38 & CALL RGSRECEIVESCONTROL (CRTSREGIONSTOKEN, @CRTSEXCEPTSCODE )
384 2 DO WHILE (INPUT(STATES31!) AND QIiH)=:
/H#  MOTHING 2/
jei=1e 3 EREY;
384 2 DUTRUT{CHARSS 1 ) =CHAR;
Ti87 2 CAlLL RO$SEND$CONTROL (@CRTSEXCEPTHCODE);:
i) a2 JEND PROTECTEDSCRTHOUT,
$EJECT
/4 CODE EXAMPLE & INTERRUPT TaASK TO MONITOR CLOCK TIME, =/
et 1 DECLARE SECOND$COUNT EYTE.
MINUTESCOUNT BYTE
HOURECOUNT BYTE;
e 1 TIMESTASK: PROCEDURE
371 2 DECLARE TIME#EXCEPTSCODE WORD:
372 2 ACSCYCLESCOUNT=0;
393 2 CaLL RA$SETHINTERRUPT(AC$INTERRUPTSLEVEL, G1H,
INTERRUPTSF TR ( ACSHANDLER ), DATA$SEGSADDR. BASE,
@TIMESEXCEFPTHCODE); .
el @ CalLl, RG$RESUMESTASK(INITHTASKSETOKEN: @TIMESEXCEFTSCODE)
C3ws 2 RO HOURSCOUNT=0 TO 23;
394 3 DO MINUTESCOUNT=D TO 5%
397 4 DO SECOND3COUNT=0 TO 59
296 =] Call RAEMAITHINTERRUPT{ACKINTERRUPTSLEVEL .,
BTIMESEXCEPTSCODE)
a9 3 IF SECOND%COUNT MOD 5 = Q
THEM CALL PROTECTED$CRT#OUTI(BEL):
401 9 END: /%  SECOND LODP =/ :
402 4 END; A4 MINUTE LOOF &/
403 3 END; /% HOUR 1ILODP  #/
404 2 CALL ROGSRESETSINTERRURT (ALSINTERRUPTSLEVEL.
- RTIME$EXCEPT®CODE!,
405 2 Call ROEDELETESTASKIO, RTIMESEXCEPTSCODE
404 2 END  TIMESTASKI :
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BEJECT

/% CODE EXAMPLE B. SUBROUTINE TO CREATE TIME-OF-DAY MESSAGE. +/

407 1 FRIMTSTOD. PROCEDURE;
464 = DECLARE TODSMESSAGESTOKEN WORD;
409 2 DECLARE TUDSEXCEPT$CODE WORD:
410 2 DECL.ARE TOD$SEGMENT$OFFSET WORD:
TOD$SEGMENT$RBASE WORD: .
411 2 DECLARE TOD$SEGMENTSPNTR POINTER AT (@TODSSECMENTSOFFSET);
412 2 DECLARE TODSTEMPLATE (28) BYTE
DATA (27, 'THE TIME IS MNOW th:mm ss. *.CR, LF};
413 2 DECLARE TDD#STRING BASED TODSEEGMENTSPNTR (28) BYTE;
114 i DECLARE TODSSTRINGSINDEX BYTE:;
418 2 TODSMESSAGES TIKEN=RA$CREATESSEGMENT (23, @ TODSEXCEP THCODE )
415 2 TOD$SEGMENTSBASE=TODSMESSACGES TUKEN;
417 o TOD$EEGMENT$UFFBET=0)
419 2 DO TOD$STRINGSINDEX=0 TO 27
1 3 TOD$STRING { TODSSTHINGEINDEX )=
TOLSTEMPLATE ( TODSSTRINGSINDEX )
420 3 END;
421 2 TUDSSTRING ¢ 17 =ASC I I$CODE (HOURSCOUNT /103
jaz 2 TUD$STRING (18) =ASCIT$CODE (HOURSCOUNT MOD 1GY:
423 2 TOD$STRING {20 )=ASC I ISCODE (MINGUTESCOUNT /103
424 2 TOD$STRING(21)=ASCIISCODE(MINUTESGCOUNT MOD 10
425 2 TOD$STRING (23)=ASCTI$CODE (GECONDSCOUNT /103,
azs F TODSETRING (24)=A5C I ISCODE (SECONDS$COUNT MOD 10
427 2 CALL. RA$SENDSMESSAGE (CRTEMAILBOXSTOKEN,
TOD$MESSAGESTOKEN, 0, @TODSEXCEF THCODE) ;
4o 2 RETURN;
429 2 END PRINT$TOD:
EEJECT
/% CODE EXAMPLE 9. SUBROUTINE TO CREATE SWITCH STATUS MESSAGE, =/
440 1 PRINT$STATUS: PROGEDURE.
431 Ny DECLARE STATUS$MESSAGESTOKEM WORD
432 z DECLARE STATUBSEXCEPTSCODE WORD;
473 & DECLARE STATUSSSEGMENTSOFFSET WORD.
STATUSSSEGMENT $BASE WORD,
4341 b= DECLARE STATUSSSEQOMENTS$PNTR POINTER
AT {R@STATUSSSEGMENTSOFFBET);
133 2 DECLARE STATUS$TEMPLATE (40} BYTE DATA
(3%, ‘THE SWITCHES ARE NOW SET 7D .... ...B".CR/LF);
4348 = DECLARE STATUSSSTRING DASED STATUSSSEGMENTSPNTR (40) BYTE;
E 34 2 DECLARE STATUS#STRING$INDEX BYTE:
4328 = DECLARE BITHPATTERN BYTE:
439 2 STATUSSMESSAGESTOREN=RGSCREATE$SEGMENT (40,
BSTATUSSEXCER TSCODE ),
140 &2 STATUSHSESMENTSEASE=STATUSSMESSACES TOKEN:
441 2 STATUSSSEGMENT$0FFSE T=0,;
aaz2 2 DO STATUSHSTRINGSINDEX=0 TO 39
443 = STATUSSSTRING (STATUSSSTRINGSINDEN )= |
STATUSSTEMPLATE (STATUSSSTRING$INDEX )
444 3 END;
444 2 BlT$PATTERN=INPUT(PPISA);
440 2 DO STATUSSSTRINGSINDEX=29 TO 36
447 3 STATUSSSTRING(BTATUBSSTRINGS INDEX )=
ASCIISCODE(HITSPATTERN AND G1H):
448 3 BITEPATTERN=ROR(BITSPATTERM, 1 );
445 3 END;
450 2 CALL RO$SENDSMESSACE(CRTSMAILBOXS TOKEN,
STATUSSMESSACES TOKEN, O, @STATUSSEXCEP T$CODE )
431 = END PRINT$STATUS,
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FEJECT : N

Jw GODE EXAMPLE 10. TAEK TO RECEIVE MESSAGES AND TRAMSMIT THEM TG CRT. L7

1 CRTHUUTETASHK, PROCEDURE:

= DECLARE MESSAGE$SLENGTH BYTE;
o DECLARE MESESAGESTOKEN WORD;
b DECLARE RESPONSESTOKEN WORD.

! DEGLARE MESSARESEXCEPT$CODE WORD:
CR 2 DECLARE MESEAGESSEGMENTHIFFSET WORD.
MESSAGESSEGMENTSBASE WORD:

I%5 it DECLARE MESEARESSEGMENTSFNTR POINTER AT (@MESSAGESSEGMENTSUFFSET):

ot Py DECILARE MESSAGE$STRINGSCHAR BASED MESSAGESSEGMENTSPNTR BYTE:

440 - CalL RASRESUMESTASR{INITSTASKS TOKEN, BMESSAGE#EXCEP T#CODE);

a4 2 DO FOREWER. X

4é0 3 MESSAGESTOKEN=RQERECE IVESMESSAGE ( CRTSMATILBOXS TOKEN, DFFFFH,
PREEPONSE®TOKEN, EMESSAGESEXCEPTHCODE )

4 MESHAGESSEGMENTHUFFSET =0, A
. MESEAGE$SEGMENTSRASE=MESSARESTOKEN:

3 MESSAGESLENG TH=MESSAGESSTR INGECHAR
a3 00 MERSAGE$SEGMENTSOFFEET=1 TO MESSAGESLENGTH:
A Gall PROTECTEDSCRTSOUT (MESSACESSTRINGSCHAR);
a2 END.
3 Call RGHDEL ETESGEGMENT { MESSACESTOKEN, BMESSAGESEXCER TSCODE };
i EMD; /% OF FOREVER-LOOP %/
= ENu  CRTSOUT$TASK: .
$SEMECT
/# CODE EXAMPLE 11. TASK TO POLL KEYBOARD AND PROCESS COMMANDS, #/
472 1 COMMANDSETASK.  PROCEDURE,
473 2 DECLARE COMBOLESCHAR BYTE;
ava > DECLARE COMMANDSEXCEPT$CODE WORD:
470 4 CALL RQERESUMESTASK (INITETASKSTOKEN, @COMMANDSEXCERP TSCODE)
476 2 DO FOREVER;:
a7y 3 CONSOLESCHAR=CSIN AND 7FH:
478 2 CaLL PROTECTEDSCRTSOUT (CONSOLESCHAR)
aze 3 IF CONSOLE$CHAR=GR
THEN CALL FROTECTEDRSCRTSOUTILF);
434 3 IF (COMNSOLE$CHAR = ‘0‘) AND (CONSOLESCHAR <= ‘7<)
THENM DO .
485 4 CALL PROTECTEDSCRTSOUTI(CRY;
434 4 CALL. PROTECTEDSCRTSOUTILF);
LTSS 4 DO CABE {CONSOLESCHAR-07)).
473 = . CalL PRINTSTOD:
437 b CaLl PRINTSSTATUS
ad@ 8 CalLl RO$SUSPENDSTASK (CRTHOUTSTASKETIMEN,
: QCOMMANDSEXCERTHCONE)
K89 G call ROIRESUMESTABK{CRTSOUTHTASKITOKEN,
@COMMANDSE XCEP TS$CODE) 5
420 5 CALL RASDISABLE(ACEINTERRUPTSLEVEL.,
RCUMMANDSE XCEP TSCODE 3
EEH 5 CALL ROSENABLE (ACHINTERRUP THLEVEL,
B BCOMMANDSEXCER T$CODE Y ;
LU CALL ROSSUSPENDSTASK (MOTORSTASHSTOKEN,
GLOMMANDSE XCERTSEODE ) ;
a3 = CALL RG$RESUMESTASK(MOTDRETASKETOKEN.
GCOMMANDSEXCEPTHCODE ) :
ang 5 CALL ROSBUSPENDSTASK (STATUSETASKETOREN,
RCOMMANDSE XCEPTHCODE )
495 5 CALL RA$RESUMESTASK (STATUSSTASKSTOMEN.
@COMMANDSEXCEPTSCODE ) ;
494 5 END: /% OF CASE-LIST =/
457 4 END, /% {OF COMMAND FROCESSING %/
4mE 3 ENDL
493 2 END  COMMANDSTASK:
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$EJE
f®

300 1 INIT
01 2
502 2
500 2
el 2
S0 2
Sna 2
pLony 2

040 o

S 2

S10 i

Fil 2

H13 2

13 2

14 2

18 2

1& 2
517 2
518 2
w19 2
320 2

s END

MOPLLE [NFORMATION

CODE AREA SIZ
CONSETANT AREA
VARIABLE AREA
MAXIMUM STACK
B48 LINES REA
¢ PROGRAM ERR

END OF PL/M-845 COM

cT
CODE EXAMFLE 12, TASK TO INITIALIZE OSFP SOFTWARE.  #/

%TASK: PROCEDURE PUBLIC;
DECLARE INIT$EXCEPTSCODE WORD:

DATASEEGSPTR=GINIT$TASKETOKEN: /+L0OAD DATA SEGMENT BASEx/

CRT$MAILBDXSTOKEN=RO$CREATESMAILBOX (0, BINITHEXCEPTHCORE) ;

CRT$REGIONSTDREN=RQSCREATESREGION(O, @INITSEXCERTSCODE)

INTT$TAEK$ TOKEN=RA$CETHTASKETOKENS (O, BINITSEXCEP THCODE)

HARDWARES INI T$ TASKS$ TOKEN=RGHCREATESTASK
(110, RHARDWARE® INIT$TASK, DATA%SEG®ADDR. BASE. O, 300
0, BINITREXCEPTSCODE ) s

CALL RE$SUSPENDSTASWK (O, @INITSEXCEFT$LODE);

STATUESTASK$TOKEN=RQSCREATESTASK (110, @STATUSSTASK,
DATASSEGRADDR. BASE: Oy 300, 0, RINITSEXCEPT$CODE?;

CALL ROSSUSPENDSTASK {0, @INITSEXCEPTSCODE) !

MOTORSTASKS TOKEN=RGHCREATESTABK (110, @BMOTOR$TASHK,
DATAXSEGSADDR. BASE, O, 300, O, @INITSEXCEP TS$CODE )

CALL RO$SUSPENDSTASK{O, RINI TSEXCEPTSCODE ),

TIME$TASUETOKEN=ROG$CREATESTASK (120, BTIMESTASHK,
DATASSEGSADDR BASE, 0. 300, 0, RINITSEXCEP T$CODE ) ;

CALL RASSUSPENDETASK (0, BINITSEXCEPTSCODE?

CHRTHOUTETASHETOKEN=RGHECREATESTASK ( 120, @CRTS0OUTETASHKH.
DATASSEGSALDR. BASE. O, 300, 0, @INIT$EXCEPT$CODE);

CALL RO$SUSPEND®TASK (0, @INITHEXCEPT$CODE) |

COMMANDSTASKETOKEN=RGHECREATESTASK ( 130, @COMMANDSTAZK,
DATASSEGCFADDR BASE. 0. 300, 0, @INITSEXCEPTHCODE);

Coall, RGESUSFEMD$TASK (0, @INITHEXCEPTHCODE)

CAaLL ROSENDSINITETASK:

ALl RGSDELETESTASK (O, RINITSEXCERPTSCODE ) ;

EME  INIT$TASK

DEMO%130,
E = 084CH 21240 -
SIZE = DODOH on
SIZE = 0DS2H 8xb
SIZE = QOZ6M 380
)
OR{S}

FILATION
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APPENDIXC
SYSTEM MEMORY MAP
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EXAMFLE SYSTEM MEMORY MAF
STARTING EMDING

_ MEMORY MODULE ADTRESS ADDRESS
6006 RESTART VECTOR OFFFF:0 | OFFFF:F
ROGT JOB CODE AREA, FD1B:0 , OFDaEH
EPROM :
{2xa764) | | APPLIGATION JOB GODE AREA OFC62:0 | OFD17:8
Y s
| | OS# SURPGHT CODE AREA OFCO0:0 | OFCAT:F
80730 MEMORY SPACE | R0 | OFEFEE
[ {FREE SYSTEM RAM) miG0m | MFEF |
ROGT JOB DATA_AREA 06ADD | OOBFF_|
RAM | | APPLICATION JOB DATA AREA 00AT:0 | D0AG:H
| OSP SUPPORT DATA AREA___ | Doso:m | 00ABF
8068 INTERAUPT VECTOR 000:0 | Q0IFF

ENITIALIZATHON TASK STARTING ADDRESS:  FCBIDGHS

ROOT.JO8 STARTING ADDRESS: FD1a:00H
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SUPPORT CODE LOCATE MAP
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ISIS—II MLS-Ba LOCATER., V1 2 TRVOWED BT

FO LO0BE& 2

F1 SUP130 LNK 7O F1 SWP133 MAP PRINTI F1 SULP130 Mez: BLt3 K
SEGSIZE{STACK{D)] %
ADDREESES{CLASSES [ CODE ( OFB000H Y » DATALDO4D0H) 1) LN

DRDER {CLASEES (DATA, STACK) ¥

DRJECTROMTROLS ¢ MOL 1NES, NOCOMMENTS , NOSYMBOLS )

WARNING 2& DECREABING SIZE DF SEGMEMT
SEGMENT STACK

SYMBOL TABLE OF MODULE MINMIMAL_BO130
READ FROM FILE -F1 SUP130 LNK
MRITYEM TO FILE F1 SUPL3Q

BASE  DFFSET T¥PE SYMBOL BASE  OFFEET TYPE SYMROL
O040H  0ODOH FUB  INTERRUP TTASKVEC GH40H  G1ECH  FUB  DEFAULT_HANDLER
CO4OH  D148H PUBR  INTERRORENTRY ODAH  O14CH FUB  SYSTEMEXCEFTIONH
—AMDLERF TR
0O40H  O152H PUB  EXTEMSIONLISTROO D040H O1m4H PUB  DELETION OBJECT_
- ~BAEE
0040H OLBEH FUE  ADUTJOBTOKEN O040H ©015AH FUB  MINTRAMSSIZIE
CO4CH  OLBEH PUB  NDP_INTERRUPT_LE OC40H D1&0H PUB  PARAM_YAL [DAT IOM
—WEL_WaR ~_WECTOR
ODAGH  QLSGH  FUB  TABA_WAITING FLA 0040H OlésH PUD  RECION_TOKEN TAR
—G5 =&
004CH O17BH PUE SIGMAL_G OGAUH  O1EBH FUB  MERNEL_FLA®
004CH  CLEAH FUB  FILLCHAR 004CH OIEEH PUB  NUM_SLAVES
O0ACH GLEDH PUB  INTMASH, U0A0H OD1F6H FUB  DIBABLEMASK
GDATH  QECBH FUB  IMR_PORT oO40H 0dlAM FUB  EDI_PGRT
O04CH  QEIEW FUB  PIC_INFO O040H 0ZATH FUB  CLOCK _SPEC_EO!
CO4CH 02454 PUB  CLOCK_DFF O0ADH  OR4AH  FUB  CILLOGK_LEVEL
FBOOH  4BCCH PUB  MDP_INTERRUPT_LE FEOOM 45CIH FUE VAL IDATE_PARAMS
-wEL —BODY_DUMHY
FBOOH A5344 PUE  GETDESCRPOINTER FROOK 4%47H PUR  GETPOINTER
FEOOH 45384 FUR  OVERFLOW FEODW 4335H FUB  NENTRY_BODY
FROOH 452%H FUB KINITIALIZE FEOOH 48244 PUE  KEMABLELEVELNE
FEOOM  §%514H FUB  KEREATEREGTONNS FEOOH 45154 FUB  KCREATEDBJECTMS
FBOUH 450BH FUB  INITHDP FEOOH 4506H PUR  INITIALIZE
FBOOH  44FCH PUB  EDI_AOUTINE FEOOH 44FFH FUB  DIVIDEEYZERD
FEUOM 44EDH PUB  COMMDN_ERRDR FEOOH 44EBH Pl CLOCKENTRY_PODY
FBOOH  44D0H PUE  SYSTEMEXCERTIOMH FBOOH 4473H PUB  INITIALIZE_TIMER
=aNDEER
FEOOQH #33CH PUB  INIT_INTERMAL_RE FBOOH 434EH PUB  NDP_LNTERRUPT _HA
—SI0NS —MDLER
FEOOH 4336 PUE  NEMTRY FBOOH 4OFEH FUB  INTTIALIZENUCLEU
-5
FEOOH 40B1H FUI  ROSIGHALINTERRLP FBOOH  404CH PUB  ROGETLEVEL BUDY
~T_BOU
FEOOH  A0AEHM FPUD  REENTERINTERRURT FOOOH 408DH AUE  RGDESABLE_RODY
—_DBaDy
FHODH  308AH PUI  RGSTGHALINTERRLFP FBODH 20B0H PUE  RGEETLEVEL
_r .
FROOH 406CH PUR  RGENITINTERRUPT FBODH 4042H FUER  RGDISABLE
FEOOH A4058H PUE  NUNLDCRMS FBOOH 4033H FUB  MUNLODH
FEOOH 404%H PUD  NOPENNS FBOOH 4044H PUE  NOPEN
FBOOH 403AH FUR  HLOCHNS FBOOM 4033H FUB  MLDGK
FOOOH 408BH  FUB  NELOSENS FEOOH  AlE&H PUS  NCLOSE
FBOOH 40ICH PUR  DELETEORJECT FEODH  4008H  FUR  GORYRIGHT
FANAM  4000H FUB  TNIT_NUCLEUS .UM FLSDH  OOO4H PUR  [MA_START
-F
FOSCH DOOFH  PUB  INIT_GMDL FCSCH 0O10H PUB  INIT_CHDS_MASTER
FUSCH  Q0IEH  FUB  INIT_CMD4_MASTER FoblH fODEH FUB  SLAVE_TABLE
FtalH OQOMH  PUB  CLOCK_O,FORT FoolH ODOTH PUB  CLOCK COUNT
FoalH COOBH PUR  C_CLDCH SPEC_EO] FoolH QOOCH FUB  C_CLOCH OM
FBOOH 4374H AU LEVELY _HaNDLER FEOOH 45744 FUB  PARAM_VALIOATION
- _PATH
MEMORY HMAP OF MODULE MIMIMAL_BO130
HEAD FROM FTLE F1 BUFI30 LM
WRITTEN TO FILE Ft SUPLIQ
SEGQMENT MAP
STaRT sTOP LENBTH ALTGN NAHE CLASS
B0C0O0H  DOIFFH BagUH A (ABSOLUTE!
GO400H  HOFEFH O9FOH W DATA DATA
O0FFOH  ODRFEEH O010H &  INTVEC_HEG_SES  DaTa
OOADGH  OEAGEH G010H & EXT_RED_SEG naTa
COALOH  GDALPH O040H & JOB_REG_BEG DaTA
SUAJEH  ODADFH oolGH ¢  SEM_RES_GEG DATA
OCASDH  QOAIEM OOLOH & MAIL_REE_SEe Dath
O0ASOH  DOA4FH 0010H ¢  OB_REG_BEG DATA
O0ASOH  ODABFH A010H & PODL_REG _SEG DATA
2-87
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BASE

COA0H
0O0A0H

PoA0H

0040
oAt

FEOOH
FRYH
FEOOH
FAOGH
FBOOH
FEOOH
FBHH
Fa0OH

FBOOH

FEOOH

FEO0H
EEI0M

FBOaH
FCSCH

FLBEH
FCatH

FLalH
FLatH

DFFSET

O14aH
o180H

O1T6H

01 3CH

oléH -

D1 PhH
O1EH
GHECH
OiFFH
022CH
OZ248H
OBLOH
A242H
A8E0H
AngEH
A5LFH
4%510H
4301H
44F2H
ALEIN
SIAMEH
AUIFH
40B&H
A0ATH
do094H
4075H
4030H

A04EH

Eluicl]
AQZiH

A000H
DOOEH

LuES ]
HI93IH

0OCAH
ODOFH

TYFE BYMBOL

FUB
FUEB

FUB

FUR
FiE

P

PUR
PuB
PUR
PUB
PUB
FUB
PUB
PUB
#UB
PUE

PUR

rug
AuR

PUB
PLE

READYL 18TROOT
DELET IGNTASHTOKE

-N
HYSTEMPOOLTOKEN'

LAST_NDP_TASH
REDION_FLAGS

BIGMAL_G_INDEX
ACTIVATE_S1GNAL _
-6

ALD_SLAVE_NUM
LEVEL _BET_TéBLE
I5A_PORT
£LNTH_ON
END_{F_DATA
GETDESCRYLIMEN

KCREA
FINIGHINITIALIZIA
-T1GM
DECODE_LEVEL
ARRAYROUNDS
INITIALIZE_PICE

CLOCKENTRY

RGMAITINTERRUPT
—BanyY

RAENITINTERRLPT_
—BonyY

RGHAITINTERRLPT

RGENTERINTERRUET

NUMLOCK_DELETION
—_DBJECT
NDPEN_DELETION_O
—~AJECT

NLOGH_DELETIEN_O
—BJECT

MELISE_DELE TION_
--DBJECT

DELETERUMNINOTAS

5.
NEEGIN

AFN-D2053A
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—-EELET IOM_REG_S DATA I o LAST RAM BYTE USED

LODE [-4— LAST EPROM BYTE USED

l::-oae.ov QUAGFH aniod 6

O007GH  DOAFOH O0DOH W BYACK STACK
oO&TOH odOOM & “UEEG
FCSEDH A45CEH W cORE cope
FEmbanM DOOSH W PYC CNF_BE® CODE
FGRESH o013H W _TIMR_PORT CODE
FCEF7TH 0012H W _EGI_PORT chne
FCaOH 501gH W _ISR AEAD_FORT  CHUE
FCalzH DOOFH B _PAC]INFHE CODE
Ftalch oooed B TIMER_EMF_BEG CODE
Foa1RH 00OOW W CEEG CIOE

FihimH  FC&1FH 0002H W BLAVE_REG

FLLOOH  FOANNH QOOGH W MEMDRY MEMORY

GROUP MaR

ALDRESS  CROUP OR GESMENT NAME
OG4CoH OERAOUR
naTA
INTVEC RE® _ZE®
EXT_REG_BEG
JbE_REG_SEG
BEM_REG_SE
WAL _REW_SEG
DO_REG_BEE
L., REO_9ER
DELETION_REE_SEG
FEIOOH  CRREUP
GUDE
PIC UM _BEG
_IMR_PCAT
_FNI_POURY
TIER_READ_PORT
PIE_INF
TIMER_!
fRER

SLAVE_SEG@
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APPENDIX E
APPLICATION JOB LOCATE MAP
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AP-130

1516-11 MCS-84 LOCATER, W1 2 INVDKED BY
LOCE& F1l APL30C LMK TO F1 AP130
. ORDER (CLASSES(DATA, STACK, MEMORY )
SEQIIZE (STACK {(0})
ADDRESIES {(CLASSER {DATA (D0ATOH!,
CORE (DFC&20HIT)
MAF PRINT ( F1 APL30 MPE!)
OBJECTCONTROLS (NOLINES, NOCOMMENTE. NOPUEL JCS, NOSYMEOLS !
WARNING 25 DECREASING SIIE 0Of SEGMENT
SEGMENT STACK

Lol -

EYMBOL TAELE OF MODULE DEmMOYIZ0
READ FROM FILE F1 APL130 LNK
WRITTEM TO FILE F1 AF13D

BASE OFFSET F¥YPE SYMBOL BASE OFFSET TYPE SYWBGL.
FCaZH 0B3AH PUE ROGENDINITTASK FCoadH CBILH PUB  RG_MN_C _RE TuRNM_ a0
FCaRH  OBOCK PUE  RG_N_C_RETURN 20 FoagH  CAEdH PUR C_RET-JRM _E4

FCS2H  DACSBH  FUB C_RETURN_12 FOSTH  QAACH  FUD W e RETURN 10
FCaRH  QA%OH  PUB  Ra_N_G_REFURN_A FC&2H  OATAH PUD RG_M_C_RETURN &
FC&2H 0ASEM PUB  RG_N_C_RETURN_4 FGaZF  OAJEM PYE  RGEHADR
FC&2H OAZEH PUB  RGBETLEWEL FoéoH ODADEH FUR  RBGISMALEXCERTIO
-k
FOogH O9FOH PUB  RGWAITINTERRUFT Feazd  oWLuAH  FUB  RGSICHAL INTERRUF
-
FCa2H 0FDAH  FUB  HGDELETESEMARHUR FCo2H  GICEH  PUR  FODELETEMAaTLAON
-E ~
FC4ZH OFBSH PUB  RGEXITINTERAURT FOARH  O%35H  FUR  HGUNCATALOGDBJEC _
. T
FC4RM  DWACH PUS  RGSENDUNITS FCoZH  0FA6H PUR  RGEUSPFENDTABK
FC&2H OPADH PUB  RGBETFRIARITY FCs2H  0F¥pH  PUB  RGSE[PODLHTN ‘
FCe2H 09944 PUB  ROSETOSEXTENSION FO&gH 0FBEM FPUE  ROSENTMESSAGE
FLazW 0988k FUB RUSLEEP FO&ZH  O933H  PUR  RGETT INTERRUET
FC42H 0%7CH FUB  HESETEXCERT IOMHA FeedH QFFsH  PUR T REEENDIONTRDL
~NDLER : i - -
FCsaH O0970H PUB  RARECEIVEUNITS FG&ZH QFamM  PUG  ROAESUMETASK |
FC4adH 0938H PUB  RORECEIVEMESSAGE FCEK 093TH  PUB  RGRESETINTERRUPT
FeazH O%2CH PUB  RGRECEIVECUNTROL FC&2h  0926H  PUR  RGOFFGPRING
FCe2d O09R0H PUR  RALOOKUPODJECT FCazH  0FleH  PUG  RGIMSPECTCOMPOST
e
FLade 07146 PUB  RGGETTASKTOKENS FCe2H  OF0EH  PUB  RGCETTYPE
FCeéaH 0P08H PUB RGGETSIZE FGe@H  OFOSH  PUB  RGGEYPRIDRITY
FC&2H OBFCH PUE  RGEETPDOLATTRIE FCS2H  O8FeH PUE  PRGETEXKCEPFIGNHA
“NELER
FC&dH OBFOH FUD  ROFORCEDELETE FE62H  OSEAH  FUB  RGEMABLE
FC&aH  08D4H PUR  RGENTER INTERFURT FCo@M  CHCEM FUB  HGEMWABLEDELETION
FCe2H OBCEH PUH  RGDELETETASK FCG2H O8C2H PUE  RGUELETESEGMENT
FCL2M OBACH FUR  RGDIGARLE FLe&@W 08AcH FUS HADELETEREGION
FtsdH 0BAOH FPUB  RGDELETEJOR FCo2H 0QEFAM PUB  RAOELE TEEX TENSIO
FCezH D294H FUB RODISARLERELETIO FCoZH OBSEH PUB  RQDELETECDMPOSIT
N -t
Fos2H  OEHEM  PUE  RGCREATETASK FCeZH  OBEZH FPUB  RACREATEBEMAPHCR
~E
FC4RM O0BFCH FUB ROCREATESEGMENT Fe4zH 0B7&H PUH  RACREATEREGION
FCt2H  0DS70H PUB  RGCATALOGOBJECT FCogM  @R&AM FUB  REGCREATEMATLEDYX
FCe2H 08&4H FUB RGCREATEJOB FoaaM  GRSEH FUR  RECREATEEXTENSIO
N .
FCu2M 08%BH FUB RGCREATECOMPGSIT FCuZH 08%2H PUL  RAALTERCOMPOSTTE
-E
FC&2H 024CH AUB  RGACCEPTCONTROL FC&2H 06ESH PUB  INITTASM
DEMD130  SYMBOLS AND LINES
FDL7H 0OOCH 5YM MEMORY FCHEM OOODH SYN ASCIICODE
GOATH ©OOOH SYM DATAGEGHTR OUA7H  OOOOH FYM  LATAGECADDR
OOATH  0O004H SvM  HARDWAREINITTASK O0A7H  0DOAH EYM  STATUSTASKTOMEN
=TOKEM
00A7H  0ODBH  S¥YM  MOTORTASKTDKEN ODAZH  OQDDAH  SYM  TIMETAGKTOMEN
O0ATH OOGCH  SYM  ACHANDLERTOKEN ODAZH  OQDSEM  SYM  CRTOUTTASKTOWEN
00A7H DO010H SYM  COMMANDTASKTOKEN 00A7H  O012H S¥M  INITTABKTOKEM
I0ATH  ©O14H  SYM  CRTMAILBOXTOWEN ODAZH  001&M  BYM  CHIREGIDNTOKEN
FCe2H  COBAH S5YM  COUT STACK  OODGH  8YM CHAR . .
FosZH  OALH  BYM CIN FCb2H GOESH 5YM  HARDWAREINITTASH
OOA7H DOIBH SYM HARDINITEXCERTCO FosaH  ODIOH  5YM  PAAANDL
-DE
OOATH  0040H SYM  PARAMSLINDEX FOL2H  ODISH  BYM  SEWNONMESSARE
OQOA7H  DDALH  SYM  SIGENONINDEN FCEH . O1ZBH  SYM  STATUSTAGH
O0A7H  DOA2H SYM  STATUSCOUNTER QOATH QULAM  EYM STATUSEXCEFTLODE
OOATH 0043H SYM CWSTEPDELAY 00A7H  OQOA4H SYM  GCWSTEFDELAY
OOR7H  0DABH  SYM  CWPAUSEDELAY 00A7H 0045H SYM CCWPAUSEDELAY
FOGRM  0172M SYM  MOTORTABK goA7H  ODLCH  SYM  HMOTOREXCERTCODE
DOATH 0047H SYM MOTORFOEITION 0O0AZH  QODABH  BYM  MOTORPHASE
FCuZH  0O03%H  SYM  PHASECODE ) 00AZH 004%H SYM  ACCYOLECOUNT
FOADH  OQEWeH  S¥YM  AGHANDLER 00A7H  0O1EH  SYM  ACEXCEFTCODE
FC4EH  0IFCH SYM  PROTEGTEDCRTOUT BTACK 0O0D&M  SYM  CHAR
STACK ODOZH SYM CRTEXCEFTCODE DOATH  OOGAM  BYM  EECONDCOUNT
00A7H 004EH HYM  MINUTECOLNT O0A7H DOACH S¥YM  HOURCOUNT
FC&EH  OIUFH  SYM  TIMETASK QOAZH  0O020H YN TIMEEXCEPTCGDE
FCe2H ©038BH SYM PRINTTOD DOATH  DOTSH  SYM TODMESSAGESDKEN
GoATH  D0EAH  EYM  TODEXCERTCHDE GUATH 00Z&H SYM  TODSECMENTOFFGET
OOA7H  QO2EBM  EBYM TODSEGMENTRASE QUAZH  0GEEH  EYM  THLSEGMENTRNTR
FCs2H ©OIDH 5YM  TODTEMPLATE JOAYH  00ZEH  BAS  TODSTAING
ooa7H 0DCADH SYM  TODETRINGINDEX FEhIH  O48%H  GYM PRIMTSTATUS
OOATH  O0RAH BYM STATUSMESBAGETIH ROATH  0OZCH  EYM  STATUSEXCER TCODE
-EN
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00ATH  O02EH  SYM ?TATUSEEGHENTQFF ODAYH  0O030H EYM ESTATUSSEGMENTEAS
ODAFH  GOZEH  SYM _S'IE'ITUSEEGHENTPNT FCe2H  O0STH  SvM ‘ET.\\TUSTENPLATE
00A7H O02EH  BAS _RS'M‘I'USETRZNG DIAFH  OO4EH  5YM BTATUSSTRINGINDE
0QAYH OCQ4FH SYM BITPATTERN FLaZH §3TFH  BvM _CHYDUTTQSK

DDAFH  O050H 5YM  MEBSACELENGTH 00aYH  0033H S¥M  MESSAGETOMEN
Q0ATH  O034H  5YM  RESPONSE TOKEW 00ATH O03&H  S¥YM  MESSASEEXCEFPTCOD
ooaTH  ODEBH  5YM  MESSAGESECHMENTOF Q0ATH  DO3AH  SYM -.iEESAGESEGI‘ENTHA
J0a7H! OO038BH  SYM _:EBE;RGESEGHENTF‘N 0DATH  GOOEM BAS _ﬁgmshﬂim‘rﬁlmcrih
FoaaH ODAFH  BYM _ESHHRNDTASK J0ATH  OO0S1H  SYM _EUNSDLECHAR

ooAaTH  003CH  B¥M COMMANDEXCERTCOD EFCﬁEH 0&883H  S¥H INinaél‘\'I'-—‘—iNIﬂ.ﬂLIZATID"TﬂsKSTARTINGlDDRESB
-E

O0A7H  OO03EH  5YM  INITEXLEFTCODE FC&ZH  0084H LIN 302
FCa2H DOBFH LIn jelel) FOm2H  00%3H LIM 3o
FoaaM  o9aH  LIN 204 FChgd  00FDH  LIN 30T
FC&aH O0A1H  LIN 308 FCa2H 00&kdH  LIMW 303
FosOH OOBOH LIm k1] FCe2H  O0B3H LIN g1
FobaH  ODEFH  LIMW Iz FoazHd  QoBTH LIM 33
FC&2H OOBCH LIW 319 FCO&2H  OOCEH  LIN 320
Fo&wHd ODCBH  LINW 32z FL&2H OOCEH  EIM a2z
Fo&aH O0DLH LIN 323 FCeZH  OO0E4H  LIN 424
FCs2H  OOEFH  LIM 3zs FCoRH  OOFEH  LIN dz2&
FosaH  Q1ocH LIM AR FC&ZH O11&8H LIN Jze
FC&IH OL11FH LIN =7 FChZH 012CH LIN sk lH
FCagH 01394 LIM 331 Fo&2H  OIHER  LINM 332
Fo42H  013EH  LIW 335 FC&H2H  0143H LIN 33&
FCsaH  0130H  LIN 337 FC&IH O150H LIN a38
FOA2H  O15CH  LIM 339 FOeEH CQI&DM LINM d40
FCoaH disbH LIK a1 FC&2H O0170H LIN 342
FiaRH  0173H  Lin 344 FChaH  0173H LIN 348
FCa2H  O1vaH LIN aav FoagH  O17FH  LIM EEC]
FCa2H O184H LIN 351 FC&EH CiBFH LINM 52
FCA2H  ol9&H LIM 3%3 FCaaH 019&8H LIN 354
FLéazH OtASH LIM 353 FladH  Di80H  LINM A5
FC&2H  ©Dl1B0H LIN 337 FCa2H  O01CDGH LIM
Fiéaed O1D&H LIM 337 FCa2H  01ESH Lin
FCé2H O1FSH LIM 341 FCagH 020aH LI
FCo@H  OEQFH  LIM 3a3 FCazH  G02aFH  LTa
FCeRH ©J28H (TN 3a3 FoA2H  0338H LIN
FCaZh OI38H LIM 347 FCa2H 025&H LI
FL&gH 025%H LIN 371 FosgH  02&&H  LIM
FOoRH  OI70H LT 373 FCagH 0O2¥8H LIn
FCaZH ©27DH LIk 47E FCaaH  028aH LI
FoeEZH  GIJBDH TR 378 FiagHd  02%AH  LIM
FCazb  02FCH EIM 380 FoagH  OIACH  LIM
FCAZH  O2acH L1k 584 FCaaH 02HEH  ILIM
FoaRb  OPBEM  LTM 384 HUagH  DRC2H LN
Fé2H  ©3ICAH LI 388 FCoyH  DACFH  LIY
FCaZE o2daH LIk 452 FCaZH 220D7H LIM
FC&gH  OZFEH LIW 394 FeaidH 03ubH  LIN
FCa2H O30FH LEINM 374 FoaaM N3IEH LI
FC&ZH ©3z0H  LiN 378 FC&IH  O3ZAM L IN
FC&eZH o34EH LIM 400 FCagH 03544 LIM
FiszH  COBDH LI 402 FCaEH U344H LI
FOEFH  GI&FH  LIN 404 Feaz2H OZFLH  LIKM
FosaH  038FH  LIN 404 FrarH  GZEBR LTk
FipaH O38EH LIM 412 Fi&2H GIFFH  LIN
FCadM  0347H  LIN 417 Fo&Zh caADH LIN
FCaaH  03ZBEH LIM 414 Fo&gH  G3I0D0H  LIN
FCagH 03p%H Lln 421 FCEZH OOFSKE LIN 4
FCaxM  Q4adEH LI az3 Foa@H Q4254 LIN =4
FCagH  0440H LIM 428 FrL&aDH  GAS9H LI Addh
“ChIH  0472H LI 427 FL&AH  GaO07H  LIN 4328
FUaIH  O4ESH  LIM A FLezhk Ga4BTH  LIN 440
FCele Q4ECH L IN 437 FlazF  Oa%0h  LIM 440
FCagH  04A5H LIM 441 FL&2MH  Caalbl LI L X
HUa2A4  Q4BCH  LINM a4 FieZH  O4CEH  £IN 434
FCagH  04D7H  LIM 445 FL&zM  O40FH LI 446
FCa2H  0O4EEH LIMW 44873 FoszH  O500H LI 448
Foeds  0BGFH  LIN a43 FCaZH  O318H EiR 450
FC&ZH  OS20H LIM 451 Foa@M  OSEFH LIk 497
FCagH 0832H LIM 4a0 FO&ZH  O590FH TN 4h1
FE&ZH O%3FH  LIN 452 FCa2H O55AH LM 4&3
FO&EH QF&0H  LIN 46d FCaZH oZeEH L1k ELE]
FO&ZH  0O573H LIN d&é FlaZH oOBEH LiW 547
FoeaH  0%%3H LI L] Fra@W GST0H  LINMN 4
Fiaud 0%aRH LIN 470 FL&ZH  O9ANH L TH 471
FoaaH  QRAFH  LIN a7d Fia2H 0SHSH LIN 47
FCagH  O5SBFH  LIM 474 FoaEd  QUERH  LIM 477
FCa2H O%E%H Lim 478 FCa2H  O0SDGH  LIN 47
Fia2H  DE0aH  LINM 480 FCa2H  09ECH  LIM 487
FCe=H O5F4H LIM 483 FCaaH 0Q»FAH LIN A84G
FoeRH  dadtH  LIN 4HS rcamd 0O&10H LIN Ak
Foe2H ©DaléH LI 487 FoeaH O&iCH LIM 458
FLAEH  Q&ICH  LIN 487 FCaH2H  0&83CH LIM Eals]
FCa2H 044CH LEM 471 FCaEH  Q&E5CH  LIM AFT
FoazH ousacH Lim 493 FC&IH 0&7CH LIN 434
FLamH  CHBCH LIN 493 FiaaH oD&FCH LIW ELL]
FC&=H OCABOH LIN 498 FoaaH D&aH3H LIM a7
FC&EZH OCABRSH  LIN <8500 FCaZH ©&RBH LIM S0
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FCS2H  OsCA4H LIN 503 FCARH ObDDH  LIN uo4
FCSDH  DAEEH LIN 508 FCeH  D6FeH LIN 504
FCHTH O7IFH LIN e - FCaRH  O7R¢H  LIN 308
FlbaH OFESH LIN 50% FCA2H  O7T4RH LIN 1Q
FCS2H  O7EEH  LIN 211 FCs2H  O7%8H LIN E
FOSPM  O7CIH LIN 213 FCézH OFCEH LIN . 314
FCLRM OPFYH  LIN s FCazH OBOAH LIN YT
FCe2H ©BECH LIN 27 : FCAZH  DEIAN LIN 518
Feé2H OBADH LIN 39 FU&ZH OB3AH LIN 320

FChad  GQORMH LIN s21

TEMORY M&F DF MODULE DEMOLIC
READ FAM FILE F1. AP130. LK
WRITTEM TO FILE -F1.AP13D

SEGMENT HaP
START sTaR LEHETH AL TGH MAMmE CLASS
[ooazon oAty DoKW DATA DATA [ LASTT DATA BYTE OF APPLIGATION JOB
OOACIH  ODACZH ODGOH W STACH STACH
OOADDH  OCADCH DODOH & PSED
FLS20H  FDI7EM OSCH W CODE CODE ]4— LAST CODE BYTE OF APPFLICATION JOB
FDITCH  FRLITEH QO00H W MEMDRY MEMDRY
GRIF MAP

AODRESS  SRMWE OR SEGMENT MAME
FC&20H CEROUF

CDDE
Q0ATOH DEROUP

DATA

2-92
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APPENDIX F
ROOT JOB LOCATE MAP

2-93

AFN-D20584

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



AP-130

ISI8-I1 mMiS-B& LOCATER.

Y1, 2 INVOHED BY.

LD¢as _#1 RJELIZ0 Ink %
10 (F1 RJB130 k
FAP PRINT! f1_RJEL1DO mp2)} X
OCimoli. nepl. nocm mnosk) &
PCinpli. pl. mocm. nanh! &
SEGHIIE(stackiD)) &
URDER (classes({data, stach:, memoryl} ]
ADDRESEES (classesicode (OFD1B0H) . ]
dat QOADGH
WARMNIMG 25 DECREASING BIZE OF BEGMENT
SEGMENT  BTACK

BYMRCOL TABLE OF MODULE ROOYT
READ FRDHM FILE F1
WRITTEN TO FILE Fi1 RJEIZD

BASE

RJB130 LK

GO115  PUB  ROSTARTADDRESS b— ROOT JO# STARTING ADORESS FDIBM GOIOH  FUB  INTFRROR

OFFSET TYPE SYMBOL DAsE
FOIBH 0180H PUB  MNUG_INIT_ENTRY
pEDLEH
FrigH ©000H PUR ) CRASH FDigmM
FHBAH 005306 PUR  ROGTTASH FDLEH
FULEH ©Ol15H PUP RGCREATEJOB FDI8H
FDIBH O©124H PUB RESUSPFENDTASK FD18H
FDIBH ©14&H PUB  RG_N_C_RETURN_40 FR1EH
OQADH OQQOOH PUB  JOBEMUMBER CTADH
HMEMORY MAP OF WMODULE RODT

READ FROM FILE F1 RJEID0 LMK
WRITTEN TO FILE F1 RJBI30

DFFSET TYPE SYMBOL

aozAH
o10CH
O11EH
O1ZAM
S1bH
Qoo

FI1BH 01844 FPUB

FUH
LR
FUE
PUR
PUB
FUB

MODULE BTART ADDRESS PARAGRAFH = FDiSH OFFSET = 0011H
BESMENT MAF

STACK [ut——ai LAST DATA BYTE OF ROOT JOB

cmsjq-——wrr CODE SYTE OF ROOT JOB

START ETOR LENGTH ALIGN HAME cLaSS -
OUATOH  BOADEH TO0AH W DATA DATA
[GukBan™"B6aFFH BLiZCH W ITNTT_ETACK
OCOOH  DOCODH 0O00H W STACH STACK
COCOOH  GOCoEH oODOH @ YIEED
FL180H FBa3vH GiBAH W CORE CORE
FOF3AH  FD345H O0OCH W SAR_DEECAIFTOR  GODE
-8
FO3aam FOA&EH QOZ1H L] U_J _DESCRIFTOR
-5
FO3&EH  FDT6EH CODOH W MEMDRY MEMORY
GROUF HMAP
ADDRESS GROUP GR SEGMENT HAME
OOADCH  DERODUP
DATA
FL1BOH CGROUP
clpE
SAE_DESCR IPTORS

U_J_DESCRIPTORE

CODEDATA

RARGOT JOBVERS LM
EYSTENBUIC 10E
RGGETTAHKTOMENS
RG_N_C_RETURN_&
RAERRGR
ROGTTASKETATUS

AFN-02058A

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



intef APPLICATION AP-174
NOTE

January 1984

Optimizing the iRMX ™ 86
Operating System
Performance on System
86/310 and System 86/330

CATHERINE LUNDBERG
SO APPLICATIONS MARKETING

€ INTEL CORPORATION, 1984 2-85 Order Number: 230990-001

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



AP-174

Optimizing the IRMX™ 86 CONTENTS

Operating Systegl

Performance on System :

86/31 0 and System iNTRODBUCTION ................

86/330 O OPERATING SYSTEM oo ...
PERFORMANCE TUNING ..........

The Size Of The Loader Buffers
The Volume Granularity Of Devices
The Number Of BIOS Buffers

The interleave Factor Of Devices

PERFORMANCETESTS ............
RSAT Maximum Transfer Rate
iBAMX™™ 86 Operating System Generation
iRMX™ g6 BIOS Generation
COPY Test :
DiR Test
Boot Disk Generatlon
Boot Tast
BACKUP And RESTORE Test

EVALUATION SEQUENCE .........

SYSTEM 86/330A PERFORMANCE
RESULTS .........iiciiiaenaenns

SYSTEM 86/310 PERFORMANCE
RESULTS ,....covvvvennnnenonnn.

CONCLUSION ..........c.vccvhu

APPENDIX A: SYSTEM
CONFIGURATIONS ..............

APPENDIX B: DEFINITION FILE FOR AN
OPTIMUM iRMX™ 86 OPERATING
SYSTEM ...cooorenrnrrennnnn.

2-86 . 230980-001

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



AP-174

INTRODUCTION

The Intel IRMX™ 86 Operating System is one of the most widely used real-time operating systems. Because it
is intended for reaf-time applications it must respond immediately to the event that has the highest priority.
Most users of the iRM X 86 Operating System are application program aoriented and their programs use the real-
time capabilities fully,

The Release 5 version of the iRMX 86 Qperating System has the capability of supporting program
development. This means that a system can be used for appiicationt code development, and later as the target
system. Development costs can be decreased within a company, since there is no need to have separate systems
for program development and for target systems. In addition, programs de aot have to be downfoaded from
the development system to the target system.

Since there are many possible software configurations for mixes of real time applications and program develop-
ment work, the purpose of this application note is to identify system configuration options which will improve
the overall performance of the iRMX 36 Operating System from the Human Interface level, which is the fevel
that the user sees while doing development work. The results of this application note could also be applicable to
the user who is optimizing a target system configuration, since most of the parameters discussed in this study
would affect the performance of the {arget system. Although the Release 5.0 operating system is faster and
more oplimized than previous versions of the iRMX 86 Operating System, further optimization has been
found possible, especiafly when a specific hardware configuration is known.

OVERVIEW OF THE IRMX™ 86 OPERATING SYSTEM

The iIBMX 86 Operating System is composed of layers. The layers in the iRMX 86 Release 5.0 Operating
System are the Nucleus, the Basic I/0 System, the Extended /O System, the Application Loader, the Human
Intecface, and the Universal Development Interface (See Figure 1.} A layer provides a specific subset of operat-
ing system function. For instance, the Nucleus provides management of iRMX 86 objects such as tasks and
jobs, the BIOS provides device independent /0 services, and the UDI provides the interface software to allow
applications to be operating system independent.

Different layers are added accordiag fo the requirements of the application. Lower layers may be used without
upper layers, but upper layers must have the iower layers as their groundwork, Usiag fewer layers of the operat-
ing systern usually means that the application can execute faster The UDI layer is required to run the utilities
(such as PL/M 86, ASMA&6, and LINK86) since all the languages products are based on the UDIL The code pro-
duced by running these utlhiles may not need all the layers.

Most layers of the iRMX 86 Operating System have user configurable parameters. The values given to these
parameters can be changed to allow the operating system to perform efficiently. Some parameters should be
left at their default values, or the operating system will not function properly. For other parameters, the opti-
mum value depends on the application, and the hardware configuration being used.

The System 86/310 and System 86/330A have different requirements because of their hardware
implementations. The major difference is their Winchesters and flexible disks. Parameters that affect disk per-
formance have the most effect on the systems. This application brief deals with those parameters which can be
changed to provide optimal values for disk performance.

PERFORMANCE TUNING

A number of parameters can affect the system performance. The parameters which afe configurable ig the
IRMX 86 Operating System don’t change the actual speed at which the processor works. The variables that can
improve performance affect how fast information can be given to the processor, or how much tirne must be
spent to maintain system integrity. There are two ways to change the valies of these parameters.

One way is to reconfigure the operating systemn using the ICU, The ICU is an interactive configuration utitity
which uses a screen oriented list of parameters to allow changes in an operating system. While using the ICU,
different values are given to particular parameters to change the systemn performance. The ICU alse allows the

297 ‘ 230890-001

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



AP-174

USER APPLICATIONS

Figure 1 Model of the IRMXTM86 Operating System

addition or deletion of individual layers of the operating system. The ICU creates a submit file from the infor-
mation contained in the definition fite. When this file is submitted, it generates a new operating system which
uses the new values that were given to the parameters.

The second way parameters can be changed tc affect system performance is to format the random access
devices differently. Changing the interleave factor while using the FORMAT cusp makes a great dlfference in
the disk 170 performance,

The Size of the Loader Buffers

The iRMX 86 Application Loader has lwo configurable buffer sizes. The Loader internal buffer is the Loader’s
working buffer for convert.ing Obiect Module Formats (OMFs) to executable code. The default value for the
Loader internal buffer is 400H, or 1X. Increasing this will not improve performance, but is sometimes
necessary. OMFs are usually smaller than 1K, but the Fortran 86 compiler can sometimes generate records
that are longer than 1K, Trying to load these records will cause an “ESREC_LENGTH™ error, which can be
eliminated by increasing the Loader internal buffer size. This parameter is found in the ICU screen iitled
“Application Loader”. The variable is called “Internal Bufter Size (IBS)".

The Loader read buffer is used as a caching buffer when reading data from secondary storage. The Loader read
buffer size infiuences the system performance. The Loader read buffer size is found in the ICU screen labeled

“Application Loader”. The parameter is fabeled “Read Buffer Size (RBS)”. The defauit value of the Loader
read buffer size is 400H, or 1K. Increasing the Loader read buffer size will improve system perfermance.
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The Volume Granularity of Devices

File fragmentation happens when a file is written into a space that is not large enough to hold the whole file.
Portions of the file must then be stared somewhere else on the disk to finish writing the file. This means that
the disk contreller must seek to several places on the disk to read the whole file, or to write the fite, and the
speed of disk 1/0 will be decreased. There are three different characteristics the vser can vary to control file
fragmentation on a device: device granularity, volume granularity, and file grapularity. Device granularity is
bath the minimum alocation size, the minimum transfer size and is usnally the sector size of a device. Volume
granularity is the minimum file allocation size for all files on the device. The volume granularity is 4 multiple of
the device granularity. Finally, file granularity is the minimum allocation size for a particular file and is a multi-
ple of the volume granularity. By increasing the volume granularity and file granularity the files on a device
should be forced to be contiguous. If the Winchester is fragmented, the smallest contiguous chunk of data for
any ong file will be the volume granularity.

Volume granularity on Winchester drives does not appear to affect system performance, so that parameter can
be left at its defanlt value of 400H, or 1K. This parameter is found in the screen titled “Intel iSBC® 215/i5BX
218 Device-Unit Information™. The field is labeled “Granularity™.

The diskette media which is used most frequently on the System 86/330A is a double sided double density disk
with 4 device granularity of 256 bytes (100H). The physical name of the first such device is “wfdd("™ in the stan-
dard definition file. With a device granularity of 256 bytes, a volume granularity of 256 bytes is the most
effective. Using a device with a device granularity of 1024 bytes will improve the perfarmance of the diskette.
The physical name of the first double sided double density diskette with 1 K byte device granularity is “wfdxC™.
The device tested for this application note was “wfdd0” the diskette with device granularity of 256 bytes. The
diskette device used in the System 86/310 has the physical name of *wmfdx0™. It is a doubie sided, double
density diskette with a device granularity of 512 bytes.

The Number of BIOS Buffers

The BIQS buffers are internal caching buffers which are used to hold data which is written to or read from
secondary storage. The BIOS will only transfer the number of bytes that are a multiple of the device
granularity. The device granularity is 1024 for the Winchester, and il varies ot flexible disks. The most com-
moealy used vaiués are 512 for the System 86/310°s diskette, and 256 for the System 86/330GA’s standard
diskette. -

Increasing the number of buffers for each device usually has a positive effect on disk performance, but only up
to a certain point. Buffers must be updated, or flushed to the device, after a certain amount of time to ensure a
retiable system. There are two parameters that control flushing buffers. They are called “Update Timecut!’ and
“Fixed Update” or “Common Update Timeout”. Update timeout is a variable for each device. A value of 64H
{100) for update timeout means that when a device has not been accessed for 1 second, the buffers associated
with that device will be written to the device. If the device is in constant use, ihis timeout limit may never be
reached, especially if the value given to update tirmeout is large. For this reason, there is a second update
parameter which can also be used.

The second parameter is called “Commeon Update Timeout™ in the BIOS screen, and “Fixed Update™ in the in-
dividual device screens. Common vpdate timeout has one value for all devices in the operating system, but it is
specified on an individual unit basis if it will be invoked. A value of 3E8H (1000) for common update timeout
means that buffers associated with devices where common update timeout was invoked will be flushed at the
end of 10 seconds. The buffers will be flushed if they have-been used since the lasi time the system wide
common update timeout happened. This ensures that even buffers for devices which have been continuously
in use will be written to their device.

Increasing the amount of time between updating system buffers would improve performance, but it degrades
_ reliability. If a system failure oecurs, for instance, a power failure, the disks would have incorrect data on them

if the buffers hadn’t been written to disk. Using updaie timeout and commeon update timeout values that are ap-

propriate reduces the damage caused by a system failure.

Different values of update timeout and common update timeout were not tested for the systems. These

parameters were left at their default values for each device.
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The time necessary to update the buffers causes a decrease in performance if there are ,too many buffers. Buf-
fers also use memory when the device is connected. Careful usage of memory is necessary especially when the
amount of memory available is limited, as is frequently the case for the target system.

Since diskettes are usually used only to transfer files between systems ot for backups, the petformance of the
flexible disks is not as important as the performance of the Winchester device. Since increasing the number of
buffers for a device increases the amount of memory required to attach the device, adding buffers for diskettes
does not usually outweigh the need to conserve memoty.

The BIOS number of buffers parameter is found in the ICU screen titled “Intel iSBC 215/iSBX 218 Device:
Unit Informatior™. Each device has its own Device Unit Information screen. The field is labeled “Number of
Buffers”, The default number of buffers for Winchester devices is 4. The default number of buf'fers for flexible
disk devices is usually 2.

The interleave Factor of Devices

One of the parameters of the FORMAT command is “Interleave”. If the consecutively-accessed sectors of a
disk are staggered (that is, if they are not consecutive physical sectors), disk access lime can decrease
considerably. The reason for this decrease is that although a coatroller cannot read a sector and issue another
read command in the time it takes for the next sector to be positicned under the head, the controller can per-
form this operation in less time than it takes for the disk to revolve once. Therefore, if the consecutively-
accessed sectors are staggered correctly, the next accessed sector will be positioned under the read head just as
the centrolier becomes ready to read it.

The amount of staggering is called the interteave factor. An interleave factor of two means that as the disk
rotates, the controfler consecutively accesses every second sector. Note that a properly set interleave factor also
implies the number of disk rotations necessary to access ali the seciors on a given track. An interfeave factor of
two implies that it takes two rotations of the disk to access all the sectors on a track.

The interleave factor is important when large transfers of consecutive data fake place at speeds that approach
the maximum transfer rate of the disk. Most information put on a disk will be stored in sectors that are con-
secutively accessed, if that is possible. If a disk has been heavily used so that few logically adjoining blocks are
available, then the information will be stored in nonconsecutively accessed biocks, wherever there is space
available. Naturally, this will slow down data transfer speed, since seeks must be done frequently to find where
the next block of data is located. System performance will be best if the most frequently used utilities, programs
and data are writien onto the disk first, after formatting the disk with the optimum interleave factor. .

There are three distinct cases where large amounts of data are transferred.
1} When the operaling system is bootstrap loaded from disk
2} When the Application Loader is used to load an application program from disk

3) When programs are invoked that perform large transfers of consecutive data, such as the Human Inter-
face COPY command

Each of these operations does a different amount of processing to the data which is bemg transferred. This
means that the turnaround time between sector accesses is dn‘ferent

The Bootstrap Loader instructs the disk controller to read one sector at a time. Thus, the turnaround time
depenids on the execution overhead of the Bootstrap Loader and is comparatively long. A large interleave
factor iz optimal for flexible disks that are used with the Bootstrap Loader. For hard disks however, the
Bootstrap Loader has no effect on the turnaround time because revolution speed is so great that more than one
disk revolution occurs between sector reads.

The Application Loader reads severat sectors at a time inte its internal read buffer. Then it takes a relatively
long time to process the object records in this buffer, The ideal interleave factor here is one that optimizes for
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the object record processing time between disk accesses. For flexible diskettes, this interleave factor is some-
what smaller than tha¢ for the Bootstrap Loader. However, the Application Loader is not affected by the inter-
leave factor on hard disks.

Applications which transfer large amounts of consecutive data (such as the COPY command) can initiate data
transfers involving many sequential sectors. Thus, the controller accesses sectors on a given track as fast as
possible, Here, the ideal interleave factor is one that optimizes for the turnarcund speed of the disk controller.

The idea! interleave factor depends heavily on the application. However, because the revolutien speed of hard
disks is so high, they should be formatted with interleave factors that arc optimized for the turnarcund speed
of the disk controller.

It is more important to match the interleave factor to the application with diskettes. They are usually smaller
devices and are usually used for one major type of access. Flexible disks are much more sensitive to varying in-
terleave factors, since the controllers for flexibie devices are not as fast as the Winchester centrollers. Different
types of flexible disks will have different optimum values for the interleave factor. So optimum values for 8
inch diskettes will not be the same as optimum vaiues for 54 inch diskettes.

The default value for the interleave factor in the FORMAT command is 5. The recommended Winchester in-
terleave factor for the iRMX 86 Release 5.0 operating system was 4, This was evaluated to verify if this was the
best interleave factor for the Winchester. Then flexible disks were evaluated to find out which interleave factor
was best for each type of application.

PERFORMANCE TESTS

Since the goal of this application note was to determine optimum values of parameters when systems were
being used for develepment, benchmarks which measure CPU performance were not used. Instead, all the
tests used involved a ot of disk 1/0. Some of them also involved building tables in memory. These tables could
have been built on disk if there had been insufficient memory available for them, but that would have degraded
performance markedty.

The languiages and system utilities were used extensively, as well as the DIR, COPY, BACKUP and RESTORE
cusps. These are the kinds of things that are done most frequently while using the system for development
purposes. Descriptions of each of the tests used follow.

RSAT Maximum Transfer Rate:

The RSAT test (iRMX 86 System Acceptance Test) measures the number of byics transferred every 60
seconds from a secondary storage device, It also keeps track of the maximum number of bytes transferred in a
60 second time period. If RSAT is invoked with a large buffer size, 2 good approximation of the maximuen
transfer rate of a device is obtained. A larger buffer size will increase the transfer rate. The largest buffer size
that RSAT allows is 63K. This is a multiple of both the Winchester device granularity and the diskette device
granularity, so it allows the maximum transfer raie.

The RSAT test is a composite of reads, writes, seeks, and truncates. The results are a good indication of overall
performance during disk I/0. The RSAT test was run for both the Winchester and the diskette evaluations.
The RSAT performance data contributed heavily in the analysis of the performance data.

iIRMX™ 86 Operating System Generatlon:

The generation of an iRMX 86 Operating system from an Interactive Configuration Utilily created submit file
consists of a number of compilations and assemblies, and extensive use of the utilities. The generation of an
iRMX 86 Operating System gives a very good indication of the performance that can be expected when using
these utilities. The time necessary to complete the IRMX 86 Operating System peneration was weighted heavily
in the analysis of the performance data. This test involved I/0 only on the Winchester.
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IRMX™ 86 BIOS Generation -

Because the BIOS generation has fewer steps in it than a full iRMX 86 Operating System generation, it was
used.to zero in on the best configuration quickly. It assembles twe modules, and then links two groups of ti-
braries together. Thls test mvolved 1/0 only on the thchester

COPY Test:

The Human Interface COPY casp was invoked to copy a large file {greater than 128K) from secondary storage.
This test was used to see what the normal throughput of the system was. This was done for both Winchester
and flexible disk devices.

DIR Test:

This test listed a directory with a large number of files in it to the terminal. The short file format was used 1o dis-
play the directory. This test was of some interest but was not weighted heavily in the analysis of the perfor-
mance data. The time required to access a difectory is extremely dependent on the location of the directory on
the device. This test was done for the Winchester and flexible disk devices. '

Boot Disk Generation:

The boot disk generation test formatted a diskette and then copied the files need for a bootable system onto
the diskette. This test gave a good indication of the performance when writing to a diskette. Thls test was per-
formed to determine diskette performance with different interleave factors.

Boot Test:

The amount of time it took the iIRMX 86 Operating System to boot from a diskette was recorded to determine
the best interleave factor for booting. This test was performed only on diskettes 1o determine the optirmum in-
terleave factor.

BACKUP And RESTORE Test:

The time to BACKUP and RESTORE from the Winchester to one flexible disk was gathered to determine the
best interleave factor for the diskette when it is being used as a backup device. The'iRMX 86 Release 5 versions
of BACKUP and RESTORE were used in the evaluation. The volume granularity and BIOS buffer sizes were
not a factor, since the diskette is formatted physical. BACKUP and RESTORE perform 1K reads and writes to
the diskette. BACKUP and RESTORE use both Winchester 1/0 and diskette 1/0, but the diskette was the only
device which had the interleave factor chunged as part of the evaluation with this test.

EVALUATION SEQUENCE

Since all possibie permutations of variables could not be tested, the evaluation was performed by varying one
parameter at a time. The research started with the default configurations of the operating system. The first
parameter was varied to find the best value, and then its best valuze was used to determine the next parameter’s
optimum valne. This method continued until all optimum values had beea founcl The parameters were tested
in the following sequence. .

1} The best Winchester interleave factor was found for the standard system. Values from 1 to 9 were tested
for the System 86/330A, and interleave factors from 1 to 8 were tested for the System 86/310.

2} The best Application Loader read buffer size was determined. Buffer sizes from 1K to BK bytes were
tested for both systems in 1K byte increments.
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3) The best number of Winchester BIOS buffers was determined. The systems were tested with 1 to § BIOS
buffers for the Winchester,

4) The best Winchester volume granularity was found. Volume granularities of 1K and 2K bytes were
tested for each system.

5) The best Winchester interleave factor was determined. Again, Winchester interleaves from [ to ¢ were
tested for the System 86/330A, and Winchester interleaves from 1 to 8 were tested for the System
86/310.

6) The best number of BIOS buffars was determined for the diskettes. The systems were tested with 1 to 6
BIOS buffers.

7} The best diskette volume granutarity was determined. Vatues of 256, 512 and 1024 bytes were tested for
the System 86/3304 diskette. Values of 512 and 1024 bytes were tested for the System 86/310 diskette.

S e
8) The best flexible disk intesleave factor was determined for each operation. Interleave factors from 1 i6 8"
were tested for the System 86/330A diskette. Interleave factors from 1 te 7 were tested for the System
86/310 diskette.

SYSTEM 86/330A PERFORMANCE RESULTS

Performance data was collected on a production System 86/330A using the iRMX 86 Release 5.0 Operating
System in its standard configuration. Tests were run to determine the best configuration parameter values. Per-
formance data was again coflected with the best configuration of the iRMX 86 Operating System to determine
the improvement in performance. The results for both configurations of the operating system using the 8”
Priam Winchester using the iSBC 215 controller are shown in Tables 1 and 2 for the 5§ MHz system and the §
MHz system.

Tabte 1. System 86/330A Winchester Performance
{5 MHz ISBC® 86/30 Single Board Computer)

Test : Execution Time '
Standard Optimum Improvement
(min:sec) (min:see) (percent)
iRMX 86 Generation 17:22 16:08 %
BIOS Generation 4:20 4:05 6%
DIR of 171 files 0:25 0:25 0%
COPY 128 K byte file ) 0:10 ! 0:10 0%
Bytes per Second
Standard Optimum Improvement
_ RSAT max transfer rate 80,640 90,316 12%
i
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_ Table 2. System 86/330A Winchester Performance .
{8 MHz ISBC® 86/20 Single Board Computer)} .

Test B ' " "Execution Time
Standard Optimum Improvement
{min:sec) - (min:sec) - {percent}
iRMX 86 Generation 13:26 12:29 Tt%
BIOS Generation ' kv | - 309 : 6%.
DIR of 171 files 0:22 0:19 14%
COPY 128 K byte ﬁlp 010 _ 0.08 20%
Bytes per Second
Standard - Optimum Improvement
" RSAT max transfer rate 92,467 105,371 12%

Note that the granularity of the measurements was 1 second. In a test that iakes 10 seconds to run, the real
amount of time necessary to run a test coukd be 10% off of the resuit shown. This can account for the dif-
ferences shown between the 5 and § MHz systems, especially in the DIR and COPY command tests, The tests
which took greater quantzt!es ‘of time are a more aocurate reflection of the actual system performance that can
be expected.

The eptimum values of the parameters are listed below. These were the parametar values which were used in
the optimal iRMX 86 operating system configuration.

The Application Loader read buffer size was increased from 1K to 7K.

The volume granularity of-the Winchester was left sit !K which is the device granularity for the
Winchester, S N

# The number of Winchester BIOS buffers was increased from 4 to 8.
¢ A Winchester interteave factor of 3 instead of 4 was used.

® The volume granularsity of the diskette was left ai 256 bytes. This was the 8 diskette's device
granularlty

* The number of diskette BIOS buffers was increased from 2 to 4

Performance data was collected on the 837 DS/DD diskette drive using the {SBX™ 218 controtler after finding
the optimum values of the parameters for the rest of the System 86/330A. The best interleave factor for the dis«
kette was determined for each type of use. The results are shown in Table 3.

‘The fastesi boot time was found when the diskette was formatted with an interleave factor of 7. For transferring
files between systems by using the COPY cusp the interleave factor shoutd be 3. This is shown in Table 4 by the
results of the Boot Disk Generation test, the DIR tesi; and the COPY test. When treating an 8% diskette as a
physical device, as in BACKUP and RESTORE, the interleave factor should be 2,

SYSTEM 86/310 PERFORMANCE RESULTS

Petformance data was coflected on a System 86/310 using the iRMX 86 Release 5.1 Operating System in its
standard configuration. Tesis were run to determine the best configuration parameter values. Performance
data was again collected with the best coafiguration of the iRMX 86 Operating System to determine the im-
provement in performance. The result for both configurations of the operating system at 5 MHz using the 34"
CMI Winchester with the iSBC 215 controller is shown in Table 5. The resuit for the optimum configuration of
the eperating system at § MHz using the 5%" CMT Winchester is shown in Table 6.
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Table 3. Sysiem B6/330A DS/DD Diskette Parformance

Test Execution Time
{min:see)

Interleave Factor 7 3 2
Boot Time 1:02 2:42 2:36
Baot Disk Generation 6:34 6:18 6:43
DIR of 14 Files 0:22 0:21 022
COPY 187, 768 Byte File 1:01 0:45 1:03
BACKUP 4:15 2:43 2:25
RESTORE 4:40 2:43 2:25

Bytes per Second
RSAT Max Transfer Rate 5,376 9.677 12,902

Table 4, Optin"lum Interieave Factors for System 86/330A Diskettes

Type of Application Optimum Interfeave Factor
Using Bootstrap Loader 7
Transferring Named Files 3
BACKUP and RESTORE 2

Table 5. System B6/310 Winchester Performance
(SMHz iISEC® 86/30 Single Board Computer)

Test Execation Time
Standard Optimum Improvement
{min:sec) {min:sec) {percent)
iRMX 86 Generation 19:16 17:57 %
BIOS Generation 4:26 4:22 1%
DIR of 171 Files 27 0:24 11%
COPY 128 X Byte File 0:14 0:13 %
. Bytes per Second
Standard Optimum Improvement
RSAT Max Transfer Rate 72,038 69,888 —3%
2-105 230990-001
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Table 6. System 86/310 Winchester Performance
{B MHz iSBC* 86/30 Single Baard Computer}

Test ’ ) Execntion Time
Optimum
{min:sec)
{RMX 86 Generation . 14:35
BIOS Generation : 332
DIR of 171 Files 0:20
COPY 128 K Byte File 11
Bytes per Second
Optimum
RSAT Max Transfer Rate . 78,490

The best performance of the Sysiem 86/310 was found with the following configuration of the parameters.

The Application Loader read buffer size was increased from 1K to 7K bytes.
The velume granularity of the Winchester was left at 1K bytes.

The number of Winchester BIOS buffers was increased from 4 10 8.

A Winchester interleave factor of 4 was used.

The velume granularity of the diskette was left at 256 bytes.

The number of diskette BIOS buffers was increased from 2 to 4.

. & & 0

After the optimum values were found for the variables affecting Winchester performance, performance data
was collected on the 5.25 DS/DD diskette drive using the iSBX 218A controller te determine the best inter-
leave factor for the diskette. Again, different interleave factors were best for different uses of the flexible disk.
The results are shown in Table 7.

Table 7. System 86/310 D5/DD Dlskette Performance

Test Execution Time
{min:sec)

Interleave Factor 5 2 1
Boot Time | 1:20 1;55 1:55
Boot Disk Generation 12:50 10:59 11:20
DIR of 14 Files :24 0:27 0:24 .
COPY 181,784 Byte File 117 . 1:01 . 1:16
BACKUP 2:02 . 1:20 .10
RESTORE 2:04 1:11 1:00

' Bytes per Second.
RSAT Max Transfer Rate 3,226 6,451 ] 9,6?".1r
2-106
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Ag the data shows, the best interleave factor for booting was 5. For ordinary use in transferring files between -
systems with the COPY cusp the interleave factor should be 2. This was demonstrated by the Boot Disk Gener-
ation Test, the DIR test and the COPY test. For BACKUP and RESTORE from the Winchester to the flexible
disk the best interleave factor was 1. These numbers are shown in Table 8 below.

Tabie 8. Optimum Interleave Factors for System 868/310 Diskettes

Type of Application Optimum Interleave Factor
Using Bootstrap Loader 5
Transferring Named Files 2
BACKUP and RESTORE : 1
CONCLUSION

The pararneters changed generally affected [/0 perfarmance the most. The Application Leader read buffer size
was changed from 1K to 7K bytes. The number of BIOS buffers was changed from 2 to 4 for flexible diskettes,
-and from 4 to 8 for Winchester devices. The interleave fuctor was sel to 3 for the Sysiem 86/330A Winchester,
and to 4 for the System 86/310 Winchester. The optimum interleave factor for each system’s flexible diskette
varied according to how the diskette was to be usad.

By reconfiguring the system with different values for the configuration parameters and no changes to the
hardware, a performance improvement of up to 20% may result. Performance may alse be improved by chang-
ing the interleave factor when formatting random access disk devices. An applicalion that used disk [0 would
henefit by using the optimum values found in this application note.
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APPENDIX A
SYSTEM CONFIGURATIONS
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APPENDIX A

SYSTEM CONFIGURATIONS

Both systems used in the performance testing were production model systems. The sofiware used on them was
the iRMX &6 Release 5.0 Operating System for the System 86/330A, and the iRMX 86 Release 5.1 Operating
System for the System 86/310. Hardware and software configurations of each system are shown in Table A-1.

Table A-1. System Configurations

System 86/330A System 86/310
iSBC 86/30 Single Board Computer iSBC 86/30 Single Board Computer
384 K Memory 640 K Memory
iSBC 215/218 Disk Controller iSBC 215/218 Disk Controller
iRMX 86 Release 5.0 Operating System iRMX 86 Release 5.1 Operating System

Note: More memory was required to run the ICU than was available in the System 86/330A. The ICU requires
448K bytes of RAM to run.

280990-001
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APPENDIX B
DEFINITION FILE
OF AN OPTIMIZED iRMX™
86 OPERATING SYSTEM
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APPENDIX B

Definition File of an Optimized iRMX™ 86 Operating System

Hardware
{OSP) 80130 Operating System Extension [Yes/No} Na
(OTU) 80130 Timer Used {Yes/Nol No
(OPU) 80130 PIC used [Yes/No] No
(OCD} 80130 Coypright = 1981 {Yes/Nol Yes
(BL) 80130 Base Address Location [40h-OFFFFh] 0000H
(BP) 30130 Base Port Address [0-0FFFFH] 0000H
(MP) 8259A Master Port {0-0FFFFH| 00COH
(MPS} Master PIC Port Separation [0-0FFH] 0002H
(SIL) Slave Interrupt Levels [1-7/None] None
(1.85) Level Sensitive Siaves [1-7/None] Nane
(LSP} Local slave PICS [1-7/Nonel None
(TP) 8253 Timer Port 10-0FFFFH} 00DOoH
(CIL) Ciock Interrupt Level 10-7] 0002H
(CN) Timer Counter Number [0,1,2] 0000H
(CD Ciock Interval [0-0FFFFH msec) 000AH
{CF) Clock Frequency [0-0FFFFH khz] 04CDH
(TPS} Timer Port Separation [0-0FFH} 0002H
(NPX) Numeric Processor Extension {Yes/No] Yes
(NIL) NPX Interrupt Level [Encoded! G008H
Memory
Type : RAM = fow, high
Tvpe : ROM = low, kigh
Type : RAM = 0104H, 239FH
Type : RAM = 28CDH, FIFFH
Sub-systems
(UDD Universal Development Interface [Yes/Nol Yes
(HI} Human Interface {Yes/Nol Req
(AL} Application Loader [Yes/No] Req
(EIO) Extended 1/0 System [Yes/No] Req
{BIO) Basic I/0 System [Yes/Nol Req
(DB} Debugger {Yes/Nol No
(TH) Terminal Handler [Yes/No) No
(CA) Crash Analyzer [Yes/Na! No
{UIR) UDI in ROM [Yes/Nol Ne
(CAR) Crash Analyzer in ROM [Yes/No} No
(RIR) Root Job in ROM [Yes/No] No
Human interface
(ICL) Initial Command Line Size [0-0FFFFH] 0100H
(CNM) Command Name Length [0-255] 0030H
(SYS) System Directory [1-45 characters] :SD:SYSTEM
(DRP) Default Resident Initial Program FYes/Nol Yes
(RIP} Resident Initial Program [1-45 characters] Default
(CDN) Configuration Device Name [1-14 chars] :SD:
(PMI) Human Interface Pool Minimum [0-OFFFFH} 0100H
(PM A) Human Interface Pool Maximum [0-OFFFFH] FFFFH
(HIR) Human Interface in ROM [Yes/Nol Ne
21m 230900-001
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HI Jobs

(MIN) Jobs Minimum Memory [0-0FFFFH pages]
(MAX) Jobs Maximum Memory [0-0FFFFH pages]
(NPX) Numeric Processor Extension Used [Yes/Nol

Resident User

(TDN} Terminal Device Name [1-12 characters]

{(MTP) Maximum Task Prierity [0-0FFH]

{(UID) User ID Number [¢-0FFFFH]

(MIN} Minimum Memory Required [0-0FFFFHI]

(MAX) Maximum Memory Required [0-0FFFFH]

(IPP) Initial-Program Pathname [RESIDENT/1-45 characters)
(DEF) Default Directory [1-45 characters)

Prefixes

Prefix: 1-45 characters
Prefix: ;$:

Prefix: :PROG:

Prefix: :UTILS:
Prefix: :SYSTEM:
Prefix: .LANG:
Prefix:

HI Logical Names

Lagical Name: logical.name, path_name .
Logical Name: LANG, :SD:WORK
Logical Name:; WORK, :SD:WORK
Logical Name: SYSTEM, :SD:SYSTEM
Logical Name: UTILS, :SD:UTILS

Application Loader

(IBS) Internal Buffer Size [0-OFFEFh]

{RBS) Read Buffer Size [0-0FFFFh]

(LIT} Load Job Type [None/Async/Syncl
(DMP} Default Memery Pool Size [0-0FFFFh]
(CT) Code Type [Abs/Pic/Ltl/Ovr] N
(ALR) Application Loader in ROM [Yes/No]

EIOS

{ASC) All Sys Calls in EIOS

{ABR) Automatic Boot Device Recogaition [Yes/Nol

{DLN) Default System Device Logical Name [1-12 characters]
(DPN) Default System Device Physical Name [1-12 characters]
(DFD) Default System Device File Driver [Phys/Str/Named)
(DO} Default System Device Qwners ID [0-0FFFFH]

(EBS) Internal Buffer Size [0-0FFFFh)

(DDS) Default 1O Job Directory Size [5-0FF0Oh]

(ITP) Internal EIOS Task's Priorities [0-0FFH]

(PMT) EIOS Pool Minimum [0-0FFFFH]

(PMA) EIOS Pool Maximum [0-0FFFFH]

(EIR) Extended I/0 System in ROM [Yes/No]

1/0 Users
User: user name,Owner-ID £,ID,ID,1D,ID]

2112

0100H
0000H
Yes

TO

00AOH
FFEFH
0100H
FFFFH
RESIDENT
sd:userfworld

[1-12 Chars, 1-45 Chars]

0400H

1CO0H

Synchronous and Asynchronous
0100H

Overlay, LTL, PIC and Abs

No :

Req
Yes

sd

wi
Named
0000H
0400H
0020H -
0083H
G180H
O180H .
No

230980-001
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Logical Names .

Logical Name: logical name,device_name, file_driver,owners-id [1-12 Chars ,1-14 Chars,
Physical/Stream/Named, 0-0FFFFH]

Logical Name: BB, BB, Physical, 0000H

Logical Name: STREAM ,STREAM, Stream, 00)0H

Logical Name: LP.LP, Physical, 0000H

BIOS

{ASC) All Sys Calls in BIOS [Yes/Nol Req
(ADP) Attach Device Task Priority [1-O0FFH] 0081H
(TF) Timing Facilities Required [Yes/No) Yes
(TTP} Timer Task Priority [0-0FFH] 0081H
(CON) Conrnection Job Delete Priority [0-0FFH] 0082H
(ACE) Ability to Create Existing Files [Yes/No} Yes
(SMI} System Manager 1D [Yes/No] Yes
(CUT) Common Updste Timeout [0-6FFFFH] 03ESH
(CST) Control-Sequence Translation [Yes/Nol Req
{PMI) BIOS Pool Minimum [0-0FFFFHI 0800H
(PMA) BOIS Pool Maximum [0-0FFFFH] 0800H
(BIR) Basic [/O System in ROM [Yes/No} No

Intel Terminal Driver

{(IIL} Input Interrupt Level [Encoded] 0068H
(OIL) Output Interrupt Level [Encoded] 0078H
(UDP) USART Data Port [0-0FFFFH] O0D8H
{USP) USART Statns Port [0-0FFFFHI O00DAH
{IRP) 8253 Input Rate Port [0-OFFFFH] 00D4H
{1ICP} 8253 Input Control Port [0-0FFFFH] O0D6H
(IRC) 8253 Input Counter Number [0-2] 06002H
(IRM) Input Rate Maximum [0-0FFFFFFEFH] 00012C00H
(ORP} 8253 Output Rate Port [0-0FFFFH] 0O0H
(OCP)8253 Qutput Control Port [0-0FFFFH] 0000H
(ORC}) 8253 Qutput Counter Number [(-2] i 0000H
(ORM} Qutput Rate Maximum [0-0FFFFFFFFHI 00GO0000H

Intel Terminal Driver Unit Information

(NAM) Unit Info Name {1-17 Chars] t0_info
(LEM} Line Edit Mode [Trans/Normal/Flush] Normal
(ECH) Echo Mode [Yes/No] Yes
(IPC) Input Parity Conirol {Yes/No] Yes
{OPC)} Qutput Parity Conirel [Yes/Nol Yes
{OCC) Qutput Control in Tnput [Yes/Nol Yes
(0OSC) OSC Controls [Both/In/Qut/Neither] Both
(DUP) Duplex Mode [Full/Half] Full
{TRM)} Terminat Type [CRT/Hard Copy] CRT
{MC) Modem Control {Yes/No] No
(RPC) Read Parity Checking [See Help/0-3] GO00H
(WPC) Write Parity Checking [See Help/0-4] 0000H
(BR) Baud Rate {0-0FFEFH] 2580H
(SN)Scroll Number [0-0FFFFHI 0017H

Intel Terminal Driver Device-Unit Information

{NAM) Device-Unit Name [1-13 Chars] TO
{UN) Unit Number on this Device [0-0FFH] 0000H
{UIN} Unit Info Name [1-17 Chars] t0_infa
(MB} Max Buffers [0-0FFH) C000H
2-113 : 230980-001
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Intel iSBC® 215/218 Driver

(IL) Interrupt Level [Encoded Levell
(ITP) Interrupt Task Priority [0-0FFH]
{WIP) Wakeup [/0 Port [0-0FFFFH]

intel iISBC* 215/218 Unit Information
(NAM) Unit Info Name [1-17 Chars]

(MR} Maximum Retries [0-0FFFFH]

{C8) Cylinder Size [0-0FFFFH]

(NC) Number of Cylinders [0-0FFFFH]

(NFH)} Number of Fixed Platters/Disk {0-0FFH)
(NRH) Number of Remove Platters/Disk [0-0FFH]
(NS} Number of Sectors/Track [0-0FFFFH]
(NAC) Number of Aux. Cylinders [0-OFFH]
(88N) Starting Sector Number [0-0PFFFFFFFH]
(BTI) Bad Track Information [Yes/Nol

Intel iISBC® 215/218 Unit Information
(NAM) Unit Info Name [1-17 Chars]

(MR} Maximum Retries [0-0FFFFH]

(€5) Cylinder Size [0-0FFFFH]

(NS} Number of Cylinders [0-0FFFFH]

(NFH} Numbers of Fixed Platiers/Disk [0- OFFH]
(NRH) Number of Remove Platters/Disk [0-0FFH]
(NS} Number of Sectors/Track {0-0FFFFHI]
(NAC) Number of Aux. Cylinders [0-0FFHI
(S8N) Starting Sector Number [0-0FFFFFFFFH]
(BIT} Bad Track Information [Yes/No]

Intel ISBC® 215/218 Unit Informatlon
(NAM) Unit Info Name {1-17 Chars]

(MR} Maximum Retries [0-0FFFFH]

(CS) Cylinder Size [0-OFFFFH]

(NC) Number of Cylinders [0-0FFFFH]

(NFH} Numbers of Fixed Platters/Disk {)-0FFH]
(NRH) Number of Remove Platters/Disk [¢-0FFH]
(NS} Number of Sectors/Track [0-0FFFFHI]
(NAC) Number of Aux. Cylinders [0-0FFH]
(8SN) Starting Sector Number [0-0FFFFFFFFH]
(BIT) Bad Track information [Yes/No}

Intel ISBC® 215/218 Unit Information
(NAM) Unil Info Nume [1-17 Chars]

(MR) Maximum Retries [0-OFFFFH]

(CS} Cylinder Size {0-0FFFFH]

{NC) Number of Cylinders [0-0FFFFFH]

{NFH) Number of Fixed Platters/Disk [0-0FFH]
{NRH) Number of Remove Platters/Disk [0-0FFH]
{NS) Number of Sectors/Track [0-0FFFFHI
{NAC) Number of Aux. Cylinders [0-0FFH]
(SSN) Starting Sector Number [0-OFFFFFFFFH]
{BTD)Bad Track Information {Yes/No)

Intel ISBC® 215/21 8 Unit Information
(NAM) Unit Info Name [}-17 Chars]
(MR) Maximum Retries [0-0FFFFHI

Artisan Technology Group - Quality Instrumentation ...
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0058H
0082H
0100H

uinfo_215gen
0U9H

G000H

0001H
0001H
0000H
000CH
0U01H
000000GH
Yes

vinfo_215w5
0009H
0000H
0132H
0004H
0000H
0009H
000AH
00000000H
Yes

uinfo_215w

_ 0009H
0000H
020DH
0005H
000H
000CH
0AH
0G0O0000CH
Yes )

uinfo_215pt
Q009H
D000H
01D2H
(003H
GO00H
onocH
0006H
O0000000H
Yes - -

unifo_215f
0009H
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{CS) Cylinder Size [0-0FFFFH]

(NC} Number of Cylinders [0-0FFFFH]

(NFH) Number of Fixed Platters/Disk [0-0FFH]
(NRH) Number of Remove Platters/Disk [0-0FFH]
(NS) Number of Sectors/Track [0-0FFFFFH]
{NAC) Number of Aux, Cylinders [(-0FFH]

{SSN) Starting Sector Number [0-0FFFFFFFFH]
{BTI) Bad Track Information [Yes/No)

Intel iSBC® 215/218 Unit Information
(NAM) Unit Info Name [1-17 Chars]

(MR} Maximum Retries [0-0FFFFH]

(C8) Cylinder Size [0-0FFFFH]

(NC) Number of Cytinders [0-0FFFFH]

(NFH) Number of Fixed Platters/Disk [0-OFFH]
(NRH) Number of Remove Platters/Disk [0-0FFH]
(NS) Number of Sectors/Track [-0FFFFH]
{NAC) Number of Aux Cylinders [0-0FFH]
(SSN} Starting Sector Number [0-0FFFFFFFFH]
(BTI) Bad Track Information [Yes/No] .

InteliISBC® 215/218 Unit Information
(NAM) Unit Info Name [1-17 Chars]

(MR) Maximum Retries |0-0FFFFH]

{CS) Cylinder Size [0-0FFFFH]

{NC) Number of Cylinders [0-0FFFFH]

{NFH) Number of Fixed Platters/Disk [0-0FFH]
(NRH) Number of Remove Platters/Disk [0-0FFH)
{NS) Number of Sectors/Track [0-0FFFEH]
(NAC) Number of Aux. Cylinders [0-0FFH]
(SSN) Starting Sector Number [0-0FFFFFFEFH]
(BTD} Bad Track Information [Yes/Nol

Intel ISBC?® 215/21 8 Unit Information
(NAM) Unit Info Name [1-17 Chars]

(MR} Maximum Retries [0-0FFFFH]

(CS) Cylinder Size [0-OFFFFH]

(NC) Number of Cylinders [0-0FFFFH]

(NFH) Number of Fixed Platters/Disk [0-0FFH]
{(NRH) Number of Remove Platters/Disk [0-0FFH]
(NS) Number of Sectors/Track {0-0FFFFII)
(NAC) Number of Aux. Cvlinders [0-0FFH]
($SN) Starting Seclor Number [0-0FFFFIFEFH]
(BTI) Bad Track Information [ Yes/Nol

Intel iSBC® 215/iSBX™ 218 Device- Unit Information

(NAM) Device-Unit Name [1-13 Chars]

{PED) Physical File Driver Required [Yes/Nol

{NFD) Named File Priver Required {Yes/No}

(SDD) Single or Double Density Disks {Single/Double]
(SDS) Single or Double Sided Disks [Single/Doublel
(EFI} 8 or 5 Inch Disks [8/5]

(GRAJ Granularity [0-0FFFI'H]

{DSZ)} Device Size [-0FFFFFFFFH]

(UN) Unit Number on this Device [0-0FFH]

{UTN) Unit Info name {1-17 Chars]

{UDT) Update Timeout [0-0FFFFHI

{NB) Number of Buffers [nonrandom = 0/rand = 1-0FFFFH]
(FUP)} Fixed Update [True/Falsel

{MB) Max Buffers [0-OFFH]

2-115

0DO0H
004DH
G00H
00D1IH

001 A
Q000H
Q0000D00H
Yes

uinfo_215fd
0009H
0000H
004DH
CO00H
0002H
001AH
0000H
00000000H
Yes

vinfo_shugart%é
G009H

0000H

0050H

00001

Q002

008H

0000H
06000000H

No

vinfo_shugart48
0GOSH

0G00H

0028H

0000H

0002H

0008H

Q000
O0000000H

No

cmf)

Yes

Yes

Single
Single

5

0400H

00A 680001
0000H
uinfo_215w3
0064
0008H

True
00FFH
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Intel iISBC® 215/iSBX™ 218 Device-Unit Information

{(NAM)} Device-Unit Name [1-13 Chars] iwb

{PFD) Physical File Driver Required [Yes/No] Yes

(NFD) Named File Driver Required [Yes/Ne] Yes

(SDD) Single or Double Density Disks {Single/Double] Single
(SDS) Single or Double Sided Disks [Single/Double] Single
(EFT) 8 or 5 Inch Disks [8/5] 8

(GRA) Granularity [0-0FFFFH] 0400H
(DSZ) Device Size [-0OFFFFFFFFH] 01E2DO0OH
{UN) Unit Number on this Device [0-0FFH] 0000H
(UIN) Unit Info name [1-17 Chars] uinfo_215w
(UDT) Update Timeout [0-0FFFFH] 0064H

(NB) Number of Buffers [nonrandom = 0/rand = 1-0FFFFHd] OG08H
(FUP) Fixed Update [True/Falsel True
(MB) Max Bulfers [0-0FFH] 00FFH

Intel iISBC® 215/iSBX ™ 218 Device-Unit Information

(NAM) Device-Unit Name [1-13 Chars} wmfdx0
(PFD} Physical File Driver Required [Yes/Nol ' Yes

(NFD) Named File Driver Required [Yes/No) Yes

(SDD) Single or Double Density Disks [Single/Doublel Double
(SDS} Single or Deuble Sided Disks [Single/Double] Double
(EFT) § or 5 Inch Disks [8/5] 5

(GRA} Granularity [0-0FFFFH] 0200H
(DSZ) Device Size [0-0FFFFFFFFH] OG04FBOCH
(UN) Unit Number on this Device [0-0FFH} 0008H
{UIN} Unit Info Name [1-17 Chars] : uinfo_shugart48
{(UDT) Update Timeout [[0-DFFFFH] 0064H
(NB) Number of Buffers [nonrandom = 0/rand = 1-0FFFFH| 00D4H
{FUP) Fixed Update [True/Falsel True

(MB} Max Buffers [0-0FFH] 00FFH
Intel iISBC® 215/iSBX™ 218 Device-Unit Information

(NAM) Device-Unit Name [1-13 Chars? widd)
(PFD) Physical File Driver Required [Yes/Nol Yes

{NFD) Named File Driver Required [Yes/No} Yes

{(SDD} Single or Double Density Disks [Single/Double] Double
(SDS) Single or Diouble Sided Disks {Single/Double} Double
(EFI) 8 or § Inch Disks [8/5] 8

{GRA) Granularity [0-0FFFFH] 0100H
{DSZ) Device Size [0-0FFFFFFFFHI 000F9700H
(UN) Unit Number on this Device [0-0FFH] 0008H
{UIN) Unit Info Name [1-17 Chars] uinfo_215fd
(UDT) Update Timeout [0-GFFFFH] 0064H
(NB) Number of Buffers [nonrandem = 0/rand = 1-0FFFFH! 00041
(FUP) Fixed Update [True/Talsc] True

(MB) Max Buffers [0-0FFH] ‘00FFH
Intel iISBC® 215/ISBX™ 218 Device-Unit Information

{NAM) Device-Unit Name [1-13 Charsl wid0
{PFD) Physical File Driver Required {Yes/No] Yes

(NFD) Named File Driver Required [Yes/No] Yes

(SDD) Single or Double Density Disks [Single/Double] Double
{SDS) Single or Double Sided Disks [Single/Double] Single
{EFI) % or 5 Inch Disks [8/5} ’ 8

{GRA) Granularity [0-0FFFFH) 0100H
{DSZ) Device Size [0-0FFFFFFFFHI

0007C500H
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{UN) Unit Number on this Device [0-0FFH]
{UIN} Unit Info Name [1-17 Chars}
{UDT) Update Timeout [0-0FFFFH]

{NB) Number of Buffers [nocarandom = 0/rang = 1-0FFFFH]

{FUP) Fixed Update [True/Falsel
{MB} Max Buffers [0-0FFH]

Intel iISBC® 215/iSBX™ 218 Device-Unit Information

{NAM) Device-Unil Name [1-13 Charsl
{PFD) Physical File Driver Required [Yes/No]
{NFD) Named File Driver Required [Yes/Na]

{SDD) Singie or Double Density Disks [Single/Double]
{SDS) Single or Double Sided Disks [Single/TYouble]

(EFD) 8 or § Inch Disks [8/5]

{GRA} Granularity [0-OFFFFH}

{DSZ} Device Size [0-0FFFFFFFFHI

(UN} Unit Number on this Device [0-0FFH]
{UIN) Unit Info Name {1-17 Chars}

(UDT) Update Timeout [0-0FFFFHI

(NB) Number of Buffers [nonrandom = 0/rand = 1-0FFFFHI

(FUP) Fixed Update [True/Falsel
{MB) Max Buffers [0-0FFH]

Intel ISBC® 215/i$BX™ 218 Device-Unit Information

{(NAM) Device-Unit Name [1-13 Chars]
(PFD} Physical File Driver Required [Yes/Nol
{NFD) Named File Driver Required [Yes/No)

{SDD) Single or Double Density Digks [Single/Double]
{8DS) Single or Double Sided Disks [Single/Double]

{EFD) 8 or 5 Inch Disks [8/5]

{GRA)} Granularity [0-O0FFFFH]

{DSZ) Device Size [0-0FFFFFFFFHI

{UN} Unit Number on this Device {0-0FFH]
{UIN} Unit Info Name [1-17 Chars]

{UDT) Update Timeout [0-CFFFFH}

(NB) Number of Buffers [nonrandom = 0/rand = 1-0FFFFHI

(FUP) Fixed Update {True/False]
{MB) Max Buffers {0-0FFH]

intel iSBC® 215/iSBX™ 218 Device-Unit Information

(N AM) Device-Unit Name [1-13 Chars]
(PFD) Physical Fite Driver Required [Yes/Noj
(NFD) Named File Driver Reguired [Yes/No}

(SDD) Single or Double Density Disks {Single/Double]
{SDS) Single or Double Sided Disks [Single/Double]

(EFD) § or 5 Inch Disks {8/5]

(GRA) Granularity [0-0FFFFH]

(DSZ) Device Size [0-0FFFFFFFFH]

(UN) Unit Number on this Device [0-0FFH]
(UIN) Unit Enfo Name [1-17 Chars]

(UDT) Update Timeout [0-0FFFFH]

(NB) Number of Buffers [nonrandem = 0/rand = 1-0FFFFHI

(FUP) Fixed Update [True/False]
{(MB) Max Buffers [0-0FFH]

Intel ISBC® 215/iSBX™ 218 Device-Unit Information

(NAM} Device-Unit Name [1-13 Chars]
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Q008H
ninfp_215f
0064H
00044
True
00FFH

wil

Yes

Yes

Single
Single

8

0080H
0003ESDOH
0008H
uinfo 215
0064H
0004H
True
{00FFH

cml

Yes

Yes

Single
Single

5

C400H
(0A68000H
H0O1H
uinfo_215w53
ad4H
CO04H

True
00FFH

iwl
Yes
Yes
Single
Single
8

0400H
01E2DO00H
0001H
uinfo_215w
J064H
0004H

True
O0FFH

wmfdxl
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{PFD) Physical File Driver Required [Yes/Nol

{NFD)} Named File Driver Required [Yes/Nel

{SDD) Single or Double Density Disks {Single/Doubla]l
{5DS) Single or Double Sided Disks [Single/Double]

(EFT) 8 or 5 Inch Disks [8/5)

{GRA) Granularity {0-6GFFFFHI

{DSZ) Device Size [0-0FFFFFFERH]

{UN) Unit Number on this Device [0-0FFH]

{UIN) Unit Info Name [1-17 Charsl]

{UDT} Update Timeout [D-0FFFFH]

{NB) Number of Buffers [nonrandom = 0/rand = |-CFFFFH]
{FUP} Fixed Update [True/Falsel

{MB) Max Buffers [0-0FFH]

Intel iSBC® 215/iSBX"™ 218 Device-Unit Information
{NAM) Device-Unit Name [1-13 Chars]

{PFD) Physical File Driver Required [Yes/Nol

{NFD) Named File Driver Required [Yes/Nol

(SDD) Single ar Double Density Disks [Single/Double)

{SDS} Single or Double Sided Disks [Single/Double]

{EFI) 8 or 5 Inch Disks {8/5]

{GRA) Granularity [0-0FFFFH]

{DSZ) Device Size [0-0FFFFFFFFH]

{UN) Unit Number on this Device [0-0FFH?

{UIN} Unit Info Name [1-17 Chars|

{UDT} Update Timeout [0-0FFFFH]

{NB) Number of Buffers {nonrandoem = 0/rand = 1-0FFFFH]
{FUP) Fixed Update [True/False)

{MB) Max Buffers [¢-0FFH]

Intel iSBC® 215/iSBX™ 218 Device-Unit Information
{NAM) Device-Unit Name [1-13 Chars}

(PFD) Physical File Driver Required [Yes/No]

{NFD) Named File Driver Required [Yes/No]

{SDD) Single or Double Density Disks [Single/Double]

{SDS) Single or Double Sided Disks [Single/Double]

(EFI) 8 or 5 Inch Disks [8/5]

{GRA) Granularity [0-0FFFFH]

{DSZ) Device Size [0-0FFFFFFFFH]

{UN) Unit Number on this Device [0-0FFH]

{UIN) Unit Info Name [1-17 Chars]

(UDT) Update Timeaut [0-0FFFFH]

(NB} Number of Buffers [nonrandem = 0/rand = 1-QFFFFHI
(FUP) Fixed Update [True/False]

(MB) Max Buffers [0-0FFH]

Intel iISBC® 215/iSBX™ 218 Device-Unit Information
(NAM} Device-Unit Name [1-13 Chars]

(PFD) Physical File Driver Requirad [Yes/Nol

(NFD) Named Fite Driver Required [Yes/No)

(SDI Single or Double Density Disks [Single/Double)
(SDS) Single or Double Sided Disks [Single/Doublel
(EFI) 8 or 5 Inch Disks [8/5]

{(GRA) Granularity [0-0FFFFH]

(DSZ) Device Size [0-0FFFFFFFFH]

(UN) Unit Number on this Device [0-0FFH]

(UIN} Unit Info Name [1-17 Chars]
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Yes

Yes
Double
Double

5

0200H
0004F800H
0009H
uinfo_shugart48
0064H
0004
True
00FFH

widdl

Yes

Yes

Daouble
Double

8

0100H
OCOF9700H
0009H
uinfo_215fd
0064H
0004H
True
00FFH

widl

Yes

Yes
Double
Single

8

HG0H
0007C500H
0009H
uinfa_215F
0064H
0004H
True
00FFH

wil
Yes
Yes
Single
Single
8

O080H
O003ES00H
0009H
uinfo.215f

2300980001
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(UDT} Update Timeout [-0FFFFH]

0064H

(NB) Number of Buffers [nonrandom = 0/rand = 1-0FFFFH} 0004H

(FUP} Fixed Update [Trus/False]
(MB) Max Buffers [0-0FFH}

True
Q0FFH

Intel iISBC* 215/iSBX™ 218 Device-Unit information

(NAM) Device-Unit Name [1-13 Chars)
(PFD) Physical File Driver Required [Yes/Nol
{(NFD) Named File Driver Required {Yes/No]

(SDD) Single or Double Density Disks [Single/Pouble}
(SDS} Single or Double Sided Disks [Single/Double]

(EFD) 8 or 5 Inch Disks {8/5}

{GRA) Granularity [0-0FFFFH]

(DSZ) Device Size [0-0FFFFFFFFH]

(UN) Unit Number on this Device [6-0FFH]
(UTN) Unit Info Name [1-17 Chars}

(UDT} Update Timeout [0-0FFFFH]

wmidy0
Yes
Yes
Daouble
Doubile

5

0200H
0009F800H
0008H
uinfo_shugart96
Ke4H

(NB) Number of Buffers [nonrandom = 0/rand = 1-0FFFFH] 00044

(FUP) Fixed Update [True/False]
(MB) Max Buffers [0-0FFH]

True
00FFH

Intel iISBC® 215/1SBX™ 218 Devige-Unit Information

{(NAM) Device-Unit Name [1-13 Chars]
(PED) Physical Fite Driver Required [Yes/Nol
(NFD) Named File Driver Required {Yes/Nol]

{SDD) Single or Double Density Disks [Single/Doubie]
(SDS) Single or Double Sided Disks [Single/Doubile]

(EFD) & or 5 Inch Disks {8/5]

(GRA) Granularity [0-0FFFFH]

(3SZ) Device Size [0-0FFFFFFFFH}

(UN) Unit Number on this Device [0-0FFH]
(UIN) Unit Info Name [1-17 Chars]

(UDT) Update Timeout [0-0FFFFH]

wmidy1
Yes

Yes
Double
Double

5

0200H
C009F800H
C009H
uinfo_shugart96
G064H

(NB) Number of Buffers [nonrandom = Ofrand = 1-0FFFFHI 0004H

(FUP) Fixed Update [True/Talsel
(MB) Max Buffers [0-0FFH]

True
0OFFH

Intel iISBC® 215/iSBX™ 218 Device-Unlt Information

(NAM) Device-Unit Name {1-13 Chars]
{PFD) Physical File Driver Required [Yes/No]
{NFD} Named File Driver Required [Yes/Nol

(SDD} Singls or Double Density Disks [Single/Double}
(8DS) Single or Double Sided Disks [Single/PDouble]

{EFD) 8 or 5 Inch Pisks [8/5]

{GRA) Granularity [0-OFFFFH]

(DSZ) Device Size [0-0FFFFFFFFHI

{UN} Unit Number ¢n this Device [0-0FFH]
{UIN) Unit Info Name {1-17 Chars]

{UDT) Updats Timeout [0-0FFFFH]

pwl

Yes

Yes

Single
Singie

8

0400H
0102C6DOH
D000H
ainfo_215pt
0064H

(NB} Number of Buffers [nonrandom = 0/rand = 1-0FFFFH] 0008H

(FUP) Fixed Update [True/Falsel
{MB) Max Buffers [0-0FFH]

True
QGFFH

Intel iISBC® 215/iSBX™ 218 Device-Unit Information

{(NAM) Device-Unit Name [1-13 Chars}
(PFD) Physical File Driver Required [Yes/Nol
{NFD)} Named File Driver Required [Yes/Nol

(SDD) Single or Double Density Disks [Singie/Daublel

Artisan Technology Group - Quality Instrumentation ...
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{SDS) Singie or Double Sided Disks [Single/Double]

{EFI) 8 or 5 Inch Disks [8/5]

{GRA) Granularity [0-0FFFFH]

(DSZ) Device Size [0-0FFFFFFFFH]

{UN} Unit Number on thig Device [0-0FFH]

{UIN) Unit Info Name [$-17 Chars]

{UDT} Update Timeout [0-OFFFFH]

{NB) Number of Buffers [nonrandem = 0/rand = 1-0FFFFH}
{FUP) Fixed Update [True/False]

{MB) Max Buffers [0-0FFH]

Intel Line Printer Driver

{IL) Interrupt Level [Encoded Level]

{ITP) Interrupt Task Priority [0-0FFH]

{POA) 8255A Port A address [0-0FFFFH]

{POB) 8255A Port B Address [0-0FFI'FH]
(POC) 8255A Port C Address [0-0FFFFH]
(CON) 8255A Control Port Address [0-0FFFFH]
(TAB) Printer Expanded Tabs {Yes/Nol

intel Line Printer Driver Device-Unit Information
(NAM) Device-Unit Name [1-13 Chars]

(UN) Unit Number on this Device [0-0FFH]

(UJIN} Unit Info Name [1-17 Chars}

(MB) Max Buffers [0-0FFH]

Nucleus

(ASC} Al Sys Cails [Yes/Nol

{PV) Parameter Validation [Yes/Nol

{ROD) Raot Object Directory Size {0-0FFOR]

{MTS) Minimum Transfer Size [0-0FFFFH]

{DEH) Default Exceplion Handler [Yes/No/Deb/Usel
(NEH} Name of Ex Handler Object Module [1-32chs]
{(EM) Exception Mode [Ncvcr/ProgramIEnwmm’All]
{NR) Nucieus in ROM [Yes/Nol

User Jobs

(ODS) Object Directory Size [0-0FFOH]

(PMI) Pool Minimum [20H - OFFFFHI

(PMA) Pool Maximum [20H - 0FFFEH]

(MOB) Maximum Objects [1-QFFFFH]

{MTK} Maximum Tasks [1-0FFFFH]

{MPR) Maximum Priority [0-0FFH]

{AEH) Address of Exception Handler [CS:IF]
(EM) Exception Mode [Never/Prog/Environ/All]
(PV) Parameter Validation [Yes/No]

(TP} Task Priority [0-0FFH]

(TSA) Task Start Address [C5:1P]

(DSB) Data Segment Base [0-0FFFFH]

(S8A) Stack Segment Address {$5:SP]

{SS) Stack Size [0-0FFFFH]

(NPX) Numeric Processor Extension Used [Yes/Nol
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Single

)

0400H
00000400H
0000H
pinfo_215gen
0064H
0008H

True

O0FFH

0048H
0382H
0GCBH
0DCAH
00CCH
G)CEH
Yes

Ip

C000H

NOT REQUIRED
0000H

Req
Yes
0020H
0040H
Yes

Mever
No

Co16H

G100H

G10OH

0010H

0010H

0000H

0000H DO0OH
Never

Yes

CN82H

" 23A0H:0000H

0000H
0D00H:0000H
01OCH

No

230080-001
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Includes and Libraries

Path Name [1-45 Characters]

(UDF) UDI Includes and Libs
frmx86/udif

(HIF) Human Interface Includes and Libs
frma86/hi/

(FIF) Extended I/0 system Includes and Libs
frmx86/eios/

(ALF) Appiication Loader Includes and Libs
frmx86/loader/

(BIF) Basic [/0 System Includes and Libs
/rmx86/ios/

{THF} Terminal Handler and Debugger Includes and Libs
/rmx86/th/

(NUF) Nucleus and Root Job Includes and Libs
frmx86/nucleuss’

(ILF) Interface Libraries
frmx86/Tib/

{CAF) Crash Analyzer Includes and Libs
frmx86/crash/f

{DTF) Development Tools Path Names
lang:

Generate File Names

File Name [1-55 Characters]

(ROF} ROM Caode File Name
rmx86.rom

(RAF) RAM Code File Name
rmx 86

2-121 230050-001
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Intel Related Publications

iRMX 86 Retease 5 Operator's Mamsai (172764-001)

iRMX 86 Configuration Guide (9803126-05)

Systern 86/3304 Overview Mantial (144680-001)

IRMX 86 Documentation Addendum for Release 5 (146032-001)
iRMX 86 Basic IO System Reference Manuat (9803123-05)
iRMX 86 Loader Reference Manual (143318-002)
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1.0 INTRODUCTION

The world of device configuration and device drivers
has since time been an arca where only hacks could
tread. Being the lowest-level of software inierfacing
te the device, drivers were always examined by self-
motivated experts. Also, drivers were hard to come-
by and even harder to comprehend.

Intel Corporation’s “open syslems”™ concept,
coupled with the XENIX* Operating Syslem and our
family of microprocessor systems, creates an attrac-
tive environment for building and adding new
devices and drivers. However, the folklore involved
with the XENIX Operating System and its internal
functions are exemplified in the lack of device driver
details. This paper clears the fog around dovice driv-
ers and device driver writing. Il is written for the
general operating system user bringing him/her
details of the anatomy of the 1/0 system, driver in-
terfaces and driver support routines. The details that
follow pertain to the Release 1 XENIX 286736
Operating System which is a supersel of the Unix*
V7 operating system. This application note discusses
writing device drivers for the XENIX Operaling
System as well as describes the operating environ-
ment around device drivers. Note that the reader
may not need the discussion on the environment
when writing device drivers. However, when the
reader begins 1o debug them, hefshe will find these
discussions worthwhile.

Mast driver writers would agree that few start writ-
ing drivers from scratch. Many use existing driver
code as templates. This paper includes actual coded
and pseudeo-coded examples coupled with descrip-
tions which grant the reader(and soon to be writer)
a bouncing-board introduction to writing device
drivers.

2.0 DEFINITIONS

A device driver is that body of soflware that allows
an aperating system to communicate with a device.
This body of soltware is the lowest softwarc lavel of
abstraction in the I/0 sysiem. Figure la shows these
levels identifving device drivers as a set of machine-
independent routines(commands} of the operating
system which talk to devices.

In the XENIX QOperating Svstem, a device driverisa
colleciion of procedures placed in a file that is confi-
gured into the system. No source code is needed for
this configuration as the operating sysiem, once
configured, will talk with these routines inthe driver.

Before attempting to write a XENIX device driver,
one must:

1} Understand the device i.e. know how to talk 10
the device, inilialize it elc,

*UINTX 15 a Trademark of Bell Labs

2-125

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com

2} Understand how the XENIX Operating inter-
faces to the driver i.e what is coverad in this ap-
plication note.

3} Regin writing the routines needed for a driver
i.e. mimic an existing driver.

USER-TASK

— - — — — — —BYTE-STREAM I/Q

[ —

USER-INTERFACE
{SHELL)

1
1
|
1
1
FILE SYSTEM 1
1
[
{

HOPERATING SYSTEM

|
DEVICE-DRIVERS \

-————

DEVICE

1977

Figure 1a. Driver Model

3.0 COMPONENTS OF THE XENIX 1/Q
ENVIRONMENT

This application note breaks device drivers and the
XENJX Operating system into the following
cormponcrts;

1) the process

2} the kernel

3} the I/Q buffers

4} the driver(s)

5} the device(s)

These components are shown in figure 1b. These

components communicate with each other in unique
Ways.

3.1 The Process’ View of the Kernel

Processes communicate with the kernel through
systern calls i.c. open, close, rcad. These system calis
can be found in the XENIX Operating System Docu-
mentation (173258001).

) 3.2 The Kernel’s View of the Process

Scction 6.0 {THE ENVIRONMENT) defines a
process, process synchronization, user-areas and in-
troduces the kernel's view ol the process.

230041-001
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PROCESS
CLIST KERNEL %E%Iﬁ'.‘,'
DRIVER
DEVICE
1978

Figure tb. Components of the 1/0O Environment

3.3 The KernePs View of the Driver

Section 4.0 (Types of Devices) serves as an introduc-
tion to how the kernel views the driver. Details of
this view are found in Section 7.0 (The Anatomy of
the I/Q Systermn) where the system I/O buffers are
described as used by the kernel.

3.4 The Drivers View of the Kernel

Section 7.0 {The Anatomy of the [/0 Systermn} ex-
plains how the driver communicates with the kernel,
by introducing the assist routines (Section 7.1.2,
7.2.3, 7.2.4) available to drivers. Furthermore, the
driver must undersiand the buffer scheme when
talking with the kernel. Sections 7.1.1 and 7.2.1 (The
170 buffers) detail what the driver manipulates.

3.5 The Driver’s Yiew of the Devyice

The device drivet is a collection of routines that act
on the device and the device reponds to the driver
through interrupts. The driver talks with the device
when an action is requested ar when the device inter-
rupts the driver on completion of the action. The
driver talks with the device through routines which
are discussed in Sections 7,1.3 (Block device driver
rouiines), 7.2.5 (Terminal 1/0 device driver routines
and Appendix D (Interrupt Mapping).

3.6 Putting the Components Together
Section 6.3 (/0 Path through the system) will give

2-126

an introduction to how the above-mentioned compo-
nents interact. To understand this discussion, the fol-
lowing concepts must be covered;

1) Types of Devices (Section 4.0)

2) How Devices are viewed from the user interface -
(Section 5.0)

3} The kernel’s view of the process (The Enviren-
ment Section 6.0, 6.1 and 6.2)

4.0 TYPES OF DEVICES

The XENIX Operating System supports iwo kinds of
devices - Block and Character. Input/Cuiput
to/from these devices are consequently known as
block and character [/O.

4.1 Block Devices

A block device is a sectored device that is accessed
randomly. A file system resides on it as well. A good
example of a block device js a8 winchester disk or a
floppy disk. I/0 with a block device is execnted
through a set of kernel 1/0 buffers(cache) which in-
tervenes transfers of data (in fixed sized blocks) be-
tween user memory and the respective device. Block
1/0 involves a considerable amount of kernet activity
due to these buffering characteristics.

Atso:

1) The size of Block 1/O transfer requests from
kernel to device are a multiple of the system’s
blocksize (BSIZE). BSIZE is 1024 bites in
XENIX 286 Operating System.

2) Transfers are seldom done directly to the user
task’s memory. The transfers are staged
through a buffer pool of BSIZE buffers. Also,
the XENIX kernel mznages these buffers to per-
form blocking/deblocking and cacheing. 1/0O
transfers to/from the user task’s memory are
satisfied from the buffers.

4.2 Character Devices

A ¢haracter device is unstructured. A file-system
cannot reside on a character device. Examples are
terminals and printers. In character 170, data transfer
requests cccur in *n' bytes between sections of
memory and the device. Hence, “characler™ is sy-
nonymous to “hyte”” One must realize that there Is
niinimal operating system invelvement in data trans-
fer as it is a private transaction between a user task
and the device driver(see figure 2),

4.3 Combination Devices
Some devices can be accessed and treated as a block

or character device. For example, the disk interface
can be accessed either as a block or character /O

280041-001
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USER PROGRAM
USER
system
KEANEL DRIVER DEVICE
O O
1975
Figure 2a. Block I/0 Interface
USER PROGRAM
I
]
- — _ MINMAL N - _ UsER
INVOLVEMENT i
]
¥
KERNEL DRIVER DEVICE
(@] o
Figure 2b. Character I/0Q Interface 1076

Figure 2a and 2b. Block and Character Interfaces

device. The character device permits direct ifo trans-
fers between user memory and device. This mode of
transfer is called RAW /0. Raw /0O is very vseful
when direct disk-to-disk copy is necessary. The
kernel buffers and file system are bypassed in this
operation. Routines such as dump, dd, fsck are
examples of such raw operations.

5.0 DEVICES VIEWED FROM THE USER
INTERFACE

How are drivers in the XENIX Operating System
identified? In the XENIX user interface, a directory
called fdev exists for the purpose of holding al! rele-
vant device driver interfaces. XENIX is a file-
oriented operating system and treats al! devices as
files. As files are accessible by the file-system, so are
devices.

An s -1 {directory listing) of the /dev direciory is
shown in figure 3. :

Since devices are accessible as files, data can be sent
to them with:

echo “talk to me” > fdev/ttyal

Devices can be opened, updated and closed via the
filesystem. /dev/ttyal is seme-user’s terminal. Files
that identify devices are called device special files as

2127
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they provide the hook to the drivers from the file-
system. Enforcing device independence where all
devices are files in XENIX permits tremendous flexi-
bility and uniformity in the XENIX Operating
System. Device special files are idenlified to the
kernel as a 16-bit integer value. This 16-bit value is
composgd of two other values, which are the
device’s major and minor numbers. The high-order
8-bits form the major number and the low-order
form thc minor numbcr. XENIX provides two
macros — major{dev) /minor{dev} to decode these
values from the device file. This < majer,minor >
number pair is used, whenever the device is
referenced, to identify the relevant device driver
XENIX is internally very table{array) oriented.
These numbers are indices 1o an array of possible
drivers.

Figure 3 shows the <major,minor> number-pair
for each device. Also note that the leading “c™ and
“b" characters first on each line denote the character
and biock files respectively. To see the connection
between major number/minor number and drivers,
take a look al the c.e file (appendix A). c.¢ is created
in the configuraiion process. The fellowing data-
structures in e.¢ are created to maintain the relation-
ship between drivers and the major/minor numbers
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(identifying the device special file}. The data struc-
tures are:

1) dinitswl | is a vector of device-initialization
procedures. The procedurés mentioned in this
vector are called during system initialization to
initialize devices.

2) bdevswl 1 is the table of block-device interfaces.
The index te a driver in this table is the major
device number of the Block interface for the
device,

3) cdevsw[ | is the table of character-device
interfaces. The index to the driver in this table is
the major device number of the character inter-
face to the device. Note that major numbers do
not overlap for block/character devices unless
the same device is represented as a block and a
character device.

4) vecintswl 1 is the table of interrupt procedures.
This table contains ane entry per supported in-
terrupt level of the cascaded 825%9A Programma-
ble Interrupt Controller. The index represents
the interrupt level.

total 11

ow--w--w-lroot 4, 1Feb 113:13 console
brw------- lroot 0, 9Jan2317:47di0
brw - - wen-w L rcot 0, 13 1an 200947 dxf0
brw------- Iroot 0, 8Jan2009:460

W ---v--- Isysinfo 2, 1Jan2009:45 kmem
oW --Ww--w- 1lroot 3, TFEeb 114:241p
CTW====n== 1sysinfo 2, 0Jan 2009:45 mem
crw - rw - tw - 1root 2, 2Feb 119:30null
AW ==~ troot 0, 9Feb |07:32rdf0
CrW - -=-mm- 1 root 0, 13 Jan 20 09:47 rdx{0
brw------- 2sysinfo 0, 1Jan 30 16:40 root
W --rm-m- 2sysinfo 0, 1Jan2009:45 rroot
W~ =~m-mm 2sysinfo 0, 3 Jan3016:42 rusr
CIW=------- 2sysinfo 0, 1Jan 2009:45 rw(a
W= - me - 2root 0, 2Jan2009:45 rwOb
AW =-=nmm- 2 sysinfo 0, 3Jan3016:42 rwikc
COW == -mm - 1 ront ¢, 0Jan2009:45 rw(i0
W =mmmmm- lroot 0, 12 Jan 20 09:47 rxf0
crw-Tw-rw- lroot 6, 0Jan2009:45 ity
crw-w--w- lroot 3, OFeb 117.35tyad
CTW - -W - -w- | nair 3, 1Feb 119:36ttyal
crw-Tw-rw- lropt 3, 2Fcb 108:26ttya2
crw--w--w-lroot 3, 3Feh 10753 ttya3
orw-tw-Tw- lioot 4, 0Jan2009:45 tiyf0
brow------- 2sysinfo 0, 3 Jan 24 16:51 usr
brw------- 2sysinfo 0, 1Jan 3016:40 wla
brew------- 2sysinfo 0, 2Jan 2009:45 wib
bIw -« nov - 2sysinfo 0, 3 Jan 24 16:51 whc
brow------- lroot 0, 0Jan?2009:45 wiil

Figure 3. Thels Listing

Only an overview of configuration details will be cov-
ered in this write-up. Knowledge of the configuration
process is not needed to write a device driver. Figure
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4 illustrates the file and directory structure maintaing
drivers and the configuration files/shell scripts.
Basically, there are three interesting files:

1} xenixconf; edit this fils to describe the configura-
tion to be built {see Appendix B)

2} master: contains a master copy of the configura-
tion information (Appendix C)

3) c.c generated from the above twe using a pro-
gram “config.”

config
iemaster+xenixconf ==========>¢¢

To configure:

1} edit master
2) edit xenixconf
3 in /sys/conf run MAKEXENIX

The rest is automatic. Appendix B and C give exam-
ples of xenixconf and masier. There will be no fur-
ther discussion of the configuration details which do
not contribute o learning how to write device driv-
ers in XENIX. This overview was meant to describe
how e.c is created. However, before attempting to
write drivers, one must have a minimal understand-
ing of the operating environment surrounding
device drivers. This is the topic of discussion that
follows. -

6.0 THE ENVIRONMENT

The enviranment of any driver is, of course, the
operating system, the device and the user-
programs(processes) that communicaic with the
driver, This section concentrates on the kernel's
view of the process. A task or process to the operat-
ing svstem is defined as;

1) the existence of an element/structure in the
proc table. The proc table contains details of ali
processes in the system.

2) the existence of a per-process data area
{u-area} representing it in the kernel. Any pro-
cess image contains this special area that is
copied into the kernel data space when it is
active. This area identifies the process and hold
parameters of the process.

A proc table eniry and its corresponding
u_structure, defines the state of a process at any in-
stance during its birth{fork), lifetime and
death{exit}). The proc table entry is that part of a pro-
cess that must always remain in memory for process
communication and restart capability. The u_strue-
ture is that pari of the process which can be swapped
out onto disk, along with the per-process data
segment, at times when the process is not in a runna-
ble state. '
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FILES FOR
DRIVER

CONFIGURATION
DATA-STRUCTURES

1887

Figure 4. The Configuration Files/Directories

6.1 The u-area

The XEN!X operating system does not differentiate
a kernel process from a user proccss. Processes can
run in either kernel mode, using systent services
and privileges {access ta ifo drivers, u.area) or in
user mode, where user-program code Is execuiing.
The operating system manages the relevant user-
programs using a per-process data area, called the u-
area. The u-area contains pertinent information
such as system-stack information, preserved regis-
ters and I/O parameters used for data transfer.
Throughout the discussion on device drivers, there
will be meniion of information in the u-area. To
recap, the u-area is that space held in the kernel to
maintain information about processes that run on
the CPU. Every process has a u-area that is made up
of a detailed structure, called the u-structure. This
structure is multiplexed in the kernel i.e is swapped
in and out with the process and containg considerable
information about the process such as:

system call arguments
Process sizes

registers saved

errot information

[/0 information

Input/output parameters held here are:

u.u._error -errer information, O means no error

v.u_base - starting user transfler address

n.u_count - bytes to transfer

v.u_segflg - flag lelting if transfer is to/from user
data space (0) or systern memory (1)

wn.u_offset - offset in file for 1/0

The driver will receive other information too, such
as, the larget device, the size of the job and the
buffer address in the task’s memory. For block
devices, only w.u_error is updated. For character
drivers, all other parameters are used. The u-area
should not be accessed by the running driver at all
times. This is because events occur in any operating
system that are either:

1} Synchronous, as in normal code executing in
user space
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2)  Asynchronous, as when an interrupt occurs and
the interrupt service routine is calted for the
device.

Synchronous activities happen as the CPU permits
users o run their code. When their code makes re-
quests to the gystern resources, they are subject to
be swapped cut of memory. Onee the device per-
forms these requesis, it interrupts the processor
asynchronously, The Operating System then calls on
certain routines, called interrupt service, routines,
1o perform actions that follow the device’s comple-
tion of its requested job.

The u_area, being part of the process, may have
been swapped out after resource requests were
made. Hence, the asynchronous portions of code
called on an interrupt cannot access this arca. The
terms “task-lime execution™ and “interrupt-time ex-
ecution”™ are used to differentiate times it can and
cannot be accessed. Obviously, the device driver
must contain routines that are called due to
asynchronous and synchronous evenis.

6.2 Task-time Execution vs.
Interrupi-time Execution

As mentioned, the XENIX Operating System dees
not concern itself with whether tasks are running in
user or kernel mode. Hence, there may be several
tasks contending for system resources thai are non-
[/0 related. At task-time, tasks are executing user or
system code. Their w-area may be used whenever
the process execuies system code i.e. makes a
system call and the kernel uses this area for stack
and parameter storage. This u-area is resident when
the process is running and ,therefore, can be ad-
dressed by thc driver for data transfer. The user
space is addressable at this time and information
aboul the running process can be placed in this area
by the driver.

Contrary to this, during interrupt-time execuiion,
the device has interrupted the CPU. At this time,
the running lask may not be the task that requested
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170 toffrom the device, Usvally, the task-time por-
tion of the driver has exited after the /O request
and that process may have been swapped out.
Hence, the u-area and the user data space cannot
safely be accessed or used at interrupt time by the in-
terrupl service routine. However, the interrupt ser-
vice routine gets relevant information{about what io
do) from the task-time portion of the driver via
slatic variables. Obviously, from the nature of task-
management, inlerrupt routines are limited in beha-
vior and thev cannot make assumptions about the
state of Lhe sysiem or the presense of tasks/data in
the system. Figure 5a illustrates the distinction be-
tween the task-time portion and the interrupt-time
poriion of any driver that has to evidently cater and
respect the realilies of task vs. interrupl -time
excoution.

Task and interrupi-time roulines are separate but
they may call common data-manipulating routines.

One such routine is called by both sides and manipu-
lates common buffers used (will be discussed later).
There is a mechanism used for mutually excluding
an update attempt of one routine from another. This
mutual exclusion technique is required as the
asynchronous portion of the driver may be removing
an element from a list, for example, while the
synchronous portion of the same driver may be plac-
ing an element onte the list. The technique basically
deals with the interrapt struclure and priorities of
the system. For further details on the intcrrupt
mapping, sce Interrupt Mapping{Appendix D).

The operating environnent, and the nature of tasks
have been discussed only briefly as the device driver
is the main focus of this application note. To bring
together the basic components of the roadmap
{Section 3.0) i.e. how the process, the kcrncl and the
driver communicate, a brief description of the basic
[/0 path through the system fallows.

TASK \

INTERRUPT

U AREA ,“‘ VER
DRI
PORTION OF - INTERRUPT
DRIVER \ ROUTINE
KERNEL
| I : —]
\ \

1

v

\ _ ' 1pes

Figure 5a. Task vs. interrupt Time Execution
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6.3 1/0 Path Through the System

Thus far, the driver interfaces have vet to be
discussed. Knowing the environment a driver exists
in is sufficient for understanding the [/Q path
through the kernel when 1O system calis are made.
This will explain how (he components of the road-
map (Section 3.0) interact. To illustrate the way all
these device tables and system calls relate, the fol-
lowing calling sequences are presented. Details have
been avoided to simplify the concepts described.

l$
* user program makes system call
*f

fd = open{“/dev/ttybl™” 1)

lt
* the kernel reacts with
*f

1) The kernel entry routine gets the system-call
trap, determines it’s an “open” call and calls
“open” in the kernel.

2) Open calls a procedure to parse the path-name
{nami} and turn it into an inode. An inode is the
structure that represents a file in the file-system.

3) Open notices that the inode represents a charac-
ter special-file and not a normal disk file. Thus,
it accessed the cdevswl] table using the major
number in the inode, and calls the device-
drivers open procedure.

4) The driver’s open procedure does whatever it
necds to do ie. opens the device 1l sets
u._error if an error occurs and returns,

5) If the driver did not declare an error, open allo-
cales a file-descriptor in the user-process, and re-
turns it

6) If the driver returned an error, open simply
passes il back to the user program.

’t’F
* user program does -
*/

read(fd, buf, 128);
‘!*

* kernel does
*f

1} The kernel gets the sysiem-cafl trap, determines
itis 4 read call and calls read in the kernel.
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2} Read uses the “fd™ argument and determines
which inode it represenis.

3) The inode indicates i1 is a character special-file.
Thus, read uses the major device number
stored in the inode (o access the edevswlil table
and calls the drivers read routine.

4} The drivers read rouline does whatever il needs
te do transferring data to the user’s buiter. If
any &rrors oceur, it sets w.u_error. In any case,
the driver eventually returns after having trans-
ferred the data.

5) The read routine returns te the kernel, which re-
turns to the user program.

The 1/0 path will be elaborated on with details on
driver functions with respect to block [/Q. For the
time being, the above sequence should be used as a
template.

7.0 THE ANATOMY OF THE I/O SYSTEM

This discussion covers how Lhe kernel and the driver
communicate {See Section 3.0 Roadmap) and can be
best broken down inte two slages. They are:

1) the block interface
2) the character interface

The following discussions go inie much detail on
how the buffer schemes for block and character 1/0
devices work. These details are not needed for
device driver writing. However, knowledge of the
kernel buflers for block 170 devices and the charac-
ter lists for character I/0 devices will be useful when
debugging begins. This knowledge will help the
device driver wriler to understand the inner work-
ings of the driver he/she is writing.

7.1 The Block Interface

Much has been discussed about what block 1/0 is.
Block 1/0 transfers require the kernel’s inlerveniion
when they occur, All block transfers require the use
of 1/0 buffers. These buffers are used as a temporary
slorage area for caching and blocking/deblocking.
Usually, data transfer occurs between vser space and
devices via these system buffers (see figure 5h).

Each bufler is BSIZE bytes long and has a buffer
header corresponding to it. BSIZE and other system
level constants are defined in param.h (Appendix
E) The header file buf.h defines this buffer header
structure (Appendix F). Buf.h also describes how
these kernel buffers are structursd. Although it is
not necessary to understand all fields in the bufler
header, some fields musl be noted:

h_dev- device number
b.blkno- block for the transfer
b_bcount- bytes to iransfer
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b_cylin- cylinder number
b_addr- address to be transferred from/ic
b_flags- nature of transfer i.e. B_READ

7.1.1 THE SYSTEM BUFFERS

Consider a list, called the freelist, that is initialized
to be a circular doubiy-linked list of buffer-headers.
Each header in the list has a poinier to its own
BSEZE buffer. Figure 6a shows this list with forward
and backward pointers av.forw and av_back. Con-
sider another list called the device list. This list
hangs off each device driver. The buffers forming
these device lists are device request that are waiting
to be serviced. At start state these lists for each
device are emply and their headers point to them-
selves with b_forw and b_back. (figure 6b). Fach
device has its own queue structure that exists to
schedule 1/0 requests. This queue is structured

exactly like the freelist, i.e. is doubly linked and
circular. The head of this queue called the static
buffer header, is a buffer-header just like zll the
others, Howevet, some irrelevant fields that it holds
(used by other headers in the queue) are -
redeclared{aliased). These redeclarations are found
in buf.h. Here, av_forw, av_back, b_forw, h_back
used on the same buffer headers but form two con-
current lists. Remember, the freelist is the master
list. b_flags determines, for the enguirer, if the
buffer is BUSY, WAITING and the like. Details of
these flags are found in buf.h also.(for further
details about flags see ref 1),

The configuration file c.c (appendix A} helds the
data structure bdevswl ] which is the table of device
driver routines indexed by their major number. The
last element in this structure for each device is ixxx-
tab (see naming convention — Appendix G) where

DATA
SEGMENT| | SEGMENT

AS

4 v
74 J

gt

XENIX I
OPERATING
SYSTEM
DRIVERS IN /
OPERATING
SYSTEM
pUFFERS

BLOCK /O

1986

Figure 5b. The System Buffers

2-132

280041-001

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



AP-184
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(

AV_BACK

AY_FORW

DEVICE LIST

ixxx TAB -\
B.BACK ) B_FORW
1988

Figure Ba. Start State

xxx is the device identification number e.g. 215,
544. xxxtab is the pointer to the system buffers for
that devige i.e xxxtab is the static buffer header ad-
dress for the gueue of device request. Remember
that at start state, these queues are empty.

When a user process requests a wrile (as a first
request} a buffer header fram the freclist is removed
and placed on the device list. The av-pointets of the
freelist are unused and b_pointers are now used in
the device lisi. The av_pointers are re-declared 10 be
b..actf and h_act] respectively. These links are used
to form a new list using the same buffer headers that
are in the device queue. Think of two lists i.e. the
device list {with items plucked from the freelist)
using all four pointers ,thus being mcembers of two
lists superimposed (see figure 68). But why two lists
superimposed? Well, at first there were two lists —
the freclist and the device specific list (of course,
each device has one device specific list but for this
discussion let it suffice to have anly one device).

Upon a request, the kernel lakes a buffer header
from the freelist and places it on the device queue.
The kernel zlso places details of the write request
into the buffer header fields. As the kernel manages
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these buffers, the address of this buffer header is
given to the device driver. The driver calls a routine
disksort{) which takes the buffer header and orders
it in the device specific queue using not the b_point-
ers buf the unused av_pointers. Note that the buffer
header is already in the device queue with the
b_back /b_ferw peiniers aciive. Disksort() orders
these requests-into cylinder order on insert using the
av_forw (b_actf) and av_back (b_act!} pointers form-
ing a new list of optimally ordered requests (see
figure 7x).

There are three lists formed here:
1} the device specific list hanging off the device
driver (cdevsw == > xxtab)

2} the active list that uses the same elements in the
device list but uses the av_pointers ordered by
disksort()

3} the freelist of buffer headers using ithe av_point-
ers before redeclaration.

Thus, the write request is then ordered inio the
active list for the device,
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Figure 6b. Buffer placed in device list by kernel

The task-time portion of the driver has been running
all this time and this task portion returns after it has
made the request. The user process sleeps on the
gvent that the device will complete the requested
transaction. In other words, the task steeps on the
buffer-header address. The sleep{)} instruction per-
mits a context switch within the operating system.
The operating system can then schedule other tasks
for CPU attention.

The device, on completion of the requested write
will mterrupt the CPU. The interrupt, through the
XENIX interrupt scheme, will invoke the respective
interrupt service routine which is in the interrupt-
time portion of the driver. This is done
asynchronously.

This interrupt service routine will awaken alt pro-
cesses associated with the event using lodone(} (see
section 7.1.2). Note that for write, the task-time por-
tion was responsible for the transfer of data from the

user space to the buffers while the interrupt service
routine is invoked when the data in buffers are writ-
ten to disk. The relevant process, on awakening is re-
scheduled by the scheduler to run as soon as
possible. The interrupt service routine then checks
to see if there are other pending requests on the
device specific gueue, If not empty, it instigates the
next transaction from the next buffer on the device
queues (by following the av_pointers now declared
b.actf/h_actl).

When interrupt routines are alive and running,
mutual exclysion(mutex) is ensured by raising the
priority level of the running task in the CPU and on
completion, lowering the priority level. Details of
this technique is found in Interrupi Mapping. { Ap-
pendix D ). This technique tocks out interrupts of an
¢qual and higher levet than itself for a shoert period
when ghared data structures are manipulated, The
interrupt service routine may be looking for the next
request on the device queue, when the task-portion
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